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Nuclear fuel cycle in France
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•Rodney C. Ewing

Nature Materials 

2015

Can we really extend these mechanisms to the case of the selected 
Callovo-Oxfordian (COx) clay formation  ?

European Project SFS - 2005 

The mechanisms of alteration of UOx spent fuel

http://www.nature.com/nmat/journal/v14/n3/fig_tab/nmat4226_F2.html#auth-1
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The Spent Fuel matrix alteration under geological disposal

▌ Experiments

A step by step approach integrating the environmental constraints is 
implemented on UOX and MOX fuels (unirradiated and irradiated materials)

Carbonated

water
COX water

COX water + iron and 

corrosion products COX water + iron and 

corrosion products  + 

claystone
COX water + 

claystone

▌ Modeling tool

• CHESS (geochemical) and HYTEC (reactive transport) codes

• EQ3/6 + NEA database, ThermoChimie database
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The UOx Spent Fuel matrix alteration under geological disposal

Odorowski 2015
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Rieder et al., 1998

Mineralogy of the CLAYSTONE

Gaucher et al., 2009, 2006, 2004

Robinet, 2008
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[Na+] [K+] [Ca2+] [Mg2+] [Sr2+] [Cl-] [SO4
2-] [HCO3

-] [Si]

mg.L-1 993 39,1 341 131 17,5 1454 1412 146 5,62

mol.L-1 0,0432 0,0010 0,0085 0,0054 0,0002 0,0410 0,0147 0,0024 0,0002

pH = 7,2 
3 bars Ar/3000 ppm CO2

Synthetic COX water stability in the presence of the claystone and mechanical behavior of the disc
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Uranium distribution and quantification

Geckeis et al., 2013Kd (L.Kg-1)  According to different studies (Lab, In-situ) : 1 to 10 or 100 to 300

[U]solid 2,25 ± 0,15 ppm
Average value

(F Maia 2018, Dagneli R 2014…)
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CaCO3 + 2HNO3 -> Ca(NO3)2 + CO2 + H2O 

Dissolution of a claystone disc (~ 3  g) under 
acidic conditions 

Dagnelie et al (2014) protocol

pH < 1.5 - 2pH > 2

Natural Uranium located into the claystone discs

Expected values
around 6-7 µg / disc

Gas release
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Recovery of uranium sorbed on claystone disc and coming from the UO2 pellets 

Kd = 2 to 4 L.Kg-1

On particles and the disc
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Hydrogen peroxide stability

Pure water

Synthetic COX water 

Equilibrated synthetic COX water 

Equilibrated synthetic COX water + disc 
Holmboe et al., 2011

The presence of clay rock and equilibrated water lead to an 
acceleration of the hydrogen peroxide consumption
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Effect of CLAYSTONE on the dissolution of UO2 doped with a radioactive alpha emitter 
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Uranium concentrations into the solution

10 000 years batch 50 years batch

Thermodynamic control by UO2x(H2O)am Oxidizing dissolution induced by α radiolysis

No significant effect of the COx claystone on uranium concentrations
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Uranium distribution between the solution and the solid phases – 10 000 years batch

10 000 years batch
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The amount of uranium sorbed does not exceed 
that naturally present in the clay rock

pH < 1.5 - 2pH > 2
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Uranium distribution between the solution and the solid phases – 50 years batch
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The amount of uranium sorbed exceeds that 
naturally present in the clay rock but is limited

50 years batch
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Surface characterizations – 50 years batch

EDS analysis
80 spectrum

Mg Al Si Ca Ti U

Average
Wt %

0,18 0,64 0,05 0,05 1,49 97,57

Standard 
deviation

0,21 0,41 0,09 0,18 0,51 0,86

Max 0,68 2,02 0,42 1,41 2,93 99,35

Min 0 0 0 0 0,43 95,91

No evidence of significant corrosion or precipitated 
secondary phases
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 The presence of claystone does not seem to modify the concentrations of uranium in solution whatever 
the UO2 batch studied (50 years or 10000 years batch). 

 Specific experimental protocols have been developed to carry out uranium mass balances. 

 The quantities of uranium sorbed are of the same order of magnitude as those naturally contained in the 
rock for these experimental conditions.

 In general, the presence of the rock does not induce a significantly greater alteration of the UO2 matrix.

 Isotopic uranium analyzes should allow in the future to specify the quantities sorbed on the clay coming 
from the UO2 matrix.

Conclusion and Outlooks
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pH pe Eh (mV) PCO2
Concentrations (mmol/L)

Al Fe Si Sr K Mg Ca Na Cl S(6) TIC S(-2)

EST25687 7,1 -2,85 -168 -2,0 4,7.10-6 0,034 0,18 0,20 1,03 6,67 7,36 45,6 41,0 15,6 3,34 2,6.10-7

EST21400H 7,2 -2,90 -171 -2,0 4,4.10-6 0,029 0,18 0,18 1,52 5,80 6,28 36,2 29,0 15,1 3,33 2,7.10-7


