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Geochemistry model WI NRIA
equilibrium chemistry model

O Secondary species and chemical components
O Aqueous and fixed species

O No precipitation in a first step

a Action laws involving stoechiometric matrices

O Mass conservation laws rC(C) =+ ST.X

Reactive transport

F(c,s)=A"y
G(c,s)=s+B"y
C(c)+ F(c,s)-T =0
iG(C,S) -W =0

J\\

log(x) =log(K ) + Slog(c)
{log(y) =log(K,) + Alog(c) + Blog(s)
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Transport model

Convection dispersion

L(C) = V.(DVC)-u.VC
N —

Dispersion Convection

Transport model for each component

Reactive transport

ol
a—;+L(C]-)=O,j=1,..NC

Initial condition
Boundary conditions
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Coupled reactive transport model W INRILA

System of Differential Algebraic Equations

he

N 0T .

1 —L+L(C)=0,j=1,N,
S ot

4 (T-C-F=0

&

G-W-=0
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Numerical discretization 27 INRIA

Cell-centered finite volume scheme for mass local conservation
Implicit time scheme because of stiffness
Set of nonlinear equations at each time step
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Sequential iterative method Z INRIA

Time step
n
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Time step
n+1
Euler implicit time scheme
Nonlinear Gauss-Seidel iterative method
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Global method W’NRL,Q

Time step
n
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Global method: DAE framework WINRLQ

(1) (I®L)C(c)
g y=|c ®(y)=|C(c)+F(c,s)-T
Q
"é 5 \G(C,S)—W )
&
10 0 ;
M=[0 0 0 M~ @(y)
000 dt

9 J. Erhel




Global method : implicit time scheme WINR{A

For example, implicit Euler

Myn+1 - Ath(yrHl) _ Myn

t
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g Nonlinear system with Jacobian matrix M —_ AL]
3
I - _
5 9C
B 0 (UI®L)— 0 | ——» Transport coupled
5C 82’0 oF with chemistry
J=1-1 + _
dc  dc 0s _
0G G| ——— Chemistry
0 - _
ac s |
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Global method with DAE solver %l INRIA

O User-defined function and Jacobian
O Variable time step and order
O Newton nonlinear method

O Sparse direct linear solver

Reactive transport

QO In Matlab, function ode15s modified to use UMFPACK
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Numerical results with both methods

Cas Pyrite : Meéthode globale Cas Pyrite : Meéthode par séparation
Temps de calcul égale 2402 sec Temps de calcul égale 801 sec
pas de temps égale 5.5e-4  x 10 LT I . pas de temps égale S5e-3  x 10

Global method Sequential iterative method
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Pyrite
4 components, 39 aqueous species and 13 fixed species.
Somehow artificial with no precipitation.
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CPU time with both methods (Pyrite test case) W INRIA
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Sl Sl Global
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Conclusion

Q In our tests, the global method is faster and more robust than
the sequential iterative method.

O We have to integrate precipitation/dissolution,

using interior point methods.

O However, the direct linear solver requires to couple transport and
chemistry model and is memory consuming.

Reactive transport

O We plan to do more experiments and to design an iterative linear
solver which can decouple both models.
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Pyrite BINRLA

Sequential iterative method
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Pyrite
Sequential iterative method
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