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using numerical simulation. Journal of the Geological Society of Korea. v. 53, no. 2, p. 277-290

ABSTRACT: In Korea, water curtain cultivation activities were started to compliment heating film houses during
winter in 1980s and they are now commonly practiced nationwide in alluvial plains near streams. Recent studies
showed that these agricultural activities can cause considerable burden on the aquifers due to heavy demand of
groundwater. This study assessed impact of the activities on the aquifer and stream-aquifer interactions by
quantifying seasonally variable water flux between aquifer and stream in riparian zones near Noseongcheon stream
of Nonsan. A groundwater flow model with three aquifer layers was established using MODFLOW, a 3D finite
difference code, based on input data measured in the field and the hydrogeologic parameters of the model were
calibrated by PEST, an automatic parameter estimation method. Results of water budget and sensitivity analysis
indicated that the riparian aquifer is closely associated with the stream. From water budget analysis, 47% to 83%
of pumpage was derived from stream during water curtain cultivation in winter. Sensitivity analysis on the
hydrogeologic parameters revealed that riverbed conductance and horizontal hydraulic conductivity of alluvium
had the most largest impact on the simulated groundwater levels. These results suggest that excessive pumping
during water curtain cultivation period can cause depletion of the alluvial aquifer, which in turn affect discharge
of the stream connected to the aquifer. The constructed groundwater flow model in this study can be employed
for the study on mass transport and environmental changes in the riparian zones affected by water curtain cultivation
under variable groundwater use and climate change.
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Asieo} A e WS e SR0) 7
HeawA s Bes SHN A2 9T
FRF=tK(Winter ef al., 1999). o]¢} sl X
SR F5 FA WL - S ASto] v A= FF
o] St FHORA Aol N H4E BF
Eotehe AR AR A7 23t A&7
o]l gt A9] P a/do] AlA= L glrk(Hayashi
and Rosenberry, 2002). |5t A A4 & <
gl A T2 J&S stal Fa3 HSS AA|5H]
-zl Astro] f& F2 FUFS AL
A o AR 24302 o]Fo]4] $rkChurch,
1996). £3] 3l XY (riparian zone)2 Sk}
A of| 2] = FFFol A AR A== 7)o
=7t Eohe d=o] Eaged wet 371 A
st = S8 Yol Ax=EolA Yehdar ek
(Brinson et al., 2002). T3, 3 2|9 4222 A
gF 271 Wgto] ofsf FH 2|5h2) Ao} A
Bjehg o] Hstof gt theket At7h 3 EHar Ql
£ FA|o]th(Butturini et al., 2002; Hancock, 2002;
Schmidt et al., 2006). whehA] Z|8}4=-2] F4= A th
o] B4 wolslal L A= FFAFY ols= ©f
357 iAls B 2 54 8ol Y asith
= oA = RSk o]-& AldE0] B2 A HoflA
A&k o]- &3t 5H o] BAE WSS A
mhAS 913t TRt WA 9] o) So] o] Foj7l HE §)
tH(Nyholm et al., 2002; Kollet and Zlotnik, 2003;
Barlow and Leake, 2012). 7ju}t} &-F-Fojl A 514
58, +FSAN, -&A (seepage meter) S
o] &3 i 121 & M YA E o83 Y
= 0§35t HH o2 fEY H= AokrE AHH
© g2 grpstar Bt S vl st A7 5
Y= 31(Cey et al., 1998), s} R|5k4=2] =2}
2 B AF FHYLE o] &sto] Rst¢t 5k
o] HAE FFH o= Frigt A= APE it
(Gardner et al., 2011; Bartsch et al., 2014). 1331
TR BALE o] &3 A= BEYY E4A 2R A

sl BRE Agele] Al Ea AA oI B
9] o] 52 FFsIsl= TA o] 0|2 th(Krause ef al.,
2007a). EJF Al PR HALS: o83l EX|o]-§2} A
Slero - §U =T} RSl R34 Z A oA B4R 1]
A= GRS B3 A= QJtiKrause et al., 2007b).

T A5l o] 82 R FHETE o185 =
357t Btk 53] Aslg o] 8ol @Izt H
FuapAughe Al A ] 7192 1984 d o] = jofl =
YE 71E2 AZE Aot-E GULE o]§sto] A
A Y 225 gASHA fAsHE HHem 24 9
HJ5he-2 A Yol A8 o2 vdet 32 Al
W 2o Xt Ao zi ASE ofto| B
2 4 &g a5 w2tk o] 7[¥ 9] =¢) o]F Park
et al. (1988) &Jsf A ufl o] A 1 4, =2 ul
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W 2] A RS A Solth(Park
et al., 2016). =9 ull= sHHf AIHE SHHoFE
FHoE Aoz AAEHI glon, HAHAL
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H ¥ (Kim et al., 2007), 5 HS5AMER7} A58t
= 20139 AL 2 A7 oJshd 2013
1 a2 HR) 5,640 ha % < 214] Sl
v 22 1,215 ha, H]=8H4] aAul A2 4,433
haZ FASIATHMAF, 2014). oA ul= =7l
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el Aok ARS S 2 ST 9 A2
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Z8f Aot MBS 2451 § Yot 92
(SWAT)S o]-&ste] 3t Fdeda APder 3 s}
T e de 153 ALY Y B4R B A5
% tH(Chang and Chung, 2015, Chang et al., 2016).
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Fig. 1. Satellite image of study area with highlighted greenhouse area (image from Google Earth).



280 #&Y - 1%
KIGAM (2011)2] 57} 24 A|3A=ol4 $4%2)

AEe P22 20 m ~ 30 mo| ™ SH F3} 2
FA= 15 mo|a, Fshi= Tgo] WeH 7]uket
o SIE) 7 MRES GRS G2 2
ko 2 0|20 rHChang and Hwang, 1980).
A W =g H o= Bt Sl A= glof
A AR IS LA FAANAE Bt o}
Yt =wAtl a3t 9 35des AMEHT
FoAHoA = AFole =it F2 AL
A&olle AR 7 =2 AlgEn. 22y X8k
o] o] §FolM= Al 2 Asf Al H]F
o] =5Atel B3] 53] 2ot

ARG EX o] & gt wHET F7=
3 ThaRt IAFEol Aol A& S°f YA
A Aa 0 it AFo] EX|o|gof wEh gkl
o= A a7 =t 29 e At E
A|o]-gof| 23t FHEF Aol = QI3 Hke Aoz
o3 EthKoh et al., 2010). AA| H A =5A}
7F 5 ol1F= Ao AAIRE 2003 A FE upAfuy

-

X
(=]

=
L

o=

ol

Hdsle-A HAo] F7sta k. o] A HofA|
ahRuf B9 EheA WAL 2010d 7]E2 02 9F0.26
km’2 &2jA] Q13 39 194 SRS B3 5
TRufjof] o]-§=|3L = Hdshe-A0] REE e
Wiz et atAfeie] o] 8E L Yl =4 HA A
Shpg-2 oF 200712 == A Goll= 26707k
Busin] 459 FHAEE 20 m ~ 120 mE o}
FSIHKIGAM, 2010). AEX|GoA BAAHCo=
FutAfuls o 2#47]20] 0C o]3tyd o A=t
A 9] 28} Afu FFoll whet g 2 7]20] 0 ~
5T HHY O f5HoR AxE gz E
11 - 4 Ato] 9] ofgte]] 2 AP =|m o] 7|7t 5
o ko] A skr7t FarE o et RSkl At
£ FEsHA Fck(Cho et al., 2012).
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Fig. 2. Monthly groundwater level fluctuation (modified from Cho et al., 2012).
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fo oX ju rlo

2.3 FR|ZA 2

ol§l ATOHE Aol 540 HAE 2}
A& o]-&3 33+ Rsk f-5 2% <l MODFLOW
(GMS ver. 10.1)2 &85t Wang and Anderson,
1995). MODFLOW<: k2 st ol A 2|3}
S+ IES AR TR0 fA 2L S
BEFoIH, fA|9] 2=t Wi dAsitial 7HERt
TH{McDonald and Harbough, 1998).

ARG BARAEE FEsH7] Yste] sk
7] X](river package), T #|7]X](recharge pack-
age), ™A 7] X|(well package)E o|-&3t%ct. =
FIY G50l YAsh= =AML 7| A& o]
g3to] mARsHITE. MODFLOWL Has7)2
BE A5kt E2 A7) seepage layerE o]
3 o] 5 TSt Aokt A #7905
LA B 710 Qe 2 dxel
shAule A== (riverbed conductance)= Darcy’s
law (2] 1)2] SHA AHE Alolg e 2] g 7|
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7153 R A 3 9A, W oot B, #5
& oot Wl a3 vAE A5 ASEN &
AFFOE FAE Ao HAE ST ASE4
&2 EL2 H|AE o|= 7)< (nonlinear estimation
technique) 52| 31421 Gauss-Marquardt-Levenberg
(GML)7|®H& ARgsto] JIAE 2| 2]8kshH, GML7]
W2 ohE A3 ol visiA 2o AF3Tt
27 2o 2&stel e HE A 9SAE
Qlehs %S 71413 9t Doherty, 2005). o]# <
TFoMe 2t 39 LYMEE, HIHFAS, BAE
S5 AN 2H2AE T8 Aol e F
gk 2sgto 2 AAstal PESTE o83t 23
off %2 ES FABIATE ol A Park and
Chung (2004)°] o} 4228 3k4 Aot o)
5% 570 0 4 SiAl] i NgES Bl
of ool A7bs S BAIT A7} Lee
et al. (2006) 9] 4] SWATR RS o]-5) 714, 251,
24, EXo)4 wslol ofet 27) & $3%ol W
HE BAS £9) 715usl ot A7) $E%S
o= A7 AT oM AT N TgES] A9
PESTO| J3) AHE 402 B.E vk Ato] A 4] 49}




282 A

Ofol

ol
=

2] Jacobian WYL o] 314 zte] vij7f<seh
TalE Tziee} BelEl 4 8 Aks .

JQT"
esp, = T @

n
csp: A w74 Q= (composite parame-
ter sensitivity)
i ZF oS
J: Jacobian 3§34
Q: 72 BE

n: WS go] o] §EE TS G5 A4

24 TR 2 7H

s 2382 d7A 9o EdERd ARAS &
A& Sesstal, B8 gt dry cell A4S WA
7191503 $0.2 theglon, 71 2 AR 271k
7}2 10 m, A2 10 mo| 2L AR ZA}4=E= 55,408 7
ot FF SR & 4 = 545 (alluvium) ot
3} (weathered zone)S 21z} 1 the3a} 2 ti3
02 WA IS 35k 7N S (fractured
bedrock)Z 3 5202 42 2HS LAY
th 1 gi4:59) FAL A ETZe} A FARES o] &
3 10 m, 2 <=32] FAE 15 m, 3 ti5-2 FA
Ast VRS =S WYt vie 125 200
m as.l.2 AR 3).

BAGGE I B4 SHS AAR A
Hoto] YRAAZYL BE BES FARAOE

6.75 m2}9.00 m2] 2912 Hg3lo] mAVEFPTHL
U 4). A 59 B2 2R olshE sH59
37t Aske9] Wsto] vl HE Zo| 27| wjZe]

SHRS9E QYA et AFALY St

River package
ﬂ% Layer 1

L bayee2 | | LTI

il

Layer 3

Fig. 3. Cross-section of the constructed aquifer model.
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Table 1. Hydrogeological parameters used in numerical simulation.
Input hydrogeological parameters
Aquifer  Thickness Kn K, Sy Ss Cpolyl) Recharge”
[m] [m/day]  [m/day] - (1/m] [1/day] (%]
Upstream 7.15-11.75
Layer 1 15 6-64 0.6-6 0.01-0.3 - 0.1-15
Layer 2 10 1-30 0.1-3 0.01-0.3 - Downstream
Layer 3 170 0.01-0.1  0.01-0.1 ; 2:10° 0.1-15
-1x10
Estimated hydrogeological parameters by PEST
Aquifer  Thickness Ks K, Sy Ss Coor,” Recharge”
[m/day]  [m/day] - [1/m] [1/day] [%]
Upstream
Layer 1 15 6-64 6 0.3 - 15 117
Layer 2 10 1-30 3 0.3 - Downstream
Layer 3 170 0.06 0.01 - 2x10° 0.5

! streambed conductance by unit area, > percent of precipitation

&

| ® Pumping wells
= Model boundary &

8 — Stream
WCC area

Fig. 4. Location of groundwater wells and the Noseongcheon stream (image from Google Earth).
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-4 2 0 2 4
Observed groundwater head [m]

Fig. 5. Calibration curve of steady-state model.
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Table 2. Results of goodness-of-fit of the steady-state
model.

R? RMSE MAE
0.89 [m] [m]
0.42 0.36

N

464
370
276
182
=]
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—— Model boundary 100

Fg. 6. Equipotential map of the calibrated steady-state model.
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| 119 7HA] oF 620 F<te] X|ok=9] HsE =
ARITH™ 7). BA|ZEE 3A W] Ao 2 Ui
o] AHEH A WA 172 20104 3E 204 +¢
20108 10€71A] o] s=utfuljo] Fko g =97k
A= Wzt = A5t g s f-Yol 9
3 9171 B EE = Al7|olH 7] 2o AF5ste] A5t
4= o]0l A} AAsH= Al7]olth. & WA 7t
220109 11€%€ 20119 1€ 31Y7RA 2 $-217)
= Qs =917t F4 1A sk F1telth Al
WA 7191 2011 2 195§ 2011 3 3147}
A= Al o]l &Jgh FgraFo] Ftholl A Hd A
St Al7]oleth whAEE 272 2011 49 195H
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