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Abstract: Hydrogeochemical and isotope (80, 8D, *H, §'*C, 88, ¥Sr/%Sr) studies of various kinds of waters (thermal
groundwater, deep groundwater, shallow groundwater, and surface water) from the Yusung area were carried out in order
to elucidate their geochemical characteristics such as distribution and behaviour of major/minor elements, geochemical
evolution, reservoir temperature, and water-rock interaction of the thermal groundwater. Thermal groundwater of the
Yusung area is formed by heating at depth during deep circlulation of groundwater and is evolved into Na-HCO; type
water by hydrolysis of silicate minerals with calcite precipitation and mixing of shallow groundwater. High NO; contents
of many thermal and deep groundwater samples indicate that the thermal or deep groundwaters were mixed with contam-
inated shallow groundwater and/or surface water. 8'30 and 8D are plotted around the global meteoric water line and
there are no differences between the various types of water. Tritium contents of shallow groundwater, deep groundwater
and thermal groundwater are quite different, but show that the thermal groundwater was mixed with surface water and/or
shallow groundwater during uprising to surface after being heated at depths. 8'°C values of all water samples are very
low (average —16.3%o). Such low 8" C values indicate that the source of carbon is organic material and all waters from
the Yusung area were affected by CO, gas originated from near surface environment. 5*S values show mixing properties
of thermal groundwater and shallow groundwater, Based on ®'St/*¢Sr values, Ca is thought to be originated from the dis-
solution of plagioclase. Reservoir temperature at depth is estimated to be 100~125°C by calculation of equilibrium
method of multiphase system. Therefore, the thermal groundwaters from the Yusung area were formed by heating at
depths and evolved by water-rock interaction and mixing with shallow groundwater.
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Figure 1. Geologic map of the Yusung area. Sampling locations,
drainage pattern, and fault system are also shown.

Figure 2. (A) Photomicrograph of typical two-mica granite. (B)
Photomicrograph showing sericitization of plagioclase along
twin boundaries and chloritization of biotite along basal
cleavages. Mus: muscovite, Bt: biotite, Qtz: quartz, Chl:
chlorite, P1: plagioclase.
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Table 1. Geochemical data of various kinds of waters from the Yusung area

Sample Sampling Depth Temp. - Eh EC” DO? TDS¥Y log Dissolved constituents of major elements (mg/1)
No. Date (m) (C) P°(mV) uSkm) (mgh) (mg) Po, Na K Mg Ca SO, CI SO, HCO, NO, F

Thermal Water (Western)

Y-1 Apr98 320 385 801165 328 49 284 -291 585 1.00 053 129 49.0 23.0 24.7 1068 34 33
Y-2 Apr98 350 40.1 7.7127.7 388 25 388 -241 585 1.04 1.13 397 501 253 299 165.1 147 1.8
Y-3 Apr98 325 428 821026 381 20 253 327 423 076 044 181 509 227 41.8 664 51 42
Y-4 Apr-98 350 422 82 847 291 20 326 -293 639 110 025 173 51.1 11.7 12.8 156.9 59 45

Y-8 Jul-98 320 39.1 87 259 406 31 242 -379 512 116 0.10 87 524 170 305 733(29Y) 28 438
Y-10 Nov-98 320 46.0 8.6130.0 257 23 229 -359 469 097 0.02 49 552 11.1 172 67.3(1.89) 79 48
Y-11 Nov-98 320 434 85107.0 344 1.5 288 344 613 1.17 005 88 520 247 272 924(23% 107 3.8
Thermal Water (Eastern)

Y-5  Jul-98 309 328 8.0 66.8 530 1.6 378 -2.69 720 120 023 20.7 379 234 304 165.1 254 13
Y-6  Jul-98 300 47.8 8.1 234 589 45 359 =279 774 109 029 195 40.0 299 4391374 63 28
Y-7 Jul-98 300 306 83 549 518 43 351 -3.09 749 1.02 029 204 396 27.7 4151373 56 25
Y-9 Jul-98 310 446 79 452 311 38 264 -273 51.1 0.80 0.70 18.2 357 18.0 26.4 106.8 2.6 33
Y-12 Nov-98 285 29.6 8.1122.0 416 1.4 332 293 669 088 016 164 374 284 256 1445 104 13
Deep Groundwater

Y-13 Apr-98 300 23.0 691750 547 6.0 354 -194 375 097 414 442 404 451 583 9838 227 0.6
Y-14 Apr-98 315 193 6.7162.3 410 83 357 -1.57 375 170 4.14 442 404 27.6 37.0 142.1 200 0.8
Y-15 Jul-98 250 222 731536 298 51 226 -231 384 0.82 237 18.0 299 153 165 99.7 1.8 29
Y-16 Jul-98 360 242 741297 549 42 411 221 580 1.18 280 447 50.1 40.0 59.7 144.1 81 1.8
Y-17 Apr-98 350 239 651307 492 39 360 -143 323 133 903 477 43.6 489 3091053 396 0.5
Y-18 Nov-98 250 23.8 6.6183.0 411 28 319 -141 321 094 662 379 443 319 379 119.1 6.6 0.9
Y-19 Nov-98 284 220 751720 398 32 314 225 242 099 397 462 424 212 2421357 140 08
Y-20 Nov-98 280 233 7.2199.0 390 53 314 207 23.6 099 399 46.7 426 209 23.8136.7 13.9 0.8
Y-21 Nov-98 250 19.8 6.7185.0 408 46 320 -1.68 318 095 673 381 445 314 37.7 1208 63 09
Shallow Groundwater

Y-22 Apr-98 20 17.8 6.0191.8 634 9.8 511 -0.69 594 156 4.67 635 513 395 228210.6 56.0 0.3
Y-23 Apr-98 45 17.7 651994 288 93 300 -1.27 334 1.08 590 31.1 31.7 80 881693 99 04
Surface Water

Y-24 Apr-98 249 89 99.7 167 132 166 —4.13 14.6 3.17 256 167 351 95 113 612299 80 06
Y-25 Apr-98 240 93 924 216 174 171 -443 145 5.07 3.58 204 13.0 16.0 140 64.7(6.1") 124 05
Y-26 Apr-98 242 99 69.8 163 181 142 =509 99 347 240 170 38 93 139 56.2(23.0% 15 04
Y-27 Apr-98 19.8 7.5181.1 335 44 216 -2.57 219 843 436 222 18.0 322 158 822 105 0.3
Y-28 Jul-98 246 7.1 839 117 55 104 -244 93 266 1.84 113 154 80 63 43.0 6.1 03

DEC: electrical conductivity, 2DO: dissolved oxygen, *TDS: total dissolved solid, “content of CO,, tr.: trace.

Table 1. Continued

Sample Dissolved Constituents of minor elements (jg/1)
No. Fe Mn Al S Li Ba Cu Pb Zn As Ni B Ti C Ge Se Rb Mo Cs W U

Thermal Water (Western)
Y-I 635 07 22 180 448 28 15 10 196 03 27 226 17 02 07 10 50 467 08 29 221

Y-2 476 03 16 550 537 06 12 06 135 . 73 154 20 t 03 06 62 306 14 15 1560
Y3 486 05 65 250 304 42 50 08 70 04 37 186 11 02 07 07 47 843 11 57 806
Y4 610 05 29 230 535 1.1 09 04 54 08 38 231 24 00 08 tr 58 538 1.1 36 595
Y-8 77 06 32 140 824 94 32 03 56 12 15 284 06 19 10 05 65 692 12 46 173
Y-10 341 w® 114 8 724 516 11 06 67 10 13 176 tr 1.0 07 tr. 48 849 10 6.0 8.5
Y-11 212 w 47 160 977 199 14 05 50 08 15 163 13 06 07 03 53 538 1.1 20 365
Thermal Water (Eastern)
Y-5 80 14 19 300 914 78 58 03 252 10 30 344 06 33 10 06 44 137 06 04 856
Y6 249 27 16 220 1100 191 44 13 172 07 24 316 07 28 09 07 24 199 03 08 1370
Y-7 49 05 24 210 1330 106 55 03 108 05 22 412 07 31 08 04 23 212 03 09 1380
Y-9 35 13 1.1 180 621 86 44 tr 27 06 15 320 04 19 05 04 16 47 o 12 1470
Y-12 235 189 39 290 1070 175 37 03 31 04 15 161 . 08 05 +tr 40 177 09 05 1160
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Table 1. Continued
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Sample Dissolved Constituents of minor elements (ug/1)

No. Fe Mn Al Sr Li Ba Cu Pb Zn As Ni B Ti Cr Ge Se Rb Mo Cs W U
Deep Groundwater

Y-14 502 56 1.0 500 325 31 41 09 168 tr 91 293 33 08 07 07 46 62 07 . 903
Y-15 399 02 05 780 3.1 12 33 06 218 t 100 196 31 02 08 08 55 72 08 tr 1290
Y-16 265 395 1.7 200 102 54 46 13 5920 04 19 261 04 27 . 05 02 719 t. 03 9.7
Y-17 162 22 15 550 936 253 30 10 3140 07 31 294 10 27 06 07 33 221 05 1.0 679
Y-18 42 1.1 13 520 312 254 37 05 336 18 41 246 07 27 t 05 10 13 tr 02 490
Y-19 1001650 1.7 430 303 120 514 05 520 04 23 96 tr tr. t. 05 05 74 w tr. 446
Y-20 13.8 57 17.1 400 323 215 142 tr. 296 04 24 50 t. 05 t. 04 06 32 tr tr. 156.0
Y-21 201 05 3.0 39 317 11.1 87 . 447 03 28 47 . 07 tn t.. 06 33 tr tr. 161.0
Y-22 4741750 12 430 295 90 61 03 454 06 22 95 13 tr t. 07 05 67 t tr. 455
Shallow Groundwater

Y-23 613 1.8 329 490 59 38 28 08 102 tr 02 tr. 1r. fr. . 02 1 tr. tr. 33
Y24 394 07 13 180 50 41 274 09 108 tn 1.3 19 01 t. 11 tr tr. tr. tr. 44
Surface Water

Y-25 943 207 302 130 07 44 21 07 68 04 27 98 08 04 tw 1.1 31 43 tr tr. 0.5
Y-26 1750 574 1420 160 08 42 1.6 1.0 50 05 43 93 46 08 04 tr. 65 20 1t tr. 0.8
Y-27 8851340 547 9 05 43 23 0.6 59 09 36 127 15 04 . 06 40 10 tr tr. 0.3
Y-28 1250 78.7 127 190 55 1100 3.8 0.3 65 15 23 132 . 03 w 12 81 1.7 tr. tr. 48
Y-29 815 204 46 100 0.6 166 5.1 tn 32 07 14 106 04 09 tw 02 23 04 . 1w 04
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) BUE A LTHFEE HY, AP OB, & ALE AGE LAY QI R A Ao
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2 oJgt2 fFABAAL o]F2 £4& 93 S NEA 8719
Hol WA Rasie] APAz AXC. olgtel iEiik, &

A EQYA L= PP I E99L W AEEE £99
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RIS Bolx ARASEE 18-24°C, HEA s oF 18
°cel 2= #EF Brt pH ¥ Ehe] FFIAIE AEH,
pHel A% HAEA sk (HF pH=62)EFH ARz e (B
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FEE Helm Axg (Ha pH=8.35)7F 7MY ¥& IS B
t}. Ehe] A% AEAEE (HE Eh=195.0 mV)Z5E %X
3l (HF Eh=165.6 mV), AE (FF Eh=83.9 mV)E &
TE A ZE ZA4de S Hole W XEF (Ha
Eh=1054 mV)8] A= 4% A Holx 44X U
(Figure 3A). AFASHFAX QA EE pHY AA A F7F 7
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Al 2 e#Ro UM w9 5 TR 9539 9
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Figure 3. Plots of pH versus (A) Eh (mV) and (B) total dissolved solid
(TDS) in various kinds of waters from the Yusung area,
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a', HCO;~, SO CI” o],
2k

Sol gageh oyl v
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LEQO

o=

A+ AY =AE
o F8 &F 9
Aol K, Mg¥, Sr&, NO3,

U4Z+= Fe, Mn, Al, Ba 53 Cu, Pb, Zn, Mo 53 2+& &
=% ol EAAOZ L, B, U °] EAldit} o] T Ug &
Fol AgFe ARASFAM BF ol¢ 4 HEPs o)
E3olrt.

A AHE uot

f& E}i‘
+

Zro] TDS % Eh oM = DR skt

ARA G D A Fpzte) o] FIHER @RlT £F o)

AN m-¢ F3He 2oyt dg & = Ak (Table 1). F2
EE o]2S UoE B9 £33 2 %lﬂ PEE s 4
3t Piper’s diagram®l EA}SIITl (Figure 4). 4 A9 A
5 2 A3 & NOTHE 18ste, ClEsol] NOosg
2 F715t HHE Piper's diagram2 ARSI AAH o=
€ ARATE AX NES5E wsksiar 3 EAE Na-
HCO; f¥o2 Hast. HARAsr 2 ARAs5e] AL
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Ca(Na)-HCO4(Cl, SO,) & E& Na(Ca)-HCO, o2 BF
£ W RIFE 43 Na-CI(S0,) & Hol7)x= sht tiF)
Ao Z Na-HCO; ¥e #EXE BT}

pHS} Z} 8-& o239 AL Figure 59 EAHNL
o, E9 f¥ wZd F3ol TEHEU. Na, SiO,,
FA s ANEFE 258 Z7HEHEA pHYE Fe #AE
HFo, Ca, Mg, Cl 52 ¥ #AZ HoyFes vbd, K,
SO,, HCO;= pH®} it AadAE Rod5A] =t} (Figure
5, Table 1). Na® F7k= 37ete] & PAFEQL APg4A g
g3l 7105k, Cam A Wl ozRE f2iE 4 9
th ez FHE A7 NEY NREFL 73T o, W
A9 ERle 7tede] Fukgt Reoez FdE, 47U
W Adulzle) whgol 71918 Aoz vEHd ¢ AN SEl=
7} & WA ae] wkgol Z|QlstErhd R]dl4=e] w4l
g3 2= 00 7 S 7RIA Ik (Kenoyer and
Bowser, 1992). §4 A9 AEAs2] A9 tjFE weladel
tisted EXSMIEE BRITE 20| X5, ARAEE 2 &
A RNE et 2EEE BHYL B4

o =
e A

A3 s
ALt £33t e Cadl 719 APgAQl Aoz
S ARAE &
A9] 7]go] vl o] &ajul-g=
HEAEAY 2R

A7 A 349 FeEAL Na,07F 3.90~4.17%, Ca0
7} 135-225%% EAFET (@]9l 9, 1977). Na,08} CaOo
2% AP sidshs slERoR 7P A9 AP
F4L AbyAn,~AbgAngs©] WS Zhet). o]t AbgA o]
oA R FHHATYE AUl Nad) EEE X2
0.65~0.74%} FAFEE ke Hofof gt} iy B A 4157

L

1Y) Xyo= 047~0.79 (EHT 0.59)2M =& Ca §FS HY
T A AGueA Cadl 719e] E F e UE FEY
EAE T F AALS AU o ]HF & Ca FFE
AP el B4 o)z AgdE ¢ ok F, Yulo)EY of
ApolEL] S3lE AolR QAdt] H& Ca/NadlE zhs Adt
T7F AHULE Aoz FAHHEHT (Mast & Drever, 1990;
Azaroual & Fouillac, 1997). A%R|3lpels 2] g9 73
? =2 Na TS Holi 9o (0.72-0.94) o= w29
Axnkgo 7 Aol spwsil Wafde] g EAFE

@ Thermat Groundwater (Western)
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Figure 4. Modified Piper’s diagram showing compositions of various
kinds of waters from the Yusung area.
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Figure 5. Plots of pH versus Na, Ca, SiO,, C1, NO; and F concentrations (mg/1) in various kinds of waters from the Yusung area.
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stek W3lE Holx gt} ol F8 K-TH3EC JAA
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GHE whgoM 250 o 2AY Ao PuED, TLa)
AT ole] BAHOE NG HERAARY 255 24T
AL Aoz Algdn)

Ak Cle S229] 7IialEe s fAERER #
B $#d2 4 I} (Edmund er al, 1985 ; Nordstrom ef al.,

EER) &

— 5

2

® Thermal Groundwater (Western)

A Thermal Groundwater (Eastern)

o Deep Groundwater

A Shallow Groundwater *
o * Surface Water
E 1
§ *
®
o ..
o e Aa 'Y
x 4 a0
@ ] A
o Y N
2 0 N *— —T
8 o
=
s x
o %

4
A
*
2 . . L
5 <] 7 8 9 10

pH
Figure 6. Plots of pH versus saturation indices (S.I.) of calcite in
various kinds of waters from the Yusung area.
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Adde] ARAE ¥-22 AJFQ] AL 56 mgWHA] 0|2
RAE AGHo R BT AFesrt AR 2FH FY+
L A& YERdTt (Table 1). &0 48 XD+ (Y-2, Y-
S5PIME w2 ke NOyt AEFH 9o 9 A3 72+
g Hele &3 A XHeA] AAY AeFE 233 A

T 2 AEX s g wet A FHNE 2F
H A3e7t fUES AR

4 A AL 9@ ARASFY] SO, THE 12.8-59.7
mg/l2H HF T2 ZHe Holn M2 FEFHF FEo fld
Gy SO FIFE TE H,S 7Hne] 2EFreo) o))
fEiE 4 Aok e, 457199 HS7hee] FF 95t
SO/t BAFENAGUE, AE5e S YElel six)gh fA4
AEFe U722 ofdZdey (& 8.1)2 BoFH, Giggenbach
(1988) 91§ H,S AFESHHOEE H,S8 U & ji8l
o 28eg, A2 4 A9 JE4e0 50,9 rde
A3 ZAE AT Fe gAD d3FE AEizkge) 7)
g ez AlgHEY (FHdL 54x).
A G4e] Fo] FFL 13~4.8 mg/l2A HTH = g ¥
o|la, AE & AFEA S e & Holt (Figure 5). A
42 445 FY g3 TUiske AL F2 LEFE 74
sl (OHY & X&stal dd Aol &4 ukgo] JY=HA
SEF AZFAREEH £2FHo U Aoz BudHy
(Nordstrom et al., 1989).
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EAS Holg WA, E-gAMukgd] 7]e13 FaRe AMZE 29
oA A UE T} ole A& XY Hike 5% X]Ho)
A A@eet FEAEeete] EAA 0] $AEA A= Q)
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Table 2. Calculated saturation indices (S.1.) for various kinds of waters from the Yusung area

Sﬁ‘fle Alb  Anor  Cal Chl  Clino 1 Kaol  Laum  Micto ~ Mus  Mg-beid Na-beid Phl  Stron
Thermal Water (Western)
Y-1 083 -256 —0.01 647 134 047 3.08 5.10 1.73 3.74 024 028 -149 -0.16
Y-2 0.62 -2.42 0.35 547  -1.21 0.40 3.25 5.16 1.49 3.70 039 037 -239 0.6
Y-3 097 -1.60 0.17 8.76 0.38 0.71 3.21 5.79 1.81 4.06 040 041 001 0.00
Y-4 0.79 -231 0.53 7.66  -0.69 0.00 2.51 5.12 1.64 3.18 -042 -034 -042 021
Y-8 090 245 0.37 9.03 -0.55 —0.25 1.90 5.15 1.89 2.76 -1.03 -089 094 024
Y-10 1.07 -1.73 0.02 6.05 0.27 0.22 2.69 5.47 1.95 3.76 -032 -0.10 -1.09 —0.18
Y-11 089 -2.09 0.46 649  -0.13 -0.22 2.23 5.25 1.76 3.07 -081 -0.61 -0.79 0.18
Thermal Water (Eastern)
Y-5 093 253 0.21 3.03 -1.30 0.79 3.53 5.31 1.87 4.34 061 074 -3.79 0.08
Y-6 -0.04 -3.19 0.41 575 213 -1.51 1.52 3.66 0.65 1.58 -1.83 -1.73 -1.74 0.03
Y-7 1.18 222 0.39 597 055 1.02 3.43 5.81 2.12 4.39 065 075 -1.78 0.14
Y9 031 -349 0.08 560 278  -1.37 1.82 3.48 0.46 1.68 -1.50 -1.51 -2.27 -0.33
Y-12 137 -1.88 0.18 390 022 1.66 4.21 6.18 2.30 5.35 147 160 =334 0.17
Deep Groundwater
Y-13 095 -262 085 -0.78 234 2.91 5.99 6.02 2.29 6.79 354 333 -745 -099
Y-14 026 -437 -097 -490 =523 1.84 5.01 4.55 2.08 5.45 240 217 -9.67 -0.87
Y-15 090 -267 —0.384 126 223 2.66 5.62 5.77 2.16 6.52 3.04 287 -6.09 —0.97
Y-16 147  -199 021 3.09 -094 2.86 5.46 6.59 2.65 6.56 311  3.01 -441 -034
Y-17 028 =362 -124 -354 430 227 5.73 4.94 1.83 6.08 316 286 -938 -1.41
Y-18 -0.06 -2.84 -088 033 294 1.14 4.87 4.46 1.01 5.02 1.94 171 -6.82 -1.22
Y-19 1.05 -043 0.11 8.24 1.58 295 5.65 7.01 2.31 7.05 310 286 -131 -0.32
Y-20 132 -141 -040 267 025 392 6.59 7.25 2.90 7.96 435 407 -5.14 -0.67
Y-21 0.72 -348 -105 -241 -3.88 2.67 5.83 5.49 217 6.30 346 317 859 -1.16
Shallow Groundwater
Y-22 095 -383 -142 -1025 508 3.37 7.00 5.42 2.38 7.48 466 448 -13.89 —-1.66
Y-23 0.00 -469 -1.28 -6.37  -6.00 1.80 5.43 4.15 1.52 5.46 274 245 -11.35 -1.60
Surface Water
Y-24 1.76  —0.03 0.61 17.90 3.37 3.75 4.70 8.18 3.89 7.43 249 221 628 0.18
Y-25 1.09 0.52 0.97 20.73 4.51 3.75 4.74 7.94 3.53 7.96 206 1.73 7.82 0.80
Y-26 -1.32  -2.10 1.34 21.53 1.09 -1.06 0.92 3.66 0.52 2.71 -327 -342 811 099
Y-27 .13 -098 -0.69 4.97 0.50 497 7.08 7.20 3.69 9.86 460 429 -3.15 -091
Y-28 -0.33 256 -1.51 -022 234 2.77 6.01 5.04 2.00 7.46 297 262 -7.08 -1.78

Abbreviations: Alb=Albite, Cal=Calcite, Chl=Chlorite, Clino=Clinozoisite, Ill=Illite, Kaol=Kaolinite, Laum=Laumontite, Micro=Microcline,
Mus=Muscovite, Mg—beid=Mg-beidelite, Na-beid=Na-beidelite, PhI=Phlogopite, Stron=Strontianite
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Figure 7. Triangular plot showing relative (A) Li, Rb and Cs contents (Navada et al., 1995) and (B) Cl, Li and B contents (Giggenbach and
Goguel, 1989) in various kinds of waters from the Yusung area.
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AAY - ZED - ARSF - WA - 4
2 AdFY ARAsFIA EF 5 FF2 BTt olE  Meteoric Water Line; Craig, 1961) Aol ZA|Ho] 2% £
A5t AREYE AG57 £ Aeaus B 22 s /199e & & ok 9T A9 A, Bel /3o we
g A= N F Ao FFe A &k A B A 594 242 e AEFTE B FE Hol
= 7ol ov} Ealepl FEEA Qe ol AR s
solala =4 &, AEAe 2 A5 FULEA 4418 ALY FE 9
A 7 {R@e] BEEol MZ EFEA Usve ALY F=
Aseel JA9 ARPFL FH) A5l PHFALL Yok ALFY B9, HARE SYH vl NB A
ol 2t (8"%0), ¥4 (8D), ©& (B°C), B (8S) € 2EEF  Hue ¥F% A9 AEF7t 9 Askre] AL A
(Sr/*%8r) THEAE XA, Ao dHFA ARAL F vhd B2 g Bth ole O Hed uiet o] 3%
S RIS st AN A9 AEFE CHE B4 AHe25H Askre] fddel EdsA IAgHT &S B
gted 7 AFHZ Table 391 JeRARITH oA}
HESa B Ade BPE AGE7 ARASE B A
PSR R ko A3kl Hla] W RS Holdl, o] A EFAES W2
A7 A & A8 §%0 ¢ 8D JBHAE Figure 8% 54E BATH (Figure 9). A+ AF A5 43ea FF
Zrom AFS4, AEF @ NESF BT ATEEFA (Global & HESFS AL 7.0~12.1 TU, BAEAEY A 9.7-10.6
Table 3. Isotopic compositions of various kinds of waters from the Yusung area
Sample  Sampling  Depth  Temp. - Eh 8'%0 80 Tritium 80 3%s 37,86y
No. Date (m) CC) P (mV) %) ) (Tu) %) )
Thermal Water (Western)
Y-1 Apr-98 320 38.5 8.0 116.5 -8.1 -55.9 5.1 -14.2 7.7 -
Y-2 Apr-98 350 40.1 7.7 127.7 -8.2 -53.6 4.6 -17.3 4.4 0.71592
Y-3 Apr-98 325 428 8.2 102.6 -8.0 -53.7 4.8 -17.1 49 -
Y-4 Apr-98 350 422 8.2 84.7 -85 -57.4 2.9 -16.6 6.5 0.71591
Y-8 Jul-98 320 39.1 8.7 259 -8.2 -57.7 2.1 -15.7 44 0.71592
Y-10  Nov-98 320 46.0 8.6 130.0 -85 -55.7 0.6 -16.4 5.5 -
Y-11 Nov-98 320 43.4 8.5 107.0 -84 -55.4 3.7 -17.2 53 -
Thermal Water (Eastern)
Y-5 Jul-98 309 32.8 8.0 66.8 -7.8 -54.2 6.8 -15.6 35 -
Y-6 Jul-98 300 478 8.1 234 7.7 -55.1 5.8 -17.2 25 -
Y-7 Jul-98 300 30.6 8.3 54.9 -8.2 -56.1 59 -16.6 2.7 -
Y-9 Jul-98 310 44.6 7.9 452 -8.1 -553 6.4 -15.8 6.7 -
Y-12  Nov-98 285 29.6 8.1 122.0 -8.2 -55.2 6.8 -15.5 33 -
Deep Groundwater
Y-13 Apr-98 300 23.0 6.9 175.0 -7.9 —55.1 8.5 -17.6 - -
Y-i4  Apr-98 315 19.3 6.7 162.3 -7.9 -52.5 7.5 -15.7 2.1 0.71612
Y-15  Jul-98 250 222 7.3 153.6 -1.7 -53.5 6.7 -14.2 3.9 -
Y-16  Jul-98 360 242 7.4 129.7 -83 -55.4 6.4 -16.1 - 0.71604
Y-17  Apr-98 350 23.9 6.5 130.7 -7.8 -53.5 8.5 -175 6.0 -
Y-18  Nov-98 250 23.8 6.6 183.0 -7.9 -55.3 6.6 -16.7 1.3 -
Y-19  Nov-98 284 22.0 7.5 172.0 -8.0 -56.4 6.7 -185 33 -
Y-20 Nov-98 280 233 7.2 199.0 —8.1 —54.9 6.7 -17.5 38 -
Y-21 Nov-98 250 19.8 6.7 185.0 -7.8 -55.5 6.4 -16.4 1.3 -
Shallow Groundwater
Y-22 Apr-98 20 17.8 6.0 191.8 -7.9 -51.8 10.6 -23.4 - 0.71981
Y-23 Apr-98 45 177 6.5 199.4 -8.0 -56.4 9.7 -18.1 5.1 0.71473
Surface Water
Y-24  Apr-98 249 8.9 99.7 -7.4 -45.1 7.4 -11.6 - -
Y-25  Apr-98 24.0 9.3 92.4 -7.0 —42.5 9.0 -11.0 - -
Y-26  Apr-98 24.2 9.9 69.8 -7.3 —47.0 7.7 -10.3 - -
Y-27  Apr-98 19.8 7.5 181.1 -8.1 -56.0 12.1 =75 - -
Y-28  Jul-98 24.6 7.1 83.9 -8.4 -59.1 7.0 -12.0 7.7 0.71555
Rock Sample
Two-mica Granite - - - - - - - - 0.71848
Schistose Granite - - - - - - - - 0.71362
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Figure 9. Tritium versus 8'°0 contents of various kinds of waters from
the Yusung area.
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Figure 10. (A) The evolution of DIC and 8" Cpyc in calcite (§"°C=-7

%) is dissolved to the point of saturation. Open and closed
system conditions area shown for the cases where the water
is in equilibrium with soil Peo, of 1077, 10717, 10715, 10718
and 107%, Diagrams are shown for soil CO, with —23%,
83C. The 8"C values according to evolution are shown in
squares. The DIC and 8"C values of deep groundwater in
the Yusung area are also plotted. The evolution path was
calculated by PHREEQC (Parkhurst, 1995). (B) The
relation between Ca concentration and §'°C values of deep
groundwater in the Yusung area.
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Figure 13. Plot of Log(Q/K) versus temperature for Yusung geother-
mal waters. It is obtained by forcing the water to be at
equilibrium with to fix Al concentration at a series of
different temperatures.
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Sample T(meas)  TQCY  TQADV

pH TCHY NaK? NaK? Na/K? TNak" TNaK® NaKCa® Na/K” K/Mg” Na/Li®¥
No. (°C) no loss loss
Y-1 8.0 38.5 1009  101.7 709 53.9 649 907 1013 529 912 1221 482 3360
Y-2 7.7 40.1 101.9 1026 719 56.1 670 927 1033 550 861 1240 414 3452
Y-3 8.2 49238 1027 1033 728 56.7 675 932 1038 556 873 1245 445 3330
Y-4 8.2 422 1029 1035 730 54.3 652 911 101.6 532 908 1224 581 3405
Y-5 8.0 32.8 89.3 91.7 585 525 63.5 89.5 1000 515 900 1208 609  362.8
Y-6 8.1 47.8 91.7 93.8 611 43.4 549 815 918 427 854 1128 563 3694
Y-7 8.3 30.6 91.2 934 605 417 532  80.0 903 410 837 1113 548 383.1
Y-8 8.7 39.1 1040 1045 743 70.4 80.6 1050 1159 688 1022 1363 695 3769
Y-9 7.9 44.6 86.8 89.5 558 49.1 60.3 865 969 482 847 1178 410 3603
Y-10 86 46.0 1065 1066  76.9 64.9 753 1003 1111 635 1013 1316 846 3743
Y-11 85 434 103.6 1041 738 60.1 70.8 962 1069 589 980 1275 779 3763
Y-12 8.1 29.6 88.8 913 580 399 51.5 784 886 393 824 1097 581 3765
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