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Context

Underground 

Pyrite oxidation reaction

Consider the following Pyrite oxidation equation:

FeS 2(p) + H 2 O (l) + 3.5O 2 → Fe 2+ (aq) + 2SO 2- 4(aq) + 2H + (aq) (1) 
where: 

FeS 2(p) :pyrite H 2 O (l) : water (in excess) O 2 : dioxygen Fe 2+ ( 

Classic approach precipitate

Appearance and disappearance of the mineral are governed by saturation threshold defined by:

κ p -γ i (c)
where

γ i (c) = N k=1 c E ik k
is the solubility product and κ p is the constant of solubility. So there are two possible cases, either the fluid is under-saturated and the mineral can be dissolute:

p i = 0, κ p -γ i (c) > 0, ∀i = 1, ..., N p
or the fluid is saturated and the mineral is present

p i ≥ 0, κ p -γ i (c) = 0, ∀i = 1, ..., N p Yvan CRENNER (INRIA)
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Pyrite case

The solubility product to the pyrite oxidation is:

γ = [Fe 2+ ][SO 2- 4 ] 2 [H + ] 2 [O 2 ] 3.5
Moreover, the constant of solubility κ p is greater (≥ 10 200 ) so fluid is always under-saturated. So to avoid these drawbacks we introduce a simpler model.

Overall reaction Definition

A reaction is completed if one of its reagents disappears at equilibrium. For example:

p o + αc o → α i c i At equilibrium: p o or c o equal to 0

Hypothesis

Only one precipitate and one aqueous substance are reagents of the completed reaction

Under this hypothesis we can rewrite on a complementarity problem

c o .p o = 0 c o ≥ 0 p o ≥ 0 (2)

Total concentration

In addition, the model is completed by the mass balance equation.

t o = c o -αp o (3)
Finally, combining (2 and 3) gives the geochemical model.

     t o = c o -αp o c o .p o = 0 c o ≥ 0 p o ≥ 0 (4)
The unique solution of ( 4) is If

t o > 0: c o = t o p o = 0 If t o < 0: c o = 0 p o = t o
-α where α is stoichiometric coefficient (here α = 3.5). Coupling reactive transport model

In geological waste disposal, the transport is driven by the diffusion. The coupling reactive transport model is:

             ∂ t t o -d∆c o = 0 t o = c o + α o p c o .p = 0 c ≥ 0 p ≥ 0 +IC + BC (5) d ∈ R + : diffusivity coefficient Yvan CRENNER (INRIA)
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Coupling reactive transport model

Considering now, the overall reaction where Nc aqueous components are present, the coupling reactive transport model becomes:

         ∂ t t o -d∆c o = 0 t o = c o + α o p c o .p = 0 c o ≥ 0 p ≥ 0 (6)      ∂ t T i -d∆C i = 0 i = 1...Nc -1 T i = c i + α i p i = 1...Nc -1 +IC + BC (7)
where:

T ∈ R Nc-1 C ∈ R Nc-1 Yvan CRENNER (INRIA)
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SNIA

A sequential non-iterative approach is used to discretize the system ( 5).

An Euler explicit method is used in time and a difference finite in space.

Let N m the number of nodes on the mesh.

               t n+1 o -t n o δt -d Lc n o = 0 t n+1 o = c n+1 o + α 0 p n+1 i = 1...N m c n+1 o .p n+1 = 0 i = 1...N m c n+1 0 ≥ 0 p n+1 ≥ 0 i = 1...N m +IC + BC

Notations:

L is the discretized space operator.

SNIA

A sequential non-iterative approach is used to discretize the system (5). An Euler explicit method is used in time and a difference finite in space. Let N m the number of nodes on the mesh.

               t n+1 o -t n o δt -d Lc n o = 0 t n+1 o = c n+1 o + α 0 p n+1 i = 1...N m c n+1 o .p n+1 = 0 i = 1...N m c n+1 0 ≥ 0 p n+1 ≥ 0 i = 1...N m +IC + BC

Remarks:

The chemistry system and the transport system are decoupled 
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Context

Underground 

Fractures model

Fractures are considered like fixed nodes. However fractures should be connected to the gallery.
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Domain Boundaries conditions

The mesh is common for every components, only boundaries' conditions may be different.

Set the simulation time and the diffusivity's coefficient. 

Domain initial condition and fractures

The mesh is of the order of centimeters.

no oxygen in the domain at the initial state the pyrite is present on some nodes some nodes are setting like fractures (fixed value) 

Method

We will set a quantity of pyrite and a simulation time, such as, a significant quantity of pyrite will be dissolve and we will look at these criteria: