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Abstract

Various reliability indices have been defined by researchers for the water distribution

networks. Due to the complexity and heterogeneous nature of distribution networks, results of
indicies can vary substantially and municipalities have hard time to select the most practical
indicies for their networks. This study was undertaken to develop a new method for identifying
the best reliability index by considering various factors including the appropriate sensitivity to
changes in network parameters, the appropriate shift in extreme conditions, the capability in
covering critical condition, hydraulic condition, and water quality reliability. To accomplish the
objective of the study, several water distribution networks were evaluated under multiple
scenarios and the optimum reliability indices were verified with an example real water
distribution network in Ahar. Controlling parameters included in scenario analysis for network
reliability indices include: minimum, maximum and optimal pressure, residual chlorine in
nodes, velocity in pipes, nodal pressure reliability, pipe velocity reliability, and nodal residual
chlorine reliability . To evaluate the performance of defined index, a two-loop test (critical)
were compared with the conventional single-lop test (normal). The performance assessment of
indices obtained from this study showed that the index values ranged between 0.11 and 1.0,
which indicate the normality and the appropriate sensitivity of the indices. Also, by increasing
the residual chlorine of the reservoir, the network reliability index changed from 0.54 to 0.75
and then as the residual chlorine decreases in the distributon network the reliability index
decreased back to 0.54. This appropriate shift in reliability index while changing residual
chlorine in the network, cearly shows the the effectiveness of new method in determining the
reliability indicies under extreme conditions. Also, the new method did not respond to the
failure of some network components, as were evident with insignificant change in the indices
values under critical conditions. From the results of this study generally can be concluded that
the newly defined relability indices is an efficient way for evaluating the performance of water
distribution networks.

Keywords: Reliability Index, Nodal Pressure, Pipe Velocity, Nodal Residual Chlorine, Water
Distribution Network.
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Table 1. Variation of two-loop network parameters under normal and critical operation conditions

Two-loop network with single reservoir

Two-loop network with two reservoirs

Pipe orbnode (normal) (Critical)
number
Pn-Pc (m) Cy-Cc (mg/L) Vn-Ve (m/s) Pn-Pc (m) Cy-Cc (mg/L) Vn-Ve (m/s)

1 0 0 0 0 0 0.28

2 0 0 -0.13 -1.44 0 0.69

3 2.34 0 0.12 -6.17 0.07 0.05

4 -1.03 0 0.74 -0.57 0 -0.29

5 3.64 -0.01 -0.01 17.8 -0.05 0.1

6 -0.86 0 -0.08 -0.53 0 0.65

7 3.31 -0.02 -0.13 0.69 -0.01 0.69

8 0 0 0.02 0 0 0.71
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Table 3. Limit values for velocity in water distribution
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Table 4. Limit values for residual chlorine in the water
distribution network

PVRI(j,t) = 1

Parameter Ch,;, Ch, L Ch, U Ch, Chp,,

Value m/s) 0.1 02 02 05 015 038 1.0
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Table 5. Defined scenarios for evaluation of reliability indices

. Reservoir Residual chlorine in . .
Scenario . Pipes diameter (mm)
head (m) reservoir (mg/l)

N 50 0.2 According to table 1

S, 60 0.4 According to table 1

S; 60 0.6 According to table 1

Sy 70 0.6 According to table 1

Ss 80 0.8 According to table 1

Se 60 0.6 350

S, 60 0.6 400

Sg 60 0.6 450

So 60 0.6 500

Sio 60 0.6 According to table 1 and pipe failure 4
Si 60 0.6 According to table 1 and pipe failure 6
Si» 60-40 0.6-0.6 According to table 1

Si3 60-40 0.6-0.6 According to table 1 and pipe failure 4
Si4 60-40 0.6-0.6 According to table 1 and pipe failure 6
Sis 60-40 0.6-0.6 According to table 1 and pipe failure 7
Sis 60-40 0.6-0.6 According to table 1 and pipe failure 8
Si7 60-40 0.6-0.6 According to table 1 and pipe failure 5
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Table 6. Nodal and pipe reliability index for scenario 1

Node/pipe 1 5 3 4 5 6 7 8 N.etwork
No. index
Loadin
conditiogn NPRI 0.58
Min 0.63 0.99 0.86 0.79 0.45 0.50 0.65
Ave 0.69 0.59 0.98 0.94 0.28 0.27 0.58
Max 0.73 0.46 0.86 0.92 0.20 0.16 0.50
NCRI 0.41
Min 0.48 0.44 0.44 0.38 0.39 0.30 0.39
Ave 0.48 0.45 0.45 0.40 0.41 0.33 0.41
Max 0.48 0.45 0.45 0.41 0.41 0.34 0.41
PVRI 0.68
Min 0.64 0.78 0.77 0.62 0.76 0.61 0.93 0.78 0.74
Ave 0.51 0.67 0.66 0.69 0.99 0.67 0.78 0.96 0.68
Max 0.43 0.62 0.62 0.72 0.88 0.70 0.72 0.85 0.61
NRI 0.54
Journal of Water and Wastewater oML yT e
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Table 7. Nodal and pipe reliability index for scenario 7
Node/pipe 1 ) 3 4 5 6 - 8 N'etwork
No. index
Loading
.. NPRI 0.72
condition
Min 0.46 0.77 0.66 0.53 0.94 0.81 0.73
Ave 0.58 0.91 0.81 0.68 0.63 0.97 0.74
Max 0.64 0.98 0.88 0.76 0.44 0.83 0.70
NCRI 0.90
Min 0.85 0.91 0.89 0.98 0.94 0.88 0.93
Ave 0.85 0.90 0.88 0.96 0.93 0.92 0.92
Max 0.85 0.89 0.88 0.95 0.92 0.94 0.92
PVRI 0.60
Min 0.51 0.76 1.00 0.45 0.61 0.11 0.66 0.56 0.65
Ave 0.26 0.99 0.73 0.52 0.67 0.14 0.74 0.61 0.58
Max 0.25 0.88 0.70 0.53 0.70 0.15 0.82 0.64 0.56
NRI 0.73
sad a5 gle g sl (6l S pliebl B asls slie-A Jsu
Table 8. Nodal and pipe reliability index for scenario 7

Scenario NPRI PVRI NCRI NRI FRI PI

S 0.58 0.68 0.40 0.54 1.34 0.81

S, 0.69 0.68 0.70 0.69 1.78 1.00

S3 0.69 0.68 0.93 0.76 1.78 0.89

S4 0.58 0.68 0.93 0.71 0.95 0.89

Ss 0.38 0.68 0.63 0.54 0.16 0.44

Se 0.41 0.56 0.94 0.60 0.93 0.91

S; 0.72 0.60 0.92 0.74 2.07 0.90

Ss 0.69 0.63 0.94 0.74 1.67 0.93

So 0.58 0.62 0.95 0.70 1.09 0.93

Sio 0.70 0.68 0.92 0.76 1.75 0.89

Sii 0.69 0.68 0.93 0.76 1.76 0.89

Si2 0.70 0.72 0.93 0.78 1.66 0.90

N 0.70 0.75 0.93 0.78 1.66 0.9

Sia 0.70 0.74 0.93 0.78 1.66 0.9

Sis 0.72 0.75 0.93 0.80 1.58 0.89

Si6 0.72 0.74 0.93 0.79 1.63 0.9

Si7 0.40 0.70 0.94 0.64 1.06 0.91
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Table 9. Values of network reliability index for the Ahar
water distribution system during different times

Time (hour) NPRI(f) NCRI(t) PVRI(t)
1 0.6 0.78 0.7
2 0.58 0.79 0.7
3 0.54 0.79 0.7
4 0.51 0.8 0.69
5 0.49 0.8 0.69
6 0.46 0.8 0.68
7 0.44 0.79 0.68
8 0.43 0.78 0.68
9 0.43 0.77 0.68
10 0.43 0.76 0.67
11 0.43 0.76 0.67
12 0.5 0.76 0.69
13 0.5 0.76 0.7
14 0.62 0.76 0.68
15 0.68 0.76 0.67
16 0.7 0.76 0.67
17 0.71 0.77 0.67
18 0.71 0.77 0.67
19 0.71 0.77 0.67
20 0.69 0.77 0.68
21 0.67 0.77 0.68
22 0.66 0.77 0.68
23 0.64 0.78 0.68
24 0.65 0.78 0.68
Daily (geometric mean)  0.564 0.774 0.681
NRI 0.667
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