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Dissolution of spent nuclear fuel (SNF) is an important technical issue in high-level radioactive 
waste disposal.   The dominant factors controlling the SNF dissolution rate inside a failed waste 
container during disposal will be the redox condition at the SNF surface, temperature, and the 
chemical composition of the contacting aqueous solution.  This paper presents interim 
experimental results along with a literature review of SNF dissolution in reducing aqueous 
solutions representative of granite geologic media. 
 
Redox conditions are partly dependent on the concentrations of dissolved oxygen and 
hydrogen, which are expected to evolve with time in a water-saturated disposal environment.  
During the first few thousand years of disposal, when beta and gamma activity is relatively high, 
significant levels of dissolved oxygen and other oxidizing species can be produced by water 
radiolysis.  The main sources of hydrogen in solution will be from anaerobic corrosion of the 
steel or copper container and from water radiolysis.  The hydrogen production will affect SNF 
dissolution.  Details on SNF dissolution rate in the presence of dissolved oxygen and hydrogen 
have been widely reported in the literature.  It was suggested that small amounts of dissolved 
hydrogen will suppress SNF dissolution, irrespective of the dissolved oxygen concentration.  On 
the other hand, published corrosion potentials data under various redox conditions suggest that 
SNF dissolution rates are also influenced by dissolved oxygen.  The corrosion potential data 
indicate that SNF could dissolve at a significant rate even in the presence of dissolved 
hydrogen. 
 
The objective of the experiments reported in this paper is to quantitatively determine the 
combined effects of dissolved oxygen and hydrogen on SNF dissolution.  Electrochemical 
dissolution studies have been conducted with SIMFUEL in contact with a saline simulated 
groundwater based on published reference compositions for deep groundwaters in granitic 
rocks.  SIMFUEL is an unirradiated, simulated SNF containing chemically equivalent 
nonradioactive surrogate elements for fission, activation products, and actinides.  Experiments 
involve the following three SIMFUEL types:  (i) pure UO2, (ii) 35 GW-day/MTU burnup 
equivalent, and (iii) 60 GW-day/MTU burnup equivalent.  The electrochemical experiments were 
conducted by immersing one of the three SIMFUEL specimens as a working electrode in the 
granitic groundwater solution, which had a near-neutral pH and elevated concentrations of Na+ 
and Cl- ions.  The solution composition was selected to be representative of groundwater 
associated with a hypothetical deep geological repository in crystalline rock.  The solution was 
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purged with various combinations of compressed air and a mixture of 4% hydrogen plus 96% 
nitrogen.  Electrochemical impedance spectroscopy was used to record the impedance of the 
working electrode at various combinations of the purging rate of gas and the solution 
temperature.  Analyses of the experimental results will be presented in the paper. 
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