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Introduction

The transport of solute in geological media is a key phenomena in a lot of
applications.

Figure 1 : Examples of applications, freshwater supply (left), geological waste
disposal (middle) and remediation of mine drainage (right).
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Heterogeneous porous media

Random permeability field:

Lognormale distribution Y = log(K)
Correlation function Cy (r) = σ2

yexp(−|r |λy )

where σ2 is the lognormal permeability variance, |r |
is the distance between two points and λ is the cor-
relation length. Figure 2 : Permeability

field

Generation of random permeability field [G. 1989; Gelhar and al. 1993]
Fourier transform method using the parallel library FFTW [Frigo and al. 2005;
Gutjahr and al. 1989]
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Heterogeneous porous media

Saturated flow:

flow equation ∇(K∇h) = 0

Boundary conditions • fixed head on two opposite borders
• periodic boundary conditions on the other transverse faces

Darcy’s law v = −K/θ∇h

Finite volume scheme [Chavent and al. 1991]
Parallel multi grid solver HYPRE [Falgout and al. 2005]

Figure 3 : Flow field
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Particles transport

Transport equation:

∂θC

∂t
+∇ · (θCv)−∇ · (θD∇C) = 0

Dij = (αT |v |+ Dm)δij +
(αL − αT ) vivj

|v |

where αL and αT are the longitudinal and transverse
dispersivities and Dm is the molecular diffusion co-
efficient. Figure 4 : Particles paths

Random walk method [Kampen and al. 1981].
Discretization using a stochastic RK method of strong order 1.5 [Burrage and
Burrage 1996].
An adaptative time step depending of the maximum velocity.

Peclet related to the hydrodynamic dispersion: PeL = λ/αL

Peclet related to the molecular diffusion: Pe = λu/Dm
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Particles transport

Macro dispersions:

D i
L(t) =

1

2λu

d
(
〈x2(t)〉i − 〈x(t)〉2i

)
dt

D i
T (t) =

1

2λu

d
(
〈y 2(t)〉i − 〈y(t)〉2i

)
dt

where 〈xk(t)〉i and 〈y k(t)〉i are the kth moments
of the solute plume of the ith simulation. Figure 5 : Macro dispersion

as function of time

The average over NS Monte Carlo simulations is performed in a second step:

DL(t) = 〈D i
L(t)〉i=1,NS and DT (t) = 〈D i

T (t)〉i=1,NS
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Diffusion and local dispersion in 2D

Figure 6 : Relative difference of longitudinal macro dispersion as function of
σ2
y for various values of Pe and PeL.

[Dreuzy, Beaudoin, and Erhel 2007; Beaudoin, Dreuzy, and Erhel 2010]
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Diffusion and local dispersion in 2D

Figure 7 : Transverse macro dispersion as function of σ2 for various values of
Pe and PeL.

[Dreuzy, Beaudoin, and Erhel 2007; Beaudoin, Dreuzy, and Erhel 2010]
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Diffusion and local dispersion in 2D

In conclusion in 2D:

� Diffusion induces a reduction of the longitudinal macro dispersion
coefficient twice as large as local dispersion.

� Dispersion due to permeability heterogeneities amplifies the transverse
macro dispersion coefficient 1.5-3 times as much as diffusion.

It’s explain by the fact that the local dispersion is larger than diffusion in the
high velocity zones whereas diffusion is larger than the local dispersion in the
low velocity zones.
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Advection only in 3D

Figure 8 : Longitudinal macro dispersion estimated by fitting the time
dependent dispersivities αLAF and by its long-time averaging αLAM as function
of σ2.

The longitudinal macrodispersivity is compared to the value obtained
numerically in 2D (blue squares) and to the perturbative approximation [Gelhar
and al. 1983] (red line). 13 / 29



Advection only in 3D

Figure 9 : Transverse macro dispersion estimated by its long-time averaging
αTAM as function of σ2

y .

[Dreuzy, Beaudoin, and Erhel 2007; Beaudoin and Dreuzy 2013]
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Visualisation

Figure 10 : Particles paths in a permeability field with σ2 = 1 and several
value of Peclet (from left to right: Pe = 1000, Pe = 100, Pe = 10).
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Visualisation

Figure 11 : Particles paths in a permeability field with σ2 = 4 and several
value of Peclet (from left to right: Pe = 1000, Pe = 100, Pe = 10).
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Visualisation

Figure 12 : Particles paths in a permeability field with σ2 = 9 and several
value of Peclet (from left to right: Pe = 1000, Pe = 100, Pe = 10).
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Longitudinal Macro dispersion

Figure 13 : Longitudinal macro dispersion DL as a function of time for several
value of Pe and PeL for σ2 = 4.
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Transversal Macro dispersion

Figure 14 : Transverse macro dispersion DT as a function of time for several
value of Pe and PeL for σ2 = 4.
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Longitudinal macro dispersion
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Figure 15 : Relative difference of longitudinal macro dispersion ∆DL as a
function of σ2 for different value of Pe and PeL.
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Transversal macro dispersion
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Figure 16 : Transversal macro dispersion as a function of σ2 for different
values of Pe and PeL.
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Macro dispersion conclusions

For the longitudinal macro dispersion:

� The effect of diffusion and local dispersion is stronger in 3D than in 2D.

� The difference between the impact of diffusion and local dispersion is
smaller in 3D

For the transverse macro dispersion:

� We have a positive impact on the transerve macro dispersion from the
diffusion and the local dispersion

� The local dispersion still has also a stronger impact on the transerve
macro dispersion than the diffusion

� The amplification observe from the heterogeneity in 2D is almost
non-existent in 3D
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Conclusions and outlooks

Conclusions:

• We have almost completed the study of the impact of molecular
diffusion and local dispersion on the macro dispersion in 3D.

• We haven’t been able yet to compute the asymptotic value of the
macro dispersion for σ2 = 9.

Outlooks:

• We are currently working on visualisations methods to increase our
understanding of these phenomena (implementation of .vtk output).

• The next step will be the implementation of chemical reaction between
particles.

• We are also investigating a new method of particles transport which
should reduce the computations times by an huge factor.
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Thank you for your attention!
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