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of measures that are carried out in order to maintain and guarantee the
supply of water to cities and communities in a safe approach in terms of
health, quality and supply. Urban water security includes issues such as
sufficient and sustainable water supply, maintaining water quality,
preventing various pollutions, managing water resources, protecting water
supply in the face of natural and human threats, and providing water in
emergency and critical situations. The ultimate goal is to provide urban
water security, improve the quality of life of citizens and maintain public
health. Therefore, reducing and increasing fluctuations in urban drinking
water availability and ensuring water security for urban communities are
important responsibilities that rest on the shoulders of water supply
systems. Guilan province is facing issues such as numerous weather
fluctuations, which creates unlimited importance for water security.

Materials and Methods: In this paper, using optimization methods, a
model for theurban water supply system in Guilan province is presented
using mathematical modeling and system dynamics. For this purpose, a
hybrid model using mathematical modeling, meta-heuristic algorithms and
system dynamics approach is presented. Using the mathematical model and
meta-heuristic algorithm, the decision variables that include the number of
water resources, the amount of purified water in the water treatment
system, the amount of wastewater in the area and the amount of water
shortage in the area along with the values of the objective functions, the
first objective of which is to minimize the cost of water supply which
includes the cost of energy, the amount of energy consumption, the cost of
constructing a purification system, the cost of managing water resources,
the cost of managing the purification system, the cost of transferring water
resources and wastewater. Also, the second goal of the problem is to
minimize water shortage for the whole system. Then, these values are
entered into the system dynamics model as input values, and thus, the
amount of shortage in future periods is predicted.

Results: After checking the accuracy and validity of the model presented
in the urban water supply system from different sources, the obtained
results indicate that increasing the treatment capacity as well as the
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presence of water resources in the province can affect the cost of treatment
and reducing the shortage and wastewater. The results of predicting the
amount of shortage in future periods showed a linear trend up to more than
520 thousand units. In addition, the sensitivity analysis also showed the
inverse effect of the parameters of the capacity and amount of incoming
water and the direct effect of the parameters of transmission cost, energy
consumption, energy supply cost, treatment cost, source cost, construction
cost and demand. Among the parameters with direct effect, energy
consumption cost, construction cost and treatment cost have the most effect
on supply cost. Also, the parameters of treatment cost and demand have the
greatest effect on the shortage and wastewater in the system.

Conclusion: The results of this research provide useful information
regarding the prediction of drinking water shortage in the hands of the
managers of the water and sewerage company of Guilan province to
provide urban drinking water as well as other consumers, including
domestic, industrial and agricultural in Rasht metropolis.
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Table 2. Mathematical model solution results.

. 3 o

(U 5l38) el g3

. . Waste water and Supply cost dle Al ol
Calculation Time 3 ;
shortage (Lit/m°) (Thousands rials) Problem Problem scale
(Seconds)
Zy Zy

18 3309361 142744 1

36 3324486 144184 2

48 3337927 145869 3
So S

64 3352119 147512 4 i
Small

76 3366940 148587 5

89 3383915 149944 6

107 3396378 151091 7

120 3414299 153059 8

139 3424478 154107 9

149 3442370 155121 10 L o

167 3459297 156516 11 Medium

177 3471627 158157 12

189 3486565 160079 13
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Continue Table 2.
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Calculation Time Waste water and Supply cost . Als ole
(Seconds) shortage (Lit/m®) (Thousands rials) Problem Problem scale
Zy Zy

204 3497552 161459 14

223 3514357 162997 15

236 3524721 164203 16
Sy

251 3540257 165461 17 -
Large

268 3558616 166838 18

281 3578511 168390 19

295 3590094 170349 20
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Figure 4. Values resulting from the cost in different dimensions.
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Figure 5. Amounts of waste water in different dimensions.
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Figure 6. The values obtained from the calculation time in different dimensions.
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Table 3. The results of solving the model with the epsilon constraint method.

g by J58) o5n LItIm®) 5508 5 5,8 i (433) |l ol Ol
Epsilon Cost _ Quantity of waste Wa3ter and shortage Final calcylation time
(thousands Rials) (Lit/m®) (minute)
50 512 0.71 57
100 563 0.74 55
150 382 0.70 62
200 450 0.75 57
250 430 0.78 68
300 413 0.75 75
350 398 0.75 58
400 365 0.75 94
450 348 0.74 86
500 307 0.75 58
550 480 0.71 62
600 512 0.76 48
650 563 0.76 72
700 450 0.82 98
750 460 0.73 78
800 413 0.83 81
850 510 0.75 82
900 398 0.86 70
Lo e 307 0.70 48
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Table 4. Parameters and their levels for NSGA-II algorithm.

cl A 3l
Value of each level AN
3 ke 2 s 1 s Parameters
Level 3 Level 2 Level 1
200 100 50 Population size (PS)
0.9 0.7 0.5 Crossover rate (CR)
0.5 0.3 0.2 Mutation rate (MR)
200 150 100 Maximum iterations (Max_iter)
NSGA-II 4l p (7 FL S5 55 rusly ke polie —0 Jgutr
Table 5. Response variable values in Taguchi technique for NSGA-II.
28 el
MID ot AI(;;rithm par;;eters el et
MID Index - Run number
Max_iter MR CR PS
0.534 1 1 1 1 1
0.612 2 2 2 1 2
0.537 3 3 3 1 3
0.491 3 2 1 2 4
0.576 1 3 2 2 5
0.637 2 1 3 2 6
0.599 2 3 1 3 7
0.973 3 1 2 3 8
0.642 1 2 3 3 9
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Figure 7. Minitab output for Taguchi method in NSGA-11 algorithm.
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Table 6. The optimal value of variables in NSGA-II.
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Figure 8. Crossover operator.
81 | 54 | 46 | 62 | 71 | 48
cat 6 61 | 28 | 95 | 401 | 100
e 37 | 43 | 57 401 | 461 | 75
100 | 321 32 63 123 91
Uiy
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Child 37 | 44 | 57 | 401 | 461 | 75
100 | 321 32 63 123 91
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Figure 9. Mutation operator.
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Table 7. Comparative results for solving small and medium problems.

Error% NSGA-II Exact
ooled
f2 fi Time(s) f2 fi Time(s) f2 fi
0.05 0.009 1.01 225.3 631 1.11 213.6 625 1
0.03 0.008 3.6 364.1 674 25.69 358.3 661 2
0.04 0.007 5.14 3715 697 36.14 365.3 684 3
0.05 0.007 12.17 382.1 702 84.74 371.8 689 4
0.04 0.006 22.17 621.7 1022 657.11 583.9 978 5
- - 33.69 647.5 1125 - - - 6
- - 37.17 751.6 1361 - - - 7
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Table 8. Comparison of parameters affecting the cost of urban water supply.
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0.88% 1.12% 1.11% -1.21% -1.21% 0.84% 1.18% 0.94% 0.86% 10%
1.83% 2.15% 2.04% -2.40% -2.28% 1.93% 2.35% 1.83% 1.98% 20%
251% 2.83% 3.23% -3.79% -3.53% 3.24% 3.25% 3.11% 2.74% 30%
3.21% 3.75% 4.03% -5.38% -5.01% 4.26% 3.87% 4.13% 3.54% 40%
3.90% 4.72% 5.11% -6.63% -6.13% 4.88% 4.63% 5.06% 4.41% 50%
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Table 9. Comparison of parameters affecting waste water and shortage.
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0.58% 0.32% 0.37% -0.32% -0.35% 0.51% 0.33% 0.36% 0.49% 10%
0.89% 0.70% 0.89% -0.76% -0.90% 1.08% 0.87% 0.69% 0.95% 20%
1.18% 1.25% 1.37% -1.34% -1.30% 1.59% 1.34% 1.02% 1.47% 30%
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Table 10. Determined parameters of the system dynamics model based on the mathematical model.

ik S e
P ier Water supply source
arame 20 25 30
Yie 1555 1724 1853
‘MN. 5 (*W"“n =
7 Purification system
jit
12 14 16
1222 1456 1525
(ALA) JLAJ SRR
ww, Time periods (Month)
10 12 15
333 286 328
(ALF) b;vLAJ SRR
LW, Time periods (Month)
10 12 15
1200 1500 1600
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Figure 10. Cause and effect diagram of the current research.
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Figure 11. Predicting the amount of shortage.
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Table 1. Mathematical model notation.
Ls o 1
Indices
slas Sl 5
Signitaure Discription
. el sl
L
Number of areas
. aial 6‘-%-:-*:-‘ sl
J
Number of treatment systems
k I el e sl
Number of water supply resources
¢ $b) 09>
Time periods
b ok
sl o 5
Signitaure Discription
DEM,, te)p);ia.?u);%j-qfo\ﬂ o
The amount of water consumption in area i in time t
FCJ igybﬁjg?@&w&l»\aﬂ}a
Y Cost of water treatment system construction j in area i
FCK,, 1“?"“)51(&1'&:‘5@“%{@
Cost of water supply resource k in area i
vey, iefwwﬁw e
Cost of settling the water treatment system j
EW. t@uja)jﬁ‘)}i?UA{&JJ)};_JTG\;&O‘):A
" The amount of water resources entering the area i in time ¢
cAPJ, Tazl pj ol adal e b b
Capacity of water treatment system j in area i
[ ab ok U1 aoe cd b
CAPK, R el
Water resource capacity k in area i
ENG, J ol i R 2 ol il 5y S5 e e
The amount of energy consumption for water treatment in the water treatment system j
VENC, j e u‘w Slr s S dely 2 e
Cost of energy consumption per unit for water treatment in the water treatment system j
ENCK, kol el e > sz.f" e Ol
The amount of energy consumption in the water supply resource k
o O sl mie 6 (6551 b s A oy
UENCK, o @fdﬁéuﬁ e A=y A A e
Cost of energy consumption per unit for the water supply resource k
TC iA?U)Jjgiwwgkg?w‘l}@;ﬂj\gfduﬂ@“}a
i o .
s Cost of water transmission from water supply resource k to water treatment system j in area i

¥4
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Continue Table 1.

La joize
Variables
Xy Ao Sygoipl g 53 3\ 38 Sl a3 Ol 4kl v STl 0l pine
Its value is 1 water treatment system j is constructed in area i; otherwise it is zero
Uy [ 4=l 5 wagkJ&:‘t@;\gwwo\ﬂ.@mﬂﬁw&n
The amount of water transmission from water supply resource k to water treatment system j in area i
v, T e P B N I C PRV E
The amount of water resources available in water supply resource k in area i
Z; t s osss o f ol adas e 53 oS adal T 0l sl g e S
The amount of treated water in the water treatment system j in time ¢
ww, t s esss ool amb o3 i Ol ol g e
The amount of wastewater in area i intime t
L, t ooy ossn o0 al 53 Of 35S Ol ol s e
The amount of water shortage in area i intime t
N wbg dbe la e —Y Jyu
Table 2. System dynamics model variables.
b Jbe sl bl
Parameters of dynamic model b Vsl
sles Do Dynamic equation
Signitaure Discription
b ook OF el e 03 350 ol lio O3
Yik The amount of water resources available in water supply source SMOOTH (Water supply)
kinareai
t oo o5 03 Ol ahadl s 3 0l ahas O Ol e
Zjt The amount of treated water in the water treatment system j ~ SMOOTH (Watertreatment)
in the time t
WW, e R R SMOOTH (Wastewater)
The amount of wastewater in area i intime t
LW, bt e o2 Tl oo 2258 Ol SMOOTH (Shortage water)
The amount of water shortage in area i intime t
b e sl e
Variables of dynamic model
F1 sl e e 20 F1(support)
Total cost of water resources system
F2 e 02 Pl s 25 ol F2(support)

Total amount of shortage and waste water in the system

Y
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Table 3. Predetermined numerical samples.

Sl eyss ol e S s el s Jle stad
Time ;t)eriods Water su;;{ply source Purificati](?n system Z(;ne Problem Problem scale

10 20 12 15 1

10 20 12 16 2

10 20 12 17 3

10 20 12 18 4 S
Small

10 20 12 19 5

10 20 12 20 6

10 20 12 21 7

12 25 14 22

12 25 14 23 9

12 25 14 24 10 Lo gie

12 25 14 25 11 Medium

12 25 14 26 12

12 25 14 27 13

15 30 16 28 14

15 30 16 29 15

15 30 16 30 16

15 30 16 31 17 S5
Large

15 30 16 32 18

15 30 16 33 19

15 30 16 34 20
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