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Abstract

If pipes are damaged in a water distribution network (WDN), adjacent valves are closed to isolate the pipes for repair. Due to the closed
valves, parts of WDN are isolated from water supply sources. The isolated area is divided into Intended Isolation Area (I1A) and
Unintended Isolation Area (UIA). The IIA occurs by intention to isolate the damaged pipe, while UIA is unintentionally disconnected
from the sources due to IIA. Thus, the extension of isolated area and suspended flows are mainly affected by number and location of
installed valves in WDN. In this study, optimization models were developed to determine optimal valve locations in WDN. In a
single-objective model, total water supply suspension is minimized, while a multi-objective model intends to simultaneously minimize
the suspended flow and valve installation cost. Optimal valve placement results obtained from both models were compared and analyzed
using a sample application network.

Keywords: Intended and unintended isolation area, Optimization, Valve placement, Water distribution network
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Fig. 2. Intended isolation area search (P7 damaged)
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Fig. 4. Unintended isolation area search (P7 damaged)
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Fig. 7. Optimal valve placement results from SOGA
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Table 2. Summary of pareto optimal solutions from MOGA

No. of Suspended | Dist.
valve \ENOET: ﬂoI\?v rate from
installed (KRW) (m’/day) Origin
1 0 0 133,800 1.00
2 1 984,403 128,358 0.96
3 1 1,910,795 112,592 0.84
4 2 2,895,198 107,150 0.80
5 2 3,178,298 103,708 0.78
6 3 3,802,509 99,817 0.75
7 2 3,821,590 95,592 0.72
8 4 4,786,912 94,375 0.71
9 4 5,430,204 90,333 0.68
10 3 5,732,385 82,542 0.62
11 4 6,716,788 81,350 0.61
12 7 10,802,397 64,933 0.50
13 8 11,143,508 64,233 0.50
14 8 12,069,900 63,958 0.50
15 9 12,411,011 61,108 0.48
16 9 13,054,303 58,933 0.47
17 10 14,321,806 55,808 0.45
18 9 14,366,150 55,300 0.45
19 9 15,292,543 48,533 0.40
20 10 16,560,046 48,375 0.41
21 11 17,621,973 46,442 0.40
22 10 21,036,526 33,325 0.35
23 11 21,377,636 29,425 0.33
24 12 23,005,764 29,300 0.34
Pareto | 25 11 23,230,421 25,717 0.33
Solution | 26 12 23,571,532 24,908 0.33
27 13 27,154,799 20,083 0.35
28 14 28,139,202 18,892 0.35
29 15 29,123,604 17,800 0.36
30 16 31,034,399 17,533 0.38
31 17 31,375,510 17,417 0.39
32 17 31,941,711 16,858 0.39
33 17 32,301,902 16,067 0.39
34 18 32,926,113 15,933 0.40
35 19 34,193,616 14,367 0.41
36 20 36,850,491 14,283 0.44
37 21 37,655,015 14,267 0.45
38 22 37,996,125 12,783 0.45
39 22 38,639,417 12,425 0.46
40 23 39,263,628 12,150 0.46
41 23 39,906,920 11,975 0.47
42 24 41,920,503 11,425 0.49
43 25 42,441,926 11,267 0.50
44 25 43,085,218 10,875 0.51
45 26 44,352,721 10,792 0.52
46 27 45,620,224 10,633 0.53
47 27 47,009,596 10,558 0.55
48 28 48,277,099 10,475 0.56
49 28 49,666,471 10,408 0.59
50 29 50,933,974 10,325 0.59
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Table 3. Results comparison between SOGA and MOGA
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