Semi-discrete reactive transport model

Mass conservation equations

       dy /dt + f (c) = q, -y + g c (c, s) = 0, g s (c, s) = 0, y (t = 0) = y 0 .
y : total analytical concentrations y ∈ R Nc ×Nm c: mobile species c ∈ R Nc ×Nm (ions, etc) s: fixed species s ∈ R Ns ×Nm (sorbed species, minerals, etc) f (c): discrete transport applied to mobile species q: boundary conditions y 0 : initial conditions g c (c, s): total mass of mobile species (involving secondary species) g s (c, s): total mass of fixed species (involving secondary species) and saturation thresholds of minerals Time discretization and nonlinear solver

Implicit Euler    y + ∆t f (c) -y n = ∆t q, -y + g c (c, s) = 0, g s (c, s) = 0.
Nonlinear equations at each time step

g c (c, s) + ∆t f (c) -y n -∆t q = 0, g s (c, s) = 0.
Nonlinear solver: Newton's method linearization of equations Newton-LU: direct linear solver (LU) Newton-GMRES: iterative Krylov solver (GMRES) Numerical experiment: MoMaS 2D easy test case

Flow conditions Velocity

Newton-LU with UMFPACK and Newton-GMRES with PETSC Efficiency of the software GRT3D global approach (implicit scheme and Newton's method) adaptive time step and modified Newton iterations (convergence monitoring)

Newton-GMRES using the specific structure

  waste, store energy, capture CO 2 Use geothermal energy .and mineral reactions N c mobile primary species and N s fixed primary species Secondary species function of primary species Minerals at saturation Space discretization Discretization schemes Mesh of computational domain with N m points (cells, nodes, ...) Eulerian discretization (Mixed Finite Element, Finite Volume, ...
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Newton's method

Function F (c, s) at each point j,

Numerical example: Andra qualification test 

Injection of alcaline water Chemistry