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

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

Summary

In order to provide effective countermeasure for the groundwater protection from
sea water contamination, isotope-aided technique and chemical analysis were applied
for the measurement of concerned parameters in the areas of Aewol and Halrim and
outskirts of Cheju city to gscertain whether existing boreholes and springs are
affected by sea water intrusion.

Water samples were collected seasonally from the sea, the spring and the
boreholes for measuring temperature, pH, mineral contents, electrical conductivity
and environmental isotopes(H-2, H-3, 0O-18).

The mineral contents and electrical conductivity of groundwater as well as spring
water in the areas of Aewol and Halrim and outskirts of Cheju city were similar to
those of Cheju city and Sogwipo city areas.

Seasonal changes in the contents of environmental isotopes(H-2, H-3, O-18) in the
water samples were observed. Considering that the amount of environmental isotopes
in the groundwater was diluted by rainfall in summer to a great extent, the aquifer
seemed to be small and the mixing process might occur rapidly.

In most of groundwaters and spring waters, the ratio of Cl to HCO, was shown to
be less than 1.0. However, that at the spring water(A4) of Aewol was rather high,
and the level of O-18 was close to that of spring and groundwater contaminated by

sea water in the eastern Cheju area.
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Table 1, Specifications of sampling sites in Aewol and Halrim areas,

Distance

Sample No. Location Description from sea Depth
(km) (m)

Al Cheju-shi Oedo-dong Spring water 0.35 0
A2 Cheju-shi Oedo-dong Ground water 1.00 70
A3 Aewol-up Aewol-ti Sea water 0 0
Ad Aewol-up Aewol-ri Spring water 0.05 0
A5 Aewol-up Aewol-ri Ground water 0.30 26
AB Aewol-up Aewol-ri Ground water 0.45 60
A7 Aewol-up Sangga-ri Ground water 1.85 117
A8 Aewol-up Napup-ri Ground water 2.75 112
A9 Halrim~up Ongpo-ri Spring water 0.75 0
Al0 Halrim-up Dongmyong-ri  Ground water 1.50 60
All Halrim-up Dongmyong-ri  Ground water 3.50 154
Al2 Cheju—shi Samyang-dong Sea water 0 0
Al3 Cheju-shi Samyang-dong Spring water 0 0
Al4 Cheju-shi Samyang-dong Ground water 0.80 43
Al5 Cheju-shi Doryon-dong Ground water 2.40 126
AlB6 Cheju-shi Doryon-dong Ground water 2.70 142
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Tabel 2. Environmental tritium, deuterium and oxygen-18 levels in Cheju rainfall.

Sample No. Tritium(TU) Deuterium(per mill)  Oxygen-18(per mill)

Precipitation 11. 04%0.55 -79.0 -12. 29
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Table 4 Chemical data of water samples from Aewol and Halrim areas (March),

s Temp. Na K Mg Ca Cl NO, SO, HCO, Conductivity
ample pH 4
© ppm  ppm ppm ppm ppm ppm ppm ppm (umho @)
Al 15 7.6 6.6 2.3 2.9 3.8 15.2 2.0 1.4 248 111
A2 15 7.6 49 2.3 2.0 8.0 12.4 0.6 0.4 237 8
A3 13 82 9,78 562 1,092 563 22,220 0.4 2,045 120 47,630
Ad 14 1.6 17.3  32.9 1.1 10.5 107.9 2.6 10.3 345 427
AS 15 7.6 11.0 3.2 3.7 3.8 12.8 1.6 2.1 33.8 125
Ab 15 7.5 7.6 3.1 47 46 16.5 2.2 2.6 348 148
A7 14 7.9 7.3 2.9 30 51 123 0.7 2.1 389 113
A8 14 7.9 6.5 31 2.6 3.3 9.7 0.0 1.4 32.3 98
A9 14 7.8 1.3 3.8 53 12.1 16.0 3.1 2.7 3.3 164
Al0 17 1.7 1.2 3.8 51 53 17.5 2.9 2.7 3.3 162
All 16 7.5 9.3 3.1 51 5.2 16.4 2.5 2.7 381 152
Al2 12 8.2 9,520 475 208 340 18,720 0.3 1,981 120 48, 600
Al3 13 7.6 57 2.5 7.8 35 12.1 1.0 2.1 22.2 100
Al4 14 1.7 6.4 2.6 23 32 10.7 1.1 2.1 257 100
AlS 15 7.5 6.9 27 3.2 38 12.8 1.2 1.4 29.4 109
Al6 15 7.6 58 2.6 2.5 3.3 9.9 0.3 1.4 301 %
Table 5, Chemical data of water samples from Aewol and Hairim areas (May).
Sample Temp. pH Na K Mg Ca Cl NO, S0, HCO, Conductiv'ity
(T ppm  ppm ppm ppm ppm ppm ppm ppm (umho a”)
Al 17 8.1 9.2 2.5 2.8 5.1 15.7 L6 1.4 28.1 101
A2 15 7.9 58 2.3 2.4 39 12.0 1.1 10.4 24.4 90
A3 18 86 10,160 439 1,122 385 17,695 0.4 2,108 114 43, 660
Ad 15 7.9 17.3  33.6 22.5 127 139 3.0 13.5 34.8 512
A5 15 8.0 10. 4 3.1 3.4 44 135 16 2.1 34.2 122
Ab 15 8.0 8.2 31 47 48 15.6 2.6 6.5 348 14
A7 15 8.2 5.1 3.3 40 5.0 13.0 1.6 2.7 384 126
A8 15 81 7.2 3.0 2.8 5.8 11.3 0.1 2.7 3.7 99
A9 15 8.1 1225 1.6 53 33 16.7 2.9 40 39.7 158
Al0 16 8.1 1.6 3.9 51 6.1 16.7 0.1 3.3 391 156
All 17 8.0 10.0 3.6 49 50 159 2.2 2.1 31.8 143
Al2 17 83 10,010 465 1,113 372 20,84 0.3 1,791 118 46, 260
Al3 14 7.8 6.3 2.8 2.6 3.7 14.6 1.6 2.7 23.8 101
Al4 14 7.9 517 2.1 2.6 3.4 1.3 1.1 1.7 21.5 9%
Al5 - - - - - - - - - - -
Al6 15 7.9 56 2.6 2.4 19 1.4 0.3 1.4 281 88

-:not sampled
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Table 6, Chemical data of water samples from Aewol and Halrim areas (August).

Sample Temp. pH Na K Mg Ca C NO, SO, HCO, Conductivity
(v ppm  ppm ppm ppm ppm ppm ppm ppm (umho a’')
Al 22 7.6 37 0.9 L5 Lo 4.0 L7 .0 12.7 53.6
A2 15 1.5 7.4 2.3 4.5 2.2 20,0 1.3 3.3 415 132
A3 27 8.1 6690 108 1,078 742 19,129 1.0 2 261 109 33,585
A4 15 7.4 15.8 4.2 82 4.7 69.2 6.8 10.1 36.5 209
A5 14 7.1 43 3.4 44 1.3 23.2 2.0 3.0 336 140
A6 15 1.2 15.0 3.6 7.8 2.0 30.7 3.6 8.6 137.2 206
A7 15 7.9 10.9 3.9 55 19 17.6 1.6 53 39.7 165
A8 15 8.0 6.2 2.6 2.9 0.5 19.0 0.2 1.1 36.6 84.9
A9 15 1.9 87 33 57 17 18.0 3.5 44 452 152
Al0 16 8.0 10.6 3.6 6.0 2.2 20.7 3.3 48 47.0 158
All 17 7.8 10.1 2.8 55 18 18.0 2.5 33 4.0 137
Al2 25 81 7220 326 1,130 268 16,440 1.3 1,450 110 35,228
Al3 14 7.8 7.1 2.6 1.8 17 16.0 1.5 30 3.4 112
Al4 16 7.8 6.3 2.6 33 12 2.2 1.3 2.7 32.3 108
Al5 15 7.8 9.2 2.5 6.5 2.2 28.0 1.1 5.3 31.2 166
Al6 15 7.8 6.7 2.5 313 11 21.8 0.3 1.3 37.8 100
Table 7. Chemical data of water samples from Aewol and Halrim areas (October).
Temp. Na K Mg Ca Cl NO, SO, HCO, Conductivity
Sample pH "
© ppm  ppm ppm ppm ppm ppm ppm ppm (umho ™)
Al 17 7.4 52 L6 2.3 L2 13.4 1.0 1.4 26.8 76.3
A2 15 7.0 53 L9 29 13 13.7 1.2 1.5 311 86.5
Al 18 8.1 640 380 1,000 265 13,521 1.8 1,760 112 33,078
A4 15 1.9 92 24 6.5 3.1 58.9 0.8 7.1 49.4 137
A5 15 1.5 56 38 39 2.3 18.0 0.6 3.0 48.2 110
A6 15 1.3 6.9 27 31 30 12.3 0.8 1.5 42.7 9.5
AT 15 1.7 59 22 2.3 16 12.0 1.2 1.0 36.6 83.3
A8 15 7.5 6.2 2.5 2.9 1.8 12.1 0.8 1.7 40.9 93.5
A9 15 7.9 8.4 32 2.9 1.9 21.4 3.2 8.0 47.0 147
Al0 16 7.8 5.5 31 .5 11 12.6 1.2 1.0 37.2 8.7
All - - - - - - - - - - -
A12 18 8.1 8620 383 1,398 289 15675 0.8 2,065 125 35,641
Al3 14 7.8 56 2.1 .4 13 1.0 1.2 2.0 36.6 83.9
Al4 15 1.8 11.1 3.2 55 3.8 20.2 3.2 2.5 32.3 144
Ald 15 7.9 6.1 2.0 2.8 2.5 18.0 2.4 1.5 47.0 108
Al6 15 7.9 49 2.2 2.7 17 1.2 0.2 1.0 39.1 81.5
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Table 8. Classificaion of water samples from Aewol and Halrim areas,

Types of water

Sample No

March May August October
Al Ca-Cl Ca - HCO, Na - Cl Na - HCO,
A2 Ca - HCO, Ca - HCO, Ca - HCO, Ca - HCO,
A3 Na - Cl Na - Cl Na - Cl Na - Cl
A4 Na - Cl Ca-Cl Ca-Cl Ca-Cl
A5 Na - HCO, Na - HCO, Ca:.Cl Ca - HCO,
A6 Ca - HCO, Ca - HCO, Na - Cl Ca - HCOq
A7 Ca - HCO, Ca - HCO, Na - HCO, Na - HCO,
A8 Ca - HCO, Ca - HCO, Na - HCO, Na - HCO,
A9 Ca - HCO, Na - HCO, Ca - HCO, Na - HCO,
Al0 Ca - HCO, Ca - HCO, Ca - HCO, Na - HCO,
All Ca - HCO, Ca - HCO, Ca - HCO, -
Al12 Na - Cl Na - Cl Na - Cl Na - Cl
Al13 Ca-Cl Ca:Cl Na - HCO, Na - HCO,
Al4 Ca - HCO, Ca - HCO, Na - Cl Ca - Cl
Al5 Ca - HCO, - Ca:-Cl Ca - HCO,
Al6 Ca HCO, Na - HCO, Na - Cl Ca - HCO,

- :not sampled
Table 9, Chloride-bicarbontate ratios as a criterion of sea water intrusion in

Aewol and Halrim areas,

March May August October
Sample No

CI/HCO, CI/HCO, CI/HCO, CI/HCO,
Al 1. 05 0.96 1.89 0. 86
A2 0.90 0.85 0.83 0.76
A3 318 267 302 207
A4 5.37 6. 86 3.28 2.05
A5 0.65 0.68 1.19 0. 64
A6 0.54 0.77 1.42 0.49
AT 0.81 0.58 0.76 0. 56
A8 0.52 0.49 0.89 0.51
A9 0.74 0.72 0.68 0.78
Al0 0.83 0.73 0.76 0. 58
All 0.74 0.72 0.69 -
Al2 268 304 257 215
Al3 0.94 1.05 0.78 0.52
Al4 0.72 0.71 1.13 1.07
Al5 0.75 - 1.29 0.66
AlB 0.57 0.70 0.99 0.49

- :not sampled
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Table 10, Sodium absorption ratio(SAR) of water samples from Aewol and Halrim

areas,
March May August October
Sample
SAR SAR SAR SAR
Al 0.6 0.8 0.6 0.6
A2 0.4 0.6 0.7 0.6
A3 55.4 59.1 ’ 36.7 40.3
A4 0.7 0.7 1.0 0.7
A5 0.9 0.9 0.4 0.5
Ab 0.6 0.6 1.1 0.7
A7 0.6 0.4 0.9 0.7
A8 0.6 0.6 0.7 0.7
A9 0.7 1.0 0.7 1.0
A10 0.8 0.8 0.8 0.8
All 0.7 0.8 0.8 -
Al12 90.9 58.6 43.0 46.6
Al13 0.4 0.6 0.9 0.8
Al4 0.7 0.6 0.7 0.9
Al5 0.6 - 0.7 0.6
Al6 0.6 0.6 0.7 0.5

-~ :not sampled
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