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Jeong Jik Kim, Woo-Hyun Jeon and Jin-Yong Lee, 2018, Estimation of deep percolation using field moisture
observations and HYDRUS-1D modeling in Haean basin. Journal of the Geological Society of Korea.
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ABSTRACT: This study was conducted to estimate the deep percolation using numerical modeling and field
observation data based on rainfall in Haean basin. Soil moisture sensors were installed to monitoring at 30, 60
and 90 cm depths in four sites (YHS1-4) and automatic weather station was installed to around YHS3. Soil moisture
and meteorological data was observed from March 25, 2017 to March 25, 2018 and May 06, 2016 to May 06, 2018,
respectively. Numerical analysis was performed from June to August, 2017 using the HYDRUS-1D. Average soil
moisture contents were high to generally in YHS3 for 0.300 to 0.334 m’/m’ and lowest in YHS1 for 0.129 to 0.265
m’/m’ during the soil moisture monitoring period. The results of soil moisture flow modeling showed that field
observations and modeling values were similar but the peak values were larger in the modeling result. Correlation
analysis between observation and modeling data showed that r, > and RMSE were 0.88, 0.77, and 0.0096,
respectively. This show high correlation and low error rate. The total deep percolation was 744.2 mm during the
period of modelling at 500 cm depth. This showed that 61.3% of the precipitation amount (1,214 mm) was recharged
in 2017. Deep percolation amount was high in the study area. This study is expected to provide basic data for the
estimation of groundwater recharge through unsaturated zone.
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1. ME

lﬂ—;— FTHES THET E AEEe
o] )7t 5ol FasHA AMEHI e FaT
X}tOIEP. X]“HL— 2 745l o Exsd £
FO2 TS FFEHH AEFE FAE TS
Het A AAF oz 71$Hs = A% 7ke ' 3
o} e A B2t glom ol olgd
EZO L 714 H)89 A Sl 7o 7o mE 9]
W31 of7]3tt}(Lee, KM. et al., 2011, Baek et al.,
2017; Batalha et al., 2018). o]t 73 IIHEKZ] Hiﬁ]—
L mopo] ks o]0 2 TARle] Se] 3
A A EE ST BET W G
AT §uith 53] ERSRY sk A4 BR
9 =2 7% eo] uje} 2 Sekxo] Rt 2
A A 7+ AEZ} 31 A 790t A Bk
Hojl we g3k HR=rHWang et al., 2013; Lozano-
Parra et al., 2015; Lai et al., 2016).

Mt. Gachilbong /
1242 m

O
ol 9101 5 74 840l 714, A4, £ 5
4 SRR mAolg o A32d Sl vl
opeFsl WS ®ERIthHong et al., 2012). FZoll=
g 71&9) FFe2 AIA ZA] oA Soil Moisture
Active Passive (SMAP), Soil Moisture Ocean Salinity
(SMCB), Moderate Resolution Imaging Spectroradiometer
(MODIS), Advanced Microwave Scanning Radiometer-
Earth observing (AMSR-E) 52 21594 o]ujZ]
ARG ol 43 AT EYREE B8} YIrk(Feng
and Liu, 2015; Kim et al., 2017). 3}A|9t 922t
o Zho] fi 2o i AtAF o= FAE A F
e A 284dA0] S71E 5 e Aol
QI TH(Shin et al., 2016).
o] vto] Penna et al. (2008)2 ZAA} 718 &=
SAPA|OAA] A 52 £ Qolo] et Ep4e)
g7 B4E ARG B 45 BUY
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Fig. 1. Location of the Haean basin and monitoring station.
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S 5o APEAT =Rl Holulg AL
gFg . Leterme ef al. (2012)3} Batalha et al. (2018)
o By U AR Aol e Aok Y
%8 HYDRUSID 44298 £3) 24 @ 57}
Stk T3t Bah et al. (2009)2 SX3} 23] E
g =2 73 ¢] HYDRUS-1D2} Water Mod3& o]
gato] 7194 A7) 9} wejZlolo] ufek w4
B ST oA Y B Aot HRsh
AEH A AR Y & R s =

SO AI=HIL oy ASH EYFE ARE 7]
Fo 2 SRt o] Aok g+ A= mvlt

olo] uhe} Bty Eofsre] mUEY A2
RS 7o F mu S Fa) A4l o8 A
EoL ELRYRe APHOR Yo RA
S Shaae) L A o) 3ol Ego] P 4= ek
B AT HUE P SHEA A B4
3 72 o §5tel 9ol T2 Pod
SEYY WIS BES) EPE ol B
2739l HYDRUS-1DE o] g3}o] &) %5}
FFFE ST

¥ 10 o Az

of

#Pond

© Weather station

@ $Soil moisture monitoring station 550
percent of slope

ture sensors, (c) data logger, (d) automatic weather
station.

2.1 ATXS

ARG 7 T Sihd Lo ZAREA
Ao oIs] k= A2 B9 38°18'517, 573 128°07'59”
off AXIZITE S FHL2 FAFY(807 m), H-pAE
(1,056 m), =£4H1,147 m) & 7FE5(1,242 m)3} 2
o] Y=t H2 AEE FERY L Wi = 3
et 22](2F 400 m) A FoITh (1™ 1). 419 2
S8 ZpE BAHSF 20-50°)7F FaiAH AR HE
Al2lstar A= F3F FARE Z=TH(Yoo et al., 2008;
Lee, 2009). o]A Y A F& A0 R BZ| 3=
=EAEFR o|F 2|1 ROl LA A4
o 2 o] 85|11 Qlh(Lee et al., 2011).

siot 24 918 W SARe| AL Agrualol
7] wigek BRHE 79, Wek 9 Wojghe ek}
o} SEFE 400-600 me] B3] B2 Felr] o o
7okoR TAElo] il HekE TRlgiWon et dl,
1987). ‘5% (Rural Development Administration,
RDA)oIA A|Fohs EFEHA = = et
A9 EAS BE+= AFYE(Sandy loam)oflA] %
E(Loam), AEE= ARFA(Sandy loam-Loamy sand)
2 Uepdth 3ES FES WAL 6,117 haZ BE
oA AFFEE 4,184 ha, ¥E= 1,904 ha® 77}
68.4%%}F 31.1% 2] EXHAE zH=t} AEJAE=
ARFo] 85.7%, A|FEo] 134%E AA|3tAL et
(RDA, 2018).

22 EYR I JIMR

St B2 BEZof YA AR EQFrE BUH
B AAEE L5 TH1E 2a). F3AH] 7]46Ee]
DEM< &3l A9 2 U EF e &gt
1=E FA IS EFEEST Al s
%= 570-612 mof| A2 =] ¢} om Ao $1x]§F YHS1
T} YHS2 Afo|o] AAREL 145%, AAIZFS oF83°=
- 74k 2 ZJAbe] A2 = ¢laL YHS33 YHS4= AF
A2 Bk 2ol Ax = ek

EokE= A (5TM, METER, USA)= 47]¢]
BUES 2Y(YHS1-4)9] & o} 2 z}2} 30, 60
4 90 cm Zo| &2 EQF T AX|5tg o H|o]E
Z7)(EM50, METER, USA)ol|lA] 108 7tA0 2 =
Hale2 AASATHIY 2b, 20). EFF Eoko] E

i J|)||

of
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& siersty) 918 2 e A7k AR Al
S} AR I A A RE AR} 7
o] A Y= A (mastersizer 3000, Malvern, U.K)&
ol 2, vjAL, FEE B F v|=-5-5/d (United
States Department of Agriculture ,USDA) <] &
ol whet E<F E4J(Soil texture)S AA3HA T
ek Bxlo] AAElo] gl 4 A FATEL
(YHWS, KMAWS, RDAWS1-2)0] 4 7|72 4
A 2E 1). YHWSE= &2 A5 Hsfl 2016
59 4o AAH e A, e ol&H, 7]
2, &%, T L FES 42108 1H 02 243
T Qe 2d). F7ka o2 sjshee] HAIg 37
O] 7S a0l A 2016\ 5YRE 2018 54714
B4 0 71 A2E $UEoR KMAWSE
737d(Korea Meteorological Administration, KMA),
RDAWSE: 522 H(RDA)oIA €532 ek

2.3 HYDRUS-1D ZEE

HYDRUS-1D% %3} 9 30 thg o]
N4A Q4502 2 28, 80 552 B Y
B4ske 2 agoln o] S B3 AR A5 F%F
TS —?Jﬂ@]-ﬁl:]-(éimﬁnek et al., 2008). HYDRUS-1D
L QYRR P4, EFSE U EPLE, W
e @Y AR R EF SetA shetuE (s,
0, K, 0, n, B EEte] BIEL B3 53 4
& Sshe] AGe) 2R WA AL BT 5
Itk BEftolq 280 47 L £ 58]
3l 1214 Richards g 4]o] ol §-5n] & Eops
52 molg 4 9lrk

B = 2 K1) -5 1)

71X he ESTR YR, o= AREY
SEFHLY/L), 13 AIRKT), == 47 318 2o,
K(h)& X3} e E(cm/ day), s= Fof ¢
3l T+ &% (cm/day)e]tt. Richards ¥4
e grat peEE K0, LT 4 W £
SETF 00] OJEa] WEo] v ul P Ao,
olo} Z& Eof Selstd wien|e S st p
van Genuchten-Mualem (1980) & @dlof ¢J3f] A
A,

0s—0r
O(h)=|0r+——— h
( ) { r+ (1+|O{h‘”)m <0} (2)
Os,h =0
K(h) = KsSel [1— (1— SeV/m )] €)]

A7|A Ks= X3} FEHEE, Sei= HH EIE,
or 3} 0s= Zre] W TIREFHL /L), o (cm/day)
o nd EYTE 4 JAY AR A, 12 3=
9] A4S et izl geoloh

ngg 7|17k 9719120173 64 14-5-E 8¥ 31
2 ojn} Eqksio] A7k A% glol S4H YHS
7t AHo s HuEg pEE R
H ¥ Penman-Monteith (Allen et al., 1998)2] W14
AlF o]gsto] d FA Si4bo] ALtE R om Y
B 717t 4 Ze g o]§53l). o] ATollA 4]
AR B 22 AR 9 B 9
8 S RS L EHA| 23Ut

EF @9 Zlo|E A3 off A5kl 500 cm
Zolof itz 7Hgste] AGStATHIE 1). A+
7Z4A 27 (Upper boundary condition)& X|3E3
o] A F-JEE 2H= 7] A (Atmospheric boun-
dary)2 Ae3}T). 3HE 734 27 (Bottom boun-
dary condition)2 Z|3}He] a3t YXE B2
7] BZell A-full(Free drainage)7h A& = glct.
%7] 2Z(Initial condition)22017d 6¥ 1¢ E%F
S8 NG N 24 ERaS AMg el

EY 83 mj7iH4=52 HYDRUS-1DoJ|A]
A|F8H= ROSETTA w74 7 22 3H0f ¢
w34 At S estel 27 g st
@t o] 27| F4H wrfHsEELS Inverse sol-
utione 33 24 2 HA =AUk A A5k 7
FTE EY @ 7H sHolA A4LHE Bottom
flux k2 H4tstich

3. 244 3 E9f

3.1 20 Mg EFE bt

9 322016\ 5YEE 20184 59 71 BEH
el T EEAEe) U 35T W U B e
HojEh YHWSe|A 2017 283} 8o U =}
27} 25 = 7] "ol 7 g 3ol YA
RDAWSI|A] o]2 1eks5iT). 20164 5LEE 2018

olo



Y 59714 YHWS, KMAWS @ RDAWS29] 149
4 A 242 1,178 mme}t 1,508 mm, 1,143
mm<} 1,514 mm, 1 233 mm<e} 1,411 mmE Hojw

790 R 97t AFHOR WA 7]
AE AT TEE 2016d7} 20174 79 Bt
A

7}7} 487.2 mm (41.3%), 487.7 mm (42.6%),

TO‘C

Table 1. Distribution of soil composition at each site.

T EYsE HZD HYDRUS-1D ZEElS 0128t A5t

ok

o

als
ol
4

753 549

628 mm (50.9%)2 % 7TFo] 40% o]Are] W
ZH97F AT BE 717 B9 B 7122 90

9302 B35l
EGLEYFE E4O Ut 0 5 9] uE

o 2+ 4G ZolHE HAY EF NRZRE ¢
HHE Fal EAS BAsHT (E 1). A7AY

. Depth Sand Silt Clay .
Site (cm) (%) (%) (%) Soil texture
surface 87.35 11.65 1 Sand
30 93.97 5.58 0.45 Sand
YHS1
60 91.87 7.74 0.39 Sand
90 90.75 8.63 0.62 Sand
surface 81.29 17.19 1.52 Loamy sand
30 80.65 17.49 1.86 Loamy sand
YHS2
60 74.24 23.57 2.19 Loamy sand
90 88.09 10.33 1.58 Sand
surface 69.64 28.26 2.1 Sandy loam
30 66.16 32.05 1.79 Sandy loam
YHS3
60 77.86 20.69 1.45 Loamy sand
90 66.01 32.16 1.83 Sandy loam
surface 67.06 30.66 2.28 Sandy loam
30 69.81 28.62 1.57 Sandy loam
YHS4
60 73.76 25.09 1.15 Loamy sand
90 74.79 24.49 0.72 Loamy sand
800 30
m YHWS precipitation KMAWS precipitation RDAWS2 precipitation
YHWS air temperature KMAWS air temperature RDAWS?2 air temperature
£ 600 — — 20
S =
£ o
E S
E 2
5 400 - 10 =
s 3
g Gy
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Fig. 3. Comparison of monthly precipitation and monthly mean air temperature in Haean basin at different stations.



550 agy-

Table 2. Basic statistics of soil water content during the monitoring period.

Soil Measurement period Soil water content (m*/m”)
Site
]?;I:)h (;ﬁr/tdj?}t;) (Hl:::rlj d%j;?y) Min Max Mean Std

30 0.239 0.333 0.265 0.019
0.185 0.296 0.226 0.029
YHSI 60 03/25/17 - 07/13/17 0.174 0.275 0.200 0.019
09/13/17 - 03/25/18 0.156 0214  0.172  0.014
90 0.126 0.260 0.145 0.017
0.118 0.150 0.129 0.007
30 0.223 0.329 0.279 0.020
YHS2 60 03/25/17 03/25/18 0.264 0.375 0.297 0.020
90 0.285 0.389 0.320 0.028
30 0.161 0.420 0.300 0.040
YHS3 60 03/25/17 03/25/18 0.284 0.412 0.329 0.025
90 0.299 0.391 0.334 0.020
30 0.101 0.376 0.218 0.067
YHS4 60 03/25/17 03/25/18 0.170 0.359 0.302 0.047
90 0.294 0.359 0.335 0.014

9] EAL (Sand)ollA AFFE(Sandy loam)Z2
2o gepo] 8 ol WA} the: EakEch E
=2 1%=Ql YHSIoA] W 1=l YHS4=E 2+
% el Fgol S5 nake] Fgol 57

A5 2 BRI vzt 9 vhg-S E4
a17] 28l 20179 39 25UHE 20184 3¢ 2547}
A BEFTE AlA 2 YHWSO A #EH (7S 0]
|kt & 2= BYEHY 717 st 24 AH 2
ol BRI Ao, X4, B E REHEA
@2 Uetd 712 BAZoITh 7Hg Ao Y%
YHS1o| A ZA s = Q18f 20173 7€ 14U FE 9
4129 717 EFFE AR ASo| dAEg o
BA 3 Yol Aot

ZF AR EANA - A aghs ZHY ESE
o] HighE Hoke uf) YHS1oAE 20173 74 74
0.126-0.333 m’/m’, 9L=E] 20184 3€71%] 0.118-0.296
m’/m’2] % HejS Bt} YHS20| A% 0.223-389
m’/m’, YHS3 0.161-420 m’/m’, YHS4 0.101-0.376
m’/m’ 2 eI TH(E 2). AA] 713E 3 dold Bt
ESFETFL YHSIOA 71 W2 8 g ¥
IS HHom YHS3oA ARtH o= Eitt. of

L YHS1Xt} YHS30] 30-90 cm Zlo|ojlA] =) &t
ZFo] 10% 014 ot Bpglo] o Uil 2 1= Yl
Ao R3] YEY Foz HoEc) YHS4
oA 7MY WL HEHAE Bk YHS1Y} YHS4
2] 30 cm Z o= AQJEHE 0270 m’/m’ oJAe =
A EFFETTFOl 22 A 0= Vet

O% 4= ZYHTY 7|7 B¢ BRI Bk
T=7b 7S 9 7] =0 wet Roj 8-S YEt
e AAE ARolth 17 4(a)= 7HE AR
YHS12 E9F Zol7l ZojRlof et EFrRwf
o] ZHAdh= AL & = 9k 7§ A1 30 cm Zlo]<]
EQFE sk A 7oA 7H7] diol tiyE 1l
A gt FAsHA 7tk 30 2 60 em
Aol A vl A 22 o] 79Tt 4= Az A&
=AY F 3-5 mm/hr o)A 7 Alof| =1 o]
Z71ettt 60 cm Zolo|l A& AA 3] Frtstchrt A
3y 759- o] % 7397t A Al FHA Sk A
< Kol lck 90 cm FHolo A& s Ao ok
Zo|Hh 8 3| SUMFE A1 FUMEE B
3 ZAo& Yepstth 60-90 em ol A mf$-
2 2-0F2] 739-(0-1 mm/hr)7} TAY AY A8 7
27 {2 df 5-7 mm/hr Lol EgpEo]
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Fig. 4. Time series data of soil moisture and soil temperature response at four sites (a-d) for rainfall and air temperature.
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Table 3. Initial estimated and calibrated soil hydraulic parameters.

Or Os

a

(m/m’) (m’/m’) (em/1) n Ks (cm/day) 1
Initial 0.041 0.386 0.35 2.4 173 0.5
estimated
Calibrated 0.1 0.41 0.038 1.16 168 2.5
29 Ao 7 wohE ) 19 49] YHSI1-4 25 20179 AL(12-29)3 &

YHS3-Z ¢Fe] & A3 Hth 30 cm ZlofoflA] 79
o © 9AsHA RE3sten 7P w2 SRS
(0.420 m’/m’)7H2] Z7190E A o & vrelgt). 2018
d 1 259 o] FHSHA EdpEe] At AL
GA A% AFE $J3f vk2 Fofl 22E 40 em 3
o] E¢F T o] JFY Ao wrH) 7]20] G
3t 16-21 C7HA] 4= o 59t ol z7] wiie] 2|32
= 9 Egddo] SEHUEA B Y FEY oF
o] A9 WAYsHA] ¢l7] o2 Al ErHHong
et al., 2012). YHS3L E9F Zo|7} Aol A4 EoF
FHo] F7FshH 603} 90 cm Zl ool A S g
Aol 21 4e). SHAITE 602 90 em Zl o] = T
E A B3l § & SRAFE 2R S A
£ 2oz yeiyth ol AdiF ez ¢l £ A3
B} FEkeh Aol YA QL AR FArE e =R
B B AlGA Rl fd 499 4 ARt
2E37] 7Y Ao 2 AR FHTHO et al., 2006).

YHSA% B|2A Hehdh A& 7k Zlojd
& EGSRY 2 3718 30 em ol HE
A¥E Boh Aty or de B R RS B
O Zg 717k 74 WA A 7P =2 IS
2r3 FAH| F7F 9 adhe AEE BAvH (2
H 4d). EF A S A 9 A EGTEe] A E=
@/do] Uebttt 60 cm Zlol= A Zlo]9f fAet
EFTE W feS Holal gl shA|t 74 o
T EGEe] fAIEE Aol B Zojd Aoz
UERGTE 90 cm Zo]E n]EFe] Eokei Ml= 9]
ou 4% EgEEe] e Ad % ZolEd
HlahA 7o) Waba] kgkom oF 0330 m’/m’e] 1]
SR RS FAISHL Tk YHSAS| EdE
A 2 AHY 22 34 9 FANE, YHSA &
A2 A 9 iR 2R Y SHREYSTIA 243
o2 pFo] FHo| AR EYSTA MR 254
27 2L Ao 2 Atz g rh(Ha et al., 2016).

B 7 % §AEE Eoketo] 20184 2(3-59)
o S HA H2F ol W2 Fol 553t
£ A717} 9k o] FAke AL SAE B Y A
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