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Abstract
In this study, a simulation-optimization model is used for multi-period consequence

management of sudden contamination in urban water distribution network. The tools used in the
management of consequences in this study are to discharge contaminated water by hydrants, to
cut or plug the pipes to control the flow path in the network or to isolate the different areas, as
well as to switch the pumps on or off to regulate the water flows pressure into the network.
EPANET software is used for simulation and single-objective genetic algorithm is used for
optimization. In this study, the three objective functions are to minimize system return time to
normal situation, minimize the mass of contamination consumed, and minimize the number of
infected nodes. Each of the objective functions mentioned is executed for two different
management scenarios. In the first scenario, the status of the hydrants, valves and pumps is
constant from the beginning to the end of the management period. In the latter scenario, the
status of the hydrants, valves and pumps can be changed periodically from the beginning to the
end of the management period. The number of decision variables in this study was 54, which
included determining whether the hydrants were open or closed, whether the pipes were closed
or connected, and whether the pumps were on or off. The contamination loading is injected
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from the three candidate nodes into the network. The results show that alternating situations of
hydrants, valves and pumps, compared to the situation where the hydrants, valves and pumps
are in constant condition, decreases the return time to a normal state between 13 and 26.5
percent, the amount of contaminated water consumed between 12 and 20 percent and the
number of infected nodes between 6 and 21 percent. It should be noted that in all scenarios, the
minimum water pressure at the nodes of the network is controlled from the minimum
permissible value and the increase in the number of management responses actions is controlled
from the maximum permissible value. The alternation of the opening and closing of the
hydrants and valves, as well as the switching of the pumps on or off, helps to improve the target
functions to an acceptable extent.

Keywords: Consequence Management, Genetic Algorithm, EPANET, Urban Water
Distribution Network, Contaminant Injection.
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Table 2. The final decision variables of hydrants situation for the first objective function in
two defined scenarios (injection node 120)

ID 10 20 40
Scenario 1 1 1 1
Scenario 2 1 6 5
ID 179 181 183
Hydrants Scenario 1 0 1 1
Scenario 2 0 5 0
ID 257 259 261
Scenario 1 1 0 1
Scenario 2 0 7 0

60 601 61 129 164 169 173
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Table 3. The final decision variables of situations of valves and pumps for the first objective function
in two defined scenarios (injection node 120)

ID 105 107 111
Scenario 1 1 0 1
Scenario 2 1 7 0
Valves
ID 215 221 229
Scenario 1 1 0 1
Scenario 2 2 0 0
ID 10
Pumps Scenario 1 0
Scenario 2 2

116 123 155 173 175 177 204
1 0 1 0 1 1 1
0 0 0 7 6 0 3

231 237 269 299 307 309 315
0 0 0 1 0 0 0
0 0 0 0 4 4 1
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Fig. 5. Results of the objective function to minimize
system return time to normal situation
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Table 4. The final decision variables of the situations of hydrants for the second objective function
in the two defined scenarios (injection node 120)

ID 10 20 40
Scenario 1 1 1 1
Scenario 2 3 5 0
ID 179 181 183
Hydrants Scenario 1 1 1 0
Scenario 2 1 5 5
ID 257 259 261
Scenario 1 0 0 0
Scenario 2 0 5 3

50 60 601 61 129 164 169 173

1 1 0 0 1 0 0 0
7 7 0 0 0 0 7 7
195 204 206
1 0 0 0 0 1 1 0
0 7 7 3 0 3 6 5
267 269 271 273
0 0 0 1 1 1 0

2

0 3 7 0 0 0
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Table 5. The final decision variables of the valves and pumps for the second objective function
in the two defined scenarios (injection node 120)

ID 105 107 111 116 123 155 173 175 177 204
Scenario 1 1 1 1 0 0 1 1 0 0 0
Scenario 2 4 0 0 0 0 2 0 1 0 0
Valves
ID 215 221 229 231 237 269 299 307 309 315
Scenario 1 1 1 1 1 1 0 1 1 0 1
Scenario 2 0 0 0 7 7 3 3 0 3 0
D 10 335 N
Pumps Scenario 1 0 0 \
Scenario 2 0 1 &
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Fig. 6. Results of the objective function to minimize
the mass of consumed contamination
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Table 6. The final decision variables of hydrants for the third objective function
in two defined scenarios (injection node 120)

ID 10 20 40 50 60 601 61 129 164 169 173
Scenario 1 0 0 0 1 1 1 1 0 0 0 0
Scenario 2 7 0 7 7 0 0 0 4 0 2 4
1D 179 181 183 184 187 195 204 206 208 241 249
Scenario 1 1 1 1 0 1 0 1 0 0 1 1
Hydrants Scenario 2 0 0 0 0 0 0 7 0 0 0 2
.
ID 257 259 261 263 265 267 269 271 273 275 §
Seemariol 10 0 0 0 1 1 1 1 0 \
Scenario 2 0 0 2 0 0 0 0 0 0 0 x
N
Journal of Water and Wastewater Mo 5 O dxs

Vol. 31, No. 5, 2020

Q

VA9 Jlo 0 ool XY 550



r4

dx.doi.org/10.22093/ww;j.2020.214030.2972 OhlSen 9 5ib 5
P Bn 1l gl oy Sond s 5 bl 08wy 5 5L gl ek Comd s S8 el bo iz =V i
(\Y' &Jﬁbﬁ)ﬁ)b}b)b
Table 7. The final decision variables of valves and pumps for the third objective function
in two defined scenarios (injection node 120)
ID 105 107 111 116 123 155 173 175 177 204
Scenario 1 1 0 0 0 1 0 1 0 1 1
Val Scenario 2 6 7 6 0 7 0 4 0 2 2
S D 215 221 229 231 237 269 299 307 309 315
Scenario 1 1 1 1 1 0 0 0 1 0 1
Scenario 2 1 0 6 0 0 0 3 0 0 0
ID 10 335 % %
Pumps Scenario 1 0 0
Scenario 2 7 7 % %

3L et BB s 5k o e sy 5s Jsb s
o gole ;Jbgr.:..ﬂ..,;ﬁif)'l{ oujda@l:%)\.ﬁn
o ran VT o s 5w Sl o> YE/D B AY
St 5,5 Jili Gan ls i Jfaia 5 o Yo BV Yl
iy oS A i oy TV G F )] sles S
Sl Sl Loy 5 ooy 5 B sl s 25T sl
oS il sl gl 55 68 ol gty il e 5 e
5 b b ookl il Sglie oo b a5 5L (5o e shaas S
loay 5 don 53wz o Sl Sgline 55 ol g s 5 5L ol
Blas a3 55 5 5bwe b STy slass Shaz a8 o sl
=l ol lsas ole ) 5 S Sl (sl S 5le Sl
sleddy pad ars 550 s ool sy Suls plis Jrags,
 Lagms 035 Al b o5, 55 5 5 Sl T sla o
S ssdnslering w0 SoS (S5 LB o b o w5 e
Olalone 3 &8 53 5z 50 Sod SIS sl rass o
5olEd o e &S o 5 S0, 5 5 058 Blad Buse il
Sy 33 S5 mlide 3 (oadly Sl slaass 5l aslica

2 oslanal el Cu e

@‘5).\5 —0
ST 5 i olas| 1S5 U L gui sl 5L Lol S5 GGT 5

Cﬁ«\ r\_"u‘ s oaelus cob (e 9> Gslonesa e

yhan Slaya8 ey

Journal of Water and Wastewater

Number of contaminated

500 + B Scenario 1 FScenario 2
400
é 300
2 7
2 7
200 1 /
100 A é
0 A T T

Injection Node
120

Injection Node
101

Injection Node
169

Fig. 7. Results of the objective function to minimize
the polluted nodes
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