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Background

• Research programs devoted to 
developing strategies for nuclear 
waste treatment, waste form 
development, long-term 
performance and disposal 
modeling.

• Target species vary by waste 
stream type, treatment and 
disposal location.

• Most data collection focused on 
providing input values for 
performance 
assessments/safety cases.

Matt (left) and Sarah (right) have spent over a 

decade investigating how various contaminants 

and radionuclides sorb to materials and 

disposal environments.



Ongoing Focus #1

• Arises from corrosion of stainless steel 
components, fuel cladding, and chemical 
additives.

• Exists mainly as soluble Cr(VI), a mobile and 
toxic oxyanion, or as Cr(III) which is less 
mobile and less toxic.

• Environmental conditions (pH, Eh, organic 
matter) help control interconversion between 
Cr(VI) and Cr(III), influencing mobility.

• Cr(III) strongly binds to mineral surfaces and 
clay edges; Cr(VI) adsorbs weakly to oxides 
but can co-precipitate with mineral phases.

• Sorption, reduction, and mineral co-
precipitation processes are key to 
immobilization strategies and long-term 
contaminant stability in disposal sites.



Current Focus and Interest 
on Chromium Sorption

• Sediment composition — predominantly 
quartz-rich sand with minor feldspar, mica, and 
lithic fragments; chemically dominated by SiO₂, 
with trace Al₂O₃, Fe₂O₃, and CaO from accessory 
minerals.

• Mineralogy — coarse-grained, moderately sorted 
fluvial deposits; mineral assemblage featuring 
quartz, plagioclase, and occasional volcanic 
glass, influencing sorption and contaminant 
transport behavior.

• Chromium form — Sources can vary, but likely 
high alkaline liquids, high concentrations of other 
species (e.g. >2 mol/L NaNO3), and various redox 
competitors.

• Goals: observe fast and slow sorbing pools, rate 
limiting processes and mineral associations to 
feed predictive models.

Equilibrium sorption 

isotherms for (A) Cr(III) 

and (B) Cr(VI) sorption on 

Oak Ridge National 

Laboratory (ORNL), 

Savannah River National 

Laboratory (SRL), and 

Hanford Site subsurface 

media using 5 mmol 

L−1 CaCl2, 296 K, and pH 

values.

From: Jardine et al. 2011. 

Vadose Zone Journal. 10, 

3, 1058

Example Hanford sediments showing sand qualities.



On-going Focus #2

• Can be found in liquid nuclear wastes 
generated from reprocessing.

• Long half-life (211,000 years).

• Many anionic forms making it highly 
mobile in environment and treatment 
methods.

• Redox sensitive contaminant that can 
exist in multiple oxidations states.

• Both of these factors can impact 
sorption processes; but are rarely 
captured in modeling to date and 
could lead to non- or overly-
conservative results.



Sorption of Technetium and the Role of 
Speciation

• Column experiments simulated a 
disposal scenario of an anionic “non-
pertechnetate” (NPT) Tc(I) species, 
spiked into aqueous leachate from a 
cementitious waste form.

▪ Compared against pertechnetate, 
Tc(VII)O4

-

▪ Column packed with disposal site 
sediment

• Results highlight disparate release 
rates of Tc(I) vs Tc(VII). 

▪ Tc(I) is significantly slower than Tc(VII)

▪ Suggests there are interaction(s) 
between the anionic NPT species and 
some components of the subsurface.

▪ This needs to be captured in modeling.

Hossack et al. 2026, submitted



Tc-99 Sorption

• Difference in behavior of Tc(I) vs Tc(VII) in column tests may be due to oxidation 
state and/or presence of complexant on Tc-99 (gluconate).

• Examples of anionic or neutral NPT species that have been identified or have 
been suggested:

▪ [TcI(CO)3(gluconate)]2–, TcIVO2, [TcIV(gluconate)2]
2– and      

[TcVI(gluconate)2]

▪ Fragments of complexes e.g. [TcI(gluconate)]2–,           
[TcIV(gluconate)]+, [TcVI(gluconate)]3+ 

• Variables influencing Tc sorption processes:

▪ Electrostatics – Sediment could have greater affinity       
for more negative species.

▪ Size – TcO4
- is a smaller species than the complexed                              

Tc(I) species and transport might not be impeded by 
soil particles.

▪ van der Waals Forces – weak interactions between organic         
molecules in the soils and Tc(I) species may
increase retention in the soil.

[TcI(CO)3(gluconate)]2–



Summary

• Sorption processes are crucial to the disposal strategies for nuclear waste 
management.

• Mechanisms that are to be captured in long-term models are driven by 
speciation and chemical state of compounds.

• Chromium sorption focus on observing fast and slow sorbing pools, rate 
limiting processes and mineral associations.

• Technetium sorption focus on the impact of complexant/ligands that 
stabilize different oxidation states.

• Both datasets when available can be used for accurate long-term modeling 
of performance assessments and safety cases and lessen uncertainties 
associated with speciation impacts.



Thank you
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