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Evaluation of Subsystem Importance Index considering Effective Supply in
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Abstract

The main objective of water distribution system is to supply enough water to users with proper pressure. Hydraulic analysis of
water distribution system can be divided into Demand Driven Analysis (DDA) and Pressure Driven Analysis (PDA). Demand-
driven analysis can give unrealistic results such as negative pressures in nodes due to the assumption that nodal demands are
always satisfied. Pressure-driven analysis which is often used as an alternative requires a Head-Outflow Relationship (HOR) to
estimate the amount of possible water supply at a certain level of pressure. However, the lack of data causes difficulty to develop
the relationship. In this study, effective supply, which is the possible amount of supply while meeting the pressure requirement in
nodes, is proposed to estimate the serviceability and user's convenience of the network. The effective supply is used to calculate
Subsystem Importance Index (SIT) which indicates the effect of isolating a subsystem on the entire network. Harmony Search, a
stochastic search algorithm, is linked with EPANET to maximize the effective supply. The proposed approach is applied in exam-
ple networks to evaluate the capability of the network when a subsystem is isolated, which can also be utilized to prioritize the
rehabilitation order or evaluate reliability of the network.

Key words : Effective Supply, Water Distribution System, Serviceability, Subsystem Importance Index (SIT), Harmony Search
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1D Elevation (m) | Demand (CMH) Type

1 27.43 0 Junction
2 33.53 2124 Junction
3 28.96 2124 Junction
4 32 640.8 Junction
7 29.56 640.8 Junction
6 31.39 684.0 Junction
5 30.48 2124 Junction
13 33.53 0 Junction
8 31.39 327.6 Junction
9 3261 0 Junction
10 34.14 0 Junction
11 35.05 108 Junction
12 36.58 108 Junction
20 60.96 - Reservoir
21 60.96 - Reservoir
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I 4. 7k oMol JHE 27 mo| A}

ID  [Start Node| End Node L‘zl’;g)th D:i“ﬁ‘:;“ (H_CW)
P | 20 i 609.6 762 | 130
P2 1 2 2438 762 | 128
P3 2 3 1524 609 | 126
P4 3 4 12776 | 609 | 124
Ps 4 5 18872 | 406 | 122
P 3 7 944,88 254 | 116
Pl | 7 6 883.92 305 | 112
P7 4 6 762 254 | 18
P9 2 7 1676.4 381 114
PIL | 6 5 883.92 305 | 110
P13 | 6 13 762 254 | 106
P2 | 13 5 13716 381 108
pis | 2 10 | osass 305 | 102
P4 | 7 822.96 254 | 104
P16 | 10 9 579 305 | 100
P20 | 9 8 883.92 203 9
P21 13 | osass 305 90
P17 [ 10 1| 48768 203 98
Pis | 11 12 4572 152 96
P9 | 9 2 | 5029 203 9
p6 | 21 5 640 406 | 120

E 3 7k o] HadE ofY Ex

Junction ID

Base Demand (CMH)

Pressure Head (m)

1 0.00 32.28
2 212.40 25.67
3 212.40 27.12
4 640.80 23.00
7 640.80 20.39
6 684.00 18.46
5 212.40 24.60
13 0.00 18.61
8 327.60 17.56
9 0.00 19.62
10 0.00 19.40
11 108.00 13.93
12 108.00 12.17

Eajsit}. ol 21 AHFA|9)
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Closed Pipe | Total Available Demand (CMH) N
P2 1130.17 0.640805
P1 1157.16 0.632227
P3 2425.12 0.22924
P6 2733.8 0.131134
P15 2819.45 0.103912
P4 2862.06 0.09037
P9 2875.12 0.086219
P12 2994.16 0.048385
P17 3051.16 0.03027
P16 3052.49 0.029847
P21 3061.9 0.026856
P19 3064.98 0.025877
P11 3102.92 0.013819
P14 3136.06 0.003286
P18 3138.16 0.002619
P35 3146.4 0
P8 3146.4 0
P10 3146.4 0
pP7 3146.4 0
P13 3146.4 0
P20 3146.4 0
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I 5. P3 XIct 29| Al DDA 5ifA Znte} |

Junction Base Demand DDA (EPANET) Suggested Model
1D (CMH) Demand (CMH) Pressure (m) Demand (CMH) Pressure (m)
1 0 0 32.95654 0 33.14399
2 2124 212.4 26.62051 212.4 26.88512
3 2124 2124 5.774617 2124 17.78352
4 640.8 640.8 2.765061 164.56 14.86358
7 640.8 640.8 6.668549 640.8 17.02323
6 684 684 3.398787 581.2 14.60039
5 2124 2124 11.83511 212.4 19.85702
13 0 0 5.316887 0 14.79814
8 327.6 327.6 4.766938 185.36 15.3714
9 0 0 16.38756 0 19.68345
10 0 0 17.33616 0 19.78111
11 108 108 11.39767 108 14.17717
12 108 108 9.350288 108 12.35306
Total 3.146.4 3,146.4 2,425.12
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T2 4. Net3 2H2H & Subsystem Zz} =08

207 238
237

Subsystem ¥ ST ARY

: S(34), S(35), S(63), =

- S(23)).
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o] 3 Al JlY] BAE Zhl o, F Y elle Pz
7 A=l ek Ao e 9l BA A= 1197
ojtt. ey o] WIE V|EHoREE WH gk ARE
Z¥31 QA T}, WA Subsystem RJE 3Y3517] 215t
doj= WiE AE AASITE. B JiTE wolep e
7V AXE = e R e 4 BAY F Bl g A
A olEg 2x0] "t o] F WH AHXEo| 40%ekal 7H
slal AX] IX= 9 Je= THgee] 3 WskE B9
3 Hdth 7" WHEZ QEe] Net3® F 67719
Subsystem® = FEEIL, B Y] A Al F I
RS 10963.11 GPM(Gallon Per Minute) ©]T}.

¥ 62 Net32] Subsystem Xt 2o A= vehioh
B o HA VIE e 25 psi® sho] FYEA. Ao
= SIS Welxkeog gdste] Yelllal Sirt 0.01 o3l
SubsystemE% X 7]stHth %E REW s Y 370
Subsystem®] S(34), S(35), S(63)°] At B S FFHo]
40%7 1 Fashs AL & 4 Utk )= ©]E Subsystem
o] wlg- & VB Fo3S ke FHS Xl JAY =
S o] AHH-E Unintended Isolation®E WHEo|A] 3 A
o] &7 Fgol & AAE] wiFe] WA dijoltt. =
S(35)9] 75 17 49} Zo] HH 2039S EFslal 3o,
S(34) 2 S(63)2] 73F Subsystem®] Z7] A] HH 203H0]
X35 Unintended Isolations 45k Eot. A4 203HY]

N

E 6. Net3gtate| Subsystem XItt =o| Zz}

Subsystem 1D Total Avilg?,t])\l/le) Demand N |
S(34) 6360.179 0.419856
S(35) 6524.108 0.404903
S(63) 6524.108 0.404903
S(23) 8324.049 0.240722
S(4) 9326.11 0.149319
S(7) 9744.11 0.111191
S(27) 10244.1 0.065585
S(20) 10299.43 0.060538
S(2) 10336.91 0.057119
S(54) 10336.91 0.057119
S(9) 10504.59 0.041824
S(15) 10555.09 0.037218
S(12) 10670.13 0.026724
S(6) 10724.71 0.021746
S(11) 10731.71 0.021107
S(41) 10768.64 0.017739
S(17) 10831.71 0.011986
S(14) 10845.4 0.010737
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