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e A0 Uehgrh 2470 Zebdl EEe Bo| XS B4 w2 ARstES 2. @
FAGY 5L B Aol ]3] B SUAEE W HF A5 FAR0.6%)0] ¥ FAEU. we
A, 2 QAR 7 Q27 98 0] FUALFE 59| 3.48 mm/day ZH4F 27 7|25 gich. g
AolE A AESAZ AXE S0 BEAL BE 79 g2 Hollt 1 F = U] 9% B4 )
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Sang Woong Yun, Gyeong Seon Shin and Jin-Yong Lee, 2018, Evaluation on hydrogeologic characteristics of
the paddy fields in the Haean basin, Korea. Journal of the Geological Society of Korea. v. 54, no. 4, p. 399-413

ABSTRACT: This study was evaluated hydrogeologic characteristics in the paddy field of the Haean basin, Yanggu
of Gangwon Province using hydraulic tests, modified watertable fluctuation, and time series analysis methods.
For this purpose, we collected data at paddy fields and monitoring wells (YGW1, YGW2, YGW3, YGW4, YGWS,
YGW6, YGW?7) from April 27 to December 1 2017. As a results, the paddy fields in the study area was classified
as a sandy soil type with relatively high permeability and distributed around the stream. The mean hydraulic
conductivity and the mean groundwater recharge ratio (20.6%) were higher in the study area than in the other areas.
Evapotranspiration due to low relative humidity, large solar radiation, and long sunshine hours was the largest
calculated at 3.48 mm/day in May. On the other hand, five monitoring wells responded sensitively to rainfall during
the rainfall event, but the monitoring wells (YGW 5~7) in the paddy fields showed relatively insensitive response
due to paddy soil characteristics. In addition, time series analysis showed that the aquifer in the study area was
sensitive to rainfall, and groundwater and stream water was considered to be highly hydraulically connected.

Key words: evapotranspiration, paddy field, hydraulic conductivity, modified water table fluctuation method, time
series analysis

(Sang Woong Yun, Gyeong Seon Shin and Jin-Yong Lee, Department of Geology, and Critical Zone Frontier
Research Laboratory, Kangwon National University, Chuncheon 24341, Republic of Korea)
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ojof B2 AFASS 7| I} whE QYA
A gH 9 5829 o] &L ol Al B o
TFof BFxE 718k QIth(Chen et al., 2004; Scibek
et al., 2007, Goderniaux et al., 2009; Ficklin ef al.,
2010). 7]50f| FoFet X &4=of ]3| HiF o= H
A2 ASEARA2) FaAo] A Hzbem glom
B4 R84 F SRR A5 T AT B
o] &1 gIr.

A =2 QAR g A=A =9 R8s
T 7150] - =tk oju] it 2ol =9 =
FA) st I A57F 3= glei(Hamada and
Komae, 1998; Liu et al., 2001; Chen and Liu, 2002;
Chen et al., 2002). £3] Q2L =2] X|3}4= g 7]
59 204S AAFT A3k JEET} B BE
o 0] Aalare FUA1717] 915 FAA o] &
< FaoHH A= FRlelA € 11,0004/10aE A
Y3Z=kShimada, 2014). =0 B& 33+ 23 <
2R)%9] Asiske of 250 ZA1e AoR 24
=] SitHShimada, 2014). = & 352 ATHHF
A, AA], BR) 0 dFL 2 ol &5 AHA
o2 FYste] sk ST (Todd, 1959;
Asano, 1985; Bouwer, 2002).

EG 0] AFHFS AAAY 5L BEIo
X469 S o] 7]oi5a Bl o]
Zoh)g FUohEA A Fo5AL 7 5
TH(Reilly et al., 2000). 1 8o =2 ¥ o] &S
3 A5 YaEIKSEA) 2 di7)gsolaksteta
Aa), =500 A% S € EFA HA 5 3A
Ql 7|5=°] WtHEom et al., 1993). o)Al =9
gt B2 A7 AR R EEHA S
ol A A7} mju]sich & AtollAE U gt
BRI g =ofl A @A A, A A5k
HEH D AAE B4 5ol =9 s REE &
& YA 02 sheystua g

]

offt 30 M

2. TR U
2.1 AKX A

A AL 2F AR ol B P
QA AU Rt 391 (38.239~38.329°N, 128.083
~128173°E) 0.2 FHbE HZoko] 9|3kt 9k 1
% Taol 4] SiQkEA| ol moFo) Mg A2l £

2 712%6.7 km, A|2=105 km 1831 & H3 62
k2 o}z 2 afekwlo] et Eg W]
T237F A SAAGH AN BX] Y] A o] g ol &
of2ct. SiRHER| Q] Sl = WA REHE A

= AV PR WS AA BRAE &
2t ELAH1,147 m), ThSAKS07 m), 7}25(1,242 m)
5 8 AROIA Aol B W AR §ET] A
At 8 sHHQ A, =&, Wil AA 2
2B WAPLE Tt SeUsH ALEL
Holgoh

Y ARG A= 719 5EFE 9
Y] =5 A12 913 el Tt Bas] g
ofl Aol Y R 72 SHE FHOE o] WF 2
25h7 QIr}. 2 ATAAL 2191219l Fapo] of) A
3l9) WSS 2a3i5)] Sfa oFH4E W o]
&ohe = 2255 ARSATHE 1b). 2 =9 ¥ 3
2 14,209 m’, 3,080 m’o| 1 t=of ¢1HE sHH-E A
AT} =S| FRoNE Ao A% ol &
Sl Qirt. = TR0l 4 BSP(YGWI, YGW2,
YGW3, YGW4, YGW5, YGW7)} g1t T3 (YGW6)
° 2 7709 Rk WEA o] AR = o] Yok

AR S 9] UREAE-2 A A7EEopr] WAt
BgRloh F2b) e Bgrom FAEe] gl
7] o1& % FA= Y EFAR 2 Hulgl,
T U P9k He ARA0] AR BA) s
S8 SOl AT A7 FEFAEEol ofsf F3t
E(saprolite) 2 YERITHWon et al., 1987, 1988). 1
9ol 518 FH0 2 AU7) FAH%o] BEST gk
E5] 27 ) AA2A}A] A B} e 2]
o BE T o ghalol] &2 o 47 AT
(Lee, 2009). ole] Bx12] BEAAO R &4 FEA
S o= A4 7Mool IR 71E A E o] WAd
AETA A Fe FEP] S8 el BY T &
9 24 28] 25} 247} B4 Ro] S8t
tH(Won et al., 1987, 1988; Kwon et al., 1990).

79 20004 AR WAL SR Ao A9
20108 3E] 2014E7F4] 501 haol|A] 368 haz 2F26.5%
7h Zr2s1lar, viE=9] -9 200295 201474
139 haof|A] 7 ha&2 2F94.9% 7} 3A| ZAAsHTh &
20070014 20091 Afo] FTEHAN 2 o
thI1 Alel] S GRow Aol FEsHe
U 2] ol 201143 E] o) AAkao] FRFSIT
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2011 o]F F=8 FARE2] A B2 WA Hak
E0150] E= WHH T O] Al Ajul WA 2007
WRE 2014 A71R] H123] F7Fshe FAIh o= 7]
W I3k 7] o] Wk A HujA o] 2
Ak Rpel7) 4 wpako 2 TR o] v ol
v ik 22 7R S2E AR o
2] QLA Belet e 4o Q1) T,
g, dmo] ql4hao 2 sk oj|5 2 ek
2] 200l 2 A2 W Skl nfe) Ak A
AVFE S sk g =p whe] A
Ho] 2|4:212) 7ol wkeh AIREE T4 ZotEr.
A7) SAol f o] 2007 d oA 2009712 F-&
AAFEEL 11,154 ~ 13,847 metric ton 2. 2 X of] AAF
S 22l 3 2009 djH] 5,369 metric ton (59.7%)

2 o] =7 Atk ThE S2kEo] H3) 10
hat Abapo] & 7, 5, Wit AR WA
ok W A o2 Bekert,

22 AEEAM & METE

o] gt 712 2E 25 e = v 2
vz Q19 Rk WSS AAste] 20173 44
2745 E 12¢ 1947HR] @FRARE #3513t 1
H 3a SQHEA] W Axqf i =04 6719 A5k
274, (=53, 43 D HFSLA Aol o
gt 7iEeolot. 1% 3be 19 3aof gk g o
ARHAQl =9 B 8450 tigt 2 HE A
£ ofe} Zro] 2(1)& HojFH(Chen et al., 2002;
Kim et al., 2009).
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739K RAIN)+ B H(IRR])=
ZUAHEVA)+ 2| 8-9-5(SURFLO)+
A=K VTFLO)+Y=<=2HHZFLO)

@

0] B4 TG thet B4miok Slel =
FA= E&(grain size analysis), BEH I5EE Al
(double-ring infiltrometer test), <=7F=$H3IA|E
(slug test) W FH=F =7 (evaporation measure-
ment)& 7}7} S-aal ik, Aol M S-abel chobet
ABE 247178 9971 212k Aolsiet.

AFAG U =B d=d4e Hs) 201749 5
29 7I=2AIZ 1 m, o] 1 m2 EJIA|5}S 2

o] (30, 60, 90 cm) EGFH o 2 1E Zkz7} 200 g
A& QHSFHTHLH 3¢). AHFE EFAZE BA
o o] 40C 2 123} A2 § TpitslpaE ARt
F71ES AASH 24 A2 T A2 A 45 Z
EFARY FAE SR Al #44 Ale 2
71+=4.0,2.0,1.0,0.71, 0.5, 0.25, 0.125, 0.063 mm 2]
AE AHgelo] BLAL sk welztlo] $2
T 27 A A BT AR FEE Foste] Y=l
2 FAE A3tk E30.063 mm 0|3} AR
ety SEAALETEA 24 Fste Fol
A Aoz Qo] 27) D JERES 45}
+ LPSA (Laser Particle Size Analyzer) Y=£4
7](Mastersizer 2000) 2 £ = it}
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Fig. 2. Changes in (a) area of cultivated land and (b) crop production from 2002 to 2014.
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EE YR FY EFL02 JREEE S Y
3l] 27"t Double-ring infiltrometer2] A2 W
5 29 2|5 300 mm, 25 9 2|5 600 mm, 0]
250 mm, 57 10 mm=E Ag|Qlg A A" R A2 HE
Uk

e T N B ol 22 w0l FAOl &2
A3 AL ZATpe] w2t Bo] B Loz JR&n
£ Sshs Aol o & Hoh FEt 4 dn
£ fI8l # = (buffer) &S

S HSIA I (slug test)=2017'd 549 2, 6
23, 99 7Y, 10€ 12, 129 1) A=A YGW1~5,
YGW7& tio 7k 35)% AAIE St 12 3e). &
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Fig. 3. Outline of (a) the experimental field, (b) schematic diagram of water budget components in the paddy environ-
ment (from the left showing (c) soil profiling, (d) double-ring infiltrometer test, (¢) slug test, and (f) evaporation
measurement).
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Table 1. Characteristics of groundwater wells in this study.

Total well depth Screen

Inner diameter Outer diameter

Altitude

Well ID (m) (cm) (mm) (mm) (m) Usage
YGWI 4.0 200 40 50 419 Research
YGW2 4.0 200 40 50 419 Research
YGW3 6.0 200 40 50 419 Research
YGW4 5.0 200 40 50 419 Research
YGWS5 2.5 200 40 50 417 Research
YGW6 120.0 - 150 170 418 Agriculture
YGW7 5.8 - 50 65 417 Agriculture

—: no data

s17] W&ol A7t E 459 elAlrit(& YGW79] A54=$=27](Model 3001, Solinst)E

YHEE, HAFA) & 4T 4= ok @A &
3] o|-§&= Hﬂ‘?=_1f’—1(bailer)E o|-gsto] TEA o =
RO 25 AA T B 35 FHHsE A
H=47](Model 3001, Solinst)& ©]-&3}4 A=ZE
2:215}5t) o]o]) AR 2 T30l AQTESOLV 4.5
(HydroSOLVE, Inc.) & A3l Sald<=3ke A
Blpi=g

= FEEE 2R B 771 20179 59
2~3%, 549 3~9% 23] AASHATHLY 3f). o] ®E
NES g5 eA= LRl A AEHE AIRE
AU Class A Pan2 &2 &It} P35 UA 9] A&
2122 cm, £0] 254 cme | vlEho] HEsiar AofjE
o] Y= 4ol 7.5 cm & U RS AA|ste] of
B AL A HALolof| F717F R ES Fok. Yyt

Moz Fure 270 FAL 12 X AR
AFAS ZATIL FUFE ANSE, 712, 0]

ofsf| = A L7] W2l A2 7]“4&5 i
315143tk 3HH Food and Agriculture Organization
(FAO)ol| 4] 7§k CROPWAT 8.0 AT 2 130
7R E 983 T Penman-Monteith B#-& o]
&sto] 20179 5UFE 109714 A8 =9 St
T ARSI

F 194 Zr #=H Y A== YGW60] 120 m=Z
7P QAL = 5ol AXE YGWS= 25 m& 71
Zlo]7} &SkTh YGWI, 2, 3, 4, 59 WA} 972
Z+ZF 40, 50 mmo] 1L HY-E #A A YGW6, 72 U
Az}t ¢)Ao] ZkzF 150, 50 mm 2] 170, 65 mm
olch Zt IS4 Y| YL E= 417~419 m= L4F
HAE EYrt E3 YGWI, YGW4, YGWS5, YGWEé,

A X351 20179 4 274X E 20173 9€ 771R]
THE w AZE ST YCGW2o A= 9] B
< Yol 71 E3L stk AR 7]1(0),
7 (mm), Y2AZHhours), AE=(%), F<5(m/s)
T SlebAARRAo]| AR E 71 Y FRIRFE 71V
Z7H](Automatic Weather Station)oj|A] T A]7t 7]
HA RS HEslg,

2.3 38 X5t HSH (modified WTF method)
Aot AFES FH= o= T ERE R
YqAS o83 W, Aok W EGES o83t
W, S EAE o 83 i, X3 2] mEF
¥, AJ5ie] WEH, Aalneiteln Y 5 cefel.
2 AtoAs 78 At hﬂ%‘i’ﬁ (modiﬁed WTF
method) & o|8314 AJa}4= Bake-S AkEaISEk. o]
We 4 9oME A 297t BEAZ B3 o)
SRR el alg] ARSI el wafol
ek 712 WAL Zeileh 44 Asie) BE
2 ofef Al(2)x} Zo] 2017'd 49 27U RE 94 7Y
71 A Z$ekak o) 2 <1s) ARt Aokl 7
A F RS EE Fole] B NS ARS T
tcH(Moon et al., 2004; Lee et al., 2005).

h1+h2.”+hn Zh
Oz:—><51 =
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Holl vl TRt vlAE B ulet sl Tkg0
=7t Zpoldtt. webA i AIE S B3l alie
AJeje] RS Hep Tk Zo uhs- Fasih
o] Aoflx|= Korea Rural Community Corporation
(2008) 9] BHHEA] o FAIF RSt A[elF =
RIS e HIAMER(S,)=0.03.02 A gelsich

24 AlAIY 24

AAE 42 A7 d54¢ HEEA, 473t
o o3t vk A= W QIS 7H AT BAE sf
A5l=d| Z-gHrh(Angelini, 1997; Larocque et al.,
1998). A3159] AR AL 02 7|2H AAY 3
B2 vehdtt AHs547| 27 E g53 570 A
sk A=A (YGWI, YGW4, YGWS5, YGW6, YGW7)
O] 9ol el AJAIE A= AAISHRTE A
A A] A717EF 9 EARE 7 (rainfall) & AL
E(input) 2 ARESIAL 579 Aok BEHS S
A= (output) 2 ARE-8ked AESH T

o] Atoll A AR&E AAIE BT = AT
o, S EHU RS, 2EATE Y wA R
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40
& 30+
o
£
=
S 204
10
0-
4.0 20 1.0 0.71 0.5 025 0.125 0.063
Soil size (mm)
100
(b) —— 30cm
—— 60cm
—a— 90cm
80
g
2 60
s
]
£
S 40
o
20
0 T T T

T T T
02 0.1 005
Soil size (mm)

5 2 1 0.5

oft}. A7 A7) ThE Q4 E el A1k
o] A% dut 71 axE B7ke 4= Qleh Angelini, 1997
Larocque et al., 1998). A7 | Aol A A7 1A
o] 73 71 7|9} E TN A AR )
Al s A7 d o] ofstal e 7|19 avs
ZHAI A7 aas e 74t Lee and Lee,
2000). 2MERDEG L Felo|Hgton A
2712 ek 4 glom Az Aukdel B4
713& R 0 2 718k o= QlchLarocque et al., 1998).
ZANTE JRASS F= AR A&} A
7+e] 4ol & yebdHTtH Angelini, 1997; Larocque ef
al., 1998). AAPFHTr= F AAE Ao A2 9
24 YefH AAAZHE B3l s elEAde] 71}
olAl ARk} AT EE ARH O AN 5
SltH(Larocque et al., 1998; Lee and Lee, 2002).
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Fig. 4. Results of the grain size analysis for different depth soils ((a) volume of the soil size, (b) distributions of
cumulative particle size, and (c) texture triangle of the paddy field soils).
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Table 2. Results of grain size analysis for the paddy field soils. The hydraulic conductivity (K) was estimated using

various empirical methods.

Method l?gglt)h ( I(Iili(l)l ) ( I;il ;;)1 : Unlforml?é uc)oefﬁment Sorting I%c\llrell/l;l)e
30 0.63 0.14 4.50 Moderately 2.00x107
Hazen 60 0.36 0.07 4.92 Moderately 6.18x10”
90 0.21 0.02 13.86 Poorly 1.64x10™
30 0.63 0.14 4.50 Moderately 2.00x107
Beyer 60 0.36 0.07 4.92 Moderately 6.30x10”
90 0.21 0.02 13.86 Poorly 2.24x10™
30 0.63 0.14 4.50 Moderately 2.00x10”
Ié‘;fr‘;‘x 60 0.36 0.07 4.92 Moderately 4.77% 10‘2
90 0.21 0.02 13.86 Poorly 7.80x10°
30 0.63 0.14 4.50 Moderately 6.95x10"
Slichter 60 0.36 0.07 4.92 Moderately 1.77x107
90 0.21 0.02 13.86 Poorly 3.41x107
30 0.63 0.14 4.50 Moderately 4.00x10”
Terzaghi 60 0.36 0.07 4.92 Moderately 1.00x10™
90 0.21 0.02 13.86 Poorly 3.02x10™
30 0.63 0.14 4.50 Moderately 7.91x10”
USBR 60 0.36 0.07 4.92 Moderately 1.62x10°
90 0.21 0.02 13.86 Poorly 2.71x10™

(30, 60, 90 cm) EFA| RS = NHEEF BAA
3} Z10] 30 em EQFA|E 2] 732-1.0, 0.71, 0.5, 0.25 mm
=719] A& HIEo| 37 BN R F 7P =8THa
9 4a). YHH 710] 90 cm EFA| R ] F-$-0.125, 0.063
mm ©o|stol|l X ZHZF 30.77, 35.2% 2 =2 H|ES R
Sk Aol ozt AR EA4 27 3709 B9
A& YRS tii et A e &3 11 9 2}
2 At '] Y ST EUCHLE 4b). E3H37Y
o] EQRRRE EF 27| AZ=(soil texture triangle)
o] =AISE A3t g1o] 60, 90 cm EFA B= HE 9
of] £33 30 cm EYA R AEAE gHo] FA|H
Ao ™ 4c). ZdolH EFA|F(30, 60, 90 cm) 2]
SAS= 2+4.50, 4.93, 13.86 02 AP E QUTHAE 2).
Z40] 90 cm ] EFA R E ThE EFA|E(30, 60 cm)
of vlsl| A7 P A BEF A= M F
< W dE5AS7 601F o2 Egol BT A
o2 yepy,

JYEREE o] §3 EoFe] S2 HEEE Hazen,
Beyer, Kozeny-Carman, Slichter, Terzaghi, USBR
o tiopst AH A o] g3l A&y ATH o

2 ZPAE o] g3to] AkgE 77t i
23t Zpo] 7} ek o] 7o) 30, 60, 90 cm EYA| R
o] g AT T Wl 717} 6.95x10°~2.00x107, 1.62x
10°~1.00x10?, 3.41x10°~1.64x10* cm/s 2 R FTHE
2). S| AEE ] Haghe 7k7F1.91x107, 511107,
1.79x10* cm/s2 yERTh

=04 Double-ring infiltrometer&- ©|-&5}¢] 2017
W 593} 9Qof| A 7 AEAIE A3t 3]
ATl 717F 1.38x1079} 3.8x10™ cm/s 2 AFZE]
ATHLH 5). 9ol E43t 3l wr} 5YR
t} oF 3l xjodth 590] =EYS AHE 9 chRAE]
Hom 9Yell 47| 2 t=vleto] Zepxl ek 99
9] e ZeEkdl B2 Ba Bo| wiEA JFEH7]
ool 99e] Zelpr| ATt IA Yehd o2
FAEITHLiu et al., 2003). =3 J=H AT} HARE
A Q9] Rl A E T A2 AolHA YT

6712 TZH(YGW1~5, YGW7)S thiro g &7t
9IS ES 53] AAEt el EldE
5 ARE] $l8l AR o) vjm At At
o] AQTESOLV ¢] Bouwer-Rice HH'H-S 51Tt
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Table 3. Estimated hydraulic conductivities from the slug tests using the Bouwer-Rice method in unconfined aquifer.

Well ID Date H, (m) K (cm/s) Mean (cm/s)
2017.05.02 0.52 1.98x107
2017.06.23 1.07 3.60x107
YGWI 2017.09.07 1.20 5.18x10° 3.33x10°
2017.10.12 0.63 4.89x107
2017.12.01 0.34 1.01x10°
2017.05.02 0.13 2.80x10™
2017.06.23 0.11 5.45x107
YGW2 2017.09.07 - - 2.91x107
2017.10.12 0.13 2.01x10
2017.12.01 0.11 1.38x10™
2017.05.02 0.78 9.53x10”
2017.06.23 0.18 1.13x107
YGW3 2017.09.07 - - 5.57x10°
2017.10.12 0.52 9.16x10™
2017.12.01 0.22 5.43x10™
2017.05.02 0.55 8.41x10™
2017.06.23 - -
YGW4 2017.09.07 0.53 1.28x107 1.04x10°
2017.10.12 0.69 9.18x10™
2017.12.01 0.29 1.15x10°
2017.05.02 0.21 8.28x10™
2017.06.23 - -
YGWS5 2017.09.07 0.49 4.49x107 2.58x107
2017.10.12 0.64 3.55x107
2017.12.01 0.49 1.44x107
2017.05.02 - -
2017.06.23 - -
YGW7 2017.09.07 0.34 2.94x107 2.64x107
2017.10.12 0.38 2.36x107
2017.12.01 0.33 2.63x10°
—: no data
“Ta K= 0.000138 cmis RS[C) K= 0.00038 cmfs
4.0 1.4
= 35 =12
% 30 E "
£ 20 :
g 15 g 06
£ o E o P
05 ! 0.2 18— o | [ e
0 ' L“‘\‘ o o~ 0 l\/‘/
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 400
Time (min) Time (min)

Fig. 5. Saturated hydraulic conductivities estimated from the infiltration tests performed in (a) May and (b) September
in the paddy field.
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Table 4. Evapotranspiration (ET) estimated using CROPWAT 8.0 for the Haean Basin in Yanggu.

Month Min. temp. Max. temp.  Humidity Wind Sun Ragi. ET,
() 9 (%) (m/s) (hr) (MJ/m*/day) (mm/day)
May 11.0 21.5 68 0.8 8.0 21.3 3.48
Jun. 20.6 26.2 90 0.4 3.9 15.7 3.11
Jul. 19.9 27.4 90 0.4 3.8 13.2 2.96
Aug. 16.0 25.5 90 0.3 3.8 14.4 2.87
Sep. 11.3 19.6 85 0.3 6.5 15.7 2.52
Oct. 3.0 17.1 85 0.4 5.0 11.1 1.56
Mean 13.6 22.9 84 0.4 5.2 15.2 2.75

AIRRE o831 A&t Axt ZF BEH(YGWI-5,
YGW?) <] AA|EH $ejAE T 3.33x10°, 2.91x10°,
5.57x107, 1.04x107, 2.58x107, 2.64x10” cm/secZ
UERSTHE 3). 67 T574 9] el EEE A}
Zro} -2 uf A o] =30 2 A Ht.

3.2 hl_;gl gl:ll-Al-El: A}

Bl -

Zubileko] 2o m8H 9l 221 BelE )
B2 Q7o) a8 A a4 F shfolck B dT
oA = W ZuF 242 ghe Iz} A)4E 20179
59 2~39, 59 3~9% 23] AX5FAT A AR Zak
ZF 2R AT 512 Bol 2R 2 mm/ day S 7|2
shoict. Zakern} WAet peE FAka el 7L, A
s, YA B850 77 A HF 18.6C, 41.9%, 280.2
W/m’, 0.4 m/s2 Vet & dg Zuer 242
7} 79 EoF & Zueko 35 mm HHAYE.om Pt of
5.8 mm/daytt. o] 7]7F B9} 718, AiSE, UA,
E40 A 152C, 48.4%, 2062 W/m?, 0.7 m/s
2 Ut} ZkzH 247)710] Aloairgt Zulere) of
TS FL FQ R E& 07 ZHETHLee, 2002).
gukd o 2 g ZuA7} goFd BAR Qg g
= wjRof T4 @ A4 R} Zupo] Sck(Fetter,
1988).

3 Sguteke] Bir) % EAAL BsAls Adr
Zo 2 ZYujElch. o]l CROPWATS] 7|4ARE 9
ool 2017 5URE 1097H] Bo] ZaRleke =
stk @ B vl ZHkileke] AT} 59 348,
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day @ UeRG T A ZHAERS 506 mmE Bt
(I 4). A7 B0 590 vlo] ZuRlaro] 714 =
Stk o) Tk Yol uls) Yo AhEE, 7 A
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%, 71 Yz A|7ke] ) AL S HT.

33 Astel ME U Aot BY 54
2017 49 27 AR E] 99 7U7HA] Zkzke] x| Eh4

9] g ulLalo] ZSoMEs] ozt Xala)
BRSPS BASATHAH 6). o] 717 B
73922 959 mm=E 9714 1,209 mm = 79% S
AR5k 734 oI E(Y7-9- 10 mmol )= &
249 9SG T 5 70 mmold JF L7 2%
g Aem YR ZFolHESE 20 mm M-
Heoh £33 A7 o A= 84 244 38
mm/hr, 78 214 35 mm/hr, 74 84 31 mm/hr
olieh o] F 7 2143} 89 2492 1A|7tof| W
& 19| o] AT 2 80% S AAI T

7o oW E A] YGWI1, YGW4, YGW5, YGW6,
YGW72] 2J3l=$li= Huka 0 2 759-of RiztshA gt
S8t o] AFtolA ZHAl = W YGW5~72 5
Hof 1% #EA YCGW1H YGW4] th g #&4
of H3f| 7 vhE W =917ds} Alto] A HH s
worh Ao} Bom T4E =EYS 59 whE
1= Bo] AT ABiES FE Ao BekEr,

ATFIIZE S AT 9T U eleg] s
ARG 54 Asls AEUL ol gle] B
Aok FFEL ARSIYTHE 5). 2 BEY 445
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Fig. 6. Groundwater levels (depth to water) between April 26 and September 7, 2017 (YGW1, YGW4, YGWS,

YGW6, YGW7).
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O] A|ZHE A|3k9] 9] A7) E A EY Uwd
5 et A7) 4TEA 9] X A7 lag time)
2 A7V 00 =Eehs AR Qu)sh 4=
R A sHy B0 what ZF TEA o A A [7te] o
27 B4k 570 TS S 7R 20 A AAE 2
AL 115147k 2 BaE YGW70]9 o YGIW4
1,128X)7F, YGW6 1,117A17E, YGW1 1,096417, YGW5
1,075A7F &0 2 Yehgdti g 7a). YGW1L th2
47 TE7gef val] A7 T At o2 w2
Al gttt o] YGWIo] 27|43 o] Wit 719
kg AgAdo] ot A S 2 A= Ast4=917t
owg AEHAF WS wf 11 ekl ois) W wk
Sk 2 IS wherial 249t & YCGW1 o
£ 4719] #=A 9 A|sl=¢lol] vlsl S AU 9
njsh=d] o] #EAL 1| AHEIAL 9lo] 90|
HE A 31 9] F5 7ol ogt J3rS FHF o=
gk7] wj &o]th(Choi and Lee, 2010).

SHH YGW5 &= T2 =g Et v|wy A 2}
71T sttt o= A A o] 4L 719
Bt g MgAgo] A AR sfAEnt. Eghol &

549 Rotpr97} ojE AEF Ao Qs HE F
SHIE FEsh=t| 71A] a8 Ate] A1 g AR
Aoz ddHnh = W AXT YCW5= =9 ¢
A5k £ o3l Pk e AR FPHch
S AFoMIE A =Eo] AEFE0| HA ¢ 94
e &0 2 GET AR =R AEH R
ATt A st FFS = A o= wtETh

7+ = o] AdlE" W8 Aul YGWI 0.001056
(39.5Y F71), YGW4 0.00095 (43.9Y F7]), YGW5
0.000929 (44.9% Z71), YGW6 0.000908 (45.9% 3
7]) 283 YGW7 0.000929 (44.9% F7])2 Velst
th2g 7b). 34 ¢lZoll 9|3 YGW13} YGW4E=
= W IS (YGWS, YGW6, YGW7)o| H]3f| 2]
S 2 G375 Bk o= A9oHE Al sPHRF
9] F712 BEA Y Astpl7t IS Wtk
A Ssleth 4o s A9 Wf 57 &
AL AU IS o2 Bes] 2
E|X] QS o= BE BEFo] 2 F dAdgo] f
£ £2 702 FHH}(Choi and Lee, 2010; Yun

et al., 2015, 2017).

Table 5. Groundwater recharge ratios estimated using modified WTF method in the paddy fields.

Well ID > H (mm) >.P (mm) >H/ZP Recharge ratio (%) Mean (%)
YGWI1 7,280 767 9.5 28.5
YGW4 8,360 769 10.9 32.7
YGWS5 3,970 816 4.9 14.7 20.6
YGW6 3,420 816 42 12.6
YGW7 3,990 840 4.8 14.4
1 400
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Fig. 7. Auto-correlation and spectral density functions of hourly groundwater levels (YGW1, YGW4, YGWS5,

YGW6, YGW7).
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Fig. 8. Cross-correlation functions for precipitation-groundwater levels (YGW1, YGW4, YGWS, YGW6, YGW7).
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