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Outline
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• Radial Well in a Naturally Fractured Reservoir 

• Mathematical Model (Warren and Root)

• Pseudo-steady State & Transient Formulation



Radial Hydraulic Diffusivity Equation









Solution



• Whereas the matrix permeability is much smaller than the fracture
permeability, the fracture porosity of a particular class of naturally fractured
reservoirs seldom exceeds 1.5% or 2%, and usually falls below 1%.

• The high permeability of a fracture results in a high diffusivity of the pressure
propagation pulse along the fracture.

A fracture of 0.1 mm will have a permeability of 833 darcys, whereas the
permeability of the limestone proper will usually be of the order of 0.01 darcy.
(Muskat (1937),pp.425)

Naturally Farctured Reservoirs
Porosity and Permeability



Double Porosity Formulation

•The fractures which cut the reservoir rock in various directions, delineate a bulk unit

referred to as the matrix block unit or simply the matrix block.

•The shape of the matrix block is irregular, but for practical work the block units are

reduced to simplified geometrical volumes, such as cubes or as elongated or flat

parallelepipeds.



• Based on the theory of fluid flow in fractured porous media developed in the
1960's by Barrenblatt et al., Warren and Root introduced the concept of
dual-porosity models into petroleum reservoir engineering. Their idealized
model of a highly interconnected set of fractures which is supplied by fluids
from numerous small matrix blocks, is shown below:
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•A naturally fractured formation is generally represented by a tight matrix rock
broken up by fractures of secondary origin.

• The fractures are assumed continuous throughout the formation and to
represent the paths of principal permeability.



Idealized Fracture Geometries
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•Avery important characteristic of the double porosity system is the nature of
the fluid exchange between the two distinct porous systems.

source of
fluid to

fractures

source of
fluid to

fractures

transport of fluid
along fractures

•The matrix system does not produce directly to the well but acts as a source of
fluid to the fissure system.
•The high diffusivity of a fracture results in a rapid response along the fracture
to any pressure change such as that caused by well production.

Fluid Exchange 



Early-time: Fissure System Flow Late-time: Matrix contribution

Radial Well in a Naturally Fractured Reservoir 
In general, the matrix releases the fluid into the fractures upon pressure 
decline (inter-porosity flow). Subsequently the fractures transport the fluid 
to the wellbore.

Due to significant contrast between matrix and fracture permeabilities, the
matrix has a “delayed” response to pressure changes that occur in the
surrounding fractures. Such a non-concurrent response induces matrix-to-
fracture cross-flow.
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Produced Gas 

Elemental volume in naturally fractured reservoir (Warren and Root model)

Mathematical Model (Warren and Root)
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Elemental volume in naturally fractured gas reservoir
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Continuity Equation



Warren & Root Equations

Pseudo-steady state Model
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Double Porosity

Pseudo-steady State Formulation

Fracture Flow Equation



Matrix Flow Equation









Dual Porosity Models

pm

pf pf

Pseudosteady State Transient



Double Porosity

Transient Formulation





Laplace Space Solution













Spherical Coordinate- PDE



Spherical Coordinate-Solution



Well Test Analysis on the Basis of 

Warren & Root Model



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
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Dual Porosity Parameters Interporosity Flow Coefficient

f

wm

k

rk 2
 

 
2

24

mL

nn 


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
42



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
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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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Naturally Fractured Reservoirs Examples

Source: Bourdet, Ayoub, Whittle, Pirard and Kniazeff 
– Flopetrol Johnston, Melun, France
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Software Analysis

Draw-down Test in a Fractured Reservoir 

Quantity Value Quantity Value

h 300 ft So 1.0

NTG 1.0 Sw 0.0

 10.0 % Sg 0.0

Top depth 6000 ft

RFT-pressure 5000 psia at 6000 ft

Reservoir Description

Quantity Value Quantity Value

Orientation Vertical Top of Perf 6000 ft

rw 0.3 ft Bottom of Perf 6300 ft

Well Data

Quantity Value Quantity Value

o 0.8 cp o 54.64 lb/ft3

Co 3.0E-6 /psi T 180o F

Bo 1.2

Fluid Properties (dead oil)

Time (hrs) Oil Rate 

(STB/day)

0 2500

70 2500

Gauge Data
Pressure File: dual.GGE

Rate Data:




