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 Well Drainage Area for Radial Flow at Pseudo-Steady State

 Volumetric Average Reservoir Pressure

 Pseudo-Steady State of Radial Flow for Slightly Compressible Fluids
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 Semi (Pseudo)-Steady State Flow

 Summary

 Questions for Discussion
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• The arrival of the pressure disturbance at the well
drainage boundary marks the end of the transient
flow period and the beginning of the semi (pseudo)-
steady state.

• During this flow state, the reservoir boundaries and
the shape of the drainage area influence the wellbore
pressure response as well as the behavior of the
pressure distribution throughout the reservoir.

• There is a short period of time that separates the
transient state from the semisteady state that is
called late-transient state.

• During the semisteady-state flow, the change in
pressure with time becomes the same throughout the
drainage area. Mathematically, this important
condition can be expressed as:

Semi (Pseudo)-Steady State Flow

Pressure Vs. time at any location in a volumetric 
reservoir
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Well Drainage Area for Radial Flow at Pseudo-Steady State



5



6

Example
An oil well is producing at a constant oil flow rate of 1200 STB/day under a semisteady-state flow regime. Well
testing data indicate that the pressure is declining at a constant rate of 4.655 psi/hr. The following additional data
are available:

Calculate the well drainage area.

Solution
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Volumetric Average Reservoir Pressure
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Pseudo-Steady State of Radial Flow for Slightly Compressible Fluids

The diffusivity equation for the transient flow regime is:

For the pseudo-steady state flow, the term (∂p/∂t) is constant and is expressed by Equation:

or

Thus, for a circular drainage area, the equation can be expressed as:

But: 

Integrating the above equation gives:
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Combining the above two expressions gives:

Integrating again:
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Summary
• The arrival of the pressure disturbance to the drainage boundary marks the end of the transient flow

period and the beginning of the semi (pseudo)-steady state.

• There is a short period of time that separates the transient state from the semi-steady state that is
called late-transient state.

• Mathematically, the semi (pseudo)-steady state condition can be expressed as:

• The radial flow of slightly compressible fluids has been investigated under the condition of pseudo-
steady state, and mathematical expressions have been derived to find the drainage area, volumetric
average reservoir pressure, bottom-hole pressure, and flow rate.



11

Questions for Discussion

Q1) What are the reservoir flow stages of a well producing from:

a) a volumetric reservoir

b) a strong water-drive reservoir

Q2) What are the factors affecting the time periods of the flow stages in 
Q1 (above). 

Q3) How it can be integrated the analysis presented in this lecture with 
calculations of the material balance equation. 
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THANK YOU


