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Assessment of the impact of unsaturated zone contamination with residual LNAPL on groundwater
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After pumping of mobile lnapl at contaminated sites, some part of lnapl is retained by capillary forces in soil. Dissolved hydrocarbon migration from the unsaturated zone to groundwater with infiltration was modeled using VLEACH program. 
The first case described contamination of the unsaturated zone consisting of light and medium loam with aviation kerosene. After mobile kerosene lens pumping, the unsaturated zone was contaminated with residual kerosene with a content of 0.07. The contaminated zone thickness was one meter above a water table. According to the modeling results, kerosene concentrations in groundwater during 10-100 years equal to 20-5.35 mg/l. 

The second case described contaminated unsaturated zone consisting of heavy loam where only 20% of mobile kerosene was evacuated. Two variants were considered:
1 – the contaminated zone thickness was five meters including a four meter zone with a residual kerosene content of 0.068, which corresponds to a kerosene lens location before pumping, and a 90-cm zone with a residual kerosene content of 0.016 in a capillary fringe;

2 – the contaminated zone thickness was 1.3 m including a one meter zone with a residual kerosene content of 0.05 (former kerosene lens location) and a 30-cm zone with a residual kerosene content of 0.02. Obtained kerosene concentrations during 10-100 years are 86.9-31.6 mg/l to a five meter contaminated zone, and 48.6-1.98 mg/l to a 1.3-meter contaminated zone.

The third case described kerosene migration from the unsaturated zone consisting of middle- and fine-grain sand after mobile kerosene pumping. The contaminated zone thickness is one meter and residual kerosene content is 0.032. Obtained kerosene concentrations are 6.61-2.47 mg/l during 10-100 years. 
Therefore, according to the modeling results residual LNAPL efflux from the unsaturated zone to aquifers occurs for long time and poses a hazard to groundwater quality.
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