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Applicability of boundary conditions for analytical modelling of
advection-dispersion transport in low-permeability clay column tests
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Abstract: The column tests on advection-dispersion are commonly used to measure the contaminant transport parameters in
soils. The applicability of boundary conditions for analytical modelling of the column tests is under debate. The
low-permeability kaolin column tests subjected to different hydraulic heads are conducted at 1g and under centrifuge conditions.
The pore-water concentration profiles and the effluent concentration curves in the columns are obtained, and the applicability of
boundary conditions for different scenarios is discussed. For the modelling of pore-water concentration profile in the
low-permeability soil column, the continuous mass flux at the inlet boundary is better than the continuous concentration, and
the combination of the continuous mass flux at the inlet boundary and the semi-infinite at the outlet boundary is recommended
for the modelling of pore-water concentration profile. For the modelling of effluent concentration curve, the combination of the
continuous concentration at the inlet boundary and the semi-infinite at the outlet boundary is better than other three
combinations of boundary conditions, which is recommended for the modelling of effluent concentration curve.
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Table 1 Analytical models of common boundary conditions
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Table 2 Experimental schemes
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Table 3 Parameters of soil columns

T h gm/cm W% e k(X107 m/s)
Al 9.19 58.81 1.535 0.818

A2 5.63 61.88 1.615 0.903

Bl 4.02 60.96 1.591 0.981

B2 4.07 61.99 1.618 0.964
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Table 4 Parameters of column tests to obtain resident

concentration profiles
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Fig. 5 Resident concentration profiles for Models Al and A2
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Table 5 Fitting results of concentration profiles
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Table 6 Parameters of column tests to obtain effluent concentration

curve
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Fig. 7 Measured permeability coefficients and effluent
concentration curves for Models B1 and B2
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Table 7 Fitting results of effluent concentration curves
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Ml  0.469 7.683 0.998 2.480 0.624  0.991 5.96 0.998 5.830 0.998
M2 0.970 6.102 0.998 6.848 0.998  1.160 5.50 0.997 7.055 0.958
M3 1.000 30.000 0.971 30.000 0.971 1.200 7.00 0.998 4.000 0.957
M4 4.000 17.000 0.971 3.000 0.896  1.500 7.00 0.998 3.000 0.908
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Fig. 8 Fitting curves of effluent concentrations
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