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Abstract

Many coastal countries have developed and used a wide range of technologies and policy measures to protect freshwater aquifers and
groundwater resources from seawater intrusion, and have established and implemented a foundation to legally and institutionally support them.
This study covers coastal states in the eastern United States, the Netheland, India and Japan. The goal of this study is to analyze each country's
legal and policy measures for coastal groundwater management. By introducing Jeju Island's groundwater standard level system, we aim to
provide a basis for future discussions on groundwater management measures not only in Jeju Island but also in coastal areas of Korea. As a result
of'the analysis, despite the various contents and aspects of coastal groundwater management based on local issues and characteristics around the
world, in order to achieve the common goal of securing a stable amount of groundwater withdrawal and preventing seawater intrusion and to
maximize the efficiency of groundwater management, it is understood that attempts are being made to establish optimal management measures,
laws, systems, and policies based on several key factors. First, considering the hydrogeological characteristics and status of coastal groundwater,
a separate special management system is being established and implemented within the scope of the national groundwater management system.
In addition, preventing and maintaining groundwater level decline through limiting the amount of groundwater withdrawal and preventing
seawater intrusion are key policy goals and policy tools, and it is suppored by research and development. Finally, tt was found that synergy effects
are being sought by using various other policy tools and measures in a complex manner.
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Table 1. U.S. Federal laws controlling and limiting pollution into groundwater (NSGLC, 2021)

Federal Laws

Purpose and Main Contents

Safe Drinking Water Act (SDWA)
hazardous liquid waste.

° Provides protections for wells and well fields that are used for drinking water.
e The SDWA also requires permits for underground injection and regulates the disposal of certain types of

Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA)| natural resources.

o Establishes a program to clean up hazardous substances and a cause of action for clean-up costs and damages to

Resource Conservation and Recovery Act | ° Regulates hazardous waste disposal and underground storage tanks to prevent leakage of hazardous waste into

(RCRA) groundwater.

The Federal Insecticide, Fungicide, and

Rodenticide Act (FIFRA) pollute groundwater.

o Regulates the use of toxic substances and requires registration of pesticides and chemicals that might indirectly

Surface Mining Control and Reclamation Act

(SMCRA) mining operations.

o Requires mining operations to replace the water supply, such as groundwater, that may have been harmed from

° SMCRA also prevents water pollution by regulating coal-mining activities and reclaiming old mine sites.

Clean Water Act (CWA)
agricultural runoff.

° Prohibits discharges of pollutants from point sources into navigable waters of the Unites States without a permit.
o The CWA also requires states to develop plans for non-point source discharges, such as irrigation flows and
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Dade Counties in 1945, 1969, and 1993 (Renken et al,, 2005)



636 Y.-G. Shim et al. / Journal of Korea Water Resources Association 57(9) 633-643

Bt Q=] v 9 28-S Jdeal qlom, 2|5k
A AR)9] 517 E ARH, 7HE Al Aok AMSHAIE 5=
7} 21 QITHSFWMD, 2024). A| 5= 2] 2ol 2} o= H &
E ZAsP] fIet LA QI HRES & QI-FR o Aol ARS-
=30 Qlek, thR-R 9] /15 Ulolls & =olE 24dsh] ¢
gt Fo| AR =] of Qlat, TR Rol A M A A AHE
ARg-oto] e = Wete] et 245] th S 4= QL= 5f
2 QJok ey QlgrR ] olrt o I RE 9 ¥
A 2AEE AL, ol=HI 2 3 2o 45 -5}
HRlo] H7| & st = B9 Y-S F|alet= FAl0l
B S R e = e B i R g e g B i
QItk(Bear et al., 1999).

o i

i/

(2
lll
Ir

i
o

r

Ol

TS At AAstarAt st 731 slig B ol sl 5ol
Z o) =
o

o] §1o-S Zmgjof &

=
)

= Pl =5 =
t|2]= AL} o] 7F o 52 Aok A ajlo] HArk A=
AX|h= BAgo] allg= JFoll v A= o] Aert Aokl
T = 7-eoll= T Y AR E 6l 7tolE, o] TY& v
Sh7] 91 S5 S 7R AR5t & Shek thR-29] 517t
= 944 7I7K5d) Bt r85H, o] o= TS Aol ot
2t 2B

= 5l ok TRt ol g A] Rt el AR R
2 a7t EAYRt 7ol = 517 SaskAY
W2 AL 5 Ut 7L &2 Q6 -39 9171 st
Elo] sl FF9] w7t St Ao = Al E= Aol
2 A AR A5k A= A T 22]E FsHA Ht o]
o, & A= AlRtete A9 A7 &5 A sH] SlsliA=
RO Teohs BETNA SHH daole 55, A
g, A5t H 9] T ARG EH, Baof wEbi=
2|5t R g o] ARGE 7] &ttt

Sl FF2] Hel7t A xF S = H sfioka] Hof] 25kl
U= T oA As o] Paol2o] HEH uhah E2 T
E0| AHE- BV Vst Hlg-o 2 Hdtoto] X FH Q= 2 H Y
2 Zot2 FYAI7 = 2 IS obA dot. E2 2t 9
Sle olE 1E35H7] Sl 1983 T4~ B S50 | (Water Quality
Assurance Act, WQAA)= Aottt & Holl ik 2 =5
o= 7 HE AA|sof i, 11 A 2] o= sl EA] &fA}
Al AcHLamm and Huang, 2023; SFWMD, 2024). ]|
= ol AT R ERre] dgto = A5 BUAIA ST A
A9 & =fhof| H3hE F=I0tS A H o7 T Yjohr| =
qtet. o] 22t 52| B Ho] ol A FE B 0 = Ao
Sh= gerto] = 4= 9l =], T F50f o] S &S n]E

>

0,
3,
=
&
=
L

T =2 ol TRt A7 o] F-o1 2| AL ITHFDEP, 2024a).

ExdtholA ol T, Aok g D 54 0 H 5
ol chet A BAE 12517 S5 E shkel 20 WS

= 421 (Water Resource Act of 1972: Fla. Stat. Ann.
§373)2 5 4 9k 5 0L o) o) EAlS] M2 4
Stof, & Hof| wheh S 5] of| €A 0 = WA A] =3t &
ot i 94 oS A i 9 o= A5 tH(Fla.
Stat. Ann. § 373.023(1)). 5 M2 olggt A2 b o
A 8Y5t7] f15h 2|5k gl et =8 |kl tishA 4
5}l Q1 O W(Fla. Stat. Ann. § 373), 5= U] 2] 25 A A1)
si7ksh A, 4719 B5 Sof Pt TRA Q) 52 45ty
ik EReIThE ol & AnAo 2 Age] SIaA
= 5 T2, 9] Part 11, £3] Fla. Stat. Ann. §§ 373.
203-373.2500] W& 5715 WoleF gtk ofuf AR A F ARG
o ehgt 1718 417 SIS AR SI7H A ol B A
8-0] DFla. Stat. Ann. § 373.019°1|4] A oJ=l gta] o] 11 &
o1t Aol St @ B £l 2 A Al E WA
o WA grom, @ Fol7 RYE AZsdor it
(Fla. Stat. Ann. § 373.019(1)(a)-(c)).

47 @] “geldoln o AHg” a1e Baelts
Ul 5719] S| A7 A A o 2 E AR 7S A st

=2
91} ol7ATH, St Johns 2] 2| 70 A9 <ge] o] 14
o3t AFE"E FE5Y] Slat o) 87 BB ALGOR

o7k 4R @2 Zvo] E5I7] 5 Frk(Fla. Admin.
Code Ann. R. 40C-2.301(4)). o]d=} Zro|, E2 2t Z &
el 2R F AR 57 7] 918l F-Slo] ol
o]l frolRt ARGl sigsl=A]ofl Bl 712 AAIR . ©]
o, “tel/d” A2 of 2 WMo thek Al E 24 of whet ot
& G SHA R, E 2 2t gl o] mbaH ol 2%t
Hole O HEARAES 924 8, O A = 3l
=2] &, ® 5578l thet 112 5of =L ATkl
of Tequesta v. Jupiter Inlet Corp., 371 So.2d 663, 670 (Fla.
1979)). °| 4" ER 2t sl AT msiE aata e
B SO|L 7RG A ¢ A o 2 BT 5] flof A -
A=A et d2e], bt e inle 28t 4
1) 53] 725} 9l 8 9 5 ATk Bear eral., 1999).
ES A5t A% W AL8-2 A Al Asel]
3 71E0 24 7]&H 71 ERe oe), Fold 7R 4
o) Ealos 5 alkA] o) Aol 2 Alhe i geld
=A% - A gst gk

]

¢

2.1.2 RAOEF
0= A S 2o Ajte] 2AobF] 73, w2 A



Y.-G. Shim et al. / Journal of Korea Water Resources Association 57(9) 633-643 637

240 B o] get 22 ol w2 F4: 0] 882 20004
715 °F 5,037 MGPD¢] ¥, x|5} o] g2 oF 1,450

MGPDE R 9o} 7| B0 et ol 7} 3wl o] 4}
e Aor BAR oItk Telut S EE Bisle] 2AA
o= AT RE AL WHLC] A AstE T Ho o]

$otm 900], Bo] WEE] AP hFEE Ase] O
5kl Q1= Z 0 2 YERtA! Qth(Fanning, 2003).

Z2]olFrof| A= 1960 T X Sfj4= T Ao At
E A YollA 222 TWEH o] 5 74 F(Georgia Environ-
mental Protection Division, GaEPD)ollA] 02| A A A9} &
Stof TTof| Tt thert A5 S-ofotal &S ueish] A
25t th(Barlow, 2003). £35], s1F2] 9 €] 247 7H(County)
ofl thaliAl=2006'd 6 sl 5 3] T A ¥ o =2 FRxa}
3 0] et o] aeto 2 &4 & A A& 4
Hoto] Alfstal QlthFig. 3).

SHER| o]l 9123t 247] w-2] A[5} 0] G2 19974 7|
= 28.3%=, T AA| 9] A5t o] 857 22.4%2F H W =
j o] 7] 9] Z]_H AEL A AT 0 2 Eolon Ea] A
8ot F5-89 B2 S Askrollit oESk Ql=
Ao=g H’E}"]'E]'(Fannmg, 1999). o] | A = FETH AT
o1, oA W, S1e} A1 L) T} S0 <l

= T8go] 2154 0 = F7IRtel| wet 2|6l FHEge] St
SHA =12, 1= 915l sfotA] o tha-3-o] =91 AR 27t
A slo] 8 2|42 US| ke Folo Ao B
AR} o= AaHA 0 2 Sl HEE 715 A o] 2|
O S AMofoh= H7het 8910 = 2R-8-5HA] Hrhal 2| 2%
H} Q1CH(Fanning, 1999).

" P | e 3
4 . 5
pa / L 5
15 T 4 a3 Ymcms mu‘
TIWGEORGIA, N 3 o (" =1
o3 \ A ”‘D'-m BULLOCH h
v

Turwss {‘
-

I mnmu

LEERTY l
“W"G% :‘5‘,'
o - WarNE

‘x\-

MEHTOSH

PIERCE ‘— —

Fig. 3. Counties covered under the Coastal Georgia Water & Waste-
water Permitting Plan for Managing Salt Water Intrusion
(GaEPD, 2006)

20069 69 |z Y ol HE Tt A 2]
E45 ‘ﬁﬁﬂﬂrﬂ‘ﬂo}o*ﬁ A ds] A-gotarat e thi 24
N5 32 B4l whet ok Zol 379 Az H o =2
A7 o}&’iE}(GaEPD 2006).

1) o] A Fef| A2 FH4 2] =751 97T South Carolina
FHE7IA] o248 theFol ATiH o2 @ Hofl thsf izt
R

5 e
i e R e
2 =08 aed
?é} HA(2A191,2,3)
T EHGaEPD, 2006).

}4%4@4T4A4ﬂgﬂt@%
Zez 0 g 0] o2 o) % & A}
e BT DA 2 2 (ol
]O]'T St/ strte 5171 A€l (Coastal
Georgia Water and Wastewater Permitting Plan for Managing
Salt Water Intrusion: Coastal Permitting Plan)2] 2-8-2 1
= 5}31 Jck(Georgia Water Planning, 2017).

o
A,
12
i)
N
rE
A,
2
=2

]
H 2
2
Eﬁ 12
=
©
I
3
i
il
1o
oo
H
of,
S~
a,

¢

i

O
oft
Olt
<L
=
:O%
o
:\9

Ir
N,
SR
_>|'1_'4
g
2k
o
o
o
0
mlo
olv

O
=

=2
e

2,
ol

o
4
lo 12
UYL
%

Cori oo o

el

L PN o | =T,

T}
2 o
i
A
E

e

22
A2 Sl A¢ts okl e vdaE==E o
Fo| sflp ot Wa gt ofuyzl, -84 359 238 A
SkE7FEE SR Qlo] sl I EE IRt g 2 A9 7HsAd
o] A} whehx] AR 21§ - 21d 9 tlpFof] vt AFAF
0414. J,]ﬂz-]xﬂ o u]—a:‘l 0]-7] _?46} FIR=y3 ‘].OJQ,] ;H:L;H o] iaﬂl—q.
EZp} 5] o2 ojA| 1 Qltt. A=A 0 & out A7} E= 4]
Sl WS4 12A| FaEe] QLo ol BEHE Sl =
A 214 9 i T A 52 B A ERAR| Bk
U O] o]_‘:_z\:l]- 7H O]JJ-Q,] _TL]—Z_?G oﬂ_“:_ —ﬂ 2 J‘,_]-fFG__i
Agkste] k= Al Aol ol2= 2 02 g A gl
o} 2@ A RO A = BT 2h2 58 ] 2| HA|AFE 7]
H}ogg_olﬂa]o}oq 0:]?- . ]Cﬂ;(.ﬂ o]—qa}—ohﬂ]——:_[l'-tl]
NAE FAFo 2 A5 T QIth(Lee er al., 2007).
vlgsteo] & Pl A= 71224 0 & A7 F(National
level)@} 5 F(Provincial level), Z12] 1 71 Hof| B 51
ZZ|(Regional and local level) &2 4 A] L o] Qof| 2|



638 Y.-G. Shim et al. / Journal of Korea Water Resources Association 57(9) 633-643

2 B T Aot 2392 9198 (Water Boards)7F S
AYoh=39ele ZAA A= A= o] Qlth(Fig. 4). A
Kol FAR = 77 w78 g7 e Fol = we
A HES A - Fofok= dl Hlol, 2 2|9 2] -3 Al H- 0] 9]
of 2|17 HE AP Y-S dR Pkl Q=
Zlo] Eo|th(Huisman ef al., 1998). ©] 4 & 343} 214
A= TAZ A g2 = stoll 2415 &5 s dst
= 92 Fol= AN, A= AFE AT Frlstal &
Aot Gk fotal it B3t S YR L 2P H o]

E [e]

HE= Aok G EEAE= Aok Bl A3 AE = Hi A5t

THE AR UM S0 FE S o] il B Ao
Sl SR A7 7FesteS shal Atk(Lee er dl.,
2007). 3t A|shrte]of et Fat2 TA|skr L GRS
Q13- 2] 3] 9t 0] AFE] 2] (Directive 2006/118/EC of the
European Parliament and of the Council of 12 December 2006
on the protection of groundwater against pollution and
deterioration) ©|2]of| "Z|5l=1,, B, MR,
A AR, TEGEEH, o 571 =i Rof w4
Y& 1 Itk (Huisman et al., 1998).

HEREE 19009 H] sl H 771 A w55 o) %, E4a
ol 2ol AEH L =g ol 7 3 S7Fstod 20028 A
A= g1 20% ot ol AT FFe L e Zlow
AP vF QTH(Grakist ef al., 2002). 22 TS Al A A]
317] Slas A o] Fmet o] et 745, Alofs] we
=] 9192 9] 51715 wotof jttt. 5 517 k= g
Bof mhAdolsh, HiF-Ze] -9 AlEE 28 Y E71A
o ZAste] 517} 75 A st S skl Qo] 5|7 HAE

Parliament: First (75) and Second Chamber (150}

Legislative
Exacitive Cabinet: Prime Minister and 13 Ministers
Legislative 12 Provincial Boards (35-82)
Eahe Queen’s Commissioner and Provincial Executives (3-7)
Legislative 66 Water Boards 500 Municipal Councils
% Dike-reeve and or and
Execufive Aldermen (2-6) Mrmen (2-7)

Fig. 4. Netherlands' Water Management System (Huisman et a/,, 1998)
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A P = FF] Sl A AR A5k
2AE AM A 02 AL golom], 45155 FY
o1919] 8552 AL 5He Ao] ST ATHE 7 2
A5 Ak A A 2= A
8 4 QR 817] 18] XI5t40] 42 ATk Hori,
2016; Nippon Koei Co., Ltd., 2022b).
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Table 2. Step-by-step measures under the groundwater level of the water table monitoring well (Municipal Rule, Art 12, Table 4)

Step Step-by-step measures
o Where the daily average groundwater level in more than half of the standard water table monitoring wells in the basin falls below the level 1
Step 1 standard water level for more than 7 consecutive days.
- Water saving information for groundwater users in the relevant basin
- Strengthening water quality monitoring of groundwater near the coastal areas of the basin
o Where the daily average groundwater level in more than half of the standard water table monitoring wells in the basin falls below the level 2
standard water level for more than 7 consecutive days.
Step 2 - Measures are taken to managers of groundwater facilities in the basin if the water intake permit is 10,000 tons/month or more to withdraw
groundwater within 80/100 of the water intake permit.
- If the chloride ion concentration of groundwater near the coast exceeds 90% of the drinking water quality standards, users of groundwater in nearby
areas will be notified to give attention to the increase in salt concentration.
o Where the daily average groundwater level in more than half of the standard water table monitoring wells in the basin falls below the level 3
standard water level for more than 7 consecutive days.
Step 3 - Measures are taken to managers of groundwater facilities in the basin to withdraw groundwater within 70/100 of the water intake permit.
- If the chlorine ion concentration of groundwater near the coast exceeds drinking water quality standards, users of groundwater in nearby areas will
be notified to refrain from using the groundwater due to increased salt concentration.
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