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ABSTRACT: Visual Modflow is used to evaluate the optimal planning of artificial recharge for agricultural areas
having local groundwater shortage by excessive seasonal pumping. A hypothetical conceptual model was assumed
to simulate alluvial stream-aquifer systems undergoing seasonal groundwater pumping and seasonal recharge. A
series of numerical simulations are performed to analyze the optimal period and location of artificial recharge by
using the recovery of groundwater levels. The results show that the water level is effectively recovered if the injection
wells are located far from the stream that recharges water to the aquifer by stream-aquifer interactions. The stream
depletion factor (SDF), the characteristic time scale determined by the aquifer properties and the well location
associated with the stream, is the critical parameter that affects effectiveness of the artificial recharge. In the case
of a small SDF value, artificial recharge is effective when it is carried out in the same period of pumping. However,
in the case of a large SDF value, the period of recharge does not affect the degree of water level recovery. Therefore,
recharging in the rainy season is preferable due to a plentiful source of recharge water in this season. It is also
demonstrated that the farther away the pumping well from the stream, the more groundwater depletion is probable.
Thus, avoiding groundwater use in this area by locating more pumping wells in areas nearby the stream could be
a good strategy to prevent groundwater depletion by heavy pumping.
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Mz FeliE A% AR L2 Ao
o} gate] u|E okshs Suiule A o)
wHo] Z7131 Qlon], o2 Aa) e Ak
o] o] g% w27k Aotk Sk 7
9 A5} ol o] ALHo) YFEo] Qo] W57
sl DUEAE 2eeln, QI ShRgFe] oS
FEAZ|AL ek A2 Tho] A g7l A R84
AR Qe A E skt ofEEs AL e
o, Aske FrFge 7] Hs AR At BHe
ASHAG SubEiE Eo15H Aol HAsh
It (Korea Institute of Geoscience and Mineral
Resources, 2009). A A|AH SR Zsl= Y34
2 Qg Aake 22 BAV GRET Qe 4ol
o(Kinzelbach et al., 2003), o]&gt EAE o3}
A} A1 s Aol ohe A7) 2
Y= 11 th(Chung and Lee, 2013).

s 2H2ol M) TEdt Aok ALg-S
Agt EEAE M A SHA-tl3 F22-E]
£ L 012 & Qo] sh-vhaz As gl o
3t Ae] F g o] FxE I @itk (Constanz, 1998).
Kim et al. (2012)& vdatox @z ee] a3
% WBE AZslol As ol ThE Ase]
wislel sl -t azbel 45 50 WSS A9
o 2 B3I E3) Lee et al. (2016)+= A5k
2 7| o] &sto] Ul A ol A 9] sHd-H
T AT AT RO, SHA R Q1% A
AF7t s A 932 AFH ez
E43RIT Jenkins (1968) aFalake] o] 22}
39 weldr FAAE s AXst G
7} s ool 0|2 S Blerck sz
Q1Z}(stream depletion factor, SDF)+= 3143} &
Aol AR AlEe FeEhiATR Y gholth
FelShAE BaAel A A g U
B, 2|5k g 2ol HiSoll 7Hsial =2
H AEdar) sasi dale A7 2Ra)
(Koo and Lee, 2002). &, SDF¢]| wt2} %k~ & 2|3}
FH7F BFH ) =gkt dele dies ik
A|ZHhydraulic response time)o] ZAHtHAlley
et al., 2002). SDF7} 271858 gjaas uhg A 7he
LolAe, ol ¥ F Aakegrt AlRe BRI
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gl =E3717bA] &3 AJ7he] A= A Auiet
t}(Lee et al., 2016).

T AE7Fs FA SR S| FETS
A olet BHE Aol LS| +YHIL
AEAF 712 7 A =2R1 A-d FE ke
2 37191 A +AEE tiSoll FAste] A
g& FH3= 7|eR vl I 880 o &
3 Ao =2 dAdt(Bouwer, 2002). E3F Q1-33HF
< =X 9 3232 FohedS o83t A8t
T A o8-8 Bt oz} H=gE A5k
NI Ashe Aol Hdskl 2=7] shd 4
AetE Ashe § 0 52 282 = U
(Kim and Kim, 2009, 2010). Seo et al. (2011)= A=
AR A|A”)(Geographic Information System)-& AR
st A AL FEAFE 2435k%en, Oh
et al. (2011)2 A3} 153l e A st=A ¥
512 mOlShe A5 BEL Aol 15 ¥
5 % g3 E4A ¥k 53T Lee et
al. (2014)= FU3 AR W2 71E G F=
o wste mejstol 2j2e] 72917 NS AT
o} E3F Kim ef al. (2012)+= Q58] Iyie] &
3] 714 sl Bl 714 Hoke merslel
11, Park et al. (2015)= # B 2ol =&
FY Al o2 9 A7 EE MEE 245 AF
HqF FF= B

olAY ATHITINE UA @Rl HEsHAY
2 53t AskeA WskE 24T 9= 2
3| FREJAT, BEH OS2 XSS B5A
7= R A7l | HAIE B A= oF
o3 Aol weks 2 dAtollde Aske &
DT 71 & ol8ste] ARG Al HH o gt
A7] " RIS Ik e, SDF] whE 283
A AFHF A2 A
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AR A 22} A5149] B falgt AT
& AR L A71E 87157 93] Visual Modflow
(McDonald and Harbaugh, 1988)& ¢]-838te] =
W sHd SOl dediRt Zds ALt
thad 1). 29 92 4 km x 4 kme] FAZHY
BFo R Ao, 35 m FALY V] S22 +
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Fig. 1. Conceptual model showing the model domain, the
boundary condition and the location of observation wells.

o) o] 2L PSR Glek. weba o4
He WA Al 209 2 2 FPIA

2

(recharge package)& A&l Zd JH9] A 7
Ao LEA FLElE Aoz sgsiych AR
AR 7] 0] W2 A BE] AeziA] oF 124]
7t Bek AokeE AGSIAE, AT AR
Ao v EHL 1) P s s sk &
225 s} PAe EaHTHLee f al, 2016). w2}
Al 2 B s 24X g S Ao R HAsH
ik
SHH, AdFegol o sk et shd-th

AEAGE B7AS7] I Fee) 25% 7} <)
T HES AHSIGT ATV 2 5187
AZFE 3500 m GojXl o f|A|5hH, FHol}
ZL 2 km&} 20 m=2 HAASHFCH(LE 1). A-FY
O] A7) 19 13} o] A ] Al gt Y
3k AZ1(P1), AR R o] % (Py), 2L SF- o]
THE F57I(P) = F&Este] JAFTEY a4
< Hlwsgich

A ol thr3d] AR AEHe=z ¥
Sk HIBE Aol sloeu, A71Fos & o 7]
Aoz HHEREE 7 S0 o) Ast g
714 =9 *43= Fot $4 % B3 4E7E Eok
(Koo and Lee, 2002). 0] & mdo| vt dt A< 7
Bh4=9] HEL E 25812 7]27)(dynamic cyclic initial
conditions)< ©]-8-5l] HARS =83t Anderson
and Woussner, 1992). & S0 &= 20 F<F X
s 58S BASte] 549 Ryl Eeehe
= sjglou], o) A4E Aokl A% B
of 27)27.02 A3tk
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Fig. 2. Period of seasonal pumping, precipitation re-
charge and artificial injection.
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Fig. 3. Comparison of the groundwater level caused by
pumping. The pumping rates are (a) one, (b) two and
(c) three times the recharge rate.
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785 g A ARl wiet diee s FAE A v
o SDFE 2-83h=t o] E2Hd/dS EAth(Lee
et al., 2016). & AT A= A o Bt Z 3|
FAE Mgt Anteko = Al ghe et
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Fig. 4. Changes in (a) aquifer storage (A S,) and (b) river
storage (A S;) as affected by pumping rates.
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Fig. 5. Contour maps of ground water level (m) caused by artificial recharge at 3500 m from the stream (a) after
1 years, (b) after 10 years, (c) after 20 years, and at 2500 m from the stream (d) after 1 years, (e) after 10 years,

(f) after 20 years.
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Fig. 6. Impact of artificial recharge on the aquifer stor-
age (AS,).
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Fig. 7. Comparison of groundwater levels affected by
the period of artificial recharge: (a) P; (0-100 days), (b)
P, (100-200 days), (c) P3 (200-300 days). The hydraulic
conductivities of the aquifer is 10 m/day.
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