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Foreword

While writing this, we struggled with several issues that eluded alternative solutions that will please
everyone. Use of conventional options offered safe refuge from criticism but did not satisfy our objective to
make this as readable as possible. Accordingly, we opted for some less conventional alternatives when deal-
ing with scope, style. literature citations, and, especially. units.

The scope of this monograph is confined primarily to formation evaluation. It was tempting to broaden the
discussion to include production logging and subsurface modeling applications based on borehole gravity,
vertical seismic profiling, ultralong-spaced electric logging, and dipmeters. The role of mud logging in
drilling optimization is recognized but not systematically reviewed. These are important subjects but are
considered beyond the scope of formation evaluation, as originally defined and from time to time reaffirmed
by our review committee.

A single system of units is not always used for very carefully considered reasons. We started writing this
using SI. However, our objectives were compromised by loss of visualization, uncertain precision, and dif-
ficulties in referring back to the original literature. So we chose to use units that are most commonly used in
oilfield practice or, alternatively, are consistent with the particular reference that is being discussed. Equa-
tions are developed using units that allow an uncluttered view of the physical/chemical concepts and prin-
ciples being expressed. Dual units were considered but seemed cumbersome and unenlightening. However,
many figures are drafted with dual scales, SPE-preferred SI values for constants used in major equations are
provided in the Appendix, and conversion factors for all quantities are presented in the Nomenclature.

The availability of the literature cited in some chapters remains a concern to us. We cited what seemed to
be the best references, recognizing that some may not be available in every science library. We did not
acknowledge all of the literature. The Selected Reading List on Page 157 contains what we found to be the
most significant and helpful references. Computerized search services should provide adequate information
about other sources.

We requested and accepted technical editing to make this monograph more readable—especially consider-
ing that English is the second language of many SPE members. Moreover, esoteric qualifications and details
were omitted for clarity and brevity. We really tried to keep the readers in mind and hope it shows!
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Preface

This monograph is the first of a four-volume set offering a comprehensive treatment of formation evaluation
by well logging. The other volumes in this series are Well Logging II—Electric and Acoustic Logging; Well
Logging Ill—Radiation, Nuclear Magnetism, and Borehole Gravity Logging; and Well Logging IV—Forma-
tion Evaluation Methods. :

Well logging is one of the most dynamic areas in the oil industry. Data collection methods have been im-
proved significantly by advances in microelectronics, computers, and computer processing methods. The ad-
vances over the past 50 years are shown clearly in this volume. At the time of publication, this monograph
represents the state of the art. The authors, editor, and review committee have made every effort to eliminate
erroneous information; however, it is inevitable that some of the material will be proved inaccurate in the
future.

The ultimate objective of well logging is to evaluate subsurface formations. The form of the evaluation
depends considerably on the information being sought, whether for hydrocarbon or mineral content, rock
characteristics, or correlation. Wireline logging is by its very nature an indirect measurement of fluid and
rock characteristics. Thus, the interrelations between rocks, fluids, and physically measurable parameters
must be understood if the user of the data is to derive accurate interpretations. Wireline measurements,
however, are influenced strongly by the environment of the wellbore even though significant efforts have
been made to reduce these factors. This volume provides insight into both these areas.

Log interpretation often requires additional information to resolve discrepancies and conflicts. The required
information is available from the mud log in many instances, as the log contains a history of drilling mud
properties, hydrocarbon detection, and rock samples. A thorough discussion of mud logging is presented in
Chap. 4.

Formation temperatures and temperature profiles are a very important component of modern log interpreta-
tion. Temperature logs have been recorded since the very early years of logging and remain an important
source of information.

The authors, J.R. Jorden and F.L. Campbell, are well known in the well logging and petroleum industry.
J.R. Jorden is manager of the Petroleum Engineering Research Dept. of Shell Development Co. and 1984
President of SPE. F.L. Campbell is vice president of the Exploration Research Dept. of Chevron Oil Field
Research Co.

This monograph provides much basic information regarding log interpretation. As such, it is anticipated
that the monograph will be used as a primary reference for petroleum engineers and for training purposes.
Subsequent volumes will build upon this foundation.

Houston WELL LOGGING
December 1984 REVIEW COMMITTEE
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Chapter 1
Prologue

We made a sonde by connecting four metre-long sections of Bakelite tubing

together.
weight .

.. The electrodes were wired to the Bakelite tubes. We contrived a
.. filling it with lead pellets like those used in duck shootini;
ts.

... The whole assembly looked like a long black snake with five jo
... The cable, if vou could call it that, was three lengths of rubber-insulated

copper wire, like the kind used on spark plugs in cars.
take readings at intervals of one metre.

. We planned to

. We made our measurements with

a standard potentiometer mounted on a tripod like those we used in our surface

exploration work ...

from the personal recollections of H.G. Doll,
who participated in recording the first wireline log.

1.0 Introduction. This chapter sets the stage for the
monograph set by detailing the earliest history of well
logging and well log analysis. Comment is given on the
significance of these events to well logging development
and to today’s log user. The chapter also provides a
perspective of how wireline and mud logging have
grown. This overview illustrates —current logging
methods and their use relative to each other and to
former methods.

The objective of this monograph set is to review and to
summarize those aspects of mud and wireline logging
that are pertinent to formation evaluation. It is written for
log users interested in knowing what technical options
are available as they use log data to evaluate formations.
These include both the *‘generalist’” log user and
“‘specialist’” log analyst. The monograph is formatted so
that new data on logging tools and interpretive tech-
niques can be added by the reader.

Skillful formation evaluation requires an
understanding of several interrelated components, from
fundamental reservoir properties through evaluation
methods. This monograph set includes four books. of
which this is the first, to treat these several topics
adequately.

1.1 Early History of Well Logging
and Log Analysis

For the first 70 years of oilfield development, the only
well logs were written records (or logs) of formation cut-
tings and fluids exposed by the drilling process. The first
wireline log of a borehole was obtained in the
Pechelbronn oil field, France, on Sept. 5, 1927." This
survey. of electrical resistivity only (Fig. 1.1), was ob-
tained by taking point-by-point measurements, essential-
ly by hand. The methods were typical of those then used
for surface geophysical prospecting, but ingeniously
adapted for borehole surveying.

Similar creative adaptations have led to the
automatically recorded, continuously operating,
multifunctional tools of modern well logging. The prin-

cipal events defining these creative adaptations and the
technological evolution of well logging are summarized
in numerous histories. The API history! traces well log-
ging from its inception through 1958. The Natl.
Petroleum Council study> looks at the growth of and
improvements in well-logging technology from 1946 to
1965. Johnson* gives a complete chronology of the
pioneer developments and improvements in well logging
from 1927 through 1960, and also provides detail rich in
human interest about the earliest days of wireline log-
ging. Several World Petroleum Congress papers™ '
review technological improvements in well logging over
successive 4-year periods since 1951. Allaud and Mar-
tin!'3 chronicle the story of the Schlumberger organiza-
tion’s evolution, from its beginning in 1920 to its status
in the middle 1970’s; they also explain the science-based
techniques used in modern well logging.

Fig. 1.2 and Table 1.1 record the growth of wireline
logging since 1927. During the decade following, log-
ging was used mainly for picking formation tops and
well-to-well correlation. Its use grew dramatically
thereafter as analysts came to recognize that the
measured parameters are interpretable in terms of useful
reservoir properties. Early on, several qualitative cor-
relations were noted among log data and reservoir
characteristics, ! as summarized in Table 1.2.

During the late 1930’s, experimental programs were
undertaken to define the relationship between electrical
resistivity and oil saturation. Although the first results
were summarized by Martin er al. 14 in 1938, the results
reported in 1941 by Archie > were especially useful in
two ways:

1. They provided the basic principles for quantitative-
ly interpreting the electrical resistivity of rock in terms of
oil saturation.

2. They demonstrated that wireline logs can be quan-
titatively interpreted if a relationship (or model) can be
found between the measured log parameters and desired
reservoir properties. Such modeling can be through em-
pirical field observations, laboratory experiments,
theoretical constructions, etc.
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PROLOGUE

The second achievement was probably the more im-
portant. As is repeatedly emphasized in this monograph
set, reliable wireline log analysis and formation evalua-
tion require that models be developed relating measured
log data and desired reservoir properties. Archie’s
research started the industry on an evolving technology
that developed interpretive models for wireline log
analysis and formation evaluation.

Mud logging (defined in Chap. 4) has been practiced
almost since the inception of the petroleum industry;
drill-cuttings logs were made during the 1870s. :
However, the work of J.T. Hayward '® in the late 1930’s
marks the beginning of mud logging as a coordinated and
coherent tool for formation evaluation. Fig. 1.3 shows
an early mud log. Fig. 1.4 shows that, like wireline log-
ging, mud logging has grown steadily, both commercial-
ly and technologically.

1.2 Relationship of Well Logging
to Formation Evaluation

Formation evaluation, as applied to subsurface
petroleum reservoirs, has historically been defined as the
practice of determining reservoir thickness, lithology,
porosity, hydrocarbon saturation, and permeability, us-
ing information obtained from a borehole. This defini-
tion probably represents a consensus from the statements
in Table 1.3, which is a summary of quotations on the
definition, scope, and objectives of formation evaluation
from experts on the subject. 1723

Formation evaluation can be more generally defined
as the practice of determining the physical and chemical
properties of rocks and their contained fluids.

Four major classes of tools and techniques are
available for formation evaluation: (1) mud logging, (2)
coring and core analysis, (3) drillstem testing, and (4)
wireline logging.

To many log users, ““well logging™ means “‘wireline
logging.”” Actually, well logging is the creating of a
record (a log) of some engineering or geologic parameter
vs. borehole depth or time. This includes wireline logs.
mud logs, core-analysis plots, stratigraphic sample logs,
drilling parameter logs, and many others.

This well-logging monograph set deals only with mud
logging and wireline logging. Excluded are drillstem
testing, coring and core analysis, and production logging
(now a sophisticated and widely used branch of wireline
logging). Thus, this monograph set is not a complete
treatment of either formation evaluation or well logging,
except for those aspects of mud and wireline logging per-
tinent to formation evaluation. To simplify terminology,
““well logging™ is used synonymously with “‘wireline
logging* and ‘‘mud logging."’

1.3 Objectives and Scope
of This Monograph Set

Well logging has been discussed in many papers and
texts. Thus, readers might ask why this monograph set is
needed and how it can be useful. The prime objective is
to review and to summarize completely those aspects of
mud and wireline logging pertinent to formation evalua-
tion. Readers of this monograph are perceived as log
users interested in knowing the available technical op-
tions in the use of log data to evaluate formations. This

publication set should give *‘generalist”” log users, who
have not had time to master completely all the details of
logging tools and interpretive techniques, a quick yet
comprehensive summary of the technology and its ap-
plications. At the same time, it should provide
“*specialist’ log analysts with a retrospective overview
that will deepen their perception of their profession. This
objective is achieved by (1) reviewing as thoroughly as
possible the entire body of technical literature, (2) identi-
fying and referencing the truly significant technical
work, and (3) unifying and interpreting the current state
of technology to achieve a comprehensive treatment of
log analysis and formation evaluation. This monograph
set is not addressed to beginning students nor to those
engaged in research and development of new logging
tools or interpretive techniques.

Well logging is based on well-established principles of
physics and chemistry. Although these principles are
completely developed in other texts and reviews, they
are restated and summarized here for ready use on future
novel problems.

Log users who apply these principles to well-log inter-
pretation and formation evaluation soon encounter
dilemmas created by a rapidly improving technology.
There is a continuous stream of improvements in
geologic and petrographic concepts, logging-tool elec-
tronics, and computer-processing capabilities, as well as
the opening of new geologic provinces. All of these
combine to add quickly to the knowledge available and
required to evaluate formations. How then could any
well-logging review, once completed, have any lasting
value in such a rapidly changing technological
environment?

This monograph set attempts to minimize the problem
through a format that can be easily updated. Specifically,
existing knowledge is summarized in tables and graphs.
Further, preformatted blank tables and graphs are pro-
vided for adding new knowledge as it becomes available.
These concepts are particularly emphasized in the ac-
companying loose-bound chart collection. This scheme
permits the new to be compared with the old, and allows
the various logging tools and interpretive techniques to
be put in a time frame.

1.4 Organization of This Monograph Set

Skillful formation evaluation requires an understanding
and mastery of several somewhat sequential yet highly
interrelated components: (1) the fundamental (primary)
properties of reservoirs (i.e., thickness. lithology,
porosity, permeability, and fluid distribution) and the
relationships among them; (2) the borehole environment;
(3) the secondary reservoir properties (such as electrical
resistivity and acoustic velocity) and their relationships
with the primary reservoir properties; (4) the methods
used to measure these properties (i.e., mud logging, cor-
ing and core analysis, drillstem testing, and wireline log-
ging); and (5) the interpretation methods used in forma-
tion evaluation. The monographs in this set (Table 1.4)
present topics in approximately this order.

This first monograph, Rock Properties, Borehole En-
vironment, Mud and Temperature Logging, reviews the
fundamental properties needed to evaluate a hydrocarbon
reservoir. Emphasis is placed on the basic geologic and
petrographic characteristics that control these properties,
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PROLOGUE

TABLE 1.1—GROWTH OF WIRELINE LOGGING, NUMBER OF LOGS RUN PER YEAR, 1927-1980"

Electrical Acoustic Radiation
Interval Natural Steady- Gamma-
Transit Gamma  State Pulsed Gamma

Year Conventional Focused  Micro Induction  Time Ray** Neutron Neutron Density Total

1927 10 10
1928 20 20
1929 160 160
1930 216 216
1931 384 384
1932 27 27
1933 243 243
1934 580 580
1935 2,790 2,790
1936 5,180 5,180
1937 8,930 8,930
1938 10,170 10,170
1939 10,810 10,810
1940 11,720 200 11,920
1941 12,470 400 200 13,070
1942 11,100 600 200 11,900
1943 10,960 800 300 12,060
1944 16,730 1,000 400 18,130
1945 22,040 100 1,200 500 23,840
1946 23,490 200 1,400 600 25,690
1947 27,840 300 1,600 700 30,440
1948 35,070 400 500 1,700 800 38,470
1949 38,910 600 2,000 1,500 900 43,910
1950 42,020 1,200 6,000 1,600 1,000 51,820
1951 44,130 1,800 12,000 400 1,800 1,200 61,330
1952 49,060 2,400 16,000 600 2,000 1,400 71,460
1953 53,020 2,600 18,000 1,000 2,200 2,000 78,820
1954 55,030 4,000 20,000 2,500 2,500 3,000 87,030
1955 54,320 5,000 24,400 3,500 2,800 4,000 94,020
1956 52,920 6,000 27,200 6,100 3,000 5,400 100,620
1957 41,160 5,000 26,800 13,750 50 3,000 5,000 94,760
1958 34,430 3,500 22,000 14,000 1,820 1,300 4,800 81,850
1959 29,150 4,600 22,000 18,300 7,760 1,000 4,700 200 87,710
1960 27,630 4,000 19,000 20,000 11,300 1,000 4,500 500 87,930
1961 24,470 4,000 15,000 23,000 12,550 900 4,000 600 84,520
1962 17,310 5,100 14,300 28,000 15,100 800 3,900 2,100 86.610
1963 16,250 4,300 11,200 29,000 16,100 600 4,200 2,950 84,600
1964 15,040 3,700 10,100 32,500 15,800 500 4,500 4,800 86,940
1965 11,550 3,200 8,100 33,100 15,900 500 2,800 6,480 81,630
1966 11,660 2,530 6,100 30,500 16,800 500 3,600 8,810 80,500
1967 5,090 1,820 4,400 30,700 11,300 500 2,900 8,570 65,280
1968 5,540 1,690 3,600 28,800 11,900 500 3,600 10,030 65,660
1969 4,700 2,030 13,000 34,390 13,970 500 9,800 490 15,000 93,880
1970 3,900 1,710 11,000 30,140 9,830 200 9,500 910 13,000 80,190
1971 3,300 1,690 8,000 28,180 9,080 200 9,700 1,330 14,000 75,480
1972 3,000 2,370 8,000 30,810 10,050 200 12,600 1,560 16,000 84,590
1973 2,800 3,290 6,000 30,340 11,050 100 13,700 1,650 22,000 90,930
1974 2,800 3,740 6,000 33,520 11,850 100 20,000 2,020 27,000 107,030
1975 2,500 4,950 6,000 38,060 12,590 100 25,400 2,350 30,000 121,950
1976 2,000 4,120 4,000 41,820 14,370 100 27,560 2,470 31,860 128,300
1977 1,500 5,620 2,000 47,160 18,710 100 34,310 2,490 38,570 150,460
1978 1,000 6,060 1,200 50,220 20,900 200 40,210 2,680 42,930 165,400
1979 700 6,540 1,200 53,380 21,420 300 43,190 2,660 44,400 173,790
1980 500 9,320 1,200 63,670 25,620 100 56,110 3,410 57,600 217,530

‘Data for 1927-1931 are worldwide; data for 1932-1980 are North America only. Data courtesy of Schlumberger Well Services

**Natural gamma ray logs are counted only when run singly:

combination gamma ray” logs began being run in about 1958

TABLE 1.2—EARLY INTERPRETATION OF WIRELINE LOGS (after Leonardon ')

Resistivity Log

Low resistivity
Low resistivity
High resistivity
Good resistivity

Very high resistivity

SP

no
larg

Log

SP
e SP

low SP

moderately large SP

no

SP

Probable Conclusion

shales
saltwater sand
freshwater sand
possible oil sand

hard rock; very compact
sand with sweet water



and less discussion concerns the diagenetic processes
that modify the properties. Perhaps the most important
characteristic of a rock is its pore-size distribution,
which strongly influences porosity, permeability, and
fluid distribution (basic definitions of these are given).
Discussion includes the pore-distribution differences for
both clastics and carbonates. The use of capillary
pressure curves to infer pore-size-distribution
characteristics is introduced. The principles of capillarity
are used to explain and to quantify further the concepts
of fluid distribution. Also presented are the petrophysical
relationships that exist among various fundamental rock
properties (such as porosity/permeability and porosi-
ty/water saturation), and examples are given from the
literature. Reviews are given of the chemical nature of
subsurface formation waters and methods of measuring
and relating water compositions.

This monograph discusses the actual borehole environ-
ment for well logging, which can be very different from
that in the idealized models used to formulate tool
response and formation-evaluation methods. Included
are reviews of (1) wellbore geometry; (2) the impregna-
tion and infiltration processes (with their resultant in-
fluences on porosity and saturation) during and after
drilling; (3) the temperature distribution in the borehole
during and after drilling; (4) the stress disturbances in-
duced by drilling; (5) chemical alteration effects; and (6)
example tool performance in nonideal environments and
recommended practices.

This book also deals with the techniques of mud and
temperature logging. The organizational scheme is
similar to that described next for the more conventional
wireline logging methods.

Chapters in the second and third monographs in the
set, Electric and Acoustic Logging and Radiation,
Nuclear Magnetism, and Borehole Gravity Logging,
deal with a specific wireline logging method in this
order: (1) the relevant principles of physics and
chemistry; (2) the use of models to relate measurable
secondary reservoir properties to required primary reser-
voir properties; (3) the instrumentation and operation of
the logging tools; (4) the problems that can arise in
measuring true secondary properties (i.e., the perturba-
tions caused by the borehole, invaded zone, and thin
beds); (5) the limitations of existing logging-tool designs
and tool-response models for accurately portraying the
heterogeneous and anisotropic properties of natural rock;
and (6) the methods of deriving true secondary properties
from recorded log responses.

Example logs and pertinent interpretation charts are
used. Emphasis is on summarizing, through tables and
graphs, the characteristics of past and present logging
tools. These books, particularly the companion chart in-
serts, are formatted so that readers can conveniently up-
date the summaries as new and improved tools become
commercially available—which will assuredly happen.

The fourth monograph in this set, Formation Evalua-
tion Applications, covers the methods that can be applied
through the use of well logging data. The opening
chapter reviews principles and general techniques, in-
cluding crossplots, “*quick-look’” logs, and digitized
well log processing by computer. Subsequent chapters
deal with estimating primary formation properties from
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Fig. 1.4—Historical growth of mud logging (data courtesy of Exploration Logging Inc.).

log responses for one or more of those properties: (1)
lithology; (2) porosity, permeability, and fractures; 3)
water composition; and (4) saturation. Chapters on the
use of well log data for correlation and abnormal
pressure analysis also are included.

Each of the chapters presents methods for evaluating
the major rock types encountered in petroleum reservoir
exploration and development. Actual example problems
and pertinent interpretation charts are included.

Interpretation charts are included in the monograph
texts to illustrate how to correct apparent log responses
to true rock properties, or how to derive fundamental
(primary) rock properties from secondary rock proper-
ties. In addition, a separate, loose-bound chart collection
is provided. It contains (1) a complete indexing system
providing a framework for organizing a collection of
charts into a system compatible with the monograph text
discussion and (2) a few actual charts, which illustrate
the types of charts intended for each “‘pigeonhole’” in the
framework. Generally speaking, these are the universal
(or basic) charts necessary for rudimentary log inter-
pretation. Beyond this, readers can add to their chart col-
lection as they wish.

This monograph set presents a cross-reference system
within the four books (Fig. 1.5 shows one example of

this system). This guide is given in each monograph text
and the separate chart collection as an outline of how to
use the monograph set and where to find related topics in
the four books.
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“"... reservoir engineers and ... oil and gas property appraisers ... use logs for the evaluation of structural or
stratigraphic closure, effective pay, porosity, fluid saturation, calculation of oil and gas originally in place,
expected ultimate recovery, and present reserves .... In the oil and gas industries, the main purpose of
well log analysis is the evaluation of reservoir rock properties in situ ....”"

““The process of using information obtained from a borehole to determine the physical and chemical prop-
erties of the rocks and their fluid content, especially hydrocarbons, is known as formation evaluation. The
complexity and importance of formation evaluation have led to the establishment of a new technical
position in many companies — the formation analyst or petrophysical engineer .... Evaluation of a
reservoir involves defining its areal extent and determining its thickness, porosity, permeability, and oil
saturation. Accurate determination of the last four of these parameters at a reasonable cost is the goal of
the formation analyst or petrophysical engineer .... Formation evaluation methods can be divided into two
categories: ... Analyses of cores, cuttings, and drilling fluids are the methods that constitute the first
category. The second category includes drill-stem testing and all the tools run in the hole on wireline to
measure natural electrical potential, electrical resistivity, radioactivity, acoustic velocity, and other
physical parameters which provide an indirect measure of rock and fluid properties.”

““...the duty of the wellsite geologist or engineer to locate those formations that contain hydrocarbons and
to evaluate their commercial significance ... comprises the field known as Formation Evaluation ....
Included in the formation evaluation methods are logging from drill returns, coring and core analysis,
formation testing, and various wireline services .... The value of an oil reservoir is defined by its areal
extent, its thickness and permeability, its fractional porosity, and the fraction of porosity that is saturated
with oil. The objective of good formation evaluation is the quantitative determination of these items."

... the objectives of geophysical well logging may be said to be: the location of petroleum reservoirs, the
estimation of the ability of a well to produce petroleum, the mapping of the reservoir shape, the estimation
of the petroleum reserves, the determination of the best well completion procedure.”

... the field of formation evaluation ... includes: estimates of in-place and recoverable hydrocarbon
volumes, lithology determination, identification of geological environments, derivation of initial versus
residual oil saturation relations, evaluation of water flood feasibility in early wells, location of reservoir
fluids contacts, reservoir ‘quality’ mapping, determination of water salinity, determination of fluid
pressures in reservoirs during the drilling of wells, detection of fractures, derivation of parameters
required for reservoir engineering studies, prediction of probability of interzone fluid communication in
casing-formation annulus, determination of porosity and pore size distribution, monitoring of fluid
movement in reservoirs.”

“An intelligent system of formation evaluation requires a complete understanding of the primary reservoir
properties and the relationships among them, then an understanding of the secondary reservoir prop-
erties and the relationships both among them and with the primary properties. Next the methods used to
measure the properties—the data-gathering phase, the core and fluid analysis and well logging aspects of
formation evaluation—must be thoroughly understood. Finally, the interpretation methods used in
formation evaluation must be mastered.”

“The evaluation of subsurface formations ... includes all coring, logging, mud logging, testing and
sampling procedures. It includes log interpretation methods and laboratory analyses related to subsurface
evaluation of the formations including an analysis of their contained fluids. ...The principal objectives of
formation evaluation are to evaluate the presence or absence of commercial quantities of hydrocarbons in
formations penetrated by, or lying near, the wellbore and to determine the static and dynamic
characteristics of productive reservoirs. Another objective of formation evaluation is to detect small
quantities of hydrocarbons which nevertheless may be significant from an exploratory standpoint. A
further objective is to provide a comparison of an interval in one well to the correlative interval in another
well.”

“In a general sense, formation evaluation can be defined as the science and the art, in that order, of
economic evaluation of natural resources occurring in earth formations. For the purposes of this paper,
however, the definition will be confined to the evaluation of petroleum reservoirs. In this context, formation
evaluation may be considered to include all coring, well logging, mud logging, testing, and sampling.”

9. Brown, A.A.: “‘New Methods of Characterizing Reservoir Rocks Proc., Eighth World Pet. Cong., Moscow (1971) 3, 327-37.
by Well Logging,”” Proc., Seventh World Pet. Cong., Mexico Ci- 11. Rutman, G.: **Progress in Well Logging Methods,"" Proc., Ninth
ty (1967) 2, 301-08.
10. Riboud, J. and Schuster, N.A.: **“Well Logging Techniques,’ 12. Evans, C.B. and Gouilloud, M.: **The Changing Role of Well

World Pet. Cong., Tokyo (1975) 3, 295-305.



