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This book is dedicated to my children,
Justin, Brittany, Carsen, and Jennifer Ahmed.
I do hope that at least one of them will
grow up to be a petroleum engineer

in the future.
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PREFACE TO THE
THIRD EDITION

To make the third edition of this textbook as complete as possible,
I have included the following: a new chapter on decline curve and type
curve analysis, a section on tight and shallow gas reservoirs, and water-
flood surveillance techniques.

Many of my colleagues have provided me with valuable recommenda-
tions and suggestions that I have included through the textbook to make
it more comprehensive in treating the subject of reservoir engineering.
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PREFACE TO THE
SECOND EDITION

I have attempted to construct the chapters following a sequence that
I have used for several years in teaching three undergraduate courses
in reservoir engineering. Two new chapters have been included in this
second edition; Chapter 14 and 15. Chapter 14 reviews principles of
waterflooding with emphasis on the design of a waterflooding project.
Chapter 15 is intended to introduce and document the practical applica-
tions of equations of state in the area of vapor-liquid phase equilibria.
A comprehensive review of different equations of state is presented with
an emphasis on the Peng-Robinson equation of state.
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PREFACE TO THE
FIRST EDITION

This book explains the fundamentals of reservoir engineering and their
practical application in conducting a comprehensive field study. Chapter
1 reviews fundamentals of reservoir fluid behavior with an emphasis on
the classification of reservoir and reservoir fluids. Chapter 2 documents
reservoir-fluid properties, while Chapter 3 presents a comprehensive
treatment and description of the routine and specialized PVT laboratory
tests. The fundamentals of rock properties are discussed in Chapter 4 and
numerous methodologies for generating those properties are reviewed.
Chapter 5 focuses on presenting the concept of relative permeability and
its applications in fluid flow calculations.

The fundamental mathematical expressions that are used to describe
the reservoir fluid flow behavior in porous media are discussed in Chap-
ter 6, while Chapters 7 and 8 describe the principle of oil and gas well
performance calculations, respectively. Chapter 9 provides the theoretical
analysis of coning and outlines many of the practical solutions for calcu-
lating water and gas coning behavior. Various water influx calculation
models are shown in Chapter 10, along with detailed descriptions of the
computational steps involved in applying these models. The objective of
Chapter 11 is to introduce the basic principle of oil recovery mechanisms
and to present the generalized form of the material balance equation.
Chapters 12 and 13 focus on illustrating the practical applications of the
material balance equation in oil and gas reservoirs.
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FUNDAMENTALS OF
RESERVOIR FLUID
BEHAVIOR

Naturally occurring hydrocarbon systems found in petroleum reser-
voirs are mixtures of organic compounds that exhibit multiphase behav-
ior over wide ranges of pressures and temperatures. These hydrocarbon
accumulations may occur in the gaseous state, the liquid state, the solid
state, or in various combinations of gas, liquid, and solid.

These differences in phase behavior, coupled with the physical proper-
ties of reservoir rock that determine the relative ease with which gas and
liquid are transmitted or retained, result in many diverse types of hydro-
carbon reservoirs with complex behaviors. Frequently, petroleum engi-
neers have the task to study the behavior and characteristics of a petrole-
um reservoir and to determine the course of future development and
production that would maximize the profit.

The objective of this chapter is to review the basic principles of reser-
voir fluid phase behavior and illustrate the use of phase diagrams in clas-
sifying types of reservoirs and the native hydrocarbon systems.

CLASSIFICATION OF RESERVOIRS
AND RESERVOIR FLUIDS

Petroleum reservoirs are broadly classified as oil or gas reservoirs.
These broad classifications are further subdivided depending on:
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« The composition of the reservoir hydrocarbon mixture
« Initial reservoir pressure and temperature
* Pressure and temperature of the surface production

The conditions under which these phases exist are a matter of consid-
erable practical importance. The experimental or the mathematical deter-
minations of these conditions are conveniently expressed in different
types of diagrams commonly called phase diagrams. One such diagram
is called the pressure-temperature diagram.

Pressure-Temperature Diagram

Figure 1-1 shows a typical pressure-temperature diagram of a multi-
component system with a specific overall composition. Although a dif-
ferent hydrocarbon system would have a different phase diagram, the
general configuration is similar.

These multicomponent pressure-temperature diagrams are essentially
used to:

* Classify reservoirs
¢ Classify the naturally occurring hydrocarbon systems
* Describe the phase behavior of the reservoir fluid
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Figure 1-1. Typical p-T diagram for a multicomponent system.



