
Naturally Fractured Reservoirs
Well Testing of Naturally Fractured Reservoirs (Part A)

Shahab Gerami, Fall 2010



Outline

• Analysis of Production Data

• Roles of Reservoir Analysis Models

• Well-test Interpretation

• Components of Well Test Models

• Direct versus Inverse Solutions

• Flow of a Slightly Compressible Oil-Single Porosity Models

• Double Porosity Formulation

• Radial Well in a Naturally Fractured Reservoir 

• Mathematical Model (Warren and Root)

• Pseudo-steady State & Transient Formulation



3
3

Economic Study and Decision 
Making for the Field 

Development

Reservoir 
Information

Production Forecast

Field Data
(i) Well test data

(ii) Production data

Predictive Models
(forward solution)

Production 
Analysis Models

(backward solution)
(i) Well test models 
(ii) Material balance models 
(iii) Decline curve analysis 

0

50

100

150

200

250

300

350

0 100 200 300 400 500 600 700 800

Time (day)

R
a

te
(M

S
C

F
D

)

0

50

100

150

200

250

300

350

P
re

s
s

u
re

(p
s

ia
)

Gas rate Wellbore pressure

Analysis of Production Data
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Reservoir 

Information

Roles of Reservoir Analysis Models

Field Data
(i) Well test data

(ii) Production data

Production 

Analysis Models
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Well-test Interpretation

The aim of well-test interpretation is to obtain from the analysis of pressure versus

time data or of simultaneously measured pressure and sandface flow-rate data the

following parameters and functions:

-Average permeability for the drainage area of the well.

-Reservoir initial or average pressure.

-Sandface condition (damaged or stimulated).

-Volume of the drainage area.

-Degree of communication between wells.

-Validation of the geological model

- System identification (reservoir type and the mathematical model for its pressure

drop as a function of time)





A Typical Layout Used in Conducting a Well Test



Interpretation of a Transient Pressure Test

Integrated approach: a combination of pressure transient data and geological and

geophysical information, well logging, production data, core analysis, etc.

Uniqueness Dilemma: different reservoir situations yield the same pressure behavior



Components of Well Test Models

Well

Reservoir

Boundaries

Direction (Vertical, Horizontal)

Storage (Constant, Changing)

Completion (Damaged, Fractured and Acidized)

Homogeneous 

Heterogeneous

Composite

Multilayer

Dual porosity

Flow boundaries (No flow, Constant pressure, infinite)

Geometrical boundaries (Circular, Rectangular)
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Direct versus Inverse Solutions

Input system+ Output  (?) 

Direct solution (Convolution)

Inverse solution (Deconvolution) 

Input System (?)+ Output

Example of a simple system
Actual measurement compared to 

the system



Inverse Solution Compared to Actual System

•Inverse solution can be used for the identification of system characteristics

•Inverse solution can result in grossly erroneous answers

•Whereas the mathematics is correct, the utility of the results derived from this

mathematically process is questionable.



Input-System-Response

Reservoir 
Mechanism

Mathematical Model

Input Perturbation Output Response

Model Input Model Output

Well test interpretation is essentially an inverse problem and in general is better 

suited to analytical solution.

The objective of well test analysis is to describe an unknown system S ( well + 

reservoir) by indirect measurement ( O a pressure response to I a change of 

rate). 

The unknown system (S) may be a type curve and its derivative  to describe the 

reservoir characteristics. 



Flow of a Slightly Compressible Oil-Single 

Porosity Models
• Physical model

• Simplifying assumptions

• Mathematical model

– Choosing an appropriate element

– Governing equation

– Mass balance

– Momentum balance (Darcy’s law)

– Equation of state 

– Initial and Boundary conditions

• Infinite acting

– Constant rate production 

– Constant pressure production

• Finite acting

– Constant rate production 

– Constant pressure production

– Solutions

• Laplace space solutions

• Time domain solutions

• Simplified solutions

• Applications (Drawdown (single rate & multi rate), Reservoir limit test,  Build up, 

Superposition (time & space), …), 



rw

Simplifying Assumptions



Mathematical Model-Governing Equation
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Mathematical Model-Governing Equation
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A reservoir model is the superposition of

reservoir, inner, and outer boundary conditions



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:

ACTUAL RESERVOIR MODEL RESERVOIR

vugs

matrix

fracture

matrix block

fracture

%22 

•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

Slab 

Geometry

Column 

Geometry

Cube 

Geometry



•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


