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Estimating the Reliability of Water Distribution Systems Using HSPDA Model and
Distance Measure Method
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Abstract

Topological and hydraulic assessments to examine whether required demand and pressure are satisfied
and using these assessed results as a criteria have been general methodology for reliability assessment
of water distribution systems. However, many of existing studies that used nodal pressure calculated by
hydraulic assessment for reliability assessment have two major issues to be solved. The one is that
demand-driven analysis was used for hydraulic assessment and the other is that serviceability was not
considered for reliability assessment. In addition, all of the studies used pressure-demand analysis which
is suitable to hydraulic analysis for water distribution systems under abnormal operating condition
considered only available nodal demand for reliability assessment. This means that advantages which can
be obtained by pressure-driven analysis are not used properly and efficiently. In this study, new
methodology for reliability assessment of water distribution systems using HSPDA model and distance
measure method is suggested. This methodology considers both nodal pressure and nodal available demand
for reliability assessment. Suggested methodology is applied to two water distribution systems to show
its applicability and application results are compared with existing study.

Keywords : water distribution system, reliability analysis, HSPDA, distance measure method
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Fig. 4. Sample Network #1

Table 1. Node Characteristics(Sample Network #1)

Node ID Ele(vrf‘lgion I()Zf;if? Node ID Ele(vnigion ?;?}2?;1 Node ID Ele(‘;fl;ion I?;f}iff
Node 1 27.43 0.00 Node 6 31.39 63400 | Node 11 | 35.05 108.00
Node 2 3353 21240 | Node 7 29,56 64080 | Node 12 | 3658 108.00
Node 3 28.96 21240 | Node 8 | 3139 32760 | Node 13 | 3353 0.00
Node 4 | 3200 64080 | Node 9 3261 000 | Resvr 14 | 6096 N/A
Node 5 | 3048 21240 | Node 10 | 34.14 000 | Resvr 15 | 6096 N/A

Table 2. Pipe Characteristics(Sample Network #1)

Hazen Hazen Hazen
Pipe |Length|Diameter| -Williams| Pipe |Length|Diameter|-Williams| Pipe |Length|Diameter|-Williams
D (m) (mm) Friction ID (m) (mm) Friction 1D (m) (mm) Friction
Coefficient Coefficient Coefficient
Pipe 1 | 609.60 762 130 Pipe 8 | 944.88 254 116 Pipe 15| 944.88 305 102
Pipe 2 | 243.80 762 128 Pipe 9 |1676.40| 381 114 Pipe 16| 579.00 305 100
Pipe 3 |1524.00f 609 126 Pipe 10| 883.92 305 112 Pipe 17| 487.68 203 98
Pipe 4 |1127.76| 609 124 Pipe 111 883.92 305 110 Pipe 18] 457.20 152 96
Pipe 5 |1188.72| 406 122 Pipe 12]1371.60| 381 108 Pipe 19| 502.92 203 94
Pipe 6 | 640.08 406 120 Pipe 13| 762.00 254 106 Pipe 20| 833.92 203 92
Pipe 7 | 762.00 254 118 Pipe 14| 822.96 254 104 Pipe 21| 944.88 305 90

434 299k 20104 9H 775
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Table 3. Comparison between Network ADFs and RDMMs Resulting from Single Pipe Breaks

(Sample Nework #1)

- S (/) ADF,,, @
Pipe Flows under (6) ADF,,
D Normal RDMVhet | ysppA)- RDOMM,
Comnchition 2) (3) (4) (5) (HSPDA) et
(m?/hr) semi-PDA | HSPDA |[semi-PDA| HSPDA (=(5)-(6))

1 2253.29 1233.81 1637.36 0.3921 0.5204 0.3993 0.1211

2 2253.29 1233.81 1637.25 0.3921 0.5204 0.3994 0.1210

3 1211.87 2390.72 2749.60 0.7598 0.8739 0.8138 0.0601

4 791.11 2825.85 3006.80 0.8981 0.9556 0.9323 0.0233

5 66.39 3102.57 3136.58 0.9861 0.9969 0.9952 0.0017

6 893.11 1309.00 2991.56 0.4160 0.9508 0.9259 0.0249

7 216.71 3097.30 3134.68 0.9844 0.9963 0.9943 0.0020

8 208.35 3095.90 3134.19 0.9839 0.9961 0.9941 0.0020

9 545.17 2846.44 3002.19 0.9047 0.9542 0.9299 0.0243

10 37.02 3103.72 3136.88 0.9864 0.9970 0.9953 0.0017

11 304.41 3062.98 3121.77 0.9735 0.9922 0.9878 0.0044

12 309.91 3039.12 3115.85 0.9659 0.9903 0.9851 0.0052

13 125.86 3103.00 3136.73 0.9862 0.9969 0.9953 0.0016

14 75.70 3092.60 3132.73 0.9829 0.9957 0.9933 0.0024

15 283.86 2930.40 3007.53 0.9314 0.9559 0.9444 0.0115

16 164.80 3038.40 3119.12 0.9657 0.9913 0.9875 0.0038

17 119.06 3027.60 3077.86 0.9622 0.9782 0.9703 0.0079

18 11.06 3108.48 3136.40 0.9879 0.9968 0.9951 0.0017

19 96.94 3046.67 3089.72 0.9683 0.9820 0.9755 0.0065

20 67.86 3145.15 3146.15 0.9996 0.9999 0.9999 0.0000

21 184.04 3015.84 3099.37 0.9585 0.9851 0.9772 0.0079
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