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Kyoochul Ha, Yongcheol Kim and Sung-Yun Kim, 2016, Monitoring of soil water content and infiltration
rate by rainfall in a water curtain cultivation area. Journal of the Geological Society of Korea. v. 52, no.
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ABSTRACT: Infiltration is the process that water goes into the soil layer from the soil surface, which is the starting
point for groundwater recharge, and it influences surface run-off. This study aims to assess the infiltration by green
houses in a water curtain cultivation area, which is located in Sangdae-ri Gadeog-myeon Sangdang-gu Cheongju-si
Chungbuk-do. Soil water sensors at various depths and lysimeter devices were used to monitor the soil water
contents and long-term infiltration rate. The monitoring was mainly performed from October, 2012 to April, 2016
inside and outside of a green house, and a monitoring point at a distance from the the water curtain cultivation
area was added for a reference. The monitoring result showed that there were very different variation patterns of
the soil water contents between inside and outside of the green house. While the soil water contents inside the green
house did not respond to rainfall, the soil water contents outside were influenced by both water curtain cultivation
activities and rainfalls. The infiltration amounts inside and outside the green house were 0 ~27.4 mm and 60.7 ~

140.6 mm during the water curtain cultivation season, respectively. The infiltration rate at the reference point was

0~67.6% (51.3% in average) to the rainfall amount from December, 2015 to March, 2016.

Key words: soil water content, infiltration, water curtain cultivation

(Kyoochul Ha, Yongcheol Kim and Sung-Yun Kim, Groundwater Department, Geologic Environment Division,
Korea Institute of Geoscience and Mineral Resources, Dagjeon 34132, Republic of Korea; Kyoochul Ha, Mineral
& Groundwater resources, University of Science and Technology, Daejeon 34113, Republic of Korea)

¥ Corresponding author: +82-42-868-3081, E-mail: hasife @kigam.re.kr


https://crossmark.crossref.org/dialog/?doi=10.14770/jgsk.2016.52.3.221&domain=jgsk.or.kr&uri_scheme=http:&cm_version=v1.5

222

o
=1
U2t

1. ME

2 E(infiltration) = 4253 Ao A 7t &
JEHo 2R By 3 ELFe Fo2 B
o] migo] 7He THAolch T sk gkl A
W)= 513, A|EHEOIE Ahe Qe ol
% 917) whol ik Rjede] SEak T L ol
SfeH =] ok 3 28 2-0]cHWard and
Elliot, 1995). ErE-2 B0 g4 =& dald,
&2k (hydroscopic water), ZA|&<(capillary wa-
ter), Z4(gravitational water)2] Fe|2 A3t
ok & d712RE A oS Fst BEY
PR FH O] gFE HukS o] F= Fo)1, BAlTTE
Ao o3l EFUA}F oA A2 AZH wjd}
= o]Fo] AE ol PA T F5E= Eolth
T 50l Y3 ol =2 o]Fsh= Yo EYS
2t1 & 4= 9JtiHahn, 2015). oJ® §F x| Ho|A =
BE ESrEl Ao EYUW AEE F5t S
sttt o] S (evaporation)o|u; A4 of gt
ZAH(transpiration) 28, F2of A ofgiE &
o] o] Ea}riA 4-sateo] kel Hct.

BTSSP Sl 58578 (Gravimetric
technique)ol| &J3]] EFAIRE AF AHF sk, 1 ¢t
ofl AElo] Sl Bo) Reke 1A 24T 4 YA,
o] We whHie] 2oz Bjule)y] v, X4
29l 93 B Ejoll 2gto}A] Zojck njeba, A
Sxel W3 BUHAS PN 7l Q)
SR o] 5& == H(Neutron Scattering tech-
nique), FHZ7 1 (Tensiometric technique), 18|11
EJO] 5748 S431=FDR (Frequency Domain
Reflectometry), TDR (Time Domain Reflectimetry)
WA 5 o] &gttt ol=gt WS it vl
B2 AFA=l 98l HilEo]Fth(Schmugge et
al., 1980; Zegelin, 1996; Topp, 2003).

22, SelfelolE B BES B9 48
34 Q77 Bt ool A\ ek HESE e v
AAAPAA O] EFE A A E A= ] ST 24
(Son et al, 2007)3h w3} B Holee] Tk
T Aol 27 1A 0] Al Tt A Park et al, 1999),
AR APHOA &) BRI Bk S7gf T3t A+t
(Kang et al., 2004), EFE BUHY A2E EY
Zuret 7o) B85 7 Gwak and Kim, 2012;
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Gwak et al., 2013), R A o] A mgo] B 2 4
2ol o}t AT(Ahn ef al, 2013) 5 - kI,
AEEE FY 9% E= 015 Y& (Single or dou-
ble ring infiltrometer)& ©]-&3FAY, tlA34H3
A (Disc Tension Infiltrometer), Guelph F<=%F4|
o= o] 8slo] @A A ARAAS HAE &
IoH(Kim, 2010). 224, o]=23t S ¢
== Taote] FHA Eo) JFs o7t
8}7| wjzoll Aol A o] 245291 3
28 BEY sie Aelen o 4 stk weh
F20 %8 Solrle g A&H o Bael|
A= 2elAmE (lysimeter)E ol-8-3foprt Jiet.
SlolAu]El 22 EL 34A 87]0] 2L A
S 22E Aslo] Fge] FukE, Eofe] B4
7] 27 E o2 59| o5 3= Aol
ol A Al T Ml -
ol3o] Eokp} 7t i P ge] B 3
F42 BEFoRA Aozl YHE B9 o
& 2F 0w Brkap] e A=t el
of|Al= 1980t St o] 5 A] A ulj2F kAU H
Z o] Z7FetHA F2F Asto] o &) A 5
7¥etleh. el A|sk9] dol| A& o83t
of B8t AE Wil WH o R A, Zh4wgo] &
S A7) SA7)0l T R|ekrE HASH LR
oA HEZ AIAQI Astgs zdh BAI 7 E
4 QATHKIGAM, 2010; Moon et al., 2012). o]e} 2+
2 YAA Aok -2 T ARSSE R|Ek4=E Hf
T2F T4 S e vlegolgke HlolA
71Q1% 31 JTHKIGAM, 2010). o] 23t 241 12
517 ¢l8 SRR ¢ Aok &8 1&g
TAMG A =t <34 IS8 71eS Y
skaL qlok o]& flsiA= ARGl tiEt EA
£ wotd et gleow, 3 B7HE dsiAde
AFET A5l o, A g7 HEt
FdE Tord B avt Qo 9], ol A7 A=
HG 92 i B7i8<pol o3t G, vdshs
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2] dojo|d, ubAul vjdale-A AJAdo] wio]
L=} = ot olE FukAjul Aol A A
At 252 T7lolcthad ). E (92 I E
AFH S Aok g 1Est AT ARG 93t
02 f5F o84 QFE) 71eo] A4sE $F
ARG o2 HAH X o2 A 2013 20161
AR 7HA A8k AFFEF T D FeAA, A8k
BUEY 3, A B3 2 QA Fo] AXEH
o] LYE I = Holct. o] 3o LubAul Al HH
2 33 194 Aoz FAE A9 408,808 m*E
50,662 m*2A] °F12.5% 2 2}A|5}3 ik

AFAEE B A7} 52 5& 1A 9]
Fep) oz o] gla, FAH FHe R
A|47] Z2Fo] YA BEE o] ek AlFxAF A3},
EEZS T3 22 EA=11.7~240m (BF
159 m)o|H, 2 HEZ majel 2z 41Ql =7t
EAEka Q. E|F B M7Z-S 5| Aol A S
742 Q& W92 ZABTHKIGAM, 2013).
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o AtoA= RN A& o2 JEET
EdEEEE £74517] YallA] Decagon Devices
A2 Gee o] || e &} EGLRAAE A - &Y
S}t Gee gho|A| v = dAT R & 2= 9%
F Tl B2 AL, A B W8S 5ol
3l AFHe == H(wick) AHHFAS o 4
ozn AR AIIHoR L PR &
Sl= A o|tH(Decagon Devices, Inc., 2003, 2015).
@A DecagonAtollA] Hufjh= Gee 2to]A|H|El=
G2¢} G3 type 27HA] F577F JloH, A5ke=917F =
£ FAE G3 typed olgat). F mEl BE A
Sz £14 mmol|Z, HAEE= 0.2 mmolch 18
1ol =UE = 27] D1, D2-1x] Aol D2 type &
HS AAstg oy, o|F Hdshet Wil Q=
D2-1& D2-22 tjA|s}a, D3R Ao A= X8}
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Fig. 1. Study site and the monitoring points (map source: http://map.naver.com).
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Table 1. Monitoring of soil water content and infiltration in the study site.

ID Lysimeter Monitoring Period” Monitoring item Comment
" Infiltration Outside the green
D1 G2 type  Oct. 16,2012~ Apr. 21,2016 -« Soil water content houseg
(at 10, 30, and 50 cm depths)
" Infiltration Inside the green
D2-1 G2 type  Oct. 17,2012 ~Nov. 20, 2015 -+ Soil water content houseg
(at 10, 30, and 50 cm depths)
* Infiltration Replacement of th
D2-2  G3type Nov.20,2015~Apr. 21,2016 * Soil water content Dol ot o
(at 15, 30, 45, and 60 cm depths) quip
" Infiltration Newly installed
D3 G3type  Jul.31,2015~Apr. 21,2016 -« Soil water content Y

(at 15, 30, 45, and 60 cm depths)

outside at other place

"The period means the total operation time of the equipment, and some data during the period were missing due
to malfunction of the device.

A= D3 type B S AASHAT-

Gee o|A|ujE] UFY Fole EnT EFA=
& A= Ao] ol dHol, Aot 27} got
A 2t EFARE HFH s Aol o2 £50]

22e 94 Zol &

A Gee 2to]|ule|o] ofeh5iEel €](wick)
A9l 1 92 REY £ A9 B) 958 5
o= 2AAHoIN Rols L EokS AUYL, X

s O = Sk A
FrES ZHT - 9= A

22N HOLE BRSO S-S WAlo s Bl AE AXsHA "ek Digk D21xHole X mas

uelE AXshg BEAHS B 4EY A
A mpo] 78 ol 21 glon], 4w Bol &4

€] 10 cm, 30 cm, 50 cm ¢l 37] A A of] EFSEA A
(DecagonAle] EC-5)5 A x]3}% 11, D2-29} D3A| A

St Qith B|YEeA 2R Qo 2u S oa oA A FEEEE 15 cm, 30 cm, 45 cm, 60 cm$] 4

slukc} 5227t olRol el ulet, M)A o
50 cm g == whgel ofgt chopet A710) ok @ %
Zo] Hasla gtk S9ko.R Hekd v, A=t
AFRES] ML 0 40: 6002 AFIE Hlgo] Tha
ETHKIGAM, 2014). 23y, D3AHS AL E7}

o] 1 AEAL 10% u]yto|ck.

AN EFo-2A1IA (DecagonAte] 5TE)E 23]
SFATHE 1). Gee ol u]H o] EFY I ES
AN A7 AR EI YA TR ESTE Al
A& A& A=, 2AE AAst AolEz A
A3t} 5TESQ}F EC-5& FDR (Frequency Domain
Reflectometry) 4] 02 EQFR-& A3 = AlA

ol A ulE AN oL e Basolob st 2] HEEE 003, SAELE 0.0010]tkDecagon

o, ol g8 FAE FUsA, 2R}

Sol71R] Fke v koA Ro] A ol

Eoz FAstolobt Gk YEF Folofd 9 32 AESE ¥

(wick) 2HAA 7} Sl Holole B=LAE AR oFA A mEt)
to] Z2e o= Itk D2 type/D3 type 2ol Auje] TRk B4R
HE A=F = 710]7} 100 cmo| 1L, Y(wick) XHY

37k Sol7He i) oF 8) cmA = H7] ujEo
A2 180 cmAEES SHslolofit ). 2
2ha4 Fo A|sk47t A0 e EATE FUA U
2]7] o] Au| A7} ofei 1A |, Dlat D21
Aol AL A EsE 15 m AHRE At An
19 7] AJZYTHKIGAM, 2014). 22to] SR E 7

Devices, Inc., 2016a, 2016b).

2447} 935K

Gee 2ol x|u]e} g Ax]5}e]
wUggsigon, A7HEe
107 o2 7o) A5 ARE =S shelrt. o
ahAu) AHo] Qi w1
3h92 (D219} ¢ (D1)e]) St#olw, 2015
AT WG el YRo] Qi D21 AN ol
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2] "ol xl D3R Mo /b o s Axsla,
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Table 2. Basic statistics of the soil water content data at each location.
D Depth Data aquisition Soil water content
(cm) Start End Min Max Ave’ Std”
Dl 10 cm 2012-10-16 2014-04-26 0.112 0.305 0.217 0.029
2014-05-13 2014-06-25 0.125 0.248 0.180 0.037
30 cm 2012-10-16 2014-04-26 0.130 0.308 0.153 0.020
2014-05-13 2014-06-25 0.121 0.195 0.136 0.013
50 cm 2012-10-16 2014-04-26 0.148 0.340 0.178 0.023
2014-05-13 2016-04-21 0.125 0.279 0.196 0.016
D2-1 10 cm 2012-10-17 2013-02-15 0.181 0.260 0.217 0.010
2013-02-21 2015-11-20 0.200 0.284 0.216 0.009
30 cm 2012-10-17 2013-02-15 0.154 0.342 0.196 0.006
2013-02-21 2014-05-14 0.190 0.201 0.197 0.022
50 cm 2012-10-17 2013-02-15 0.166 0.332 0.236 0.044
2013-02-21 2015-11-20 0.231 0312 0.262 0.029
D2-2 15 cm 2015-11-20 2016-04-21 0.144 0.465 0.308 0.115
30 cm 2015-11-20 2016-04-21 0.134 0.455 0.346 0.120
45 cm 2015-11-20 2016-04-21 0.154 0.460 0.380 0.109
60 cm 2015-11-20 2016-04-21 0.168 0.428 0.339 0.068
D3 15 cm 2015-07-31 2016-04-21 0.125 0.287 0.189 0.027
30 cm 2015-07-31 2016-04-21 0.067 0.270 0.124 0.026
45 cm 2015-07-31 2016-04-21 0.113 0.446 0.142 0.018
60 cm 2015-07-31 2016-04-21 0.086 0.446 0.112 0.030
*Average, “Standard deviation
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Bl 5 =S Sk
Dl D210 4218 el vlEl G2 type© 2

L o] AN 23 S0E Folck. H4e

ARE EPrRIPEG

2] E O
A58

Az} nh}

A EQSEAAE ] F2HE 10 cm, 30 cm, 50 cm
Zolof A= lem, W5 ZH7} 20129 10 16
QJHE 2016 49 2147}14], 10 174 ¥ 20153
11€¥ 20¢7tA] o] Fo it} D222} D32 G3 type 2]
gto| 2| u|E| o] 1, EFFEAlA = A 2 HE 15 cm,
30 cm, 45 cm, 60 cm Zlo]o]| AR = o, =S
Z¥zF 20159 11 2093} 7€ 319X E 2016 42
219 7HA] o] Fo| Fth.
AR N E T 84 Q

48212 98] care Bagu)7L

Aste e TR Rl B4 58 37
o 4 9l A/ ARERA AR Ho] ek A5
7V A H7RE, §5, A5 ARt
N7 Gz ISHA Qloug, Bl IR

—

ol
O

1 K
Og;gi

9
T:i]/

23

I
ZF

Ho ¢
('

+

e

A2 AlA o)l ofsf A= meto] AR 717ko] Q)
=T, o] 717H2 2014 39 21455 20144 9¢
297HRoltk. Z=rE A2t Yl 71ole 24
718 7 A=RE Ak B4 o8t
o} 3 DI AA 9F 10 m = EojZl Stofl= A
3l TEF CWW-140] SIX/3kat glizd, of3o]
= Aokt Ao g #EEHI ez o7
N BEE A5es ARt AEE W BeRil
AEUAE sfetst) 1) FnH o= BeEct



226 ST &
THEA WS- o] 85} tH(Larocque et al., 1998; Lee

and Lee, 2000; Kim et al., 2005; Ha et al., 2006). A}
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ARG B S Aot aAP s
H| W8k A O 2 th30) 7 of| osto] ALkt
A7) B4 (autocorrelation analysis)2 Al A|
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al., 1998; Lee and Lee, 2000; Kim et al., 2005). 22}
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Fig. 2. Monitoring results of the soil water contents at various depths (a) outside the green house, (b) inside the

green house, and (c) rainfall. The dotted box indicates
to February next year.

the period for the water curtain cultivation from December
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o710 A k&= AJIZER] < (time lag; k=0~m)
AR o), £ x AR Bzolch me H4t
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o] AL AA G Zol, ne 1/43+2 A3t Davis,
1986). 0, 9t 0, = ZH AAIE x 9 v, o] EEHAO

042 9 258 2UER 27
T, Vi v AAGe] Bgolth BATISE ol
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Fig. 3. Monitroing results of the soil water contents (a) inside the green house through the replacement of D2-1
equipment, (b) outside the green house and at other place, and (c) rainfall.
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Table 3. The monthly infiltration in the study site (The figures in parentheses indicate the infiltration ratio to the total

rainfall).

Monitoring Period Infiltration (mm) Rainfall
(mm/yyyy) D1 D2-1 D3 (mm)
12/2012 3.9 (12.4%) 5.0 (8.8%) - 315
01/2013 9.2 (29.7%) 12.0 (39.3%) - 31.0
02/2013 127.5 (344.6%) 10.4 (31.3%) - 37.0
03/2013 19.3 (41.1%) 7.9 (16.9%) - 47.0
Subtotal 159.9 (109.1%) 35.3 (24.1%) 146.5
12/2013 27.5 (73.3%) 1.3 (3.5%) - 375
01/2014 40.2 (804.0%) 0.0 (0.0%) - 5.0
02/2014 35.7(510.0%) 11.0 (161.8%) - 7.0
03/2014 34.8 (68.1%) 10.9 (21.3%) - '51.1
Subtotal 138.2 (136.7%) 23.2(22.9%) 101.1
12/2014 16.3 (79.5%) 0.0 (0.0%) - 20.5
01/2015 28.8 (128.0%) 0.0 (0.0%) - 225
02/2015 15.6 (69.3%) 0.0 (0.0%) - 225
03/2015 36.3 (105.2%) 2.9 (6.6%) - 34.5
Subtotal 97.0 (97.0%) 2.9 (2.9%) 100.0
12/2015 59.3 (98.8%) - 26.0 (43.3%) 60.0
01/2016 62.5 (1,562.5%) - 0.0 (0.0%) 4.0
02/2016 5.3 (17.1%) - 12.4 (40.0%) 31.0
03/2016 - - 18.6 (67.6%) 275
Subtotal "127.1 (133.8%) - 57.0 (46.5%) 122.5

"The rainfall data were from the Cheongju Meteorological Minotoring Station due to the Automatic Weather
Monitoring sensor's breakdown.

“The values are the subtotals from December, 2015 to February, 2016.
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Fig. 5. Groundwater level variations at the monitoring well, CWW-14. The infiltration data were missing during
the period that the depth to groundwater level is less than 1.8 m below land surface for the G2 type lysimeter indicated
as the shaded area. The dotted box indicates the period for the water curtain cultivation from December to February
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