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The objective of this research is to develop a non-destructive and inexpensive technique to monitor the long-term performance (immobilization) of soil contaminants, particularly uranium and thorium which are prevalent at the Oak Ridge Field Research Center, in their natural groundwater setting.   Whether uranium immobilization is achieved through active soil bioremediation, chemical amendment, or through natural attenuation, measurements of the degree and permanence of contaminant immobilization are critical to the assessment of long-term site performance.  A range of contaminated soils have been encapsulated in polyacrylamide hydrogels and observed non-destructively during uptake and release of uranium and thorium following in situ placement within various FRC groundwater monitoring wells.  These permeable environmental leaching capsules (PELCAPs) are assayed non-destructively and repeatedly for uranium, thorium, and many constitutive elemental concentrations using x-ray fluorescence (xrf) spectroscopy.  These polymer-encapsulated soils behave quite similarly to non-encapsulated soils for uranium and other elemental chemical interactions; the hydrogel matrix has been found to be quite inert to contaminant interactions posing only a short (<1 day) diffusion delay in equilibrium kinetics.  PELCAPs, containing various uranium- and thorium-contaminated soils from the Oak Ridge FRC, have been placed in uncontaminated or end-state groundwater to determine their degree and kinetics of mobilization.  Other PELCAPs, containing initially uncontaminated soils, have been placed in contaminated groundwater wells, to follow uptake of uranium and thorium and their subsequent release when the PELCAPs were moved to uncontaminated groundwater.  Such uptake and release of contaminants allows the complete process of natural attenuation to be followed enabling a realistic assessment of long-term site performance when no remedial actions are undertaken. Soils, which have received various treatments to enhance uranium immobilization, are undergoing similar long-term performance assessment to compare directly with naturally attenuated soils.  PELCAPs, containing soils from other DOE sites, are undergoing similar uptake and release observations within FRC groundwater as are PELCAPs containing an assortment of uranium-adsorbing materials (specific resins, activated charcoal, a polyphosphate, limestone, and hydrated Portland cement) for comparative purposes.  The non-destructive xrf analysis of hydrogel encapsulated soils is directly applicable to many pertinent environmental contaminants including Hg, Ba, As, Zn, Se, Cr, Cd, etc as well as many radionuclides when using gamma spectroscopy.
1Oak Ridge National Laboratory is managed by UT-Battelle, LLC, for the U.S. Department of Energy under Contract DE-AC05-00OR22725.

