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Abstract:

Quantifying the benefits of partial mass removal from chlorinated dense non-aqueous phase liquid (DNAPL) source zones has emerged as a key issue in the decision to implement active, source-zone treatment technologies.  A reduction in source longevity, a reduction in mass flux, and a potential for enhancement of post-treatment bioremediation are among the benefits generally considered as possible outcomes of source-zone treatment.  Under SERDP Project CU-1293, a collaboration between researchers at Tufts University and the Georgia Institute of Technology, investigators are advancing our understanding of the processes controlling remediation benefits and developing assessment tools to quantify them. 

Incorporation of upscaled mass transfer coefficients into simplified transport models offers a conceptually attractive tool for the prediction of source-zone mass discharge and source longevity. To evaluate the utility of this modeling approach, predictions of flux-averaged concentrations and source longevity obtained with an upscaled model were compared to three-dimensional multiphase numerical simulations of tetrachloroethene (PCE)-NAPL dissolution for an ensemble of nonuniform initial PCE saturation distributions.  Incorporation of a limited amount of site-specific information (e.g., initial flux-averaged concentration and source-zone ganglia to pool mass ratio) was found to greatly enhance the accuracy of the upscaled approach, facilitating its application to remedial alternative evaluation at a broad range of sites. 

Modification of a compositional multiphase simulator to include metabolic reductive dechlorination kinetics has facilitated the simulation of enhancements in DNAPL dissolution due to source-zone dechlorination processes.  This modeling tool has been validated against laboratory batch and 1-D column data and is being used to determine the sensitivity of bioenhanced dissolution to source zone characteristics (e.g., NAPL contaminated length, saturation), flushing conditions (e.g., ground water velocity, electron donor amendment), and biomass distribution.  Results from this effort will facilitate the refinement of biostimulation and bioaugmentation strategies for enhanced source zone dechlorination.

Geostatistical approaches are being used to develop and refine a tool which uses local concentration and permeability measurements to estimate downstream dissolved mass flux and to quantify the uncertainty in these estimates.  The refined tool employs a multi-stage sampling strategy to overcome the limitations on estimate precision created by the nonrepresentation of sparse samples and the presence of spatial discontinuities in the concentration field (i.e., ‘hot spots’) which are common at DNAPL sites.  Results indicate that the refined tool can rapidly improve the accuracy and precision of the derived mass flux probability distribution.  Demonstration on numerically simulated data show that the multi-stage sampling strategy needs only half of the sampling density required by the one stage sampling (regular sampling pattern).

PAGE  
13

