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Groundwater Flow Analysis Using Finite Difference Method in Volcanic Island
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Abstract

In this study, MODFLOW model is used to analyze the groundwater flow system of Seoguipo
area in Cheju island, The final parameters of permeability coefficient and storage coefficient of
target area can be obtained by trial and error method using the measured data of pumping rate
as initial values. And it is found that the applicability for groundwater flow system is reflected
well from the simulation result of the model. Seoguipo area spring water is thought to appear by
relatively stable groundwater recharge below EL. 400m according to head distribution through the
analysis of observed data considering topographic and geological characteristics, Lee’s study(1996),
and the simulation result. Also it is known that point O, T, and VI show relatively large velocity
vectors, and groundwater flows through the movement path which is distributed in wvarious
directions of I, II, M, IV, V, VI, and VI form the result of velocity vector analysis using head
distribution result values to analyze the groundwater flow path under unsteady flow condition.
keywords : MODFLOW, finite difference method, velocity vector, groundwater movement,

Cheju island
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Fig. 1 A discretized hypothetical aquifer system
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Fig. 4 Relation of Water Table Slope
and Ground Slope
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Fig. 5(a) Plan View of Study Area

Fig. 5(b)

Fig. 5(c) Cross Section (B-B') of Study Area
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Table 1 Water Level Data of Observation Wells and Pumping Wells
Pumping  Period Data Observation Data
Time(day) Rate(m®/day) Time(day) Displacement(m)
0.00000 900. 0.02000 0.00000
0.02000 900. 0.02778 0.02500
0.02778 900. 0.04860 0.03500
0.04860 900. 0.06940 0.04800
0.06940 900. 0.09030 0.06000
0.09030 900. 0.11110 0.00910
0.11110 900. 0.12560 0.08300
0.11180 0.00 0.18250 0.06400
0.11200 0.00 0.21340 0.04200
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Table 2

Initial Values of T and S

Parameter ) Residual Statistics
T(m*/day) S
Equation Mean Var. SE.
Theis 1559.8 0.1864 -0.0003708 6.00E-5 0.007747
Cooper—Jacob 1641.7 0.1620 -1.18E-11 0.0001098 0.010480
Papadopulos-Cooper 11185 0.1962 -0.0003341 7.001E-5 0.008367
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Fig. 6 Calibration of Parameters in Each Method
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Table 3 Well Inventory of Cheju Volcanic Island
WELL AREA GROUND WELL PUMPING WATER
No. NAME EL. (m) DEPTH(m) RATE(m3/D) LEVEL(EL.m)
W-4 Seohong 70.35 9.5 1,500 39.35
W-18 Wolpyung 58.38 355 1,339 40.68
D-24 Hachal 236.76 92.0 1,339 174.36
D-3R8 Hoesoo 180.00 122.0 1,088 102.60
D-39 Sakdal 140.00 150.0 1,070 59.80
D-48 Daepyung 20.00 94.0 1,200 4.40
D-63 Pomok 60.00 70.0 2,100 37.70
D-108 Seohong 90.00 100.0 2,030 73.00
D-111 Jungmoon 100.00 222.0 1,000 38.00
D-118 Yongheung 160.00 220.0 1,000 58.00
D-164 Hawon 155.00 144.0 1,500 85.00
D~168 Jungmun 110.00 130.0 2,000 50.00
D-177 Sinhyo 185.00 195.0 1,200 105.00
D-187 Donghong 190.00 172.0 1,300 98.00
D-215 Seohong 180.00 196.0 1,500 115.00
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Table 4 Evaluated Parameters

Layer S T(m*“/day) (Kz/ 4z)
1 0.1480 1281.0 4.01E-5
2 0.1891 1688.0 3.90E-6
3 0.1994 1891.0 1.08E-8
4 0.1858 1792.0 2.08E-7
5 0.2061 1834.0 -
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{b) D-168 Vertical-sectional
Potential Lines (After 180 day)
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Fig. 8(c) D-168 Vertical-sectional Potential Lines from the Unsteady State
Three-Dimensional Model (After 365 day)
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Fig. 9(c) D-118 Vertical-sectional Potential Lines from the Unsteady State
Three—-Dimensional Model (After 365 day)
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(b) W-4 Vertical-sectional
Potential Lines (After 180 day)
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Fig. 10(c) W-4 Vertical-sectional Potential Lines from the Unsteady State
Three-Dimensional Model (After 365 day)
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