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Pioneering a new environmental geotechnics through soil-water-(L,D)NAPL-air four
to five multiphase theory
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Soil contamination caused by NAPL, that flows independently from water and
air, should be effectively checked by combining field survey and numerical simulation. However, in
in situ remediation, ground deformation accompanying the change in pore pressure is concerned. In
landfilled polluted grounds, contaminated fluids may transport due to liquefaction. Though coupled
analysis of multiphase seepage and deformation will be necessary for such issues, deformation -
seepage coupled problems of soil-water-NAPL-air 4 phases has not yet solved. Thus, this research the

first challenge for such issues.

First, we propose a seepage analysis of water-NAPL-air three phases based on a new spatial
discretization maintaining mass conservation strictly, and showed a remarkable improvement in
convergence speed and stability of calculation. Next, the finite element method for
deformation-seepage coupled problem of soil-water-NAPL-air 4 phases was proposed.
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Symbol Value  Parameter Symbol  Value Parameter
o [10°N/m]  72.75  Water air interfacial tension Smax 1.0 Maximum saturation
onw [10°N/m]  41.00  NAPL water interfacial tension Shin 0.0 Minimum saturation
o [10°N/m]  26.40  Air NAPL interfacial tension Scaling parameter for water-NAPL
pw [g/cm?] 1.0 Water density P L7 system
n [0/cm?] 0.8 NAPL density San 2.76 Scaling parameter for NAPL-air system
1) 0.4 Porosity a[l/m] 314 Scaling parameter
Saturated hydraulic n 5.0 Shape parameter of curve
Ksat [M/sec] 1.0E-5
conductivity m 0.8 Shape parameter of curve
Hm 1.49 Relative viscosity of NAPL -1.96  Bezier curve parameter
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Symbol Value Parameter

E [kPa] 980.0 Young modulus
v 0.33 Poisson ratio
n0 0.4 Initial porosity
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Symbol Value Parameter
oaw [10°3N/m]  72.75 Waterair interfacial
tension

onw [10°N/m]  41.00 NAPLwater interfacial

tension
oan [10°N/m]  26.40 AirNAPL interfacial
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Ksat 1.0 Hydraulic conductivity
" 1.49 NAPL relative viscosity
Smax 1.0 Maximum saturation
Smin 0.0 Minimum saturation
a 0.01 Constant in SWCC
n 2.0 Constant in SWCC
m 0.5 Constant in SWCC
a 0.0196  Bezier curve parameter
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