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Abstract

Korea’s water transmission system is operated by the nonpressure flow method that flows from highlands to lowlands due to the nature
of Korea with many mountainous areas. In order to store water in the highlands, the water pumps are installed and operated. However,
In this process, a lot of electrical energy is consumed. therefore, it is necessary to minimize the energy consumption by optimizing the
size and operation schedule of the water pumps. The optimal capacity and operation method of the water pump are affected by the size
of'the tank (distributing reservoir). Therefore, in order to economically design and operate the water transmission system, it is reasonable
to consider both the construction cost of the water pump and the tank and the long-term operation cost of the water pump at the step of
determining the scale of the initial facilities. In this study, the optimum design model was developed that can optimize both the optimal
size of the water pump and the tank and the operation scheduling of the water pump by using the genetic algorithm (GA). The developed
model was verified by applying it to the water transmission systems operated in Korea. It is expected that this study will help to estimate
the optimal size of the water pump and the tank in the initial design of the water transmission system.

Keywords: Optimal design and operation, Pump, Tank, Water transmission system

ARG &-HIAIARIO| 21 A0 U 29 B3

(S

o Zl

L & Bl AARHE MRV} D2 24 S4 2 018510 S+HIEE Sali nAICHOf #I=[8t Bi2|of 845 At =, 4722 A RS
YHO 2 HipShs YA S ARSI O] YoM S4-HI 2S00 W2 7| AR 220, Ol A 2t AL 2HOM 71 2 H
2 AA[ots A2 LefH QAT S+BHIOl HY B 2YYY2 SHRHOI 2I2IE Bi2(0] 2710 PSS LA 22 &, B Al
FAHQ At Pyl 2YS QlSiME 27| AEE2| 2 2 TN S4HI 2 BieR(o] AEBIE0 S+HIo| V(2 238|182

7 25k 20| EtESICi 8 4= T & A0ME 2|25} 7|82l RuA L121S(Genetic Algorithm, GA)S 8310] S4-HIot by
29| 2| M2t S4-HILO)| —Sr%';ﬁﬂI%o' 2 SAl0 2[4at g 4= Q= 2ES THLSIACH JHE LY 2 SHOIM 2B S &-BiieAlI Ao A
8510] 452 HAISIUL 2 Bli=AlARIO] 27| AAHO AN S+HI} Bi2|2| 2{H2 MY =22 & A2 7[CfEHt

r_9
41
rr
0F>

2

MBOL: 44TIY SISAIAL, SATT U b7 222, L2 22, HILY 223}

*Corresponding Author. Tel: +82-31-201-2513
E-mail: doosunkang@khu.ac.kr (D. Kang)

© 2018 Korea Water Resources Association. All rights reserved.



1172 J. Choi et al. / Journal of Korea Water Resources Association 51(12) 1171-1180

Rew
M

]_

o
i
H

vl A 2'l 2 g o 2 5 H Hi 2] S 71 A
ol =Esl] A7 o] A=y A2 HlE ofn|shH
A, B, T2 3 i O] vl e
FEUERe] S vl A AR AR 7R A
-85t ol A A 845 S4HE
thofl IR HlAlof| #1739t SRR, w7
Aok A o= Hirshe(FAIRh A= LY
esto] skl et shRIRE 2 o of Hj2] o]
ZHs517] 9o S -Gl B2 A7) oy xE

1o, o] = AR gt AILE 2 Foll M 7
FAlsh= A o= defA Qi ofof what, 22 4%
o] 27] A Y 4H|E F4-5f61] P19t HEe
71l et A47F A EH 02 ey E AL qlok

TAste] 2 A5 *J2I5HH, Boulos er al. (2001),
Babayan et al. (2005), Pasha and Lansey (2010), Abdelmeguid
and Ulanicki (2010), Giacomello ez al. (2012), Jung et al. (2015)
59 AT HEL Pl HA St dalelES A8t Y
H]-& A7F-S T 519 © 1, Ostfeld and Tubaltzev (2008)+=
Maier et al. (2003)°] A vl datelE= 74218
Stol &, all Al AR 0] 24 P af H T2 H]-8-0f X 45}
£ FAlol| A sts RES St

F7¥stod, A= A A 242t dit A5 A,
Alperovits and Shamir (1977), Murphy et al. (1994), Walters
et al.(1999), Farmani ef al. (2004), Ostfeld (2005), Farmani
et al. (2005), Vamvakeridou-Lyroudia et al. (2007), Prasad
(2007) 2] Aol A thefet 2| Aot dare| S-S E8otod A
T 240 FA A et 2 gelgo] HaskE
AAGH B QIet. T3 Jung er al. (2016)2 HlleThd A| A6 7F
Z1”d(Robustness) A| EE 7Hdrotal, v W Hz o] A
oF 2 ZAE T ALH Y AR =G SHE =
5 e} QITk. & Schwartz er al. (2016)= H & 9 1jZ=2] 9]
27872 A7stal FAlof o|A] vl 24515 Q19 A
£ AIFEHHE QU o] F % B84 Q1 Fig- ¥yt ofu]2} Hf
TR W, S AAZ0] A8 A6 Sl A7t
THsHAl 8= AL QlTt.

SEI] A S LS skl 1A H
2] 0] F7]0f| FFS LA Hrk T3 vie2] 9] 271=5he
BrA o] a7 ARl YIRS S E 2 o] gt mt
2t A4t whehA, Seg e e Rl= A 2 G A
T s A=} o B = & Hjar A|LE' O] FA| A1

ox o of ml
U X
4o 1=

(¢}
oo
ol

LU Y o
Job 2w > oo Sk 4 A

—?L
el
%0,

>
S

]

[e]
=2

Mo o j)l

of |H
1o
D
1A

At AR e AdliAE 271 Aldee] EAl Al
A A8t S H TG A o] RS AAASIAL S

|H
Ho
of
1o
e
)
Il
it
of
1)
ol

S ao] et e 9l gl g
Jo] efgsitr & 4= Qlrk. 2 A
F&-sto] S4-H el uj5=2] 9]
A3 5 FAlo =hot=
P2 AT A A A o
93] a2 et S4-E Lo
to| | Epa g 7o &2 o
S ol AAHS3 7] A AH]
St & Sholeh R B2 ol A A
Al A= A ARlo] A-g-ote] 7] A=
] 2u]-8t A3t B S Fol A E A
S H| W, BAo 2/ A Ry o] ASS 4

}

Nt

;
i
off
R
=
e K
i
ot
N
o >,\1

!
|
>~

o= 248t
2 =L A
232 7Ndst
Aol <] Al
A

d
il

el

o

4>
uicit
Iz
Mo
ol

A
!
=
T
=

e
Ko

o 38

1 of| A}

ot

2

ox [
ol
=2

I
}_

> o2 M
ot
Ok
vt\)
=~
>,
r\l

2

of
N R
H‘]
t

o
of

I
o WE

XS
nal

=3

2 fo B
IA)
uicit
1=
do lu

T B
o

oo HI of J
o
of 9
bl

)
AE
Flo
of.
=

o
i

2.1 2|35 ¥
2.1.1 2O Akt Azt

2 Aol M=oz A D SHT 2 F
A5}t g 7HES- {9l A €3l 7S (Genetic Algorithm,
GA)2 A5t 34 212852 John Holland (1975)
7 Ao = ARt 243 7 0 = AE0| kvt el
O 2MBES 712 NE S & JidE A3 7o ok =
B Ao M= GALH A 2] slA4] T2 13191 EPANET
Toolkit & 55t GAOlIA A a7t AA| SHlig-A| 25l

o &9 AFEAL WEIEA 7

A

qz, v, g7 2R FEst T
o Sl Al AR o] A B 2 24k flet 2=

‘ Sources H Pumps }—>{ Tanks H Demandarea‘

L
; ! I I 1
! Penalty Cost H ‘ Pump operation limits ‘ ‘ Tank operation limits ‘ ‘ User service limits ‘
1[_(Constraints) H
I
I
' P A EO—— _ Mp———— | ]
! Construction Cost J :‘ Pump capacity ‘ ‘ Tank capacity ‘:—i Pumpand Tankdesign |
I
! |
'

:
H operation Cost

| Decision variables

Fig. 1. Scheme of the proposed optimization model
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Table 2. Existing tank and pump size

Tank JS BW GT TH
Bottom elevation (m) 80.0 90.4 80.0 77.0
Min. operation depth (m) 0.8 0.5 0.6 0.8
Max. operation depth (m) 4.7 2.7 3.6 4.8
Tank diameter (m) 34.0 38.0 39.0 39.0
bump Design flow (m’/h) 320.0 290.0 220.0 312.5
Design head (m) 56.0 50.0 42.0 43.0
A2ge o R 4R, S4BT RV HI G, 4 MK Za}
g 2istop ] Sigt 2 ge) Aol B 2o]o 2w o
£0) F5A9e 0SSPt shkel Aoz ehy 4.1 2123} H|E Case
Atk B O S AT 71 & RARL Fig 2 AT S lgA AR A @ 2 dH]8 245
4(b)ol LFERG vt} 2t o] At 7452 918 Al 714 A 24 Case S A5
AR 712Fe} B, Table 30 AR Hlo] U A ol 4 3 ATHES Hlw, BAskAr). A S 912 Al 7H] Casels
B AL P F RS AASH B2t AHS]  Tabledo] FeIsHArk. WA, Case AL A LG T G 7]
S OE ZOlE AT ot oss A4y ST S Qon,  F UEZY AATE 9 LA RALE LRtk Case B
71k}, 5 5 eI 0] Sgfe] HER QB A AIEAABENGA U S5 S wekA gk, B
oI ISIET A AR, T SIS M B QA A A olo], Case O A7
S obos o] SN B R aE SR gl AU A5} RES o) galo] A4 R HHFr 23}
ATK(10003] HHE =2]af A AZPH| - YR VIEQF 2,053 HEXFLAES SO Ak B-poltt o, 7= H
2, 74 U[E9)H 38%) gL BhRTH 1XI5 w4 0] S 91e] whet S5 )
TFEelRe ARsh WAL ofulsta, WL HHsle
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Nodal pressure Node 1035 55.99 55.92 L2k gl 3 11 o] E&- Gk} o) ;2‘]37_ = asts s
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Case B Existing size Existing size Pump scheduling optimization
Case C Size optimization Size optimization Pump scheduling optimization
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Table 5. Comparisons between existing and optimal facilities size

Tank JS BW GT TH
Existing Max. operation depth (m) 4.7 2.7 3.6 4.8
Optimal Max. operation depth (m) 2.3 2.7 2.4 3.1
Pump JS BW GT TH
. Discharge (m*/h) 320.0 290.0 220.0 312.5
Existing
Head (m) 56.0 50.0 42.0 43.0
. Discharge (m*/h) 238.0 396.0 228.0 285.0
Optimal
Head (m) 30.0 41.0 31.0 43.0
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