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

The salt contents and electrical conductivity of ground waters as well as spring
waters in the areas of Songsan and Kujwa were much higher than those of Cheju-
shi area : 5—10 times in salt content and 30~60 times in electrical conductivity.
Since the chloride contents of ground waters in these areas were higher than 150
ppm, ground waters proved not to be suitable for drinking purpose but adequate
for agricultural irrigation,

The fact that there were significant correlationship among the salt (Na, Cl)
contents, electrical conductivities and oxygen—18 contents, indicates the ground
waters close to the coastline were affected by sea water, The high ratio of Cl
and HCO3+COj3 in those ground waters also provides the evidence of sea water
intrusion,

Considering that the salt concentrations of ground waters were much diluted
by heavy rain fall, the catchment basin seemed to be small and the mixing pro-
cess might occur rapidly,

Additional survey on the existing boreholes in Udo Island area showed that
the ground waters were not adequate for drinking but could be used for the ir-
rigation purpose,
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Table 1. Specifications of sampling sites in Kujwa and Songsan areas.

Sample . - Distance Depth
No . Location Description from sea (m)
(fow)
Gl Kujwa-up Handong-ri Ground water 2.25 70
G2 Kujwa-up Pyongdai-ri Ground water 2,00 80
G3 Kujwa-up Sehwa-ri Ground water 1.50 45.5
G4 Kujwa-up Sangdo-ri Ground ' water 1,75 50
G5 Kujwa-up Chongdal-ri Ground water 1.85 35
G6 Kujwa-up Songdang-ri Ground water 9.50 200
G7 Kujwa-up Hado-ri Spring water 0 0
G8 Kujwa-up Hado-ri Sea water 0 0
G9 Songsan-up Sihung-ri Ground water 1.75 82
Gl10 Songsan-up Susan-ri Ground water 5,50 51
Gl1 Songsan-up Susan-ri Ground water 2.25 51
Gl2 Songsan-up Sinyang-ri Ground water 1 54.5
Gl13 Songsan-up Ojo-ri Spring water 0 0
Gl4 Songsan-up Sinyang-ri Sea water 0 0
Gl5 Songsan-up Sinsan-ri Ground water 4.6
Table 2. Specifications of sampling sites in Udo areas.
Sample ' o Distance Depth
No. Location Description from sea (m)
{ fone)

Ul Choil-ri Ground water 1.0 38,5
U2 Choil - ri Ground water 0.75 38,0
U3 Choil -ri Pond water 0.40 -
U4 Sogwang-ri Sea water - -
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Fig. 1. Location of sampling sites of Kujwa, Songsan and Udo areas.
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Table 3. Environmental tritium, deuterium and oxygen-18 levels

in Cheju rainfall.

Sample L. Deuterium Oxygen-18
No. Tritium (TU ) (per mill) (per mill)
Precipitation® 8.67 + 0,45 —24.10 + 0,18 -3.16 + 0,12

* Composite sample of April and May

Table 4 . Environmental tritium, deuterium, oxygen-18 levels of water
samples from Kujwa and Songsan areas.
March May
Sample — - — -

No Tritium Deuter1}1m Oxygen‘—18 Tritium Deuterl'um Oxygen.-18

. (TU) (per mill)  (per mill) (TU) (per mill) (per mill)
Gl 1408+049 -386+1,70 -69+020 1606+0.45 -3840+1,98 -6.59 +0.02
G2 11,16+ 056 -385+040 -69+004 14,74 +05]1 -38,60+0.69 -6.52+ 0,03
G3 11 68+0.53 -408+002 -68+001 1697 +0,63 -42.40+0,57 -6,48+ 0,01
G4 10,39+ 0,61 -385+170 -69+0,01 13.05+058 -3885+0,64 -6,51 +0,01
G5 14,26 +0.57 -405+003 -68+002 17.18+0.54 -39.85+0,63 -6.46 + 0,03
G6 11694048 -434+0,20 -7.2+005 1511 40,61 -3960+226 -6.72 + 0,04
G7 10,74 0,59 -40.7+170 -69+004 14,44+0.63 -37.65+0.35 -5.86+ 0,02
G8 574+049 -240+002 -02+004 376+049 -320+099 -0.06+ 0,03
G9 13,22 +0,53 -40.8+002 -69+001 1549+0.52 -41,20+265 -6_40 + 0,01
G10 13,24 +0,53 -44.3+08 -7.0+003 12.99+0.,56 -3965+1,63 -6.51 +0.02
Gll 15,11 +063 -424+1.70 -69+004 15594053 -39,40+1 56 -6 41 +0,01
Gl2 1487 +0,58 -424+0.02 -68+001 1641 +059 -3965+0,64 -6_46 + 0_09
G13 11,23 +0.53 -388+0,02 -6.8=+002 10.72+0,47 -41.7040,71 -5.98 + 0,01
Gl4 3.73+0,48 -460+120 -08+002 367+045 -3.00+1.79 -0,02+0.,01
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Table 5. Tritium levels of water samples collected in Kujwa and

Songsan areas after heavy rain.

Sample After one After two After three
week weeks weeks
No. Tritium ( TU) Tritium ( TU) Tritium ( TU)
Gl 16.71 + 0,51 14,24 + 047 14.29 + 0,47
G2 1005 + 0,46 12,55 + 0,53 12,89 + 053
G3 13,15 + 0,49 15.35 + 0,48 13.93 + 0,45
G4 11,53 + 0,57 11,42 + 0,46 11,07 + 0,59
G5 16.43 + 0.45 16.16 + 0,53 16,72 + 0,47
G6 16.66 + 0. 59 13,37 + 0,47 12,90 + 0,57
G9 16,48 + 0 51 14.86 + 0,55 16,66 + 0,54
Gl1 11,92 + 0,63 14,39 + 0,56 13,02 + 048
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Table 6. Chemical data of water samples from Kujwa and Songsan
areas (March),

CO3 + Conduc-

Sample Temp H Na K Mg Ca Cl NOj SOy HCO tivity
No. () P (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) ( 3) (pmho/
ppm cm-1)

Gl 14 7.6 %5 94 130 9.4 115 1.18 15.6 38,0 568

G2 - 7.5 137 170 27,8 22,5 303 1.60 441 374 1,173

G3 15 7.5 925 100 145 145 190 1,45 26.1 40.8 798
G4 15 7.4 229 334 464 2738 589 0.77 98,0 484 2224
G5 15 7.4 145 192 31,9 19,6 328 0.70 18,0 40,5 1,280
G6 14 7.5 82 20 3.5 4.4 12,4 1,80 3.3 3.8 113
G7 14 7.1 45 494 692 313 936 1,02 123 36,6 3,343
G8 12 8.1 8970 220 1,120 470 19,321 047 3,102 133 56,515
G9 15 7.8 179 16,2 25,7 4.2 271 0,90 45.7 38,0 1,016
Gl10 15 76 251 228 385 203 511 2.99 65,3 380 1,888
Gll 16 76 371 63 118 95 81,5 1,19 122 35,2 394
Gl2z 16 7.4 205 233 438 232 488 0,70 65.3 492 1,79
G13 15 7.4 1,192 46 109 66 2,14 285 343 46,4 7,276
Gl4 14 7.9 825 570 998 400 17,691 0,50 2,857 130 52 546

*

Table 7. Chemical data of water samples from Kujwa and Songsan
areas (May)

CO3+ Conduc-
tivity

HCO3 { pmho/

( ppm) et l)

Sample Temp u Na K Mg Ca Cl NO3 SOy
No, (&) P (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Gl 15 7.7 576 115 11,3 83 120 1.06 15,9 38.0 590
G2 16 7.6 142 186 274 22,5 336 1.49 39.4 343 1,266
G3 16 7.5 842 141 174 140 192 1,26 23,0 419 782
G4 15 7.6 29 358 456 26,6 616 0.57 67.6 48 4 2,245
G5 15 7.7 150 213 258 182 331 0.53 42,0 41 4 1,232
G6 16 7.7 83 3.7 2.7 3.8 11,5 2,06 4.5 28,7 113
G7 15 76 1,150 140 205 70,3 6,467 0.76 313 487 8,632
G8 15 8,2 8,630 928 995 369 22,087 0,49 2,135 130 56,404
G9 16 77 108 185 228 17,6 272 072 29,6 39.4 1,062
Glo 16 7.6 238 315 374 211 529 2,85 579 36.6 1,933
Gl11 17 7.8 327 7.5 7.7 9.0 77.1 1.12 9.9 422 391
Gl12 16 7.7 201 264 368 219 490 0.56 62,3 43,0 1,787
G13 15 75 1,050 983 134 54,1 2,195 279 257 442 7,398
Gl4 16 82 8910 933 1,040 380 18,746 0,40 2,570 127 59,118
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Table 8 . Chemical data of water samples from Kujwa and Songsan
area ( August)

CO3+ Conduc-

Sample Temp Na K Mg Ca Cl NOj3 SOy HCO3 tivity
No. @ P (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (pom) (pmho/
Pp! Cm)

Gl 15 7.5 421 58 10,5 7.7 97.7 1.54 12,2 29.5 445
G2 16 7.6 812 95 46,1 359 206.9 1,74 25,0 31,5 854

G3 15 7.5 926 109 23,0 143 3487 1,80 372 35,2 1,135

G4 15 7.5 192 15,1 34,3 194 4597 1,42 57.0 46,7 1,780
G5 15 7.5 920 93 181 118 2452 090 32,6 287 1,0l0
G6 15 7.6 86 29 3.5 4,0 145 174 6.1 21,9 112
G7 14 7.4 663 494 110 32.2 1,427 0,78 140 38.5 5,015

G8 25 82 7,450 545 1,135 608 17,0017 0,39 1,860 126,6 47,100

]

G9 165 7.7 670 65 129 102 1360 1,00 186 295 602
Gl - - - - - - - - - - -
Gll 15 7,5 280 37 79 7.0 51,8 2.9 9.2 309 288
G12 - - - - - - - - - -

Gl3 16 7.5 847 516 964 355 15458 3,07 221 14,1 5,595
Gl4 25 8.1 7,830 408 813 965 13,153 0,63 690 121,0 38,550
Gl5 - 7.0 57 2.4 64 84 9.0 0.31 5.5 38,0 105

— : not measured

Table 9. Chemical data of water samples from Kujwa and Songsan
area ( October)

CO3 + Conduc-

Sample Tfmp H Na K Mg Ca Cl NO3 SO, HCO4 tivity
No, () P (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) ( ppm) (ﬂm:;{
Gl - 7.0 53.6 6.3 9.8 7.3 103 0.77 16,4 35,6 474
G2 - 7.2 105 11,3 175 16,0 210 1,14 32,7 35,2 921
G3 - 7.1 20.4 3.0 79 100 42,5 1,33 11,2 36.6 267
G4 - 7.4 260 169 31,5 202 491 0.53 73.5 422 1,920
G5 - 7.5 131 10,0 197 123 268 0.42 37.2 36.6 1,115
G6 - 76 91 42 34 41 101 194 92 267 112
G7 - 7.0 548 324 888 30,7 975 0.59 153 39.4 3,840
G8 - 81 9370 527 1,105 405 17,159 0053 2653 120 45446
G9 - 7.8 108 9.3 20,7 13.8 241 0,25 39.4 36,6 990
G10 - - - - - - - - - - -
Gl11 - 7.6 32 42 8,7 7.5 58.5 1.21 26.5 36.6 316
Gl2 - - - - - - - - - - -
G13 - 75 2,248 1292 322 865 3970 235 510 533 12,874
Gl4 - 7.9 9,740 552 1,718 393 17,159 0,39 2,551 101 47,489
G15 - 7.1 8.7 2,7 4.5 4.5 8.2 0.27 8.3 39.4 116

— ! not measured
— 100~
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Table 10. Chemical data of water samples collected in Kujwa and

Songsan area one week after heavy rain.

COx + Conduc-
Sample Temp oH Na K Mg Ca Cl NO3; SOy HC(3)3 tivity

No, (T) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) ( ppm) (l‘mil:l<
Gl - 76 41,2 69 8.0 5.8 73.4 2.29 8.7 34 368
G2 - 7.6 788 6.1 13,0 102 147 2,48 19.7 34 623
G3 - 7.5 127 83 220 138 250 2.62 34,0 36.9 994
G4 - 7.5 201 104 28,3 17.3 371 2,27 26,9 3.3 1,373
G5 - 7.6 175 86 242 14.2 316 1,34 4.0 34.9 1,232
Gé6 - 8.1 10,1 3.7 3.6 14,7 6.2 2,37 1.9 34.9 117
G9 - 7.7 174 92 126 9.2 146 1.13 24,0 37.1 592
G11 - 7.6 236 27 6.1 4.9 34.2 4,68 8.9 28,7 219

—: not measured

Table 11. Chemical data of water samples collected in Kujwa and

Songsan area two weeks after heavy rain.

CO, + Conduc-
Sample Temp Na K Mg Ca Cl NOj SOy HC?) tivity

No. (&) P% (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (pme) (;lm(}:l[(:]{
Gl - 76 466 79 86 6.4 96,6 1.87 8.6 33.2 376
G2 - 7.6 105 6.7 17.3 13.0 200 181 25,4 33.8 796
G3 - 7.5 128 8,7 194 11.8 244 2,34 34,0 38.0 937
G4 - 7.5 259 112 33.1 18,5 283 2,01 32,6 38.0 1,641
Gb - 7.6 179 98 229 14,0 326 1,14 454 39.4 1,225
Gé6 - 7.5 8.8 26 3.5 4,2 18 1,67 1.9 23.9 103
G9 - 7.6 174 81 11,6 8.9 137 1,02 24,0 36,6 559
Gl - 7.7 277 3.0 7.4 6.0 475 413 8.9 30.9 249

— ! not measured
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Table 12. Chemical data of water samples collected in Kujwa and
Songsan area three weeks after heavy rain.

CO3 + C.oqduc-
Sample Temp Na K Mg Ca Cl NO3 SO4 HCO3 tivity
No, (T) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) ( ppm) (ﬂnl;l;{
Gl - 75 499 50 95 6.9 93.8 1,78 8,7 33.8 392
G2 - 7.6 110 7.7 186 13.8 214 1.76 29.7 35,2 846
G3 - 7.5 152 10,6 219 12,9 262 2,08 20 4 40.8 1,220
G4 - 7.5 317 13,7 415 21,6 547 227 64.0 39.4 2,034
G5 - 7.6 176 8.8 212 12,9 303 1,04 45 4 39.4 1,178
G6 - 7.6 8.6 2.8 3.6 4.2 10,6 1,76 1.9 25,3 104
G9 - 75 169 7.1 11.8 8.9 131 1,00 226 366 558
Gl11 - 7.7 295 39 81 6.4 472 3.32 89 324 262

! not measured
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Table 13. Classification of water samples from Kujwa and Songsan areas.

Sample Types of water
No, March May August October
Gl Na-Cl Na-Cl Na-Cl Na-Cl
G2 Na-Cl Na-Cl Na-Cl Na-Cl
G3 Na-Cl Na-Cl Na-Cl Ca-Cl
G4 Na-Cl Na-Cl Na-Cl Na-Cl
G5 Na-Ci Na-Cl Na-Cl Na-Cl
G6 Na-Cl Na-Cl Ca-Cl Na-Cl
G7 Na-Cl Na-Cl Na-Cl Na-Ci
G8 Na-Cl Na-Cl Na-Cl Na-Cl
G9 Na-Cl Na-Cl Na-Cl Na-Cl
Glo Na-Cl Na-Cl - -
Gll Na-Cl Na-Cl Na-Cl Na-Cl
Gl12 Na-Cl Na-Cl - -
G13 Na -Cl Na-Cl Na-Cl Na-Cl
Gl4 Na-Cl Na-Cl Na-Cl Na-Cl
Gls — ) - Ca-HCOg3 Ca-HCO34

— ! not determined

Table 14. Chloride-bicarbonate ratios as a criterion of sea water
intrusion (Kujwa and Songsan areas) .

Sample March May August October
No, C1/HCO; Cl/HCOj3 Cl /HCO; C1/HCO;3
Gl 5,33 5.67 5,60 4,97
G2 14,2 15,8 11,3 10,3
G3 7.71 7.71 17.0 2.00
G4 20,8 21.8 16.9 20,0
G5 13,01 13,2 14,7 12,6
G6 0.60 0,60 1,14 0,65
G7 44 .0 228 63,7 42,3
G8 302 311 231 269
G9 12,7 12.8 7.9 11,3
Glo 24.0 24 8 - -
Gl1l 3.83 3.14 2.90 2,75
Gl2 17.1 19,7 — -
G13 75.9 88.9 188 129
Gl4 249 278 187 292
Gl5 - - 0,41 0,36

— ! not measured
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Table 16 . Sodium absorption ratio (SAR)* of water samples from
Kujwa and Songsan areas.

Sample March May August October
No. SAR* SAR* SAR* SAR*
Gl 2.8 3.1 2.3 3.0
G2 4.6 4.8 2.1 4.3
G3 4.1 3.6 3.5 1.2
G4 8.3 8.0 6.1 8.4
G5 4.8 5.3 3.9 5.4
G6 0.8 0.9 0.8 0.8
G7 10,2 15.6 12,5 11.3
G9 7.1 3.9 3.3 4.3
Glo 7.6 7.2 - —
G11 1.8 2.0 1.7 1.9
G12 5.9 6.2 - ~
G13 20.7 17.6 16.7 24.9
G15 - - 0.4 0.7

* Sodium absorption ratio { SAR) was calculated by the following
Na

Formula : SAR :,\/C—a———m

2

— : not calculated

Table 6 . Chemical data of water samples from Udo (August).

CO3+ Conduc-
Sample Temp Na K Mg Ca Cl NOj3 SO, HCO4 tivity
No. (€) P (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (.Umh(r)n/)
c

Ul 74 74 1% 107 165 83 2210 123 349 84 952
Uz 7.7 77 26 133 312 195 4175 064 640 703 1,680
U3 68 68 86 22 1.4 08 11,3 0.26 79 84 80
U4 81 81 9,50 535 1,135 398 18125 036 1,980 1224 48,150
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Table 17. Classification of water samples from Udo areas (August).

SIE\IITE.PIC Types of water
Ul Na~Cl

Table 18 . Chloride-bicarbonate ratios as a criterion of sea water
intrusion (Udo area) .

Sample August
No. Cl1/HCO3
Ul 45,2
U2 10.2
U3 2.31
U4 255

Table 19 . Sodium absorption ratio (SAR) of water samples from

Udo areas.
Sample August
No, SAR
Ul 6,1
U2 7.4
U3 1.3
U4 54 .9
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