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Radionuclide transport in soils and groundwaters is routinely evaluated in performance
assessment (PA) using simplified conceptual models (e.g., KD method) to describe radionuclide
sorption. However, the KD approach with linear and reversible sorption of metal cations is rarely
observed in the field. Inaccuracies of this model are typically addressed by conservativeness in
the use of the chemical partitioning parameters, and often result in failed transport predictions or
in increased costs for the cleanup of a site. Realistic assessments of radionuclide transport over a
wide range of environmental conditions can proceed only from accurate and mechanistic models
of the metal sorption process.

Our research has recently examined the sorption mechanisms and partition coefficients for Baz+
(analogue for ‘z6Ra2+)onto soil minerals (iron oxides and clay phases) using a combination of
isothermal sorption/resorption measurements, synchrotrons spectroscopic analyses of metal
sorbed substrates, and computer molecular modeling simulations. Research goals include ( 1)
evaluation and quantification of the critical mechanisms and geochemical parameters that control
the retardation of radionuclides on the sorbing phases in near-field soils, (2) use of atomistic
computer simulations to predict radionuclide KD values based on the partitioning of the metal
cations between the solution and mineral surface, and (3) identification of the general trends in
metal plume length associated with field sites. Results should improve our ability to estimate
radionuclide migration at contaminated sites.

In a series of experiments, barium was reacted with montmorillonite clay in suspensions with
various pH and ionic strength. Radium and Ba are similar in size (ionic radii: Raz+ = 1.48 ~;
Baz+ = 1.42 ~) and chemical reactivity. We observed that adsorption of Ba drastically decreases
when ionic strength increases, but only slightly increases with pH. Extended X-ray absorption
fine structure (EXAFS) analysis indicates that there is adsorbed Ba at the second nearest shell of
Al, assumed to be the octahedral Al at the broken edge of the montmorillonite. These
observations demonstrate that Ba can form both outer- and inner-sphere surface complexes at the
clay mineral surfaces. This implies that the association of 226Ra with soil materials can be weak
or strong depending upon the conditions at a specific site.

We also investigated the sorption of Ba on goethite to give insights into the sorption behavior of
Ra on goethite as a function of surface loading, pH, and ionic strength. Barium sorption on
goethite, from pH 5 to 9, was pH dependent and reversible. EXAFS was also used to
characterize the local molecular bonding of the sorbed Ba on the goethite samples. At pH 5, the
Ba data indicated no close association between Ba and Fe on goethite surfaces. However, the
data suggest that Ba was closely associated with goethite surfaces at pH 7 and 9, perhaps
forming an inner sphere complex. Geometric examination of the possible modes of Ba sorption
on goethite surfaces was in close agreement with the EXAFS data. Molecular modeling of Ba
sorption on goethite crystal faces at pH 10 to 12 predicted that formation of a Ba-goethite inner
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sphere complex would be preferred. At pH 12 (15mg/g), Ba sorbed on goethite had bonding
similar to Ba(OH)l”8Hz0, with first and second shell Ba-O bonds and third shell Ba-Ba bonds,
which may indicate formation of a surface precipitate. The Ba (7 mg/g goethite) in a goethite
precipitated from ferrihydrite aged with Ba at pH 12, had first shell Ba-O bonds, second shell
Ba-Fe bonds and third shell Ba-Ba bonds. These results indicate that Ba-O clusters were
occluded in and/or adsorbed on goethite surfaces. Large-scale molecular modeling simulations
of Ba (and Cs) sorption onto goethite and clay surfaces support the experimental results and
suggest a fundamental method for the prediction of site-specific metal sorption.

Finally, we examined the behavior of uranium in groundwater plumes in an effort to determine
the role of sorption in controlling the long-term fate of transported waste material. Groundwater
plumes containing dissolved U at levels above natural background exist adjacent to U ore bodies,
at U mines, milling locations, and at a number of explosive test facilities. Reaction-transport
models, which might conceivably be used to predict plume movement, require extensive data
inputs that are often uncertain. Many of the site-specific inputs are physical parameters that can
vary spatially and with time. A more direct means for establishing the limits of contaminant
transport is to examine actual plumes to determine if, collectively, they spread and attenuate in a
reasonably consistent and characteristic fashion. A number of U plumes from ore bodies and
contaminated sites were critically examined to identify characteristics of U plume movement.
The magnitude of the original contaminant source, the geologic setting, and the hydrologic
regime were rarely similar from site to site. Plumes also spanned a vast range of ages and no
complete set of time-series plume analyses exist for a particular site. Despite the accumulated
uncertainties and variabilities, the plume data set gave a clear and reasonably consistent picture
of U plume behavior. Specifically, U plumes appear to reach steady-state, that is they quit
spreading, rapidly (within a few years), and that they exceed roughly 2 km in length only in
special cases (e.g., where in situ leaching has been carried out). The majority of plume lengths
are much smaller. These plumes also exhibit very similar U chemistry between sites suggesting
analogous contaminant attenuation mechanisms.
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