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Abstract : Recently, various multiphase flows have been developed, and among them some models have been commercialized.
However, most of them have been developed based on a pressure-based approach; therefore, various numerical difficulties were
involved inherently. Accordingly, in order to overcome these numerical difficulties, a multiphase flow model, MultiPhaSe flow
(MPS), following a fractional-flow based approach was developed. In this study, by combining a contaminant transport module
describing an enhanced dissolution effect of a surfactant with MPS, a MultiPhaSe flow and TranSport (MPSTS) model was
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developed. The developed model was verified using the analytical solution of Clement. The MPSTS model can simulate the
process of surfactant enhanced aquifer remediation including interphase mass transfer and contaminant transport in multiphase

flow by using the coupled particle tracking method and Lagrangian-Eulerian method. In this study, a surfactant was used in a non
aqueous phase liquid (NAPL) contaminated area, and the effect of hydro-geological heterogeneity in the layered media on
remediation efficiency was studied using the developed model. According to the numerical simulation, when hydraulic

conductivity in a lower layer is 10 times, 20 times, and 50 times larger than that in an upper layer, the concentration of dissolved

diesel in the lower layer is much higher than that in the upper layer because the surfactant moves faster along the lower layer

owing to preferential flow; thus, the surfactant enhances dissolution of residual non aqueous phase liquid in the lower layer.

Keywords : non aqueous phase liquid (NAPL), Lagrangian-Eulerian, Surfactant, Numerical simulation, Heterogeneity
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Table 2. Physical and chemical properties of surfactants and diesel
and related parameters for numerical simulation (Brown

et al. [28])
Parameters Values
. N Layer 1 1.0E-10
Permeability (m”)
Layer 2 1.0E-10
Layer 1 1650
Bulk density (kg m™) Y
Layer 2 1650
. Layer 1 0.3
Porosity
Layer 2 0.3
. . Layer 1 0.01
Residual NAPL saturation
Layer 2 0.01
Distribution coefficient of Layer 1 1.0E-3
dissolved diesel (m* kg™) Layer 2 1.0E-3
Distribution coefficient of Layer 1 1.0E-6
surfactant (m* kg) Layer 2 1.0E-6
. . . Layer 1 6.56
Retardation factor of dissolved dissel
Layer 2 6.56
. Layer 1 1.006
Retardation factor of surfactant
Layer 2 1.006
Water density (kg m™) 1000
NAPL density (kg m™) 840
Longitudinal dispersivity (m) 0.1
Transverse dispersivity (m) 0.01
Diesel solubility (mg L") 0.2
Time step size (day) 1.0e-4 ~ 3.0e-2
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Table 3. Solubility related parameters used in numerical simulation
(modified from Zhong et al. [35])

Parameters (units) Values
N (day™") 7.42
By 0.98
By 1.52
Py, (ppm) 02
CMC (ppm) 15.7
01 2.641
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Figure 6. Distribution of residual NAPL saturation over time in the homogeneous media.
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Figure 7. Distribution of residual NAPL saturation over time when the hydraulic conductivity of layer 2 is 10 times larger than the that of

layer 1.
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Figure 8. Distribution of residual NAPL saturation over time when the hydraulic conductivity of layer 2 is 20 times larger than the that of layer 1.
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Figure 9. Distribution of residual NAPL saturation over time when the hydraulic conductivity of layer 2 is 50 times larger than that of layer 1.
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Figure 10. Distributions of surfactant concentration over time in the homogeneous media.
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Figure 11. Distributions of surfactant concentration over time when the hydraulic conductivity of layer 2 is 10 times larger than that of layer 1.
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Figure 12. Distributions of surfactant concentration over time when the hydraulic conductivity of layer 2 is 20 times larger than the that of layer 1.
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Figure 13. Distributions of surfactants concentration over time when the hydraulic conductivity of layer 2 is 50 times larger than the that of layer 1.
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Figure 14. Concentration distributions of dissolved diesel over time in the homogeneous media.
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Figure 15. Concentration distributions of dissolved diesel over time when the hydraulic conductivity of layer 2 is 10 times larger than that of
layer 1.
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Figure 16. Concentration distributions of dissolved diesel over time when the hydraulic conductivity of layer 2 is 20 times larger than that of
layer 1.

1210 1210

1010 f\ 1010
2]

810 810

i
:

610 610

1 b 1 b
410 410
0.5 8 0.5 8
210 210
T v T an T s T s 0 — ; — ,

o
=)

0 05 1 15 2 25 3 35 4 45 5 5
(b) 30 day (1 pore volume)

1210 1210

1010

810

610

410

210

05 1 15 2 25 3 35 4 45 5 55 10 1 15 2 25 3 35 4 45 5 55 10
(c) 60 day (2 pore volume) (d) 90 day (3 pore volume)
2.5 1210 2.5
1010
24 2
810
1.54 1.54
610
1 1
410
0.5 0.5
210
o o
0 0.5 1 15 2 25 3 35 4 45 B 55 10 0 05 1 15 2 25 3 35 4 4.5 5 55
(e) 120 day (4 pore volume) (f) 150 day (5 pore volume)

Figure 17. Concentration distributions of dissolved diesel over time when the hydraulic conductivity of layer 2 is 50 times larger than that
of layer 1.
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