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Nuclear fuel cycle in France
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The mechanisms of alteration of UOx spent fuel
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http://www.nature.com/nmat/journal/v14/n3/fig_tab/nmat4226_F2.html#auth-1

ﬂ The Spent Fuel matrix alteration under geological disposal

I Experiments
A step by step approach integrating the environmental constraints is

implemented on UOX and MOX fuels (unirradiated and irradiated materials)
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The UOx Spent Fuel matrix alteration under geological disposal
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Mineralogy of the CLAYSTONE

Samples K100 K119 Ry R,
Borehole EST205 EST205 EST322 EST212
Depth (m) 42448 — 42518 477.37 —477.69 52842 — 528 72 534.35 —534.51
I Micai illitei I/S 90% illitei glauconite 2—11 5—20 14 —20 17—21 |
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Chlorite 0-—-2 0—_25 0-—_3 05
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TiO, >0— 05 >0— 1 <0.5 0— 1 - Palygorskitr
Calcium phosphate >0-— 0.5 >0-— 0.5 <0.5 <0.5
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Synthetic COX water stability in the presence of the claystone and mechanical behavior of the disc
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Uranium distribution and quantification

Uranium
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Natural Uranium located into the claystone discs

Uranium naturdlly present in the COx claystone
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Recovery of uranium sorbed on claystone disc and coming from the UO, pellets
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Hydrogen peroxide stability

The presence of clay rock and equilibrated water lead to an
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Effect of CLAYSTONE on the dissolution of UO, doped with a radioactive alpha emitter

Alpha activity e —— ~— —~— Gaseous phase Ar/CO, 3000
(TBg/TML) UOX 62,8GWTMLi I- J ppm (P=3.5 bars)
10000 5 —— UOX 47GWJ/TMLi & Anoxic atmosphere
] —— UOX 37GWj/TMLi :
1000 T om0 e UOX 22GWj/TMLi / / Synthetlc FOX water i
e e N e UO2 dopés Pu A % To simulate environmental
oy T T N / water chemistry
e e e e PP e P - COx claystone pellet (in its support) k
e A % To simulate the claystone
e — &
L T SRS . a-doped UO, pellets with different
E 10 100 1000 10000 100000 4000000 < ..
0] Time (y) activity o
U To test there reactivity
) 2 months o 1 year )
EQUILIBRATION CLAYSTONE / COX WATER | LEACHING . ACID RINSES OF THE REACTO>
Solution Gas Solution Gas Solution
analysis analysis analysis analysis analysis
Surface
Solution analysis : pH, Eh, U, Pu, Clayey elements, Iron, H,O, | characterizations
Gas analysis : O,, H,, N, of the pellets
Surface characterizations : SEM-EDS, p-Raman

Commissariat a I'énergie atomique et aux énergies alternatives

Christophe Jegou SFW 2019 — Gent, 14th and 15th November 2019 _



Uranium concentrations into the solution

Thermodynamic control by UO,x(H,0)am Oxidizing dissolution induced by a radiolysis
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No significant effect of the COx claystone on uranium concentrations

Commissariat a I'énergie atomique et aux énergies alternatives Christophe Jegou SFW 2019 — Gent, 14th and 15th November 2019 _



Uranium distribution between the solution and the solid phases — 10 000 years batch
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The amount of uranium sorbed does not exceed
that naturally present in the clay rock
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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
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Surface characterizations — 50 years batch

EDS analysis .

Average
Wit % 0,18 0,64 0,05 0,05 1,49 97,57
Standard 50 541 009 018 051 086
deviation
Max 0,68 2,02 0,42 1,41 2,93 99,35
Min 0 0 0 0 0,43 95,91
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< -
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Conclusion and Outlooks

» The presence of claystone does not seem to modify the concentrations of uranium in solution whatever
the UO, 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 UO, matrix.

» Isotopic uranium analyzes should allow in the future to specify the quantities sorbed on the clay coming
from the UO, matrix.
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Concentrations (mmol/L
le] pe e (mv)] PoO, e e T

EST25687 7,1 -2,85 -168 -2,0 4,7.10® 0,034 0,18 0,20 103 6,67 736 456 41,0 15,6 3,34 2,6.107
EST21400H |[W/vAEvi-le -171 -2,0 4,4.10° 0,029 0,18 0,18 1,52 580 6,28 36,2 29,0 15,1 3,33 2,7.107
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