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ABSTRACT. The water chemical characteristics and age dating of springwater in Cheju island had
been investigated. C,, Cs, C;, Cq springwaters were not affected by seawater intrusion by TDS and electri-
cal conductivity, relationship of Cl and tritium, Cl and HCO; ratio, and total hardness and pseudo hard-
ness. In this case only C; springwater was evaluated tasty and healthy mineral springwater by Hahimoto’s
Mineral Balance Index. On the basis of the mean tritium content of rainfalls and springwater, the average
residence time of it, were calculated. Considering the hydrogeologic and hydrochemical condition, comple-
tely mixed model seems to be very fit. It was obtained the result that Cy group springwater (Cio, Ciz,
Cw) was 1.2 months, C; springwater was 5.6 months, and deep groundwater C,; was 4 years.
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Fig. 1. Springwater-sampling points.
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Table 1. Springwater sampling sites

729

Sample No. Location Description Distance from sea (K.)

C Cheju-si Konip-dong Springwater 0.30

C, Cheju-si Ido-dong Springwater 1.90

Cs Cheju-si Yong dam-dong Springwater 0

C. Cheju-si Songsan-dong Springwater 0

Cs Kujwa-up Hado-ri Springwater 0

Cs Song san-up Sinyang-ri Springwater 0

C, Cheju-si Oedo-dong Springwater 0.35

Cs Aewol-up Aewol-ri Springwater 0.05

Cs Halrim-up Ongpo-ri Springwater 0.75

Cuwo Cheju-si Samyang-dong Springwater 0

Ci Pyoson-myun Tosan-ri Springwater 0

Coo Soguip-si Chungmun-dong Springwater 09

Cis Namcheju-gun Andok-myon Hwasoon-ri Springwater 0

Cu Namcheju-gun Daijong-up Ilkwa-ri Springwater 0

Cis Namcheju-gun Daijong-up Ilkwa-ri Seawater

Cis Cheju-si Samdo 2-dong Seawater

Ci Buckcheju-gun Hankyung-myun Chosoo-ri Groundwater 5.70

125 m(depth)
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Table 2. Chemical analysis data of springwater samples (Units: ppm)

Sampling site Temp pH Na K Mg Ca Cl NO; SO, HCO; Cond. TDS

and month ©) umho/cm
1984

*C, April 14.0 75 95 29 5.6 2.8 28 35 258 132 78
May 14.0 74 100 29 5.6 38 29.3 43 78.1 134
June 135 74 94 26 56 4.8 232 43 429 92
Aberage 74 96 28 56 38 26.8 40 489 101

*C; April 150 7.2 270 28 305 145 23.8 13.1 91.3 500 203
May 155 6.8 290 31 325 155 70.2 30 97.6 250
June 16.0 6.9 200 26 160 235 615 154 98.8 246
Average 6.9 283 28 263 178 51.8 105 95.9 233
1985

Cy Febuary 15.0 6.9 6.6 1.9 2.1 2.8 94 14 27.7 51
July 16.0 7.1 112 0.2 2.6 84 13.6 28 24.7 155 63
September 15.5 7.0 62 02 34 64 10.1 15 23.0 172 50
Average 7.0 8.0 0.7 2.7 58 11.0 19 25.1 163 55
1986

Cs March 14.0 7.1 445 494 69 313 936 10 123 36.6 3,343 1691
May 15.0 76 1,150 1400 205 703 6,467 0.7 313 48.7 3,840 8394
August 15.0 74 663 494 110 322 1427 0.7 140 38.5 5,015 2459
October - 7.0 548 324 88 30.7 975 0.5 153 394 3,840 1867
Average 73 701 678 118 41.1 2451 0.7 182 40.8 4,009 3602

Cs¢ March 15.0 74 1,192 46.0 109 66.0 2,154 2.8 343 464 7,276 3959
May 15.0 75 1,050 983 134 541 2,195 2.7 257 442 7,398 3835
August 16.0 75 847 51.6 96 355 1,545 30 221 14.1 5,595 2813
QOctober - 75 2248 1292 322 86.5 3,970 23 510 533 12,874 7321
Average 75 1334 812 165 60.5 2,467 27 332 395 8,285 4481
1987

*C; March 15.0 76 66 23 29 38 152 20 14 248 111 59
May 17.0 8.1 9.2 25 28 5.1 157 16 14 28.1 101 66
August 22.0 76 37 09 1.5 1.0 140 17 1.0 12.7 53 36
QOctober 17.0 74 5.2 1.6 2.3 12 134 10 14 26.8 76 52
Average 7.6 6.1 1.8 23 111 145 15 13 23.1 85 53

*Cs March 14.0 76 17.3 329 191 105 1079 26 10.3 34.5 427 235
May 15.0 79 173 336 225 127 139 3.0 135 348 512 276
August 15.0 74 158 4.2 8.2 47 69.2 6.8 10.1 36.5 209 155
October 15.0 79 9.2 24 6.5 31 589 08 71 494 137 137
Average 7.7 149 182 14.0 7.7 937 33 10.2 38.8 321 200

*Cy March 14.0 78 113 38 53 121 160 3.1 2.7 37.3 164 91
May 15.0 8.1 125 36 53 33 167 29 40 39.7 158 88
August 15.0 79 8.7 3.3 5.7 1.7 180 35 44 4652 152 90
October 15.0 79 94 3.2 29 1.9 214 32 8.0 47.0 147 97
Average 79 1.0 34 4.8 4.7 180 31 4.7 42.3 155 91

Ciw March 13.0 7.6 57 25 78 35 121 1.0 2.1 22.2 100 56
May 14.0 78 63 28 2.6 37 146 16 2.7 23.8 101 58
August 14.0 7.8 7.1 2.6 1.8 1.7 160 15 30 354 112 69
October 14.0 78 56 21 14 1.3 11.0 12 20 36.6 83 61
Average 78 6.1 25 34 25 134 13 24 29.5 39 61

be continued.
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Sampling site Temp pH Na K Mg Ca Cl NO; SO, HCO; Cond. TDS

and month (©) umho/cm
1988
Cin March 15.0 75 990 65 73 141 197 15 264 345 691 386
May 16.0 7.8 771 55 71 121 154 1.6 65.6 354 547 358
August 16.0 79 819 84 5.3 6.0 187 1.9 20.8 36.0 506 347
October 16.0 78 616 43 4.1 4.6 170 1.8 13.7 372 421 297
Average 7.7 799 6.1 5.9 9.2 177 1.7 316 35.7 541 347
1989

*C1; March 14.0 73 84 1.09 323 122 7.1 220 438 339 118 60
May 21.0 7.4 76 090 184 218 65 185 418 348 125 60
August 19.0 6.9 79 266 463 294 88 081 3.76 319 132 63
October 19.0 74 66 143 3.08 207 119 0.66 050 500 100 76
Average 7.3 7.6 1.52 29 2.10 85 138 32 376 118 64

Cias March 15.0 76 159 276 343 136 17.7 493 6.37 363 198 88
May 15.0 7.9 155 290 272 252 172 339 557 397 203 89
August 15.0 7.5 163 5.53 765 428 876 218 808 312 259 162
October 16.0 7.3 193 632 110 6.52 29.7 6.95 146 320 315 113
Average 75 16.7 437 6.2 367 380 4.36 537 348 243 113

Ci March 14.0 74 83 235 129 057 88 197 458 278 116 55
May 14.0 76 7.4 1.87 062 123 63 137 388 302 113 53
August 15.0 7.2 114 364 475 230 124 065 376 314 418 70
October 14.5 73 79 296 323 164 136 092 051 256 113 57
Average 74 87 270 247 143 103 122 3.18 287 122 58

*Springwaters far from sea side.

Table 3. Chemical analysis data of seawater (Units: ppm)

Sampling site Temp pH Na K Mg Ca Cl NO, SO, HCO; Cond. TDS

and month ©) umho/cm
Cis March 180 82 9050 353 1,100 480 16484 0.15 2310 1120 47.994 29889
May 19.0 8.7 3890 155 982 294 8047 097 1234 702 24540 14673

August 270 80 8560 776 1,284 340 14,000 031 2,161 1039 45400 27225
October 200 83 9360 600 1,188 378 17488 061 1950 1513 53.000 31115

Aberage 83 7715 471 1,138 373 14,004 051 1913 1090 42733 25723
Cis April 140 85 10400 410 1200 200 18,710 3060 466 25.000 34026
May 188 85 10,300 500 1,200 470 18,264 3143 1582 34035
June 220 83 7,00 300 860 230 12,840 2,571 277 23928
Average 84 9266 403 1086 300 16,605 2924 715 25000 30664

Table 4. Chemical analysis data of groundwater (Units: ppm)

Sampling site Temp pH Na K Mg Ca CI NO, SO, HCO; Cond. TDS

and month ) umho/cm
Ci;  March 16.0 7.5 143 390 255 155 142 272 557 559 182 100
May 16.0 84 123 303 220 249 126 160 547 549 172 94
August 18.0 7.2 140 443 555 367 248 090 491 277 197 85
October 16.5 75 121 448 502 380 198 145 136 438 173 92
Aberage 76 131 405 383 287 178 166 432 455 181 93
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Table 5. Environmental tritium levels of seawater and groundwater (Units: TU)

Sample No. March May August October Average

Cis 3.00 744 3.27 3.90 440 seawater
Cis 450 5.70 5.10 s
Cy 1.07 0.02 571 3.05 2.46 groundwater

*1TU:3.24X103 pCg .

Table 6. Environmental tritium levels of springwater (Units: TU)

Sample No. March May August October Average

C, 18.80 17.90 - - 18.30 1984
C, 16.20 13.00 ~ - 14.60
Cs 20.00 17.50 - - 18.70
Cs 15.64 17.29 1193 - 14.94 1985
Cs 10.74 14.44 -~ — 12.59 1986
Cs 1123 10.72 - - 10.97
C, 10.37 7.92 6.79 - 8.36 1987
Cs 12,51 10.92 11.80 - 1174
Co 12.33 1177 10.02 - 1137
Cw 1231 11.37 11.22 - 11.63
Cu 13.20 13.90 12.90 12.70 13.17 1988
Ci 12.70 11.60 9.19 10.18 1091 1989
Ci 749 845 6.34 6.78 7.26
Cu 12.10 9.33 9.63 11.80 10.71

Table 7. Tritium levels of precipitation at Cheju in
1983 and 1989 (Units: TU)

Year Precipitation Kind Tritium
83/2 63.4 rain 1243
3 69.6 rain 591
3 85.7 rain 13.93
3 889 rain 12.18
3 63.6 rain 1744
88/3 17.43
89/5 6.99
6 787
8 1149
9 2.38
10 8.27
11 3.58
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wel §iH sle uhd As Foll A} A2 ool
FEA)5}3, Biocarbonatet= Chlorideshe w2 &
FHEole aFoIL AskyrFele 7P wel g™
o]l o172 159 €09 FRst % B
3¢ B2E 5ol o3 A} 2 ghe A
A I et

® e} Ayl EFEHE Al 4" S
U F7| AP, ijel e Yol whikxm
71} efalrle) 43X, neln JAPY ke
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etk AMIE o]8-3le] Cl/CO,+HCO; ke 7l
Absla 3e] sy AFR AMS-g)

Z Chloride-Bicarbonate ¥®]7} 0.5 o]|3lql A%
deed A7 AHYUL, 05~1320 AF gzt
EA7t 5™, 1.3~28% AS BE AEE 0 Q59
UL 28~662 75 A 29 H=E ehd
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Cp $HFE 2 3te) 0372 5 299 FA7}
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Fig. 2. Correlation between tritium and chloride of
spring water.

Table 8. Chloride-bicarbonate ratios as a criterion of
seawater intrusion sprigwaters

Sample site CI/HCO;,
C 0.93
C. 0.92
Cs 343
Ca 0.75
Cs 104
Ce 108
C 1.08
Cs 417
Co 0.72
Cuw 0.77
Cu 8.58
Cu 0.37
Ci 1.87
Cu 0.61
Cu 0.67

s glon, AR A Cut 4385 Cy, G, Cu,
Cu 2 30) 061~0.752 °)=2 27ke] FA7
ek & e diaelet Az =¥ G, G,
Cs, Cia2 1 o) 3.43~1087}A] Vel glem g
A5ATS dE A BT YE A4 B
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Table 9. Comparison of total hardness and Pseudo-
hardness (Units: ppm)

Sample site  Total hardness  Pseudo-hardness
G 32 53
C, 125 187
Cs 148 292
Cs 25 42
G 586 2,109
Ce 827 3,727
C 37 50
Cs 76 108
Co 31 53
Cu 20 33
Cn 47 220
Cyz 17 33
Cis H 70
Cu 13 32
Cis 5,200 25,343
Cir 22 51
o 0=
B2z 9 RARKE. AAgellA] vehles A9

-2 g vtadlgel 9t fuEe 327
Eo} Ad#e Na* & 3L Qe vlgbE, 949
2% X§Ee] v B2 FEolLazz iy
& AXE vehled o7& {4 = %pseudo
hardness)z} 3}

Table 9¢ F7=st FAA®E & Adstd o
ER . o] #AlE Fig. 3o veplch dubgoz
=7t 0~75% 2, 75~150 47t AlE, 150~
3002 AE, 300 o) a3 AER ¥Hi)

wepA AT st Cy, Gy Cr Co, Cuo Ciy,
Ciz, Ciz Cuy, Cip 2 L 3ho] 586, 8270| B2 ofv}3]
Qg slgact o] A& A Tadble 99 FAEE
a3 nlwsle] Fig. 304 33 29 Cs, Ceo) &
A9 2 fFAERe] 300 oldegx digds]
AEE FFE 5 den, G, Gy Ced 2 3he] 187,
292, 76, 182 A& =v 4t HER /Y &
ek, =3 Gy, Gy, Cr Co, Cior Cioo Ciay Crar Cir
2 el 75 olstE HEE By 4 ok

AL ATy A=t Faxe] Yz G,
Cs &4 e AR AFHFAYGeIH, G, G, Cs
Cud 438 A+AFAY, Cpd 47t AT
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Fig. 3. Correlation between total hardness and

pseudo hardness.
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Table 10. Mineral balance index of springwater

Sample site K Index O Index
G —~45 047
C: —~6.8 040
Cy —435 0.25
C, -11 118
G —568 0.27
Cs —1,100 025
(o 5.8 2.79
Cs ~52 0.61
Co —43 0.66
Cuo ~28 0.57
Cun —60.3 0.54
Ci —45 049
Css —10.8 0.46
Cu —62 0.51
Cir -85 0.62
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A 83459 A5AF Yoo 159 FAEA
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o A4 ol Aeubydl 3 Hrle)r] o)z}
#dgc) FAx) FAEEYAAE Gt AlstkA
Ba-e] odgfg W 7o F HiEjgjow o] whye
o) AFHEE AAHs=d dAM o F4%
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Table 11. Total relationship of springwater

Sample  TDS$} Cls} Ccy T.He} MBI
site #H7]Ae® H-3 HCO; pH

C’
Ce
G
Cs
Cs
Cs
G
Cs
Ce
CIO
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Cl4
C17
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I AR L A3 2 M3Ed AdfelsE
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Table 12. Rainfalls and tritium concentration at Dae-
duk area during recent 3 years

1987 1988 1989

Month Precip. Trtm. Precip. Trtm. Precip. Trtm.

(mm) (TU) @mm) (TU) (@mm) (TU)

1 731 1421 102 2414 904 861
2 605 2773 51 — 821 1262
3 305 1532 567 2759 569 1233
4 551 1863 604 3415 219 1911
5 842 825 585 3021 516 2227
6 1360 1596 624 876 1703 1203
7 6187 864 4439 2278 5116 545
8 5802 1072 1542 1397 1055 633
9 191 796 189 2525 3236 1144
10 802 1276 15 — 353 851
11 258 2588 138 997 510 1066
12 34 1276 92 1344 178 1021
Total 183838 8048 1,538.0
Weighted 1150 21.50 1234
mean

Precip: Precipitation, Trtm: Tritium.

4490,

Table 12014 Co3t2 1234 TU¢|5, CoZH(Ci,
Ciz Ci) Cozt-& HT 1125 TUch ¢ g2 4
@byl i3t & TF3PH 1.95\ely Hdy
K= 01074 o)ma of 12492 A w3
C; £379 HF5IL 04773 <F 567014, A3
Cye 7 4024 HEE Al4sEo)

AFx el 2L 4t $doz 14
7 B¢ AF TR 8T oE FHof gl dF
o] Hitk2 FAE dfute] A2 FF Lok
o]2 g 271g HEsl= =92 Completely Mixed
Modelo|2} ged=in oju) x|she) H Az 4|7
< Tritium®] HF FHINE el 52
g Ao W3R Ae C2F(Cw Cu Cu) 44
Fo HFe|FAILL ok 12704, C; S5} HH
o] F A7 o 56704, Al A g G o 4d
Ax e o H5H ghelzt Abash

g £
)

AFE sl $HSE

AlHA ¥t ez Widdch TDSe Arjdxw
uly, Clst H-3 4334, CI/HCO;¥], Total hard-
ness$} Pseudo hardness 5o 2|3 7oA F
22 ZHpE B HpAQl dhfelglen s
o8] 2dHA] & LU= C,, G G, G4 2
o]F AFA] dxFd 3= C; 434+ K Index
#3 O Indexgts =417 =tz A7}E Eolg}
Hrr=ich

Aregane] o AEAdA AFEe A2
Az} ¢E5ea 248 weid o Completely Mi-
xed Modelo] g on o] R ozl F3}
SHpe] P ol FAIL 5 <3S Ao kx|
#e CGE(Cy, Crp Crol oF 12442 vl 7
ske, ugly A7 SHpl G HE olFA
7H ok 5670, AN A&ral Cpel B ofFAl
7HE oF 4 AEE st

2l 8 & 8

L @ ¥ AFE FYAETAE “1986d=
AFe sk SR, (1986); (b) A,
AEE, “FHLLE o8 AFAY FAL
B3 A7(IV), KAERI ¥.324", (1987); (o) +EA,
AEE, "FHAYLE o847 AFAY FAlel
T3 AH(V), KAERI 23247, (1988); (d) 454,
AEE, “FULEE oE¥ AFAY FAe
2g AV, KAERI X34, (1989).

2. S. H. Choi and Y. K. Kim, /. Geol. Soc. Korea,
25(3), 230~238 (1989); (b) H¢dh, "AFAA 5
A A AT, FHAY ATRLA (1987).

3. A. M. Piper, A Graphic Procedure in the Geoche-
mical Interpretation of Water Analysis, Am. Geo-
phy. Union Trans., 25, 914~923 (1944).

4. D. K. Todd, Groundwater Hydrology, John Wiley
& Sons. p. 293~294, 1959.

5. A. Nir, “On the interpretation of tritium age mea-
surements of groundwater”, J. of Geophys. Res.,
69, 2589~2595 (1964).

6. A. E. Greenberg, J. J. Connors, and D. Jenkins,
Standard Methods for the Examination of water
and wastewater. Amm. Public Health Asso., wa-
shington, p. 152~155, 270~271, 439~440 (1981).

7. (@) J. S. Ahn, J. S. Kim, and J. S. Kim, Studies
on Tritium Analysis and its Minitoring with Spe-

Journal of the Korean Chemical Sociely



ARE 849 44 A B4 Ay 24 BY 47 737

cial Reference to Power Reactor Operation. 9. S. K. ‘Love, Cation-Exchange in Groundwater Co-
KAERI/RR-204/80 (1980); (b) L. W. Alvarez and ntaminated with Sea Water near Miami, Florida,
R. Coming, Radioactive Hydrogen. A Correction, Trans. Amer. Geophysical Union, 25, 951~955
Phys. Rev. 58(2), 197 (1980); (c) G. E. Calf et al., (1944).

the Measurement of Natural Levels of Tritium 10. 743, #44l, ‘832", F3l7]<, 399 (1989).
in Water, AAEC/E373, July (1976). 11 o)A, AR FAFY FAFA B3 A+

8. R. Revelle, Criteria for Recognition of Sea Water (A=), sAd R (1989).

in Groundwaters, Trans. Amer. Geophysical 12. S. Kaufman and W. Libby, The Natural Distribu-
Union., 22, 593~597 (1941). tion of Tritium, Phys. Rev., 93, 1137~1144 (1964).

Vol. 36, No. 5, 1992



