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Environmental Isotope-Aided Studies on Water Resources in the Region
of Cheju(Vl)

Zang-Kual U, Chang-Cho Choung Sung-Jun Song and Jong-Sung An

Summary

The salt contents of ground waters and spring waters in Chungmoon and Daijung
were similar to those of Soguipo-shi area but two to five times higher than those of
the north-western area of Cheju. The ratio of CI/HCO, determined by chemical
analysis ranged from 1.69 to 4.83, though more or less changed according to
seasons, indicating the possibility of sea water intrusion, But the fresh waters of the
surveyed area seemed to have good quality for drinking because chloride contents
were in the range of 7-50ppm.

The tritium contents of groundwater and spring water were lower(0.12-12.7 TU)
than those (8-20 TU) in Cheju-shi, Soguipo-shi and the eastern Cheju. Especially
D8, D11, D12, D14 and D18 groundwaters gave lower tritium contents than other
groundwaters or spring waters, Considering that most rain water percolates under
ground very quickly due to the permeable nature of the starta, the groundwaters
having low tritium content seemed to be very old ones, not affected by the rainfall

directly and differed from another groundwater resources,
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Location of the sampling sites of Chungmoon and Daijong areas.
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Table 1. Specifications of sampling sites in Chungmoon and Daijong areas.

SaI.\In:?le Location Description fro]rDriSt::ac(ekm) Dzeﬂrs)th
D1 Soguipo-shi Sogui-dong Ground water 0.15 62
D2 Soguipo-shi Sogui-dong Ground water 0.40 60
D3  Soguipo-shi Chungmoon-dong Ground water 0.20 60
D4  Soguipo-shi Chungmoon-dong Ground water 0.70 122
D5  Soguipo-shi Chungmoon-dong Spring water 0.90 0
D6 Namcheju-gun Andok-myun Hwasoon-ri Sea water 0 0
D7 Namcheju-gun Andok-myun Hwasoon-ri Spring water 0 0
D8 Namcheju-gun Andok-myun Hwasoon-ri Ground water 1.70 90
D9 Namcheju-gun Daijong Ikwa-ri Sea water 0 0
D10 Namcheju-gun Daijong Ilkwa-ri Spring water 0 0
Dil Namcheju-gun Daijong Ilkwa-ri Ground water 1.00 85
D12 Namcheju-gun Daijong Ilkwa-ri Ground water 2.10 110
D13 Namcheju-gun Daijong Ilkwa-ri Ground water 4,00 80
D14 Bukcheju-gun Hankyung-myun Yongdang-ri Ground water 1.50 79
Di5 Bukcheju-gun Hankyung-myun Hanwon-ri Ground water 3.30 63
D16 Bukcheju-gun Hankyung-myun Chosoo-ri Ground water 5.70 125
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Table 2. Environmental tritium of water samples from Chungmoon and Daijong areas.

Sample Tritium (TU)

No. March May August October
D1 6.36 6.46 5.15 6.59
D2 4.92 9.27 8.31 7.65
D3 4.10 4 47 4.03 4.02
D4 6.73 5.86 6.81 -
D5 12.7 11.6 9.19 10.18
D6 4.24 3.23 3.90 3.25
D7 7.49 8.45 6.34 6.78
D8 1.00 3.44 4.35 1.41
D9 3.00 7.44 3.27 3.90
D10 12.1 9.33 9.63 11.8
Dl1 1.52 - 5.43 1.78
D12 33.6 1.00 1.90 0.92
D13 11.8 13.8 9.76 11.3
Di4 1.00 1.00 5.90 0.05
D15 10.4 9.68 9.29 9.25
D16 1.07 0.02 5.71 3.05

not sampled,
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Table 3. Environmental deuterium and oxygen-18 levels of water samples from

Chungmoon and Daijong areas.

Sample March May August
No, Deuterium Oxygen-18 Deuterium Oxygen-18 Deuterium Oxygen-18
(per mill) (per mill) (per mill) (per mill) (per mill) (per mill)
D1 -35.3 =5.77 -37.7 -6.40 -35.7 -6.09
D2 -37.5 -7.07 -39.2 -6.92 -41.2 -6.54
D3 - -37.8 -6.68 -40.2 -6.34 -38.8 -5.31
D4 -43.0 -7.09 -42 4 ~6.52 -40.7 -5.84
D5 -37.1 -5.97 -41.9 -6.61 -37.8 -5.85
D6 2.3 -0.50 1.0 0.27 -1.1 0.82
D7 -36.4 -6.40 -43.3 -6.68 -43.8 -6.17
D8 -41.2 -7.29 -40.8 -5.97 -41.5 -6.8
D9 0.5 -0.47 -20.1 -3.52 - 5.3 -0.83
D10 -44.3 -7.26 -41.3 -6.35 -38.3 -6.56
D11 -39.6 -6.48 - - -41.4 -6.18
D12 -37.5 -5.92 -42.2 -6.97 -39.3 -6.79
D13 -41.6 -6.15 -42.9 -5.81 -35.3 ~6.47
Di4 -40.5 -6.81 -41.1 -5.9 -29.5 -5.45
D15 -40.3 ~6.20 -43.4 -5.91 -30.7 -6.33
D16 -40.3 -6.58 -45.3 -6.33 -33.9 -6.38

-, not sampled
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Figure 3. Stable isotope composition of water samples in Chungmoon and Daijong

areas (May).
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Table 4. Chemical data of water samples from Chungmoon and Daijong areas

(March).
Sample Temp. . Na K Ca Mg Cl NO, S0, HCO, C°’(‘d;it(‘)‘”ty
No. (O " pem ppm  ppm ppm ppm ppm ppm ppm ;..)
D1 17.0 7.79 48 398 38 52 22 493 8.1 64.7 240
D2 175 713 133 214 2.8 39 142 493 48 500 197
D3 18.0 8.03 Bl 201 142 224 8% 078 148 546 148
D4 19.0 7.37 BS 148 379 841 22 4.93 S.27 409 255
D5 14.0 7.39 843 109 122 223 110 2.2 {38 339 118
D6 18.0 820 10.00 373 472 1,160 1718 032 269 119 57,067
D7 15.0 7.6 By 27 138 343 117 493 637 36.3 198
D8 180 83 156 421 132 14 8% 09 448 586 164
DY 18.0 8.27 9050 353 480 1,100 1648 0.15 230 112 47,944
D10 14.0 7.46 83 2.3 057 129 8% 1.97 18 27.8 116
Dii 175 816 W0 332 1.9 414 M2 118 66 70.4 Y
D12 18.0 7.52 09 293 3.08 695 130 54 N2 277 114
D13 14.0 7.64 60 241 057 110 190 1.72 478 61.0 210
Di4¢ - 17.0 840 178 425 271 2% 117 094 61 255 241
DI 17.0 723 218 381 1.23 528 %6 493 69 476 379
D16 16.0 7.52 43 390 155 25 M2 2.72 557 559 182

-; not measured
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Table 5. Chemical data of water samples from Chungmoon and Daijong areas(May).

Sample Temp. . Na K Ca Mg Cl NO, SO, HCO, C°(“‘l‘l‘g;‘;"ty
No. (O * tpm ppm ppm ppm ppm ppm ppm ppm l:,-n)
D1 18.0 7.8 14.8 3.62 6.3 52 184 IR 6.57 61.1 253
D2 175 7.3 848 14 2.5 1.93 95 2.5 48 16 138
D3 18,0 791 10,7 2.9 2.2 1.60 638 0.7 481 5.4 148
D4 19.0 741 12.7 1.% 4 61 64 170 5.7 418 410 37
D5 21.0 T4 768 0% 2.8 1.8 6.5 1.8 418 U8 125
D6 2040 841 880 3 608 114 18,221 0.62 1.68 123 51,916
D7 15.0 1.1 15.5 2.9 2.5 22 12 33y 557 3.7 203
D8 18.0 831 13.7 347 2.3 1.20 g2 u 517 3 167
D9 19.0 870 3.8% 185 294 9% 8,07 097 1,24 7.2 24,540
D10 1.0 7.61 48 18 1.3 0.62 6.8 1% 38 %2 113
Dil - - - - - - - - - - -
D12 18.0 8.8 11.6 2.74 3.2 L2 BO 448 763 8.5 166
D13 14.0 7.5 768 17 0.9 0.5 78 13 468 2.1 109
D4 180 8.16 145 3.3 421 2% 1712 548 667 61.9 206
D15 17.0 1.2 134 2.8 2.3 417 U1 48 7% U5 240
D16 16.0 8.47 12.3 3.03 2.49 20 126 1 541 %49 172
- not sampled

Table 6. Chemical data of water samples from Chungmoon and Daijung areas

(August).

Sample Temp. . Na K Ca Mg Cl NO, SO, HCO, COI(‘d“‘;ltc‘)‘“W
No. (o * opm ppm ppm ppm ppm ppm ppm ppm ::I-ln)
D1 18.0 749 17.7 5.05 7.% 721 38 1& 616 61.0 304
D2 175 7.67 708 241 3.9 3% 106 103 1% B 125
D3 16.0 7.3 15.0 482 6.81 9.07 194 0.9 87 6.0 m
D4 19.0 74 12.0 2.2 8.76 466 247 3B 438 08 3%
D5 19.0 5.9 79 2.66 2.9 463 8.8 081 3% %49 132
D6 a9 79 9,20 952 36 .22 1758 031 233 110 5,300
D7 15.0 7.9 16.3 55 428 765 86 218 808 3.2 259
D8 18.0 8.01 16.2 3.2 48 582 166 1.9 {33 125 25
D9 2.0 8.00 850 776 U 1,284 14,000 0.31 2161 104 45,400
D10 15.0 7.29 14 3.64 2.3 47 124 065 37 314 148
D11 7.5 7.8 2.6 5.04 8.1 218 07 4% 120 %2 452
Di2 18.0 745 12.6 L3 4.8 352 165 019 462 517 163
D13 14.5 7.05 10.3 3.61 2.0 433 182 009 4% 78 142
D14 18.0 - 2.6 48 103 16.9 96 437 43 340 2
D15 17.0 7.16 12.4 52 3.67 104 a2 22 654 217 264
D16 18.0 7.2 14.0 443 3.67 3.9 #8090 491 21 197
-7 not measured
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Table 7. Chemical data of water samples from Chungmoon and Daijong areas
(October).
Conductivity
Sample Temp, H Na K Ca Mg Cl NO, SO, HCO, (anho
p

No. (0 ppm ppm ppm ppm ppm ppm ppm ppm -1
D1 18.0 747 161 561 69 6.64 254 3.3 1.3 5.7 269
D2 17.0 .17 147 381 4% 563 2.0 354 1.36 511 152
D3 18.0 7.91 113 277 3.02 406 129 5.8 0.51 62.2 216
D4 - - - - - - - - - - -
D5 19.0 7.46 6.64 1.43 207 3.08 119 0.66 0.50 5.1 100
D6 20.0 8.22 8,050 584 33¢ 1,202 18,000 062 2,220 125 54,300
D7 16.0 7.38 193 632 65 110 29.7 6.95 1.46 32.0 315
D8 19.0 8.25 13.9 576  3.20 25 129 0.68 0.30 54.3 151
D9 20.0 830 9,360 600 378 1,188 17.488 061 1,950 151 53,000
D10 145 7.39 794 29 164 3.23 136 092 051 256 113
DIl 18.0 7.81 180 384 637 4.2 32.2 5.9 1.36 55.6 37
D12 18.0 7.61 106 425 470 3.4 135 060 231 536 154
D13 14.0 7.43 859 312 1.8 343 134 1.16 7.29 A5 118
D14 18.0 8.23 147 502 616 321 216 0.64 1.14 58.2 193
D15 17.0 7.34 122 452 3.09 778 255 3.98 242 25.0 201
D16 16.5 7.54 121 48 3.8 502 198 1.45 1.3 43.8 173
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EAs7lole AP Ao AEdH
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a8
Figure 5,6.7,89] K3(#4y HAE BFHAZ
2 ®o} ¥& o] Table 8eolc}. ¥k (D6,
DY) o] BT Na.Cl¥g nglen, WS ER
o] 2zt ¥ DTERKE Na.Clylel w3
olxc} dE3sko]l A2 D5, D102 27 Na,
HCO,8 =+ Ca.HCO,8€ o kit X
BE Jehlich
TH, #TKE Faicl KXY \Eo|
okt HEtn glovt BNV BN Bk
5'" 2 ¥|=g Na HCOy, =+ Ca HCO,8o
2 HEsisld,

ch) Bk WEEA2| Chloride-
Bicarbonate Lt

Figure 9,10, 11, 12014 = ze=e] ¥
ol K&, Mol & MES epmtoz
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of vehdgich, T Ao BAHERY A=
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Keholl Sol sl wiel HMTAKFAE
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Figure 7. Trilinear diagram of water samples from Chungmoon and Daijong areas

(August).
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Figure 8 Trilinear diagram of water samples from Chungmoon and Daijong areas

(October).
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Figure 9. Chemical analysis of waters from Chungmooﬂ and Daijong areas(March).

Chloride-bicarbonate ratios are above each quality diagram.
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Figure 10. Chemical analy-sis of waters from Chungmoon and Daijong areas(May).

Chloride-bicarbonate ratios are above each quality diagram.
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Figure 11. Chemical analysis of waters from Chﬁngmoon and Daijong areas (August).

Chloride-bicarbonate ratios are above each quality diagram.

Figure 12. Chemical analysis of waters from Chungmoon and Daijong areas(October).

Chloride—-bicarbonate ratios are above each quality diagram.
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Table 8. Classification of water samples from Chungmoon and Daijong areas.

Sample Types of Water

No. March May August October
Di Na . HCO, Na HCO, Ca HCO; Ca.Cl

D2 Na HCO;, Na HCO, Ca HCOs Na HCO,
D3 Na HCO, Na HCO, Ca HCO, Na HCOs
D4 Ca.Cl Ca HCO; Ca.Cl -

D5 Na . HCO, Na HCO, Ca HCO, Ca . HCO,
D6 Na,Cl Na.Cl Na.Cl Na.Cl
D7 Na.Cl Na , HCO, Na.Cl Ca.Cl
D8 Na .HCO, Na HCO, Na.Cl Na . HCO;
D9 Na. Cl Na_.Cl Na.Cl Na.Cl
D10 Na HCO, Na HCO, Na HCO, Na_HCO,
D11 Na HCO; - Ca.Cl Ca.Cl
D12 Ca.Cl Na HCO, Na HCO, Na . HCO,
D13 Na HCO, Na HCO, Na.Cl Na.Cl
D14 Na.Cl Na HCO; Ca.Cl Na . HCO,
D15 Na.Cl Na . Cl Ca.Cl Ca.Cl
D16 Na . HCO, Na HCO, Na .Cl Na HCO,;

- not sampled

Table 9. Chloride-bicarbonate ratios as a criterion of

sea water intrusion.

Sample March May August October
No. CI/HCO, CI/HCO, CI/HCO, Cl/HCO,
D1 0.56 0.47 0.90 0.65
D2 0.49 0.49 0.77 0.81
D3 0.28 0.19 0.51 0.36
D4 0.89 0.62 1.07 -

D5 0.36 0.32 0.48 0.41
D6 249 255 275 248

D7 0.86 0.75 4.83 1.60
D8 0.26 0.52 0.60 0.41
D9 253 197 232 199

D10 0.55 3.06 0.68 0.91
D1l 0.35 - 1.25 1.00
D12 0.81 0.63 0.49 0.43
D13 0.54 0.49 1.13 0.94
D14 1.19 0.48 2.75 0.64
D15 0.96 1.51 1.69 1.75
D16 0.44 0.39 1.54 0.78

- ! not sampled
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Absorption Ratio) gt (Table 10 =)
0.65-2.85@M= =i9 P& Wolojx MER
BAczs REYE ¢ 5 Ut}

Table 10. Sodium absorption ratio(SAR) of water samples from Chungmoon and

Daijong areas.

Sample March May August October
No. SAR SAR SAR SAR
D1 1.16 1.05 1.05 1.09
D2 1.20 0.96 1.08 0.65
D3 1.59 1.34 1.00 0.88
D4 0.88 0.90 - 0.58
D5 1.05 0.93 0.68 0.67
D6 56.4 49.7 46.0 50.6
D7 1.65 1.61 1.07 1.09
D§ 2,24 1.82 1.40 1.17
D9 52.1 4.50 53.0 47.5
D10 1.40 1.37 0.83 0.99
D11 0.30 - 0.91 1.10
D12 0.97 1.00 0.91 1.06
D13 2.85 1.54 0.86 0.93
D14 1.86 1.32 1.20 1.01
D15 1.90 1.22 0.84 0.75
D16 1.64 1.37 0.96 1.08

* Sodium absorption ratio (SAR) was calculated by the following formula .

Na
/ Ca+Mg
2

; not sampled.

SAR =
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