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Numerical Analysis on Groundwater Flow in Sandy Beaches
Considering Tidal Fluctuation and Density Distribution

Yusuke UCHIYAMA*

Synopsis

Groundwater flow in beaches and associated material transport have significant importance on
beach topography change, stability of coastal structures, coastal environment and marine
ecosystem of coastal flora and fauna. A numerical model is developed to examine the
groundwater-flow fields in sandy beaches, being based on Richards’ equation for
saturated-unsaturated flow and advection-dispersion equation for salinity. Tidal fluctuations are
incorporated into the seaward boundary conditions for water levels. The advantage of the present
model is that it can accurately simulate unsteady behavior of groundwater in the unconfined
coastal aquifer considering the effects of water-level variations, density distributions and
dynamics in the unsaturated zone. The model is preliminarily verified with theoretical solutions
and experimental data of groundwater flows including the seepage formation at the beach face in
response to the tide. Computational results clearly demonstrate that a ‘local circulation’ is
formed in the aquifer near the shoreline owing mainly to the tidal oscillations, and accordingly
saltwater abides in this part. In addition, the spatial scale of the circulation is affected by
amplitude of tidal fluctuations, density distribution, land-derived freshwater flux, beach slope
and aquifer thickness.

Key Words: coastal aquifer, groundwater flow, tidal fluctuation, density effect, seepage
formation and numerical simulation
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Physical propertites

beach slope, tang 0.1
thickness of the aquifer, D 12.0m
head at the landward boundary, hy 10.0 m
width of the aquifer, L 50.0 m
saturated hydraulic conductivity, 0.38 m/hr
Ks
saturated water content, &, (=n.) 0.400
residual water content, 6, 0.005
Tidal forcing
h|_0 50m
ha 3.0m
@ 27/24.0
rad/hr
Numerical configuration
number of grids 250x60
=15,000
grid size, Ax and 4z 0.20 m
time step, At 1.0 min.
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Fz-3 MEFHH (Case-1~2D) ITH W=, 1% FE Il T/ 9 A—%— .
Case tanf D Ds ho hio Ah L ha comment
1 1/20  30m 25m  28.5m 27.5m 1.0m 100m 1.0m
2 1/20  30m 25m  28.7m 27.5m 1.2m 100m 1.0m
3 1/20  30m 25m 28.9m 27.5m 1.4m 100m 1.0m
4 /20 30m  25m  29.1m 27.5m 1.6m 100m 1.0m
5 1/20  30m 25m 29.3m 27.5m 1.8m 100m 1.0m
6 1/20  30m 25m 29.5m 27.5m 2.0m 100m 1.0m
7 1/20  30m 25m 28.0m 27.5m 0.5m 100m 0.5m  reduce tidal
8 1/20  30m 25m 28.5m 27.5m 1.0m 100m 0.5m amplitude, h,
9 1/20  30m 25m 29.0m 27.5m 1.5m 100m 0.5m
10 1/10  30m 20m  26.0m 25.0m 1.0m 100m 1.0m steepen beach
11 1/10 30m  20m  26.5m 25.0m 1.5m 100m 1.0m  slope, tan g
12 1/10  30m 20m  27.0m 25.0m 2.0m 100m 1.0m
13 1/20  15m  10m  28.5m 27.5m 1.0m 100m 1.0m reduce aquifer
14 1/20 15m 10m 28.7m 27.5m 1.2m 100m 1.0m thickness, D
15 1/20  15m 10m  28.9m 27.5m 1.4m 100m 1.0m
16 1/20 30m  25m  28.5m 27.5m 1.0m 100m 1.0m  without salinity
17 1/20  30m 25m 28.7m 27.5m 1.2m 100m 1.0m
18 1/20  30m 25m 28.9m 27.5m 1.4m 100m 1.0m
19 1/200 30m  25m  28.5m 27.5m 1.0m 100m 1.0m  with wave set-up
20 1/20  30m 25m  28.7m 27.5m 1.2m 100m 1.0m
21 1/20 30m 25m  28.9m 27.5m 1.4m 100m 1.0m
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