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The Study on the Increased Causes of
Chloride (Cl ) Concentration of the Samyang 3rd
Pumping Station in Cheju Island
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Abstract : The study is aimed to find out the causes of rapidly increasing chloride (Cl') concentration of the
Samyang 3rd pumping station originated from coastal springs of Cheju since January 1996. The study results
show that it was caused by following complicated natural and anthropogenic effects. Due to severe draught in
1996 with total rainfall of only 41.7% of annual mean of the last 36 years (1991 to 1995), it creates firstly
significant decrease of the spring discharges as well decline of the groundwater level at the site. Sea water level
was in general 4.4 cm to 12.4 cm higher than the groundwater level of the site during 2 to 3.8 hours at each
high tide. Those higher potential head of sea water motivates the sea water intrusion into the fresh water lens
through the permeable clinkers and fracture zones situated beneath the existing grouted zone which was
installed to a maximum 10 m below the ground water surface. The repeated expansion and contraction of the
fresh water lens occurred by periodic changes of the sea water level at high and low tde accelerates secondly
the enlargement of the transition zone between the fresh and sea water at the site. The decrease of recharge
amount by rainfall shortage creates thirdly the reverse flow at the interface of sea water and groundwater. The
repeated groundwater extraction of 2790£450 m’d” at the time of low tide, when the fresh water lens of the
site is under the contraction state, makes additional drawdown of the ground water level and induces the
upconing of salt water into the fresh water lens. The duration of spring discharge whose Cl' concentration is
less than 150 mg/I at the low tide measured at the nearby springs was about two hours with discharge rate of
532 m*d" and after that Cl concentration is increased up to more than 1900 mg/1.
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Figure 2. Geological map of the study arca.

Location map of SW-series springs and observation wells of the study area.
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Figure 5. Variation of Cl-concentration measured at observation wells (mg/7) (95. 8~96. 7).
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Table 1. Transmissivity estimated using the tidal data at the observation wells

=) =1 2~ 5
e AT A A s #oln ARAS T /D) ¥E T 249
] A2l (m) {m)
CH-7 A 137 13.6 0.661 0.815 6.25 0.12 6104 96.8.21-8.23
7277 13.6 0.996 1.241 7.08 0.12 4887
A 327] 13.6 0.635 0.758 5.83 0.12 9156
2 4%7) 13.6 0.86 1.059 6.83 0.12 5655 6451
CH-3 A 137] 147 0.65 0.815 6.25 0.12 6113
A 237 14.7 0.96 1.241 7.08 0.12 4189
A 377 14.7 0.621 0.758 5.83 0.12 8439
2477 14.7 0.839 1.059 6.83 0.12 5279 6005
CH-1 127 17.9 0.409 0.815 6.25 0.12 976
277 179 0.654 1.241 7.08 0.12 998
A 377 179 0.394 0.758 5.83 0.12 1161
A 437 17.9 0.597 1.059 6.83 0.12 1292 1107
W-1 A 137 20.2 0.39 0.815 6.25 0.12 1087
2277 202 0.627 1.241 7.08 0.12 1119
2337 20.2 0.37 0.758 5.83 0.12 1231
A 477 20.2 0.551 1.059 6.83 0.12 1266 1176
W-2 AN 1737 496 0.39 0.815 6.25 0.12 6556
277 496 0.619 1.241 7.08 0.12 6498
377 496 0.372 0.758 5.83 0.12 7536
437 49.6 0.541 1.059 6.83 0.12 7224 6954
W-4 A 157 54.7 0.388 0.815 5.25 0.12 7863
2727 54.7 0.619 1.241 7.08 0.12 7903
A 327] 54.7 0.379 0.758 5.83 0.12 9665
A 427 54.7 0.547 1.059 6.83 0.12 9082 8628
W-3 A 127 61.6 0.386 0.815 6.25 0.12 9835
A 227 61.6 0.613 1.241 7.08 0.12 9748
2327 61.6 0.377 0.758 5.83 0.12 12072
A 477 61.6 0.541 1.059 6.83 0.12 11143 10699
A 24 A A 137] 455 0.873 1.939 6 0.12 4902 96.9.14~9.15
A 277 455 0.848 1.944 5.67 0.12 4803 4853
NO.2 A 127 72.7 0.889 1.939 6 0.12 13106
2227 727 0.860 1.944 5.67 0.12 12687 12896
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Table 2. Measured maximum and minimum groundwater levels of the observation wells (1996. 8. 21~8. 23)
#2134 SEA CH-7 CH-3 CH-1 W-1 W-2 W-4 W-3
% 7 59 FA% #9 FA% S8 293 #9 SO 29 0% £9 2A% 29 26N 29 F9%
PIES L 2418 2.387 2.393 2.352 2.349 2430 2425 2413

min 1.603 0.815 1726 0.661 1743 065 1943 0409 1943 039 2040 0.390 2037 0.388 2.027 0.386
A257] max 2.369 2.343 2.330 2.318 2315 2.392 2.391 2.384

min 1.128 1.241 1.347 0996 1.370 096 1.664 0.654 1.688 0.627 1.773 0.619 1772 0.619 1.771 0.613
A357) max 2.366 2.364 2.367 2.337 2.326 2.407 2.411 2.409

min 1.608 0.758 1.729 0.635 1.746 0.621 1943 0.394 1956 0.37 2035 0.372 2.032 0379 2.032 0.377
A4F7] max 2.207 2.193 2.192 2222 2214 2.292 2.295 2.292

min 1.148 1.059 1.333 0.86 1.353 0.839 1.625 0.597 1.663 0.551 1.751 0541 1748 0547 1.751 0.541
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Table 3. The difference of the highest and lowest tide, 2 max-
imum and a minimum water level and distance from
the coastal line to observation points

Table 4. The Duration that the sea water level is higher than the
groundwater level at the site at 2nd and 3rd high tide
(minute) (96.8.22)

slgrol Aokl 249

z o Az wgm Axm VP 5 g wa
{m) (2) (2) '

CH-7 137 136 0661 0815 0811 0816
237 0996 1241  0.803
337 0635 0758  0.838
A 457 086 1059 0812

CH-3 A1F7) 147 065 0815 0798 079
227 096 1241 0774
| 357] 0621 0758 0819
477 0839 1.059 0792

CH-1 #l1%7] 179 0409 0815 0502 0528
277 0654 1241 0527
357 0394 0758 052
477 0597 1059 0564

W-1 A1F7] 202 039 0815 0479 0498
A 25:7) 0627 1241 0505
357 037 0758 0488
A 477 0551 1059 052

W2 A1%7] 496 039 0815 0479 0495
A 25371 0619 1241 0499
377 0372 0758 0491
A477) 0541 1059 0511

W-4 #1%7] 547 0388 0815 0476 0498
277 0619 1241 0499
337 0379 0758 05
H4z7] 0547 1059 0517

W3 A1ZF7] 616 0386 0815 0474 0494
2371 0613 1241 0494
A 3%7) 0377 0758 0497
A 457) 0541  1.059 0511
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3t Table 59 2t} Table 594 A2F7]19F A4F719 H
A o] Bl 71AE A AsteE Aglr] el
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A A9lahc.

2L B

ol

ASAHE #5912 3k59) (cm)

W A(m) M2 A3l HHE A2F7) A3F7) B
CH-7 136 225 245 235 7.1 73 72
CH-3 147 225 240 2325 70 76 7.3
CH-1 179 185 250 2175 86 107 965
W-1 202 190 270 230 118 130 124
W-2 496 9 170 130 40 49 445
W4 547 96 160 125 3.8 50 44
W-3 516 90 160 125 48 51 495
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Table 5. The elapsed times between the highest and lowest tide, and 2 maximum and a minimum water level at the observaton points (96.

8. 21-8. 23)
#=2d  SEA CH-7 CH-3 CH-1 W-1 W-2 W-4 W-3 B3
F71 Al A AP 2 AIRE A AP & AP R AZE A AIRE A A #
A1E7]  max 80 125 130 135 160 175 175 175
min 455 375 480 355 480 350 510 375 535 375 535 360 535 360 540 365
A2%7] max 765 310 795 315 815 335 820 310 830 295 830 295 830 295 830 290
min 1190 425 1215 420 1210 395 1205 385 1225 395 1225 395 1225 395 1225 395 k4%
A3%7]  max 1620 430 1655 440 1655 445 1665 460 1690 465 1690 465 1690 465 1690 265
‘min 1970 350 2015 360 2015 360 2035 370 2050 360 2050 360 2055 365 2055 365
A477]  max 2310 340 2330 315 2340 325 2345 310 2350 300 2350 300 2350 295 2355 300
min 2720 410 2740 410 2740 400 2750 405 2780 430 2785 435 2785 435 2785 430 %59
W 7 377 374 373 374 374 373 373 373
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Table 6. The lag time observed at 7 observation wells (minute) (96. 8. 21~8.23)

E HEAA CH-7 CH-3 CH-1 W-1 W-2 W-4 W-3 W] a1
A 157] max 45 50 55 80 95 95 95
min 25 25 55 80 80 80 85
A 257] max 30 50 55 65 65 65 65
min FrAE
A 337] max 35 35 45 70 70 70 70
min 45 45 65 80 80 85 85
A 4571 max 20 30 35 40 40 40 45 )
min Rl
H max 325 41.25 47 .5 63.75 67.5 67.5 68.75
min 35 35 60 80 80 82.5 85
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Figure 6. Fluctuation of ground water levels and sea water measured by Hermit data loggers (96.8.21~8.23).
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Figure 7. Electric conductance measured at W-1 collector well and at W-2 collecror well.
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