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Mobilities of radionuclides (such as *’Cs and ®Sr) are governed by their interactions
with natural soil particles in the saturated and unsaturated zones at Department of
Energy sites (e.g. Hanford Site, Savannah River Site). High surface area aluminosilicate
clay minerals are a component of the natural soils beneath the leaking waste tanks at
these sites and serve as possible radionuclide sorbents. However, due to the
characteristics of the contaminant medium (high pH, high Al and high ionic strength),
clay minerals are susceptible to transformations during exposure to tank waste
leachates. To gain a better understanding of fundamental processes taking place in the
vadose and saturated soil environments in these polluted areas, we are currently
studying the transformation of clays under specific chemical conditions that mimic the
composition of the contaminant solutions™.

In these studies, specimen clay samples are reacted for varying time periods (up to one
year) with simulated tank waste leachate (STWL) solutions containing fixed
concentrations of (non-radioactive) Cs and Sr (at levels of 107, 10™ and 10™ M).
Mineral dissolution and transformation are followed with solution analysis, x-ray
diffraction, solid-state nuclear magnetic resonance (NMR) and a number of other
analytic methods. We report here results from ’Al magic-angle spinning (MAS) NMR at
variable magnetic field strengths (up to 18.8 T), ?°Si MAS NMR and 'H/*°Si cross-
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polarization MAS (CPMAS) NMR and evaluate these results along with those of other
parallel analytic studies. A number of neophases are identified through these analyses
and representative >’Al MAS NMR results at a moderate magnetic field strength (7.0 T)
are shown in Figure 1. The use of solid-state NMR at multiple fields (Figure 2) allows for
superior resolution of resonances from different species and in this way solid-state NMR
results are used to quantify the reaction kinetics.
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Figure 1. 2’Al MAS NMR spectra of weathered kaolinite as a function of exposure and
initial Cs and Sr concentrations in the simulated tank waste leachate.
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Figure 2. Variable magnetic field NMR studies of weathered kaolinite exhibit increased
resolution at the highest fields.
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As neophases are formed, Cs and Sr sequstration varies and one additional question of
interest is the location of the Cs and Sr species within the original clays or neophases.
Results of initial double resonance experiments incorporating Cs (and possibly Sr)
nuclides will be reported.
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