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Abstract

A general three-dimensional numerical model for single phase, slightly compressible flow through fractured porous media is
described. It is based on a discrete fracture representation. Three sets of applications are presented. In the first one, pressure
drawdown well tests in closed oil reservoirs are simulated for complex model situations where the well intercepts a random fracture
network with various fracture densities and conductivities. Then, the hydrodynamic response of a fractured aquifer is investigated by
simulating on the field-scale single- or two-well pumping tests in the Poitiers Hydrological Experimental Site. Finally, a complete
field-scale simulation of the production history in an oil reservoir with multiple wells is presented.
© 2010 IMACS. Published by Elsevier B.V. All rights reserved.
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1. Introduction

This work addresses single phase, slightly compressible flow through fractured porous media. A very general,
three-dimensional numerical model based on a discrete fracture representation is proposed, together with applications
involving a single or multiple interacting wells.

Due to the specific transport properties of fractures, the flow through a naturally fractured porous medium differs
drastically from that in a conventional porous medium. The key feature is that the porous matrix provides the main
storage for the fluids while transport takes place mainly through the fracture system. Furthermore, matrix/fracture
flow interactions govern many of the medium transport properties. Because of the complexity and diversity of most
natural fracture systems, the determination of fractured porous media transport properties remains an open issue of
great practical importance. For instance, the present numerical tool can be applied for the interpretation of well test
data, in order to quantify the characteristics of a reservoir, or conversely, to optimise the design of a producing well,
given the reservoir characteristics.
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Most existing models of transient compressible flow through fractured porous media are based on the concept of
double-porosity media [2,18,8,14,10]. A discrete approach allows a more detailed description of the matrix/fracture
flow interaction accounting for the flow behavior in individual elements of the medium, but it has been applied so far
only to regular system of fractures [16,20,5,21,15]. We presented in [4] an extension to unsteady compressible flow
of the numerical models of [12,3], which make use of a full three-dimensional description of random discrete fracture
systems.

Its main features are recalled here, as well as results of single-well tests simulations in medium-sized systems
(hundreds of fractures), focused on the well response. Then, new applications on a much larger scale (thousands of
fractures) are presented, involving many wells which can be simultaneously producing or simply observing. Attention
is extended to the transient complex three-dimensional flow field in the fractured aquifer or reservoir. For instance, the
possible disturbing effects of supposedly passive wells are demonstrated.

2. Governing equations

The fractured porous medium can be represented as an arbitrary, generally random, set of fractures embedded into a
solid porous matrix. At the large scale, each fracture can be viewed as a vanishingly thin layer, with singular transport
properties. For instance, a steep pressure gradient may exist across a poorly conducting fracture, which results in an
apparent pressure jump at the macroscopic scale. In addition, the typical time for pressure variations in transient flows
is quite different in the matrix and in the fractures. The discrete fracture model used in the present work explicitly
accounts for these features. Therefore, it allows detailed investigations of transitory flow regimes, and of the influence
of the well intersections with the fracture network.

2.1. Flow equations

Consider a porous matrix with a bulk permeability Km [L2] which may vary with space. Darcy law for the local
seepage velocity v and the mass conservation for slightly compressible flow can be written in the matrix as

v = −Km

μ
∇P (a), εmCm

∂P

∂t
+ ∇ · v = δwJw (b) (1)

where μ is the viscosity, P is the pressure, εm and Cm are the matrix porosity and total compressibility. Jw [L2T−1]
represents the exchanges with the well, at a location given by the Dirac function δw [L−2]. On this scale of description,
the well appears as a line without thickness. If εmCm is constant, a matrix pressure diffusivity Dm can be defined and
(1) can be written as a difusion equation for the pressure

∂P

∂t
− ∇ · (Dm∇P) = δwJw

εmCm

, Dm = Km

μεmCm

(2)

We assume that the hydraulic properties of a fracture can be characterized by two effective coefficients, namely a
conductivity σ[L3] and a cross resistance ω[L−1] (see [3]), which relate the in-plane the flow rate j to the surface
pressure gradient ∇sP and the seepage velocity v⊥ of the net flow crossing the fracture to the pressure drop [P] across
it by

j = − σ

μ
∇sP (a), v⊥ = − 1

μω
[P] (b). (3)

For illustration, the fracture can be viewed as a plane channel of aperture b, filled with a porous material with
permeability Kf, porosity εf and total compressibility Cf. Then, σ and ω are given by σ = bKf and ω = b/Kf. A non
zero resistance ω may exist even for totally open channels, if their walls are partially clogged by a deposited chemical
[13]. Note that equations similar to (3) for the fracture hydraulic properties have been obtained by [7] by an upscaling
procedure.

The continuity equation for the flow through a fracture reads as

bεf Cf

∂P

∂t
+ ∇s · j = (v− − v+) · n + bδwJw (4)
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