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ABSTRACT 
 

A study was conducted in the Directorate of Water Management, University of 
Agriculture Faisalabad, Pakistan during the year 2011. The objective was to 
compare the performance and cost of various alternatives for watercourse 
improvement. For this study three watercourses (5486-R, 114626-R and 116928-
R) located at Shahkot distributory in Sheikhupura district were selected under 
different socio-economic conditions. The detail cost of material, labour, lining 
and earthen improvement of watercourses were calculated on annual basis.  
The average net return of water saving of higher cost improvement and lower 
cost improvement were compared. Average water flow rate at section A (head), 
B (middle) and C (tail) of water courses was calculated as 25, 22 and 19 lps, 61, 
45 and 44 lps and 55, 47 and 38 lps for watercourse 5486-R, 114626-R and 
116928-R, respectively. Average loss rate of water was calculated as 1.91, 3.08 
and 2.51 lps per 100m length of watercourse. The annualized watercourse 
lining cost (annual initial cost of improvement + annual maintenance cost) of 
watercourse was found as Rs. 254, 245 and 216 per meter per year for 114626-
R, 116928-R and 5486-R, respectively. The results revealed that lining is the 
best alternative for sustainable water savings as compared to earthen 
improvement and cleaning of watercourses.  

 
KEYWORDS:  Design; cost analysis; watercourse; lining maintenance; cost 

benefit analysis; water saving; Pakistan. 

 
INTRODUCTION 

 
A program of watercourse improvement is being implemented in all provinces 
of Pakistan to reduce the conveyance losses in watercourse system. It 
consists of construction and re-alignment of community watercourses and 
installation of “Pakka Nakkas” at all bifurcations for efficient water diversion. 
This type of improvement has been found to reduce the conveyance losses 
by about 50 percent (2). However, this improvement seems to lose its effect 
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due to lack of regular cleaning and maintenance for long period of such 
watercourses after which these watercourses are reverted back to their 
original conditions (4, 6). 
 
Lining is a long term effective technique for reducing seepage losses from 
watercourses but it is a highly cost intensive (1, 5, 10, 11). Lining and earthen 
improvement provides a smooth surface, the sagacity coefficient decreases 
as the resistance to flow decreases and hence velocity of flow increases (5, 
7). It provides flatter hydraulic gradient or bed slope, prevents silting of 
channels, makes bankers stable, acts anti-water logging measure as it 
reduces seepage to the adjoining land and it also reduces weed growth and 
increases stability of section (8). Improvement technique is feasible for all 
reaches of the watercourse for economizing expenditure. Keeping in view the 
economics involved, degree of water saving, durability desired, reparability 
and hydraulic efficiency needed, lining technique should be selected (8). 
 
A number of low cost techniques and alternatives have been developed for 
lowering the cost of watercourse construction. Keeping in view these facts 
the present study was conducted to analyse the improvement in efficiency 
and cost involved in different alternatives lining verses earthen improvement 
for developing watercourse improvement technique which could help to 
reduce conveyance losses. 
 

MATERIALS AND METHODS 
 
This study was conducted in the Directorate of Water Management, 
University of Agriculture, Faisalabad, Pakistan during the year 2011. For this 
study three watercourses (114626-R, 116928-R and 5486-R) located at 
Shahkot distributary in Sheikhupura district were selected. The information of 
hydraulic design is summarized in Table 1. The data regarding watercourse 
discharge and conveyance losses was collected using inflow-outflow method 
for which 8''x3'' size cut throat flume was used. Measurements were made at 
three locations of sample watercourses during the entire warabandi turn i.e. 
(i) near the head of water course (A), (ii) at the middle of main watercourse 
(B) and (iii) at the tail of main watercourse (C). 
 
Inflow-outflow measurements were used because the continuous 
measurements were easy to obtain without interfering the regular operation 
of watercourses. Volume of water saved is equal to the flow rate increase 
after watercourse improvement. The time channel was indicated as ‘t’ 
(fraction of a year). The increase in flow rate was represented as the initial 
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loss rate (Q) lps times a fractional decrease in the loss as a result of 
improvement technique by lining, earthen improvement and simply cleaning. 
The lining of the watercourse was calculated on annualized basis. The cost of 
earthen improvement and simply cleaning was taken as 50 and 30 percent of 
the lining cost, respectively. The reduction in loss due to improvement was 
determined by using following equation:- 
 

Ws = f× Q × t …………….. (1) 
 

where, Ws is the reduction in loss due to improvement 
f is the fractional savings 
Q is the loss rate 
t is the time the channel remains in use or in water 

 
Annual cost of improvement 
 
It included the capital cost of improvement plus annual operational and 
maintenance cost for long term efficient conveyance and determined by 
using the following formula. 
 

Annualized cost = Capital recovery factor × initial cost (Rs/meter/year) 
 
Capital recovery factor (CRF) is a factor which converts a present value into 
a stream of equal annual payments over a specified time at a specified 
discount rate (interest). The value of an equal payment ‘A’ (annual initial cost 
to be made in each of ‘n’ periods (years) here is given by following equation:-  
 

A= P [I (1+i)n]/(1+i)n-1 ……………. (2) 
 

           Where    
A = P × CRF 
I = interest rate (13%) 
A = Initial cost 
P = Price  
CRF = Capital recovery factor 

 
RESULTS AND DISCUSSION 

 

Outlet discharge 
 

The hydraulic design parameters of selected outlets are presented in Table 
1. The full supply levels of canal watercourse No. 5486-R, 114626-R and 
116928-R were 9.75, 10.06 and 9.25m, respectively. The average discharge 
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of outlets (cvc) for watercourse measured using cut throat flume was 25.3, 
62.8 and 54.6 lps for 5486-R 114626-R and 116928-R, respectively. However 
the discharge of these outlets (Moghas) calculated using hydraulic equation 
was 21, 61.1 and 55 lps (Table 1). So the discharge calculated and 
determined at field was same and counter checked. 
 
Table 1. Information about hydraulic design of sample outlets (Moghas). 

 
Particulars 5486-R 114626-R 116928-R 
Type of outlet  A.O.S.M* A.O.S.M*   A.O.S.M* 
Full supply level (FSL) of canal 9.75m 10.06m 9.25m 
Crest of Mogha 9.30m 9.15m 8.62m 
Lower tip of roof block (ltrb) 9.45m 9.38m 8.93m 
Width of throat (Bt) m 0.0635m 0.080m 0.073m 
Distance between FSL in canal and ltrb (Hs)  0.30m 0.68m 0.32m 
Distance b/w ltrb and crest of Mogha (Y) Min. 
modular head (Hm) 

0.15m 0.23m 0.31m 

Hm= 0.83 (Hs) -0.5 (Bt) 0.22m 0.52m 0.23m 
Working head = distance from crest of 
Mogha to FSL of canal 

0.45m 0.91m 0.63m 

Minimum FSL of watercourse=FSL canal-Hm  9.53m 9.54m 8.62m 
Calculated discharge, Q** (lps) 21 lps 61.1 lps 55 lps 

*Adjustable orifice semi-module. Hydraulic equation used for calculating discharge of the 
“Mogha”. **Q = 4030 (Bt) (Y) (HS

0.5
) 

 
Loss rate of watercourse 

 
The watercourse flow rate was measured at three locations (head, middle 
and tail reaches) of each watercourse for entire warabundi turn and those 
values were used to estimate loss rates and delivery efficiencies of sample 
watercourses. The total average discharge and loss rate /100 m for sample 
watercourses are given in Table 2 for watercourse No. 5486-R, 114626-R 
and 116928-R, respectively. The calculated average water flow rate at 
section A, B and C for watercourse i.e. 5486-R was 25, 22 and 19 lps, for 
114626-R was 61, 45 and 44 lps and for watercourse No. 116928-R  it was 
55, 47 and 38 lps. The reduction in discharge in sample watercourses from 
section A to C was due to water loss through seepage from watercourse 
cross sections. 
 
The total average loss rates calculated for watercourses 5486-R, 114626-R 
and 116928-R were 1.91, 3.08 and 2.51 lps per 100m, respectively. The 
variation in water loss in sample watercourses was due to the design 
parameters of watercourse and topography of the field. 
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Table  2. Loss rate/100m (lps) of Watercourse No. 5486-R, 114626-R and 116928-R. 

 
Measured discharge (lps) Loss 

lps 
A- B 

Loss 
rate/ 
100m 

Distance 
(m) 

(A-B) 

Loss 
lps 
B-C 

Loss 
rate/ 
100m 

Distance 
(m) 

(B-C) 

Total  
loss 
rate/ 
100m QA QB QC 

Watercourse No. 5486-R 

25.30 24.00 23.10 1.3 0.43 300 0.9 0.60 150 1.03 

23.50 22.50 19.50 1.0 0.33 300 0.7 2.00 150 2.33 

25.30 22.50 21.00 2.8 0.54 510 1.5 0.83 180 1.30 

21.80 19.50 18.00 2.3 0.47 480 1.5 0.83 160 1.30 

27.10 23.10 17.60 4.0 0.78 510 5.5 2.77 198 3.55 

24.40 21.80 16.80 2.6 0.42 610 5.0 1.56 320 1.98 

25.95 19.40 16.60 6.5 0.74 810 2.8 1.12 250 1.86 

The average measured discharge for watercourse No. 5486-R at QA, QB and QC was 25, 22 and 19 lps. 
Watercourse No. 114626-R 

62.10 56.00 50.00 6.1 2.30 264 5.4 1.42 380 3.72 

59.60 38.50 34.30 21.1 2.20 924 4.2 0.70 600 2.90 

62.80 54.20 49.60 8.6 2.00 429 4.6 1.80 250 3.80 

60.80 50.00 45.10 10.5 0.86 1254 4.9 1.60 300 2.06 

58.40 49.60 38.60 8.8 1.00 834 11 2.40 450 3.40 

62.10 42.10 63.64 20 1.88 1089 5.7 1.20 450 3.00 

62.80 28.00 26.50 34.8 1.80 1946 1.5 0.60 240 2.40 

The average measured discharge for watercourse No. 114626-R at QA, QB and QC was 61, 45 and 44 lps. 
Watercourse No. 116928-R 

54.60 44.80 39.20 9.8 1.73 564 5.6 1.33 420 3.06 

58.70 52.50 48.40 6.2 0.93 660 4.1 0.85 480 1.78 

54.00 48.37 44.40 5.3 0.51 1020 4.3 0.71 600 1.22 

54.00 41.40 36.20 12.6 0.95 1320 5.2 1.73 300 2.68 

54.60 35.95 30.90 18.65 1.15 1620 5.05 1.68 300 2.83 

58.70 52.40 43.60 6.3 0.61 1020 8.8 2.93 300 3.54 

54.00 35.90 23.50 8.1 1.11 1620 12.4 1.37 900 2.48 

*The average measured discharge for watercourse No. 114626-R QA, QB and QC was 55, 47 and 38 lps. 

 

Cost analysis 
 
The design, procedure and initial cost of lining (including material, labour, 

repair and maintenance costs) were calculated for each watercourse. The 

interest rate was taken as 13 percent and projected life of lining, earthen and 

cleaning improvement was taken as 20, 8 and 2 years, respectively 

according to  Reuss (9). Cement and sand ratio was 1:3 and kept constant 

during the calculation for all watercourses. Similarly, total mortar volume, 

volume of cement/m
3
 of mortar and sand/m

3
 mortar was found as 0.08797, 

10.56 and 1.11, respectively for all watercourses (Table 3). The total initial 

cost of lining for watercourses 114626-R 116928-R and 5486-R was 

calculated as Rs. 1501, 1421 and 1259 per meter, respectively (Table 3). So 

watercourse No. 114626-R showed the highest cost of improvement while, 

watercourse No. 5486-R had minimum cost. This showed that cost depends 

upon the design parameters of watercourse. 
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Table 3.  Design and initial cost of watercourse lining. 
 

 
For cost analysis and long term benefits of watercourse improvements, 
annualized cost (AC) was calculated for each improvement technique. The 
annual cost of maintenance (ACM) was calculated by multiplying the 
maintenance cost (MC) with capital recovery factor (CRF). The annualized 
cost was calculated by multiplying initial cost (Rs/m) with percent of losses 
saved by lining (fractional saving) taking 0.9 for channel lining, 0.5 for 
earthen improvement and 0.3 for cleaning. The repair projected life was 
taken as 20, 8, and 2 years, respectively for channel lining, earthen 
improvement and cleaning repair from the research data. The lining 
annualized cost (sum of annual initial cost of improvement and annual 

Watercourse No. 114626-R 11628-R 5486-R 

Cross section (m2) 0.45  x  0.60 0.42  x  0.48 0.31  x  0.48 
Volume m3 (For one 
meter length)  

0.3179 m3 0.3018 m3 0.2604 m3 

No. of bricks/m3 461.8 463.4 465.8 
Mortar/m3 0.2044 0.2015 0.1974 
Required bricks= 
volume m3 x  No. of 
bricks/m3 

0.3179  x 461.8 = 147 0.3018  x   463.4 = 139.8  0.2604  x  465.8 
=121.2     

Cubic meter of mortar  0.2044  x  0.3179 = 
0.6497 m3 

0.2015  x  0.3018 = 
0.06081 m3 

0.1974  x  0.2604 = 
0.05140 m3 

Mortar/m3 for plastering  2(0.11) + 2(0.23) + 
2(0.51)+0.60=2.30 

2(0.11) + 2(0.23) + 
2(0.42)+0.48=2.00 

2(0.11) + 2(0.23) + 
2(0.31)+0.48=1.78 

m3 of mortar, having 
0.01 m thickness for 
plastering  

2.30  x  0.01  x 1 = 
0.023 m3 

2 x  0.01  x 1 = 0.020 m3 1.78  x  0.01  x 1 = 
0.0178 m3 

Cement-sand ratio 
used  

1:3 1:3 1:3 

Total mortar volume  0.06497 + 0.023 = 
0.08797 

0.20 + 0.06081 = 
0.08797 

0.0178 + 0.023 = 
0.08797 

Volume of cement/m3 
of mortar  

10.56 10.56 10.56 

Sand/m3 mortar  1.11 1.11 1.11 
Cement bags  0.08797  x  10.56 = 

0.929 
0.08081  x  10.56 = 
0.853353 

0.0692  x  10.56 = 
0.730752 

Sand/m3 0.08797  x 1.11 = 
0.098 

0.08081  x 1.11 = 0.0897 0.0692  x 1.11 = 
0.07681 

Bricks price rates     
Rs. 5400/1000  

147  x 5400/1000 = 
793 Rs 

140  x  5400/1000 = 756 
Rs 

122  x 5400/1000 = 
658.8 Rs 

Cement prices          
Rs. 510/Bag 

0.93  x  510 = 474 0.85  x  510 = 433.5 0.73  x  510 = 373.3 

Sand price rate        
Rs. 350/m3 

350  x  0.098 = 34.3 350  x  0.0897 = 31.395 350  x  0.07681 = 
26.88 

Initial cost Rs/m 793 + 474 + 34.3 = 
1301.3 

756 + 433.5 + 31.4 = 
1221 

658.8 + 373.3+ 26.88 
= 1058.68 

Total initial cost = 
material cost + labour 
cost  

1301 + 200 = 1501 
Rs/m 

1221 + 200 = 1421 Rs/m 1059 + 200 = 1259 
Rs/m 
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maintenance cost) for watercourse No. 114626-R, 116928-R and 5486-R 
were calculated as Rs. 254, 245 and 216 per meter per year, respectively 
(Table 4). On the other hand annualized cost of earthen improvement for 
watercourses 114626-R, 116928-R and 5486-R was determined as Rs.76, 73 
and 65 per meter per year, respectively. Similarly, annualized cost of 
cleaning and repair for watercourse 114626-R, 116928-R and 5486-R was 
calculated as Rs.38, 37 and 33 per meter per year, respectively (Table 4). 
 
Table 4. Cost analysis of alternative improvement techniques. 
 

Water-
course No. 

Technique Fractional 
saving (f) 

IC Projected 
life  

(years)‘n’ 

AIC 
(Rs/m/ 
year) 

AMC 
(Rs/m/ 
year) 

AC 

Rs./m (Rs/m/ 
year) 

114626-R CL 0.9 1501 20 209 45 254 

EI 0.5 450 8 63 14 76 

CR 0.3 225 2 31 7 38 

116928-R CL 0.9 1421 20 202 43 245 

EI 0.5 426 8 61 13 73 

CR 0.3 213 2 30 6 37 

5486-R CL 0.9 1259 20 179 38 216 

EI 0.5 378 8 54 11 65 

CR 0.3 189 2 27 6 33 

IC= Initial cost; CRF= Capital Recovery Factor; Annual initial cost (AIC) = (CRF × IC); Annualized cost 
(AC) = AIC + Annual maintenance cost (AMC); CL= Channel lining, EI= Earthen improvement, CR= 
Cleaning and repair 
 

Cost benefit analysis offers the information of economic benefits of providing 
the services which outweigh the economic costs. It also deals with the benefit 
to cost ratio. Similarly, cost effective analysis assumed that water saving 
benefit or outcome is derived several alternatives to achieve it. The best of 
these alternatives is the cheapest or most efficient way to get water saving 
benefit cost analysis set priorities. When resources are limited then this 
policy help the policy makers and financers to adopt these alternatives for 
watercourse improvement.   
 

Javaid et al. (5) found that cropping intensity of selected sites increased 17-
19 percent after lining. They further observed that crop yield was increased 
on an average of 530 kg per hectare for wheat, 9600 for sugarcane, 230 for 
cotton and 190 kg per hectare for maize after lining of watercourses. 

 

CONCLUSION 
 

The study concludes that the loss rate of water through seepage varied due 
to watercourse physical layout and its topography. It was also concluded that 
alternative watercourse improvement is necessary to prevent the water 
losses and cost analysis for long term benefits of improvement. 
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Consequently, flow velocity, conveyance efficiency and cropping intensity can 
be increased by this cost analysis. It proved to be very economical in long 
term benefits of the country like Pakistan. It is recommended that 
watercourses must be lined keeping in view the value of water saved. 
Moreover, this study could facilitate the modeling of canal lining in different 
geographical conditions. 
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