Coupling of a two phase gas liquid compositional 3D Darcy flow
with a 1D compositional free gas flow

Y. Zhang, Université Nice Sophia Antipolis and team COFFEE, INRIA Sophia Antipolis

K. Brenner, Université Nice Sophia Antipolis and team COFFEE, INRIA Sophia Antipolis
R. Masson, Université Nice Sophia Antipolis and team COFFEE, INRIA Sophia Antipolis
L. Trenty, Andra, 1 rue Jean Monnet, 92290 Chatenay-Malabry
Mots-clés : Compositional Darcy flows, Coupling free and Darcy flows, Finite Volume scheme, Conver-

gence analysis

A model coupling a three dimensional gas liquid compositional Darcy flow and a one dimensional com-
positional free gas flow is presented. In the porous media 2 = (0, L) x (w\ S), the Darcy flow model uses
as primary unknowns the gas and liquid pressures P9 and P' as well as the fugacities of the components

f=(fi)ieC:
60, 3 C*5e + div(z g%gva) —0,ieC,

aEP aEP

Ve = *%K<Vpa *Pag)y a=g,l, o
59+Sl:1, Sl:Sl(X;Pl_Pg)> Zc?(f7pg7pl):17a:g,l.
ieC

In the gallery, the primary unknowns, depending only on the x coordinate along the gallery and on the
time ¢, are chosen to be the gas pressure p and the gas molar fractions ¢ = (¢;,4 € C). The set of equations
is defined by the following no pressure wave isothermal model where o > 0, 5 > 0 are parameters for the
pressure drop along the gallery, n is the unit normal vector at I' = (0, L) x 95 outward to €2, and |S] is
the surface of the section S of the gallery.
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At the interface T' between the gallery and the porous media the coupling conditions are adaptation
to a 1D model in the gallery of [1]. They account for the liquid gas thermodynamical equilibrium, the
continuity of the gas phase pressure, and input boundary conditions for the molar gas and liquid fractions
obtained by the component fugacities f = pc in the gallery:
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This model is applied to the simulation of the mass exchanges at the interface between the Callovo
Oxfordian argilite and the ventilation excavated gallery in a nuclear waste geological repository. The
convergence of the Vertex Approximate Gradient discretization [2] is analysed for a simplified model
coupling the Richards approximation in the porous media and the gas pressure single component equation
in the gallery.
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