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Pressure dependent permeability models
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Introduction:

Flow through porous media is a topic encountered in many branches of engineering
and science. In many applications flow is proportional to the effective pressure gradi-
ent according to the Darcy’s law:
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where,v; is the volumetric flow rate per unit area and has the dimensions of velocity,
w1 is the fluid viscosity and K is the permeability of the porous medium, i.e. a measure
of resistance of the porous medium to flow.

A variety of permeability networks have been proposed in the literature, which approx-
imate the structure of different porous materials and provide different expressions for
permeability in terms of the network parameters. In particular various authors have
observed that the permeability depends on the conditions to which the rocks were
subjected and have considered the role of the effective pressure in controlling the
evolution of the permeability system within a rock (Bernabe, 1987; Christensen and
Ramananantoandro, 1988; Morrow et al. 1986; Olson, 2003). The role of pressure
variations accompanying fluid flow on the structure of the permeability network has

received minor attention.

Here we want to propose two different models for porous fractured media and to
introduce and compare two expressions for a pressure dependent permeability.

Permeability models:



The first model is well known in literature: the permeability network is represented
by a cubic matrix of circular tubes. The expression for the permeability can be found
calculating the mean velocity per unit area of the fluid in case of laminar flow, driven
by a constant pressure gradient.

If we call the matrix dimensiohand the diameter of the tubés the permeability of
this system can be written as:
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The dependence of the permeability on the pressure can now be found assuming that
the diameted of the tubes depends on the pressure within, that is calculating the radial
displacement of the walls of the tubes in function of the inner presipre

Calling ¢¢ the diameter of the tubes in absence of inner pressure, the dependence of
oon the pressure results:
6= 50(1 + Ap/QG)

with G rigidity of the medium. This implies that we need very high pressure values
to make this dependence significant. Being the typical values of the rigidity of the
order of 108° Pa, the raticAp/2G gives a contribution to permeability negligible in

all practical applications.

The second model is instead constituted by layers of intact porous rock with a con-
stant characteristic permeability. Kalternated with layers characterized by a periodic
distribution of fractures represented by Volterra dislocations.

The effective permeability of the whole system has been calculated and results to have
the following expression:
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where the coefficients @nd i are expressions containing the geometrical parameters
of the model: the horizontal and vertical distances between the centers of two near
dislocations (D and d) and their length I. The openikgof these fractures has been
assumed dependent on the pressure wittyinthrough the following relation:
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with v Poisson'’s ratio, G rigidity an#l a coefficient which represents the interactions
among the nearest fractures. For an isolated dislocatisrequal to 1. How we can
see K. rsdepends on the characteristic permeability e inner pressurapand the
geometrical parameters of the model.

Kepy =
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In particular whenApis equal to 0, all the fractures are closed and the effective per-
meability is equal to the characteristic permeability. Kor relatively high values of
the pressure, instead, s tends to an asymptotic valu€..determined by the ratio
between d and .

Conclusions:

How we can observe from the expressions for the permeabilities of the two models the
dependence on the pressure in the first case is significant only if we consider, for the
fluid passing through the tubes of the permeability system, pressure values very high
and hardly achievable in crustal rocks.

For the second model instead we can found significative variations for the effective
permeability at lower values of pressure and even considering relatively small fracture
dimensions relatively low. The asymptotic valéé,determined by the geometrical
parameters is easily attained considering pressure values of the ordérRd.10
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