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CELLULOSE-CONTAINING WASTE AND BITUMINISED SALTS 
 

 
 
Background 
In Belgium, Medium-Level radioactive Waste (MLW) would be eventually disposed off in an underground 
repository in a geological formation such as the Boom Clay, which is studied as a reference host rock 
formation. MLW contains large quantities of non-radioactive chemicals that are released upon contact with 
pore water.  
It could be the case, for instance, for plutonium bearing cellulosic waste – such as paper tissues used to 
clean alpha glove boxes – issued from nuclear fuel fabrication (BELGONUCLEAIRE). At high pH, as in a 
disposal gallery backfilled with cement, the chemical degradation of cellulose will generate water-soluble 
products that may form strong complexes with actinides such as Am, Pu, Np, and U. This could lower the 
sorption of these elements onto the clay minerals, and hence increase their migration through the clay 
barrier.  
Another chemical perturbation could occur from the ~3000 m3 of so-called Eurobitum bituminised MLW, with 
precipitation sludges from the chemical treatment of spent nuclear fuel, and containing about 750 tons of 
NaNO3. The presence of NaNO3 in this waste will give rise to several processes susceptible to affect the 
safety of the disposal system. Amongst others, it is necessary to verify that the swelling pressure of bitumen 
on the gallery wall and the osmotic pressure within the near-field are not too high to induce a fissuration of 
the host rock, leading to the formation of preferential migration pathways.  
 
Objectives 
The major objective of our work is to obtain a broad understanding of the different processes induced by the 
release of non-radioactive chemicals in the clay formation, to assess the chemical compatibility of different 
MLW forms with the clay.  
 
Principal results 
For cellulose-containing waste, according to the results of our degradation, solubility, and sorption 
experiments, we could confirm that α-ISA (α-isosaccharinic acid) is the most important cellulose DP 
(degradation product). Its concentration in the disposal galleries will likely be limited by its strong sorption 
onto cement and by precipitation of Ca-isosaccharinate. We have also observed that both exaggeratedly 
high and more realistic concentrations of α-ISA, or other cellulose DPs, did not significantly affect the 
sorption of Pu(IV) and Am(III) on alkaline-plume altered Boom Clay (pH set at 11 in our experiments) and on 
undisturbed Boom Clay (pH ~8.2). Finally, we estimate from our experiments that α-ISA complexes of 
actinides formed at pH 12.5 should dissociate when they will reach the undisturbed clay, due to (i) the 
decrease of the pH to ~8.2, and (ii) the strong sorption of actinides onto Boom Clay. Therefore, we do not 
presently consider the leaching of cellulose DPs as a major concern.  
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Sorption coefficients (ml/g) for americium and plutonium in Boom Clay (BC, pH 8 – 8.5) and alkaline-plume-affected 
Boom Clay (APA BC, pH 11) in Real Boom Clay pore Water (RCW), and in RCW containing cellulose degradation 

products (DP) or pure α-isosaccharinic acid (a-ISA), for a clay-to-solution ratio of 1 g per 5 ml.  For this clay-to-solution 
ratio, a sorption coefficient of 1000 ml/g means that for every 10000 atoms of, for instance, 241Am, 9950 atoms are 

sorbed on the 1 g of clay, and 50 atoms are in the 5 ml of solution. For a sorption coefficient of 10000 ml/g, only 5 out of 
the 10000 atoms are in the 5 ml of solution, the remaining 9995 atoms being sorbed on the 1 g of clay. 
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For bituminised waste, first hydro-mechanical scoping calculations indicate that, for the case of final disposal 
in the Boom Clay, the bitumen swelling pressure due to uptake of water by the de-hydrated salts has to stay 
below the limit of ~8 MPa. The preliminary results of two laboratory osmosis tests on small clay cores and of 
a first in situ osmosis experiment suggest that the osmotic pressure is limited to only a few meters water 
column. Until now, no fundamental flaws were identified regarding the compatibility of EUROBITUM in view 
of its final disposal in an argillaceous host rock. 
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Calculated evolution of the radial displacement of an underground disposal gallery wall as a function of the applied 
swelling pressure, for a disposal gallery of 5 m internal diameter, with presumed more realistic conditions: imperfect 

plasticity – drained boundary condition – coupled storage coefficient. 
 
 
Future work 
 Modelling of the speciation of U, Th, and Np in Boom Clay pore water in the presence of α-ISA, to 

confirm that this cellulose degradation product will not affect the migration behaviour of these nuclides 
 Further compatibility studies on Eurobitum waste (ageing, swelling, pressure build-up ...) to provide 

sufficient scientific data on the compatibility of Eurobitum with an argillaceous host formation. 
 
Main contact person 
Elie Valcke, elie.valcke@sckcen.be. 
 
Main reference 
Rorif F. and Valcke E. (2004) The effect of cellulose degradation products on the sorption of Pu and Am in 
alkaline plume affected Boom Clay. Final Report to ONDRAF/NIRAS for the contract N° CCHO-95/268. 
Restricted Report R-4057, 2004, SCK•CEN, Mol, Belgium.  

   Operational Office: Boeretang 200, B-2400 Mol – Scientific Report 2004 

mailto:elie.valcke@sckcen.be

