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Abstract

Paying attention to the conservation of water resources in order to prevent water crises is one of the most
important duties of people in the community, including officials. In this regard, the most effective action
is water demand management, for which there are different methods. One of these methods is pressure
management in order to demand management, which can be used in normal operating conditions as well
as in the event of water scarcity. On the other hand, in critical situations where the available water does
not meet the total demand, policies such as intermittent water supply are adopted, which are associated
with many problems. Therefore, an alternative method is needed to minimize the disadvantages of
intermittent water supply,to meet the objectives of demand management and, at the same time is feasible,
efficient, and economical. In this research, a combined simulation and optimization model is created by
using EPANET2.2 and MATLAB software. With this model, the effects of adopting a water demand
management approach using pressure management on the hydraulics of water distribution networks will
be investigated. In this research, optimization is done in two approaches. In each case, a different
objective function is defined and a genetic algorithm is used for optimization. The developed model has
been analyzed on the WDN of Baharestan city located in Isfahan province. The results show that the
model is able to reduce the average network pressure by 8 meters by finding the optimal location and
adjusting pressure for pressure-reducing valves under normal conditions. Also, during water scarcity, it is
able to distribute the available water among the demand nodes considering equity and justice principles.
After imposing an 8% deficit on the network, without applying for a pressure management program, 8
demand nodes experienced a shortage between 15 and 30% and 19 experienced a deficit below 5%.
However, after optimizing the pressure, only 3 demand nodes experienced a shortage between 15 and
25% and 6 nodes experienced a shortage of less than 5%.

Keywords: Demand Management, Pressure Management, Water Distribution Network,
Simulation, Genetic Algorithm.
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Table 1. Input data of the nodes

Node Elevation d Base Node Elevation Base Node Elevation Base
No. (m) emand No. (m) demand No. (m) demand
(L/s) (L/s) (L/s)
J1 1593 7.004 J15 1576 19.846 J28 1559 16.545
12 1586 13.431 J16 1567 13.469 J29 1553 8.591
J3 1573 8.122 J17 1560 10.762 J30 1592 6.066
J4 1564 4314 J18 1555 16.791 J31 1587 10.128
J5 1558 5.409 J19 1551 9.13 J32 1563 7.758
J6 1550 2.79 J20 1585 11.485 J33 1555 3.696
J7 1589 10.949 J21 1574 24.041 134 1588 6.488
J8 1580 21.608 J22 1566 18.178 J35 1585 0
J9 1568 12.2 J23 1562 9.513 J36 1572 0
J10 1570 9.663 J24 1588 9.592 J37 1565 0
J11 1563 9.625 J25 1581 20.074 J38 1592 2.425
J12 1555 13.413 J26 1573 10.482 R1 1630 -
J13 1550 7.025 127 1561 7.953 Tl 1625 -
J14 1590 9.478 = = = = = =
aalllan :J}A&.id\.bd})‘_g:jjj—" J)J.,
Table 2. Input data of the pipes
Pipe Length Diameter Pipe Length  Diameter Pipe Length Diameter
No. (m) (mm) BV No. (m) (mm) B-W No. (m) (mm) Coow
P1 830 600 150 P22 965 110 130 P42 490 180 130
P2 520 250 130 P23 650 600 150 P43 550 110 130
P3 840 180 130 P24 530 200 130 P44 700 110 130
P4 620 250 130 P25 660 180 130 P45 700 250 130
P5 620 160 130 P26 620 200 130 P46 750 160 130
P6 320 160 130 P27 610 200 130 P47 740 110 130
P7 540 250 130 P28 500 160 130 P48 750 110 130
P8 620 250 130 P29 670 110 130 P49 510 160 130
P9 500 180 130 P30 470 250 130 P50 590 110 130
P10 620 200 130 P31 700 250 130 P51 500 250 130
P11 550 110 130 P32 1120 110 130 P52 500 160 130
P12 630 110 130 P33 560 110 130 P53 350 180 130
P13 480 600 150 P34 1070 110 130 P54 510 250 130
P14 500 250 130 P35 750 250 130 P55 490 200 130
P15 470 180 130 P36 520 180 130 P56 950 200 130
P16 650 250 130 P37 700 180 130 P57 350 200 130
P17 550 200 130 P38 620 200 130 P58 360 110 130
P18 860 250 130 P39 530 180 130 P59 500 800 150
P19 500 160 130 P40 620 200 130 P60 1000 600 150
P20 920 200 130 P41 550 250 130 P61 1115 600 150
P21 540 110 130 - - - - - - - -
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Table 3. Hourly fluctuation coefficients of consumption according to the publication 3-117

Time (hr) 1 2 3 4 5

6 7 8 9 10 11 12

Coefficients 05 045 035 03

Time (hr) 13 14 15 16 17
1.05 1.1

Coefficients 145 12 1.15

045 075 1.1

1.25 1.1 1 09 1.1
18 19 20 21 22 23 24
14 165 18 145 1.1 08 0.6

olle ed o330 29,5 slasls 5lasel Cows 4 G jans el Sl g ool o -F Ui
Table 4. Hourly fluctuation coefficients obtained from Baharestan reservoir output data

Time (hr) 1 2 3 4 5

6 7 8 9 10 11 12

Coefficients 0.542 0.301
Time (hr) 13 14 15 16 17
Coefficients 1.428 1.34 1.287 1.315 1.37

0.254 0.265 0.385 0.72 0.904 1.098

1.297 1.401 1.442 1.425
18 19 20 21 22 23 24
1.274 1.204 1.146 1.015 1.102 0.943 0.542
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Table 5. Analysis results in base scenario and scenario 1

Scenario LT Setting pressure (m) Network N eovork . Leakage
and number inflow S erase Deficiency reduction
analysis with 0-4 4-8 8-12 124 4-8 8-12 (m¥/day) pressure (%) (%)
mode PRV a.m. a.m. a.m. p-m. p-m. p.m. v (m) ’
Base - ; ; - - . - 3260449 4742 0.18 -
scenario

7 35.79 35779 35.79 3579 35.79 35.79
14 29.89 25 25 25 25 25

810\22?1201 D'oos 216 25 25 25 25 25 3195717 4274 2.17 16.38
41 3543 30.08 25.84 3294 2587 32.29
56 31.56 31.56 3156 31.56 31.56 31.56
7 25 25 25 25 39.69 25
) 17 25 25 25 25 43.36 25
ST\ZEZZ(;I 27 2987 25 2752 267 27.38 27.01 3256001  39.12 033 175
40 26.79 25 25 25 25 25
57 25 25 25 25 25 25
Fig. 3. Location of PRVs obtained from optimization in scenario 1 mode 2
Y I ) s o 0l (g5batg )b o saal Cos 4y oS5 (gl ot fa Y S8
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Fig. 4. The average network pressure during the day in
base scenario and scenario 1
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Table 6. Analysis results in scenario 2
Pipe iy piRan o () Network Objective NGO L . Leakage
Mode number inflow function 2Yerase Defiglency reduction
with 0-4 48 812 124 48 812 (yga0y  yalge  Pressure (%) (%)
PRV am. am. am. p.m. p.m. p.m. (m)
1 - - - - - - - 30051.37 0.088 30.95 8 34.72

7 24.42 2442 2442 2442 2442 2442
14 25.07 2726 28.78 24.03 10  32.81

2 24 2322 2598 2371 28.08 10 26.23 30049.24 0.072 31.68 8 33.19
41 27.41 40 17.1 3435 11.43 39.79
56 20.67 20.67 20.67 20.67 20.67 20.67

3 - - - - - - - 30050.56 0.096 30.22 8 36.27
7 23.74 23774 23774 23774 23774 23.74
14 23.06 27.27 15 15 2784 25

4 24 29.05 26.42 15 2811 27.73 21.1 30050.91 0.085 30.25 8 36.2
41 2826 18.81 15.58 16.23 18.66 34.89
56 2626 2626 2626 2626 2626 26.26
9 25.14 36.04 55 6.43 1429 35.69
16 32.08 2638 372 144 533 32.05

5 26 36.05 3144 192 16.02 28.13 33.23 30027.57 0.047 30.89 8.08 38.03
40 39.24 33.68 24.16 1.87 2933 352
57 22.83 22.69 2.66 1 1036 21.31

T}:)L..:O QJ\}JJQJ«AAJIS‘D}&‘»beJ)bméha;Jm—vdj.\?

Table 7. Pressure of demand nodes at minimum and maximum consumption hours in scenario 2 mode 5

Pressure Pressure Pressure (m) Pressure Pressure Pressure (m)
Node (m) (m) Node 3 am. (m) Node (m) 5 p.m.
3 am. 5 p.m. 5 p.m. 3 am.

1 21.92 19.87 13 61.51 20.10 25 35.06 26.39

2 28.27 18.05 14 24.95 23.33 26 42.75 30.79

3 40.25 18.72 15 38.78 30.43 27 51.12 15.72

4 48.85 22.78 16 45.14 15.54 28 52.75 14.53

5 53.75 15.04 17 52.28 19.23 29 58.32 16.71

6 61.57 20.70 18 56.79 18.53 30 25.51 21.64

7 25.93 24.04 19 60.40 18.63 31 30.13 23.89

8 34.78 28.55 20 29.98 28.98 32 48.24 9.55

9 44.29 14.00 21 40.77 33.16 33 56.24 15.15

10 42.44 12.43 22 46.49 12.32 34 29.40 24.05

11 49.43 18.80 23 50.28 16.22 35 25.45 20.78

12 56.79 18.52 24 29.84 29.48
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Fig. 5. Location of PRVs obtained from optimization in scenario 2 mode 5
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Fig. 6. The average network pressure during the day in scenario 2
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