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Introduction 

An understanding of the long-term dissolution of waste forms in groundwater is required for the 
safe disposal of high level nuclear waste in an underground repository. The main routes by which 
radionuclides could be released from a geological repository are the dissolution and transport 
processes in groundwater flow. Because uranium dioxide is the primary constituent of spent 
nuclear fuel, the dissolution of its matrix in spent fuel is considered the rate-limiting step for release 
of radioactive fission products. 

Grambow^1) authored the most recent review of the experimental data on the dissolution rates of 
UO2 and spent fuel. Important variables considered in the many investigations were pH, 
temperature, oxygen fugacity, carbonate/bicarbonate concentrations and other reacting media. The 
dissolution data vary considerably, having been generated under diverse experimental conditions 
that were either inadequately controlled or simulated specific processing conditions. The 
dependence of the dissolution rates of UO2, spent fuel and uraninite on these variables is not clear 
because of uncertainties regarding redox chemistry of uranium in solutions and in solid phases, 
secondary-phase formation, and surface area measurement 

The purpose of our work has been to measure the intrinsic dissolution rates of uranium oxides 
under a variety of well-controlled conditions that are relevant to a repository and allow for 
modeling. The intermediate oxide phase ̂ Og, triuranium octaoxide, is quite stable and known to 
be present in oxidized spent fuel. The trioxide, UO3, has been shown to exist in drip tests on 
spent fuel. Here we compare the results of essentially identical dissolution experiments performed 
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on depleted U3O8 and dehyrated schoepite or uranium trioxide monohydrate (UC^-I^O). These 
are compared with earlier work on spent fuel and UO2 under similar conditions. 

Description 

Groundwater has typical constituents, such as carbonates, sulfates, chlorides, silicates, and 
calcium. These are seen in wells near Yucca Mountain. Of the anions commonly found in 
groundwater, bicarbonate is considered to be the most aggressive towards uranium oxides, 
forming complexes with the uranyl (UO24"2) cation. This makes the carbonates good surrogates 
for all anions in aggressive groundwater. Statistical experimental design was used to plan a set of 
U3O8 and UC^-E^O dissolution experiments. These experiments allow us to examine 
systematically the effects of temperature (25-75°C), pH (8-10) and carbonate (2-200X10"4 molar) 
concentrations on dissolution of these oxides. Because they are already in an elevated oxidation 
state, these experiments were run only at 8 ppm dissolved oxygen in the leaching solutions, 
equivalent to 0.2 atmosphere oxygen. A set of sixteen experiments allows us to fit a fourteen-term 
second-order model in all variables, including interactions between all the variables. The extra 
degrees of freedom permit tests for experimental variability. If smaller models are satisfactory, the 
full set of sixteen dissolution conditions and rates provides for higher confidence in the models. 

Results and Conclusions 

The experiments use single-pass flowthrough conditions to prevent precipitation and other 
competing reactions from distorting dissolved uranium concentration measurements. Results 
indicate that UO3H2O has a much higher dissolution rate than LTjOg. Dissolution of UO3H2O 
shows a very high sensitivity to carbonate concentration. Present results show a 25 to 50-fold 
increase in room-temperature UC^-J^O dissolution rates between the highest and lowest carbonate 
concentrations. This strong carbonate effect was demonstrated as well in earlier results^ on 
UC^-H^O at low oxygen concentrations, which showed an even larger dissolution difference of 
almost 300 times. Generally U3O8 has a dissolution rate that is comparable to that of UO2 under 
similar conditions. 

Increasing temperature shows its expected effect of enhancing the dissolution rate. The 
enhancement is particularly strong at the highest carbonate concentration. Because U3O8 has both 
U(TV) and U(VI) valence states, its dissolution rates might be expected to be between that of UO2 
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and U03-H20, particularly as carbonate concentrations increase. That does not seem to be the case 
with the present data. Perhaps the the U(TV) cations in the structure impede the overall dissolution 
rate because of the change in oxidation state required. The data indicate that alkaline pH is the least 
significant factor in dissolution of spent fuel or any of the uranium oxides under the alkaline 
conditions of these experiments. Changes in alkaline pH produce almost random changes in 
dissolution rates in all data sets. 
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