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Abstract

A laboratory incubation experiment was conducted with uranium-contaminated subsurface sediment from Oak Ridge National Laboratory in order to evaluate the potential for U(VI) reduction by native microorganisms in the sediment, and to generate a dataset for use in development of a reaction-based model of terminal electron-accepting processes (TEAPs) for incorporation into field-scale simulations of in situ biostimulation. Sediment from the zone of maximum uranium contamination was suspended in an anoxic Pipes-buffered artificial groundwater medium (250 g dry sediment per L) whose composition was designed to mimic the chemistry of groundwater at the field site. Duplicate slurries were amended with 10 mM ethanol, and changes in aqueous and solid-phase geochemical conditions were monitored over a 52-d incubation period in comparison to duplicate unamended slurries. Nitrate was consumed within a few days in ethanol-amended slurries. Parallel Fe(III) and U(VI) reduction commenced upon depletion of NO3-. Approximately 60% of the 100 mM NaHCO3-extractable U(VI) content of the sediment was reduced during the ca. 7-d period of Fe(III) reduction. No further U(VI) reduction took place during the ensuing periods of SO42- reduction and methanogenesis. Nitrate was consumed slowly in the nonethanol-amended slurries, with concentrations falling to below 10 μM only after 45 d of incubation. No reduction of Fe(III), U(VI), or SO42-, or production of CH4, took place in the non-amended slurries. Dissolved U(VI) remained below 1 μM in the non-amended slurries. In contrast, dissolved U(VI) increased to ca. 2 μM toward the end of the incubation period in ethanol-amended slurries. This increase in dissolved U(VI) can likely be explained by complexation of U(VI) by dissolved inorganic carbon produced during methanogenic oxidation of acetate that was generated earlier in the experiment via incomplete oxidation of ethanol. These results suggest that spatial and temporal variations in organic substrate metabolism and associated TEAPs is likely to have an important influence on aqueous/solid-phase U(VI) partitioning during in situ biostimulation. 

