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Analysis on Groundwater Flow According to Low Permeable Layer
Structure over Seongsan Watershed of Jeju Island

Min—Chul Kim, Sung—Kee Yang*, Seung—Tae Oh
Department of Civil Engineering, Jeju National University, Jeju-Do 690-756, Korea

Abstract

The depth of low permeable layer in Jeju Island was analyzed using the geologic columnar section data. The highest low
permeable layer was found in center of Mt. Halla and the deepest area was in eastern part of Jeju Island. The study area,
Seongsan watershed, is located in the eastern part of Jeju where the low permeable layer showing deep in a northward
direction.

Based on this analysis, the MODFLOW modeling was performed for groundwater flow of Seongsan watershed. The
boundary of Seongsan watershed was set up as a no-flow and the modeling result showed the difference -0.26~0.62 m
compared to the observed groundwater level. Meanwhile, MODFLOW model results considering low permeable layer showed
-0.26~0.36 m differences compared to groundwater level and indicated more accurate than no-flow method result. Therefore,
to interpret the groundwater flow over Seongsan watershed, comprehensive consideration including the low permeable layer
distribution below the basalt layer is needed.
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Fig. 1. Groundwater wells for identifying low permeable layers over Jeju Island.
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Table 1. Input parameters for groundwater flow modeling
Recharge rate (m/day) HorlzonFal Vertical hydraulic
Layer hydraulic conductivity Porosity
conductivity
200m(EL. |) 200m(EL. 1) (m/sec) (m/sec)
Layerl 3.1x10° 2.5x107 4.63%10° 4.63x10™ 0.3
Layer2 - - 1.15x10™ 1.15x10° 0.01

(Fetter, 1994)(Table 1).
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Fig. 4. Plan view of low permeability distribution over Seongsan watershed.
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Table 2. Depth of low permeable layer and groundwater wells for observation

NO. Name < y Level(m) Low fg?:;b]hty Low fgr;‘:;blhty
1 JD-HD1 183337 55033 15.10 153.50 -138.4
2 JD-HD2 182664 53540 42.30 161.00 -118.7
3 JD-HD3 180905 51386 112.40 217.60 -105.2
4 JD-HD4 178703 48515 190.50 281.00 -90.5
5 JD-JDI 189905 49454 14.40 123.50 -109.1
6 JD-JD2 188747 49073 52.70 167.00 -114.3
7 JD-JD3 186571 47403 100.40 179.00 -78.6
8 ID-JD4 183574 47150 167.50 240.00 -72.5
9 JD-JD5 181309 46491 201.30 246.00 -44.7
10 JD-SS1 190057 40931 33.80 134.70 -100.9
11 JD-SS2 188355 41502 70.60 160.80 -90.2
12 JD-SS3 186143 41964 115.50 201.20 -85.7
13 ID-SS4 183688 42964 176.60 245.20 -68.6
14 JD-SD1 186886 35516 27.90 100.00 -72.1
15 JD-SD2 184690 37202 90.20 157.00 -66.8
16 JD-SD3 182673 37829 126.10 194.00 -67.9
17 JD-HC1 185063 32652 25.70 91.00 -65.3
18 JD-HC2 183480 33475 58.80 119.50 -60.7
19 JD-HC3 182073 34175 87.40 126.00 -38.6

20 JD-HC4 180387 35310 117.90 123.50 -5.6
21 NM-IC 174337 42416 342.60 323.00 19.6
22 GAl* 137009 32158 310.80 253.70 57.1
23 GA2* 136974 32111 311.30 254.30 57
24 GA3* 136934 32066 311.70 253.40 58.3
25 GA4* 136984 32005 312.20 264.00 48.2
26 GAS5* 137016 32056 311.50 261.00 50.5
27 GA6* 137044 32110 311.30 258.00 533
28 JE1* 133052 29343 153.50 166.00 -12.5
29 JE2* 133120 29364 153.72 156.00 -2.28
30 JE3* 133159 29349 153.77 166.50 -12.73
31 JE4* 133205 29381 154.41 166.50 -12.09
32 JES* 133247 29425 155.25 170.10 -14.85
33 JE6* 133288 29467 155.50 164.00 -8.5
34 JET* 133233 29488 155.50 166.20 -10.7
35 JE8* 133178 29470 155.50 168.00 -12.5
36 JEO* 133142 29422 154.30 167.30 -13
37 JE10* 133094 29384 153.50 168.50 -15
38 SE1* 135358 28862 183.70 165.50 18.2
39 SE2* 135376 28912 186.70 174.00 12.7
40 SE3* 135380 28956 187.40 170.00 17.4
41 SE4* 135331 28960 188.90 174.00 14.9
42 SE5* 135287 28959 188.90 176.00 12.9
43 SE6* 135278 28906 185.70 178.00 7.7
44 SE7* 135271 28852 184.90 167.50 17.4
45 SE8* 135218 28840 178.00 166.00 12
46 SE9* 135312 28779 181.80 168.00 13.8
47 SE10* 135333 28819 181.80 176.00 5.8
48 BB2* 125349 29589 43.00 101.50 -58.5
49 BB3* 127387 30235 76.10 127.00 -50.9

50 BB5* 132032 31080 138.20 170.20 -32
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NO. Nome . v Level(m) Low permeability Low permeability
(GL.m) (EL.m)
51 BB6* 134000 32845 210.00 213.00 -3
52 BB7* 134722 34090 242.00 203.00 39
53 ELCC5* 141231 36023 482.00 425.00 57
54 SY1* 142672 26254 249.50 226.00 23.5
55 SYy2* 142731 26256 251.10 215.00 36.1
56 SY3* 142751 26312 251.40 215.00 36.4
57 SY4* 142702 26347 251.00 213.00 38
58 SY5* 142653 26311 250.10 212.00 38.1
59 SY6* 142702 26300 250.80 208.00 42.8
60 HS1* 148575 25325 218.48 157.00 61.48
61 HS2* 148639 25290 217.28 172.60 44.68
62 HS3* 148691 25309 220.24 174.10 46.14
63 HS4* 148703 25360 224.29 168.00 56.29
64 HS5* 148646 25347 222.23 150.00 72.23
65 HS6* 148598 25372 221.82 179.00 42.82
66 JG1* 159617 21937 13.43 29.00 -15.57
67 JG2* 159626 21948 13.31 30.50 -17.19
68 JG3* 159637 21960 13.90 30.00 -16.1
69 JG4* 159646 21970 15.17 31.00 -15.83
70 TP1* 161902 26197 164.90 106.00 58.9
71 TP2* 161840 26195 165.50 117.00 48.5
72 TP3* 161857 26129 162.33 127.00 3533
73 TP4* 161920 26101 161.90 145.00 16.9
74 EK(I)1* 175242 29466 68.80 99.00 -30.2
75 EK(1)2* 175188 29444 69.36 99.50 -30.14
76 EK(1)3* 175162 29496 71.65 98.00 -26.35
77 EK(1)4* 175233 29528 70.08 105.00 -34.92
78 EK(1)5* 175334 29548 68.59 91.00 -22.41
79 EK(1)6* 175280 29554 69.45 104.00 -34.55
80 EK(2)1* 174455 29382 73.49 84.00 -10.51
81 EK(2)2* 174500 29308 74.00 89.50 -15.5
82 EK(2)3* 174449 29283 74.30 90.00 -15.7
83 EK(2)4* 174407 29309 74.17 88.00 -13.83
84 EK(2)5* 174405 29361 74.13 90.00 -15.87
85 EK(2)6* 174457 29332 73.75 88.00 -14.25
86 JH-IM3 147319 29157 550.00 380.00 170
87 JH-SY2 164098 33663 595.00 470.00 125
88 JD-WM1 170257 25405 22.20 78.00 -55.8
89 JD-WM2 169325 27086 76.70 94.50 -17.8
90 F-116* 148011 22328 68.00 73.00 -5
91 F-388* 169804 30414 193.00 183.50 9.5
92 MW1* 149554 28708 582.00 400.00 182
93 SK1* 145099 47591 49.74 88.00 -38.26
94 SK2* 145146 47596 54.75 96.00 -41.25
95 SK3* 145144 47546 56.42 95.00 -38.58
96 SK4* 145115 47501 56.88 94.00 -37.12
97 SK5* 145069 47504 55.46 95.00 -39.54
98 SK6* 145078 47550 50.95 87.00 -36.05
99 JD-YD1 151760 50627 38.20 101.00 -62.8
100 JD-YD2 152131 47165 161.90 210.00 -48.1
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Low permeability Low permeability

NO. Name X y Level(m)

(GL.m) (EL.m)
101 NM-NH 151786 44577 271.17 226.00 45.17
102 JH-ESS 152031 40908 615.15 452.00 163.15
103 ID-SY1 160824 53112 10.20 90.00 -79.8
104 ID-SY2 160760 50658 75.10 132.00 -56.9
105 JD-hd(2)1 168171 54978 21.10 113.00 -91.9
106 JD-hd(2)2 167976 53922 17.00 95.00 -78
107 F-165 167831 50784 140.00 151.00 -11
108 IM-AS 133608 22819 4220 64.00 -21.8
109 JR-SH1 177952 28256 15.69 86.00 -70.31
110 JR-TH1 176443 27133 15.93 88.50 -72.57
111 JR-HGI 145468 48942 12.98 78.00 -65.02
112 NM-DM 159565 25578 188.00 143.00 45
113 JD-HLI1 132128 42825 14.00 104.00 -90
114 JD-HL2 134461 41014 57.00 125.00 -68
115 JH-GR2 169791 41758 429.46 410.00 19.46
116 JH-GR1 168797 41823 430.00 421.00 9
117 JD-PP1 126104 35998 12.00 92.00 -80
118 JR-EE1 136502 44355 60.00 150.00 -90
119 JR-JJ2 144366 42128 312.50 250.00 62.5
120 JR-SG1 138840 46395 50.00 114.00 -64
121 JM-DN2 155552 49138 87.00 112.00 -25
122 JD-HM 131516 17187 8.00 66.00 -58
123 ID-sd(2) 123775 24684 10.00 80.20 -70.2
124 JR-SG1 132286 25295 60.00 107.00 -47
125 JR-EE2 138634 40885 189.00 237.40 -48.4
126 JR-SG3 140756 41717 250.00 329.00 -79
127 JR-EE3 141520 38875 415.00 370.00 45
128 ID-HJ 129945 39118 12.50 75.00 -62.5
129 JD-KN2 175136 55416 36.40 162.00 -125.6
130 JD-GDR 157684 49744 112.10 159.00 -46.9
131 JI-OD4 155600 44475 330.00 235.00 95
132 JI-OD5 155888 43882 370.00 268.00 102
133 JD-HH 163735 22280 11.00 65.00 -54
134 JD-SH1 181774 29550 22.69 102.00 -79.31
135 JD-SH2 181760 30614 57.46 131.00 -73.54
136 ID-sh(2) 155598 22524 68.95 61.00 7.95
137 JD-PP2 129916 33042 105.00 165.00 -60
138 TW-IM2 144976 23327 100.08 95.50 4.58
139 JW-HN 157910 22605 56.48 40.00 16.477
140 JW-IM1 147251 23276 113.17 101.00 12.17
141 JW-HS2 137960 23163 67.30 51.00 16.3

* AR AR ShRrEe] 42|

ek 4 AH(Kim, 2011)
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Table 3. Comparison results between observation and computed water level before calibration

Observation wells Observation head (EL.m) Computed head (EL.m) Residual head (m)
JW-GS 0.99 0.64 -0.35
JD-SS1 0.71 0.62 -0.09
JD-SS2 0.95 1.21 0.26
JD-SS3 1.77 1.87 0.10
JD-SS4 2.18 2.40 0.22
JD-SD1 1.11 0.49 -0.62
JD-SD2 1.78 1.52 -0.26
JD-SD3 2.44 1.90 -0.54

Computed Head VS. Observation Head
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Fig. 5. Graphical comparison between observation and computed water level before calibration.
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Fig. 6. Groundwater levels under steady-state condition
from MODFLOW before calibration.
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Fig. 8. Groundwater monitoring wells over
Seongsan watershed.
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Fig. 9. Elevation and groundwater Level.
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Table 4. Comparison results between observation and computed water level after calibration

Observation wells Observation head (EL.m) Computed head (EL.m) Residual head (m)
JW-GS 0.99 0.77 -0.22
JD-SS1 0.71 0.70 -0.01
JD-SS2 0.95 1.24 0.29
JD-SS3 1.77 1.83 0.06
JD-SS4 2.18 222 0.04
JD-SD1 1.11 0.96 -0.15
JD-SD2 1.78 1.76 -0.02
JD-SD3 2.44 2.08 -0.36

Computed Head VS. Observation Head
3
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L
L
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Fig. 11. Graphical comparison between observation and computed water level after calibration.
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Fig. 12. Groundwater levels under steady-state condition from
MODFLOW after calibration.
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