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Preface

As oil exploration and production (E&P) activities over the world continue to
grow, we academicians and engineering professionals must fully grasp the
technology and processes involved within their function to proactively sup-
port oil and gas field operations. A competent understanding of technology
and various processes that drive E&P also provides an overall appreciation
of the role played by surface production operations.

In addition, the very high cost and risk involved in E&P demands the
reevaluation of all operations encountered in handling the oil-gas mixture
from well head all the way to quality petroleum oil and gas products. Many
oil production processes present a significant challenge to the oil and gas
field processing facilities and equipment design. The optimization of the
sequential operations of handling the oil-gas mixture can be a major factor
in increasing oil and gas production rates and reducing operating costs.

Fully revised and updated to reflect major changes over the past 10 years
or so, this second edition offers thorough coverage of every sector in the field
processing of produced crude oil along with its associated gas. We intend
to go forward to continue building on our foundation success attained in
the first edition. Our mission remains unchanged: to deliver an expanded
and updated volume that covers the principles and procedures related to the
processing of reservoir fluids for the separation, handling, treatment, and
production of quality petroleum oil and gas products.

Adding new information about field facilities to this edition, this book
contains 18 chapters (compared to 13 in the first edition) grouped into five
sections. Section I presents a broad background that covers the production
of oil and gas (Chapter 1), a preview of principal field processing operations
(Chapter 2), composition and types of crude oil and products (Chapter 3),
composition and characterization of natural gas (Chapter 4), and the role of
economics in oil and gas field operations (Chapter 5). Section II handles two-
phase and three-phase gas—oil separation (Chapters 6 and 7, respectively).
Crude oil treatment is detailed in Section III, which covers emulsion treat-
ment and dehydration of crude oil (Chapter 8), desalting (Chapter 9), stabili-
zation and sweetening of crude oil (Chapter 10), and other treatment options
(Chapter 11). Gas handling and treatment, covered in Section IV, includes
sour gas treatment, gas dehydration, and separation and production of natu-
ral gas liquids (NGLs), Chapters 12, 13, and 14, respectively. Section V, on
the other hand, is devoted to surface production facilities, a new addition to
the second edition. It includes four chapters covering the topics of produced
water management and disposal (Chapter 15), field storage tanks, vapor
recovery units (VRUs) and tank blanketing (Chapter 16), oil field chemicals
(Chapter 17), and piping and pumps (Chapter 18).

XU



xvi Preface

This second edition takes advantage of recent publications with immense
knowledge in the area of surface petroleum operations by the inclusion of
new subjects, in particular natural gas, economics and profitability, oil field
chemicals, and piping and pumps. These additions contribute new features
to our book, especially when it comes to the dollar sign in an economic study.

The concept of unit operation, which is discussed in the “Introduction” of
this book, is presented in many surface operations in this new edition. Unit
operations are identified in crude oil field treatment and natural gas process-
ing. Distillation, mixing, and absorption are typical examples.

An all-inclusive guide to surface petroleum operations, the text provides
a comprehensive and visionary approach to solve problems encountered in
field processing of oil and gas. It contains examples and case studies from
a variety of oil field operations. Example step-by-step exercises are worked
out. This book is arranged so that it can be used both as a text and as a ref-
erence. As a textbook, it would fit nicely for courses on surface petroleum
operations taught in many schools all over the world. It would be suitable
for use in a one- or two-semester course for students majoring in petroleum
engineering, chemical engineering, and allied engineering. On the other
hand, it would be invaluable for experts, engineers, and practicing profes-
sionals working in the petroleum industry.

The authors are indebted to the many oil organizations and individuals
who have provided information and comments on the subject materials pre-
sented in this edition. As far as the production and the publication of this
edition, we feel a deep sense of gratitude to Barbara Glunn, Robert Sims, and
Kari Budyk of Taylor & Francis, and Adel Rosario of MTC.

Hussein K. Abdel-Aal
Mohamed A. Aggour
Mohamed A. Fahim
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Introduction

This new edition of Petroleum and Gas Field Processing comes at a time when
oil producers are taking a close look at the economy of oil field operations
to improve the ultimate recovery and to maximize the yield of oil and gas
obtained during the surface processing operations.

Oil field operations in general encompass three main phases, as shown in
the following block diagram.

Oil and gas operations

Encompass 3 categories:

l !

Upstream component

Downstream component

Subsurface operations Middle stream component Refining/processing
Surface petroleum operations
Exploration, drilling, production SPO Physical separation
Chemical conversion
Gas/oil separation Nf“' gas processing
Crude oil dehydration and desalting Oil and gas transfer

Nat. gas treatment and conditioning

This is illustrated further by the following flow diagram:

Stage (1) Stage (2) Stage (3)
Natural gas
Crude oil
gas
mi"“'”e‘ r P »—l— Finished
* = ] f > petroleum
> products
P =1
o
Drilling . .
and Sgrface petrqleum operations T@nspor— Reﬁnlqg
production Field processing tation operations
Field operations

Petroleum and gas field processing operations, referred to as surface petro-
leum operations (SPO), cover the myriad procedures required to handle the
crude oil mixture between the well head and the delivery points for refining
operations and other usages.

Xix



XX Introduction

Crude oil is far from being one homogeneous substance. Its physical
characteristics differ depending on where the crude oil is found, and
those variations determine its usage and price as well. As the U.S. Energy
Information Administration (EIA) puts it succinctly, “not all crude is cre-
ated equal” (U.S. Energy Information Administration, 2015). It is worth
mentioning that more than 40,000 oil fields are scattered around the globe,
on land and offshore. The largest are the Ghawar Field in Saudi Arabia
and the Burgan Field in Kuwait, with more than 60 billion barrels (9.5 x
10° m?) estimated in each. Most oil fields are much smaller. According to
the EIA, as of 2003 the United States alone had more than 30,000 oil fields.
More than half the United States’ oil reserves are located in its 100 larg-
est fields. According to a new EIA report, these massive fields account for
20.6 billion of the 36.5 billion barrels of oil, or 56 percent of the total (“List
of Oil Fields,” 2015).

Many oil production processes present a significant challenge to oil and
gas field processing facilities. This applies to the design and operations of
the processing equipment. A typical example is the fact that the nature of
crude oil emulsions changes continuously as the producing field depletes.
Therefore, conditions change as well.

In this new edition, we attempt to introduce the concept of unit oper-
ations used by chemical engineers to provide the readers with tools for
creating a surface process system that will economically separate and treat
oil-gas mixtures as they exit the wellhead into quality salable oil and gas
products.

What Is a Unit Operation?

A unit operation represents a basic physical operation in a chemical or petro-
leum process plant. Examples are distillation, absorption, fluid flow, and
heat and mass transfer. Fundamentals pertaining to a given unit operation
are the same regardless of its industrial applications. This is how pioneers
came up with the term unit operation.

Unit operations deal mainly with the transfer and the change of both
materials and energy primarily by physical means, arranged as needed by a
given petroleum or chemical industry. The following is a partial list of some
important unit operations:

* Fluid flow—Deals with the principles governing the flow and trans-
portation of fluids.
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* Heat transfer—Deals with the principles underlying the heat trans-
fer by different modes.

e Distillation, absorption, extraction, and drying—Known as diffu-
sional mass transfer unit operations. Separation of petroleum hydro-
carbons, by these unit operations, is accomplished by the transfer of
molecules from one phase to the other by diffusion. Typical exam-
ples are distillation and absorption.

The significance of introducing the unit operation concept in understand-
ing the processing surface operations in an oil field will be apparent to
readers when it is realized that most of these surface operations are physical
operations, or nonreacting processes. They deal mainly with the transfer and
the transformation of energy, and the transfer, separation, and conditioning
(treating) of materials by physical means. Three modes of transfer that take
place in oil field processing operations are recognized as follows:

1. Momentum transfer (gained by fluid flow)
2. Heat transfer of oil using heat exchangers and furnaces

3. Mass transfer in distillation columns, absorbers, and others that lead
to enrichment and separation (transfer is due to the diffusion of the
molecules that separates the light from the heavy)

These three modes of transfer are usually covered under the topic of trans-
port phenomena.

Examples of some common unit operations that take place during oil and
gas field processing are listed next along with their specific applications.

Unit Operation Application
Equilibrium flashing Gas—oil separation
Distillation /stripping Crude oil stabilization/sweetening
Absorption Treatment of natural gas
Fluid flow Most of field operations
Heat transfer Most of field operations

The proposed treatment of the subject matter of petroleum and gas field
processing will follow a chronological sequence of field operations in tran-
sient. Each is described with the unit operation concept when applicable as
the oil-gas mixture proceeds from the wellhead until the crude oil is finally
separated, treated, and stored ready for shipping or refining. The same is
true for the associated gas, passing through its journey until it is finally a
quality sale gas.



xxii Introduction

Process System

A process system is a collection of equipment that affects the required separa-
tion or treatment through physical methods or chemical changes. For exam-
ple, by means of a properly designed processing system, crude oil desalting
is accomplished by intimate mixing of the crude oil with dilution water.

By applying the unit operation concept, we are able to identify the process
system that handles crude oil-gas mixtures all the way through as shown
next.

Gas
5 = Quality
as sweetening Gas dehydration E
Absorption/stripping [ | Absorption —
Gas
Qil
. . Gas/oil separation | Oil dehydration Desalting
Oil/gas, exit wellhead Equilibrium flash distillation "|Heating/settling | Mixing/settling
A 4
A 4 Stabilization and
Water sweetening
Flashing/stripping

Crude oil
storage

Following the order of events using this flow sheet, one can determine the
function of every piece of equipment involved in an oil field process design,
highlighted in bold. The immediate next step is the determination of the size
and the type of equipment needed to carry out the physical changes, using
the unit operations principle underlying this process. Remember that the
fundamentals pertaining to a given unit operation are the same regardless
of its application, hence unit operation.
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