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Modélisation des ecoulements dans
un réseau discret de fractures par une

approche continue
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—->Complex geological structures
—>Different Rock types
—->High heterogeneities (porosity, permeability)
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Fractured reservoir

Some reservoirs present complex fracture network
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Flow simulation model : = ———— ———¢— -
equivalent properties

Reservoir modeling softwares don't model flow on discrete fracture
network.

> Equivalent flow properties have to be computed for each cell
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From M. Verscheure PHD work (2010)



Goal :
to propose a new equivalent permeabillity

Flow : G=—k.Vh
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Some comments
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= To correctly take into account a fracture,
a full tensor have to be used by cells

©IFP

Nevertheless
= If the dip or azimuth is closed to O,
K can be approximated by a diagonal tensor.
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Smeared Fractures : e

This work was initiated by CEA —— = .
(DEN/DM2S/MTMS)

The idea behind this approach is to
represent a fracture network
by heterogeneous properties

on aregular mesh
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Equivalent permeability Ky, ee

Q = [KVhnas > Q=h} M;*-3 M;"Th,
] ]

» Mixed and Hybrid Finite Element scheme (MHFE) Flow
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2D: equivalent permeabllity Ky, re

The flow balance give the equivalent permeability

a = fracture aperture
k = fracture permeability

X Hs=0 L = fracture length
Qs=Q Ah = head difference
Y |'Y
Nb, = number of X cells
Y xX|Y Nb, = number of Y cells
He =
e_ H X |y L
Qe=-Q
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Validation case
Sensitivity study on the dip and azimuth value.
Numerical and analytical equivalent permeabilities
are compared

» Single fracture : dip and strike

* Reqgular fracture network : cubic element size
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Precision of the results : = ——— —2— -

single fracture
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As attempted, error depends on dip and strike
values due to extra diagonal terms that are

neglected in our approach
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Precision of the results : = —— —¢—~
regular fracture network
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Conclusions
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Perspectives

3+ Perspectives .
- Reduce the number of cells

- Simulations of transfers in the fractured media
- Benchmark

Approche « explicite optimisee »

| A he « Voxel Approche « explicite fin »
MD, NK,[1] (100 mailles) pproche « Voxel » op 0

AF et al., (10% mailles) AF et al. [2] (2.10° mailles)

[1] N. Khvoenkova & M. Delorme (2011), méthode pour construire le maillage d'un réseau de
fractures a partir de diagrammes de voronoi,FR11/01.686

[2] A. Fourno, B. Noetinger, C. La Borderie. Publication prévue

[3] G. Pichot, J. Erhel and J. R. de Dreuzy, A mixed hybrid Mortar method for solving flow in
discrete fracture networks, Applicable Analysis An International Journal, 89 Issue 10,
1629, doi:10.1080/00036811.2010.495333

Apphe extérieure =
BRD, [3].
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Spatial sensitivity study

The DFN was generated using J.R. de Dreuzy tools
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Spatial sensitivity study

Eo

uivalent permeabillity tensor
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sensitivity analysis
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