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Table 1. Geochemical compositions of carbonated hot spring water, groundwater, surface water and sea water collected in the Jeju island.

unit : mg/L
Sample j:?%;g o N (S DO Na Ca Mg S K st Fe  F Cl NO: SO HCOs [ o
CG1(1) 2015/09/25 6.65 307 4,720 3.69 210 269 602 38.1 71.3 2.99 N.D 0.03 16.1 N.D 1.58 4219 298 17.1
CG1(2) 2016/01/22 6.25 20.7 4,530 1.03 183 215 510 38.0 60.7 2.63 1.58 0.03 21.8 0.05 1.83 3,509 336 15.6
CG1(3) 2016/04/06 6.21 -1.10 2,858 5.36 132 159 371 35.1 44.4 1.98 0.69 N.D 16.2 N.D 1.92 2,719 031 152
CG1(4) 2016/04/06 6.84 329 2,969 9.65 133 159 372 33.8 45.7 201 0.004 N.D 22.1 N.D N.D 2,819  -1.44 -
CG1(5) 2016/04/11 6.72  53.7 1,928 8.86 80.3 97.9 221 30.5 28.4 1.24 0.00 N.D 16.7 N.D 2.39 1,565  2.09 -
CG1(6) 2016/04/11 6.70 483 3,070 9.68 141 172 403 36.2 48.9 2.13  0.007 N.D 14.8 N.D N.D 2,599  6.63 -
CG1(7) 2016/04/12 6.64 525 2,499 9.16 110 135 131 32.5 39.5 1.67 0.002 N.D 23.8 N.D 6.02 1,615 -7.82 -
CG1(8) 2016/04/12 6.80 -1.10 3,680 11.6 130 159 376 34.5 45.0 198 0.004 N.D 18.0 N.D N.D 2,380  7.23 -
CG2(1) 2016/01/22 6.24 -123 3,480 0.24 338 259 160 69.7 32.0 2.93 0.49 0.08 64.7 N.D 26.9 2,227 339 322
CG2(2) 2016/04/08 6.30 -318 2,931 0.25 339 258 159 75.9 35.1 3.15 1.26 N.D 70.9 N.D 38.8 2,242 252 334
CG3(1) 2016/01/22 6.24 -131 3,570 1.92 418 273 114 32.7 39.0 3.03 0.52 0.12 120 N.D 36.5 2,227 186 287
CG3(2) 2016/04/08 6.28 14.6 2,981 0.76 421 288 118 36.3 44.5 3.16 3.56 N.D 126 N.D 49.5 2,166 412 282
CG4 2015/10/19  6.24 - 2,716 2.40 114 143 358 28.1 44.4 1.03 0.02 0.04 13.5 0.22 0.87 2,124 9.59 181

N.D. : Not detected(below detection limit), E.N. (%) : Electro Neutrality(%o)
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Table 1. (continued)

unit : mg/L

Sampling
Sample ORP EC . EN T
D (Y]z\%eD) pH mV)  (uSlem) DO Na Ca Mg Si K Sr Fe F Cl Br NO; SO; HCO; %) (C)

GI(1) 2015/10/17 8.08 225 512 6.21 73.8 7.71 17.0 16.1 143 009 0.01 0.05 7.83 ND 020 258 305 0.78 18.7
GI(2) 2016/04/06 8.40 -36.0 435 9.47 78.0 8.75 20.5 18.7 155 011 0.05 0.25 10.8 - ND 452 305 456 17.7
G2 2015/10/15 6.66 208 733 541 249 27.6 59.0 21.0 940 032 0.01 0.04 540 N.D 0.67 1.22 438 1.26 156
G3 2015/11/07 8.16 441 271 6.97 18.8 5.94 17.7 13.5 6.69 006 ND 0.05 5.26 ND 032 1.28 144 3.81 156

G4(1) 2015/10/19  7.46 - 90.0 896 5.64 4.64 4.21 15.1 236 0.04 0.00 0.07 6.06 - 1.55  0.88 42.1  -1.15 155
G4(2) 2016/04/08 6.13  79.6 89.2 6.09 7.80 8.52 6.22 19.6 356 009 013 029 7.30 - 237 227 50.0 104 16.6
G5(1) 2015/10/19 791 - 330 9.08 20.2 14.7 17.6 153 9.08 0.09 0.00 0.05 6.72 - 032  0.76 184 1.02 155
G5(2) 2016/04/08 8.01 -43.2 301 105 273 17.1 22.0 20.7 1.3 0.11 0.04 0.14 11.2 - 0.54 1.99 209 439 16.0
G6 2015/10/19  7.88 - 635 439 749 14.9 31.7 24.0 219 016 0.01 029 12.0 - 0.07 1.44 397 2.09 195
G7 2015/10/19  7.94 - 660 732 793 14.0 38.9 17.4 205 016 0.00 0.10 9.84 - 0.23 1.25 442 2.09 183
G8 2015/10/19  8.18 - 644  9.17 5.08 3.53 1.96 13.7 1.88 0.03 0.00 0.06 6.09 - 058 0.85 265  -2.15 148

SW 2016/01/22  7.39 112 86.5 9.96 698 4.79 2.89 13.7 225 0.04 0.02 002 588 ND 497 1.70 29.0 510 13.6
ow 2016/01/22  8.12 203 46,400 3.65 8,797 350 1,069 3.40 335 592 022 036 17428 484 699 2,118 125 -3.99 140

N.D. : Not Detected(below detection limit), EN. (%) : Electro Neutrality(%)
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Fig 2. Box-whisker plots showing the statistical variations of In-situ measurement data of

carbonated waters(CG) and groundwater(G) samples collected in the study area.
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Box-whisker plots showing the statistical variations of major ions in carbonated

water(CG) and groundwater(G) samples collected in the study area.
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4.3 AlFdLE HAE

Ak

3l o, E3] CGIQ)A CGI1(3)2 Zn, Ba, U 3tFo] ztz}
1.65 pg/LollAl 7,240 pg/L, 315 pg/LolA 42,150 pg/L, 10.9 pg/LelA 101 pg/LZ
S7etATh. 53 SE3EY 22 dRAES H9eE 71E 30 uglE 2T
Bt CG22)% CG3Q)NlA Z+Z 5530 ug/L, 6,670 pgL® HeE 7]1F<20 1,000 n
gL 23393, Zne CGI(3)H CG1(7)oNA 7,240 pg/L, 3,130 ng/LE He'E 7|E
?l 3,000 ngLE ¥t 18U fehEs AYsta tFe] T8 oA EH
HFRES FFEAY V)5S B3ty Adstd VsFEA 988 T F IS

Aot}
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Table 2.

Minor and trace elements of water samples collected in the study area.

unit : pg/L

Sample Saggtleing Li B Al Ti \% Ct Mn N Cu Zn Ge As Rb Mo Ba U

ID. (Y/M/D)

CGI1(1) 2015/09/25 364 88.7 61.2 5.24 1.54 454 406 17.8 2.98 3.10 <0.1 0.86 102 16.4 85.0 12.5
CGI1(2) 2016/01/22 344 60.0 0.48 0.97 1.06 <0.1 400 11.7 0.90 1.65 <0.1 1.31 94.6 2.47 315 10.9
CG1(3) 2016/04/06 340 660 6.38 143 6.26 0.15 270 99.9 3.37 7240 <02 4.01 883 492 42,150 101
CG1(4) 2016/04/06 330 660 547 5.18 15.7 0.51 240 104 3.29 1,09 <02 2.76 956 39.4 9,030 39.8
CGI(5) 2016/04/11 200 450 3.63 9.70 19.6 0.24 180 72.0 3.70 2,390 <0.2 1.09 596 25.7 16,080 51.8
CGI1(6) 2016/04/11 320 660 5.48 10.2 11.5 0.15 300 96.1 2.15 1,480 <0.2 421 898 31.8 8,620 88.5
CG1(7) 2016/04/12 260 560 4.77 11.0 11.2 0.28 260 90.0 0.59 3,130 <0.2 1.96 752 28.6 13,340 92.8
CG1(8) 2016/04/12 330 670 6.01 3.86 11.8 0.25 260 101 0.95 1,880 <0.2 5.01 905 30.0 10,430 18.6
CG2(1) 2016/0122 728 482 0.51 <0.5 <0.5 <0.1 189 3.08 0.15 5.04 1.63 12.7 85.7 2.55 721 0.11
CG2(2) 2016/04/08 8360 5530 8.76 9.31 1.48 0.71 160 145 0.54 100 9.28 110 872 426 24,160 1.03
CG3(1) 2016/0122 508 485 0.20 <0.5 <0.5 <0.1 1,464 0.27 0.10 10.2 0.64 5.12 69.0 1.34 309 1.22
CG3(2) 2016/04/08 6,670 6,020  45.1 28.6 1.42 2.09 1,600 13.0 91.3 790 534 114 816 19.1 18,510 16.0
CG-4  2015/10/19 202 68.7 1.80 - 8.20 - 1,726 3.20 6.90 245 - 0.70 93.1 3.00 21.0 7.70
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Table 2. (continued)
unit : pg/L
S Sampling
U Li B Al Ti vV C Mn  Ni z
D ate 1 1 r 1 Cu n Ge As Rb Mo Ba U
: (Y/M/D)
GI1(1) 2015/10/17 6.31 41.7 3.97 3.16 25.6 1.16 0.74 0.72 0.64 1.46 <0.1 2.67 21.1 6.30 0.80 0.94
G1(2) 2016/04/06 70.0 600 88.9 2.79 361 3.97 15.0 2.10 7.60 330 <0.2 22.1 245 95.7 22,350 7.80
G2 2015/10/15 2.98 14.6 2.34 424 8.14 1.07 46.1 2.45 2.85 1,000 <0.1 1.61 26.9 2.59 7.04 2.81
G3 2015/11/07 2.29 14.4 448 <0.5 3.96 0.48 0.13 0.26 0.92 2.86 <0.1 0.99 235 3.97 1,430 2.05
G4(1)  2015/10/19 0.50 9.50 1.40 - 8.30 - 0.50 0.50 0.70 16.3 - 0.60 14.7 0.90 0.70 0.20
G4(2)  2016/04/08 10.0 80.0 33.1 2.53 85.3 14.8 9.00 0.96 6.19 50.0 <0.2 5.90 109 5.40 17,200 1.40
G5(1)  2015/10/19 0.90 16.4 1.30 - 13.2 - 0.40 2.00 0.30 57.1 - 0.50 14.5 1.90 0.40 0.40
G5(2)  2016/04/08 10.0 150 60.2 3.50 153 8.03 6.00 428 8.61 80.0 <0.2 5.09 118 11.5 60,720 8.83
G6 2015/10/19 14.7 66.1 2.70 - 0.60 - 30.7 0.50 0.50 7.70 - 3.00 322 10.9 6.60 0.60
G7 2015/10/19 13.8 79.4 3.00 - 16.6 - 2.10 1.20 10.0 30.0 - 1.70 32.0 8.10 2.10 1.30
G8 2015/10/19 0.30 9.90 5.10 - 5.60 - 0.90 1.50 323 46.3 - 0.60 13.5 0.70 1.10 0.10
SW 2016/01/22 1.41 8.87 4.11 <0.5 3.61 <0.1 4.68 0.23 0.88 6.81 <0.1 <0.5 8.33 0.36 109 0.04
ow 2016/01/22 116 2,421 7.57 <0.5 3.14 0.38 19.0 0.61 1.40 <0.2 <0.1 1.44 744 6.00 149 2.03
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4.4 T3 73

AL H =0 3}t RS dlo] 3 T (Piper, 1944)°] EA1E A3} Mg(Ca,Na)- HCO;
Na(Ca,Mg)-HCO;2] #3& =3t 1 Fol CGl-S Mg(Ca,Na)-HCO:2| #3<
I ¢ 33 AEA Y mEt AR g2 R EAS Helt A%
Flol A AT FHE Bl dFE9 At AsEe F4
TAH FEAEEAE F@Y FHE AolE RAFAE @on Ast¢
Ca(Mg)-HCO; & ol Al Na(K)-HCO; 8ol Z2A YA EEIThH(Fig. 4).
WA o w st s HEutdA S Ak AstehA A stz
= oFAFA 9] Ca-HCO;F-& ol A Ca(Na)-HCO:9 38 AA 23}e] mpx|gt
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(a) 1st / \

S a3
A 2 n Cabonate Groundwater
¥/ X@ /. Groundwater
o 3 Q"\‘i + Surface Water
w @ Ocean Water
S

VAT L

Ca’t —— Na™+K" HCO; —>  Noy+CI
(b) 2nd / \
G
% O cCabonate Groundwater
X% /N Groundwater
%3
£
2
Mg SO,

Catt — Nat+K™" HCO5 —>  NO;+CI

Fig 4. Trilinear plots showing the chemical types of water samples in the study

area.
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15(A&)% 224 As(F)2 AdEE 72
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Table 3. 6'%0, 0D, 6'C composition of water samples collected in the study area.

Sample (Y%}fm S0 D) 6 “C(%) d*(%)
CGI(1) 15/09/25 8.50 511 177 16.9
CG1(2) 16/01/22 8.48 514 -5.63 16.4
CGI(3) 16/04/06 8.33 512 5,64 15.4
CGI(4) 16/04/06 831 -50.2 474 16.3
CGI(5) 16/04/11 8.07 49.4 ; 15.2
CG1(6) 16/04/11 837 51.0 535 16.0
CGI1(7) 16/04/12 821 -50.2 727 15.5
CGI(8) 16/04/12 8.33 -50.7 -5.05 15.9
cG(1) 16/01/22 8.67 521 1175 17.3
CG2(2) 16/04/08 8.72 544 261 15.4
CG3(1) 16/01/22 8.25 51.0 157 15.0
CG3(2) 16/04/08 831 52,9 228 13.6
G1(1) 15/10/17 -8.03 47.9 731 16.3
G1(2) 16/04/06 8.02 485 12,9 15.7
G2 15/10/15 .72 454 457 16.6
G3 15/11/07 8.14 48.6 1126 16.5
G5 16/04/08 8.02 431 ; 21.1
SW 16/01/22 730 42.6 ; 15.8
ow 16/01/22 1.41 9.30 ; 1.98

d

*

= 6D - 8 x §'8O(Defind by Dansgaard, 1964).
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Fig 5. 60 and 6D isotopes of water samples collected in the study area.
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AE CO0 FFHE dHst=t oA &26"°C) T4
(Clark and Fritz, 1997; Hoefe, 1997; B%3 9], 2011).
gk gt} Tt o222 dutHo R ty]Fof WefHe §aute, o4t
serao glse Fotel a2 B oy BT el AT e #
Zl=e] Aol A cot A8E  der, 7w Fd SdwsdME

COs> ©]eo] AAHBTHClark and Fritz, 1997). AUl COe pHEAC el

P~
rlr
o
oo
=
krt
-4
fru
_|>L
oo @
it}
)

-

H,CO;'(=H,CO;>+CO*"), HCO*, COs> HEjZ &4 3tH(Appelo and Postma, 1993). A&}
FU oltEe A FEdES U], EXAUIE, SAEREY HAAEA A4, gt
HFET A8 g o8 A, T8 WE, rtanket 22 ARU]Ae COo,
5ol Ath(rwin and Barnes, 1980). A2 &4 FHLL F& GLTFFEHY o4t
steta 7]l tid HAEE AFTFT. Craig(1953)= sHFHAA St
el % 0%ol™, #71E 719e -12% °lste #e JMHga dEIHa,
Bakalowicz(1979)= EYUW 715 71€9 &4 994 2 -25.0~-22.0% HAE

7FA k. B %3 Kendall and McDonnell(1998)8 T 7] 5 o]4taleb 4ol §BCce oF

lo
e
B>
ofr
f
[‘ﬁ
B

-6.4% 2 <A ATk =3 Moore et al.(1997)$}  Pineau et al.(1976)2 CO,ol §7Co]
WmE 2 outanket Ze ARIHAdANE -8.0~-4.7% "9E, Cornides and
Kecskes(1974)= -6.0+1.5 H9 &, Blavoux et al.(1982) -8.0~-4.0%< WS 713
i FEeH Y. 183l Cornides and Kecsles(1974)92F Cornides and Cornides(1983)+
Pt e gl A FHdAs gol -7~-2% MAE B tEey ddd A
7149 ol4tster Ao Bt FES &atSA AAE BAVE dF TP ZoE
AstAh. 1l 771714 sUCRE A oE -4.0% °lde #E HE A
o2 HIFEAJT(Clark and Fritz, 1997).

AT AAZAY &@ibgo] dg 13 Alsol e gihsdda E44% §°CY
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W= -5.63~-1.57% WHZE CGl AE+= COZF 717199 999 439, CG2,
CG3 Bt Frjgddom BEEHAT. 23 ABdAE §8Ce ol -7.27~-2.28
%l MRS o], CG1()~(8) BAtre WEF riaviel e ARV|Hoz glF

SRS
CG2, CG3 BHitr= F77]19e] dYo|Auk ARV Jo3to] AAREnZ

ABR7)Ue €09t VA BE FUo]l EFH Ao BT Ask5e s8ce] ¥

€ -12.9~-4.57 o] WHHAR dF ARVILH Fr171del o3 Aoz HAG. 53
G1(2) AstrolA -12.9 2 7H 22 e Hol 7717199 Co7t sFH o &4t
H
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Fig 6. 6'"0 and 6 C isotopes of water samples collected in the study area.
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5.3 CFCs 59494

Bottle method(Busenberg and Plummer, 1992)°l ]3] 1, 22} ZAtoA AMFHE A=
o] CFC-11, CFC-12, CFC-1139] &4 A3} A8 F=9 A% 2 Table 40| A4 =
o] At} gAFE(CG1)2] CFCs &%+ CFC-11(0.163 ~0.885 pmol/kg), CFC-12(0.116~
0.434 pmol/kg), CFC-113(0.022~0.046 pmolkg)e] WSS HolHW, A4 (CG2,
CG3)2] CFCss=E CFC-11(Z 0.814, 0.062 pmol/kg), CFC-12(0.288 pmol/kg(CG2)),
CFC-113(Z} 0.019, 0.014 pmolkg)e] HHAE HITh A8HH(Gl1~G3)e CFCs ¥&5&
CFC-11(0.064~1.116 pg/kg), CFC-12(0.047~1.524 pmol/kg), CFC-113(0.033~0.166
pmolkg)e] WMHE HTh A& A o8& t7] CFCs ¥% o|g FAL Hn

3 7

I4(USGS, 2015)= o83t th(Fig. 7). ¥ S48 23, &= 47.5~57.2d,
AstrEs oF 30.3~49.5d 02 FHHANOH, ATty B Aol B
o o LAHAES BoFEr. 1, 22319 At Aol FEEHA gL, dF dF

9] Z}po]lE KT},
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Table 4. Recharge age and CFCs concentration of water samples collected in the study area.

Date Concentration(pmol/kg) Recharge age(year)
Sample
(YM/D)  CcFc-11 CFC-12 CFC-113 CFC-11  CFC-12  CFC-113

CG1(1) 15/09/25 0.163 0.116 0.060 55.5 57.2 41.3
CG14) 16/04/06 0.663 - 0.022 48.3 - 47.5
CG1(6) 16/04/11 0.554 - 0.027 49.3 - 46.0
CG1(7) 16/04/12 0.885 0.434 0.046 46.3 47.5 42.2
CGI1(8) 16/04/12 0.665 0.420 0.034 48.2 48.2 447
CG2(2) 16/04/08 0.814 0.288 0.019 48.2 54.5 49.0
CG3(2) 16/04/08 0.062 - 0.014 61.5 - 52.3
GI(1) 15/10/17 0.412 0.406 0.043 50.7 47.7 42.3
GI1(2) 16/04/06 0913 0.034 0.033 46.2 49.5 447
G-2(1) 15/10/15 1.694 1.524 0.166 41.0 30.3 31.8

G-3 15/11/21 1.116 0.783 0.083 44.0 41.7 37.2
G-5(2) 16/04/08 0.064 0.047 0.052 48.7 473 41.7
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(Refernece :http://water.usgs.gov/lab/software/air_curve/index.html)
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Table 5. Tritium concentration of precipitation in Jeju area(Ahn et al., 1992).

*

Sample Date TU
Mar. 5.9
Apr. 13.9
PW
May. 12.1
Jun. 17.4

*(AFAY, GFAAGAT 2NN SR B5 F HEFLE FE)
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Table 6. Recharge age and Tritium concentration of carbonated water collected in the study

area.

Sample Date TU e;f)ir%_r:}?) T
CG-1 2015.09.25 0.48 0.05 58.2
G-1 2015.10.17 0.10 0.04 86.3
G-2 2015.10.15 1.56 0.09 37.1
G-3 2015.11.21 091 0.09 46.7
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Fig 8. Hourly variation for tritium concentration of respectively regional

precipitation.
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5.5 9=7|A| (Noble gas) T4

HIZA 7] A D B 71 A (noble gas)= 7], AFES D AFHF| EAst= 3EA
449 E4d £3HA AFolA FHE FHANtracer) HES 3t UTHAka et al,
2001). £3] &F FYYA(CHe, ‘He), o2 FHYULCAr, *Ar, “Ar), U 5944
(20Ne "Ne)& o] &3t syt &x7k2, Aske, dl, 44, FEFY 719 4
o fr&3tA ol &= glorm, 53 dF THALH(CHe 'He)y= t7lolA 44
Hlel AZY A AT =AU 2 Ao)E o] &35t WEZRE AFEFTOEY]
LAY ol FHA F3 4 A th(Ishibashi et al., 1995).

ZY QA= HEA 5 Y24 (He/'He, ‘He/'Ne) £ & 53}
PF7F2S COytee ME, mavtst e AR7AYS HE vk (A E ¢

= 1=
2012), BRH-FUAY @age] SiZtaE O7]-0E TR

-

EX:

12
r
>
-
e
of
VI
N
N

HA et £ FFoE tr] 71de dAFol EFH AR AHUG. WEH
2 AR EI2Y COEnY Fu2 AZAA, @5 H 2 AAFxG 4
AsHA AV Jde Aoz By HuFAH(AIZ 9, 2011). 2HAFAAT
FE71A YA BEAS 5 259 7dd7F AygEn . olHAY 2HgE=
NE (v 1mh)s AR71de 2

4z 9, 2009)

T 9 Aty LFH UL 5994 FhS Table 60 A
AEo] 9tk Aol 739 R/RaCHe/'He)#ke 2.39~6.072] WSS Holw, ‘He/Ne
e 18.77~126.39] W E HAth. A s ¢ R/RaCHe/'He)#ke 6.049] #e X
o™, ‘He/'Ne &< 32.29 S Rtk Fig 894 ti7]-WE EgAe thr]7]49
He, Ned} A3 wiE7]¥4(*He/'He =11x10° with *He/*'Ne>10,000)7t &30 tish 5
anle EA4& RoFE W gi7]-Azh £ t719 A7) Y (CHe/'He=5%10"
with *He/'Ne>10,00002 32 A& Yehdth. AFA eited g gibes W

5 vpavtst e AR9-trl1Y B EAEY drlrlde] dEstann
L 4R719Y k20 BE HUAOE e e Hel AF NS B
o] WEbAE ARUOE AN, ok FAAGA AFAY AAEHS T
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Table. 6. The isotopic ratio of noble gases of carbonated water and groundwater samples

collected in the study area.

Sample Date Ar total Ne total Kr total Xe total ‘He R/ ‘He/
No. (Y/M/D)  (ccSTP/g)  (ccSTP/g)  (ccSTP/g)  (ccSTP/g)  (ccSTP/g)  Ra 2Ne

CG1(6) 16/04/11 3.65E-04 1.71E-07 3.31E-07 1.61E-08 2.16E-05 5.97 126.32

CG1(7) 16/04/12 5.25E-04 4.88E-07 - - 2.62E-05 6.07 53.689
CGI1(8) 16/04/12 3.31E-04 1.63E-07 - - 3.06E-06  2.39 18.773
CG2(2) 16/04/08 1.38E-05 2.59E-09 - - 2.36E-07 5.38 91.120

G1(2) 16/04/06 3.75E-04 2.05E-07 9.23E-08 1.17E-08 6.61E-06  6.04 32.244
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Fig 9. *He/'He vs *He/*’Ne plot showing the origin of noble gases of carbonated

groundwater(CG) and groundwater(G) samples collected in the study area.
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ABSTRACT

Origin and Hydrochemical Characteristics of Carbonated hot spring
water and Carbonated-water at Seoqwipo, Jeju island.

Lee, Yong Cheon

Dept. of Construction Safety and Disaster Prevention Engineering
Graduate School. Daejeon University

(Derected by Prof. Jeong Chan Ho Ph. D)

In this study, geochemical composition, CFCs(Chlorofluoro carbons), ¢ '*0, oD, 0
BC isotopes and noble gases isotop45es (He, Ne) were analyzed to determine their
recharge age, source of CO, gas and noble gases of carbonated hot spring water and
carbonated-water samples collected in the Seoqwipo of the Jeju island.

The pH of the carbonated hot spring waters ranges from 6.21 to 6.84, and the high
electrical conductivity range(1,928~4,720 ¢ S/cm). Their chemical composition is classified
as Mg(Ca, Na)-HCO; and Na(Ca, Mg)-HCO; types. As a result of the calculation of
groundwater age using CFCs concentrations as an environmental tracer, the hot spring
water and groundwater were estimated to be about 47.5~57.2 years and about 30.3~49.5
years, respectively. The 0 °C values of carbonated hot spring range from -1.77 to —7.2
7%, and are plotted on the deep-seated field or the mixing field of the deep-seated and
inorganic origin. Noble gases isotopic (*He/'He, ‘He/*’Ne) ratio shows that helium gas

of carbonated hot waters comes from deep-seated magma origin.

_50_



Fu.

)

Ame} SHEAERE A A7

X
T

|

15

L —
) By

To
o
oy
nld
3

EREE)

e
E!
N
{Jo
N

N
o

—_—

N
oy
E]

ZO

<

N

-
T

SEIS)

=gut.

=
= —

s =yt

agal AF7kA o] Aglell AEF AHA & ol HoFAl oA,

Yol A ZHarel Q1A



	제1장 서   론 
	제2장 연구지역
	2.1 지질특성
	제3장 연구방법
	3.1 물 시료 채취 및 화학성분 분석
	3.2 동위원소(δ18O, δD, δ13C) 분석
	3.3 CFCs(Chlorofluoro carbons) 분석
	3.4 삼중수소(Tritium) 분석
	3.5 영족기체(Noble gas) 분석
	제4장 수리지화학 특성 
	4.1 현장수질측정 결과
	4.2 주요 화학 성분
	4.3 미량원소 성분
	4.4 수리화학적 유형
	제5장 안정동위원소 특성
	5.1 산소-수소 동위원소 
	5.2 탄소 동위원소 
	5.3 CFCs 동위원소
	5.4 삼중수소(Tritium) 동위원소
	5.5 영족기체(Noble gas) 동위원소
	제6장 결   론
	참고문헌
	Abstract


<startpage>13
제1장 서   론  1
제2장 연구지역 3
2.1 지질특성 3
제3장 연구방법 6
3.1 물 시료 채취 및 화학성분 분석 6
3.2 동위원소(δ18O, δD, δ13C) 분석 8
3.3 CFCs(Chlorofluoro carbons) 분석 9
3.4 삼중수소(Tritium) 분석 10
3.5 영족기체(Noble gas) 분석 11
제4장 수리지화학 특성  12
4.1 현장수질측정 결과 12
4.2 주요 화학 성분 16
4.3 미량원소 성분 18
4.4 수리화학적 유형 21
제5장 안정동위원소 특성 23
5.1 산소-수소 동위원소  23
5.2 탄소 동위원소  27
5.3 CFCs 동위원소 30
5.4 삼중수소(Tritium) 동위원소 33
5.5 영족기체(Noble gas) 동위원소 38
제6장 결   론 42
참고문헌 43
Abstract 50
</body>

