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Skin Factor
• The permeability near the wellbore is always different from the permeability away from the well

where the formation has not been affected by drilling or stimulation.

• The resulting effect of altering the permeability around the well bore is called the skin effect.
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• Hawkins (1956) suggested that the pressure drop across the zone can be approximated by Darcy’s 
equation. Hawkins proposed the following approach:
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Calculate the skin factor resulting from the invasion of the drilling fluid to a radius of 2 feet. The permeability of
the skin zone is estimated at 20 mD as compared with the unaffected formation permeability of 60 mD. The
wellbore radius is 0.25 ft.

Example

Solution
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Non-Darcy Flow
• For the horizontal flow of fluids through a porous medium at low and moderate rates, the pressure 

drop is represented by Darcy's law:

• At higher flow rates, the appropriate flow equation is that of Forchheimer (1901), which is:

Where  is the coefficient of inertial resistance, the following dimensional analysis shows, has the
dimension (𝑙𝑒𝑛𝑔𝑡ℎ) .

,

The non-Darcy component is negligible at low flow velocities and is generally omitted from liquid flow equations. The
non-Darcy component is included in equations describing the flow of a real gas through a porous medium. Even for
gas, the non-Darcy component is significant only in the restricted region of high pressure drawdown, and flow
velocity, close to the wellbore.
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• The non-Darcy flow is conventionally included in the flow equations as an additional skin factor, that 
is, as a time independent perturbation affecting the solutions of the basic differential equation.

• The additional pressure drop due to the non-Darcy flow can be derived by integrating the non-Darcy 
component, as follows:

or expressed as a drop in the real gas pseudo pressure:

, density of air at S.C. = 0.076 Ib/scft , thus:
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• Since non-Darcy flow is usually confined to a localised region around the wellbore where the flow
velocity is greatest, the viscosity term in the equation is usually evaluated at the bottom hole flowing
pressure pwf and hence is not a function of position. Integrating the equation gives:

• The value of the thickness h is conventionally taken as hp, the perforated interval of the well.
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• This non-Darcy term is interpreted as being a rate-dependent skin and can be included in all the compressible 
gas flow equations in the same way as the skin factor.

• For instance, the gas flow equation of the steady state flow can be modified as follows:

or

The coefficient D is called the inertial or turbulent flow factor and given by:

or

The apparent or total skin factor (s’):

• Two methods are available for the determination of the non-Darcy flow coefficient, which are:

 from the analysis of well tests, 

 by experimentally measuring the values of the coefficient of inertial resistance, β and using it in to 
calculate F.
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Summary
• The resulting effect of altering the permeability around the well bore is called the skin

effect.

•

• The non-Darcy component is negligible at low flow velocities and is generally included in
equations describing the flow of a real gas through a porous medium close to the wellbore.

• The non-Darcy term is interpreted as being a rate-dependent skin and can be included in all the
compressible gas flow equations in the same way as the skin factor.
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Discussion

Why is the non-Darcy component omitted from liquid flow equations and
included in gas flow equations through porous media?
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THANK YOU


