Chapter 8 ® Flow in Reservoir and Adjacent Aqui-
fer. This is a strong chapter. It presents a discussion
of the flow of gas in reservoirs. The pressure, (pres-
sure)?, and pseudopressure methods of general flow
are discussed. The unsteady state solution for the
constant terminal rate case and for the steady-state
drainage radius case are discussed. In addition, there
is a good discussion of the skin effect, the effect of
high-velocity flow, and the well storage effects.

Chapter 9 ® Gas Well-Testing. Another strong chap-
ter, it begins with a good discussion of deliverability
tests. The second part discusses tests for determin-
ing reservoir parameters. Examples are given of how
to calculate the actual pressures. Tests for deter-
mining reservoir parameters include drawdown tests,
multi-rate tests, two-rate tests, and build up tests.
The discussion, though concise, is complete, and there
are several examples that show how to use these
particular tests to determine reservoir properties.

Chapter 10 ® Reservoir Engineering Applied to
Gas, Gas/Condensate, and Gas/ Oil Fields. This sur-
vey chapter discusses determining initial estimates
of oil and gas reserves using either volumetric cal-
culations or early production history. The mecha-
nisms of oil recovery are discussed in very general
terms. The solution of the material balance equa-
tion for a reservoir is shown.

Chapter 11 ® Simulation: Field and Reservoir Per-
formance. This chapter and its first three sections
discuss the implicit, explicit, and Crank-Nicolson
numerical methods for solving the partial differen-
tial equations that approximate the flow in a reser-
voir. The discussion is concise and includes an ex-
ample of the one-dimensional situation. There is
also a brief discussion of the inverse problem.

Chapter 12 ® Conversion of Depleted Gas, Gas/
Condensate Fields to Gas Storage Reservoirs. The
gas storage problem is discussed at a survey level in
this chapter. There is a good description of why
storage is needed and how gas is stored. A detailed
case study is presented.

Chapter 13 ® Gas Storage in Aquifers. This is an
excellent chapter—the strongest in the book. It be-
gins with procedural steps in locating and develop-
ing an aquifer storage reservoir. The discussion of
locating such a reservoir is detailed, and there is a
series of discussions of the measurements that are
required. Predictions on the rate of bubble develop-
ment or water pushback are discussed. There is a
general discussion of the various studies of aquifers.

Chapter 14 * Monitoring, Inventory Verification,
Deliverability Assurance, and Safety in Storage Op-
erations. This chapter surveys what must be done to
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run a gas storage operation and represents the tre-
mendous experience of the senior author. This chap-
ter and the previous one are condensed from Under-
ground Storage of Fluids, by Katz and Coats (1968).

Chapter 15 * Natural Gas Liquid Recovery and
Gas for the Fuel Market. Natural gas liquids (ethane,
propane, butanes, and pentanes) are recovered by
refrigeration adsorption stripping or cryogenic ex-
pansion/compression.

Chapter 16 * Storage in Salt Cavities and Mined
Caverns. The description in this chapter is narra-
tive, explaining the attributes of such caverns and
how one develops caverns. Also, there is a discus-
sion of creating cavities by dissolving materials or
leaching out the materials.

Chapter 17 ® Miscellaneous Topics. This chapter
opens with a narrative of compressed air energy
storage for electric power peaking cycles. Much of
the chapter discusses the design of a storage facil-
ity. It also contains calculations associated with
transcontinental pipelines, geochemical identifica-
tion of natural gas, superheat limit vapor explosion,
and the phase behavior associated with it.

Six appendices contain data on computer programs
for calculating flow, derivations of gas flow equa-
tions in reservoirs, a detailed discussion of the Peng-
Robinson equation of state, equilibrium constants,
and nomenclature.
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Reviewed by
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This is an extremely interesting (but in many ways
frustrating) short book on the use of the Maxwell-
Stefan (M-S) approach for solving complicated mass
transfer problems. Since the authors assume con-
siderable familiarity with Fickian diffusion and with
various separation methods, this book is appropri-
ate for graduate students. A finite difference ap-
proximation to the differential equations is used
throughout the book, and the calculations required
are well within the capabilities of graduate students.

After an introductory chapter, Chapter 2 explores
Continued on page 126.
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can be given in class or derived from results found
in the literature."

The simple model and its solution that have been
presented in this paper are most appropriate for an
undergraduate-level transport phenomena course.
When used in a lecture, it is a compact example that
demonstrates the use of two important engineering
approximations. At the graduate level, the two-di-
mensional models (both unsteady and steady) could
provide the basis for a good homework or exam prob-
lem. The validity of the QSSA can be determined by
comparing results from the transient and quasi-
steady models. A more realistic transient model could
be developed by allowing the crystal-melt interface
to move according to a mass balance on a melt of
finite volume. In this case, the crystal pull rate and
crystal velocity will not be the same.

This type of problem can also be useful to demon-
strate techniques for boundary immobilization. There
are, of course, many other ways to look at or use
this example; they are left for the reader to ponder.

ACKNOWLEDGMENT

The author is grateful to Daniel White, Jr., for
bringing the CZCG modeling problem to his atten-
tion during an excellent course Dr. White taught at
Penn State University in the fall of 1986.

NOMENCLATURE

specific heat capacity of crystal

convective heat transfer coefficient to ambient
convective heat transfer coefficient to melt
specific enthalpy of fusion

thermal conductivity of crystal

crystal length

radial position

crystal radius

time

crystal temperature distribution

ambient temperature

melting temperature of crystal

melt temperature

crystal velocity or pull rate

axial position

thermal diffusivity of crystal

density of crystal
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some problems in using Fickian theories of diffusion
when more than two species are present. Chapters 3
and 4 start formulating the M-S theory, but with
little mention of it by name. Chapter 3 discusses
driving forces for mass transfer, while Chapter 4
considers friction effects. The idea of a "bootstrap"
relationship to provide an absolute level of velocity
in the M-S equations is introduced in Chapter 4 and
is explained with examples in Chapters 5 and 6.

Chapter 5 shows several binary ideal solution ex-
amples and notes that the M-S theory gives the
same results as Fickian diffusion and is no more
difficult to use. Ternary examples are the subject of
Chapter 6. The example for distillation is a particu-
larly clear explanation of how the Murphree effi-
ciency can be infinite or negative.

Chapter 7, on combined mass and heat balances,
suffers from the need for a more complete descrip-
tion of the energy balance. Chapter 8, on
nonidealities, has an interesting example on etha-
nol water distillation, but the reasons for lack of
agreement with the exact solution are not spelled
out. This chapter also contains the first detailed
comparison between the M-S and Fickian ap-
proaches. Moving parts of this comparison to a place
much earlier in the book would help many readers.

Chapter 9 briefly presents theories for determin-
ing the M-S diffusivities. Driving forces other than
activity gradients are the topic of Chapter 10. These
include pressure gradients, centrifugal force, sup-
port forces (from solid matrices), and electrical forces.
With these additional forces, Chapter 11 can look at
the diffusion of ions in electrolytes. The end of Chap-
ter 11 is a natural break in the book since the fun-
damental ideas have all been presented.

The second part of the book briefly covers a vari-
ety of separation processes. Chapter 12 is an over-
view of various membrane separation processes,
while individual processes are covered in detail in
the following chapters: gas permeation (13), dialysis
and pervaporation (14), electrodialysis (15), and re-
verse osmosis and ultrafiltration (16). There is very
little detail on the nature of the membrane itself,
and statements such as "We shall treat the mem-
brane as homogeneous," (p. 125, referring to reverse
osmosis) could easily be misinterpreted. Supplemen-
tation of these sections with a book such as R.E.
Kesting, Synthetic Polymeric Membranes: A Struc-
tural Perspective (2nd ed., Wiley, New York, 1985) is

Continued on page 149
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Fluid Mechanics Experiment
Continued from page 143.

gas constant; Btu/Ib(R)
time; s

internal energy; Btu/lb
velocity; ft/s

volume; ft?

power input; BTU/cycle
density; Ib/ft?

'Os.<<ﬁrr:0

Subscripts

control volume

exiting air

incoming air

nozzle

time zero - valve opening
initial state

final state
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strongly recommended.

Chapter 17, on sorption processes, discusses fixed
bed adsorption and ion exchange. The presentation
on why loading and elution in ion exchange are not
symmetrical is particularly clear and easy to under-
stand. In general, the authors assume that the reader
is familiar with these separation processes. Readers
who are not (particularly electrodialysis) will find
these chapters difficult, but readers familiar with
the processes will gain deeper insight.

A third part of the book starts with Chapter 18,
which compares the M-S, Fickian, and irreversible
thermodynamics approaches to mass transfer. This
is a very enlightening chapter, and sophisticated
readers should read it following Chapter 2 or 3.
Chapter 19 cites references. A rather complete list
of symbols starts on page 160. I found myself refer-
ring to this list often and wish it were in a more
prominent location.

The fourth part of the book consists of thirty-six
worked exercises (pages 163 to 238) which consider
some very interesting and challenging problems. Al-
though the solutions are not polished, they are cer-
tainly sufficient to show how to attack the problems.

A major problem with this book is highlighted in
the Guidelines to the Reader on page 11: "This text
was written to accompany overhead transparencies
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in a course on multicomponent mass transfer. So
the Figures are quite important.” Unfortunately,
many readers will not pay enough attention to this
section and will find reading the book difficult until
they have learned the proper way to read it. Also,
since the figures are hand drawn, the reader needs
to learn how to decipher the authors' script. The
inclusion of equation numbers would be useful. Some
of the examples are confusing since the problem
statements are not clear (e.g., Figure 6.2) and data
or formulas are slipped into the solutions with little
explanation (e.g., Figures 3.7 and 5.5). Statements
such as "Qualitatively the reasoning should be clear,"
(page 91) will unintentionally demotivate readers
who are struggling, and they should be removed.

The basic ideas of the M-S approach are not sum-
marized until pages 64 and 65. A much earlier expo-
sition of this would help many readers. Also, since
the authors assume considerable familiarity with
mass transfer, Chapter 18 could appear earlier in
the text. If a second edition is planned, the authors
could aid readers by correcting these problems. One
hopes that the authors will make this effort since
the book presents a very important topic in a way
which will be accessible to most readers.

Where can this book be used in the curriculum?
The book is a curious mix of sophistication (M-S
theory and challenging problems) and of approxima-
tions (difference solutions and overly simplified ther-
modynamics). Because of the subject matter and the
assumed high degree of knowledge in mass transfer
and separations, this text is appropriate at the gradu-
ate level. However, the approximations and some
lack of rigor may cause difficulties. It book would be
a very useful supplement in a graduate-level course,
particularly if journal articles are used in most of
the course. It is also a very good source of problems
and examples for a graduate-level course.

Finally, for practicing professionals who missed
the M-S theory in their formal education, this book
would be very useful for self study. Wesselingh and
Krishna will stimulate and frustrate, but the reader
will never be bored.
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