Folume [em?]

Contribution to porosity | -]

0.05

-0.05

-0.1

-0.15

350

300

250

200

150

100

30

Numerical modelling of steel waste package
corrosion and mechanical strength
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Introduction

* Research for Czech spent nuclear fuel disposal
program (SURAO). i

» Specific concept of disposal package (canister)
and local bentonite sources.

e Support for the canister lifetime proof in the
future safety case

* Continuation of previous experimental and
modelling studies on steel corrosion in
bentonite (Gondolli et al., 2018).

e Results: Sembera et al. 2025, SURAO report
TZ837/2025/Eng

3790 mm

3324 mm

Reaction-transport modelling

e Corrosion products change the bentonite transport .
properties... prescribed corrosion rate is reduced

e Reactive transport in bentonite includes: multi-porosity
concept (free bulk water for reactions and transport), ion-
exchange and surface sites, atmospheric gases, kinetic .
precipitation/dissolution.

e Software: PHREEQC and iCP (PHREEQC+COMSOL
Multiphysics)

* Thermochimie database

= SSA-M-n - exp( iﬂa(% 2931,15)) . (1 — (2)9)17

K (1 pm/year)

Auxiliary cell: initial solution = BPW2,
kinetic dissolution of iron (prescribed rate)

bentonite

Results — precipitated mineral profiles

deposits ...
material BCV ...
vrch” = deposit name
Pore water composition measured
and modelled (prior work) ...

k=4.47%x10° mol-m?2-s!

Minerals, corrosion products, gases, cation exchange

PHREEQC cells

COMSOL discretisation
Chemical cells
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Discretisation effects — convergence to analytical solution

PHREEQC x iCP

Analytical solution
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Hausmannova L., Summary of the research of Czech bentonites for use in the deep geological repository - up to 2018, Technical Report SURAO, Prague,

Czechia, TZ 309/2018/ENG, 2018, https://www.surao.cz/en/documents-and-publications/ .

Forman L. et al.,

Czech bentonite from local
Ca-Mg type, reference
“bentonit Cerny
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BPW

SURAQ’s double-case waste disposal package

limited time ... this study

* |nner case of stainless steel:

provides the final lifetime, with a
passive corrosion regime under

Design by Skoda JS (Forman et al., 2021)
e Quter case of carbon steel:
predictable uniform corrosion during

Phase 1
(107 - 10° a)

Canister wall thickness loss

Supporting experimental data

real semiparabolic dependence
(revealed by means of
archaeological analogues)

Phase 2

Canister wall
thickness loss
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based on short-term data

favourable conditions (temperature

, PH,
period

Reference finite element model (verification)

...) after the outer case lifetime

Time

Laboratory corrosion tests: (Forman et al. 2021, Gondolli et al. 2018, Smart et al 2024)

* Archaeological analogues: corrosion products on excavated artefacts)
* Rates of 0.1-20 um/year
* Anoxic corrosion products: magnetite, chukanovite, siderite

Mechanical strength modelling
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Geometry used for thickness
variations due to corrosion

Static calculation — strength limit

Elasto- pIastlc model with hardening
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Effect of porosity change

e Variable (coupled model)
* Fixed (uncoupled)
 1vyear/5years
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Research and development of a disposal package for the deep disposal of spent nuclear fuel to the sample implementation stage,

Technical Report SURAO, Prague, Czechia, TZ544 2021 _ENG, 2021, https://www.surao.cz/en/documents-and-publications/ .

Gondolli J. et al., Corrosion Products — Final Report, Technical Report SURAO, Prague, Czechia, TZ 329/2018/ENG, 2018,

https://www.surao.cz/en/documents-and-publications/.
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Von Mises stress

* Shape stability is the limiting
collapse mode

* Enough strength for uniform
reference load (swelling
pressure + hydrostatic +
uncertainty)

* Contact forces can produce less
favourable loads on the inner
case

Further consideration / research running

 SURAO, EURAD2/InCoManD
* Corrosion product layer between steel and bentonite (microscale,

electrochemistry)

* More realistic bentonite pore water concept (higher ionic strength,
exchangeable cations are part of the pore water — “single porosity”)

 Temporal changes of diffusivity related to periodic mechanical
damage of the corrosion product layer (coupled processes)

* Resolving the numerical sensitivity (discretization etc.)

e Computing speed-up
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