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Motivation: radioactive waste geological storage
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» Starting point: model proposed by [Helmig et al. 2011]
» Liquid gas Darcy flow in Q°
> Gas free flow in Qf
» Coupling conditions at the interface I

» Our additional physical assumptions

» Constant temperature T,
> Small perturbation of the velocity by the coupling



Outline
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Model formulation

v

Splitting algorithm
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Reduced model: 1D in the gallery

» Numerical experiments
» Andra test case with an horizontal gallery
» Andra test case with a vertical gallery
> Drying test case



Porous media model on QP
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Free flow model on Q&

» Algebraic turbulent model

> turbulent profile: u:(y)
> turbulent viscosity: u:(y)
> turbulent diffusion D¢(y)

» RANS model at fixed pu;, Dy
» Constant (& and p#

’ Find (u, p, ¢) such that‘
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Coupling conditions at the interface ' [Helmig et al. 2011]

» No slip condition (small permeability of the storage)
» No gas pressure jump (small perturbation of the velocity profile)

» Vaporization of the liquid phase at the interface

Z CHU)CHUNVY -n=(8 (c,-u -n— D8V - n), ieC
a=l.g
(molar flux continuity),

g
G

(U) = ¢, i € C (gas molar fractions continuity),

ZC;I(U) =1 (liquid gas equilibrium),
ieC

Yo =1,

ieC

p% = p (no pressure jump),

u-7 =0 (no slip condition).



Splitting algorithm

» Typical approach will compute sequentially
> Darcy flow at given p, c in the gallery

> Free flow at given Darcy flux at the interface I

» Fails due to the strong coupling between ¢ and Darcy flux at the interface I'

Proposed splitting algorithm

» Step 1: Given Compute ‘Z/{ in QP u-natl, cin Q8
» Step 2: Given Compute

» Is used as a fixed point method for u - n at I with the stopping criteria
1= 2ieccill <€




Reduced model: 1D model in the gallery

Porous Medium QF: U = (Pg,P’,f')

Interface I': u - n, c&(U) qumd

s l |Gas
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Andra test case
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] Gin = Cinie Hinit = 0.5 Pinit = Pour = |10° Pa

1 5 Lini
ﬂ s Jo ue(y)dy = win
L

» Two components: H20 (e) and air (a), T, =303 K

» Fugacities

> Gas: ff =cfp8,i=e,a,
R R | I —(p&—p)
> Liquid: f; = cyHa(Te), fo = cePsat(Te)exp

» Van Genuchten

IR,
parameters accounting for COx and Concrete.



Andra test case: evolution of ¢, and s8,

» Discretization: TPFA for Darcy + Tracer and MAC scheme for NVS
» L =100 m, w;, = 0.5 m/s, Cartesian Mesh 100 x 200

» Simulation time: 200 years, time steps: from 1s to 1 year
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Fixed Point Iterations




Comparison of the 2D-2D model and the 2D-1D model:
how to choose § 7

> (<< ('andce<< 1= cii-n~ —1=-D8Vc.-natl
» We can check numerically that c.(x, t) depends weakly on x
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Comparison of the 2D-2D model and the 2D-1D model:
how to choose § 7

For given constant c.r # ce in solve the stationary convection diffusion problem

%-’- diV(CeUt +/Céﬁ— (Dg + Dt)vce) = 07
Ce =Ceronl,
Ce = Ce,in ON rin;

Vce-n=00n 9008\ (TUT;,)
and compute
H
5(x) = S~ # Jo ce(x,y)dy

r.
—Vece - n(x) on
which is independent of c.r and c¢ in




Andra test case: comparison of the 2D-2D model and the
2D-1D model L =100 m
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Andra test case: comparison of the 2D-2D model and the

2D-1D model with L =400 m

Relative Humidity H, = 5
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Andra test case with a vertical gallery
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Andra test case with a vertical gallery: evolution of ¢, and
S8

> w;, = 0.5 m/s, Cartesian Mesh 100 x 283

» Simulation time: 50 years, time steps: from 1s to 1 year
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Andra test case with a vertical gallery: w;, = 0.5 m/s and
mesh 100 x 283

Stopping criteria: |1 — ", ¢ ¢illoo < 107°

Fixed Point Iterations
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Andra test case with a vertical gallery: comparison of the
2D-2D model and the 2D-1D model
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Drying test case
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Drying test case: evolution of ¢, and s&

> w;, = 10 m/s, Cartesian Mesh 100 x 283

» Simulation time: 100 days, time steps: from 10~%s to 1 day
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Drying test case: wj, = 10 m/s and mesh 100 x 283
Stopping criteria: [|1 — ", ¢ ¢illoc < 107°
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Drying test case: comparison of the 2D-2D model and the
2D-1D model
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Conclusions and perspectives

Conclusions
» Splitting algorithm
» Efficient thanks to the weak coupling with the velocity correction
» Reduced model

» Provides good order of magnitudes
» Easy to implement in existing Darcy flow codes

Perspectives
» Domain decomposition method

» Energy equation
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