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Fig. 1 Conceptual illustration of submarine groundwater discharge in
an unconfined coastal aquifer (e.g., Johannes, 1980).
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Table 1' Hydraulic parameters of the system being simulated.
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Fig2 Schematic cross-sectional diagram of groundwater flow in an unconfined coastal aquifer used for the computations. The shaded area
corresponds to the computational domain. In the diagram, tang is beach slope, D and Ds are thickness of the aquifer at the landward and
seaward boundaries, L is horizontal length of the computational domain, kg is groundwater table at the landward boundary, kg is mean sea
level, A, is amplitude of the tidal fluctuations, and Ah is kg — hyg.
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Table 2 Numerical configuration and physical parameters for the system being simulated (Cases 1 - 4).

tan 8 L(m) D(m)

Dy

(m) ho (m) hyo(m) Ah(m)

120 1000 300

250

28.5 215 10

* The acronyms in the table are identified in the text and the caption of Fig. 2.

Table3 Computational conditions for Cases 1 - 4.

case density tide h, (m)
1 constant  not considered 0.0
2 varisble  not considered 00
3 constant considered 10
4 variable oonsidered 1.0
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Fig.3 Velocity vectors and streamlines of the simulated flow fields for Cases 1 —4.
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Fig.4 Simulated non-dimensional salinity distributions for (a) Case 2 and (b) Case 4. The tidal fluctuations were incorporated in Case 4.
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Table 4 Numerical configuration and physical parameters for Cases 4 - 6.

Case#  tanp L(m) Dm) D,(m) hy (m) Mho(m) Ah(m) h,(m)
4 1720 100.0 300 250 285 275 10 10
S 1720 1000 300 250 287 275 12 10
6 1720 100.0 300 200 289 275 14 10
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Fig.5 Streamlines calculated from the simulated groundwater flow fields for Cases 4 — 6.
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Fig.6 Computational results. (a) spatial distribution of yxus, for Case 4,
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Table § Numerical configuration and physical parameters for Cases 7 - 9.

Case#  tnp L(my D@m) Dym) hy (m)  hp(m) Ah(m) h,(m)
7 120 1000 150 100 285 275 1.0 10
8 1720 100.0 150 100 287 275 12 10
9 1720 100.0 15.0 100 289 275 . 14 1.0
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Fig.7 Streamlines calculated from the simulated groundwater flow fields for Cases 7-9.
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Fig.8 Computational results. (a) spatial distribution of iy ums, for Case 7, (b) saltwater-freshwater interfaces for steady state, and (c) interfaces for

dynamic equilibrium state.
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Fig. 9 Cross-shore profile of the mean sea level 7 affected by wave
set-up and set-down used for Case 10 - 12.
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Table 6 Numerical configuration and physical parameters for Cases 10 — 12.

Case# tanf Lm) D(m) Dm) hy (m) hp(m) Ahm) h(m)
10 1/20 100.0 300 250 285 275 1.0 10
11 1/20 1000 300 250 28.7 275 12 10
12 1720 100.0 300 200 289 27.5 14 10
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Fig.10 Streamlines calculated from the simulated groundwater flow fields for Cases 10 - 12.
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Fig.11 Computational results. (a) spatial distribution of ygus, for Case 10, (b) saltwater-freshwater interfaces for steady state, and (c) interfaces

for dynamic equilibrium state.
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Table 7 Numerical configuration and physical parameters for Cases 4, 13, and 14.

Case#  tanp Lm) Dm) Dym) hy (m) hp(m) Ah(m) h,(m)
4 120 100.0 300 250 285 275 10 10
13 1720 100.0 300 250 285 275 1.0 0.5
14 110 100.0 300 200 26.0 250 1.0 10
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i2.12 Computational results for Case 13. (a) streamlines, (b) saltwater-freshwater interfaces for steady state, and (<) interfaces for dynamic
P! y Yy
equilibrium state. The interfaces estimated by Case 4 are superposed on (b) and (c), represented by dotted lines.
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Fig.13 Computational results for Case 14. (a) streamlines, (b) saltwater-freshwater interfaces for steady state, and (c) interfaces for dynamic
equilibrium state. The interfaces estimated by Case 4 are superposed on (b) and (c), represented by dotted lines.
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TIDAL CIRCULATION OF GROUNDWATER FLOW
FORMED IN SANDY-BEACH AQUIFERS

Yusuke UCHIYAMA

Numerical simulations are performed to examine the groundwater-flow fields in sandy-beaches. The model is based on
Richards equation for saturated-unsaturated flow and advection-dispersion equation for salinity, incorporating tidal fluctuations into
the seaward boundary conditions. The advantage of the present model s that it can accurately simulate unsteady behavior of
groundwater in unconfined coastal aquifers considering the etfects of water-level variations, density distributions and dynamics in
the unsaturated zone. Computational results show that circulations are formed in the aquifer near the shoreline owing to the tidal
oscillations, and accordingly saline seawater exists in this part. In addition, the structure of the circulation is greatly affected by
amplitude of tidal fluctuations, density distribution, land-derived freshwater discharge, beach slope, and aquifer thickness.
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