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Abstract

Valve in water distribution network (WDN), that controls the flow in pipes, is used to isolate a segment (a part of WDN) under abnormal
water supply conditions (e.g., pipe breakage, water quality failure event). The segment isolation degrades pressure and water serviceability
in neighboring area during the water service outage of the segment. Recent hydraulic and water quality failure events reported encouraging
WDN valve installation based on various abnormal water supply scenarios. This study introduces a scenario-based optimal valve
installation approach to optimize the number of valves, the amount of undelivered water, and a shortest water supply path indicator (i.e.,
Hydraulic Geodesic Index). The proposed approach is demonstrated in the valve installation of Pescara network, and the optimal valve sets
are obtained under multiple scenarios and compared to the existing valve set. Pressure-driven analysis (PDA) scheme is used for a network
hydraulic simulation. The optimal valve set derived from the proposed method has 19 fewer valves than the existing valve set in the network
and the amount of undelivered water was also lower for the optimal valve set. Reducing the reservoir head requires a greater number of valves
to achieve the similar functionality of the WDN with the optimal valve set of the original reservoir head. This study also compared the results
of demand-driven analysis (DDA) and the PDA and confirmed that the latter is required for optimal valve installation.

Keywords: Water Distribution Network (WDN), Graph theory, Optimal valve installation, Abnormal water supply scenarios, Hydraulic
Geodesic Index (HGI)
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L3go|t}, uj7f 4= 7| & sk Rt 2] 1 3
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/
/
/ Reservoirl
/
/
/
/
/

Reservoir3

Fig. 1. A schematic of Pescara Network showing the area with a half of total system demands and the only connection pipe to other network

segments

Table 1. Total head (in meter) of three reservoirs considered in Scenario A and B

Reservoir 1 Reservoir 2 Reservoir 3
Scenario A 57.00 53.08 55.00
Scenario B 51.30 47.77 49.50
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Table 2. Summary of the number of segments and valves and minimum SHGI and reliability results of the original and optimal solutions in the

Pascara network

# of Segment # of Valve Min SHGI Min Rel

Original 38 67 0.00727 0.55086

Solution A (obtained under Scenario A) 26 48 0.00892 0.55086
Solution B (obtained under Scenario B) 32 55 0.00892 0.54369

Min HGyfor

Reservoir 1

Min HGoz. gy | P —
—/ - Fra s

Fig. 2. An lllustration of demand nodes sharing the common Min HG pathways for their HG calculation

0.55086.0.2 Uebdtt 12 2] A SHGI= 0.02876 0.2
RE AR oA FUshH A2 12 & 24 glo] BE
871 B Fgotal Ak &, Azt o] 7|
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71& 67709 W B Kok A2 487 o] W B-5 A5} o, A
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== 0.675 A= W2 H2 oY 2|9h 7P W2 SHGIE
e = A IHES 7HY W2 4181 S Uefl= Al IHE
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Table 3. Summary of total unmet demand calculated under the
isolation of each segment with demand driven analysis
(DDA) and pressure driven analysis (PDA)

Segment | DDA (LPS) | PDA (LPS) Dl‘;gf:;‘(tzg(i -
0 0 0 100
1 0 0 100
2 0 0 100
3 0 0 100
4 0 0 100
5 0.01 0.01 100
6 1.68 1.68 100
7 3.09 3.09 100
8 457 199.22 4359
9 6.06 127.28 2100
10 6.46 6.46 100
11 6.55 121.70 1858
12 7.44 35.02 471
13 12.12 12.12 100
14 12.64 18.62 147
15 16.40 16.40 100
16 17.10 17.10 100
17 19.20 31.65 165
18 19.30 147.93 766
19 2438 2438 100

20 25 223.80 895
21 25.00 25.00 100
22 29.77 46.17 155
23 52.51 65.65 125
24 68.23 74.14 109
25 79.13 96.78 122
26 86.64 90.27 104
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Fig. 3. Common segment locations of Solution A and B (obtained under Scenario A and B in Table 1, respectively)

Table 4. Summary of reliability results of Solution A and B

Solution Solution A Solution B
Network Condition Scenario A Scenario B Scenario A Scenario B
Min 0.5509 0.5437 0.5509 0.5437
Average 0.8971 0.8938 0.9052 0.9020
Standard Deviation 0.1256 0.1286 0.1242 0.1270
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