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ABSTRACT

A series of three-dimensional numerical simulations using a hydrodynamic dispersion numerical model is performed to
analyze quantitatively impacts of layered heterogeneity of geologic media and groundwater pumping schemes on
groundwater flow and salt transport in coastal aquifer systems. A two-layer heterogeneous coastal aquifer system
composed of a lower sand layer (aquifer) and an upper clay layer (aquitard) and a corresponding single-layer
homogeneous coastal aquifer system composed of an equivalent lumped material are simulated to evaluate impacts of
layered heterogeneity on seawater intrusion. In addition, a continuous groundwater pumping scheme and two different
periodical groundwater pumping schemes, which withdraw the same amount of groundwater during the total simulation
time, are applied to the above two coastal aquifer systems to evaluate impacts of groundwater pumping schemes on
seawater intrusion. The results of the numerical simulations show that the periodical groundwater pumping schemes have
more significant adverse influences on groundwater flow and salt transport not only in the lower sand layer but also in the
upper clay layer, and groundwater salinization becomes more intensified spatially and temporally as the pumping intensity
is higher under the periodical groundwater pumping schemes. These imply that the continuous groundwater pumping
scheme may be more suitable to minimize groundwater salinization due to seawater intrusion. The results of the numerical
simulations also show that groundwater salinization in the upper clay layer occurs significantly different from that in the
lower sand layer under the periodical groundwater pumping schemes. Such differences in groundwater salinization
between the two adjacent layers may result from layered heterogeneity of the layered coastal aquifer system.

Key words : Layered heterogeneity, Groundwater pumping schemes, Groundwater flow, Salt transport, Seawater intru-
sion, Numerical simulation
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Fig. 1. Schematic diagram of the layered coastal aquifer system,
pumping well, monitoring points, and finite element mesh.
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Table 1. Material properties of aquifers, groundwater, fresh water, seawater, and salt

Layered aquifer

Property Sand Clay Lumped aquifer

Porosity [dimensionless] 0.430 0.380 0.413
Saturated hydraulic conductivity [m/sec] 1.100 x 1073 5.556 x 1078 7333 x 107
Longitudinal dispersivity [m] 25.0 28.0 26.0
Transversal dispersivity [m] 2.5 2.8 2.6
Solid density [kg/m’] 2742 x 10° 2.395 x 10° 2.626 x 10
Compressibility [m%N] 1.649 x 1078 1.949 x 1077 7.596 x 107
Tortuosity [dimensionless] 04 04 04
Residual water saturation [dimensionless] 1.05x 107" 1.79x 107" 130 107!
van Genuchten’s (1980) unsaturated hydraulic parameters

a, [1/m] 14.50 0.80 9.93

n, [dimensionless] 2.68 1.09 2.15
Compressibility of groundwater [m*/N] 5.00x 107"
Dynamic viscosity of groundwater [kg/m/sec] 1.00 x 1073
Density of fresh water [kg/m’] 1000.0
Density of seawater [kg/m?] 1025.0
Molecular diffusion coefficient of salt [m*/sec] 1.50 x 107°
Gravitational acceleration constant [m/sec’] 9.81

Journal of KoSSGE Vol. 13, No. 4, pp. 8~21, 2008



3 5ol thet 8 B 3 Asla G Ale] 9% ARkl 3] 2o 11

mPeH, X8l g g AESE H0m<z<30 Zo] A 32 Table 19] &)= Ach(van Genuchten,
m)el AT S35} 1980; Voss and Souza, 1987, Carsel and Parrish, 1988;
3l A= tjst =4} BEgdAde] ks Hlwl - U} Guymon, 1994; Jeen et al, 2001; Kim, 2001; Kim
317] Qsle] 24 Slior =S FASRE 30m $A1¢) et al., 2002).
S AERCOE 15m A AR HES@ENE o A5l UiR Aske O 24le) 9%s e
)% 212 E% 510 B pAE TR A0l Slalel T o] WAl 44 = ARY 104 Bt
IR B S o BUR ) R0 A ol 5D 99 Ak 1 50men ke 2
A Rdgaiaint. 34 st v ¢ skt ti A1 X8l 5= W2 (continuous groundwater pumping

(a) 0 year under quarter-a-year periodical pumping (b) 0 year under all-year continuous pumping
| Pumping wen T T | Pumping wen
388 394 400 406 412 418 [m] 388 394 400 40.6 412 418 [m]
f

(€) 1.25 years under quarter-a-year periodical pumping (d) 1.25 years under all-year continuous pumping

| Pumping i I | Pumping wei

38.8 39.4 40.0 406 412 418 [m] 38.8 39.4 40.0 406 41.2 41.8 [m]

(e) 9.25 years under quarter-a-year periodical pumping (f) 9.25 years under all-year continuous pumping
| Pumping well I | | Pumping well
388 394 400 406 412 418 [m] 388 39.4 40.0 40.6 412 418 [m]
<R \

Fig. 2. Spatial distributions of hydraulic head in the layered coastal aquifer system after (a) and (b) 0 year (initial condition), (c) and (d)
1.25 years, and (e) and (f) 9.25 years under the quarter-a-year periodical (left column) and all-year continuous (right column) pumping
schemes.
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Fig. 3. Spatial distributions of groundwater flow flux in the layered coastal aquifer system after (a) and (b) 0 year (initial condition), (c)
and (d) 1.25 years, and (e) and (f) 9.25 years under the quarter-a-year periodical (left column) and all-year continuous (right column)

pumping schemes.
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Fig. 4. Spatial distributions of seawater-normalized salt concentration in the layered coastal aquifer system after (a) and (b) 0 year (initial
condition), (¢) and (d) 1.25 years, and (¢) and (f) 9.25 years under the quarter-a-year periodical (left column) and all-year continuous (right

column) pumping schemes.
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(b) 0 year under all-year continuous pumping
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— = 2.0 [miday] | Pumping well

Fig. 5. Spatial distributions of seawater-normalized salt transport flux in the layered coastal aquifer system after (a) and (b) 0 year (initial
condition), (¢) and (d) 1.25 years, and (e) and (f) 9.25 years under the quarter-a-year periodical (left column) and all-year continuous (right

column) pumping schemes.
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Fig. 6. Spatial distributions of hydraulic head in the lumped coastal aquifer system after (a) and (b) 0 year (initial condition), (c) and (d)
1.25 years, and (e) and (f) 9.25 years under the quarter-a-year periodical (left column) and all-year continuous (right column) pumping

schemes.
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Fig. 7. Spatial distributions of groundwater flow flux in the lumped coastal aquifer system after (a) and (b) 0 year (initial condition), (c)
and (d) 1.25 years, and (e) and (f) 9.25 years under the quarter-a-year periodical (left column) and all-year continuous (right column)

pumping schemes.
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(b) 0 year under all-year continuous pumping
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Fig. 8. Spatial distributions of seawater-normalized salt concentration in the lumped coastal aquifer system after (a) and (b) 0 year (initial
condition), (c) and (d) 1.25 years, and (e) and (f) 9.25 years under the quarter-a-year periodical (left column) and all-year continuous (right

column) pumping schemes.
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Fig. 9. Spatial distributions of seawater-normalized salt transport flux in the lumped coastal aquifer system after (a) and (b) 0 year (initial
condition), (¢) and (d) 1.25 years, and (e¢) and (f) 9.25 years under the quarter-a-year periodical (left column) and all-year continuous

(right column) pumping schemes.
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(a) Monitoring point A at pumping well in layered aquifer
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(d) Monitoring point B in sand in lumped aquifer
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Fig. 10. Temporal changes of hydraulic head at the monitoring points (a) and (b) A, (c) and (d) B, and (e) and (f) C in the layered (odd
rows) and lumped (even rows) coastal aquifer systems under the three different pumping schemes.
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(a) Monitoring point A at pumping well in layered aquifer
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Fig. 11. Temporal changes of seawater-normalized salt concentration at the monitoring points (a) and (b) A, (c) and (d) B, and (e) and (f)
C in the layered (odd rows) and lumped (even rows) coastal aquifer systems under the three different pumping schemes.
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