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Field Application of Least Cost Design Model on Water Distribution
Systems using Ant Colony Optimization Algorithm
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Abstract : In this study, Ant Colony Algorithm(ACO) was used for optimal model, ACO which are metaheuristic algorithm for
combinatorial optimization problem are inspired by the fact that ants are able to find the shortest route between their nest and
food source, For applying the model to water distribution systems, pipes, tanks(reservoirs), pump construction and pump opera-
tion cost were considered as object function and pressure at each node and reservoir level were considered as constraints, Modi-
fied model from Ostfeld and Tubaltzev(2008) was verified by applying 2-Looped, Hanoi and Ostfeld’ s networks, And sensitivity
analysis about ant number, number of ants in a best group and pheromone decrease rate was accomplished, After the verifica-
tion, it was applied to real water network from S water treatment plant, As a result of the analysis, in the Two-looped network, the
best design cost was found to $419,000 and in the Hanoi network, the best design cost was calculated to $6,164,384, and in the
Ostfeld’ s network, the best design cost was found to $3,525,096. These are aimost equal or better result compared with previ-
ous researches, Last, the cost of optimal design for real network, was found for 66 billion dollar that is 8.8 % lower than before, In
addition, optimal diameter for aged pipes was found in this study and the 5 of 8 aged pipes were changed the diameter, Through
this result, pipe construction cost reduction was found to 11 percent lower than before, And to conclusion, The least cost design
model on water distribution system was developed and verified successfully in this study and it will be very useful not only optimal
pipe change plan but optimization plan for whole water distribution system.

Key words : ACO, Least Cost Design, Water distribution system, Water distribution networks analysis
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Table 1, Pipe construction cost of the study network (cost unit: won/m)

Dia.(mm) | Pipe cost | Equipment cost | Excavation cost | Cost of removal of surplus soil Refilling cost Total
300 62,545 10,942 1,003 1,046 29,780 106,216
350 78,375 13,146 2,107 1,424 31,347 126,399
400 90,015 16,166 2,320 1,860 32932 143,293
450 100,280 18,872 2,542 2354 34,537 158,585
500 112,352 22,394 2,773 2,906 36,161 176,586
600 134,308 20,662 3,202 4,185 39,406 207,943
700 150,303 30,929 3,788 5,696 42,847 233,623
800 177,588 36,836 4,349 7,440 46,304 272517
900 200,315 45,188 4,947 9,416 49,838 309,704

1,000 251,373 56,820 6,343 11,625 61,528 387,689
1,100 275,275 73,267 7,068 14,066 65,502 435,177
1,200 321,763 95,287 7,829 16,740 69,553 511,171
1,350 380,925 123,559 9,038 21,186 75,771 616,479
1,500 475,863 138,607 10,330 26,156 82,161 733,117
1,650 561,778 155,286 11,702 31,648 88,722 849,137
1,800 644,192 180,174 13,157 37,664 95,455 970,641
2,000 786,437 212,062 15,222 46,499 104,698 1,164,918
2,200 937,155 232,234 17,433 56,263 114,246 1,357,331
2,400 1,267,845 259,610 19,789 66,958 124,099 1,738,301
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Table 2, Existing dimensions for 2-Looped network

Table 3, Cost data for the 2-Looped network

Pipe Pipe(iiicaﬁl; eter Pipe(rl;:? gth Roul_;;eer:swcigi:;;ifient Diameter | Diameter | Cost | Diameter | Diameter Cost
(inch) (mm) | (8/m) | (inch) (mm) (8/m)
1 18 1,000 130
2 10 1,000 130 1 254 2 12 304.8 50
3 16 1,000 130 2 50.8 5 14 355.6 60
4 2 1,000 130 3 76.2 8 16 400.4 90
3 14 1,000 130 4 101.6 11 18 457.2 130
6 10 1,000 130 6 152.4 16 20 508 170
7 10 1,000 130 8 203.2 23 22 558.8 300
38 1 1,000 130 10 254 32 24 609.6 550
Table 4, Existing dimensions and cost for Hanoi water distribution network
Pipe Pipe ‘diameter Pipe Hazen—willian?sA Pipe Pipe Adiameter Pipe Hazen—willia@s 'Rough—
(inch) length(m) Roughness coefficient (inch) length(m) ness coefficient
1 40 100 130 18 40 800 130
2 40 1,350 130 19 40 400 130
3 30 900 130 20 40 2,200 130
4 30 1,150 130 21 20 1,500 130
5 24 1,450 130 22 12 500 130
6 24 450 130 23 30 2,650 130
7 20 850 130 24 24 1,230 130
8 12 850 130 25 20 1,300 130
9 12 800 130 26 12 850 130
10 30 950 130 27 20 300 130
11 30 1,200 130 28 24 750 130
12 24 3500 130 29 20 1,500 130
13 30 800 130 30 16 2,000 130
14 40 500 130 31 12 1,600 130
15 40 550 130 32 20 150 130
16 40 2,730 130 33 16 860 130
17 40 1,750 130 34 24 950 130

Table 5. Cost data for Hanoi water distribution network

Table 6. Node data for Ostfeld’ s network

Diameter | Diameter | Cost | Diameter | Diameter | Cost Node | Elevation(m) | Base demand(m’/h) | Minimum pressure
(inch) (mm) | ($/m) | (inch) (mm) ($/m) A 120 100 30
B 150 100 30
12 304.8 | 45.73 24 609.6 | 129.33 C 150 270 30
D 155 120 30
E 160 200 30
16 406.4 70.40 30 762.0 180.75 F 165 330 30
S1 130 0 -
S2 120 0 -
20 508.0 98.39 40 1,016.0 | 278.28 S3 180 0 -
TANK 200 0 -
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Table 7, Demand Pattern Coefficients and Energy Tariffs data
for Ostfeld’ s network

00:00 ~ 06:00 0.2 0.020
06:00 ~ 12:00 0.8 0.064
12:00 ~ 18:00 1.2 0.120
18:00 ~ 24:00 0.6 0.048

Table 8. Unit Length Cost Data of Candidate Pipe Diameters
data for Ostfeld’ s network

diaml;igimm) Cost($/m) diamZtiEre(mm) Cost($/m) "
25 2 305 50
51 5 356 60
76 8 406 90
102 11 457 130
152 16 508 170
203 23 559 300
254 32 610 550
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Table 9, Information of Pipes for study network

Pipe Length(m) Dia, (mm) C Pipe Length(m) Dia, (mm) C Pipe Length(m) Dia, (mm) C
P1 1,562.17 300 125 P24 48,77 800 105 P47 651.5 1100 130
P2 14.56 300 120 P25 138.32 800 90 P48 3,479.88 1100 80
P3 132,66 350 105 P26 1,629.14 800 115 P49 2,422 41 1200 115
P4 3,509.98 350 115 P27 3,200 800 90 P50 3,255.75 1350 100
P5 2,536.09 400 105 P28 1,901.59 800 90 P51 4,140,02 1350 105
P6 277.65 400 90 P29 2,441.02 800 100 P52 2979.5 1350 105
P7 650,67 500 90 P30 3,343.54 900 80 P53 1,427.3 1350 105
P8 598.64 500 115 P31 3,639 900 125 P54 2,979.5 1350 105
P9 2,965 500 80 P32 1,529.69 900 80 P55 164,64 1500 105
P10 198 500 90 P33 3,993.83 900 115 P56 926,37 1500 105
P11 519.43 500 90 P34 3,753 900 115 P57 3,026.04 1500 105
P12 270.38 600 90 P35 4,348.63 900 125 P58 1,794.39 1500 130
P13 2,145.78 600 105 P36 1,316.26 900 80 P59 3,679.58 1500 130
P14 293.92 600 80 P37 3,639 900 125 P6O 100 1500 130
P15 277.65 600 90 P38 2,370.65 1000 105 P61 3,026.04 1500 105
P16 1,616.31 600 125 P39 1,604.6 1000 120 P62 3,137.17 1650 85
P17 1,642.92 600 100 P40 2,633.12 1000 110 P63 612.28 1650 130
P18 471.18 600 115 P41 405,76 1000 85 P64 852.77 1650 130
P19 374,92 600 80 P42 286.97 1000 80 P65 2,387.22 1650 130
P20 3,090 700 90 P43 100 1000 100 P66 3,079.33 1800 130
P21 1,804.5 700 105 P44 3,565.54 1100 130 P67 4,046,76 1800 130
P22 145,52 700 90 P45 885.33 1100 90 P68 3,545.62 1800 130
P23 24,47 700 130 P46 3,418.72 1100 130 P69 5,277.82 1800 130
Table 10, Information of junctions for study network
Junction Elevation(m) Junction Elevation(m) Junction Elevation(m) Junction Elevation(m)

J1 9.86 J21 44.47 J41 60.1 J61 79.3

12 10.33 J22 46.51 J42 62 J62 80

13 11.2 123 48.1 J43 62 163 80

J4 11.56 J24 49.35 J44 64.88 J64 80.37

J5 12,7 J25 49.56 J45 64.88 J65 80.37

16 13,7 J26 50,44 J46 65 J66 80.37

J7 14,5 J27 50.7 J47 65 J67 80.37

78 16 728 51.7 748 66.9 J68 81.8

J9 17.29 J29 51.7 J49 68 J69 91.8

J10 21.8 J30 51.85 J50 68 J70 91.8

J1 23.24 J31 52 J51 70.33 J71 96

712 24.45 132 52.12 752 72 J72 96

J13 25.65 J33 52.4 J53 72 J73 100

J14 26.27 134 52.6 J54 72.4 174 100

J15 26.3 J35 52.81 J55 74.9 J75 107.5

J16 30.8 J30 53.80 J56 74.9 J76 147

J17 33.85 J37 55.1 J57 75.4 J77 147

J18 37.2 J38 56.9 J58 77.41 J78 158

J19 40.25 J39 57.6 J59 77.53

120 41,9 J40 60.1 760 78.4
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Table 11, Information of pumps for study network

Pump ID Q(m?/d) H(m)
P1 5947.2 97
P2 5342.4 97
P3 6105.6 97.45

Table 12, Algorithm parameters for developed model used in

this study
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Table 13, Comparison with the results of previous study for 2-Looped network (inch)

Pipe Savic and Walters Cunha amdw Sousa Lliong and _Ati‘quzzaman Van Dijk et al, This Study
(1997,GA) (1999,8A) (2005, SCE) (2008,GA)
1 20 18 18 18 18
2 10 10 10 10 10
3 16 16 16 16 16
4 1 4 4 4 4
5 14 16 16 16 16
6 10 10 10 10 10
7 10 10 10 10 10
8 1 1 1 1 1
Cost($) 420,000 419,000 419,000 419,000 419,000

GA:! Genetic Algorithm, SA: Simulated Annealing
SCE: Shuffled Complex Evolution
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Table 14, Comparison design and operating cost between existing network and optimal network

Cost Design and operating cost(won) Savings
Existing network Optimal network Cost(won) Percentage(%)
PCC 64,217 406,545 59,183,342,705 5,034,063,840 7.8
APOC 6,669,062,723 5,230,854,095 1,438,208,628 21.6
PUCC 1,177,275,329 1,276,693,637 99,418,308 -8.4
TCC 343022331.2 334273837.6 6,381,602,653 8.8
Total 72,406,766,928 66,032,285,142 6,374,481,786 8.8

* PCC: Pipe Construction Cost, APOC: Annual Pump Operation Cost
PUCC: Pump Construction Cost, TCC: Tank Construction Cost
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Table 15, Information of aged pipe in study network

pine 1D Diameter(mm) Cost(won)
Pe Existing network Optimal network Existing network Optimal network
P30 900 500 1,035,507,712 590,422,354
P32 900 900 473,751,112 473,751,112
P36 900 800 407,650,987 358,703,226
P41 1000 800 157,308,689 110,576,498
P42 1000 800 111,255,112 78,204,203
P45 1100 1100 385,275,253 385,275,253
P48 1100 1000 1,514,363,739 1,349,111,197
P62 1650 1650 2,663,887,122 2,663,887,122
Total 6,748,999,726 6,009,930,967
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