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ABSTRACT: Despite increased interests in groundwater-surface water interaction, there have been few studies
that directly measure groundwater fluxes into/out of surface water body in Korea. In this study, groundwater fluxes
were measured using seepage meters and analysis of water budget was conducted at Osongji, Jeonju-si . The fluxes
of groundwater were measured by installing seepage meters at four locations in the upstream of the pond and the
flow rate of surface water was measured using a flow meter at the downstream outlet of the pond. Measurements
were made once or twice a week for about 3 months from June to August in 2018, and were made three times a
week during the rainy season of July. The average groundwater flux in the upstream of the pond was 0.41 L/m’d~4.13
L/m’d, indicating that only groundwater influx occurred. The surface water outflow rate at the downstream outlet
was measured as 32~8774 L/d. When the groundwater flux in the upstream to the surface water outflow rate in
the downstream was compared, the average ratios at the four locations were 12.49, 7.56, 2.46, and 0.60, respectively.
This means that the groundwater influx to Osongji is considerably larger than the outflow of surface water when
precipitation and evaporation rates are not taken into consideration. Also, in case that Osongji has a year-round
consistent water volume, it implies that there might be groundwater outflux around the pond. This study shows
that measurement of groundwater and surface water fluxes using seepage meters and flow meters can contribute
to analyzing water budget in surface water bodies like ponds.
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1. ME

£ &8 oA Astpet A Fpe AT YE
A PAE 7L e, X|sk= 71 A= FH
2 A Fpo]| 7]of3KKim, G. et al., 2015; Han et al.,
2016; Lee et al., 2017). X F= 572 40% o142 7]
AfFEo] AA s Aoz dEA i, 53] 2
7)oll= F 90% ol 71AREC| AR T A=
EI7AREE ARSE FANA F= 58T 9
< Sk (Choi et al., 2014; Kang and Jun, 2016).

7NAGES ARFERERE EYdte oA
(hydro-graph) £2}= F9 % 7|4 E4Q HE W
3 2ol HA e, 7AGES EEshr] gt
W o 2 AslepgreAdy, A AR, N-Day
W, 7HAZRARY 5 ohekst W Eo] AlQtE o] gk
(Choi et al., 2014). o]5 WHHE2 A7t =Ho| &
o] Rst, FUT ARE 7HA| 1L BAS et
L= Axpof| & Zpo)7F A o= Uk whEbA] 2o
= A4 Be FEEE 52 o8 HHER A
oFs] 1 QJTH(Choi, Y.H. et al., 2015). 32|k 2R
© 2 o|5 HHEL A &5 7l A A5t
FEFe Tt Aoz APH o= Aok f
F= St Aol ofet= &A17} Stk

SHH, A8t A F0] AT A= 2ol thsh
A= g2 G pRTaL A glew, skl
UE LIEH] 7IAFEC Yot AFFE UL
Al =lof P79 ] dof| GRS mIA|A Hek(Choi,
Y.H. et al.,, 2015). 1 o| 2 o Zx]o| ] EA3t &<
7 AJslL} A0 2 AntET 749 A AT
$E¥0] 0] L 1|2 5 U&L Mol
(Kim, Y. et al., 2017). T3+ 20| %3k FYol| A 7]
kg 53 342 Eoj2E g E(ammonium,
NH, o] B3} =lo] Ak (nitrate, NOy) 2.2 B
SHE N TR B4 ) fREo] T4 BiEe] B E
HAHAY x5} dieF o2 wjEEHE dAto] P&
=itk (Stoliker et al., 2016). ©]<} Zro] A|slre} A
HEPAAATHA = FELAN MR FFE T 2
BH o2 PAHAE FAIS=H T2e &S g
o} A olof it A=Al BAE Brlskes A
o] uj->- F- a5}t

Aot} A H420] AT HAE B S8l
2%, pofeta], g2, AESH, A4 WY 5 oS

3 HPSo) ol 450} Sk, sl gie} 5} 9izt
o] Fuje} 39| M=, 123l Darcy
9] M-S o] 83t ’FH (Kalbus ef al., 2006; Bae and
Lee, 2008; Jeon et al., 2015)2 v & 7hdst 4=2]
of ofa) A|sleo] $EURS ALk 4= YA, o
S50 2L W] olgn 2900k 42
£ Q8 24517] PETHs Bel Stk
T A3 55 W] 7125 43 mEE W
A&t 71 % Frhol AMEE AL QIX|RHAn ef al,
2009; Choi, S.-H. et al., 2015a; Berg et al., 2019), <=
Aol thgt 7id 2 e o] Te3let RE P ol ARE=
aj RS e] Bapa o] ZAjRic
A5}t A EB4e] LEA0]Z o &3t W (Kim
et al., 2006; Hyun et al., 2011; Kim et al., 2011; Shin
et al., 2016)-> Bl A A Fstar Agt oAt
QolBolL} Ao tht HAH EE 52 a4
2 Wz gk SIALE o|§3to] Mool T
Hl&-& Atshe B2 X619 7|of = Hrto &
o] AR5 = B o] X uKKim, H. et al., 2015; Choi
et al., 2016; Kim, H. et al., 2017; Jung et al., 2019),
S &S AT of o] JEA B THIEAIS T
ol thgt 7ol Soi7ar ekt g E (end- member)
9] o] WA Q] gaolth A|sha-A| #4> Rt
ol A9 m A& B2 11 A o] X|5k=9] FIFH
UEA] A F] FFHo UeA FiEhe Hl AR
H7|= sl (Jeon et al., 2018), X|F}5Hd EAAES 5
9 25, TS vE 9 FAA £ IA 2
ste] FAAQL S Al=stee =8k $ltkJeon
and Kim, 2011; Kim et al., 2014, 2018; Jeon et al.,
2015).
oA AA R Asha-A| F LA B7F
=2 25 o] AR, Rskre] fE TS 2
HHo= 2geke WS ohth alee] $34)
g Y 2ok HHol Lee (1977)0] SJ3HA
23HE A 2|0 (seepage meter) S o131 ]
o] ik, AlMA|T|EIE ol g3k HEL 2 WL A)
42l 4= lo] o] 2ol 4= Ik Th] 9]
71 KT A1 SA4517] wiZel 7 S
Ho2 AAR o2 WS H|w B B0
ol 4= Jlo B g Xsl-A| F AA Ftol Bol
o]-8-=]o] g¥tHLee and Cherry, 1978; Woessner and
Sullivan, 1984; Isiorho and Meyer, 1999; Landon



HFAl 2EX[0M2] A|ZX|OIHE 0|83 Aot RELY £

et al., 2001).

ST ol A AJg A H|EE o]-&sto] A5l
FEUFE A S5ke At A7 e =
E} o] HA] BlgEhe-A WA G| A Z|Bl4=
Fof| M A otp-shd g AT -5 WIS E4(Kim
et al., 2012), QM AF7He] SHIEIHE A
T % =3 (Lee, JW. et al., 2015) 7} AZA] AR
ol X 9] AJsla-A| # FE -5 578(Jo and Jeen,
2018) F=7F ] AFARR B a gk whet
Al o Aol M= AFA LEAE G Al
AuElE o]-&sto] Aot FEUTE Y S8
o 24 ol A Z5ke= fE2 AT S AHIE A
Aloh, 9| thE AR Bl wEAS Bl AP
T 3 27 B4l Aste frEAFl olugt %
Fo| YA got iz sHginh. E3L {FEAE ©f
B ST AR, FE2FO Bl R E Bt &
FA A 9 A B4 st sk o] At 2
= ol A 9] Aok fE Y=l tigt 7|2 A=
£ ASE Al Aotg-A| F A2 At
71048 4= e WHES AAg T b 297t 9l
ohal Azt

2 TR W ATy

21 917X
soet A\ E40 4548 BoS] 1% A

for surface water in Osongji.

mjo

et = T =M 463

TR oY 34 e ARl St} ot
AL AR 2 4] ¥5Zo] A1 FY-F&Y
chgt 2150 glo] BA] BAo] ufg- B4t =
ek wEbA GE o f9 2 §E9 947 A
ghFo|o] FE7F 2L AFS At o2 AAst
Aok AR G2l 2EA] = AR E AFA g
A5l YA Y AeA 2, Skt A2
SR glom AR R THglo] 9Ll v
1A =4 BojA Ut 1Y 1). 2529 ¥
2229165 m%, AZEFe 47,200 m®, 181 AT
A &2 535,000 m’o|th& 1; Choi, S.-H. et al,
2015b). 9 $2A|9] 7192 Ao FgBh= A
e At 7|88 5-S Wely| BAsIte]
At 9lom, o] & 7|t EL A EF S 9
ato] Hg3to 2 dofgiet. 71RbE-2 skl E3t
£ whopa] v w3 Skt Xg-S g4gsta Irk(Choi,
S.-H. et al., 2015b). A 7144 45 2 o]
o] ABF7| 133 Coln, A3 13131

Table 1. Comparison of Deokjin pond and Osongji (after
Choi, S.-H. et al., 2015b).

Fig. 1. Satellite photograph of Osongji and Deokjin pon

Deokjin pond Osongji

Watershed area (m*) 3,770,000 535,000

Water storage (m®) 88,741 47,200

Water area (m?) 99,174 29,165
Ave. depth (m) 0.89 1.62

'®\ Outlet for

surface water

% Location of the
- seepage meter
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mmo|tKorea Meteorological Administration, 2019).
252 A Yol 7l e 243] Aol 3
B2 2522 Fl=7] el F7tge] 70% 7} 73
A2 2 o §E L Qo= B 5 Aol Yoy
9F=r}(Choi, S.-H. et al., 2015b). 4|2 G- ==
23RS glom, FAeFgujoA] Bl e A&
FEOY 7IARE FHZE 2842 25 FYEE
Ao 2 wotgrh 0 EX| 9] N H4= GEA B
o 2 52 Ao BE o gl AR W
o & RO #2782 B 3% AR & Uzt
o} A5 AL o] gl B&o| Zom it =
212 1.62 mo]th(Choi, S.-H. et al., 2015b). 3HH, 2
SRl A 9] ZgdTtel v waly] $igh FH e T o}
£ A%l YRAARLS 51U 0] 9,174 m’, A5
88,741 m’, 18] FrdmA o] 3,770,000 m* R,
LA 7F GR ARl Blsf oF 1/7 22 Fe AW
Ag 7HA AL QA G Ak g AR v 2
ol SAEAF 2 o] FX] ¢kt JriChoi, S-H.
et al., 2015b). ¥FH PR ATL =I5 dgof| A
Zo 2 == shHo] At o] ARollA ]
£ Askeet ol 21 Wl Ao g fA7k
=1 glo] o] w9 Bt el o] th(Choi, S.-H.
et al., 2015a, 2015Db).

22 HA7EHY

LFA| 9 Asl RS S5 #81ed Jo and
Jeen (2018)°f| A ARE-RF Alm| U8 (ZLH 2)E o8
AL, FA] STolA Y A B FEFS ST
7] $J8i4 54| (JDC ELECTRONIC, Switzerland)
= ol&atsith AlMAHE 5712 Lee (1977)°

(@) ) 58 cm

T
[Ne}

il

25 ¢cm

/

1o

o3} A2 1okE A0 =, ShHolt B4 uht
o] Al |5 Mg F Al A m]E AFRo] A
£ ABE So QAT 2L e T AHA A
7k Eot wskE 2o Ok ZAste] §EUFS A
Arshe ejolch. AT A uE S Tyl AT §54
H(F)L 4 (1)2 AT
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="

F=Influx/out flux per unit seepage meter area [L/m? day]
V="Volum of water in the bag [L]
A= Area of seepage meter [m?]

t = Measurement period[day]

@

Al (DollA V= S3717 3¢ sk JREF &
2o Bujolu], A AlmAu|ele] T, te 24
71708 elajgich. 4] (1)) Aol glolA Zo] R
wiskego] o)) S A Asivt ABSE 6
A Ynsie, wzlgo] ()Y = 7HIW A&
7L SR ERL ulgi,

o Ao AREE AlTA|E = HEHTS &
2} #0] 0.25 m, A& 0.58 m=E A &=l on o}
Be Foon Gwe daolch gt 9% @
od= AFEFE 9424 1FPIE ¥ 5 e
A8 50 mme] 7S wEo] Rk LR
Am|7)u]Elo] a sot Soi71A 517 $iahA o473
50 mm, 4317 55 mm I7|E A5G Th 1 af
Mot JHBFE At YTl AlgA|HH
2HE E0] S0 g 4= A 37 ffste] 1

Fig. 2. Schematics (a) and a real picture (b) of the seepage meter (after Jo and Jeen, 2018).
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Fuife] Sl +9E o1 9% 10 mm, W7 8
mme| HZ & FE((PTEE)E 79 Eol Ut A
AEE+= Eodd(polyethylene) A& 2] =
£ AHgstglen, ol e 58 E 5 e
QR0 gt F3FE HA] YA st FEE F
dd AotrE Boshy Aeg ARS 471 9
oty FE} BRE AHIEA S5 A (steel
use stainless; SUS) HIEE AME-3to] S A7 52t
E =R @A dZstA). AR u|EE X5}
o= AEARE AFA AZ7HA] 9 E&Eo] 9]
£ o] AEst Zbsal &g o] Adsith E
gt AT A ulE] AR|= BAE fs BEE EE Sl
AR5t Alm] 2| u|Elo]] 22 HH-FF7T Eofl &
3| Fd 4= Sl 97 2 asict A9 R|uEof A
AeF7F WA A] A 1S AX F LAFE 547
7t Foll AT & 29 HSES SHTOEHN A
ko] FEUHS AL £ ok & AtolA =
2018\ 6Hol| A 8U7HA] - 374 9] 77k 52t F 1~2
3] St om, Zhaego] B2 79l 33 A4S
SHATHEE 2). AT A m|E] AR i 18 19 A
=] glor, F 47l Z|Fof| Alm| 2| u]ElE AR]53T

A &5 FEFE LE5A9 FAZ AT &
EHIHE DoA FE5AE ol &ste ST FE5
O] A& =t 4 GA| A F47 AW = 2
O] S Fafl Fof Akttt 5A1= 27 66
mm 9] 137 mmo|H, 24 H = 2.0~150 km/h
(E+=999 m/s)o|t}. 42 X F 60 mmo] 54 5
-8 v & ol &ste] S A B, FE
F 5782 3719 AR (2™ 3a)= skl ZF A3 v
ot -4, Fol, dol& S, Al X< dolt
7o) Bo-Z Fote] FEY BHA S Ao
LFA A& FE2T9 2E 19 3bofl e
I, FETY FEY i AR QloA 4kt
Fo 2 7PYst WA ALSEaT 452 24 A
A ol St A-olA SHsHAT AEF 15
2 3709 A Q9 f&5L Batsto] ALlstE o, &
79 P DA B {E AEEE Fot
LFA A #5Y FEFS T

LEA 9] Aot F FUHE S A A1 H
DAA T A3 FUHL/m' day) ol 25719
2271 W & (m?) (Choi, S.-H. et al., 2015b)& F3}e]
At o, A F4 FEHE Yol AT AA

r emoa Axie = o A
514 SE S5e £5 2 4% 24 465

4 Q)= AR

Fx Ay

© Vex Ao

~ Groundwater in flux
Sur face water out flow

(-]

F= Groundwater in flux per unit seepage meter arealL/m?day]

A= Watershed area of Osongji[m?]
V4= Linear velocity of sur face water out flow[m/s]

A,=Cross sectional area of outlet of Osongjilm?]
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Table 2. Groundwater influx and surface water outflow measured in Osongji.

Total surface water Total groundwater influx / Total surface

Date  Groundwater influx per unit area (L/m?2d) Total groundwater influx (L/d) outflow (L/d) swateroutilon

Start (5/30)  Sitel Site2 Site3 Site4 Sitel Site2 Site3 Site4 Outlet Sitel Site2 Site3 Site4
06/01 3.40 4.17 0.59 0.44 1817.11 2229.17 317.49 236.43 483.01 3.76 4.62 0.66 0.49
06/06 5.62 4.87 0.23 1.11 3007.35 2606.10 125.64 595.80 0.00 - - - -
06/08 6.70 9.39 0.50 142 3586.93 5025.76 268.51 759.94 0.00 - - - -
06/19 2.27 2.07 0.12 0.72 121591 110537 62.64 386.88 0.00 - - - -
06/26 1.60 0.65 0.22 0.98 856.93  347.40 118.70 526.89 0.00 - - - -
06/28 3.98 0.74 0.11 0.64  2127.84 395.17  60.80 34451 2045.05 1.04 0.19 0.03 0.17
07/02 2.47 2.23 0.00 0.39 132230 1195.64 0.00 207.72 0.00 - - - -
07/04 6.33 5.61 0.00 0.45 3384.28 2999.24  0.00 243.18 2879.17 1.18 1.04 0.00 0.08
07/06 6.48 2.46 0.42 0.03 3465.34 1317.23 22292 15.20 2452.03 1.41 0.54 0.09 0.01
07/09 2.78 1.16 1.01 0.33 1486.11 621.46  540.40 179.01 2713.59 0.55 0.23 0.20 0.07 ﬁ.
07/11 3.37 1.15 0.42 0.03 1803.60 613.02 222.92 15.20 1207.35 1.49 0.51 0.18 0.01 O_to
07/13 1.61 1.16 0.07 0.02 861.27 618.09 35.46 10.13 537.68 1.60 1.15 0.07 0.02 N
07/16 4.17 0.45 0.40 0.00  2229.17 243.18 216.16 0.00 228.19 9.77 1.07 0.95 0.00 FE_O
07/18 5.11 5.11 0.08 0.54  2735.80 2735.80 40.53 288.78 71.54 38.24 38.24 0.57 4.04 r'ﬁ
07/20 4.51 2.39 0.97 0.19  2411.55 1276.70 516.76 101.33 235.87 10.22 5.41 2.19 0.43 HIO
07/23 4.86 2.27 1.77 0.11 2600.69 121591 945.71 60.80 32.33 80.44 37.61 29.25 1.88
07/25 7.73 532 0.72 0.34  4134.09 2847.25 385.04 182.39 0.00 - - - -
07/27 3.98 4.17 0.47 0.21 2127.84 2229.17 253.31 111.46 0.00 - - - -
07/30 5.56 4.29 0.00 2.18 297222 2296.72  0.00 1165.25 0.00 - - - -
08/01 6.33 4.81 0.68 1.52  3384.28 2573.67 364.77 810.61 0.00 - - - -
08/10 1.73 1.39 0.00 0.00 923.19  743.06 0.00 0.00 0.00 - - - -
08/14 3.98 2.78 0.55 028  2127.84 1489.49 293.84 151.99 0.00 - - - -
08/17 3.33 2.93 0.29 0.10 1783.33 1567.17 155.37 54.04 0.00 - - - -
08/21 3.09 2.08 0.33 0.10 1651.61 1114.58 177.32 55.73 0.00 - - - -
08/28 2.27 1.71 0.38 0.26 121591 914.83  202.65 137.51 8774.44 0.14 0.10 0.02 0.02

Average 4.13 3.01 0.41 0.50  2209.30 1612.85 221.08 265.63 866.41 12.49 7.56 2.85 0.60

Standard 4 o5 508 040 055 93645 1112.86 21597  296.59 1894.79 2390 1429 834 120

deviation
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gt W AR A Aok
A5 A2 el digh vlns &3l 2 A9 &
7ol W Astg= fEdFel tigtk vl F7pt 7t
5312, o)A ¢3¢l Jo and Jeen (2018)2] Ao
A9 Aot fEUFR] vlw BAE sttt H]

(b) Length

Areda for outlet

yideg

Fig. 3. Location for measuring surface water outflow
rate at the outlet of Osongji (a); schematics for calculat-
ing the cross sectional area for outflow at the outlet of
Osongji (b).

Al R graRe] Az ad 58 BH
AR AlFAuEZ SFE GYHET A
a4 Bt 9EYFL 0757 L/m’d~+0.909 L/m’d
oju, 7wkt |5k fdFS A2 vl etk
(Jo and Jeen, 2018). &R0k = gIRFOE Fr=
& A5l fAdF v w ] S0 v Btk
QXA Alg e 2 ZHH GYHAY A5k
Bt SUAFL 4041 L/m’d~+4.13 L/m’d = g3
Aol sl ok 5uf o]4f wokeh YAz
ST +1.82 L/m’dE 24x]9] AT} 3 =
AEHH (2R 4), R AR o fAdF2 1,2 73
o] S Boke W1 3,4 (Y S Bk =
A vebdtt B3 4AARE 3() 9] gk Hole
A #0] FE= YRR @82 A ok+)
o] gk Ho| A R5ZHE X|sl=2 9] f-Z0] 1t
ERLbA] gkglet

E3 2EA = el el Aska=o] Kol oF
19 Jx9] 7|12E F M7 02 ¥islsle shde] g
ANAFEL v wd S22 W& Hgow, ol 7
FA A TR B ol wekA] 4Tt o m A
E3 oA B4R o= ARl 2= 2 B
oJZtHChoi et al., 2014). 25X]|2} G AF2] T
WAG A5k FEYF v A 25 FA9Y
ol W& =7t 233] A-dufee] R e fA 2
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Fig. 4. Groundwater influx/outflux and precipitation at Osongji in May ~ August, 2018 in comparison with the max-
imum influx/outflux of Deokjin pond measured in 2017 (after Jo and Jeen, 2018).
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T Yol vls) AgewFo] 20 whaka =
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Table 3. An example for calculating cross sectional area for surface water outflow at the outlet of Osongji measured
on July 8, 2018 (from Fig. 3), along with the linear velocity of surface water.

Site D Site @ Site 3
Length (m) 2.05 1.9 1.75
Depth (m) 0.10 0.09 0.08
Linear velocity (m/s) 0.3 0.4 0.4
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Fig. 5. Groundwater influx/outflux and precipitation of Deokjin pond in May ~ August, 2017 (after Jo and Jeen, 2018).
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Fig. 6. Conceptual hydrologic circulation system of Osongji.
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