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Simulations of the Flow and Distribution of LNAPL in Heterogeneous
Porous Media under Water Table Fluctuation Condition
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A series of numerical simulations were carried out using STOMP(Subsurface Transport over Multiple
Phase) simulator. The flow and distribution of LNAPL were analyzed in homogeneous fine and coarse
sand. Vertical movement of LNAPL is faster in the coarser sand. But the total volume of LNAPL
retained in the unsaturated zone is larger in the finer sand. A fine layer in the coarse sand domain is
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also simulated. The results showed that the retained LNAPL volume and shape are highly influenced
by the position of the fine layer. Flow and distributions of LNAPL were simulated when there were
heterogeneous lenses in the sand domain. Water table fluctuation was also considered. In these cases. it
was found that the heterogeneous lens was a barrier to LNAPL flow, and water table fluctuation

stimulated the downward movement of retained LNAPL.

The LNAPL flow and distribution observed in these numerical experiments show that in the
subsurface environment, the behaviors of LNAPL highly depend on heterogeneities of unsaturated zone
and the dynamic hydrogeologic condition such as water table fluctuation. These results can explain
some of the complexity of LNAPL flow and distribution patterns in LNAPL contaminated field sites.
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Table 1. Porous material properties for the simulations.
Silty c}kay Silt loam™ Sand1** Sand* Gravel™*
loam
Porosity 0.43 0.45 0.38 0.38 0.41
Saturated hydraulic
s 4 -3 -3 -1
Conductivity, .. (ecm) |1.94x107°[1 2810 8.59x107 | 7.58x107|8.95x10
G hten,
van enuchien 0.01 0.02 0.015 0.145 1.0
{1/cm)
van Genuchten, n 1.23 1.41 2 2 1.5
Irreducible water
0.207 0.149 0.1 0.1 0.01
Saturation,
Effective NAPL
. 0.07 0.06 0.05 0.03 0.001
Residual saturation,
* : Carsel and Parrish (1988). ** : Nichols et al. (1997)
Table 2. Fluid (toluene) properties for the simulations.
Density. Viscosity, Gas-toluene Toluene-water interfacial tension,
3 Pa s interfacial tension, mN/m mN/m
866.21 5.867 x 10™ 29.00 36.1
Dirichlet B.C
LNAPL Source Zone 0-1day:-0.1 m LNAPL Pressure Head
s — 1-66 day : -0.01 m LNAPL Pressure Head
f
2
E E
N 2 o —{Water Table ]
Tk
o b
4NN RS SRS NN SRR NN RN N NS N |
0 1 2 3 4 5 6 7 8 9 10
X (m)

Fig. 1. Grid used in simulations of the flow and distribution of LNAPL at homogeneous domain.
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(a) In homogeneous sand domain
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Fig. 3. Grid used in simulations of the flow and distribution of LNAPL at silt loam layer in sand. (a)
Silt loam layer exists between 1~1.4 m bts(below top surface). (b) Silt loam layer exists between 1.
8~22 m bts. (¢) Silt loam layer exists between 2.6~3m bts.
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(a) When the silt loam layer lies between 1 m and 1.4 m below the top surface
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(b) When the silt loam layer lies between 1.8 m and 2.2 m below the top surface
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Fig. 4. Simulated volumetric content of LNAPL when silt loam layer exists in sand at t=1000 days.
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Fig. 5. LNAPL volume retained in unsaturated
zone at simulation 1 and simulation 2 over time.
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Fig. 6. Simulated vertical content of LNAPL in
simulation 1 and simulation 2 at x=5 m.
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Fig. 7. Grid used in simulations of the flow and distribution of LNAPL in heterogeneous material
with lens. (a)-Sand with silty clay foam lens. (b} Sand with gravel lens.
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Fig. 8. Simulated volumetric content of LNAPL
loam or gravel lens in sand1 (LNAPL infiltration).
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Fig. 10. Simulated

5
X (m)

volumetric content of LNAPL at (a) t=4 days, (b) =8 days, and (¢) t=20 days in
case of the presence of gravel lens in sandl. Water table fluctuates between 4 m bts and 1.9 m

bts.
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