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HAA ZA7}F ol AZIHL Sl v, FEldshAl W 9 seepage meterd 143 HAAESY 5& FH A
St o€t

Submarine groundwater discharge (SGD) has been recognized as a provider for freshwater, nutrients, and dis-
solved constituents from continents to the oceans and paid more attention with regard to the mass balance of
water or dissolved constituents on local and global scales. The submarine discharge of fresh groundwater (fresh
SGD) through seepage or springs in coastal ocean may be especially important in aspects of water resource and
marine environment managements in the future. Based on the worldwide compilations of observed fresh SGD,
our review reveals that fresh SGD occurs in various marine environments along most shoreline of the world
and the global estimates of fresh SGD were approximately 0.01-17% of surface runoff. In addition, the input
of fresh SGD calculated and investigated in this study were about 50%, 57%, 89%, and 420% of total river dis-
charge in Jeju Island, Yeongil Bay, Masan Bay, and Yeoja Bay, respectively. These inputs from fresh SGD along
the shoreline of Korea Peninsula are much higher than those of the whole world, greatly vary with the region.
However, since these estimates are based on the water balance method mainly used in coastal ocean, we have
to perform continuous monitoring of various parameters, such as precipitation, tide, evapotanspiration and water
residence time, which have an impact on the water balance in a lot of areas for evaluating the precise input of
fresh SGD. In addition, since the method estimating the input of fresh SGD has brought up many problems,
it is required to make an intercomparison between various methods such as hydrogeological assumption, numer-
ical modeling, and seepage meter.
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AT & A EHHO0E F3l glon, AlgA o4
% F] gFoln FZ BlEo] uE wurhs gold o
o7tk el Bldor Eeirhe B2 A B Hue st
9 BRE Y 4 e, ESE dikEoR §qtog 44
#HIL 01§ 4 Qv vk, Xsles N2k Baeal e ¢l
AF& B8 7P Wl 71 %k Lol Alo] o} oY,

Ao Aeke] A E 3 H5 FuHE AHRd(Fig,
1), 7el84 4273 A hydraulic pressure gradient)ell 28l x|Zh]|
EF5FA AFALel9] He tig%(confined aquiferyS Wt £
FE == el (submarine spring)et AH-H ti5% (unconfined
aquifer)& 319 25+ gEl(nearshore or offshore seepage)’}
AUtt. §359) FHE FEEHE Adlge disge] agto] Hoj
AEo] e WA EMIE O R 5013, AR tieEe B3] &
EHe Ak g5 (wave setup), 34, W} 5o 4gks w
o} A#ER= 8l (re-circulating seawater)?} EgE]o] o] =
YHChurch, 1996; Moore, 1999; Taniguchi et al., 2002).

olYdt PAlakr HE dXEY AAE B 422 S
FUEFE HIES 2 8 e S Yo S &
2% Fador guAWA F BAEEI FH M 1 F2
Ade] AA) =1 UK Church, 1996, Taniguchi et al., 2002,
Burnett et al., 2003, 2006, Kim et al.,, 2005b). 4Z =9, Moore
(1996)= *Ra TALLE olgslo] w5 F4e 58 2 U5
AFA s S5 X3 A RS fEEe) e
E fE%9 oF 40%°) ©121, B, Cs, Cd, P 57 22 @& 3}
SAE-E-S dlokow Ao JErn Rusigic w3k, A

Evaporation Precipitation

A AR KRS B AFOE AjlHE Cadl P AES T
45 9krT} 10-20% ZOH (Milliman, 1993), 2] New York
2] Great South Bayolr 28® A3k B3l vho= 358
AL vh dlgE FARI Y oF 50%E ARAIshe A o= vE)
HTH(Capone and Salter, 1990). ©]2{3t S|AX|3FE F3 4ol
A ko $uke FUYBRFE vl 2 B saEe o
orafjed o) o oksl(eutrophication)2t FAYEIA] 2 dge &
2 81t (Johannes, 1980; Simmons, 1992; Burnett et al., 2001; Hwang
et al., 2005a; 2005b; Lee et al., 2009). 3+, Kim et al.(20052)
2 e FRloA ol2ish sjARlskT frEe] At & 2 A
Al @, A2) 5ol viXe Js T3] 2 o v} Qv

SHA, AT AE7ES AR Q18] A Ao R & R
o] AHztel ) glom, olglgt B F5E 4] st
712 ZHE] AMzE BE Al IR A E g1t
At TS, 553 2 U 58 ol 8% Al FAko)
tieke g AMAlgoigict, 2, ARl A FHdelA QIzke) AMSE
F AE G20 96%7t AR EATANE BElaL 217kl 9
B AR X 8kre] R 1%% HA| et 53], SA3lA o]
23t M348 o] 8] HalME 15 AN e B2 v
£5 59 4 WnjglY] 712 95 Foksle ofERol itk =
g, aliqlrt e RE TAlY] Agk A Ak A3t
2 Q3 A Askrke] AR g HTIFE s
A WAA G Grdtel B2 o U Ak 29 E 37
FAE A 5 T, 2003).

FH 2ol A3k SRR E Aljbe 1 soFo R sk}
Aurbe diseEol Q139 Euto] Bg X3l HrAE o
3o XElrE QAR Fghe A AehEE A4dskA

Evaporation

Fig. 1. Schematic diagram showing the
types of submarine groundwater discharge.
Arrows indicate the directions of fluid
movement. A Subterranean estuary is
formed at the transition zone between
fresh groundwater and recirculating sea-
water (Hwang, 2005).
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v, b7t 2ol @R]ske §E0] ol g Xel virhgs A
g3l TS sk o] EE I Yok 4, 2001;
Taniguchi et al., 2002). ©]&3t AR Qo] A& AL A9 o)
E9A &2 A vE fEEE ZREFE ol o] £ 9l
& 5k opg} dijb}t RO R vitEe] AWEE AR WS
T Utk ARo] gtk A, AR fEEE A A
9] 3p3tEA Fd Y AEAT] ARl JFE HIXEE Moore,
1996; Bumnett et al., 2003; Hwang et al., 2005a), ©|2{3} & 744
o B3] FAMAR] SHThE I < "ok A x5
2 v 28] feie FRED AR fEEE B
Aekre] <, YAAA AN, A AeAS I 55 T
Merd/ds HA Frisioiof & Aol

JHEE, B A7 A7 A AAECA g g
sk 2ol gt JAH 71F 9 o] gALEE sk, ke
TR AN FAE ARG ATFEHE 7122 GRS 7
2% AWt 9 ZE EF L AAA OE ddxge
HAEkE 2% vz

-

oA EXISt FE2 HAR B H 018

AtaiHelx gRlsre} digAtel ] Egtatgel e o]
0] fgtolu} FEjsh Holol A 2 FRE W2 AT} o]Fo]
A $th(Segol and Pinder, 1976; Reilly and Goodman, 1987). 1
2lH, o]59] FE B FZ djdolr SXFo RS B o)F
=, 85 3 F(saltwater intrusion)°l]l &$F 70|31t} o] gt =
Ao digt A7 dlid s S5t AAR oz P35
EHA HI7HA] et AgE T Qlct. ool nbal, djA=] 3=
FEFE EFA A7elA & 18R] ke, 1 T2 992
FAo] 2 A YA W8] wiEolth. T2y Garrels and
MacKenzei(1971)= 3| ollA jAA| 8152 fE2 A E2iS 5
g B 50 10%) 23k B s, shelo] o) AR
A%M(Kay et al., 1977)% F-71%+ HF= (Hanshaw and Back, 1980)
AxE iF-Ee $4e] B57t SAE B8 dlde® fEEe
RO 7 Jelth 53], 835 Fe9 XAEs fEe) AFH,
A%, B8 5 AAAIL B AR Helx] wAEg o, o]
e 15 F Y= ATelA "od g FEI 3o &
FE AlFshs A0 ZALE T Zektzer et al., 1973).

S Azl §35 FHR dYeE fEHE A 7
Hg oJoprl= ofu] Y A7] AFE Al 231 9t} BC63~
AD21° At 2ote] A2 SARRI Strabois AlE|ohR|F8)2)
Aradus 4] - LatakiaollX] 202 oF 4 km Hol7 §345 3
ZAA GE AFdte] IS TA(AmI)E 2Wsk] AREsIgitt
£ 7155 FHH(Kohout, 1966). Z3olxE= S 2HE 2k 60
km Hoj3 §:F Fe ] DA|slr} nlR] mo|ZE F3lo wikA
U 23" £730RE 7155 SIck(Pliny the Elder, ca 1st century
AD). o]t ol 2} A¥|Q19] CadizitolA % o]2] gt £31152] 3§
HE whx] U2 g E aitelA SRR Sukellths 7150] itk
(Zekizer et al., 1973). Calvino and Stefanon(1969)y= A9} o]
gejote] AARZ B2 &7 Aoz Bk Qlu o]
£ F /P & £35 & 8,600 m¥/day?) AErE dko g B

ol

Z3ltty B st =3k, 3309 Caucasus 3|9t H-2] Gagra
AHNNE B a4 3571 AL o5 5 /M E &
A= 2,000 m¥/daye] A3kTE AR FE BUle 202 B
TEQTHZektzer et al., 1973). 53], A% Florida B5% A
¢toll 9)x]3} Crescent Beach®] S|t 28E 4 km EolA S+
2 A $35E 3.7x10° mY/day?] BRSBTS PSR 25}
= AoE 4dA Sth(Kohout, 1966).

olglgt £352] FHE FYL R FEHE A= i
A (water resource) B4 TIFSH B2 02 Aol o] 4=H$)
t}. 314 Etruscan A1YE2 ‘hot baths’E 3l At -1FE AL
8319 11 (Pausanius, ca 2nd century AD), 5F E4-2] Carpentaria
o BZoA e 7] dhy- E718 o438 AR RE BT E
do] AggrE AL © 1 (Semikhatov, 1954), FEA]ofgt
Bahrain] 2] 9FUNEE o]} FANE o E GAETE Eof
o} Aol o] &3tth(Williams, 1946). 3, Z3]9] Gagraxl
oA SARE B3 wARe EXEE Ak & e A
82 AREV)% 319t (Zektzer ef al, 1973). P52 7%
u|= R0 7a3 g TAE AEEFE FFE 5
o2 gAY diFe BXEIE 0]8E F e ks 48t
715 d%oH, 4 A st il TEE ol A
B E Bol 2123 )E SFTHZektzer ef al., 1973). 53], o|&
3 A GRS 7 a&H 0T o]gdt AllE B B
5 Qijh ¥2of] 243 viddE & 4 Atk o] Ho= s vt
S7F B2 2 g5t AHUNL, Ao o] B I
A2 Jo| AMSE F Al HUTH(Zektzer, 1996).

3, o2t S5l st FARHR]l 7152 vl E
20 YR A5S 2EET 22 EHE B8 9% A
3l WE e tkhttp//www.jejuwater.gokr/). ©1E ARl 7]
E& B, AFE b wet B2 357 SAEAL 1AL o)
23 $A5E AR AR ] FHEATE B 3}
I 9t} 53], 4T SHE@EBA mEH)ohs e )T
e 29 el 25 AR )] ok EES 108 Wl
A wtt v § Qo FE Alog of7|a HH £ 4-508]
of o]2u}, Bk A 3 vl ¢ glon) AHE ojojx 1
2EE &F Ror) AL olE vAAE & HRlo] TESI
A4S 3 ol dop &= B77F Qlo] 4F AFER AR
HSE BT Qi) #Hol|, ZA|oke] A1 Eckstein(1969)
t AFE FHY 3155 AR A, AlFE FHA A
£359) FHE FY=EE g 2 4x10° m¥/day2kal 3K
on, ol AFE UEles § 2539 44%° sidsirt. ol
3 SHeE AeEr) AR BEEA] 49k 19804 o 7t
A AFERS Aeint ohlel A 9 FULTE o] 8o
stom, (g% AAX shitrte] WAov #A]9 ZE YFA Y
orE i’k T SAFE o] HEFo} HHEEA o]&
32 glchFig. 2).

H|E o5 §35E T3 P4 25 /&2 vlwe of¥
A5k, AAA L] tiE-2e Fiebadg wet FEEHE gRE £
|35 BX @A 4o 2HE B2 49 grE AU E 3F
She ZoF deA ok 53] S Sk AHAWE et}
29 A5 Eo] g mAUE & Y& o tFFoE o]
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Fig. 3. Global distribution of permeable sediments on continental

shelves for potential submarine groundwater discharge (Burnett et
al., 2003).

FoiA 9l (Lambert and Burnett, 2003), Yyta o & SAko =
s s} 5] gl dke S Akt &4
sk g e 7hedo] Tt w3, siokE wet v (seepage)
e HAEE B A9S 53 dge® 257 i) 1
FEF Yol £ Az flE= gxeke vt A
Ao7 v 8% 4 STH Taniguchi e al., 2002; Fig. 3).

BT RE]
SiA EXisk: fE AL

ke F3) MALke s A fEYe AFso
WSPH 7] W] 1 fERE Yohdket) B ofelgol gt

A O ARG ) §2HE Yohf e ofe) st

i
1ot ZAl 7R E Ve 4 cHBurmett ef al., 2001, 2006). 3}
L= H87l(seepage meten)E o]g3te] AgAcE 11 $EFS
Hopfi= W o)L (Cable ef al, 1997; Kim et al., 2003), 5=
E5 A (water or salt balance), =2]%)282 1€ (hydrogeologic

Fig. 2. Photographs of fresh groundwa-
ter discharged through submarine springs
and seepage along the shoreline in Jeju
Island.

assumption; hydrogeographic separation; Darcy’s Law) 53} 20|
T3-S o] 23 o v (Garrels and MacKenzie, 1971; Zektzer
et al., 1973; Giblin and Gaines, 1990; Oberdorfer et al, 1990),
MR 2Ra, #Rn, CHy 3 Z& Al F5-¢ das
HAE 0|45t I FrEFE dohle WloltH(Corbett ef al,
1999; Kelly and Moran, 2002; Hwang et al., 2005a, 2005b; Kim
et al., 2005b). °|F &AL FHAE olgslo] AAAEE F
EF9E Yrlshs WS §FeRRE FYEE gRsks ¥t of
Ut Aegkshe sleg b vl gxlskrd 1238 3
7¥eb=dl A2k gk mEA, gubE o BiA gAY
E9S Yrished 7 gy o851 S EvA 2
olH, ol &} 2 ket o2 38T 4 QltH(Oberdorfer,
2003; Eq. 1).

GW = P ~ SRO ~ ET D

o714, GWe BR8] 53 (mY/day), Py 738 (precipitation,
m'/day), SRO= A E58] &% (surface runoff, m’/day), ETE
Z3 2 (evapotranpiration, m*/day)e WEPATHFig. 4). ©] &%
A BEE BT 73, o) A%t 5o FulistE selsied
A @] AEHS dohiAul, AA ZEhEs] )
o ot AEet 3he St LohlZ 17t olHvhs ©3lo]
w2t B dFoM= F1 AR A 2Rtk 1EHE Yot
Ui7] flsked ok} 2o] Wgd B4R HAE o] &3t Al
SIATHEG. 2).

ol

GW = (f x V)/t ~ P x A ~ SRO 2)

oJ71M, GWe BXI5152 REFm’/day), fi= A2 (or THH
G57t AR v, ve Al2" Wl 29 B9(m), o= AL
Y B9 AFAHday), PE € B AT (m/day), A AAH
o] W& (m?), SROE 3Hdolv ZES B3 A B 25 7Y
(m/dayyS VFERATH
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Fig. 4. Components of hydrogeologic and water balance models (Q:
Groundwater discharge, A: Cross-section area, K: Hydraulic con-
ductivity, dA/d/: Hydraulic head gradient, P: Precipitation, ET:
Evapotranspiration, SRO: Surface runoff, GR: Groundwater recharge).
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SIS T AL A E B3 X8 fEFS AP
Adl Fallel AFE(Kim et al., 2003; Hwang et al., 2005a), &
ZHHwang et al., 2005b), PHIFHKORDI, 2003), 181 %3
2] AUTHKim et al., 2008) T X274 S-Eue} FHsH Gl
TR AR AT7ARS} 25A B o] 8313 9714,
EFA 43E 257) g 2+ A7A G AAE o)A AT
Eo] AARBF FEFS AP S8l AAg Aoz A
It Tl o] RS thF-Eo] FEike FHoE AT
ofz] Qlof b= Ao gk GXskr AEFS Lokylod:
FE3to] gt} o] e F7HAQ A= AkE HE3] ¢35l
B AT E 7|8 FERdeE 2dE 2A19) HA (Darcy’s
Law)ye o]&ste] 4% feluet FH9 g3l /& A=
(Yang et al., 2004; Han et al., 2006)% &7 ©}83}3},

A oF

SRIKE Z 010} SRS S5 TIAISIN0| SEY
At AAZ B8 DA 45 AL 99 AL
9419 242k9) )59 7} Sfeid FHES Table 10

HIFEz FH oolo| HRGI /&Y

@l $IX% PN AFEE Bl 22 v ¥
ot 2T B2 IRE o]FoiA Qo] FeFe]
& A7lelle 79 tifto] AetE AHEAR, Age] B
A71(6-38)Ne AAIZ 02 X FEel] 7HEH (intermittent stream)

e - AP -

ol

o] Adslo] 7] U} YR FEHE BHS At &
3, X5k FoFEo) 4%EA AT BRI 18%ET Y FO
o, 7$-ol w1 Ao wlel Aslrgle] WEo] vl AT (Park
et al., 1994). 3R, AFE FH-2] Akl fx] g ke g
HAHZQ Yrisig oz FHdo] 8.1x10° m? BiF4ol & 3 m
olt}, Zak= A} < 3 mEA Thil FFFAT A 2w, 3
A HBL Fido] T AR o)A Qi) W FHe
2= 2 35 o) glor, ol A& h e EFS
F2 ARSI FEF 24 gt &l el
g 34 g2 Ao APt Hwang ef al(20052)2 355
HAA ST 72 F2HAR] Ra 5949 PRad] ELAFAE ©]
£33 TR SAREE FEEE AR U it

Hwang et al.(20052)°] 20053 58] A3 HFrhy 352
B FEL 3299, dde] FHF FEE 34.015.2H, 0|27 H
Axra il g7t 28R H1E2 3.0% o]t o714, Wt
o] AA 29 29(2.5x10° m>E 12shd, Thi Bk 7.5%
10* mPoly, o7 Tl E2] AFAIZH2 days; Hwang et al.,
20052y T3PS o 3FEet TR f=ofof s B
2k oF 37x10* m¥/day? Ao2 FFH At 1y HTRE

S S ThilZ #)sE oy 8ol 9l #5Y o4F
AR R gl W2 Ao F 3.7x10° m'/day?] Bt
AR FHE FdE Aoz AZEr). o] o]xell Hwang
et al(2005a)0) A WEIE FUEE A RS 7
H(2.8-3.8x10° m¥/day)2] oF 10-13%¢°1 3|F3ct. 5, H|S A
Fo) BN 8o 2R SR Fe) 7he & Aol qlo] W
ok e A8 FESY gASKE fE% Aol AdFRl 1)
FE JE BES B EX8kE fERS AFEed Ye
+ 9% 735%(9.3x10° m*/day; Hahn ef al., 1997)% Bl 3
o 0.4%el et

3, Kim et al.(2003) ©]& el seepage meters ©]-8-3 A
2181 FEF ATl SleF BEUSE EFAE o183 &
A AT AA sk B8 A&y B8y E%
4.1x10° m*/dayl 2™, Eckstein(1969)°] AFX sk} 18] &)
A48 (submarine springyS 3l WAU7Hs BRIk 2% 4.1
x10° m¥/dayel2ta Bt} ol5 A#E T8 B o AFE
9] A AksledoA & A FHE FUHE X6t
F FEFS AT AR A5E oF 50% YEQJ Ao &
[iel=

OIRIGH 7 I0l0| EfR|K: RER
ofheke. o) TERES oI5 Aole] A WA

A WiRkeZ, WAL oF 320 ke, HEFAHL o 5 molt. W

Table 1. The values used in the water balance equation for estimating the fresh SGD

Parameter Study Area f Vm’ 1 day P* m/day Am? SRO m’/day Reference

Bangdu Bay, Jeju Is. 0.030 2.5 x10° 2 0 8.1 x 10° 0 Hwang ef al. (2005a)
Yeoja Bay 0.234 9.6 x 10° 9 0.016 3.2x10° 3.8 x 10° Hwang et al. (2005b)
Masan Bay 0.043 8.1 x 10 23 0.004 7.4 x 107 6.4 x 10° KORDI (2003)
Yeongil Bay 0.005 1.1x10° 15 0.001 12x10°  1.6x10° Kim et al. (2008)

*Precipitation represents the average precipitation before 7 days of the study period
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AZe] QA HudE B 2 fYE 1 A 9
Al oF 1.6x10° m¥/day?! 202 AR Qlrt. ojzlgio|aie] 2}
= &Y 43 m& W ZARE v sigest Sjsligele) wEke &
< Ao B R QE A3k Esioh oxiwhd £
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T FEE @A EEE o 1.6x107 mY/daySitt. o1&

Hwang et al.(2005b°] 5788 oJAQvhiE §3=e A A4

Rl

[e

o])lt

O::
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Ql Ao oelA] Qlrt. viikgk HZofA 9] Hiza= oF 1.3 m
2 ulhe- o, S ENE YrRe) Y Eag s uel g
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Table 2. Comparison of the input of fresh SGD on the global scale.

5 - 2

- o3

Method Amounts of fresh SGD to surface runoff (%) Reference

Hydrogeologic assumption 1 Nace (1970)

Water balance 10 Garrels and MacKenzie (1971)
Water balance etc. 10 Zektzer et al. (1973)

Water balance 31* Lvovich (1974)
Hydrogeologic assumption 45 Chandury and Clauer (1986)
Hydrogeologic assumption 03 COSOD (1987)

Literature 6% Berner and Berner (1987)
Hydrogeographic separation 6* Zektzer and Loaiciga (1993)
Literature 0.01-10 Church (1996)

Water balance 6 Shiklomanov (1999)

Water balance 2.7-8.0 Burnett ez al. (2003)

Water balance 12-17 Seiler (2003)

*Total water flux = base flow + surface runoff
*Global surface-runoff : 37,500 km®/year

Table 3. Importance of fresh SGD on local scale

Fresh SGD  Amount of fresh SGD

Study Area Method (x10° m¥/day)  to surface runoff (%) Reference
United States Water balance 52000 12 Nace (1969)
Great South Bay, New York Water balance 6.8 20 Pluhowki and Kantrowitz (1964)
Darcy’s Law 72 21
Long Island, New York Water balance 1.5 33 Isbister (1966)
Eastern Coast Mathematical Model 120 1.0 McGuinness (1963)
Tomales Bay, California Darcy’s Law 0.7 4 Oberdorfer et al. (1990)
Santa Barbara, California Water balance 0.03 0.04 Muir (1968)
Kahuku, Oahu, Hawaii Water balance 21 1.0 Takasaki and Valenciano (1969)
Marine Cove, Cape Cod, Massachusetts Wiater balance 1.2 27 Giblin and Gaines (1990)
Darcy’s Law 8.9 200
Salinity/tidal budget 0.8 18
Waquoit Bay, Cape Cod, Massachusetts Hydrogeological assumption 5.9 133 Mulligan and Charette (2006)
Recahrge estimate 2.7 62 Cambareri and Eichner (1998)
Seepage meter 23 52 Michael et al. (2003)
Seepage meter 52 119 Michael (2004)
South Atlantic Bight Mathematical Model 120 1.7 Younger (1996)
Chesapeake Bay Darcy’s Law 1.1 0.006 Robinson (1996)
Numerical Model 0.6 0.004 )
Baltic Sea Water balance 300 1.1 Zektzer (1968)
Aral Sea Water balance 550 4.0 Pashkovsky (1969)
Gulf of Riga, Latvia Water balance 30 1.0 Zektzer et al. (1973)
Korea
Jeju Island Water balance 410 44* Kim et al. (2003)
Submarine spring 41 4.4* Eckstein (1969)
Bandu Bay, Jeju Island Water balance 3.75 0.4* Hwang et al. (2005a)
Yeongil Bay Water balance 9.2 58 Kim et al. (2008)
Yeoja Bay Water balance 1600 417 Hwang et al. (2005b)
Masan Bay Darcy’s Law 2.7 4.1 Yang et al. (2004)
Water balance 57 89 KORDI (2003)
Nakdong River watershed Darcy’s Law 310 8.5 Han et al. (2006)
Youngsan/Soemjin River watershed Darcy’s Law 160 14.6 Han et al. (2006)
Guem River watershed Darcy’s Law 31 2.3 Han et al. (2006)

*Amount of fresh SGD to precipitation in the study region.
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Table 4. Comparison of the inputs of fresh SGD per unit shoreline distance on local scale

Study Area Method Input of fresh SGD (m’/day/ km shoreline) Reference
United States

Lake Michigan Literature 350-8300 Sellinger (1995)

Chesapeake Bay Darcy’s Law 6.6 Robinson (1996)

West Neck Bay Water balance 500 Cambareri and Eichner (1998)

Waquoit Bay Hydrogeological assumption 4000 Mulligan and Charette (2006)
Australia

Cockburn Sound Water balance 2500-4800 Smith and Nield (2003)
Korea

Jeju island Water balance 16200 Kim et al. (2003)

Bangdu Bay Water balance 13400 Hwang et af. (2005a)

Yeoja Bay Water balance 167000 Hwang et al. (2005b)

Yeongil Bay Water balance 1500 Kim et al. (2008)

Masan Bay Water balance 8000 KORDI (2003)

Darcy’s Law 500 Yang et al. (2004)

Nakdong River watershed Darcy’s Law 9300 Han et al. (2006)

Youngsan/Soemjin watershed Darcy’s Law 4900 Han et al. (2006)

Guem River watershed Darcy’s Law 2000 Han er al. (2006)

Kwon et al., 2004)7} 8PS o 2-15% Alelel Aoz eyt
Tk X3, Yang er al.(2004)2 vlabet FRi| Do $E] X2 8HA
Hel(Darcy’s Law)yg ©]g5lod 548 9xsk: 72% 2.7x10°
m’/dayetal st91em, ol e FAHN A 58 B3l
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& @Rskre] fERe] A ulgy nisshh e B A
TollA Bzl AlFE FHT oziel, dduh, aa v F
W a4 FRE FEFE TR SRlolu FEE B3 49
= "9 YUY 50~450% M Ao Yehyit) o= o
B0 R AR FEo] AlFIHSR & Ao|g Bo|,
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785 At 552 ol &, st o 2RE A @RSkt
ke Aelg #2437} 817) Q) A 02 AzHech(Taniguchi
et al., 2002).
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