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Abstract

Woater distribution networks (WDNs) are complicated infrastructures which their construction,
operation and maintenance have considerable costs. Since most of the variables effective on the
design and operation of WDNs cannot be computed and achieved accurately and definitely,
uncertainty subject should be considered as an inseparable issue in the calculation of these
networks. In this study, using the fuzzy logic concept and genetic optimization algorithm, the
impact of uncertainties of input variables (nodal demands and pipe roughness coefficients) on
the results of hydraulic analysis of two sample networks have been examined. In this regard,
first, the fuzzy membership functions of input variables have been determined and by
considering the simultaneous impacts of these variables' uncertainties, the output variables of
hydraulic analysis have been calculated more accurately. Afterwards, variables of pressure,
velocity and energy loss have been considered as representers for evaluating the hydraulic
performance of network elements (nodal demand and pipes). In order to calculate the hydraulic
performance indices of these elements, after analyzing the network based on the pressure driven
simulation method, penalty curves defined according to the available standards, have been
employed and the obtained results have been compared to the results of the demand driven
simulation method. In addition, a new relation for combining the performance indices of
network elements and obtaining an index for evaluating the total pipe performance and
calculating the total hydraulic performance index of network has been introduced. According to
the obtained results, slight uncertainties in the input variables of hydraulic analysis lead to high
uncertainties in the outputs of the hydraulic analysis of WDNs. Meanwhile, velocity in pipes
more than nodal pressures are affected by the uncertainties of input variables of hydraulic
analysis. Also, implementing the pressure driven simulation method in performance evaluation
of WDNSs in their operation period leads to more reasonable and real results. For instance the
total performance of network was 0.56 for 9-loop network and was 0.26 and 0.59 for 2-loop
network, respectively, based on demand and pressure driven simulation methods.

Keywords: Water Distribution Networks, Pressure Driven Simulation Method, Performance
Evaluation, Uncertainty, Fuzzy Logic, Genetic Algorithm.
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. . H-W
Node Ele(Vrit)lol’l D%?Snd Pipe Dl(ammnel:;er ch;g)th Roughness|
coefficient
2 1 100 0 1 500 1200 76
2 15 150 2 500 1100 80.5
3 0 300 3 500 1500 88
4 15 260 4 350 900 75

| 5 350 1000 78
(a) 2-loops network with 5 pipes and 4 nodes (Revelli and Ridolfi, 2002)

22

45 35
(b) 9-loop network with 34 pipes and 26 nodes (Kadu et al., 2008)

Fig. 4. Schematic view of the studied networks
EWIR 20 sasls ks gl - JS-“:

sladls g St (2 S slol 5 ) 25 a0l s Yoo =) Jsor

Table 1. Minimum and maximum values of pipe roughness coefficients and demand nodes in 2-loop network

Minimum N{;’l‘:l?g;n Minimum Maximum
Pipe Roughness  value of fuzzy fuz Demand Demand value of fuzzy value of fuzzy

P€  coefficient roughness roughfl}; ss node U/s) demand node  demand node
coefficient coefficient I/s) /s)

1 76 62 134 2 150 127 171

2 80.5 60 150 3 300 278 318

3 88 60 150 4 260 238 278

4 75 73 79

5 78 70 82
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Table 2. Minimum and maximum values of nodal pressures and velocity in pipes of the 2-loop network

Minimum Maximum Minimum Maximum
Pipe Velocity  value of fuzzy value of fuzzy Demand Pressure value of fuzzy value of fuzzy
P (m/s) velocity velocity node (m) pressure pressure
(m/s) (m/s) (m) (m)
1 2.42 2.06 2.62 2 69.03 59.15 77.85
2 1.20 0.74 1.50 3 62.05 49.15 73.67
3 0.33 0.001 0.72 4 62.79 50.26 74.26
4 2.46 1.98 2.89
5 0.92 0.40 1.36
m=—=Q=—= Current study == «@«== Haghighi and Zahedi, 2014 m=m@Que= Current study == «@e Haghighi and Zahedi, 2014
= 14 Q o 1 -
2 09 - £ 09 -
S 08 - S 08 -
E 0.7 | E 0.7 A
2 0.6 2 0.6 -
2 0.5 A S 05+
_qg 0.4 - _qg 04 -
0.3 4 0.3 -
g 0.2 GE? 0.2 A
= 01 = 01 -
0 - * * 0 -
40 50 60 70 80 50
P; (m) P, (m)

Q== Current Study == <@« Haghighi and Zahedi, 2014

1A
0.8 -
0.6 -
0.4 -
0.2 -

Membership function
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Fig. 5. Impact of the pipe roughness uncertainty on the nodal pressure values in the 2-loop network
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Fig. 6. Impact of the pipe roughness uncertainty on the pipe discharge values in the 2-loop network
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Table 3. Performance indices calculated for nodes and pipes in the 2-loop network
Nodal Pipe Pipe Av‘irzge
Demand performance Relative performance performance erf(l))rlljnance Total
node from Pipe  weight from from energy P from performance
pressure of pipe velocity loss point of pressure of pipe
point of view point of view view point of view
2 0.25 1 0.25 0.25 0.61 0.25 0.35
3 0.25 2 0.23 1 0.38 0.25 0.52
4 0.25 3 0.32 0.55 0.62 0.25 0.44
4 0.09 0.25 0.36 0.25 0.29
5 0.10 1 0.87 0.25 0.63
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Fig. 7. Impact of hydraulic analysis type and the data with uncertainty on nodal pressures in the 2-loop network
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Table 4. Performance of nodes and pipes in the 2-loop network using HDSM and DDSM methods
(reservoir level=50 m)

Pipe

Nodal Pipe performance Average pipe Total
performance performance from ener performance erformance of
Demand g4 pressure  Pipe  from velocity Y from pressure o .
node . i i X loss point of . i pipe
point of view point of view . point of view
view
DDSM HDSM DDSM HDSM DDSM HDSM DDSM HDSM DDSM  HDSM
2 0 0.56 1 0.25 0.69 0 0.40 0 0.56 0.08 0.37
3 0.48 0.86 2 1 1 0.85 1 0.32 0.76 0.49 0.83
4 0 0.47 3 0.56 0.68 0.55 0.94 0.26 0.68 0.27 0.65
4 0.25 0.71 0 0.26 0 0.47 0.08 0.30
5 1 0.90 0.87 1 0 0.50 0.30 0.62
Total performance of network 0.26 0.59
Journal of Water and Wastewater Mo 5 O dxe O
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Table 5. Input and output variables of the hydraulic analysis of the 9-loop network along with the performance indices calculated for nodes and pipes
Nodal . q Average pipe
The The The The performance Hazen-  The The The The relT;:iev . perfz;‘l’:ance pe rf::‘ll)nea nce perforgmapnlc)e Total
Demand Demand maximum minimum Pressure maximum minimum from i Williams maximum minimum Velocity maxin}um minim‘um weight from velocity from energy from perforlpance
node Us) demand demand (m) pressure pressure  pressure roughl}ess roughl}ess roughl}ess (m/s) velocity velocity of pipe point of view loss point of pressure of ptll!)e
W/s) U/s) (m) (m)  point of view coefficient coefficient coefficient (m/s) (m/s) .y (PL,) view (PI, ) point of view  (PIj;
(P1,) b “ D1,
3 306 1000 0 14.57 14.99 9.29 0.56 1 130 150 60 1.35 3.11 0.65 0.06 0.84 0.97 0.56 0.63
4 75 330 0 13.26 14.92 3.82 0.49 2 130 150 60 1.33 2.38 0.37 0.13 0.94 1.00 0.55 0.66
5 108 400 0 11.29 1491 1.11 0.42 3 130 150 60 0.92 2.34 0 0.03 1.00 1.00 0.44 0.61
6 70 250 0 10.68 1491 0.18 0.39 4 130 150 60 0.52 1.58 0 0.02 0.86 1.00 0.41 0.54
7 150 1250 0 10.72 12.84 0 0.36 5 130 150 60 0.46 0.98 0 0.01 0.68 1.00 0.38 0.47
8 300 250 0 11.33 12.99 2.09 0.41 6 130 150 60 0.47 2.8 0 0.01 1.00 1.00 0.39 0.57
9 142 300 0 11.74 14.29 2.13 0.43 7 130 150 60 1.36 2.23 0.27 0.10 0.96 1.00 0.45 0.60
10 192 340 50 10.68 14.79 0.54 0.39 8 130 150 60 0.01 1.33 0 0.01 0.54 0.04 0.39 0.17
11 136 280 0 10.62 14.77 1.19 0.40 9 130 150 60 0.93 1.85 0.01 0.04 1.00 1.00 0.34 0.54
12 226.67 430 80 9.26 14.34 0.21 0.35 10 130 150 60 1.03 2.23 0.13 0.04 1.00 1.00 0.47 0.63
13 246 510 60 8.86 12.88 0.03 0.31 11 130 150 60 1.02 2.95 0.07 0.04 0.97 0.98 0.51 0.64
14 176 1700 0 12.82 12.99 8.78 0.51 12 130 150 60 1.10 1.97 0.11 0.07 1.00 1.00 0.41 0.59
15 175 280 70 10.49 14.53 0.76 0.39 13 130 150 60 0.43 0.86 0.02 0.04 0.64 0.40 0.40 0.30
16 150 370 0 9.53 12.96 0.36 0.34 14 130 150 60 1.07 2.12 0.05 0.02 1.00 1.00 0.37 0.56
17 113 330 0 11.55 12.89 33 0.42 15 130 150 60 0.45 0.88 0 0.01 0.65 1.00 0.33 0.42
18 56 150 0 9.34 12.87 0 0.33 16 130 150 60 0.86 1.13 0.16 0.04 0.95 1.00 0.41 0.57
19 76 215 0 11.89 17.51 0.7 0.45 17 130 150 60 0.67 1.58 0.05 0.02 0.94 1.00 0.37 0.54
20 176 260 20 9.33 13 0.74 0.34 18 130 150 60 0.99 2.18 0.01 0.02 1.00 1.00 0.41 0.59
21 210 310 45 10.38 12.92 1.51 0.37 19 130 150 60 0.26 1.70 0.01 0.00 0.76 0.58 0.32 0.36
22 90 1150 0 11.8 14.99 0 0.42 20 130 150 60 0.26 1.39 0 0.00 0.68 0.40 0.32 0.29
23 33 80 0 10.82 17.69 0.58 0.43 21 130 150 60 1.26 2.37 0.04 0.06 0.99 1.00 0.47 0.63
24 75 135 20 11.51 19.02 0.65 0.46 22 130 150 60 0.51 1.60 0 0.01 0.86 1.00 0.37 0.52
25 58 260 0 10.17 1542 0 0.38 23 130 150 60 0.70 1.48 0 0.04 0.92 0.71 0.36 0.45
26 36 220 0 11.25 14.06 0 0.39 24 130 150 60 0.71 1.74 0 0.02 0.99 1.00 0.36 0.55
25 130 150 60 0.92 1.66 0 0.10 1.00 0.95 0.39 0.56
26 130 150 60 0.68 1.66 0 0.01 0.95 1.00 0.36 0.54
27 130 150 60 0.78 1.85 0 0.01 1.00 1.00 0.46 0.62
28 130 150 60 0.55 2.18 0 0.00 1.00 1.00 0.35 0.54
29 130 150 60 0.44 1.63 0 0.03 0.83 1.00 0.38 0.51
30 130 150 60 0.83 2.90 0 0.01 1.00 1.00 0.42 0.59
31 130 150 60 0.43 1.56 0 0.01 0.80 1.00 0.45 0.56
32 130 150 60 0.30 1.34 0 0.01 0.69 1.00 0.43 0.50
33 130 150 60 0.36 1.45 0 0.01 0.74 0.15 0.39 0.26
34 130 150 60 0.13 0.79 0 0.01 0.25 0.16 0.41 0.12
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