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ABSTRACT

A series of three-dimensional numerical simulations using a generalized multidimensional hydrodynamic dispersion
numerical model is performed to simulate effectively and to evaluate quantitatively impacts of fault existence on density-
dependent groundwater flow and salt transport in coastal aquifer systems. A series of steady-state numerical simulations
with calibration is performed first for an actual coastal aquifer system which contains a major fault. A series of steady-
state numerical simulations is then performed for a corresponding coastal aquifer system which does not have such a
major fault. Finally, the results of both numerical simulations are compared with each other and analyzed. The results of
the numerical simulations show that the major fault produces hydrogeologically significant heterogeneity and true
anisotropy in the actual coastal aquifer system, and density-dependent groundwater flow, salt transport, and seawater
intrusion patterns in the coastal aquifer systems are intensively and extensively dependent upon the existence or absence of
such a major fault. Especially, the major fault may act as a pathway for groundwater flow and salt transport along the
direction parallel to its plane, while it may also behave as a barrier against groundwater flow and salt transport along the
direction perpendicular to its plane.
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Fig. 1. Location and geologic maps of the study area and layout of the 10 monitoring wells.
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Table 1. Properties of geologic media, groundwater, fresh water, seawater, and salt

Property Quartz  Rhyolitic Kyokpori Kyokpori Rhyolite Weathered Alluvium Fault

monzonite tuff formation formation zone  and marine

Unit 1 Unit 2 sediment

Porosity of matrix 1.60x102  8.50x10% 2.60x102 2.60x102 1.00x10" 1.92x10" 4.30x10" 1.92x10"
Saturated hydraulic conductivity of matrix [m/sec]
Keat xv 8.00x107 9.00x10"2 2.12x10% 2.12x10% 8.00x10° 6.00x10° 1.04x10* 2.28x107°
Kaat yy 8.00x10° 9.00x10™"? 2.12x10®  2.12x10%  8.00x10° 6.00x10° 1.04x10* 2.28x10™°
Kt 22 8.00x10° 9.00x10™"? 4.90x10"" 4.90x10"" 8.00x10° 6.00x10° 1.04x10* 2.28x10™°
Longitudinal dispersivity [m] 15.80 15.80 15.80 15.80 15.80 31.60 31.60 31.60
Transversal dispersivity [m] 1.58 1.58 1.58 1.58 1.58 3.16 3.16 3.16
Solid density [kg/m’] 2.65x10°  2.62x10°  2.65x10°  2.65x10° 2.57x10° 2.65x10° 2.65x10°  2.65x10°
Compressibility of medium [m*N] 2.50x10™"" 3.45x1071% 2.17x107% 2.17x107"° 1.00x107 1.92x10° 4.30x10° 1.92x10°
Tortuosity 0.41 041 0.41 0.41 0.41 0.41 041 041
Residual water saturation 1.49x1070  1.49x10"  1.81x10"  1.81x10" 1.49x107"  1.59x10"  1.05x10"  1.05x10"!
van Genuchten’s (1980) unsaturated hydraulic parameters
a, [1/m] 2.00 2.00 3.60 3.60 2.00 7.50 14.50 14.50
n, 1.41 1.41 1.56 1.56 1.41 1.89 2.68 2.68
Compressibility of groundwater [m?N] 4.40x101°
Dynamic viscosity of groundwater [kg/m/sec] 1.12x10°
Density of fresh water [kg/m’] 1000.0
Density of seawater [kg/m’] 1025.0
Molecular diffusion coefficient of salt [m%sec] 1.68x107
Gravitational acceleration constant [m/sec’] 9.81
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Table 2. Properties of representative joint sets in geologic media

G ool thet w5 EAle] G AR 53X 2 37

Geologic medium Joint set number Strike [°] Dip [°] Spacing [m] Aperture [m]
(geologic formation (before and after
or fault) calibration)
Quartz monzonite Joint set 1 N76W 4SW 3.75x10" 5.13x107

Joint set 2 N52W 64SW 2.64x10™ !

Joint set 3 NI10E 88NW 2.18x10! 3.23x107
Rhyolitic tuff Joint set 1 NOE 10NW 2.03x10™ 5.07x107

Joint set 2 N25W 8ONE 2.32x10™ !

Joint set 3 N72E 82SE 1.92x10'! 6.39x107
Kyokpori formation Unit 1 Joint set 1 N47E 14ANW 2.70x10" 6.87x10°

(bedding plane)

Joint set 2 N10E TINW 3.38x10" !

Joint set 3 N84W 85SW 2.71x10"! 4.16x107
Kyokpori formation Unit 2 Joint set 1 N35E TNW 2.20x10" 7.53x10°

(bedding plane)

Joint set 2 N49E 90 3.10x10"! |

Joint set 3 N58W 85SW 6.00x10™"

Joint set 4 N16E T2NW 5.32x10™ 5.55x10°
Rhyolite Joint set 1 N84w 82SW 1.25x10" 4.25x10°

!

Joint set 2 NI10E 90 1.20x10! 4.25%107
Fault Joint set 1 N49E 90 1.25x10° 1.61x10*

Joint set 2 N49E 90 2.00x10™ l

Joint set 3 N49E 90 6.67x1072 1.61x10*
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Fig. 2. Three-dimensional geologic formation models of the coastal aquifer system (a) without and (b) with weathered zone, alluvium,
and marine sediment over bedrock (quartz monzonite, rhyolitic tuff, Kyokpori formation Unit 1, Kyokpori formation Unit 2, and rhyolite)
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Fig. 5. Steady-state three-dimensional distributions of (a) and (b) hydraulic head and (c) and (d) groundwater flow flux in the coastal
aquifer system with (left column) and without (right column) the fault.
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Fig. 6. Steady-state three-dimensional distributions of (a) and (b) seawater-normalized salt concentration and (c) and (d) seawater-
normalized salt transport flux in the coastal aquifer system with (left column) and without (right column) the fault.
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