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ABSTRACT

A Fortran program was developed to determine the optimal locations of an artificial recharge well. Three objective
functions were considered: (1) maximizing the recovery rates, (2) maximizing the injection rates, and (3) minimizing the
coefficient of variation of the increased pumping rates. We also suggested a new aggregate objective function which
combined the first and the third objective functions. The model results showed that locating the injection well inside the
cluster of pumping wells was desirable if either the recovery or the injection rate was taken into account. However, the
injection well located outside the cluster evenly increased the pumping rates in existing pumping wells. Therefore, for
clustered pumping wells, installing an injection well at the center or the upstream of the pumping wells seems beneficial.
For linear arrangement of pumping wells parallel to the constant head boundary, locating the injection well in the upstream
was recommended. On the contrary, in case of the linear arrangement perpendicular to the constant head boundary, the
injection well installed on both sides of the central part of the pumping wells was preferable.
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Fig. 1. Location of pumping wells: (a) linear arrangement and (b) clustered arrangement.
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Fig. 2. Flow chart of the model development.
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Fig. 3. Contour maps of the recovery ratio (%): (a) clustered arrangement of 25 pumping wells, (b) 81 pumping wells, (c) linear
arrangement of 7 pumping wells parallel to the constant head boundary, (d) 13 pumping wells, (¢) 7 pumping wells perpendicular to the

constant head boundary, and (f) 13 pumping wells.
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Fig. 4. Contour maps of the recovery ratio (%): (a) clustered arrangement of 25 pumping wells, (b) 81 pumping wells, (c) linear
arrangement with 7 pumping wells parallel and (d) perpendicular to the constant head boundary.
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4ol ke Aukalsle g WA $4D2 44

L £04 Hl we F s g
Fig. S5 98 599} 294 598 24472 1)
Pt 9 Fsde HolFE agelth. F WAl

gl o 2 23, 2] A6 T8 2
4 uprel FU8E AR 0 F208 o) el 9
o) = SEo] 1 Be B2 FUT 4+ Al Fie
5b). AFu|e] 7%, el BAglel S MG T
of Fe AT w FPo] 14 waThFie. 5,
. 81e) Jerom WIhYAR Ferg Holt e
W) FEe 98 Mde FHoE WA gHA ®

%2 By B9 Yol FYPHTt Ao w9k

J. Soil Groundw. Environ. Vol. 19(3), p. 66~81, 2014

A

=, ol ke 79 A 9E 95 smE gs)

Hs wo] I TR TS ek dolk
w}aw et YRS apfele] FU9E AR

o S5 wjdel] ARl S5 F Uil FUHE

AAsloF 7 BEAR AeE ERdTh BESE 9E

H AFARANE 3587 FdFe] A UYeh Y

g XZ A ew BAET

33 2 Y4y Hel USHtol Has

o 98 Bol VI PR YrEe 1=
FMIE FU4 ANE Asiugd. EERde
YN G Wl T}, BAHEE UE PARS 7}

3



0.95

0.65

0.35

0.05

(e) 0.83

6501

550 0.58

450

0.33

350

0.08

350 450 550 650

dFd 2= 91 271 73

-3.4

2.8

2.2

- 1.6

1.3

280 430 580 730

Fig. 6. Contour maps of the coefficient of variation: (a) clustered arrangement of 25 pumping wells, (b) 81 pumping wells and linear
arrangement with 7 and 13 pumping wells parallel and perpendicular to the constant head boundary [(c), (d), (¢) and (f)].

2 velelg Maste Bl JlEoR AYsh ek,
P WS EEEAE BAROE o= o
BB Firgh Aolo] ol TAS AT >
oItk webd 2 Aol 2] @) 2ol e istey
o WEASE AkSSe A2 A WAl BHYFE 4
S S8 WD, S8 A $E 126 UE e 4

ol

tlo

Hojon, &3t vRIZIAR & ARl FAAS
735 e EelRt 9T 771 vl P 2 &%
= Holoh E3 2] WREOE el AT =,
53] Aol gl= f=Ae] EEo R Ho w2 A
Aol =2 TS B o= o] ARl FUBS 2A
o AT vwd H2 =l 9 F= AS vt

A, AEuEe] Aol Wakl BAgle] & wiE
SR 22 ghe Hol 920X o= = dojAok
BEE 80 1% 9ES F= 2oE Heldth(Fig. 6).

(6]

3.3.2. = 7igl wE wWs)
$E Jiol WE WS AuE Adu Foug 2E
5 g Sslde HEASY BEX e A

J. Soil Groundw. Environ. Vol. 19(3), p. 66~81, 2014



74 oJ@F - 77

k. FRRNGL] A3 S A5} Aol $-go] 7
o) NS ol BT T 1) S 3 ol
of FYRL $% FA Ul

ARl E 7I1E f=E0 dde = W=
2 & F A AL 95 et STkl 4
S-= e 277 A dFHAET AXA =

8 24 el FYRS BANAS B, FUH ¥

F= ASE ERITHFig. 6b).

WHH, Agejde] A & G S7RIE WEAl
= WEkl IAgle]l $E ulE SHFA 2 s
Hoj, B 950 124 JIFE F= Y4 A= §
E el QS 1] e A= YETHFig. 6d, ).

333, & 7HFo) wjE s}

TE= Fd " wEATe] wslE AvEY] fsto
L5 HS 30 mollA 100 mE F7HAA S WIS
AETE o] ¢ EHYPYS 1 km x 1 km=E A3
7] Wiel] $= T uiie] Aevhs AuEgit

I A, 9E 7Ho] 100 mE % HEAIEY
Fele TUSIAATE, B} o] W A HoA] 22
BHaok TR EY By, 3T e Wl
ATe 5 v W S AN 7P 2R
Ho] 5 7HAo] 30 m¥d w F WiFeke st
A5t st TS $E At Bols WE
S5 T UM 2 ke BTt Al
AL & v G WE AvEd S5 g

d wjo} rRPIRZ 5 2 UFREOgE ¢

o| Al MEAI] Fho] A Yehd o=z dldE.

ShA, slxlol] Halsh Ayuge] B9 WEAlaT~= R
Aol ARE 22 3hs Bt 95 1HHo] 2R AT
FA- FIHE ARl BE 5ol v =24 3¢
T Ao YeRIANE, &5 o] S B¢
A

4
d

o H

L

N
o{-rl§

¢

)

pacs
Y o o

>
f

¢

ol
"]

4z Y zo
o
(98]
S
3
1o
=

X e & dol7} FUd =2 FPESE Hlolyt
o] YT F=olvt YFe F= Ao EAHI.
[oJh =}

s Bk

34, EREM 0| 5|45}

s 4 o)} o] Y UA Al S5t B

J. Soil Groundw. Environ. Vol. 19(3), p. 66~81, 2014

oft

(o]
iy
oft
e
&
1o
e
offt
)
1%
il

|
it
K
%
8
offt

Off
i
)
U_?‘_il

3.4.1. 9E gl w2 Wst

A Eo] FRFY, el Hask Mg 5t
Aol 25+ APujdz HA=A Je A5, & uid
o] e FFEAES ko] wsls ARt
1gulde] 3, AT o2 5 7R Ul
T o5 ARARHCNA 22 gk Bt 539
AN Bge] JFom F Fhe B FUA 9
AZE A B2 Zo=Z YERITHFig. 7a, b).

S, slol HajsA APujdE 2L AXFNS
73S BEEAT e uld SUE AN =
2 S B, $E alE WY s AR RAA
o] FAFL AXsl= Aol F&AQ Aow EAHUT
(Fig. 7c). 3ol =28 Agujds 958 X819
735 SEA gl Uigt Ak WAl digh 2l
o A} fARH UERReH, BREAIY] g ¢
E g FY SERA 7P AR ks Bt &, 5
PS = G2 RE o= H= "ol Aol x|
of 348 Y Wk ofle} BE $E9 S 1
2 77 AeE BN T3 AdFAd 5

[e)

¢
i)

o

of\
&

i

fu

HEAlG= ZoAA Hol 94 SAZ AR 2
Hoz FAEATH(Fig. 7Te).

34.2. 5E 7ol wE wst

o2 & MGE SVRIAES o 99 Aol o
2 A e wsks ARt 1 2y, v
FugL 5 gl wet BEEAES ol Havt =
TG HXell Zol7t AT 5 NG 2570 W
FEAET e E 7 Wl S 9=dllA 7F
oW ol 7P 2 g HAA T = T
SVIE 371 & o3& Hlofd 34l 7}

e e Bt 3, 98 57} YR gelw 3

o2

off & ] UFETE 9%
S FY B ohg} Be 950
e THFig. 7a, b).

TR T2 PR A9 98 AL
7 S3EAT gre] 2 Fejs TYssom,

= HjEe] o] SVIE Jsle] T W WA T

B
2



A el 7S

350 450 550 650

o188 QFFYY A7 91X 7} 75

0.0089

0.0071

0.0053

0.0035

0.0050

0.0035

0.0020

0.0005

0.0050

0.0035

0.0020

0.0005

300 450 600 750

Fig. 7. Contour maps of the aggregate objective function: (a) clustered arrangement of 25 pumping wells, (b) 81 pumping wells and linear
arrangement with 7 and 13 pumping wells parallel and perpendicular to the constant head boundary [(c), (d), (¢) and (f)].
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Table 1. Calculated input data for generating hydraulic conductivity fields

Random field Mean of In K (m/day) Variance of InK Correlation length (m)
K1 22 0.12 5
K2 2.1 0.091 50
K3 2.1 1.2 5
K4 1.7 0.91 50
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Fig. 8. Distribution of the hydraulic conductivity generated by using the cross-correlated random field generator: (a) K1, (b) K2, (c) K3,
and (d) K4.
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