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4 - EFFECT OF A CEMENT BUFFER ON SPENT FUEL DISSOLUTION 

Thierry MENNECART, Christelle CACHOIR, Karel LEMMENS, Ben GIELEN and 
Regina VERCAUTER (SCK•CEN, Belgium) 

Introduction 

Since a few years, the Belgian agency for radioactive waste (ONDRAF/NIRAS) has selected 
the supercontainer design with an Ordinary Portland Cement (OPC) buffer as the reference design 
for geological disposal of High-Level Waste (HLW) and Spent Fuel (SF) in the Boom Clay 
formation. Compared to the previous bentonite based reference design [NEA 2003], the 
supercontainer will provide a near field environment that can be engineered to a specific design 
and that will offer a highly alkaline chemical environment allowing the passivation of the 
surface of the overpack and the inhibition of its corrosion. The supercontainer will contribute to 
the containment of radionuclides within the waste matrix, but will also have an effect on the 
retardation of radionuclide release from the waste and will retard the migration of the released 
radionuclides.  

In the supercontainer design, the canisters of HLW or SF will be enclosed by a 30 mm thick 
carbon steel overpack and a 700 mm thick concrete buffer. The overpack will prevent contact 
with the (cementitious) pore water during the thermal phase. On the other hand, once the 
overpack will be locally perforated, the high pH of the incoming water may have an impact on 
the lifetime of the waste. Most published data and national programs are related to clayey 
backfill materials. Few studies are reported in alkaline media [Loida 2006, Cui 2003, Ollila 2008]. 
Hence, to evaluate the behavior of spent fuel (UO2 dissolution rate and UO2 solubility) in such an 
environment, a set of experiments was conducted. The objective was to estimate the spent fuel 
dissolution rate in supercontainer conditions for use in preliminary performance assessment 
calculations. 

Experimental 

Static and dynamic dissolution tests were performed. In this abstract, we will focus entirely 
on the static tests. These tests were performed at 25-30°C under argon atmosphere, with 
depleted or alpha-doped UO2 in contact with three kinds of alkaline solutions, representative of 
the ageing steps of cement, and with and without metallic iron. The uranium release in solution 
was used to estimate the matrix dissolution rate of the UO2. The concentration of dissolved 
uranium gives the solubility of the controlling phase, which is important for the system 
understanding.  

In most experiments, the spent fuel was simulated by depleted UO2 (powder or pellets) 
representative of "old fuel" . To study the influence of  -activity, some experiments were 
performed with  -doped UO2 (2.53×108 Bq.g-1 UO2), simulating a young PWR fuel with a burnup of 
45-55 GWd/tHM, 150 years after discharge. In the doped material, 238Pu was used to generate the 
high alpha dose and 233U was used as corrosion indicator. The fuels were annealed during 6 
hours at 1000°C before the beginning of the experiments. Similar tests with spent fuel were 
performed at INE for pH 12.5 [Loida – 2009], to see to which extent the doped UO2 is 
representative of real fuel.  
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The static tests were performed at three fuel surface area (SA) to leachant volume (V) ratios: 
low SA/V (6 and 17 m-1) and high SA/V (257 m-1). The tests with the high SA/V were mainly 
dedicated to the determination of potential secondary uranium phases, but were also used to 
determine the dissolution rate of UO2 at large reaction progress. The low SA/V tests were 
devoted mainly to the determination of the UO2 dissolution rate. 

The dissolution tests were performed with synthetic cementitious water at pH 13.5, pH 12.5 
and pH 11.7. The composition of these waters (Table 1) results from the geochemical calculations 
of the cement pore water composition after interaction of the Boom Clay water and OPC 
reference concrete for a period up to around 100000 of years [Wang 2006]. 

For the experiments with the depleted UO2, the total (unfiltered) uranium concentration in 
solution and the ultrafiltered uranium concentration (30 000 MWCO) were determined by ICP-MS 
every month during 18 months. After 491 days, the leachant was renewed (almost) entirely, and 
the sampling was continued. For the experiments with alpha doped UO2, the dissolution of the 
matrix was measured by the release of the 233U in solution (ultrafiltered and unfiltered), using 
alpha spectrometry. 

Other isotopes were measured as well to check the internal consistency and reliability of the 
measurements.  

Table 1: Composition of the synthetic cementitious waters (in mol.L-1)  

 Na K Ca Al Si SO4 2- CO3
2- 

pH 13.5 0.14 0.37 7.10-4 (2.5.10-5) 6.10-5 3.10-4 2.10-3 3.10-4 

pH 12.5 0.016 2.10-4 0.015 5.10-6 3.10-6 7.10-6 8.10-6 

pH 11.7 3.5.10-3  8.10-4   3.9.10-5 2.10-5 

Results and discussion 

Uranium in solution 

The presence of colloids is more important at high SA/V (257 m-1) than at low SA/V ratio. At 
low SA/V (6 and 17 m-1) colloids are present in negligible amount, with similar filtered and 
unfiltered uranium concentrations in the range 5×10-9 to 2×10-8 mol.L-1. In the experiments at high 
SA/V, the total uranium concentrations (10-7 to 2×10-5 mol.L-1) are much higher than the 
ultrafiltered concentrations (10-9 to 10-5 mol.L-1), implying that most U is colloidal. The colloidal 
concentrations increased further after the solution renewal. The ultrafiltered uranium 
concentrations tend to increase with pH, but this is due to preoxidized U(VI), which seems to be 
more soluble at higher pH. The dissolved U(IV) concentration is probably not affected by the high 
pH. Because of the higher solubility of U(VI) phases, it is likely that the colloids consist mostly of 
U(IV). U speciation analyses are ongoing to confirm the presence of U(VI) and U(IV). These results 
suggest that the effect of the high pH on the ultrafiltered, dissolved U concentrations is not 
important enough to have an impact on the safety of the disposal system. Based on literature 
data, the U(VI) concentrations seem undersaturated with regards to Ca-uranate (CaU2O7.3H2O), 
even when there should be enough U(VI) in the system for saturation [Meca 2008]. 

The presence of alpha radiation increased the total release of uranium in solution, but had 
less effect on the ultrafiltered concentrations. Hence the colloidal fraction increased. Compared 
with depleted UO2, the total, unfiltrated uranium concentrations increased by a factor 100 in the 
experiment with the low SA/V (6 m-1, Fig. 1), and by a factor of at least 10 in the experiment with 
the high SA/V (257 m-1). Although radiolysis tends to increase also the dissolved, ultrafiltered U 
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concentrations, Ca-uranate remains undersaturated at pH 13.5, but it may control U 
concentrations at lower pH (12.5 or 11.7). 

The presence of metallic iron did not much affect the uranium concentration in solution at 
high pH. Both for the unfiltrated and the ultrafiltrated samples, the uranium concentration in 
solutions were about the same with or without iron. The iron appears to be a less effective 
chemical reductor at high pH than at neutral pH. 

Figure 1: Evolution of total dissolved U concentrations for the tests at SA/V of 6 m-1. The concentrations 
are higher, and increase faster for the doped UO2 than for the depleted UO2, but no effect  

of the presence of redox control. The long term increase is used to estimate  
the long term matrix dissolution rate by linear regression 
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Dissolution rates 

The dissolution rate was calculated, based on the total uranium concentration in solution. 
This gives a high initial rate, which is biased by preoxidation. The long term rate is much lower, 
and was estimated by means of a linear regression of the long term (total) uranium 
concentrations (Figure 1). 

The long term dissolution rates are higher at pH 13.5 than at lower pH. To be conservative, 
but also because pH 13.5 may be realistic under in-situ conditions, we base the preliminary 
estimations of the matrix dissolution rate on the rates measured at this high pH. The rates at 
lower pH were not much lower. For the performance assessment calculations, a source and an 
expert range are proposed (Table 2). The source range is the range in which we expect the actual 
rate to lie with high probability. The expert range is a narrower subset of this range based on 
expert judgment. 

The proposed source range for depleted UO2 is similar to the range of rates for neutral pH in 
anoxic or mildly reducing conditions. The alpha effect on the dissolution rate is, however, much 
stronger in cementitious water at high pH than in reducing clay water at neutral pH [Salah 2006]. 
The dissolution rate of α-doped UO2 is much higher than for depleted UO2 (Figure 1), but roughly 
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in the same range as the dissolution rate measured for real spent fuel in similar conditions 
[Loida 2009]. So α-doped UO2 can in a first approximation be used to estimate the dissolution rate 
of real spent fuel at high pH, although some differences occur. Secondary phases were observed 
only for the real spent fuel, whereas colloid formation was observed only for the depleted and 
alpha doped UO2. 

Table 2: Source range and expert range for the depleted and doped UO2 in supercontainer conditions 

Dissolution rate 
(µg.m-2.d-1) 

Depleted UO2 
(very low alpha activity) 

Doped UO2 
(High alpha activity) 

Source range minimum 0.2  37 

Source range maximum 14 >1900 

Expert range minimum 1 37 

Expert range maximum 2.6 >1900 

Conclusion 

For depleted UO2, simulating old spent fuel, the dissolution rate at high pH seems to be 
similar to the rate at more neutral pH. Alpha radiation seems, however, to accelerate the 
dissolution rate more at high pH than at neutral pH, even in reducing conditions (in the presence 
of metallic iron). This may cause a relatively fast oxidative fuel dissolution in the first stage, 
when the alpha activity is still high. It may take more time to reach the threshold alpha activity, 
under which oxidation is completely compensated by reductive processes. H2 formed by 
anaerobic overpack corrosion may help to suppress the dissolution rate in this stage. The 
massive colloidal formation observed in certain test conditions with UO2 may also indicate an 
acceleration of the chemical (non-oxidative) fuel dissolution at high pH. On the other hand, the 
dissolution rates obtained with real spent fuel do not suggest a negative impact of pH 12.5 [Loida 
2009]. The uncertainties of our present dissolution rates are, however, still large due to the small 
number of tests and data. The dissolution rates are considered as preliminary rates and the 
experiments are still ongoing. The direct effect of concrete on the fuel dissolution was not yet 
studied.  

Work performed as part of the programme on geological disposal of high-level/long-lived 
radioactive waste that is carried out by ONDRAF/NIRAS, the Belgian Agency for Radioactive 
Waste and Fissile Materials." 
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