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A reaction-based model of Terminal Electron Accepting Processes (TEAP) and other biogeochemical reactions in a hypothetical Representative Elementary Volume (REV) of subsurface sediment was developed to simulate the results of a batch slurry experiment with uranium-contaminated subsurface sediment from Oak Ridge National Laboratory (ORNL).  The developed framework will eventually be incorporated into a field-scale reactive transport simulation of the upcoming in situ biostimulation at ORNL.  The model envisions flow of ethanol-containing fluid through a single reactor cell (the fluid flow rate is set equal to zero to model the batch slurry experiment).  The incoming fluid contains soluble electron acceptors (O2, NO3-, SO42-) whose abundance, together with the abundance of solid-phase electron acceptors (MnO2, FeOOH, S0) in the sediment, control the relative rates of various terminal electron accepting processes (TEAP) and other biogeochemical reactions over time in the reactor.  The model accounts for complete (to HCO3-) or incomplete (to acetate) oxidation of ethanol, as well as oxidation of acetate to HCO3- and/or CH4, via 16 different TEAP pathways.  Each of the TEAP reactions are dependent on the biomass of one or more distinct microbial populations (8 total) chosen based on current knowledge of the kinds of organisms likely to proliferate in response to biostimulation of subsurface sediments.  Growth of these populations is described using the bioenergetics-based approach developed for simulation of wastewater treatment, in which the partitioning of organic carbon flow between energy generation and cell biomass production is dependent on the free energy of the corresponding TEAP, which is computed dynamically during the simulation as a function of the abundance (concentration and/or activity) of the reactants and products involved in the process.  This approach alleviates the need for making a priori assumptions about the biomass yield for the different physiological functional populations.  Kinetic constants for uptake of electron donors, electron acceptors, and inorganic nitrogen compounds, as well for the inhibition of specific RTEAPs by the presence of more favorable electron acceptors, were either chosen arbitrarily or constrained by the physiological properties of pure culture representatives and/or by values required to reproduce the results of the batch slurry experiment.  Each of the RTEAPs results in production of various inorganic compounds, which either accumulate in solution or undergo reactions (sorption and/or mineral precipitation) with the solid-phase.  The optimized model reproduced the basic patterns of organic substrate metabolism, consumption of electron acceptors, and accumulation of reduced end-products of anaerobic respiration in the slurry incubation experiment.  Although the timing and magnitude of the predicted accumulation of acetate resulting from partial oxidation of ethanol (and the subsequent utilization of acetate) did not exactly match the experiment results, the general agreement between the simulation and the data suggests that the developed reaction network provides a reasonable explanation for this pattern of substrate metabolism.  The strategy for simulating the interaction between the different TEAP also seems generally valid, given the close resemblance of the predicted and observed patterns of electron acceptor (NO3-, Fe(III), SO42-) consumption and reduced end-product accumulation (Fe(II) and CH4).  These results suggest that the the model is appropriate for incorporation into exploratory field-scale simulations (i.e. numerical experimentation) of ethanol metabolism at ORNL.  
