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Potential applications

U Significant experimental and numerical research on coupled
THCM behaviour for soil and concrete applications.

Ground Petroleum Geotechnical in

freezing

Current interest \ /
Deep
disposal

Near-Surface
disposal

general
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THCM:

In situ
Processes
in deep

disposal
repository
in Boom
Clay

http://science.sckcen.be/en/Institutes groups/EHS

To to T.20 (Closure, resaturation and peak thermal phase)

HYDRAULIC -~ = ' advectonorhea  THERMAL

by inflowing heating of the Boom
Clay may liberate

undersaturation, then water?

COz (+HzS?)

SR
conduction of heat

e away from waste

53 H, generated by
"> overpack corrosion

[ SCS R R

- radioactive decay

Disnnsal galery ining

_ heat generated I!y‘

 samer hqdﬁ """"

oxygen co isuming processes
—\anaerphic conditions g g~ ) q
R g i e o7 tp o
A crystallization .« |
Ly < of buffer phases : X recrys(ayjzalion §m| volume
uniform corrasion of P e - change e
| over denvelope” \*__ reaction of infiltrating < ¥

2 species with buffer
X *  generation of reduced i
localised . es? Sl
. { X
corrosion of Ao
envelope?

. sulphur speci

'.?{ 7 sealing of some

re-mobilisation W& 7
dissolution of precipitate r

R A EDZ fractures
CHEMICAL ~ MECHANICAL

Initially perforated envelope

COMSOL Conference

Rotterdam 2013

container with
10 drums

Impact of bitumen
waste on Boom
clay

Potential applications...

Design phase -
Half scale test -
Supercontainer

H, CM, CH:

Near surface
disposal concept
based on
concrete as
predominant
material
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Well known process interaction matrix for Porous media
applications

Conduction Convection Dufour effect \Volumetric
(Fourier*s Law) deformation

Thermal osmosis Pressure flow Chemical osmosis \olumetric
(Darcy‘s law) deformation

Soret effect Advection Diffusion Volumetric
(Fick's deformation

Law)+Reactions

Thermal expansion Swelling/Shrinkage Swelling/Shrinkage Stress/Strain

Equilibrium
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Objective

Develop a generic fully coupled THCM model within

COMSOL-MATLAB environment

mTLAB Environment \

THCM Model
(COMSOL)

Geochemical Model
Source term for the "C
component"

(e.g. PHREEQC)
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Governing equations a-nc,p
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Implementation

3 governing equations (TH)

Geomechanical (M)

PDE form
(based on
eguations in

Inbuilt solid mechanics
interface
(introduce cross coupling

slide 7)

terms (e.g. pore water
pressure) and geomechanical
constitutive laws applicable for
soil and concrete)

Multi-
component (as
many governing
equations as the

number of Inbgilt solute interface Implemented soil models (useful
chemicals, C) (introduce cross for describing Boom clay
coupling terms using behaviour) using COMSOL's
source term) generic plasticity feature:
* Mohr-Coulomb
Dilute species model used because it offers . Drucker-Prager
numerical stability schemes — this means . Etc

the formulation requires further adaptation
to include porosity

COMSOL Conference 8 Copyright © 2013
Rotterdam 2013 SCK-CEN



Benchmark 1

Infiltration under isothermal conditions (Hydro-
mechanical coupling)

PY

el (-K [V, +Vz])

V.((C:g)- yPI-PI)+b=0
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Infiltration

under isothermal conditions...
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Benchmark 2

THM response of the in-situ ATLAS 11l Experiment

(1—n)Cpsps
ﬂ[{m(c,ﬂ Sp (T))J(T _T')] B

ot
-V '(—J,VT)'F(CNV]:DI )(T _Tr)

»(T)4 =-V.p (=K (T)Vw,)

V.((C:(s-ath -g,))- PSI) =0
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COMSOL computation
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Temperature and pore water pressure evolution
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Radial displacement, mean effective stress and plastic

strain

Radial displacement (m)
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Benchmark 3
Chemo-osmotic flow

ap,6,
% =-V.p (_KI [V, +V'/’o])
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ot
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Keljzer's experiment

Porous stone

C=0.1 mol/l
P~0 Pa

Clay
C;=0.1 mol/l

dCy/dn=0
P=0

Porous stone

C;=0.01 mol/l
P~0Pa

P

Pressure evolution at the interface between the left porous stone

and the clay
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Benchmark 3

Reactive transport (COMSOL-MATLAB)

2(6¢;)
ot

_v_( D,Vc,+ civl) 2

Phreeqc coupling via MATLAB — use sequential non-

iterative approach (other approaches also tried, no
difference for the specific problems chosen)
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Ion exchange, Mineral dissolution verifications
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Conclusions and perspectives

1 Model implementation and benchmark results highly encouraging.

J Further work ongoing in terms of chemo-mechanical coupling, plus
more and more verifications/validations.

J Computational constraints especially iterating between COMSOL-
MATLAB. Perhaps COMSOL can consider this in future versions.

1 COMSOL.: easy to implement and serves as a powerful research tool.
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