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Optimal Design of Irrigation Water
Distribution System
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Abstract

This paper presents three optimization analyses for constructing an irrigation pipe network for upland crop. A
Sample network involving a pump and a storage tank is solved using the proposed three analyses. The first
analysis is to resolve the sample network to get optimal pipe diameters considering the planned water level of
the storage tank. With the increase of pipe size, energy cost is decreased but the costs of pipelines are
increased. The second analysis is to get new optimal location of the storage tank and pipe diameters to com-
pare to the results of the first analysis. The solutions obtained in the second analysis have a smaller cost than
those obtained by the first analysis. The results of the second analysis imply that there would exist the optimal
pumping heads or fixed heads at any pump or tank system.

In the optimization models the pipe diameters are treated as discrete variables which are commercially avail-
able diameters. It is known that when the pipe cost versus hydraulic gradient curve is convex, adjacent
diameters or one diameter may appear at each link. From the third analysis, it is shown that if a few designed
links are just fixed as existing pipe diameters, the pipe cost versus hydraulic gradient curve would be neither
convex nor concave. Consequently, the neither convex nor concave pipe cost-hydraulic gradient relationship
may vield nonadjacent diameters, adjacent diameters or one diameter as the optimal solution at a link.
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{Fig. 1) lrrigation pipe network in Chungu project
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{Table 1) Node and link data for Chungu irrigation

network
Node |Demand|Elevation [Minimum| Minimum | ink | Length
number |{(o'/ he){ (EL m) |Head(m) AHead, No. | (m)
HP(EL. m)
1 0.0 255.12 5 260.12 1 160
2 00 254.15 5 259.15 2 36
3 0.0 242.32 10 252.32 3 74
4 0.0 239.50 10 249.50 4 152
5 2.56 238.20 10 248.20 5 70
6 15 236.90 10 246.90 6 58
7 5.0 234.80 10 244.80 7 142
8 0.0 248.30 10 258.30 8 6
9 2.83 248.00 10 258.00 9 80
10 1.06 248.40 10 258.40 10 3%
1 4.46 245.99 10 255.99 n 58
12 0.9 244.44 10 254.44 12 66
13 1.08 250.70 10 260.70 13 184
14 1.16 259.11 3 262.11 14 150
15 332 254.40 5 259.40 15 36
16 0.22 253.85 5 258.85 16 120
17 1.13 245.46 10 255.46 17 50
18 479 252.21 5 257.21 18 6
19 3.10 241.11 10 251.11 19 112
20 0.82 240.80 10 250.80 20 100
21 | 052 | 23795 10 24795 | 21 4
22 269 236.62 10 246.62 22 64
23 0.69 235.87 10 245.87 23 54
24 2.74 239.69 10 249.69 24 32
25 2.28 241.20 10 251.20 25 80
26 1.06 242.85 10 252.85 26 65
27 1.13 244.08 10 254.08 27 39
28 067 246.24 10 256.24 28 94
N.W.L
29 -45.77 2645 239 410

{Table 2) Diameter and cost data for Chungu pro-

ject
Diameter Capital cost Annual cost
(mn) (%/ m) (W/ m/ Year)
30 3,565 3n
40 4,666 494
50 6,378 676
65 8,238 873
5 10,233 1,084
100 14,829 1,571
125 19,940 2,113
150 23,988 2,542
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(Table 3) Optimal solution for Chungu irrigation
network by P1

Link| Dia. |length |Head loss| Node | Head Head
No. | (mm) | {m) (m) No. 1{EL.m){ (m)
1 150 71.46 0.259 1 263.424 8.304
125 | 854 0807 2 | 262801 | 8651
2 100 | 36.00 0.623 3 261.334 | 19.014
3 100 | 5870 | 0.715 4 258.814 | 19.314
75 1530 { 0.752 5 256.210 | 18.010
4 75 | 1520 2.520 6 255.055 | 18.155
5 50 700 2.604 7 253381 | 18.581
6 50 58.0 1.155 8 263.404 | 15.104
1 50 1420 1674 9 263.079 | 15.079
8 100 6.0 0.021 10 | 263.222 | 14.822
9 50 80.0 0.324 11 ] 263002 [ 17.012
10| 75 36.0 0.181 12 | 262,907 | 18.467
11 75 58.0 0.220 13 | 262.438 | 11.738
12| 65 66.0 0.095 14 | 262110 [ 30
13 50 | 1840 0.469 15 | 262390 | 7.9
14 40 | 1500 0.327 16 | 260962 | 7012
15 50 36.0 0411 17 260.531 | 15071
16 30 | 1200 1.428 18 | 260.752 | 8.542
17 30 50.0 0431 19 251645 | 10.535
18 50 6.0 0.582 20 | 256581 | 15.781
19 50 [ 1120 3.107 21 | 256535 | 18.585
20 50 | 100.0 1.064 22 | 256.170 | 19.550
21 50 40 0.046 23 | 255.988 | 20.118
22 50 64.0 0.365 24 | 258546 | 18.856
23 30 540 0.182 25 | 257.545 | 16.345
24 65 320 0.268 26 | 256.745 | 13.895
25 50 80.0 1.001 21 | 256,542 | 12.462
26 40 65.0 0.800 28 | 256.240 | 10.000
21 40 390 0.203
28 30 94.0 0.296
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1) 71283 :0.1057kW / m x 9509 /kW X
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{Table 4) Optimal solution for Chungu irrigation

ojof F7FEFAHTE 7.96mo]ojA HA)ol uj4z
AANA 7.96mTE FA A 2Y3lAe
w2 o) v 2L Ane & 9o} zt B2 AAR
7} Wb o] A FEE (Table 4)o YeR) Q)

Eoﬁ‘.’.&ﬁm.
U o

b1 owe

o0
N
T
lo
g
= 5
e N
o _F
mlgl S
o
(E
oX
o
8
rlr
=
%k
ey
o
R od oM of R

(Table 5) Optimal solution for Chungu irrigation
network by P3

network by P2 Link | Dia. |Length |Head loss | Node | Head Head
link| Dia. |Length|Head loss | Node | Head | Head No. | (m) | (m) | (m) | No. |(EL.m)| (m)
No. | (m) | (m) (m) No. {(EL. m)]| (m) 1 150 160 0.601 1 265.205 | 10.085
1 100 160 4.320 1 268.137 | 13.017 2 125 36 0.214 2 264.991 | 10.841
2 100 36 0.623 2 267.514 | 13.364 3 125 | 4087 0.169 3 263.195 | 20.875
3 7. 74 3635 3 263.879 | 21.559 75 | 3313 1.627 4 262.576 | 23.076
4 65 152 5.064 4 258.815 | 19.315 4 100 152 0619 5 269.972 | 21.772
5 50 70 2.604 5 256.211 | 18.011 5 50 70 2.604 6 258.817 | 21.917
6 50 58 1.155 6 255.056 | 18.156 6 50 58 1,155 7 257.142 | 22.342
1 50 142 1.675 1 253.381 | 18.581 I 50 142 1675 8 265.059 | 16.759
8 50 6 0.491 8 267.646 | 19.346 8 65 6 0.146 9 264.736 | 16.736
9 50 80 0.323 9 267.323 | 19.323 9 50 80 0.323 10 | 264.697 | 16.297
10 50 36 1.286 10 | 266.360 | 17.960 10 65 36 0.362 11 | 264.256 | 18.266
11 50 58 1.578 11 | 264.782 | 18.792 11 65 58 0.441 12 | 263.917 | 19.477
12 50 66 0.339 12 | 264.443 | 20.003 12 50 66 0.339 13 | 263.448 | 12.748
13 50 184 0.469 13 | 263.974 | 13.274 13 50 184 0.469 14 | 262.113 | 3.003
14 0 150 1.335 i4 | 262639 | 3.529 14 30 150 1.335 15 | 264.580 | 10.180
15 50 36 0411 15 267.103 | 12.703 15 50 36 0.411 16 | 263.152 9.302
16 30 120 1.428 16 | 265.675 | 11.825 16 30 120 1.428 17 | 262.721 | 17.261
17 30 50 0.431 17 265.244 | 19.784 17 30 50 0.431 18 262.613 | 10.403
18 50 6 0.582 18 | 263.297 | 11.087 18 50 6 0.582 19 | 259.506 | 12.396
19 50 112 3107 19 250.190 | 13.080 19 50 112 3.07 20 258.442 | 17.642
20 50 100 1.064 20 | 259.126 | 18.326 20 50 100 1.064 21 | 258.396 | 20.446
21 50 4 0.046 21 | 259.080 | 21.130 21 50 4 0.046 22 | 258.031 | 21.411
22 50 64 0.365 22 | 258.715 | 22.095 22 50 64 0.365 23 | 257.849 | 21.979
23 30 54 0.182 23 | 258.533 | 22.663 23 30 54 0.182 24 | 261.625 | 21.935
24 65 32 0.268 24 | 258.547 | 18.857 24 50 32 0951 25 | 260.624 | 19.424
25 50 80 1.001 25 | 257.546 | 16.346 25 50 80 1.001 26 | 251.367 | 14517
26 40 65 0.800 26 256.746 | 13.896 26 30 65 3.257 27 256.546 | 12.466
27 40 39 0.203 27 | 256.543 | 12.463 21 30 39 0.821 28 | 256.250 | 10.010
28 30 94 0.29% 28 | 256.247 | 10.007 28 30 94 0.296
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F7AAE & M3 A3 (Linear programming)
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