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Abstract

Water distribution systems (WDSs) are a representative infrastructure injecting chlorine to disinfect the pathogenic microorganisms and
supplying water from sources to consumers. Also, WDSs prescribe to maintain the usual standard (0.1-4.0 mg/L) of residual chlorine.
However, the user’s usage pattern, water age, network shape, and type affect the hydraulic features (i.e. nodal pressure, pipe velocity) and
water quality features (i.e., the residual chlorine concentration). Therefore, this study developed an optimization approach for optimizing
WDSs considering water quality-hydraulic factors using Multi-objective Harmony Search (MOHS). The design cost and the system
resilience were applied as the design objective functions, and the nodal pressure and the concentration of residual chlorine are used as
constraints. The derived optimal designs through this approach were analyzed according to network characteristics such as the network
shapes and type. These optimal designs can meet the safety of economic and water quality aspects to increase user acceptance.

Keywords: Optimal design of water distribution systems, Multi-objective optimization, Network shapes and type, Residual chlorine,
System resilience, Multi-objective Harmony Search (MOHS)
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2 A5 RJIAE et e iy M A A RS &St
et A5 AT O] Bulk Coefficient, Wall Coefficient
£ 25 oL 7| TRl ool ZAE]7] uf 2ol 2 Aol M=
Bulk CoefficientS 54 7|5 0.801 2 A A5} 2.4, Wall
Coefficient=0.0801 2 25} tH(Choi and Wang, 1997;
Chung et al., 2006; Kowalska et al., 2006; Ahn et al., 2007).
Hazen-Williams &] TF&A|4=2} Darcy-Weisbach & Al4=
L FEW71E 421 130,0.0122 A5t A ZAA NS =
Z35}9.2 9, Table 1-2 benchmark A= TH o] 2-8-5 of]
S-S on|eith

o] A 9 EAof et A/ A IS vl ww
A1 5171 91o -85 ATy 4 2)/d4] (Branch), 29t
2l(Hybrid), A2F)(Loop) & 4851510, A8 7|52
7| & &2y 524 3K (Skeletonized) 538 F BIo| w2t
] TE Al T2 S AT Aol wet 24l
AgrE 42 2 AR B4 Sl eoho] vl 7451 o H,
2|2 A A 71E QoA Algkd o 2 ARgRH o) o ™
ThS gt 2 A A AN 2 Aol A ARkl 9= E3 9]

Table 1. The used parameters for applied WDSs

Hazen-Williams (c) 130 HMCR 0.95
Darcy-Weisbach (n) 0.012 PAR 0.05
Bulk Coefficient 0.801 Bw 1
Wall Coefficient 0.0801 Iteration 15,000
Duration Time 336 hr Penalty 1015
(a) (b)
A
\ /
ey 4 y ;
Y / F

AN AR FEE AFRAC R T A A AY
Seyho] Al g EA L FAlof vl wsto] EASH T B
Sk A hgo] 4] 9 EXJ o] w2 =04 9] A4 F9
o7 L Eof| A o] ER A4 F I 2folE B4l $lete
Ak 1St 24 A M-S MOHS 2] 27] sl|2 A5}
o] oA 9] A4 BEUEEE A STIAZIHA 71E A E
TS et A AR 15:9] 74 T A2 A] FRA
27|28 THEShe 7142 v]E-S 22 Yehf ot

3.1 Benchmark Networks

Benchmark A5 EWH -2 B 292 E=
AL 7G-S v & 5= A o=
™ 142 v) e aste] 87t 7]EH T U2 24 A
TE L gloH, ARl B8-S v W e 4= Qo B & HlE
g-&/d-& Fiekett FAlo A4S SHierd o qlct. of
9t Benchmark 7=+ 2Hguiet Al E4Jo| 2 B = H]
APTS L2202 Y HAESH g AL E
of| wet Sy sHA Eefit.
whEpa] 2 Aol A= Bl b g e A4,
o], AzA] o 2 Basiglom, A5t A -2
Anytown, Jilin, Net2 A== 30|t} Fig. 5(a)= Anytown ¢
SRS Walski ef al. (1987)°] 2J5f] A|¢te 7o 2 Bl
£0.03.02 AZA] o], Fig. 5(b)= Jilin F- = (Bi
and Dandy, 2014)© & BI*=0.312 £¢4] o2 B&s)
Atk vpR]Ek o 2 Fig, 5(c)= Net2 A<= 0 2 Rossman
et al. (1994)°] ool A5 285 FgolH A4 ey
DAREIEO 2 BIE=0.73.08 A o 2 sl
t}. Table 2= benchmark A< 3Hdo] @ 725 2 A%
CEo| 4, AR O &} Blo| I A 75 ofn[st
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Fig. 5. Layout of benchmark networks (a) Anytown network, (b) Jilin network, (c) Net 2 network
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Table 2. Network details and categorization results for the applied
benchmark networks

Network | Anytown Jilin Net 2
Network details network network network
Flow Unit GPM LPS GPM
Minimum Pressure 40 psi 15m 40 psi
Node 19 27 34
Pipe 39 34 40
Search space 3910 27'° 3410
e 34 8 19
e 1 18 7
Branch Index 0.03 0.31 0.73
Categorize Loop Hybrid Branch

Table 3. Cost data for benchmark networks

Anytown network Jilin network Net 2 network
(Loop) (Hybrid) (Branch)

Diameter | Cost | Diameter| Cost |Diameter| Cost
(inch) (USD) (m) (USD) (inch) (USD)
6 12.8 150 24.5 2 5.8
8 17.8 200 352 4 8.8
10 22.5 300 61.2 6 12.8
12 29.2 400 93.6 8 17.5
14 36.2 500 134.0 12 29.3
16 43.6 600 180.2 14 36.2
18 51.5 700 234.7 18 51.6
20 60.1 800 291.7 20 60.0
24 77.0 900 3553 24 77.8
30 105.5 1000 426.7 30 106.1

& SISl 27 99 H4 FYEE=0.1 mg/LEH
4.0 mg/L7HA| 2|44 A| ko] A Qbprt 218512 ob= w7t
2| HRA 0 = F7IA7|HA oA Y] 24 da Fds
£ Aokt

Figs. 6~8-2 AAH]-§ | &g}l A| A o] el ] X[thelE
HAHr= 112510 ZF benchmark =+ 0] T4 ]
A A 2] A3} Pareto-optimal solutions®| T, ZF A¥H= QF

Anytown Network
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Fig. 6. Pareto-optimal solution of Anytown network

Table 4. Solution comparisons for Anytown network

. Cost Resilience | Quality
|
Solution (K USD) (psi) Satisfied
Only Press Sol. A 15,787 392.99 X
Quality 0.16 Sol. B-1 15,883 393.43 ¢}
Quality 0.16 Sol. B-2 15,492 389.99 ¢}
Sol. A and B-1 96 3.22
Difference
Sol. A and B-2 295 0.44

benchmark A=y gol| A AAH]-E = A A O] B
o] FARRt 7 &F40S A 7gste] AAM S A ARl 0] e
& v] w3t Avtolct,
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22 A4 EU%T710.16 mg/LY o] H]-8-2 15,492K USD
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71EAE REERIT SRRt Rk Aok o 2 et X
2 Aoro] H]-8-215,787K USD (Sol. A)o] ™, A| A& <] et
H/4-2392.99 psi= -l A 2] HA FUEEE0.16 mg/L
2AHo19S o) H A ARAL L] 7|EAE THEot
A ZoF3ATt.

Jilin o] H A2t IRHA FEE e A
AAEE FAoA Y A A4 FYEE7H0.16 mg/LY o
AAH]-8-2-2,778K USD (Sol. B-1), 2,710K USD (Sol. B-2)
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Jilin Network
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OOnly Press 1o
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a
172]
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Fig. 7. Pareto-optimal solution of Jilin network

Table 5. The results of Jilin network

Net2 Network
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Fig. 8. Pareto-optimal solution of Net2 network

Table 6. The results of Net2 network

. Cost | Resilience | Quality Soluti Cost | Resilience | Quality
olution . .
Solution (K USD) (m) Seibiedal (K USD) (psi) | Satisfied
Only Press Sol. A 2,780 176.46 X Only Press Sol. A 697 | 1,467.96 X
Quality 0.16 Sol. B-1 2,778 181.38 o Quality 0.16 Sol. B-1 694 | 1,470.80 o
Quality 0.16 Sol. B-2 2,710 176.97 0 Quality 0.16 Sol. B-2 690 1467.42 o
Sol. A and B-1 2 4.92 Sol. A and B-1 70 2.84
Difference Difference
Sol. A and B-2 70 0.51 Sol. A and B-2 6 0.54

23t 224 A|oto] A A H]-8-22,780K USD (Sol. A)o]™, A]
SR1O] B2 176.46 mo| AR 2o A RAFEE
0.16 mg/L2 592 Aol A I RAA 5L 7|EXE
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B-2)= Ao I Q 4t A RAL F
= 71EAE SR, ke Alf R o = et A4
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Fig. 9. Pareto-optimal Solution according to initial quality
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Fig. 10. The ratio of Pareto-optimal solutions that satisfy the residual
chlorine standard among the optimal solutions considering
only the pressure constraints
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