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CONTEXT: A MULTI-BARRIER SYSTEM OF ENGINEERED (NEAR FIELD) AND NATURAL BARRIERS (NEAR AND FAR FIELD)
IS FORESEEN IN MOST OF THE REPOSITORY DESIGNS

| P. SELLIN and O.X. LEUPIN Clays and Clay Minerals, Vol. 61, No. 6, 477-498, 2013. |

| [NWMO]

| https://www.nwmo.ca/en/

The Engineered Barrier System (EBS) itself comprises a variety of components, such as the waste form itself,
waste canisters, backfill, seals, and plugs.

Materials, designs and safety functions of the EBS depend on the host rock and the concept developed in
each country.

31/05/2022 EURADWASTE’22



CONTEXT: A LINK TO EURAD SRA THEME 3 ENTITLED “ENGINEERED BARRIER SYSTEM PROPERTIES, FUNCTION AND
LONG-TERM PERFORMANCE"

A list of RD&D priorities and activities of common interest to be addressed within
EURAD for theme 3 have been established. Amongst others, the following priorities
have to be considered:
STRATEGIC * Improved understanding of the interactions occurring at interfaces between
RESEARCH AGENDA . L . . . -

different barriers including waste packages in the disposal facility.

Seamman - * Characterized bentonite / clay-based material evolution under specific conditions
ot g to provide data on hydro-mechanical, thermal and chemical behavior

management needs e ) . i )

B e e * Improved quantification and understanding of cement-based material evolution to

participants.

improve long-term modelling and assessments.

* Improved understanding of the performance of plugs and seals

* Improved description of the spatial and temporal evolution of transformations
affecting the porous media and degrading materials in the near field of HLW and
ILW disposal systems.
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EBS PROPERTIES WILL EVOLVE WITH TIME IN RESPONSE TO THE THERMAL, HYDRAUILIC, MECHANICAL, RADIOLOGICAL AND CHEMICAL
GRADIENTS AND INTERACTIONS BETWEEN THE VARIOUS CONSTITUENTS OF THE BARRIERS AND THE HOST ROCK
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PROJECTS CONTRIBUTIONS TO THE

SCIENTIFIC BASIS FOR EBS EVOLUTION AND
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ACED - ASSESSMENT OF CHEMICAL EVOLUTION IN A ILW OR HLW DISPOSAL CELL

Small . sy

Maes (2014)
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« DISPOSAL CELL.
¢ Intermediate |evel waste package
* High level waste package

e |mmediate host rock surrounding (clay. crystaline)

« CHEMICAL EVOLUTION

i ""“_"M « Different materials (glass, steel, different types of cement-based materials,
host rocks)
*,T’ﬁ;ﬁ * [hemical gradients - Transpaort

* Disequilibrium - Geochemical reactions

* ASSESSMENT

* large structures

Long times
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ACED - ASSESSMENT OF CHEMICAL EVOLUTION IN A ILW OR HLW DISPOSAL CELL

Long term chemical evolution forms an important input for the assessment of the evolution of a
disposal system and the assessment of safety- and performance-related aspects

AIM - A better conceptual and mathematical representation of the chemical evolution to:

* Improve the assessment and quantification of generic safety functions such as isolation and containment of waste constituents

o [btain a better substantiation of conservatism and reduction of uncertainty

* Increase the scientific basis for definition of requirements of materials

OBJECTIVE - For the assessment of the chemical evolution at the disposal cell scale:

* Improve methodologies for deriving multi-scale quantitative models for assessment of chemical evolution

* Derive robust models (including key processes)

31/05/2022
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CHEMICAL EVOLUTION AT DIFFERENT SCALES

INTERFACE SCALE WASTE PACKAGE SCALE DISPOSAL CELL SCALE

Experimental study
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REPRESENTATIVE DISPOSAL CELLS - HIGH-LEVEL ACTIVE WASTE

Clay

Modelling of the transient temperature stageina  Modelling of the geochemical evolution in a HLW disposal cell in clay (HYTEC) and granite (CORE?P)
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Host rock: Clay

Portlandite
distribution in clay
rock (code:
OpenGeoSys)

REPRESENTATIVE DISPOSAL CELLS - LOW-LEVEL ACTIVE WASTE

Porosity changes at
different times along a

code: OpenGeoSys)

Time: 100000 a.

L
i = [T

< tm=Serdda
— b= leslSa

11

x[m]

horizontal profile (granite,

ON

Bentonite Mechanical Evolution

BEACON: BENTONITE ENGINEERED BARRIER MECHANICAL EVOLUTION EFFECTS ON THE LONG-TERM PERFORMANCE OF THE BARRIER

Bentonite is
used as
barrier
around

canister or
to seal

tunnels and
shafts
Initial distribution of properties (dry density, water content...)
« Pellets mixtures
+ Combination between blocks and pellets ‘ Initial heterogeneities
« Joint between blocks
+ Technological voids...
o Bentonite materials are initially dry and will be saturated progressively with water coming from host rock
External solicitations
* Local water flow . L.
‘ induced heterogeneities
« Stress field around the bentonite-based component 9
» Thermal distribution and evolution
- Need to model the hydromechanical evolution from installation to long term equilibrium
12

including likely heterogeneities



BEACON AT GLANCE

* Part of HORIZONZ020
* Running 2017-2022

o [Dbjectives:

e To develop and test the tools necessary for the assessment of the
mechanical evolution of an installed bentonite barrier

« and the resulting performance of the barrier

e To verify the performance of current designs for buffers, backfills,

seals and plugs.

e Beacon is focused on the direct application to real assessment

cases in actual repository systems

« cases from relevant repository systems have been selected as

test examples

WP1

Definition of assessment
case/Applicationto the assessment
cases

L

WP2
Collection/Completion and

ON

Bentonite Mechanical Evolution

compilation of existing data
and available models

WP3
Model development

WP4
| Lab testing
7

WP5

Testing verificationand [
validation of models

L 7
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VALIDATION OF MODELS AGAINST EXPERIMENTS BEACON

Experiment

Upper
body

Bentonite
block
Pellets

Lower
body

Models: Blind prediction

Water
circuit

Porous
sinter

Bentonite Mechanical Evolution
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Dry density: Mg/m?®
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MGR27 test:

XP, initial state = © =
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STATE OF MECHANICAL MODELLING IN 2016

e Formulations were available and incorporated in THM-tools
* Several approaches and codes

o Limited testing
« Applied in earlier EC projects

o E.g.PEBS (Long-term perfarmance of engineered barrier systems)

o Tested in international model verification projects
* E.g.Decovalex and EBS Task Force

¢ Included in some safety cases

 However:
o limited scope
e limited number of teams

e limited documentation
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STATE OF MECHANICAL MODELLING IN 2022

« 10+ teams are able to model the mechanical evolution of a bentonite
barrier!

¢ A number of formulations with different strengths and weaknesses have
been used

* The experimental work has increased the understanding about which
phenomena are important

e Available relevant experimental information has been collected and
documented in a database

¢ |nformation about available codes has been documented

o The BEACON project has increased the awareness and the competence
around the mechanical evolution of bentonite barriers

e Inboth advanced and early stage programs

16

Bentonite Mechanical Evolution
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Bentonite Mechanical Evolution
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DONUT: DEVELOPMENT AND IMPROVEMENT OF NUMERICAL METHODS AND TOOLS FOR MODELLING COUPLED
PROCESSES

Task 1 Management

m_aq"Co2
20e-11 040608 1 140400 Darcy-scale MCOTAC (finite volumes)
_—

TEL 18]

(RS

Calcite rock
dissolution

£e

Freg

Task 2 Numerical methods for high Task 3 Scale transition schemes for coupled Task 4 Tools and methods to
performance computing of coupled processes quant:fy/ derive uncertainties
processes induce by coupled processes

Task 5 Benchmarks of methods and tools for coupled processes
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BENCHMARK OF METHODS AND TOOLS FOR COUPLED PROCESSES

* In addition to the specific work that will be conducted by each partners, a specific outcome of DONUT is the definition of benchmarks that will be
use both inside DONUT and outside to foster interactions. While international benchmarks initiative are existing (Steefel et al., 2015; Birkholzer et
al., 2019; Bildstein et al., 2021), the goal here is to define benchmarks of methods and tools to quantify efficiency and added-value in terms of :

« increase of knowledge (e.g. better physical representation, integration of couple processes),

Siam initiative

e gccuracy, robustness, computational cost,
e robustness of scale-transition approaches,

« ability to manage uncertainty and sensitivity analyses

Machine Learning and Geochemistry THM model evaluation Multiphase multicomponent reactive transport

! !

ACED & FUTURE WPs HITEC ACED & GAS WPs
PREDIS N




FOCUS ON THE MACHINE LEARNING AND GEOCHEMISTRY BENCHMARK

* This benchmark aims in providing a point of reference for testing and addressing the
challenges relevant to:

e Producing high quality training datasets, which will be possible to be used by all available ML
techniques.

o Using Deep neural network learning, Polynomial Chaos Expansion and Gaussian processes to
learn from the generated data

» Testing the accuracy of predictions for geochemical calculations, reactive transport and
uncertainty analysis.

19

MACHINE LEARNING AND GEOCHEMISTRY BENCHMARK: SO FAR > 10 MODELLING TEAMS

 CROSS-EURAD Collaborative effort

#CLAY00634
. . ) ) . GEOCHEMISTRY AND MACHINE LEARNING
* Participants inside/outside EURAD continue to join BENCHMARK WITHIN EURAD

R M . I 2 h d TOPIC 08: Fluid flow and radionuclide migration
EEtIHgS EVEFY -Z months to discuss [I[‘I]gI‘ESS N. Prasianakis |, E. Laloy 2, D. Diederik 2, H. Meeussen , C.H. Tournassat %, G.D. M n ', DA Kulik |,
M. Marques !, S.V. Churakov -5 . P. Sochala ©, V. Montoya 7, J. Samper £, 0. Kolditz FClamﬁ
Laborat Fng ste Management, Pa ul Scherver Institut - Villigen (Switzerland), ?Egz eered And

« Joint Development of methodologies and codes. Geormh s Belgian Nuclear Research Cenire - Mol Begium), ’N""”’R*"M"‘""nm

Consult (nrg) Petten ,N therlands), 41m it Des Scence Del ité
Modelling teams are working closely together. licmardi vl Bk sy Hen

For En ental Research, Ufz - Leipzi g(G rmany), ° Universi
es Cientificas, Enresa, Universidade Da Coruiia - Ar mml(S‘pu )

« [Open source software is heavily used. Progress may he

followed at anytime at project place:
https://service.projectplace.com/#project/1773878474/documents/ 1964331616
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°
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ML AND GEOCHEMISTRY BENCHMARK: TWO RADWASTE RELEVANT SYSTEMS

* Two systems of Interest: cementitious system and Uranium As,
sorption system o = -
Generation of training dataset using PHREEQC, GEMS, "
ORCHESTRA geachemical solvers g

(Already verified that all three solvers give very accurate
and consistent results).

5 [Si]
Pl ey
TR 8 XX T
00 [ 10 15 20
/s in salid

o [Cementitious system
Systems of increased complexity are considered: | Modifed from D. Kulik CCR 41 (2011) 477-495
Solutions of Cal-Si0,-H,0 and their equilibration is
considered, with the precipitation of CSH-phases and by
considering solid solutions. At the next level CO,, will be
considered @

| a8 §
e Uranium system )
Uranium Sorption on Montmorillonite is considered . -
Solutions of Ca-U(V1)-NaCl and their equilibration/sorption & 1 E: §§ o
including surface complexations is considered. At the next i ES }MM i
level CO, and CaCl, in solution will be considered U | L |

pH eH

og Ry (L kg)
e
og Ry (L kg')

Fig 3. U(VI) sorption cdge measurements on Na-SWy-1 in the absence of carbonate (4. A) and (a) in equilibrium with atmospheric pCO,

{#); (b) in the presence of 1, 3 and SmM NaHCO;. Dashed lines: modelled curves with modified stabilit; mstants for aqueous U(VI)
T d integration in RTM e
owar
8 Modified from M. Marques Fernandes et al. GCA. 93 (2012) 262-277 | 21

MAGIC : EHEMI]-MEEHANIEAL A_['IIINE OF EEMENTITII]I.IS MATERIALS

OBIJ1 - To quantify the chemo-mechanical multi-scale evolution of cementitious materials under the chemical
degradation expected in repository environments. To identify the main reactive pathways at the repository scale
during the re-saturation phase and at the saturated conditions.

OBJ2 - To obtain a reference chemo-mechanical model of Portland and low-pH concretes exposed to relevant
disposal environments, considering representative boundary conditions.

OBJ3 - To estimate the extent of the impact of microbial activity on concrete properties (low-pH and Portland
cement) in partially and fully saturated media.
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THE MAGIC WP PHILOSOPHY

Vijay et al. 2017

Ca (mol/m3)

Sellier et al. 2011

Vijay et al. 2017

23

LMDC ’

MODELLING AT DIFFERENT SCALES
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Figure 15. Extrapolated carbonation depth at 50 years of GGBS
concrete based on accelerated carbonation (3-5% carbon dioxide
concentration) at different w/c ratios
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Capillary pore C-S-H gel
107 m
Cracking
- Major concern in waste
management o e C-SH solid phase
10°m plus gel pores
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FROM INDIVIDUAL CONTRIBUTION TO
COMPLEMENTARY ADDED VALLE

“Individual efforts can bring excellence but only collective efforts can deliver
effectively.” Narendra Modi
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FROM INDIVIDUAL CONTRIBUTION TO COMPLEMENTARY ADDED VALLE

+ Every project by itself will bring novelty and scientific excellence by answering the
research questions defined in the project, will integrate knowledge from different
scientific  communities  (geologist, geochemist, physicist, geomechanician,

mathematician, enginieers...)

* They complement each other with the final goal to have a holistic understanding and
description of the evolution and performance of the EBS leading to a scientific basis for
integrated multiphysic-multiscale modelling of that system, bringing an even bigger

added value.
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» Many publications & disseminations actions (e.g. conference)
» Wide journals scope
» Those publications improve our multi-physical understanding of EBS and foster cross fertilisation

31/05/2022 EURADWASTE’22 27

A CONTRIBUTION TO KNOWLEDGE MANAGEMENT
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