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High Level Waste - final disposal
in deep geological formations

e granite / granitoides

(Sweden, Finland, Russia)

e salt (Germany, USA)

e clay rock, plastic/solidified
(Germany, Belgium, Switzerland)

Sources: Nagra Info, March 2010; July 2014 ; Bel et al. (2004)
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UV! co-precipitation with magnetite SKIT

» U Incorporation into Magnetite ?
> Is UY Possible ? How Stable ?
» What is U Redox Kinetics ?
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UV! co-precipitation with magnetite

» FeCl,/ FeCl,; (1:2)
» NaOH (0.5 M)
» NaCl (1 wt %)
» CO, free, Ar atm.

» U 1000-10000 ppm
» 4 samples
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High-Resolution XANES T
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http://www.verwaltung.uni-dortmund.de/arbeitsschutz/internet/Homepage Zaus/Radioaktiv.JPG

7

U L, conventional XANES QAT
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U L; HR-XANES ﬂ(l'l'
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U M, HR-XANES
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U M, HR-XANES
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Reference for
UV studies

Kvashninaet al., PRL, 2013
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U M, HR-XANES S(IT
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U M, HR-XANES 15 days AUT
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U M, HR-XANES 15 days ﬂ(l'l'
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U L, EXAFS 200 days AT
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HR-TEM on 10000 ppm (UO,,,)
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U L, EXAFS 200 days AT
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U L, EXAFS 200 days AT
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U L, EXAFS 200 days AUT
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U M, HR-XANES 150 days on air S(IT

Karlsruhe Institute of Technology

A ee
| Ambient conditions:
% i U02+X — UVI
0 E| | T T T
3724 3726 3728 3730 3732

Energy [eV]

19 13-18 September 2015  Santa Fe, Migration, I. Pidchenko Institute for Nuclear Waste Disposal



U L; EXAFS 250 days on air ﬂ("‘
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CONCLUSIONS ﬂ(l'l'

Karlsruhe Institute of Technology

» HR-XANES is an emerging tool for speciation
studies of An with concentrations relevant to
HLW repository |

‘ Radiochemical methods

Laser-induced fluorescence (LIFS)

L-edge XAFS
<< M-edge XANES

» The HR-XANES allows to resolve several U
oxidation states in mixtures

» Pentavalent U is stable to air when coordinated concentration at =
repository domain

to Fe in the structure of magnetite .
\ Surface microscopy

Radiography

» U Kinetics can be studied provided that the NV

experimental conditions are the same

10°® 107 10° 10° 10* 10°

Met concentration [M]

Adopted from
W. Runde, LA Science
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EXAFS fit results for 1000-10000 XAFS
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Normalized intensity [a.u.]

Pu M: HR-XANES in agueous solution
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U L. XANES /200 days + oxidized
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V. Neck et al. | C. R. Chimie 10 (2007) 959—977
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Fig. 8. Normalized standard molar Gibbs energies of formation of crystalline An(1V, V, V1) oxides AnO,_ (cr) and actinyl(V]) oxyhydroxides
AnO;(crhyd) as a function of x; known data (filled symbols) selected in the NEA-TDB [1.2] and estimated values for unknown Np and Pu oxides
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