Towards Digital Twins:
Uncertainty and Sensitivity Analysis for Safety-Case Modelling
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= Deep geological repositories require robust, science- = Crystalline rock (granite) ® Simulation approach: = Many rgali_zgtions Our workflow allows to The SA provides guidance for
based safety concepts for long-term radioactive waste = Thin sections analyzed by " Markov Chain (1D) ;i n\frl;agcl)l:;y (());ition = provide gr_lcertainties in mineral digital twin design:
storage. Mineral Liberation = Truncated multi- | P composition, = High-relevance parameters:

o _ _ _ Aﬂ&lXSIS S Gaussian Random °© EXpOSGd mlneraIOgy = determine RN retention properties, represented as spatially

" Digital twins (DT) can repres.en.t, V|sual_|ze, and test Fields (2D) along pathways = |dentify relevant parameters and their variable parameters with high
complex geosystem behavior in data-rich safety cases. : e BT T g mﬁ _ correlation. resolution and precision.

= To ensure consistent DTs, the relevant parameters, | e E‘* .= Its application can be extended to . Low-relevance parameters:
processes, and scales must be identified. Dyt “§u “ S E " other host rocks (clay, salt) and treated as constants globally

= Uncertainty and sensitivity analyses provide the basis * T e THIGIHLE % :E:fp gs ;L = any number of radionuclides. or within subsections.

for compact, interpretable, and reliable DTs.

= Case study: simulation of radionuclide (RN) retention In 9 Model Parameterization

a crystalline host rock.

@ Model Reduction

= Based on the sensitivity analysis (SA) most sensitive
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o Muscovite he e — s s = Model reduction becomes possible:
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HCO," 45.10%  55.10%  moll K 2.1-10* - Merge parameters
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