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mechanical-chemical (THMC) processes
» Conceptual and mathematical model for coupled thermo-hydro-

mechanical-chemical processes
» Examples of coupled THMC processes and their modelling:
— heater experiment at Mont Terri underground laboratory
— water and gas injection experiment at Mont Terri

— past glaciation on a sedimentary rock basin



Canadian Nuclear Safety Commission (CNSC)

7> The CNSC

— regulates the use of nuclear energy and
materials to protect health, safety, security
and the environment

— implements Canada’s international
commitments on the peaceful use of
nuclear energy

— disseminates objective scientific, technical
and regulatory information to the public

» The CNSC regulates all nuclear
facilities and activities in Canada
throughout the whole lifecycle

The CNSC conducts research to build independent expertise
in order to make well-informed regulatory decisions 3
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Integration of experimentation and modelling to verify the safety case
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Conceptual and Mathematical Model for

Coupled THMC Processes

» Governing equations
developed from conservation
of mass, energy and
momentum for a porous
medium

Adopt effective stress
principle

» Adopt appropriate
constitutive laws for stress-
strain, mass and energy
transport
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Heater Experiment at Mont Terri

. In-situ stress
In-situ stress= 6.5MPa;

2 MPa; T=150C;
T=150C; P=1MPa
P=1MPa

Governing equations
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Heater Experiment — Results (1)
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Heater Experiment: Main Findings

» The THM evolution of the rock mass around a waste
repository needs to be understood in order to assess the
performance of the rock as a barrier against potential
radionuclide migration

> A mathematical model to evaluate that evolution was
developed and validated with field data

» The field data shows the importance of inherent anisotropy
in bedded sedimentary formations; the effects of anisotropy
are well captured by the model



Water and Gas Injection Experiment at
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Effective permeability (m™2)
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Water and Gas Injection Experiment —

anisotropic, poro-elastoplastic, damage-susceptible
rock was developed, and was validated with a field
injection experiment

» The model was able to predict the shape and extent of
the excavation damage zone (EDZ)

» The model was able to predict that the EDZ constitutes
a preferential pathway for water and gas transport
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Glaciation on the Michigan Basin —

» Rock mass conceptualized as a .
poro-elastic medium l L D

> Ice sheet imposes a surfaceload { = Water e
of 30—40 MPa, which leads to:

— substantial increase in
hydraulic gradients

— redistribution of natural
tracers by advection,
dispersion and diffusion

» At deglaciation,
underpressure results from
the rapid withdrawal of ice
load

Finite element model
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Pressure and Total Dissolved Solids (TDS)

Modelling = = |nitial condition
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_Main Findings From Glaciation Modelling

» Mathematical modelling and field data at a proposed low- and
intermediate-level waste DGR site provide multiple lines of
evidence that:

— the deep groundwater system in the host and cap rock formations at
the site is hundreds of millions of years old and virtually stagnant —
transport of solutes is diffusion dominated

— these rock formations and their groundwater have been unaffected by
nine cycles of glaciation over the last million years

— the Great Lakes are features resulting from Quaternary glaciation
cycles — surface water bodies such as the Great Lakes have remained

isolated from the deep groundwater 16



Concluding Remarks

» THMC processes in engineered and natural barriers need
to be understood in order to assess their capability to
contain radionuclides

» The CNSC’s independent research on coupled THMC
processes dates back to the early 1990s

» Research builds independent expertise and adds credibility
to the CNSC, and public confidence in the CNSC’s
recommendations and decisions

17
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Questions?

Thank You!




Participate and Contribute!

Visit us online

@ Like us on Facebook

Follow us on Twitter

View us on YouTube

Subscribe to updates
Contact us



https://www.facebook.com/CanadianNuclearSafetyCommission
http://nuclearsafety.gc.ca/eng/stay-connected/get-involved/subscribe/index.cfm
http://nuclearsafety.gc.ca/eng/stay-connected/get-involved/subscribe/index.cfm
http://nuclearsafety.gc.ca/eng/
http://nuclearsafety.gc.ca/eng/
https://www.youtube.com/user/cnscccsn
http://nuclearsafety.gc.ca/eng/stay-connected/get-involved/subscribe/index.cfm
https://twitter.com/CNSC_CCSN
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