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Well Test Analysis on the Basis of 

Warren & Root Model

2



Dual Porosity Parameters Storativity Ratio

The storativity ratio is a measure of the pore space in the fracture system relative to 

the total pore space.

For naturally fractured reservoirs,  will normally be in the range of 10-2 to 10-5.  For 

layered reservoirs,  may be as high as 0.1.

Values higher than 0.1 usually do not exhibit dual porosity behavior.

Nomenclature:
 - storativity ratio, dimensionless

m - matrix porosity, dimensionless

f - fracture porosity (1.0), dimensionless

ctm - total compressibility of matrix porosity and fluids, psi-1

ctf - total compressibility of fracture porosity and fluids, psi-1

3

 
2211

22

cc

c











Dual Porosity Parameters Interporosity Flow Coefficient
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The interporosity flow coefficient  is a measure of the ability of fluids to flow from the

matrix to the natural fracture system, relative to the ability of fluids to flow from the

fracture system to the wellbore.

The interporosity flow coefficient  is not a pure property of the reservoir rock, because it

includes the wellbore radius.

For naturally fractured reservoirs,  will usually be in the range of 10-3 to 10-8. Larger

values of  cause the effects of dual porosity behavior to end very quickly. In this case,

the dual porosity behavior is often obscured by wellbore storage. Smaller values of 

will cause the dual porosity behavior to occur much later in time, and may not be

apparent before the end of the test.

Nomenclature
 - interporosity flow coefficient, dimensionless

km - matrix permeability, md

kf - bulk fracture permeability, md

rw - wellbore radius, ft

 - shape factor, ft-2

n - number of sets of mutually orthogonal fractures

Lm - characteristic size of matrix blocks
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Interporosity Flow Coefficient 
The “characteristic matrix dimension” in the definition of  is simply the width of a matrix

block, if the blocks are the same dimensions in each direction. If the blocks are

different sizes in different directions, then Lm is given by the expressions in the third

column of this table.

Nomenclature:

a - width of matrix block

b - length of matrix block

c - height of matrix block

5



The factor α is the block-shape parameter that depends on the geometry and the
characteristic shape of the matrix–fissures system and has the dimension of a reciprocal
of the area.

Interprosity Flow Parameter
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•The curve is characterized by two parallel straight lines due to the two separate 
porosities in the reservoir. 
•Because the secondary porosity (fissures) has the greater transmissivity and is 
connected to the wellbore, it responds first as described by the first semilog 
straight line. 
•The primary porosity (matrix), having a much lower transmissivity, responds 
much later. The combined effect of the two porosities gives rise to the second 
semilog straight line. 
•The two straight lines are separated by a transition period during which the 
pressure tends to stabilize.
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• In theory, double-porosity behavior yields two parallel straight lines on a 
semi-log plot, provided there is no wellbore nor outer boundary effects. 

• The semi-log plot consists of three sections: 
– (i) the first straight line, which represents the homogeneous behavior of the 

naturally fractured medium before the matrix medium starts to respond (transient 
radial flow) — the slope of this line gives the fracture permeability; 

– (ii) a transition section (between two straight lines), which corresponds to the 
onset of inter-porosity flow; 

– (iii) the second semi-log straight line, which represents the homogeneous 
behavior of composite media (fracture permeability with the sum of matrix and 
fracture storages) when recharge from the matrix medium is fully established. 

•The nature of matrix and fracture interaction 
is manifested during the transitional period of 
matrix-to-fracture fluid transfer.
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• The characteristics of the transitional segment are determined by the way 
the matrix and fracture interact. 

• Flow from matrix to fractures takes place according to the assumptions 
used in the available double porosity models:

1. The flow rate is proportional to the pressure difference between matrix and 
fracture (Warren and Root, 1963)

2. The flow rate is proportional to the averaged pressure gradient through the 
matrix (Streltsova, 1983)

3. The flow rate is an unsteady state function of pressure drop across the 
matrix(Kazemi, 1969; deSwaan, 1976, and Najurrieta, 1980)
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Drawdown Buildup 
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The signature of dual porosity systems on a semi-log plot is two parallel lines as

shown below.
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Identification Of Double Porosity System from Well Tests

 In practice the two parallel straight line may or may not be present ( It 
depends on the condition of the well, composition of the reservoir fluid, 
duration of the test,…) thus a semilog plot is not an efficient tool for 
identifying double porosity behavior.

 Double porosity behavior yields an S-shaped log-log pressure curve on a log-
log plot.

 Double porosity behavior is characterized by the existence of a minimum on 
the pressure derivative. 

 The P.S.S. model shows a V-shaped minimum

 The Transient models show an open U-shaped minimum.
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Important Features of Some Mathematical Models 
Describing Flow from Matrix to Fracture

Warren and Root (1965)

Analytical model.

Pseudo-steady state model.

Matrix flux is independent of a spatial position and is proportional to the 

pressure difference between matrix and fracture.

Simplifying the mathematical analysis of the flow problem.

S-shaped transitional curve with an inflection point.

The separation of the two parallel lines allows calculation of the 

storativity ratio.

Kazemi (1969)

Numerical model.

Unsteady state model.

Linear transitional curve with no inflection point.
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de Swaan (1976)

Analytical model.

Unsteady state model.

A convolution theorem gives the relationship between the source term 

and the pressure in the fracture medium. 

Linear transitional curve with no inflection point.

Najurieta (1980) 

Analytical model.

Unsteady state model.

Approximate solution to de Swaan model.

Only applicable for transient period (no boundary dominated period).

Linear transitional curve with no inflection point.

Streltsova (1983) 

Analytical model.

Pressure gradient model.

Matrix flux is proportional to the averaged pressure gradient throughout 

the matrix block.

Linear transitional curve with no inflection point. 30
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