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Abstract

The groundwater levels at 11 sites and the vertical variations of the water quality at 1
site were measured to study the characteristic of the groundwater level fluctuation of

Cheju Island.

The results.of the measurements for the groundwater levels were as follows;

In the eastern part, inculding Kimnyong, Jongdal and Sungsan, a sinusoidal fluctuation
of groundwater levels occured in response to oceanic tides. The tidal effect on the
groundwater level was reduced depending upon the distance from seashore. But time lag
showed that the trend is reversed. However, in the Samyang, Kosan and Shinhyo areas
show that the groundwater level was directly influenced by the amount of precipitation.
Especially, Shinhyo area which southern part in Cheju was affected the most and show

upper parabasal groundwater level,

In Susan- I which eastern part in Cheju, well revealed that water quality changed with
the period of a tide. Salinity at the 1lm, bellow the natural groundwater level, was

approched to the brackish groundwater(1000ppm).

Key Words : groundwater levels, Oceanic tides, tidal effects, natural groundwater level,

brackish groundwater.
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Fig. 1. Measurement wells location of groundwater level.
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Table 1. Statistics of measurement wells in Cheju island
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Well No. Location Elevation(m) | Depth(m) (ii)]tf %‘rfne) Dig(t)a;r;%?krf;())m Remarks
Sy-1 SAMYANG 36.0 425 -6.5 150 northern part
Ky-1 KIMNYOUNG 359 60.0 -24.1 125
Jd-1 JONGDAL-I 12.0 350 280 1.37
Jd-2 JONGDAL-I 52.0 75.0 -23.0 2.20
Ss-1 SUSAN-I 282 410 -12.8 2.00 eastern part
Ss-2 SUSAN-TI 287 51.0 -22.3 275
Op-1 ONPYONG 333 50.0 -26.7 150
Ns-1 NANSAN 40.0 55.0 -15.0 250
Sh-1 SHINHYO 535 130.0 =765 3.05 southern part
Ks-1 KOSAN- I 182 1180 -99.8 0.80

western part
Ks-2 KOSAN-TI 180 82,0 -64.0 093
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Table 2. Results of the groundwater level measurement at eastern Cheju.

Months
Well No. -

92.3 3 4 5 6 7 8 9 10 11 12 '93.2
Ave. 3493 | 3479 | 3453 | 3452 | 3455 | 3459 | 3444 | 3453 | 3439 | 3440 | 3467 | .68
Ky-1 Max. 3450 | 3443 | 3425 | 3412 | 3426 | 3440 | 34.15 | 3433 | 3471 34.72 | 3422 | 3503
y Min. 3659 | 35621 3480 | 3498 | 3492 | 3482 | 3480 | 3480 | 3412 | 3412 | 3418 | 3441
Amp. 1.09 0.78 055 0.86 0.86 0.42 065 047 047 059 054 0.62
Ave. 11.03 10.89 1069 10.73 1099 10.89 10.89 10.78 10.80 1108 | 1103
Jd-1 Max. 1141 11.15 10.97 11.06 1111 1113 11.09 1099 | 11.06 | 1145 | 11.23
Min. 10.75 1063 1046 | 1049 | 1080 1077 | 1077 1057 1065 1087 | 1085
Amp. 0.66 052 052 057 031 0.36 0.33 047 041 0.59 0.38
Ave. 5112 | 5094 | 5091 5108 | 51.00 | 50.83 | 5115 | 5096 | 5098 | 51.39 | 51.24
Jd-2 Max. 5128 | 5110 | 5111 51.28 | 51.11 5099 | 5127 | 5109 | 5110 | 5165 | 5136
Min. 5097 | 5081 50.77 | 5091 9092 | 5066 | 51.07 | 5081 50.87 | 5120 | 51.12
Amp. 0.31 0.29 034 0.37 0.19 0.33 0.20 0.28 0.23 0.46 0.24
Well No.\Months 9 10 11 12 Well No. \ Months '92.9 10 11 12 '93.2
Ave. 27.01 2104 | 27105 | 2722 Ave. 3228 | 3226 | 3249 | 3255 | 3251
Ss-1 Max. 2715 | 2717 | 2116 | 2136 Op-1 Max. 3251 3249 | 3283 | 3289 | 3276
s Min. 2691 2695 | 2696 | 2705 Min. 3215 | 3212 | 3220 | 3225 | 3226
Amp. 0.24 0.21 0.20 031 Amp. 0.36 0.37 063 0.64 050

Ave. 2118 | 2120 | 2126 | 2747 Ave. 3892 | 3884 | 3894 | 3920

55-2 Max. 2152 | 2128 | 2132 | 2766 Ns-1 Max. 3604 | 389 | 3920 | 3934

Min. 2136 | 2115 | 2115 | 2134 Min. 388 | 3877 | B9 | 3907

Amp. 0.16 0.13 0.13 0.32 Amp. 0.19 0.19 041 0.26
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Table 3. Tidal efficiency(%) of Kimnyoung well

Month GW.L.(m) Tidal Efficiency(%) S.W.L.(m)
onths Range Amp. Flood flow | Ebb flow Average Range Amp.
'92. 2 1.40-0.31 1.09 43.08 3R.78 2.29-0.24 253
1.30-0.31 0.99 34.49 2.63-0.24 2.87
3 1.47-0.69 0.78 33.33 32.18 2.37-0.03 2.34
1.47-0.84 0.63 31.03 2.37-0.34 2.03
4 1.65-1.10 0.55 2793 36.37 2.16-0.71 1.45
165-1.18 047 3481 2.16-0.81
5 1.78-0.92 0.86 37.89 38.54 241-1.14 2.27
1.78-1.09 0.69 39.20 2.41-0.65 1.76
6 1.64-0.98 0.66 40.99 36.55 2.19-0.58 161
1.64-1.29 0.35 32.11 2.19-1.10 1.09
8 1.75-1.10 0.65 37.14 35.41 2.24-0.49 1.75
1.75-1.10 0.35 33.68 2.42-0.49 193
9 157-1.39 0.18 31.03 29.80 2.01-1.43 0.58
1.48-1.39 0.09 2857 1.78-1.43 0.35
10 1.78-1.22 0.56 3567 3501 2.32-0.75 1.57
1.78-1.19 0.59 34.71 2.32-0.62 1.70
11 1.72-1.34 0.38 33.93 36.12 2.19-1.07 1.12
1.72-1.18 0.54 38.30 2.19-0.78 1.41
12 1.41-1.07 0.34 30.09 34.36 1.79-0.66 113
1.41-0.68 0.73 38.62 1.79-0.10 1.89
'93. 2 1.49-0.95 054 37.24 34.68 2.06-0.61 145
1.49-0.87 0.62 32.12 2.06-0.13 193
Average : 3398 35.65 34.82

* G.W.L : Ground Water Level, SW.L.: Sea Water Level, Amp : Amplitude
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Fig. 2. Fluctuations of tidal and groundwater level in Kimnyoung well at northeastern Cheju.
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Table 4. Variations of the tidal efficiency and time lag with the distance from coast at eastern part

: Distance From Tidal efficienty(%) Time lag
Location Coast (Km) Flood flow Ebb flow Average (hours)
KIMNYOUNG 1.25 3347 35.39 3443 2
JONGDAL-1 1.37 23.79 2548 2463 2
ONPYONG 1.50 31.00 28.72 29.86 2
SUSAN-I 2.00 1327 13.87 1357 2
JONGDAL-II 2.20 15.18 16.45 1518 3
NANSAN 2.50 12.73 13.25 12.99 3
SUSAN-II 2.75 9.36 11.27 10.32 35
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Table 5. Results of the groundwater level measurement in Shinhyo and Samyang well. (Unit © m)
Months
'92.2 3 4 5 6 7 8 9 10 11 12 '93.2
Ave. | 41.86 4176 | 3688 | 3956 | 2213 | 3505 | 3745 | 3790 | 3919
Sh-1 Max. | 41.87 4182 | 3703 | 3991 | 2227 | 3517 | 3815 | 3832 | 39.22
Min. | 41.84 4171 | 3671 | 39.05 | 22.02 | 3495 | 3672 ;’>7.41 39.18
Amp.| 003 0.1 0.32 0.8 0.25 0.22 1.43 091 0.04
Ave. 30.63 2029 | 2979 | 29.76 | 3034 | 29.82 | 29.10 | 2925 | 2998 | 31.25
Sy-1 Max. 3071 2034 | 2984 | 2984 | 30.39 | 29.86 | 29.16 | 29.30 | 30.07 | 31.30
y Min. 30.58 2026 | 2975 | 2973 | 3028 | 2980 | 29.02 | 20.20 | 2993 | 31.20
Amp. 0.13 0.08 0.09 0.12 0.11 0.06 015 0.10 0.14 0.10

*Ave. : Average, Max. : Maximum, Min. : Minimum, Amp. : Amplitude
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Table 6. Rising of groundwater level due to the precipitation in Shinhyo well at southern part

5 7 e
Months Area ™" W Lim) e/ Data G.W.L(m) comvh Remarks (Precipitation)
'92.4/27 11.75 '92. 5/6 : 259.8mm
Shinhyo 7 18.44 '92.12 1313 '92. 7/13~7.14 : 268 7mm
8 2067 +9.2 13 1310 -0.13
9 2209 +b4 14 2916 +43.40
10 2108 -34 15 319 +1217
11 2047 -53 16 3208 +048
12 1931 -25 17 3176  -291
13 1842 -38 18 3143 -1.30
14 1774 -28 19 3112 -1.30
15 1713 -21 20 3091 -19
16 1674 -16 21 3055 -155
Average Rising : +7.32 Rising . +1868
Declining : -3.07 Declining @ -1.79

*G.W.L : Ground Water Level
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Fig. 3. Fluctuations of groundwater level in Shinhyo
well at southern Cheju.
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Table 7. Results of the groundwater level measurement in Kosan-I and Kosan-II (Unit : m)
Well N Months
AN Mg 3 | 4 | 5 | 6 ] 7 | 8 [10] 1|12 [ w2
Ave. 1667 | 1645 | 1613 | 1568 | 1651 | 1616 | 1659 | 1516 | 1589 | 16.09 | 16.71
Ks-1 Max. | 1671 | 1647 | 16.14 | 1569 | 1723 | 1622 | 1666 | 1513 | 15692 | 1612 | 16.73
S Min. 1663 | 1643 [ 1610 | 1565 | 1597 | 1611 | 1653 | 1518 | 15688 | 16.08 | 16.67
Amp. 0.08 0.04 0.04 0.04 1.26 0.11 0.12 0.04 0.05 0.05 0.06
Ave. | 1641 | 1656 | 1571 | 1529 | 1559 | 1576 | 1620 | 1475 | 1533 | 1569 | 16.35
Ks-92 Max. | 1655 | 1662 | 1573 | 1534 | 1577 | 15677 | 1631 | 1477 | 1542 | 1569 | 16.40
S Min. 1634 | 1651 | 1569 | 1524 | 1547 | 15647 { 1612 | 1472 | 1529 | 1568 | 16.30
Amp. 0.21 0.21 0.04 0.10 0.30 0.30 0.20 0.05 0.13 0.01 0.11
*Ave. | Average, Max. : Maximum, Min. : Minimum, Amp. : Amplitude
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Fig. 5. [fluctuations of groundwater level in

Samyang well at northern Cheju.

A make 2 #E2PE
Al ‘PiitHTable 7.
141 (Ks-1) B2AA 2HE A3 (Fig. 6)
g Akl A9 FAR FAus G
Bolm Utk & F$7)e ZEve) g 947}
Ao 304m7tx) dslsln flem, 19 Fete H
B 9zt 28 899 0.12m¥Ed. o #FAL
2 A7ga #23 Fd A st g ke
0.80Km Azldl] Hxstn oy FHHsyt A
F3H9 FeE FHeio, 1Y Tt WEER
T 64cmEAN A2Z9 WEE Jehln o] T
AdF}E Ay REEA 0] TRHOF Aolgt
£ AAE 23 Yo 24-T(Ks-2) 3&539) 7
$(Fig. D= 598 q4E B FI o} 1
Aol Astre Aol A% Fusst A
el 74016“*-1%@ 6~8¥9 FHAZ A8} A
e AL W By WSS THS }71 A
|

H4oR £ABES A

B 1aA 5
|
T Az

%*Tﬂ Fo) o]Folx FF2 QA7 uj A
& 7] gjst] Hxslgol FAE offtd ﬂéOI o|
ol 7] PiEoldt.

¥AF3 UNDP(1971.828~11.30)7} 24k U-43
(319 ; 14.3m, telA] Al : 1.28kn) FSFAA
AF5FY FANE EAY AsdAMe 19719 94
239 3% o W™ 153mme] Z$7F 24A17gH
o +9E 084m AFAAL, F$ o)WY AAF
Az HBHIARNE o 60Uo] AFAF A7 B
78 v YHERFE, 1973). o] L Aigs B 4
FAFAT F e ReFA o] A9 F

mlo

_45_



342

welug - 9f4d7) -

714

Table 8. Vertical variations of the salinity and temperaure in Susan-I at eastern part

High-higher water
level

Depth(m)

05

1.5

2.5

35

45

55

6.5

75

85 | 95

105

115

12.0

Ave,
Max.
Min.
Amp.

temperatiire
()

16.25
16.30
16.16

16.22
1627
16.15

014 012

16.17
16.21
16.12

0.09

16.12
16.16
16.08

0.08

16.10
16.16
16.00

0.16

16.02
16.13
1588

0.25

1599
16.11
15.87

0.24

15697
16.08
16.87

021

1595] 1590

16.04
15.87
0.21

1596
1682
0.14

1583
15.86
1581

0.05

1581
1582
1681

0.01

1681
1682
1581

0.01

Ave.
Max.
Min.
Amp.

salinity
(ppm)

52738
5780
483.0

95.0

548.8
582.0
536.2

458

570.1
594.5
550.0

45

597.1
648.3
567.0

81.3

633.9
77T
5820

766.4
917.0
621.0
296.0

844.3
1046.7
693.0
3537

887.1
1058.6
7410
311.6

923.0
10679
802.0
265.9

967.5
1084.7
855.0
2297

1027.2
1095.8
988.0
107.8

1044.4
1104.8
1015.0

89.8

1047.9
1103.8
10180

85.8

Low-lower water
level

05

15

25

35

55

6.5

75

85

95

105

115

12.0

Ave.
Max.
Min.
Amp.

temperature
(T)

16.22
16.29
16.08

021

16.18
16.24
16.09

0.15

16.15
16.21
16.09

0.12

16.13
16.19
16.08

0.11

16.10
16.16
16.06

0.10

16.09
16.15
16.02

0.09

16.09
16.15
16.02

0.13

16.07
16.13
159

0.18

1597
16.07
15.86

0.21

1691
15697
1684

013

15.89
15.94
15.83

0.11

15.87
1591
10.82

0.09

Ave,
Max.
Min.
Amp.

salinity
(ppm)

565.1
596.0
210.0

86.0

585.7
636.3
530.0
106.3

5955
647 7
51.0
96.7

600.5
6534
956.0

974

95.2

617.4
668.1
573.0

95.2

6174
668.1
573.0

%.1

624.3

573.0
1110

642.1
7680
574.0
194.0

668.3
888.0
574.0
314.0

809.6
1024.9
579.0
445.9

1.5
10584
865.0
2034

980.7
10537
911.0
142.7

*xAve.

As5e WELl FE
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. Average, Max.
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Fig. 6. Fluctuations of groundwater level in Kosan-
I well at western Cheju.
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Fig. 7. Fluctuations of groundwater level in Kosan-
O well at western Cheju.
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Fig. 8  Depth-salinity/temperature  profiles of

Susan-1 well at southeastern Cheju
(mean from semtember to december).
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Table 9. Verticals of major elements in Susan-I well at eastern part

(Unit : ppm)

Elements High-higher water level Low-lower water level
Depth(m) 4 6 8 10 12 4 6 8 10 12
Cl Ave. | 306.60 | 339.88 | 36395 | 409.83 | 53765 | 30157 | 304.95 | 30273 | 35373 | 386.00

Max. | 32050 | 358.30 | 404.30 | 500.10 | 565.80 || 307.50 | 31870 | 376.30 | 415.60 | 480.60
Min, 202.30 | 332.70 | 319.10 | 309.20 | 522.90 | 290.90 | 287.00 | 289.50 { 304.90 | 309.10
Amp. 2820 | 2560 1 8520 | 19090 | 4290 | 1660 | 31.70 | 86.80 | 110.70 | 171.50
Na Ave. 174.90 | 19390 | 20145 | 220.70 | 28240 | 17087 | 179.78 | 186.05 | 199.23 | 222.30
Max. | 18470 | 209.90 | 22050 | 24750 | 302.00 | 175.00 | 195.20 | 207.00 | 230.90 | 285.80
Min. 169.00 | 181.30 | 163.60 | 187.20 | 249.10 | 16390 | 170.30 | 169.60 | 169.50 | 173.40
Amp. 1570 | 2860 | 5690 | 6030 | 5290 ) 11.10 | 2490 | 3740 | 61.40 | 112.40
Mg | Ave 2562 | 2699 | 2729 | 3107 | 3684 | 259 | 2646 | 2629 | 28.09 | 29.46
Max. 2660 | 2737 | 2899 | 3799 | 3885 | 2740 | 2770 | 2863 | 3044 | 32.29
Min. 2422 | 2641 24.10 | 2472 | 3471 2397 | 2370 | 23.09 | 2399 | 26.63
Amp. 2.38 0.96 489 | 1327 4.14 3.43 4.00 554 6.45 5.66
Ca Ave. 551 551 562 563 570 5.92 558 5.49 551 555
Max. 7.35 6.95 7.17 7.02 7.13 7.19 7.16 6.94 7.13 7.23
Min. 3.76 3.78 4.03 414 423 392 4.13 412 414 3.90
Amp. 359 3.17 3.14 2.88 2.90 3.27 3.03 2.82 2.99 3.33
K Ave, 16.67 1744 | 1786 1953 | 2322 | 1683 1706 | 1776 | 1832 19.10
Max. 17.39 1870 | 1895 | 2080 | 2478 | 1764 | 1763 1864 | 2106 | 2191
Min. 1591 1660 | 1550 1789 | 2096 | 1640 | 1655 | 1660 | 1610 | 16.30
Amp. 1.48 2.10 3.45 2.91 3.82 1.24 1.08 2.04 4.96 5.61
*Ave. | Average, Max. : Maximum, Min. : Minimum, Amp. : Amplitude
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Table 10. Comparison of the tidal efficiency of
groundwater between Cheju, Saipan and

Hawaii area.
Area | Well No. | Distance Tidal  {References
from efficiency
coast(Km) (%)
Cheju Ki-1 125 3443 Present

Jo-1 1.37 2463 study
On-1 150 29.86
Su-1 2.00 1357
Jo-1 2.20 1581
Na-1 250 1299

Su-2 2.5 1032
Saipan | 13-T3 09 40 Hoffmann
13-T4 09 10.0 & Meyer
13-T5 11 90 (1989)
13-T6 0.7 90
Hawaii |- 1959-05 0.30 55.0 Dale
Qahu 1900-13 192 70 (1974)
1902-01 1.10 70
2256-10 878 30
2158-01 479 110
1959-05 0.21 170
2042-06 488 510
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Fig. 9. Vertical variations of each elements in Susan-1 well at southeastern Cheju(mean {rom semtember to

december).

(A), (C) : High-higher water level (B), (D) : Low-lower water level
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