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Motivation

The simulation of the flow in Discrete Fracture Networks (DFNs).

Fracture network characteristics :
@ Many fractures intersecting each other (~ 10* fractures, ~ 10°
intersections),
@ Fractures with broad ranges of length, shape, orientation and position
= A stochastic discrete approach to model fractures
@ A set of 2D domains (fractures) intersecting each other.
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Some assumptions :
@ The rock matrix is impervious : flow is only simulated in the fractures,
@ Study of steady state flow,
@ There is no longitudinal flux in the intersections of fractures.

Numerical method : a Mixed Hybrid Finite Element Method

@ Makes it easy to deal with complex geometry (triangular elements) ;

@ A linear system with only trace of pressure unknowns, the flux at the
edges and the mean pressure are then easily derived locally on each
triangle.
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Our objective :

Allowing independent mesh generation within the fractures
=- Non matching grid at the intersections between fractures

The challenge :

o Implementation of a Mortar method for each intersection
between fractures to ensure continuity of the flux and trace of
pressure at the intersections,

@ The number of fractures and intersections can be large so that
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Outline

© Meshing process and local corrections

Jd Mortar MHFEM
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Meshing process
and local
corrections

Creating 3D Discrete Fracture Networks (DFNs)
and meshing

A software included in the scientific platform Hydrolab (written in C + +)
(Erhel et al., 2007) :

@ Allows the generation of random DFNs in a 3D domain,

@ Includes a mesh generator for general DFEN structures (using a
procedure extracted from the software FreeFem++)

@ Includes projection of the intersections on a regular grid (H.
Mustapha, PhD, 2005) and local corrections to remove configurations
that would lead to triangles with bad aspect ratio, (J. Erhel, J.R. De
Dreuzy and B. Poirriez, submitted 2008)

2D Meshing - EMNel st al, submitted 2008




Flow equations in each fracture €

Adaptation of a
mortar method
to model flow in V-u= f(x) for x € Qf

large-scale
fractured media

Géraldine u=—K(x)Vp(x) forx € Qf
Pichot, Jocelyne
Erhel ,

Jean-Raynald De p(x) = pD(x) on p

Dreuzy
u(x).r = g"(x) on [y

u(x).p =0 on I,

M MHFEM o o
ortar outer normal unit vector to the cube edge (resp.fracture side);
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Mortar MHFEM

On a simple example with two fractures
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Weak formulation of the problem

Adaptation of a

mortar method @ P4(K) space of polynoms of total degree d defined on K, K € 7}, :

to model flow in

e e merka RTO(K) ={se (P1(K))2, s = (a+bxi, c+bx),a,b,ceR}
Géraldine

RT(Ty) = {¢ € L*(Q), ¢lx € RT°(K),VK € Ts}

Jean-Raynald De
Dreuzy

@ We also need a space M°(7;) defined as :
M(Th) = {p € L2(Q), plx € Po(K), K € Tr}

it MTAE @ &hin set of edges of the two meshes not belonging to I,




Weak MH Mortar formulation

Adaptation of a Find (Uh,Ph, tPh) c RTO(:Z—h) x MO(']’h) x PD D(gh) such that :

mortar method
to model flow in

large-scale
fractured media / ’C up. thx+
Géraldine
Pichot, Jocelyne 0
Jean-i:;ﬂa'm De Z / tprxy-vedl = ZKETh fK pnV - X pdx, Vx, € RT"(75),
Dreuzy Ke’]’h oK
/ V - up.ppdx = fQ fondx, Yo, € Mo(ﬂ),
Q
ST unvdndl = [0 ¢ Mndl, YAn € NG p(Enin)

Mortar MHFEM
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Mortar MHFEM

Weak MH Mortar formulation

Find (un, ps, tpr) € RT(75) x M°(T3) x ,,D p(Er) such that :

/IC up.x ,dx+
Z/ tPn X py- vidl
ez, )oK

/V up.opdx
Z/ up. Uk Apdl
ez, oK

ZKGT,, fK PV - xpdx, VX, € RTO('E,),

Jo Fondx,Yon € M°(Th),

Joa @ Andl,YAn € NG.p(Enin)
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Mortar MHFEM

Those conditions can be written equivalently in matrix form :
o Continuity of the flux :
Qm _ —CTQS,

with Q™ (resp. Q%) flux unknowns along the master (resp. slave)
side of T,

o Continuity of the trace of pressure :

Tp® = CTp™,




Elimination of slave unknows

Adaptation of a

mortar method

to model flow in

large-scale

fractured media

. Géraldine Tpin

PlchoEt;hJetl)(ielyne DP — ( R’-" Rm =+ RSC ) Tpm = F’

Jean-Raynald De

Dreuzy
M, M, + MsC Tpin
M+ C'M]  Bn+ C"B.C Tpm
T
Mortar MHFEM — Ri-','— o7 |P—V=0.
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Mortar MHFEM

This system can be rewritten under the form, with M symmetric
D —R P F
-RT M Tp 1%

The Schur complement matrix follows :

S=M-R"D 'R

The Schur complement system becomes then




Algorithm

Adaptation of a
mortar method
to model flow in

large-scale
fractured media © |Initialize geometry and physical parameters of the problem (a
o P domain independant meshing process is now possible) ;

Erhel ,
Jean-Raynald De @ Choice of slave and master sides for the intersections

Dreuzy

between fractures and compute the matrices C for each
intersection ;

© Create the Schur complement matrix ;
Mortar MHFEM Q@ Find Tp by solving the first system ;
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Outline
Meshing process
and local
corrections
Mortar MHFEM
Implementation
features and

simulations

Conclusions

Conflictual configurations

Discreted Network 2D Meshing J. Erhel et al., submitted 2008
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Flow computation using the Mortar method

Adaptation of a
mortar method )
tomodel flowin  — 3 code we wrote in Matlab :
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fractured media

Cératdine @ The Hydrolab mesh and intersections information are loaded in

Pichot, Jocelyne
e Matlab,

e @ The solver used in Matlab is the direct solver UMFPACK,

@ Rules for the affectation of the master/slave properties :

Known | Property | Contains ME | Contains SE | Duplicated edges | Reused edges
No Master No No No No
. Maste A G

Implementation Ma
features and
simulations
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For some particular 3D geometries
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Meshing process

meshing

eshing

Matching grids
33164 egdes, mesh step=0.1

Non matching grids
23362 egdes, mesh steps from 0.3 to 0.08
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A more complex geometry - Matching grids

Adaptation of a With 30 fractures of various lengths, mesh step : 0.08
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A more complex geometry - Non matching grids

Adaptation of a With 30 fractures of various lengths, mesh step ranges from 0.07 to 0.2
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Conclusions and Perpectives

Adaptation of a
mortar method
to model flow in

large-scale Conclusions
fractured media . ) . s

i © Validation of the method for some particular geometries,
Pichot, Jocelyne _ . .
= © Promising results for more general networks with many fractures in
ean-Raynal e . .

Dreuzy Intersection.

Perpectives

@ Studying the properties of the Schur complement matrix with Mortar,

Q Reducing (if p055|ble) the system to a system W|th only master

Conclusions
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