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Fig. 1 Cross-section of a coastal reclamation area in Hong

Kong
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Fig. 2 Mesh used in numerical simulation
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Fig. 3 Observed and simulated air pressure at point O and

observed tidal level between 7 and 9 Feb, 2001
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Table 1 Parameter values used in numerical simulation

$3 R1 0.3 1. 28
k1 5.6X10" 14 m? —0.63
ks R1 8§X10 11 m? —0. 31
ko S 5X10712 m? —0.21
Sus R1 0.1 —0. 16
S 0.3
S S 0.5
Srel 0.0
Sre S 0.0
Sus R1 0.0
Dal 500 Pa
De2 S 500 Pa
Des R1 0 Pa
1 0. 08
b2 S 0.3
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Fig. 4 Velocity field of simulated air flow in the unsaturat-
ed zone when time equals 18. 6 h
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Fig. 5 Velocity field of simulated air flow in the unsaturat-

ed zone when time equals 25 h
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Numerical Simulation of Tide-Induced Periodic Air Pressure
Fluctuations in Coastal Vadose Zone

LI Hai-long"?, Jiu Jimmy Jiao®
(1. Department of Mathematics and Computer s Anshan Normal College , Anshan 114005, China; 2.
Department of Earth Sciences, The University of Hong Kong., Hong Kong, China)

Abstract: While it is well known that the groundwater level in coastal areas fluctuates frequently
due to tidal seawater, it is not so well-recognized that air pressure in the subsurface soil near the coast
may also fluctuate in response to sea tides. If the soil is well capped by less permeable materials such as
concrete or asphalt, which is common in the extensively urbanized coastal areas in Hong Kong, signifi-
cant high pressure may be produced by the watertable fluctuation and causes geotechnical problems such
as surface heave. Therefore, understanding air flow induced by tidal fluctuation is of not only theoretical
significance but also engineering implications. In this paper, a case study is conducted to explore the air
pressure fluctuations observed below the asphalt pavement in a coastal reclamation area of Hong Kong.
An isothermal, two-dimensional, cross-sectional model was built to describe the water-air two-phase
flow in the unsaturated zone of the area. TOUGH2 simulator was used to obtain the numerical solu-
tions. Sensitivity analysis was carried out to investigate the effects of model parameters on the air pres-
sure fluctuations. After the boundary conditions and the model parameters were derived from the hydro-
geological background in the area, the simulation reproduced the observed air pressure below the asphalt
pavement with a satisfactorily small error.

Key words: water-air two-phase flow; TOUGH2 simulator; sea tide; coastal unsaturated zone; air

pressure fluctuation,



