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The need for better prediction of contaminant transport 
motivates multi-faceted lines of inquiry to build a strong 
bridge between molecular- and field-scale information. At 
Hanford (WA), millions of liters of U-containing acidic wastes 
have been discharged to the soil. To predict reactive 
contaminant migration in the soil, we aim to determine the 
process coupling between mineral transformation and U(VI) 
speciation in acid-uranium waste weathered sediments.  

Un-weathered Hanford sediments were batch reacted for 
365 days with acidic (pH 2), uranium bearing waste solutions 
in the presence and absence of phosphate. At dedicated 
reaction times (7 to 365 days) solid and solution chemistry 
were analyzed to determine weathering trajectories and U 
speciation. To inform on reaction kinetics, flow-through 
reaction columns were ran using the same solution-set. 

Weathering of the sediments occurred rapidly in both batch 
and column systems with the release of elevated concentrations 
of Si and Al accompanied with a buffering of the pH. As 
observed by XRD and U-EXAFS, PO4 exerted a strong control 
over U speciation with the rapid precipitation of meta-
ankoleite [K(UO2PO4)•3H2O] and near-complete 
immobilization of U in batch systems. In the absence of PO4, 
carbonate dissolution buffered the pH to 3-4, promoting 
silicate weathering and the precipitation of boltwoodite 
[K(UO2)(HSiO4)•3H2O]. Flow-through column systems 
revealed a pH-controlled bimodal U sequestration: after initial, 
near-complete immobilization at near neutral pH, subsequent 
immobilization was limited.  

By comparing batch and columns U species, it appears that 
the coupling between mineral weathering and contaminant 
sequestration is kinetically limited in the field. These results 
suggests that reactive transport is necessary to the accurate 
prediction of the coupling between silicate weathering and 
changes in uranium speciation in this system. 

 


