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Evaluation of Optimal Performance of Hydraulic Barriers in Offshore Landfill

using Seepage-Advection-Dispersion Analysis under Steady State Flow
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Abstract : This study was conducted to propose the optimum minimum requirement of cutoff system composed of the
impermeable soil layer and vertical barrier in offshore landfill for prevention pollution leakage by seepage, advection,
and dispersion numerical analyses under steady state. According to the study results, the minimum requirement of
impermeable soil layer is below 1 x 10~° cm/s of hydraulic conductivity with more than 500 cm thickness or a system
with equivalent cutoff effect. The minimum requirement of vertical barrier is below 1 x 10° cm/s of hydraulic
conductivity with more than 50 cm thickness or a system with equivalent cutoff effect. In addition, the vertical barrier

should be embedded enough to seal securely with the impermeable soil layer for working cutoff effect.
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Fig. 1. Conceptual diagram of pollutant diffusion.
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Fig. 2. Conceptual diagram of pollutant dispersion.
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Table 1. Material properties used in the numerical analysis
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Parameter Vertical barrier Waste material Clay Gravelly sand
gorlzontal hydraulic conductivity &, (cm/ Variable 1% 107 Variable 1% 10"
Vertical hydraulic conductivity &, (cm/s) Variable 1x10° Variable 1x10™"
Porosity ratio 7 (-) 0.1 0.7 0.2 0.4
Longitudinal dispersion coefficient ¢, 100 100 100 100
(cm)
Transverse dispersion coefficient ¢, (cm) 10 10 10 10

. . . * 2
Is\/el((:))lecular diffusion coefficient D (m”/ 10 10° 10x10° 10x10° 10x10°
Specific storage M, (1/kPa) 1.0x10° 1.0x10° 1.0x10° 1.0 x10°

Table 2. Parametric analysis cases of the impermeable soil layer to hydraulic conductivity and thickness

Embedded depth of vertical barrier wall in
impermeable soil layer for preventing leakage (cm)

Hydraulic conductivity of
impermeable soil layer, k (cm/s)

Thickness of impermeable
soil layer (cm)

250

1x10° .
Ix10° 250, 300, 350, 400, 450,
I x 107 500, 550, 600, 650, 700

Table 3. Parametric analysis cases of the vertical barrier to hydraulic conductivity and thickness

Embedded depth of vertical barrier wall in
impermeable soil layer for preventing leakage (cm)

vertical barrier wall, k (cm/s)

Thickness of vertical
barrier wall (cm)

Hydraulic conductivity of

250

1x107
% 107 10, 20, 30, 50, 80,
L% 107 100, 150, 200

Table 4. Parametric analysis cases of the vertical barrier to embedded depth in impermeable soil layer

Thickness of impermeable Hydraulic conductivity of

soil layer (cm)

impermeable soil layer, k (cm/s)

Embedded depth of vertical barrier wall in impermeable
soil layer for preventing leakage (cm)

1x107° 50, 100, 150, 200, 250, 300, 350, 400, 450
500 1x10° 50, 80, 100, 150, 200, 250, 300
1x107 25, 50, 100, 150, 200, 250
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Fig. 4. Cumulative mass flux during 50 years to thickness and
hydraulic conductivity of the impermeable soil layer. Fixed
with k=1 x 10" cm/s and 250 cm embedment depth of the
vertical barrier.
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Fig. 5. Cumulative mass flux during 50 years to thickness of the
impermeable soil layer. Fixed with k=1x 10" cm/s and
250 cm embedment depth of the vertical barrier.
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Fig. 8. Cumulative mass flux during 50 years to embedment depth
of the vertical barrier. Fixed with 500 cm thickness of the
impermeable soil layer and k=1 x 10" cm/s and 100 cm
thickness of the vertical barrier.
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