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Quantifying radionuclide migration essential for safety
assessments of potential nuclear waste disposals
* Host rocks are natural and final Data from various

barrier isolating radionuclides from scales required:
human environment

* Numerical simulations are only way
to cover spatial (>100 m) and
temporal (1 Ma) scales required
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Thermodynamic data

* Focus on migration of uranium,
the main component of spent fuel,
in potential host rock Opalinus Clay
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Sorption of uranium species quantified based on
competitive effects from individual clay minerals

* 1D continuum scale simulations are conducted
with PHREEQC on laboratory and host rock scale

* Diffusion is quantified with single-component
approach following Fick’s diffusion

* Sorption processes integrated via cation exchange
and mechanistic surface complexation models

* Geochemical and mineralogical data stems from
borehole analysis at Mont Terri

— Pore water geochemistry controlled by
equilibrium with carbonates and pyrite

U(VI) concentration in Opalinus Clay (mol/m?)
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Geochemical behaviour of Opalinus Clay and uranium
speciation depend on calcite-carbonate ion system
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* Uranium >90% present as U(VI)
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Erosion history of the Mont Terri anticline and associated fresh
water infiltration activated the hydrogeological boundaries
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Considering geochemical gradients
enhances uranium migration
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Sorption capacity
(given as calculated Kq values)
decreases with gradients,

and thus experimentally
determined Ky values
are not applicable

Chloride concentration (g/L)

Sorption of uranium governed by:
1. pCOz (= 10 m)

2. Hydrogeology (£ 25 m)

3. Clay mineralogy (£ 10 m)
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Thermodynamic data influence
speciation and migration models

NEA published update of thermodynamic data:
Mol fraction (%) using NEA data of

Species

CaUO0,(CO3)s*
MgU02(CO3)32'
CaZUOz(CO3)3

— Stronger complexation with carbonate and calcium decreases

Guillaumont et al. (2003)

Grenthe et al. (2020)
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Are geochemical gradients present
at the potential disposal sites?
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Depth below surface at Schlattingen (m)

Uranium migration depends on pore water composition,
geochemical gradients and source term concentration

® CI ® Data Wersin et al. (2016)
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Migration lengths depend on spatial

and temporal variation of
hydrogeology and geochemistry

— stable conditions enable
application of K4 approach to
quantify radionuclide migration

— Ky values need to be determined

for in-situ conditions (pCO.)
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Uranium sorption governed by thermodynamic data and the
hydrogeochemical system and less by clay mineralogy

0

Following points arise due to the range of migration lengths

: . : : ~Bandwidth
(5 m - 80 m) resulting from reactive transport simulations:

gom,  of trust"

* Hydrogeological system always affects geochemistry and must
be considered in safety assessments

50 1

* Geological, physical and hydrogeochemical systems are not in a
stationary state and constant changes need to be considered

10095 m

* Coupled models to state questions and formulate hypothesis
* Geological input data are always inaccurate to a certain degree
* Experimentally determined data are subject to simplification

150 1

65 m

Distance from Opalinus Clay contact to Dogger (m)

* Data may be missing that is needed for building a model

200

* Degree of reliability of models derived from comparison with 10° 10 07 0
laboratory tests and data from boreholes and underground labs Uranium concentration
pore water (mol/kgw)
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