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DETERMINATIONOFTHEFORMATIONPERMEABILITYAND SKIN
FACTORFROMAVARIABLEFLOWRATEDRAWDOWNTEST

I.M. KUTASOV

Schoolof PetroleumEngineering,University ofNew SouthWales, Sydney,Australia

SUMMARY - At present, the flow rate variation during a drawdown test is treated as a sequence of
discrete constant rates and the principle of superpositionis used. Below a more general method of analyzing
data of variable flowrate drawdown tests is presented. The flowrate is consideredas a continuous
function of time (t). It is assumed that the function can be approximatedby a polynomial of some degree.
The pressure response for the test is obtained by the direct integration of the integral. A
Cartesian plot and a linear regression computerprogram are used to process test data and to provide an estimate
of the values of skin factor and formationpermeability. example of calculationsfor a field test is presented.

1. INTRODUCTION

A drawdown test at a constant flowrate is often
used to formation permeability and
the extent of the formation damage (or
improvement) around production or injection
wells. A control of the wellhead pressure is
required to a constant flow rate. In
many drawdown tests the sandface flow rate is
changing with time. Below we present a
technique ofprocessing data of tests.
It is assumed that the flow of a single-phase
fluid in reservoir is described with a

equationin cylindricalcoordinates:

The use of this equation implies a number of
conventional assumptions: isothermal flow of
fluids of small and constant total

compressibility, ( ); constant porosity, ( );

permeability, ( k), and fluid viscosity, ( );

and the neglect of forces. It is assumed

that the initial reservoir pressure ( p . ) is

constantthroughout the reservoir.
Let it be assumed also that during a variable
flow rate drawdown (VFRD)test, the sandface
flow rate is arbitrary an continuous of
time.

t

Where the reference bottomhole flow rate.
To determine the bottomhole flowing pressure
during the VFRD test it is necessary to obtain
the solution of Equation (1) with the following
initial and boundary conditions:

where is the reservoir thickness and is

the wellboreradius.

2. DIMENSIONLESSVARIABLES

The dimensionless time is defined by:

2
=

The dimensionlesstime is very large and in

practice the cylindricalsource (borehole) is
substitutedby a line source and the exponential
integral solution - function) can be used.
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The dimensionlesswellborepressure drop is
defined by:

Let assumethat dimensionless sandfaceflow

rate can be approximated by a

polynomialof somedegree n

The skin effect can be included into Equation
(10) by addingthe dimensionlesspressuredrop

2s and considering Equation (13) one

obtains:

4.WORKINGFORMULAS

Taking into account the conventional
assumptionthat

where ... are constant

coefficients

3. INTEGRAL
and using the logarithmic approximationof the
Ei functionweobtained 1987):It is well known that the theorem

integral) can be used to derive
solutions for time-dependent boundary
conditions (Carslaw and Jaeger, 1959). In our
case :

where is the sandface

pressure for the constant-rate case without the
skin effect. where 0.57722 is theEuler's constantand
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From a linearplot of

- ( t )

7.00 7.4188 10.2733
7.50 7.4394 10.3537

versus

8.4477
8.5560

Y the values of the

slope and intercept can be obtained.
The formation is computed
Formula (6):

Skin factoris calculatedfromthe equation:

Int 4k- 2s

A linear regressioncomputerprogram was used
to determine the slope and intercept in the
equation

Y =MX+Int

Table 1. Input parameters

5. FIELDEXAMPLE

Productionrateduring a 48-hourdrawdowntest
(Earlougher, 1977;Example4.1) declinedfrom
1,580 (10.47 to 983
(6.51 ).Reservoir data and well data are
presented in Table 1(to calculate the value of

the skin factor we assumed the valueof and

For the first 7.5 hours rate decline can be

approximatedby a linearequation:

t

Table 2. Results of field data processing

From linear regression analysis it was found
that:

= 1613.5 (10.69

= 1.00; = -0.0174

The values of X andY were calculated (Table
1)

lnt -
a,

a,
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It was found that

1.0748 Pa ; Int = -2.6556
The formation permeability is computed
Equation(18)

(2.969

3.14 )

=1.374 = 13.92(md)

This result is in good agreement with the value
of k = 13.6 md obtained by the multiple-rate
analysis technique ((Earlougher, 1977). From
Equation (19) we the value of the
skinfactor s=-1.51.



9

8.5

8

7.5

7

6.5

8 8.5 9 9.5 10 10.5

X

Fig. 1 Plot Y versus X, points - field
data

6.CONCLUSIONS

A new method for analysing variableflow rate
drawdown tests is suggested. A Cartesian plot
or a linear regression computerprogram can be
used to obtain skin factor and formation
permeability.
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