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Since the first recording of a wireline log, in September 1927, by a team 
working for the Schlumberger brothers, geologists have shown their interest 
in this new way of analyzing subsurface formations. The first name given to 
this measurement by Marcel and Conrad Schlumberger, electrical coring, 
shows remarkable foresight. This term is becoming more and more applicable 
with the introduction of the newest sensors, capable of describing formations 
in ever greater detail, both in their composition (elemental and mineralogical), 
and their textural and structural features. These steps towards a more precise 
analysis of the formation have created a renewed interest by geologists in 
wireline data. However, a good knowledge of both geology and log interpre- 
tation is necessary in order to extract the maximum amount of information 
from wireline data. This work is the contribution of an eminent geologist and 
expert in wireline log interpretation to bring the two sciences together. 

Oberto Serra has a doctorate degree in geology. He also has acquired 
twenty years experience of wireline log interpretation, firstly with the 
ELF-Aquitaine group, where he was the head of the well logging department 
for ten years, and secondly with Schlumberger since 1978. His constant 
concern is to  establish links between geology and wireline logs. His approach 
to their interpretation shows how log data are dependent on geological 
parameters and, conversely, how to extract geological information from 
wireline logs. 

The work presented in this book is Oberto Serra’s contribution to 
improving wireline log interpretation for geological and reservoir description 
purposes. We hope that it will be useful to geologists and other professionals 
involved in wireline log interpretation. 

Jean BOUCAU 
President 

Etudes et Productions Schlumberger 
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INTRODUCTION 

Our modern society has a constant need for raw 
materials and energy. An on-going effort in explo- 
ration and research is necessary, therefore, to  
discover and develop them. And, in this effort, it is 
better to appeal to geology than to  rely on chance. 

Geology is by definition "the study of the planet 
Earth. It is concerned with the origin of the planet, 
the material and morphology of the Earth, and its 
history and the processes that acted (and act) 
upon it to affect its historic and present forms" 
(Glossary of Geology, 1980). 

This study, even when it includes fundamental 
research, is aimed a t  a better understanding of the 
influences that have formed, transformed and 
modelled our planet, of the laws ruling the forma- 
tion of rocks, their distribution, their transforma- 
tion, their deformation, and of the laws governing 
the accumulation of those raw materials which are 
of economic interest. This scientific guidance is 

available to  help us discover the low cost minerals 
and energy resources that humanity needs so 
much. 

The work of the geologist (Table 1 )  consists of : 
- the complete and objective observation and 

description of rocks and geological phenomena; 
- the interpretation of these observations by 

comparing them with : 
. those made on recent series or phenomena 

(existing models), 
. those coming from the study of reconstructed 

models or from laboratory experiments, 
. observations made on ancient formations 

which have been studied in detail and are well 
understood (ancient models and application of 
theories of actualism or uniformitarianism as 
developed by Hutton ( 1  788). 

In the case of the study of sedimentary rocks, 
this interpretation must lead to  a reconstitution of 

Table 1 
A general approach for the analysis of sedimentary rocks. 

I-Observe and describe 
the sedimentary body 

Composition 
Texture 
Colour 
Fossils 
Sedimentaty structure 

Thickness 
Lateral extent 

Vertical evolution 
Lateral evolution 

Structural dip 
Folds 
Fractures, stylolites 
Faults 

2-Compare with current models or 
well understood ancient models 

Lithology I 
Palaeontology 
Palaeocurrents 

Geometry 

Sequences 
Rhythms 

sedimentary bodies 

Relations with 
neig hbou ring 

%Interpret &Predict 

Location, 
Volume, 
Extent 
of mineral 
resources 

Depositional 
environment 
and 
palaeogeography 

Presence, \ Nature, 
Distribution 
of permeability 
barriers I Structure Tectonic features 

and stresses 
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the geographic and climatic frame and, conse- 
quently, to the understanding of conditions under 
which the rocks are formed. From this reconstitu- 
tion the geologist will try : 

- to  predict those zones most favourable for the 
accumulation of mineral resources, 

- to  specify the extent of the resources, 
- to  evaluate their volume from the estimation 

of the content of these mineral resources in rocks. 

1. ORIGIN OF GEOLOGICAL DATA 

To proceed with study and research, the geolo- 
gist utilises three sources of information. 

1 . I .  Outcrops 
(Quarries, trenches, ditches, 
tunnels, mines) 

In certain types of research, natural or man- 
made outcrops are still the essential source of 
geological information (Fig. 1); in others (petro- 
leum, coal, geothermal resources) outcrop infor- 
mation has been progressively replaced by drilling 

Fig. 1. - Photograph of an outcrop in Peira-Cava, South of 
France, showing several sequences of massive sandstones 
interbedded with laminated shales, in a deep marine environ- 

ment (photograph taken by Serra). 

data or completed by surface geophysics (gravi- 
metry, seismic surveying, magnetism), or borehole 
geophysics (wireline logging). 

This is because in modern exploration, drilling 
and geophysical techniques are more often used, 
not only in the petroleum industry, but also in 
subsurface storage, or to  discover coal, uranium or 
metallic minerals, and in geothermal resources. 
With deeper targets, outcrops, as a source of 
information, are less frequently used because 
extrapolations established from them are less 
reliable. Moreover, the geological complexity of 
targets increases (stratigraphic traps,, fluid per- 
meabilit ybarriers, size and depth of structures, ...). 

As a result, a t  the present time, most knowledge 
concerning geological sedimentary basins (espe- 
cially deep basins) comes from drilling and geo- 
physics. As stated by llling (1946) " ... if geology has 
contributed greatly to  the growth of the oil indus- 
try the debt is not a one-sided one. Geology owes 
a great deal to  the oil industry in the expansion of 
its knowledge and the increased efficiency of its 
methods . . . ' I .  

1.2. Surface Geophysics 

Two and often three dimensional pictures of 
subsurface can be obtained by today's surface 
geophysical techniques. They are extremely impor- 
tant tools for the exploration of subsurface, since 
it gives direct information, not only on the shape 
and arrangement of beds, but also on their nature, 
their petrophysical properties and even sometimes 
their fluid content (seismofacies, "bright spot", ...). 
The hypotheses drawn by the interpretation of this 
information must be verified by drilling. The tran- 
slation of surface geophysical data into a geologi- 
cal interpretation will be considerably easier and 
more reliable if it is supported by well log measu- 
rements. The former has thus to  be correlated with 
the latter. In other words, wireline log data provide 
the link between geophysics and geology : 

- wireline logs are the only means for providing 
an accurate transfer of time data to depth data. 
They allow for the transfer of amplitude and signal 
frequency data to sedimentological or economic 
data (facies, porosity, fluid content, ...). 

In fact, measurements of the density and the 
travel-time of acoustic sound derived from boreho- 
les with well logging tools, make it possible, after 
corrections, to  determine the accurate acoustic 
impedence and reflection coefficient for each 
boundary in formations. A reflectivity log made 
from acoustic and density data provides a basic 
document for the establishment of a theoretical 
seismic section through the GEOGRAM *, pro- 
gram, which, when correlated with real seismic 
sections, permits its conversion into depth and 
makes a composite log possible. 

* Mark of Schlumberger 
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VSP real 

LOGS 

GEOGRAM 

VSP synthetic 

Fig. 2.  - Composite display of the different geophysical answer 
products; the logs, in time scale, are reproduced on the side 
of the GEOGRAM. VSP and synthetic VSP are also shown 

alongside (from Mons & Babour, 1981). 

The Vertical Seismic Profile (VSP) obtained in a 
well provides the best vision and exact depth of 
each reflector, its signature and the effect over the 
underlying reflectors. It enables the transformation 
to be made from reflectors to  beds, providing a 
precise measurement to  go from depth to  time 
and vice versa. For example, it is possible to  (( see" 
the beds which underlie formations with strong 
reflectance (anhydrite, halite, compact dolomite or 
limestone), or with strong attenuation (undercom- 
pacted shales), or formations below the bottom 
well depth. It also makes it possible to  remove the 
multiples that often complicate the interpretation 
of seismic sections. VSP can also be used to  
analyse the rock properties through the study of 
seismic waves (Direct Signal Analysis DSA 
method). 

A graphic display of logs versus time instead of 
depth can also be easily obtained and reproduced 
alongside VSP and GEOGRAM (Fig. 2 ) .  

* Mark of Schlumberger. 

1.3. Drilling 

Two kinds of data are obtained during drilling : 
- those linked to  rock samples (full diameter 

cores or sidewall cores, cuttings), and to fluid 
samples; 

- those provided by physical measurements 
made in drilled holes essentially by wireline log- 
ging tools. 

Standard cores, if they are continuous, consti- 
tute a sampling of good quality that will give 
abundant data. Unfortunately, for economic and 
technical reasons, coring can be a rare operation, 
particularly under certain drilling conditions or in 
certain types of formations. Therefore, often the 
only rock sample available consists of the cuttings 
obtained during drilling, or sidewall cores cut with 
the help of a bullet core barrel which runs with a 
wireline. 

In some cases, there is considerable uncertainty 
over the depth of a given cuttings sampling and 
furthermore it can be difficult to  restore the 
constituents and thickness of the lithological 
column from cuttings alone. This is due to  mud 
swirling, caving, the loss of some constituents (si l t  
size grains, salts) during washing or by total lost 
circulation events. The reduced dimension of this 
type of rock sample does not generally allow a full 
analysis, and makes an observation incomplete. 

Cores may also have drawbacks such as partial 
recovery or none at all, sample damages (mecha- 
nical fracturation, depth matching, ...). 

The geologist is therefore often short of, or 
deprived of representative or good quality Sam- 
ples. Sidewall cores can partly compensate for this 
shortcoming but, because of their small size, 
observations or measurements may still be inaccu- 
rate compared to  those carried out on larger 
samples. As a result of these limitations, the 
second type of information (obtained from wireline 
logs) has become increasingly important, espe- 
cially as the quality and diversity of tools and 
methods of interpretation have been developed. It 
has not only proved its complementarity to  the 
preceding geological data, but also the invaluable 
and essential aid it provides in synthesis of data. 

Wireline logs are of special interest in that 
they : 

- provide the only source of data to  give accu- 
rate information on the depth and the apparent, 
and even real, thickness of beds if a dipmeter has 
been recorded. 

- give a nearly continuous analysis of the for- 
mations (one sampling every 15 cm for traditional 
open hole logs; this frequency can be increased to 
one sample every 3 c m  if required, and one Sam- 
pling every 5 m m  or even 2.5 m m  for dipmeter 
tools). In contrast, information extracted from 
cores is more discontinuous, and often scattered 
in depth. Even in the case of continuous coring, all 
analyses are not systematically made on each plug 
taken from the cores. 



14 

- generally analyse a volume of rock that is 
much greater than the one represented by a core 
or plug, and consequently than a cutting. Conse- 
quently, they are more representative of the mean 
properties of the rock, especially in heterogeneous 
rocks. 

- measure rock properties a t  depth conditions. 
- The information logs provide is : 
. quantitative and, consequently, it allows us to 

think about geological objects represented by 
wireline measurements by using the full the com- 
puter’s capacity to process the information; 

. precise, even if, sometimes, errors are pre- 
sent; 

. objective and repetitive; 

. permanent; whereas the cores are destroyed 
for analysis, preventing any further study, log data 
can be reinterpreted with new ideas, new techni- 
ques, or new parameters; 

. obtained rapidly, even on the well site; 

. economic, coring and analysis of cores are 
expensive and time consuming, and the desired 
information is obtained only several weeks later. 

- The measurements made with wireline tools 
are strongly dependent on geological parameters. 
Consequently, the information they provide is of 
the utmost interest for geologists. 

In the previous volume the principles of the 
different logging tools were explained as well as 
the geological parameters which affect each 
measurement. Table 2 attempts to establish a 
hierarchy in the influence on each tool of the three 
principal geological parameters : composition, tex- 
ture and structure. The influence of fluids is also 
indicated because fluids are indissociable from 
rocks, in subsurface, and can influence certain 
measurements. 

One can reasonably conclude that wireline logs 
”photograph” the drilled formations. They provide 
a spectral picture, albeit particular and incomplete, 

Table 2 
Comparative response of well logs to the four 

main geological parameters 
(from Serra & Abbott, 1980). 

LOG TYPE 

RESISTIVIV 
SP 
EPT (Propagation 

EPT (Attenuation) 
GR 
NGS 
CNL 
FDC. LDT (pb) 
LDT (Pel 
TDT (1) 
BHC (At) 
BHC (Attenuation: 
GST 
HDT or SHDT 
CAL 
HRT 

Time) 

COMPOSITION 

* *  

.t 

t. .. 
* * *  
.* ... ... .. .+ 
*.+ 

.. 

TEXTURf 

*.. .. . 
t 

. .. +. 
+ b  

+ * *  
+. 
t. .. .. 
** .  

EDIMEMARY 
STRUCTURE 

* *  ... 
t 

. . 

. 
+ 

+ 
+ *  
+ .+. 
.t. 

- 
:LUID 

+ t +  ... 
..* 

t t t  

.. ..+ . 
t.t 

+ *  
.+t 

..t 

t . 
* *  - 

which is practically continous and always perma- 
nent, objective and quantified. It is easily unders- 
tood that the ”picture” will be clearer when the 
number and the diversity of the log measurements 
are greatest. One can say that logging tools are to 
subsurface rock description what the eyes and 
geological instruments (hammer, magnifying 
glass, ...) are to the surface outcrop. Thus, the logs 
can be considered as the “signature“ of the rocks 
since they depend on their physical properties. 
Log data must be treated like geological data and 
any log interpretation is in itself a geological 
interpretation, whether we are aware of it or not. 

Wireline logging tools measure the physical 
characteristics of drilled formations. These charac- 
teristics in fact result on the one hand, from 
physical, chemical and biological (hence also 
geographical and climatic) conditions that existed 
in the deposits and which characterize environ- 
ment (Table 3), and on the other hand from the 
evolution that these formations were subjected to 
during their g eolog ica I history . 

The mineralogical composition, texture, sedi- 
mentary structure and nature of facies, deduced 
from the data measured by logs, are not the only 
available information. Table 22-1 from Volume 1 
(page 329) has a more or less complete list of 
direct or indirect measurements, which is summed 
up under the following headings : 

b Description of rocks : Petrology 

- Mineralogical or elementary composition; 
- Texture; 
- Sedimentary structures; 
- Paleocurrents. 

b Study of static and dynamic behaviour of 
reservoirs 

- Petrophysical characteristics (porosity, per- 
meability ...) ; 

- Nature and volume of fluid content (porosity, 
saturation), a t  the begining of production and in 
certain periods of the life of a producing well; 

- Fluid dynamics : formation pressure; mobility 
of fluid; evolution of saturation with time of 
production; reservoir modelling. 

b Formation of rocks : Sedimentology 

- Facies analysis; 
- Sequential analysis; 
- Reconstitution of the geometry of sedimen- 

tary bodies : correlation of facies; 
- Depositional environment. 

b Transformation of rocks : Lithification 

- Diagenetic phenomena; 
- Compaction. 
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Table 3 
Relation between geometry, facies, sequences, and environment 

(adapted from Krumbein & Sloss, 1963). 

I I 
ENVIRONMENTAL FACTORS RESULTING FEATURES 

IGeometry of the environment 1 
4 Energy of the environment I 4 . 

1 Materials of the environment 1 

environment 

0 Size of the deposits Geometry 

0 Properties of the sediments 1 Lithology - Composition 
-Texture - Sedimentary structures - Palaeocurrents 
- Colour 
- Fossils Palaeontology 

0 Lateral variations in the 
sedimentary properties 

+ 
Lateral 

sequences 
I 

I I  Environment 

b Organization of series : Stratigraphy 

- Study of serial succession : relative dating; 
- Significance of breaks; 
- Detection of unconformities; 
- Stratigraphic correlations. 

b Deformation of series: Tectonic or structural 
geological 

- Determination of structural dip; 
- Detection and study of folds; 
- Detection and study of faults; 
- Detection and evaluation of fractures. 

b Role and importance of wireline logs in geolo- 
gical synthesis : sections, maps, block-dia- 
grams 

b Geophysical applications 

b Application in discovery and exploitation of 
geothermal resources 

b Other applications : Exploration for water, ura- 
nium, coal, subsurface storage of gas, or liquid 
hydrocarbons, ... 

Upon examination of this list one realizes that 
the use of logs goes far beyond the frame of 
reservoir studies. Reservoir and production engi- 
neers are not the only ones to exploit the logging 
data. Geologists and geophysicists do the same. 

It is to be noted that if wireline logs owe their 
rise to oil exploration in particular, other sectors 
have also become aware of their use. Thus logs 
are presently used more extensively in exploration 
for coal, uranium, potassium, metallic minerals 

and also in hydrocarbon storage, in the study of 
water nappes and in geothermal research. 

Hence, the use and interpretation of wireline 
logs in different fields will be discussed in this 
volume. 

2. CLASSIFICATION OF DRILLING 

The existence of wireline logs is conditioned by 
drilling. Users must also know that the number and 
the type of logs or, in other words, the logging 
program, will closely depend, on the one hand, on 
the category of drilling and therefore on the 
objectives and the informaton to be collected; and 
on the other hand, on hole characteristics (vertical 
or deviated, bit diameter, ...), and on drilling mud. 

In oil exploration, drilling is usually classified 
into four major categories, depending on the 
principal drilling objectives. This type of classifica- 
tion can easily be used in other fields. 

2.1. Exploration or Wild-Cat Drilling 

This category of drilling generally plays a double 
role : 

- As a test - in fact drilling most often allows 
one to confirm or to reject previously formulated 
hypotheses on stratigraphic series, types of facies, 
tectonic aspect, the existence or non-existence of 
horizons that contain mineral resources such as 
hydrocarbons, potassium, uranium, fresh or hot 
water. 

- As a purveyor of information; it gives minera- 
logical, palaeontological, sedimentological, geo- 
physical, geochemical, hydrological data ..., all 
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necessary for a better knowledge of regional 
geology. 

- Thus, it is better not to "skimp" if the drilling 
is to achieve its objectives. Therefore, exploration 
geologists have not only to insure a serious 
geological surveillance by a good sampling of 
rocks and fluids (cutting, cores, tests), but also to 
see that a complete set of wirelin elogs are 
obtained to provide answers to overcome the 
shortcomings of the sampling, and also to respond 
to the whole series of geological and economical 
questions that will be raised by drilling. 

2.2. Evaluation Drilling 

The essential task of evaluation drilling is to 
determine the extent of a discovery. But it also 
allows one to verify the accuracy of newly formu- 
lated hypotheses, suggested by exploration dril- 
ling. Finally, it will complete the information collec- 
ted from previous drilling, thus giving a more 
accurate idea of the lateral evolution of facies and 
of the petrophysical properties of rocks. Thus, it is 
generally subjected to the same geological and 
logging surveillance as previous drilling. 

2.3. Development or Extraction Drilling 

The principal objective of development or ex- 
traction drilling is the extraction of a previously 
discovered mineral substance. But depending on 
the geological complexity of the oil field, or mine, 
the geological objectives assigned to this type of 
drilling will remain more or less important, as will 
the program of geological and logging surveil- 
lance. 

In the oil industry, with this type of drilling, it is 
desirable to monitor hydrocarbon saturation in the 
reservoir with time. This will lead to the periodic 
recording of certain logs through casing (for 
example TDT '). 

This knowledge of changes in saturation with 
time makes it possible to explor ethe field more 
thoroughly and to improve hydrocarbon drainage 
(additional perforation, intercalated wells, secon- 
dary or tertiary recovery, ...). 

2.4. Injection Drilling 

This kind of well is needed to inject fluids 
(water, gas, solvents, ...) into subsurface forma- 
tions, either to maintain formation pressure and 
improve drainage, and thereby the additional re- 
cuperation of hydrocarbons, or to recycle and 
reheat water in geothermic exploitation, or for 
hydrocarbon storage. 

Knowledge of geological models remains es- 
sential, particularly to know where the injected 
fluids go. This situation requires that geological 

Mark of Schlurnberger. 

surveillance be maintained, and consequently that 
a minimum logging program be carried out in 
injection wells. 

3. LOGGING PROGRAM 

Regardless of drilling category, before drilling is 
started it is necessary that every user (geologists, 
geophysicists, drillers, reservoir or production 
engineers) define the information that he expects 
to obtain from logs. This definition will ensure a 
drilling program that takes into account the log 
information needed as well as factors that affect 
log quality. 

The latter will depend on the objectives of each 
specialist. It is advisable that the program be 
established jointly by all users. 

It should be noted in passing that the choice of 
wireline log smust take into consideration the 
following parameters and restrictions : 

- nature of drilling; 
- hole diameter compared to tool diameter; 
- nature of drilling fluid : air, water, oil, foam; 
- nature of mud : salinity, density, viscosity, free 

water ...; barite, potash salt; 
- anticipated temperature and pressure during 

drilling; 
- type of formations expected : consolidated, 

unconsolidated, fractured; 
- assumed salinity and fluid aggressivity pre- 

sent in formations : brine, fresh or with changea- 
ble salinity; gas (COz, HzO), oil rich in sulfurous 
products. 

It is particularly important to know that 
- the tools with electrodes (normal, inverse or 

lateral, laterolog, spherically focused log, micro- 
log, microlaterolog, proximity log, dipmeters 
(HDT + or SHDT * )  cannot be used in oil-base mud; 

- an acoustic tool does not give accurate 
measurements in a hole with a large diameter or in 
a hole filled with air or foam mud; 

- the measurement of the photoelectric capture 
cross section realized by the lithodensity tool 
(LDT +) is greatly affected by baritic mud. This mud 
will also influence the measurement of natural 
gamma radiation spectrometry (NGS +); 

- a mud with potash salt will influence the 
natural gamma radioactivity measurement or the 
proportion of potassium in rocks. 

Before a logging program is established it is 
important that each user be informed of the 
drilling program (hole diameter, casing, type of 
mud used), and that he knows the size of the 
logging tools and the restriction in their use. The 
tools are in fact made up of different components 
(transistors, printed circuits, etc. ...) that are sensi- 
tive to temperature or to the infiltration of fluids 
under high pressure, and to fluid aggressivity 
(HS).  

The logging companies generally indicate the 
restrictions (diameter, temperature, pressure, log- 
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ging speed, ...) for each tool. The user may refer to  
Volume 1, appendix 1, Table A1-2 and Table 2-2 
from Chapter 2. There are also certain tools that 
are designed for "hostile" environments (tempera- 
ture, pressure, fluid, deviation, ...), and these 
should be used in such situations. 

Finally in preparing a logging program the 
possibility of combining tools, allowing a number 
of data to be recorded in only one run, also has to  
be taken into consideration. This possibility contri- 
butes to a diminution of rig time and is thereby 
more economical. With the new cable-communi- 
cation system proposed by Schlumberger (CCS *), 
all tools can be combined. 

However, we have to  be aware of the fact that 
we always lose information from intervals corres- 
ponding to the distance between the bottom of 
the hole and the recording point. It is obvious that 
this lost distance is more important in combined 
tools when the tool is situated higher in a combi- 
nation. The loss of information in certain cases 
may correspond to  as much as 30 meters. This fact 
naturally represents a serious handicap for combi- 
ned tools. The use of separated lo grecording is, 
therefore, preferred. Separated log recording can 
be made over the interval missed by the combina- 
tion tool string and still save time if the interval is 
large. 

We must also remember that in combined tools 
the logging speed of the whole system is adjusted 
to the speed requested for the slowest device. This 
is not necessarily a disadvantage. On the contrary, 
it actual1 ysuits radioactive tools, where measure- 
ments are subjected to  statistical variations. 

During logging and after the logs have been 
run, several stages of interpretation can be consi- 
dered : 

- to provide information needed to  make rapid 
decisions, "Quick Look" interpretations are made 
during recording or immediately after, therefore 
on the well site. 

- later, for more elaborate studies necessary for 
pursuit of exploration; 
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- a t  any time after the drilling of a well, for 
synthetic studies on a field, an area, a basin. 

Because of the capital importance of well site 
interpretation, the first chapter will be devoted to 
this subject. Regardless of the period of exploita- 
tion of wireline data, the interpretation must be 
done in the same way and in the same spirit as the 
analysis of rock samples. The log data has to  be 
considered, in fact, in the same way as geological 
data, and the same principles and methods must 
be applied. All log interpretation is, in itself, a 
geological interpretation, whether we are aware of 
it or not. 

It is necessary, therefore, to observe, describe, 
analyse and interpret the wireline "objects" as we 
would any other geological object. In the following 
pages we will try to  explain and to demonstrate 
this point. 

It must be noted that a clear interpretation of 
wireline logs has not only to be supported by an 
accurate and detailed analysis of obtained log 
data, but must also be based on a solid knowledge 
of tool principles and serious geological concepts. 

It is important not only to  understand how the 
measurements of physical parameters are obtai- 
ned, but also to  know to which geological reality 
they correspond. 

Log interpretation consists, thus, of a data 
"translation" from lo gparameters to  geological 
data. To do this we need a good "dictionary" or an 
"interpreter" who knows the two "languages" well. 

In fact, to  determine if wireline logs are capable 
of giving information concerning mineralogical or 
elementary composition, texture, sedimentary or 
tectonic structures, facies, stratigraphy, ..., we 
need first to  define what these geological terms 
cover. 

Only then we will be able to  specify how and in 
what proportion these geological parameters af- 
fect tool responses and, through this, by inverse 
reasoning, to  deduce the geological parameters. 

The purpose of the first volume was to  facilitate 
the access of geologists to  log knowledge. The 
review of fundamental geological notions, at the 
beginning of each chapter of this volume, is 
presented for non-geologist log analysts or geo- 
physicists. 



Chapter 1 

"QU I CK-LOO K" M ETH 0 DS 

In view of the high cost of operating drilling 
equipment, in particular in the offshore environ- 
ment, it is of the greatest importance to minimize 
down-time by being able to make key decisions 
quickly. Such decisions include whether to conti- 
nue drilling or to plug and abandon, whether to do 
formation tests, take further samples, run casing 
etc. 

Well logs provide valuable information which 
will help in making such decisions by answering 
the sorts of questions asked by geologists, geo- 
physicists, reservoir engineers or drilling engi- 
neers : 
- Are there any reservoirs present ? 
- What are 
- their upper and lower limits 
- their fluid contents ? 

. type of fluid : gas, oil or water 

. quantity of each fluid : porosity, satura- 

. fluid mobilities 

. lithology (mineralogy, texture) 

. porosity 

. permeability 

tion, effective thickness, volume 

- their petrophysical characteristics ? 

- where is the oil-water contact ? 
- are there any deeper horizons ? 
- what is the dip of the formations ? 
- how are we situated relative to the highest 

point of the structure, and relative to a possible 
fault or stratigraphic trap ? 

- are there any open fractures ? 
- is additional information required to clear 

up any doubt as to the nature of the fluids in place 
or the type of mineralogy ? 

- what is the formation pressure ? 
- are there any undercompacted zones ? 
- what is the true vertical depth ? 
- what is the hole trajectory, and what are 

its geographical coordinates as a function of 
depth ? 

- how much cement is required for casing ? 
- how good is the cementation ? 

The log analyst must have at  his disposal quick, 
reliable and proven methods so that he can 
answer these questions confidently and in the 
shortest possible time. 

Originally, these methods relied on ovedays of 
logs, interpretation charts, or graphic methods 
such as crossplots, the objective being to minimize 
methods requiring detailed calculations. 

However, with the advent of programmable 
pocket calculators, and above all with the intro- 
duction by service companies of trucks equipped 
with digital logging systems and computers such 
as the Schlumberger Cyber Service Unit (CSU *), 
came programs which greatly simplify the work of 
the log analyst. They allow greater speed and 
flexibility of processing, provide crossplots and 
overlays at  the desired scale, give better accuracy 
and facilitate more elaborate and comprehensive 
interpretations using programs written specially 
for wellsite computers. 

Regardless, however, of the method of interpre- 
tation used a t  the wellsite - be it manual, with the 
aid of a pocket calculator, or on the wellsite 
computer - it is essential to start with a set of 
measurements which are of good quality. 

1.1.  QUALITY CONTROL OF LOGS 

Clearly log data are only usable when the raw 
measurements are accurate and reliable. It is 
important, therefore, to ensure that all equipment 
is in good working order. The service company 
engineer and the supervisor are assisted in this 
task by equipment such as the CSU which provi- 
des means of verification. The control process 
proceeds in several stages which are illustrated in 
Fig. 1-1. 

Mark of Schlumberger. 
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INITIAL LOGGING I PROGRAM 1 
CALIBRATIONS ;F&, 
0 MOHlTOR 

RECALIBRATION PLAVBACKS. K PLOTS 

1 l v  

w i T n  PREVIOUS PROBLEM ' 

INFO,  v 
d+k 0 FIELD ~ COMPUTING CENTRE 

TAPE EDIT TAPE 
TRANSMISSION 

OUICK LOOK EVALUATION 

Fig. 1-1. - Flowchart of the logic used in the CSU for control- 
ling the quality of the measurements 

(courtesy of Schlumberger). 

1.1.1. Calibrations 

Quality control starts with checks on the cali- 
brations. These can take the form of a film which 
records galvanometer readings under suitable 
calibration conditions (Fig. 1-2a), or of a tabular 
summary in the case of CSU. 

These summaries are an integral part of modern 
measurements. They provide, in particular, a 
control of the quality and an evaluation of the 
accuracy of the measurement. 

In the past, most of the steps were to record the 
calibration of galvanometers and other surface 
apparatus for processing and recording the mea- 
sured signals. With the advent of CSU, this 
method has become obsolete. 

The basic measurements of the CSU are "raw" 
quantities such as millivolts, count rates etc. In 
order to obtain graphic logs, these raw measure- 
ments must first be converted into the desired 
parameters such as ohm-m, bulk density, etc., by 
means of exact mathematical relationships. 

The relationships used in these operations are 
established by means of calibration procedures, 
and then stored in the computer memory. It is 
these values which determine the accuracy and 
validity of the measurement, and these are the log 
parameter values shown on the calibration sum- 
mary attached to the CSU measurements (Fig. 
1 -2b). 

CALIBRATI 

I 
>It  5 U I V t V  

7 

5 

3 

2 I . .  
' I . .  

N RECORD 

I. Y l C M A N I C 4 L  2 1 1 0  
1 .  I I C O l D I D  S l N S l l l V l l V ~ l l M l U  Y l Y O l l Z I l  It US101 

>. I I .b  4 . *  -0 .1  1 . 4  0 .  I 
4 .  I 15.b 19.7 8 .1  11.0 9 . 0  

b .  4 S 7 . 1  6 1 . 4  51.0 3 1 . 1  6 5 . 1  
5 .  a 3 1 . a  1 6 . 0  1 5 . 1  1 9 . 1  1 r . 1  

7 .  PO1OSllV N O l Y 4 L l Z l O  W I l M  C N 1 - 4  IN  P L A C I  
7.. IOOL IN N C 1 - 0  

# A .  LOG ? O S I I I O N  W I I M  TOOL IN  N C t - l  
8 .  LOG P O S l l l O N  W11M C N 1 . A  IN P L A C I  

OM C M  

I S  IS 00 L I S  L I  

I 8  11.1  l 0 . l  I S . )  1 1 . 1  

@A110 I N O I M 4 L I Z I D l  - ,Al,d',Ecl-,, 1 4 1 1 0  ILOGI 

Fig. 1-2a. - Sample calibration record for the CNL' 
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P F T E R  SURVEY TOOL CHECK SUMMPRY 

PERFORMED1 7 8 / 1  O / l O  
PROGRaM F I L E :  NUC ( V E R S I O N  1 0 . 2  7 8 /  6 / 2 7 )  

CHTA TOOL CHECK 

JIG 
B E F O R E  P r T E R  

NRRT 2 . 1 8  2. 1 9  

POROSITY CHQNGE ( L I M E ) :  0 . 0 0 2  

B E F O R E  SURVEY C P L I B R P T I O N  SUNMPRY 

PERFORPIED:  7 8 / 1 0 / 1 0  
P R O G R P M  F I L E :  N U C  ( V E R S I O N  1 0 . 2  7 8 /  6 / 2 7 )  

~ 

C H T P  DETECTOR C a L i B R a i i o r i  S U N M P R Y  

T Q N K  J IG 
C P L I B R P T E D  NEPSURED C Q L I B R A T E D  

NRPT 2 .  15 2 . 3 9  2 . 1 8  

SHOP SUMNPRY 

PERFORMED: 7 8 / 0 9 / 2 1  
PROGRM F I L E :  SHOP ( V E R S I O N  10.2 7 8 /  6 / 2 7 )  

c m n  DETECTOR C P L I B R P T I O N  SUIIMARY 

TRNK J I G  
MEPSURED C R L I B R P T E D  MEPSURED C P L I B R P T E D  

N R A T  2 . 3 7  2 . 1 5  2 . 3 8  2 . 1 6  

( C N C : 1 2 6 2  I C N B : 1 2 9 0  ) 

Fig. 1-2b. - Sample calibration summary for the CNL obtained 
with the CSU. 

Calibration theory 

We will now review the calibration theory of 
logging tools. 

A logging tool must provide the recording 
system with a signal which is related to  the 
parameter to  be measured in a known way, and 
the calibration is the means by which this rela- 
tionship is established. 

In order to illustrate, we will take a very simple 
tool - the caliper. The downhole tool sends a 
signal to the surface which varies linearly with the 
hole diameter. A two-point calibration method 
(using a large ring and a small ring) is used in 
order to determine both the slope and the offset of 
the relationship. 

Thereafter, if the response is truly linear, and 
there is no drift in the electronics, the recorded 
values correspond exactly to the variations in hole 
diameter. 

Linearity is assured by periodic shop calibra- 
tions, while possible drifts in the electronics are 
checked before and after logging. 

In the analog system, this two-point calibration 
lumps together the various drifts and other errors 
in the system and cancels them out. No distinction 
is made between descent and ascent, and no 
record is kept of raw measurements. Because of 
the digital nature of the CSU system, there is no 
possibility of drift in the surface recording system. 
However, there is still a possibility of drift in 
downhole tools, and therefore both the raw and 

CALIBRATED 
VALUE 

/ 

UNCALIBRATED 
RESPONSE 

PLUS CAL 
/3 POINT 

\SLOPE CHANGE 
= CALIBRATE GAIN 

' 
CALIBRATED 
RESPONSE 

/ 
/ ' ZERO CAL POINT 

MEASURED VALUE 

OFFSET 

Fig. 1-3. - Two-point calibration principle 
(courtesy of Schlumberger). 

calibrated measurements are retained, but the 
presentation of these measurements on the CSU 
system does not depend on galvanometer respon- 
ses. 

During logging, the engineer observes the 
various curves on the video monitor, and checks 
that the measurements made by the tools are 
consistent with each other and with those made 
over similar zones in nearby wells, as well as with 
known log responses such as those of casing, or 
of formations such as anhydrite or salt. 

He has at his disposal various aids such as 
histograms, crossplots, and "quick-look" presenta- 
tions of basic parameters such as 
- formation water resistivity 
- density of the solid fraction (log matrix 

- porosity 
He also checks that the tool has been correctly 

calibrated, and will re-calibrate if necessary. The 
engineer must then verify that all the necessary 
data for a complete interpretation are available. 

Finally, he checks that all recorded data are well 
presented and correctly labelled and scaled on 
each of the presentations required. 

density ) 

1.1.2. Repeat sections 

Each log is repeated over a certain depth inter- 
val (Fig. 1-4). This is to  ensure that the recorded 
parameters repeat exactly over the same forma- 
tions, apart from statistical variations. If they 
repeat exactly, or nearly so for nuclear logs, this 
proves that there are no drifts in the measurement, 
or "parasitic" effects associated with the tool, the 
latter, if they exist, tending to  occur in a random 
fashion. 

Mark of Schlumberger. 
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I REPEAT SECTION -1 

1 - w +  I 1-7 I 1 

I I 

............... 1-1 

Fig. 1-4. - Example of a repeat section and calibration tail, in this case for an IL-SFL-Sonic BHC combination, 

This is the means by which the correct opera- 
tion of the tool is verified, and hence the quality of 
the measurement. It is always necessary, there- 
fore, to compare the repeat section with the excellent means of verification. 

original pass to  be assured of good agreement. 
Comparing histograms run over the same interval 
of the original log and of the repeat section is an 
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1.2. CORRECTION OF RAW MEASUREMENTS . & W I  I , , 

As we have seen in the study of the individual 
tools (see Volume l), the formation signal is 
superimposed with spurious signals from the 
borehole, and with effects due to  the type of 
measurement itself. Clearly, if these "parasitic" 
signals become too large, the measurement be- 
comes unusable. lt is not advisable, therefore, to  
attempt to interpret raw log measurements, but 
rather to  start by correcting them for these parasi- 
tic effects. As we have seen, these effects are of 
various types. 

1.2.1. Borehole Effects 

Borehole effects are themselves related to  
various factors which are now analysed. 

1 .2.1.1. Drilling Fluid 

Drilling fluids can be of various types : 
- air 
- foam 
- water carrying varying amount of solids 

(bentonites, barite, lost circulation materials LCM), 
or dissolved salts (halite, sylvite) 
- oil, either as an emulsion or a continuous 

phase. 
The composition of the drilling fluid will deter- 

mine its density (and hence its power to  abso7b 
gamma rays), its salinity, i ts resistivity (and hence 
that of the invaded zone), i ts inherent radioactivity 
(due to bentonite and potassium salts), the quan- 
tity of free water and thus the invasion diameter, 
and finally the thickness, composition, density and 
radioactivity of the mud-cake. 

1.2.1.2. The Volume of Drilling Fluid Surrounding 
the Tool 

This will depend on the hole diameter and 
section (circular or ovalised), the smoothness or 
rugosity of the borehole wall, but equally on the 
tool diameter and positioning (centred or eccen- 
tred) and on whether it is a pad or mandrel-type 
tool. 

The interpretation of certain measurements 
requires as precise a knowledge as possible of the 
hole geometry around the measuring device, and 
certain tools are fitted within centering devices to  
maintain as simple a geometry as possible. 

Influences of this type can be eliminated 
manually using corrections provided for each tool 
by the service companies (Fig. 1-5 and 1-6). They 
can also be done automatically either a t  the 
wellsite by means of programs written specially 
for the wellsite computer, or a t  the computing 
centre. 
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"GR,.," is defined as the response of D 3 W n .  tool excentered in on &in. hole with 10-lb mud. 

Fig. 1-5. - Gamma Ray corrections for hole diameter, mud 
density and tool position (courtesy of Schlumberger). 

HOLE O U H E T E R  I INCHESI 

The hole-conductivity s i p d  i s  to be rubtrodad when neceiiory, from the Induction-tog conductiv 
ity reading before other ~~rrections are made: This ~ ~ m c t i o n  applies to all zones (including shoulder 
beds) having thc same hole size ond mud resistivity. 

Rcer-4 gives Corrections for 6FF40 or ILd, ILm, end 6FF28 for various wall stand-offr. Dashed work- 
ing lines illwtrdc use of the chart for the case of a 6FF40 sonde with a 1.5-inch standoff in a 14.&inch 
brehole, ond R., = 0.35 O'm. The hole signal is found to be 5.5 rnSIm. If the log reads R,, = 20 R'm. 
C,,(Conductivity) = 50 mS/m. The corrected CILiithcn (50 -5.5) = 44.5 mS/m. R,, = lwO/44.5 = 
22.4 R'm. 

* CAUTION: b m c  Induction Logs, especidly in salty muds, ore adiusted so t h d  the hole signal for the 
nominal hole size is already subtracted out of the recorded curve. Refer to log heading. 

Fig. 1-6a. - Hole size and stand-off corrections for the Induc- 
tion (courtesy of Schlumberger). 
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IATEROLOG 7 BOREHOLE CORRECTION 

DEEP LATEROLOG BOREHOLE CORRECTION 
DLSB Tool Centered, Thick Beds 
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Fig. 1-7. - Example of gammma ray and neutron corrected for 
borehole effects at the wellsite using the CSU (courtesy of 

Schlum berg er) . 

The effects - known as environmental effects 
- which can be corrected by the CSU are listed 
below. Fig. 1-7 is an example of corrected neutron 
and gamma ray logs obtained at the wellsite. 

1.2.2. Effects due to the Tool 

SFL' BOREHOLE CORRECTION 
1 5  These are also of various types. 
1 4  

1 3  1.2.2.1. Vertical Resolution of the Tool 
E l 2  

E j l l  Whenever formation layers are thin compared 
with the vertical resolution of the tool, the measu- 
rement does not give a true representation of the 

''1 2 5 10 20 50 100 200 500 1000 5000 10.000 layers because it is influenced by the surrounding 
layers. These effects can be corrected manually 
with charts provided by the service companies 
(Fig. 1-8). This is not yet possible on the wellsite 
computer because the problem is complex and 
requires substantial computer memory and pro- 

1 0  

0 9  

R s r i  I R m  

Flg 1-6b - Borehole corrections for various laterologs and for 
the Spherically Focused Log (SFL) 

(courtesy of Schlumberger) 
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Fig. 1-8a. - Shoulder bed corrections for Induction (courtesy of Schlurnberger). 
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Fig. 1 -8b. - Shoulder bed corrections for Laterologs (courtesy of Schlumberger) 
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lo Th 

Fig. 1-9. - Geological model with pre-defined contents of 
thorium, uranium and potassium (courtesy of Schlumberger). 

cessing time. The computing centre, however, 
provides correction programs, in particular for the 
laterolog and induction tools of Schlumberger. 

1.2.2.2. Statistical Variations 

As was seen in Chapter 5 of Volume 1, the 
measurement of nuclear parameters is subject to 
statistical fluctuations related to the random na- 
ture of the underlying phenomena. These varia- 
tions can sometimes be sufficiently large to 
warrant a preliminary filtering on every measure- 

1 0 w4 251 

0 w5 25 i 
WI 400 pi 

Fig. 1-10, - Theoretical readings in counts per second (cps) by 
window for the model in Fig. 1-9 (courtesy of Schlumberger). 

ment. A case in point is the Natural Gamma Ray 
Spectrometry (NGS '). To illustrate the importance 
of these effects, we will take a geological model in 
which the levels of thorium, uranium and potas- 
sium are known for each formation (Fig. 1-9). We 
will create an artificial log, with theoretical window 
responses (Fig. 1-10) which will be used to recalcu- 
late the thorium, uranium and potassium levels 
(Fig. 1-11). 

Mark of Schlumberger. 
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Fig. 1-11, - Computation of contents of  thorium, uranium and 
potassium from the theoretical responses and from standard 

calibration blocks (courtesy of Schlumberger). 

As a result of statistical variations, on the one 
hand greater in the high energy windows than in 
the low, and on the other appearing sometimes to  
be of opposite phase in the different windows, the 
parasitic effects appear as thorium-uranium or 
uranium-potassium anti-correlations, and as nega- 
tive values, particularly for uranium. The effective- 
ness and reliability of the filter used is demonstra- 
ted by the disappearance of these effects after 
filtering (Fig. 1-12). 

This correction can be applied a t  the wellsite on 
the CSU, or at the computing centre. 

Fig. 1-12. - Computation of contents of thorium, uranium and 
potassium from the theoretical responses and from standard 
calibration blocks, but also applying a Kalman filter (courtesy 

of Schlumberger). 

1.3. LOG DEPTH MATCH - COMPOSITE LOGS 

This operation consists of depth-matching the 
various parameters, whether they are recorded on 
the same pass or not. Obviously, measurements 
corresponding to the same depth, and hence to 
the same level or geological layer, but recorded by 
different tools, may not show the same depth for 
a particular feature, even when the logs are recor- 
ded by tools run in combination using a memoriza- 
tion system. 
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Depth mismatches are due to  a combination of 
factors : 

- sonde and cartridge weight, which varies 
from one tool to  another, and depends on tool 
characteristics, e.g. whether the tool is a simple 
mandrel or is pad-mounted, usage of centralizers, 
etc. All these factors affect cable stretch, which 
will vary from one tool to  another; 

- hole conditions, e.g. whether the hole is 
vertical or deviated, rugosity, caves, eroded soft 
clays interspersed with uneroded hard formations, 
density of the drilling mud, etc; 

- offshore, the effects of tides, swell and even 
the movement of a semi-submersible or drillship 
with imperfect wave motion compensation. 

These factors, whether they result in a "yo-yo" 
effect, varying friction or even sticking or momen- 
tary catching, result in increased pull on the cable, 
and the resulting stretch will vary from one run to  
the next. 

These phenomena do not occur at the same 
depth for every tool, and because the logging 
cable is elastic, a bed which is opposite the tool at 
the moment of sticking will appear to  be thicker 
than it really is. It is essential, therefore, to  
compensate for these variations. 

It is important to  depth-match measurements 
corresponding to  the same level in order to  
eliminate errors which could result from associa- 
ting a measurement X at level A with a measure- 
ment Y at level B. 

This matching can be done manually, interacti- 
vely or automatically. 

Manually or interactively, the method relies 
partly on the depth of the casing shoe and partly 
on reliable markers which give characteristic, 
unambiguous responses on each measurement. 
Typical markers are anhydrite, halite, coal or even 
sands or shales. Moreover, the general behaviour 
of curves over successive intervals usually exhibits 
a degree of correlation or anti-correlation. Within 
such intervals, the depths of the points of inflec- 
tion are noted on each curve and used to  deter- 
mine the depth mismatch. The depths read from 
each log for each marker level or correlation point 
are entered manually or with the aid of an interac- 
tive screen. A program is used to  squeeze or 
stretch the curves so that the difference in depth 
is distributed linearly between two successive 
markers. Naturally, one log must be selected as a 
reference base for depths. The gamma ray log is 
widely used because it can also be run in cased 
hole. 

For automatic processing, various methods 
have been proposed. 

Recently, Kerzner (1 984) proposed a mathema- 
tical optimization model based on correlation 
coefficients and dynamic programming. A pair of 
logs may be measuring parameters which are 
correlating, anti-correlating or independent. The 
method consists of choosing a correlation window 
and a correlation interval along which the second 
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Fig. 1-13. - Diagram showing how two tapes are merged. 
(courtesy of Schlumberger). 

curve will be displaced relative to  the first, deter- 
mining whether there is a correlation between the 
two parameters, and finally tying-in the two logs 
by adjusting the second log until it matches the 
reference log. 

Although these methods provide a means of 
depth-correlating logs with each other, they do not 
provide an absolute measurement of depth or of 
bed thicknesses. The dipmeter log is the best 
method of obtaining this type of information. This 
tool includes a device to  measure tool velocity- 
accelerometers in the case of the SHDT', an 
additional electrode situated just above the mea- 
sure electrode in all tools. The latter device allows 
a correlation between two almost identical curves, 
from which variations in tool speed can be dedu- 
ced by comparing the displacement between the 
two curves with the known distance between the 
two electrodes. The dipmeter provides the dips of 
the beds together with the hole deviation, and the 
apparent bed thicknesses are corrected for these 
two factors to  provide the actual thicknesses. 

The introduction of accelerometers in every tool 
string should allow this automatic correction for 
variations of apparent bed thickness from one 
curve to  another, and provide easier and more 
accurate depth-matching of the different measu- 
rements. 

One cannot over-emphasize the importance of 
this stage in the preparation of log data. The 
quality and reliability of the entire interpretation, 
be it qualitative, as in the case of FACIOLOG or 
LITHO, or quantitative as in the case of GLOBAL *, 
will depend on the precision of the log correla- 
tions. 

Log correlation and the generation of a compo- 
site log can now be done automatically using the 
CSU. Two magnetic tapes containing different 
parameters can be combined to  give a single tape 
containing all the parameters, depth-correlated 
(Fig. 1-13). 

* Mark of  Schlumberger. 
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Fig. 1-14. - Example of a composite log obtained at the wellsite 
using the CSU (courtesy of Schlumberger). 

This tape can be replayed using a suitable 
display program will give a graphic record of the 
full suite of logs on a vertical scale, and with the 
desired sensitivities (Fig. 1-14). 

In the case of deviated wells, it is possible to  
re-display the measurements in true vertical depth 
(Fig. 1-15). This is achieved by introducing hole 

deviation data (angle and azimuth), either as 
values entered on the keyboard or as continuous 
measurements providing this information (dipme- 
ters-HDT’ or SHDT, or a tool which measures 
borehole geometry-BGT *). 

1.4. IDENTIFICATION OF RESERVOIRS 

Since it is only zones which are potential reser- 
voirs which are of economic interest, these zones 
must first of all be identified so that attention may 
be focussed on them. 

Reservoirs zones produce typical log responses 
because of their petrophysical properties, most 
notably because of their porosity and permeability. 
These two properties are responsible for the fact 
that a reservoir usually becomes invaded by mud 
filtrate, accompanied by the formation of a mud- 
cake, especially when the borehole pressure ex- 
ceeds that of the formation. This results in an 
annular region in the reservoir containing fluids 
which generally differ from those of the reservoir, 
and there will be several coaxial rings of varying 
resistivity, fluid density, hydrogen index, capture 
cross-section etc. 

A reservoir zone may simultaneously exhibit 
some or all of the following properties. 

1.4.1. Deflection of the Spontaneous Potential 
Curve 

If there is sufficient contrast between the 
salinities of the filtrate and the formation water, 
the spontaneous potential curve (SP) will deflect 
from the baseline reading in shale. The first step is 
t o  connect the SP readings opposite the shale 
zones (Fig. 1-16). Shale zones are characterised by 
higher radioactivity, large separation between 
hydrogen index and density readings (when the 
scales are compatible), high sonic travel time, 
resistivities from the various devices tracking 
closely, absence of mud-cake and often by the 
presence of caves. 

Every zone in which a deflection occurs is a 
potential reservoir. The deflection will be positive 
if Rmf < R,, negative otherwise. It must be noted, 
however, that an SP deflection does not necessa- 
rily mean that the reservoir is sufficiently permea- 
ble. It is possible to  have a deflection opposite a 
formation of low permeability due to  the develop- 
ment of an electrokinetic potential which is greater 
in the case of fresh muds. 

It must be noted that no SP deflection does not 
imply there is no reservoir. This situation occurs 
when Rmf = R,. 

Mark of Schlumberger. 
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1.4.2. Radioactivity 

Reservoirs usually exhibit very low radioactivity 
(Fig. 1-17), due to traces of potassium. It must be 
remembered that there are certain sands and silts 
which are radioactive (Fig. 1-1 7) because of a high 
content of potassium feldspars, mica or heavy 
minerals containing thorium or uranium. Radioac- 
tivity in calcites or dolomites may be due to 
phosphates or glauconite, or to organic matter or 
bitumen. 

On the other hand, non-radioactive zones are 
not necessarily porous and permeable, for exam- 
ple anhydrite, gypsum or halite. 

Oapth 
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11 

Fig. 1-15. - Example of a log made in deviated hole brought to 
true vertical depth (courtesy of Schlumberger). 

1.4.3. Presence of Mud-cake 

A mud-cake is commonly deposited on the 
borehole wall as a result of the invasion process, 
and this has the effect of reducing the nominal 
hole diameter (Fig. 1-18). However, if there is any 
erosion of the formation, as with loose sands or 
fractured carbonates, the mud-cake deposit will 
not be detected because of the hole enlargement. 

1.4.4. Separation on Resistivity Curves 

The micronormal and microinverse curves of 
the microlog normally show a positive separation 
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GAMMA RAY I sp 150 (API) 

Clean sand SP 
base line 

SP base line 
of shales 

Fig 1-16 - Identification of reservoir zones using SP and 
gamma ray 

Fig. 1-17. - Example of radioactive reservoirs (levels c) confir- 
med by the SP response. 

due to their differing depths of investigation (Fig. 
1-18). It must be noted, however, that such a 
positive separation is possible in caved zones (Fig. 
1-18), and that the separation in porous zones with 
mud-cake is negative, especially when R,' c R,. 
On macrodevices such as DLL' or DIL"-LL8, 

separations are observed between the curves of 
different investigation depths because of invasion, 

MICROLOG 1 (0hrns-rn2/rn) 1 
Microinverse 1" x 1" 

Micronormal 2" 
10- - - - - 

MICROCALIPER 
. . - - . . . . . -. . . . - . -. 

16' 
SP 

> 
0 s 
P 
t 
4 

Fig. 1-18. - Identification of reservoir zones using SP, caliper 
and microlog. 

Fig 1-19 - Example of identification of reservoir zones from 
the separation of the resistivity curves Hydrocarbon-bearing 
reservoirs (3760-3788 ft) are revealed by comparing the 

(Rxo/R,)aL curve with the SP (after Dumanoir et a / ,  1972) 

a t  least when the formation is permeable and 
when there is sufficient contrast between the 
filtrate and formation water resistivities. 

Mark of Schlumberger 
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1.4.5. (Rxo/Rt)Quick-look Method 

Similarly, one can compute the ratio ( Rxo/Rt)aL, 
and this will be close to unity in shaley or compact 
zones, close to Rmr/R, in water-bearing zones, and 
well below Rmf/R, in hydrocarbon-bearing zones. 
As was suggested by Dumanoir et a/. (1972), a 
curve - Klog( Rxo/Rt)aL can be superimposed on 
the SP, choosing a scale such that the curves 
overlay opposite shaley and water-bearing zones 
(Fig. 1-19). Hydrocarbon-bearing zones then show 
up as a separation of the two curves. Shaliness 
has little effect on the separation, the variations in 
SP due to shale being more or less proportional to 
the variations in (Rxo/Rt)aL due to shale. Further- 
more, this overlay method is not sensitive to 
variations in R,. 

1.4.6. Porosity Tools 

Each porosity tool should give a reading in 
porous zones which, when converted to porosity 
as a function of lithology, will show the same 
porosity in reservoirs which are free of gas and 
clay effects. 

It must be remembered, however, that some 
rocks of low density and high hydrogen index, 
such as gypsum, bischofite or epsomite may 
appear to be reservoir rocks. 

1.5. CHARACTERISTICS 
OF RESERVOIR FLUIDS 

The objective here is to determine whether any 
of the reservoirs contain hydrocarbon, and if so, 
what types of hydrocarbon are present. 

1.5.1. Search for Hydrocarbon-bearing Reser- 
voirs 

Several methods are available for identifying 
reservoirs which contain hydrocarbons. 

1.5.1 .l. Resistivity Methods 

If the formation water does not change bet- 
ween a hydrocarbon-bearing zone and a water- 
bearing zone, that is, if its salinity and hence its 
resistivity remain constant, reservoirs which 
contain hydrocarbons will exhibit resistivities 
which are higher than those of water-bearing 
zones. 

At the same time, the ratio RxO/Rt will be lower 
in water zones, because filtrate invasion alters the 
fluid and lowers the hydrocarbon saturation in the 
invaded zone, and because of the different inves- 
tigation depths of macro- and microresistivity 
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- 8  L .  
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--- 
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Fig. 1-20. - Hydrocarbon detection by resistivity curve overlay. 

m 72 20 

Fig. 1-21. - Evaluation of hydrocarbon-bearing zones using 
crossplots of resistivity and porosity (pb, $IN, At) (courtesy of 

Schlurnberger). 
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Fig. 1-22. - Crossplots combining (a) At and I /dR , ,  (b) pb and l / l /Rt ,  made with the CSU as an aid to hydrocarbon identification 
(courtesy of Schlumberger). 

devices '. Thus water zones yield maximum values 
of this ratio, that is, the maximum spread between 
the microresistivity curves (MLL, MSFL, PL) and 
the macroresistivity curves (LLD, ILD) when R ~ L L  or 

MSFL) > R ( L L o r  IL), or conversely, the minimum spread 
when R(MLL or MSFL) < R(LL IL). Hydrocarbon zones 
are identified by a minimum spread in the first 
case, and by a maximum spread in the second. 

One can equally well overlay the macro- and 
microresistivity in the water zones, and in that 
case the curves will be spread in the hydrocarbon 
zones (Fig. 1-20). This method is known as Resisti- 
vity Overlay. 

These methods are not recommended when 
there are frequent variation in water salinity, and 
are of little use when the invasion is either very 
shallow or very deep. 

Finally, the ( Rxo/Rt)OL method already discussed 
(Fig. 1-19) has the advantage of giving an indica- 
tion of hydrocarbon mobility, and is little effected 
by shaliness or R, variations. 

1.5.1.2. Ratio Plots 

This method consists of plotting pb,  qh or At, on 
a linear scale, as a function of l/l/Rt (Fig. 1-21). 
Points corresponding to water zones usually plot in 
a straight envelope of points corresponding to the 
lowest values of R, for a given value of pb, qh or At. 
Gamma ray or SP readings may be displayed as a 
Z-axis to ensure that the points chosen are clean. 

' According to the Archie equation, the ratio 
R.,/R, is given by (Rxo/Rt) = (RTdRw) . (SE/St,). 
In water zones S, and S., are both unity. In hydrocarbon- 
bearing zones s, is less than Sro. 

~- 

Points representing hydrocarbon zone will fall 
clearly below this line. The same plots can be used 
to determine the saturation S, by adding lines of 
equal saturation. All these lines pass through an 
origin representing the matrix (pma, qh = 0, A t m a )  
where R, = 00. The S, = 50 O/o and S, = 25 O/o lines 
are constructed by joining the matrix point to a 
point which, along the same vertical line corres- 
ponds respectively to 4 and 16 times the value of 
Rt on the water line (which corresponds to Ro). 
These plots can easily be obtained using compu- 
ters on board the modern wellsite truck (Fig. 1-22). 

These methods give their best results in zones 
of salty water, little or no shale, constant lithology, 
constant water salinity and moderate invasion. 

1.5.1.3. Formation Factor Method 

Apparent formation factors can be computed 
from density (FDC *), neutron (CNL"), micro- and 
macroresistivities (MLL or MSFL, LL or IL) and 
compared with each other. The various factors 
are : FDN = a/@%, FR, = Rt/R, and FR.~ = Rxo/Rmf .  

The computation of these factors is done auto- 
matically on the wellsite computer, and reprodu- 
ced on a logarithmic scale as a function of depth 
(Fig. 1-23). This method is known as the F- 
Overlay method. 

In clean formations, what ever the lithology, #DN 

is very close to the true formation porosity. In 
clean, water-bearing formations the three values 
of F are more or less identical and equal to the true 
formation factor, always assuming that R, and R m f  

have been correctly chosen. In formations with 

* Mark of Schlumberger. 
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Fig. 1-23. - Example of the use of the F-overlay for locating 
hydrocarbon-bearing zones (courtesy of Schlumberger). 

movable hydrocarbons S, < S,, < 1, and there- 
fore FR, > FRxo > FDN, with FDN staying close to  the 
true formation factor. 

In shaley formations, this method does not give 
very good results because the Archie equation 
does not apply. 

1.5.1.4. R, Method 

R,, is the apparent resistivity of the formation 
water obtained from the Archie equation, which 
assumes a clean, water-bearing formation. R w a  is 
defined by the following relationship : 

10850 I I 10875 

I 10900 

0925 

0950 

I 

I 
5 

Fig. 1-24. - Example of the use of the R,, log for locating 
hydrocarbon-bearing zones and for computing R,. 

1-24). This presentation is made a t  the wellsite, 
and is known as a merged quick-look. (Fig. 1-25). 

This technique may be used to determine the 
formation water resistivity R,. 

A similar technique may be used to  calculate 
R m f  : RMLL or RMSFL 

R m f a  = 
FDN or FS 

1.5.1.5. Fresh-water Reservoirs 

Where the formation water is fresh, it is difficult 
to  distinguish water and hydrocarbon-bearing 
zones on the basis of resistivity alone. In such 
cases it is useful to  compare the porosity from the 
EPT + with that from a neutron (CNL) or a density 
measurement (FDC). The diagram in Fig. 1-26 
explains how to simultaneously identify hydrocar- 
bon zones and identify hydrocarbon type. 

In clean, water-bearing zones R,, is a t  a 
minimum, roughly corresponding to  R,, whereas in 
hydrocarbon-bearing zones the value is much 
higher since in reality : 

1.5.2. Determining Hydrocarbon Type 

S, being well below unity. If the value of R w a  is 
then plotted as a log versus depth, hydrocarbon 
zones are characterised by high values of R,, (Fig. 

Once the hydrocarbon zones have been identi- 
fied, the next step is to  determine hydrocarbon 
type, and several methods are available. 
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Fig. 1-25. - “Merged Quick-look“ example made with the CSU 
(courtesy of Schlumberger). 

1.5.2.1. Comparison of Porosity Curves 

In gas zones, the pososity derived from the 
density measurement is noticeably higher than 
that derived from the hydrogen index of the 
neutron log. This is because of the low density of 
gas which results in its having a much lower 
concentration of hydrogen than water. When 
these porosity curves are produced, based on a 
correct mineralogical composition, the zones in 
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Fig. 1-26. - EPT Quick-look : diagram showing how the diffe- 
rent types of fluid in the reservoir may be identified (courtesy 

of Schlumberger). 

which the porosity from the neutron (&J) is subs- 
tantially lower than that from the density (&) are 
gas reservoirs (Fig. 1-27). 

1.5.2.2. Cross-plot Methods 

When the density pb is plotted against hydrogen 
index lHN, or better P, against p b  or (p,,), against 
(ha), (Fig. 1-28), the effect of gas appears as a 
displacement of points as indicated in the figure, 
corresponding to  a reduction of the density and 
hydrogen index, while the P, and (ha), are unaf- 
fected. 

1.5.3. Determination of Formation Water Resis- 
tivity 

The resistivity, R,, of the formation water must 
be determined in order to be able to compute 
saturations. Several methods can be used for this, 
and indeed must be to ensure a reliable result. 

1.5.3.1. Computation from SP 

This method proceeds as follows : 
- the shale baseline of the SP is defined, if 

necessary by referring to the gamma ray, neu- 
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Fig. 1-27. - Examples of density-neutron and porosity overlays for detection of gas zones. 
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tron-density and caliper to locate the shales in the 
section of interest 
- the maximum deflection of the potential 

(SSP) opposite "clean", thick beds is defined, 
- the readings are corrected for thin beds 

( h/dh), invasion (di/dh) and for resistivity contrasts 
(RJR,, R t / R m ,  Rxo/R, and Rx,/Rt) using the charts 
shown in Fig. 1-29, 
- the temperature at  the point where the SSP 

was read is determined, 
- the value of Rmf at this temperature is 

computed, 
- R,t is converted to (Rmf)e  by the chart in Fig. 

1-30 if Rmf < . 1 R a t  75oF, or by the following 

relationship if R m f  < . 1 R a t  75 O F  : (Rmf), = . 85 

- the ratio ( R m f ) e / ( R w ) e  is determined using the 

- from this ratio, (Rw)e is computed, 
- the corresponding value of R, is calculated 

Rmf ,  

chart in Fig. 1-31, 

using the chart in Fig. 1-30. 

1.5.3.2. R, Method 

In the case of clean water-bearing zones of 
constant salinity, R w a  is a t  its minimum value, 
which corresponds to R,. R, can be determined 
statistically using a histogram of R,, values (Fig. 
1-32). R w a  can also be plotted on a logarithmic 
scale as a function of gamma ray or SP (Fig. 1-33). 
R, generally corresponds to the zones with lowest 
radioactivity, or with maximum SP deflections. 

1.5.3.3. Resistivity Plot Method - R~MLL or MSFL) vs 

The ratio RMLL/RIL is a t  a maximum in clean 
water-bearing zones, where it is equal to R m f / R w .  

Knowing Rmf and the value of this ratio, we can 
deduce R,. The water line is then the locus of 
points having the highest values of RMLL for a given 
value of 

R(IL or LL) 

The method consists o f :  
- choosing a linear grid (Fig. 1-34) if the 

extreme values of R w L L  and RIL are within a ratio of 
1 :lo, otherwise choosing a log-log grid (Fig. 1 -35), 
- drawing a line through the points of maxi- 

mum RMLL for each value of RIL, i.e. the most 
north-westerly points on the plot. This line should 
pass through the origin in the case of the linear 
grid, or be parallel to the grid bisector for the 
log-log grid, 

4 
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1. Select row of charts for most appropriate value of R,,/R,. 
2. Select chart for No Invasion or for Invasion of d,/d, = 5, as more appropriate. 
3. Enter abscissa with value of h/dl, (ratio of bed thickness to hole diameter). 
4. Go vertically up to curve for appropriate R,/R., (for no invasion) or R.,/R, (for invaded cases), inter- 

5. Read EsP/ERPeor in ordinate scale. Calculate E,,,,, = EsP/(ERP/ERPror). (ESP is SP from log.) 
polating between curves if necessary. 

Fig. 1-29. - SP correction charts (courtesy of Schlumberger). 

- deriving from this the value of the ratio, and 
from this the value of R, ( =  R,t . RIL/RMLL). 

This type of plot can be used to  determine the 
saturation S, by drawing lines of equal saturation. 
These lines are constructed by computing values 
of RMLL for fixed values of S, and RIL, and by 
drawing lines through these points and the origin 
in the case of a linear grid, or parallel to  the grid 
bisector in the case of the log-log grid. 

S,, can be calculated, assumed or taken to  be 
equal to  S:'. As an additional safeguard, gam- 
ma ray or SP values may be plotted as a Z-axis. 

1.5.3.4. RMLJRIL vs Gamma Ray or SP Plot Me- 

Once again we recall that in clean, water-bea- 
ring zones the ratio RMLL/RIL takes its maximum 
value, the gamma ray generally shows its lowest 
readings, and the SP its maximum deflection. We 
will therefore seek the maximum value of this ratio 
for the cleanest zones, where the SP deflection is 
greatest. R, is then deduced from the ratio and a 
knowledge of R,' (Fig. 1-36). This method is to be 
avoided if there are no 100 O/O water-bearing zones, 
or if the invasion is either very shallow or very 
deep. 

thod 
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Fig 1-31 - Chart for obtaining ( R w ) e  from the SSP (courtksy of 
Schlu m berg er) 

1.5.3.5. RmLJRIL vs Depth Plot Method 

This ratio is computed and displayed as a log 
versus depth. The water-bearing zones show up as 
the highest readings (Fig. 1-37). 

This plot can be used to locate the oil-water 
contact, the extent of the transition zone, and the 
value of the exponent in the relationship between 
S, and S,, (So = Szp). 

1 53.6. Method combining Porosity and Resisti- 

This method, already described in section 1.5.2, 
consists of plotting p b ,  IM, or At against l /dR, (Fig. 
1-21 ). 

vity Tools 

HISTOGRAM R wa 

;:, +- 
t +  

'ig. 1-32. - Histogram of R,, values obtained with the CSU. 
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Fig. 1-33. - Crossplot of R,. against gamma ray for determining 

R, (courtesy of Schlumberger). 

Having defined the water line (S, = l ) ,  the 
value of Ro for a given value of porosity-or i ts 
equivalent in the form of p b  or At-can be deter- 
mined, and from that the value of R, using the 
Archie equation : 

R o  P 
a 

R, = - 
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Fig. 1-34. - Crossplot of R,,, against R,, on a linear scale for 
determining R, and saturation. 
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Fig. 1-35. - Crossplot of R M L L  against R I L  on a logarithmic scale 
for determining R, and saturation. 

1.6. POROSITY AND LITHOLOGY DETERMINA- 
TION 

The determination of porosity can only be 
attempted in parallel with the determination of 
lithology, and the first step is the identification of 
rock type. Crossplot techniques combining two or 
three tools will be used, in addition to computer 
programs for "QUICK-LOOK evaluation. 

It must be understood that lithology determina- 
tion is only possible if there are a t  least two 
measurements available (porosity and resistivity) 
in the case of simple lithologies (single mineral), or 
a t  least three, two of which should be porosity 
measurements, in the case of more complex 
lithologies. In general, the number of measure- 
ments should exceed the number of unknowns. 

1.6.1. Crossplot Methods 

There are many different crossplots available, 
and their usefulness depends on the complexity of 
the lithology. 

: \ :  
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Fig. 1-36. - Crossplots combining R M t t / R i t  (or log (Rxn/Rt) with 
either SP (a and b) or gamma ray (c). 
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Fig. 1-37. - Plot against depth of the ratio (RMLL/RIL) for 
detecting hydrocarbon-bearing zones and for computing the 

coefficient l / p  relating S,, and S,. 

1.6.1.1. Single-mineral Reservoirs 

These correspond to a pure sand or pure 
limestone. In such cases, a plot of pb or At against 
l / j R t  is sufficient to establish the mineralogy from 
the value of pma or Atma (Fig. 1-21 and 1-38). The 
result can be confirmed from other plots described 
below, or from a value of P, (photoelectric index), 
if the Schlumberger LDT' tool has been run. 

Mark of Schlumberger. 
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1.6.1.2. Dual-mineral Reservoirs 

Examples of these are shaley sands, limestones 
or dolomites; sands with a calcitic, dolomitic or 
salty cement; or dolomitic limestones or calca- 
reous dolomites. 

The crossplots of interest here are p b  vs &, & 
vs At, P b  vs At, or better M vs N, the  MID plot (pma)a 
vs (At,,,a)a proposed by Clavier et a/. (1 976), and the 
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Fig. 1-38. - Crossplot of At vs l/dRt for finding (At)m. and 

thence the lithology. 
Fig. 1-40. - Crossplots of & and At with (a) frequency and (b) 

gamma ray as the z-axis (courtesy of Schlumberger). 
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Fig. 1-39. - Crossplots of p b  and & with (a) frequency and (b) gamma ray as a z-axis (courtesy of Schlumberger) 
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Fig. 1-41. - Crossplots of pb and At with (a) frequency and (b) gammay ray as a z-axis (courtesy of Schlumberger) 
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Fig. 1-42a. - Crossplots combining M and N with frequency and 
gamma ray as a z-axis (courtesy of Schlumberger). 

Fig. 1-42b. MID-plot example (courtesy of Schlumberger) 

Fig. 1-43. - Crossplots combining (pm& and (Urn& for determining lithology (courtesy of Schlumberger) 



Fig. 1-44. - Interpretation of a p, vs & crossplot for a sand 
containing shale laminations. 

(pma)a vs (Uma)a (Figs. 1-39 to 43). These will enable 
a determination of both minerals present, espe- 
cially if the techniques of plotting gamma ray, 
thorium or potassium, or SP values on the Z-axis 
are used. 

Porosity can easily be determined for "clean" 
reservoirs using the plots shown in Figs. 1-39 to 41. 

In the case of detritic sediments (sands and 
clays), an analysis of the crossplots can give the 
distribution mode of the clays, their percentages, 
the average porosity, and in the case of laminated 
series, the porosity of the sandy reservoirs (Fig. 
1-44). The resistivity curves of the dipmeter log can 
be used to establish whether the reservoir is 
laminated (Fig. 1-45). 

1.6.1.3. Three-mineral Reservoirs 

These are typically mixtures of quartz, feldspars 
and micas, or quartz, feldspars and clays, or quartz 
and clay with a carbonate cement, or even a 
mixture of calcite, dolomite and clay, or calcite 
dolomite and anhydrite. 

In each case, the mineralogical composition can 
be determined from the above plots by interpola- 
ting between the lines delimiting the ternary 
mixture (Fig. 1-46). Plots of thorium and potassium 
levels against other log parameters such as (pma)= 
or (UmJa are useful for determining the types of 
minerals present (Fig. 1-47). Having determined 
the type and percentage of each of the three 
minerals, an apparent matrix density can be calcu- 
lated. Correcting for clay content will then give the 
porosity. 

Fig. 1-45. - Example o f  a formation of sand/shale laminations 
clearly identified on a dipmeter log interpreted by the GEODIP 

program. 

HOLE 
DRIFT I! DIPS 

3 
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r*E - ,-CALIPER 1 ,. -- s 

1.6.1.4. Complex Reservoirs with More than 
Three Minerals 

CORRELATION 

RESISTIVITY b 

CURVES 
CADS 

In such cases, the plots already described are 
useful for determining the types of minerals 
present, especially if Z plots and colouring are 
used to identify a fourth or fifth component. The 
calculation of the percentages of each mineral is 
for the moment, however, not possible because of 
the limited capacity of the wellsite computer. 

1.6.2. Quick-Look Methods 

Schlumberger offers various computer pro- 
grams which provide quick interpretations at the 
wellsite. 

The Lithology Quick-Look shown in Fig. 1-48 
computes the M and N parameters, (pma)a and 
(Atma)a using the density-neutron-hydrogen index- 
sonic travel time combination and displays them 
along with the gamma ray curve, and an idea of 
the lithology can be obtained from an analysis of 
these parameters. 
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Fig. 1-46. - Example showing how the percentage of each mineral in a ternary mixture is determined (courtesy of Schlumberger). 

K ( % )  
0 10 20 30 40 50 60 

K ( % )  
0 10 20 30 40 50 60 

0 10 20 30 4 0  50 60 70 I 0 10 20 30 40 50 60 70 80 Anhydrite /Io\ 'O 2o 30 40 50 6o 70 
K,O percentage Halite K,O percentage K 2 0  percentage 

Fig. 1-47. - Examples of crossplots of various measurements for a better determination of lithology. 
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Fig. 1-48. - "Lithology Quick-look" example (courtesy of 
Schlumberger). 

The LDQL (Fig. 1-49) uses the measurements 
of P, and P b  from the LDT, and IHN from the CNL. 
It determines the percentages of each of three 
pre-defined minerals from a study of the cross- 
plots or from a study of the relative positions of 
the curves as illustrated in Fig. 1-50. The apparent 
porosity is obtained using a procedure described 
in Fig. 1-51. The values of ( & ) a  and ( & ) a  can 
equally well be calculated assuming a calcite 
matrix. Fig. 1-52 is an example of LDQL and 
CYBERLOOK (DWQL) compared with the results 
from the GLOBAL program. 

The EPT QL uses the tpl measurement and the 
data from the FDC-CNL combination. This me- 
thod gives the various porosities which when 
compared with each other as illustrated in Fig. 
1-26, provide an indication of the type of fluid 
present in the zone investigated by the EPT'. 

CYBERLOOK uses the measurements of the 
density, neutron, gamma ray or NGS, sonic, EPT, 
resistivity and SP. The program executes two 

Fig. 1-49. - "Litho-density Quick-look" example (courtesy of 
Schlumberger). 

passes. In Pass 1 (Fig. 1-53) the porosity from 
density, neutron, and density-neutron are compu- 
ted, along with the apparent fluid resistivity and ' Mark of Schlumberger. 
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the apparent matrix density. This first pass enables 
the engineer to choose the zones and parameters 
for the final interpretation. The second pass (Fig. 
1-54) displays the porosity, saturation, and clay 
index, along with the resistivity of the formation 
hypothetically saturated with water of resistivity 
R w .  

- ON P I  * - 0 - 5 -  Qb 

P. 0 

Quartz.Limertona 

Limeatone-Doiomita 

Quartz-Limeatone 

Quartz.Doiomita 

Quartz.Doiomita 

Quartz-Limeatone 
or Quartz-Dolomite 
minimum 60 % Quartz 

Fig. 1-50. - Quick composition detection for a mixture of two 
minerals by combining P., pb and & 

(courtesy of Schlumberger). 

It is based on the fact that the sonic measures 
the shortest travel time, bypassing any vugs which 
would slow the sonic wave, and therefore does not 
"see" the secondary porosity, a t  least when it is 
not too significant. 

1.8. SATURATION EVALUATION 
1.6.3. LITHO (or GeoColumn *) Method 

This method, which will be described in more 
detail in the following chapter, is based on an 
analysis of the crossplots and involves the 
construction of a data base of electrofacies. It 
provides a description of the lithological column 
immediately a t  the wellsite. It gives the geologist 
an exact, continuous, synthetic record (Fig. 1-55) 
which he can complete using his analysis of the 
drill cuttings. It provides him with the means of 
selecting depths for retrieving samples of either 
rock or fluid. It also provides the data necessary 
for a quick quantitative interpretation a t  the 
wellsite-choice of model, equations and parame- 
ters. 

1.7. SECONDARY POROSITY EVALUATION 

This is computed from a comparison of the 
porosity from the neutron-density combination 
with that of the sonic log (Fig. 1-56). It is given by 
the following relationship : 

& ! = h D -  @S 

Saturation can be determined using crossplots, 
which have already been described, overlay me- 
thods, or quick-look methods, which are described 
above. 

In the case of resistivity overlays or F-overlays, 
the saturation can be read directly using a special 
transparent grid as indicated in Figs. 1-57 and 1-58. 

1.9. HYDROCARBON MOBILITY EVALUATION 

Hydrocarbon mobility is derived from a compa- 
rison of S, and SxD. The greater the difference 
between them, the greater the mobility. It must be 
remembered that hydrocarbons can easily return 
to the vicinity of the borehole wall, especially in 
the case of gas, so that in spite of high mobility, 
S,, can be very close to S,. On the other hand, the 
apparent mobility can be high, in spite of very 
similar values of micro- and macroresistivities - 
undoubtedly indicating no invasion - when the 
computation of S,,, based on a value of R,f much 
above R,, gives high values. 

Mark of Schlurnberger 
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Fig. 1-51. - (a)  Chart for determining composition in the case of a binary mixture; (b) Nomogram for determining (Urn& (courtesy 
of Schlumberger). 

The F-MOP method uses two resistivity curves, 
one deep and one shallow, along with a porosity 
curve on a logarithmic scale. This gives three 
values of F, namely Fdeep (=  FS$), F,, ( =  FS;,), and 

from a porosity tool. Comparing them will give an 
indication of mobility, and the saturation values 
S,, and S,,, can be computed using an appro- 
priate overlay grid (Fig. 1-59). 
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Fig. 1-53. - CYBERLOOK Pass 1 example 
(courtesy of Schlumberger). 

1.10. EVALUATION OF FORMATION DIP 

As soon as the dipmeter log from the HDT or 
SHDT is recorded, it can be interpreted immedia- 
tely at  the wellsite if the logging unit is equipped 
with a computer (the CSU in the case of the 
Sc hlum berger unit). 

The interpretation program (CYBERDIP for the 
HDT tool or DIP2 for the SHDT tool from Schlum- 
berger) may not have the sophistication of the 
programs such as CLUSTER *, MSD, GEODIP or 
DUALDIP' used in the computing centres, but it 
rapidly provides a good indication of the dips of 
the bedding planes (Fig. 1-60). 

CYBERDIP uses the logic of MARK IV *. It uses 
data which is reduced by replacing four depth 
samples by their sum. The correlation interval is 4, 
8 or 16 feet, and the step distance can be either 
half of or equal to the correlation interval. A speed 

Fig. 1-52. - Comparison Of the results of an LDTQL with those 
Of a CYBERLooK and a GLOBAL (courtesy of Schlumberger). 

correction is applied. The search angle is fixed a t  
850, and the California option is used, Only those 
dips having good contact on al l  four pads, good 
planarity and good closure are plotted. Arrow plots 
produced at  the wellsite are distinguished by a 
dark band along the left edge of the plot. * Mark of  Schlumberger. 
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Fig. 1-54. - CYBERLOOK Pass 2 example 
(courtesy of Sc hlum berg er) . /... ,, 
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me 
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. . .,., .,....,I.. .. .. ., . / ,  , ." 
1.1 1. FRACTURE DETECTION AND EVALUA- 

TION 
I.,,......,., ,*I10 

> I  :: :::: 
The fracture detection method used at the 

wellsite relies on dipmeter data, and is known as 
FIL *. It consists of superimposing the resistivity 
curves of adjacent pads (1 on 2, 2 on 3, 3 on 4 and 
4 on l ) ,  and shading the separations between the 
curves (Fig. 1-61). 

Other methods of analysing the measurements 
to confirm the existence of fractures are described 
in Chapter 13 of this book. 

Fig. 1-55. - Example of lithology determination at the wellsite 
using the LITHO program on the CSU 

(courtesy of Schlumberger). 

1.13. DETERMINATION OF FORMATION PRES- 
SURE 1.12. BOREHOLE GEOMETRY 

AND TRAJECTORY 

As the formations are being tested by the 
Repeat Formation Tester (RFT *), the measure- 
ments can be interpreted using a pseudo-real time 
quick look program known as RFTI. Immediately 
after the two-rate pretest (Fig. 1-64) of the forma- 
tion RFTI will automatically provide a computation 
of the Horner and spherical functions and extrapo- 
lated formation pressure (Fig. 1-65). It will also 

A dipmeter log from the HDT or SHDT, or a BGT 
log which measures hole geometry and direction 
can be used to produce projections or vertical 
sections of the borehole trajectory (Fig. 1-62). 

* Mark of Schlumberger. 
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Fig. 1-56. - Determination of secondary porosity index. 

I 

Fig. 1-57. - Resistivity overlay example using the transparent 
scale for determining saturation (courtesy of Schlumberger). 

Fig. 1-58. - Example of the use of the F-overlay (log F - log F,) 
for computing saturation (courtesy of Schlumberger). 

C 

.2 1. 10. 100. WOO. 

Fig. 1-59. - Use of the F-MOP as an indicator of hydrocarbon 
moveability (courtesy of Schlumberger). 

800 I El IIII 
Fig. 1-60. - Example of a CYBERDIP produced at the wellsite 

using the CSU (courtesy of Schlumberger). 
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Fig. 1-61. - FIL QL example for fracture detection at the 
wellsite (courtesy of Schlumberger). 

Fig. 1-62. - Example of a borehole trajectory plot made on the 
CSU (courtesy of Schlumberger). 
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Fig. 1-63. - Pressure build-up example from the RFT tool 
(courtesy of Schlumberger). 
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Fig. 1-64. - Typical two-rate RFT pretest showing the picks 
made by the RFTl program and the calculated draw-down 

mobility. 

calculate the formation permeability from either 
the drawdown or buildup. After several tests it is 
possible to make playbacks of formation pressure 
(from the extrapolated data or Horner or spherical 
plots) against true vertical depth. Likewise similar 
playbacks can be made for drawdown or buildup 
permeability, and merged with other log data such 
as a gamma-ray: 

- a resume of the interpretation with a compu- 
tation of certain parameters (Table 1-1). 

I t 6 0 . 0 0  

1050.00 

040.000 

PRESSURI 
( P S I G  : 

650.000 

420.000 

8lO.000 

F I L E  L 

A A 
-I 
I 

I 

....... ,..- 

I 
0 0  .OBOO .0600 . 0 1 0 0  . m -  0 . 0  

SPHERIC~L TInc Fut i tTIon 
~- ~ 

- LIMITED DIM-DOUN TEST - ncPTn - i . i e 0 . 0 3 0 ~  
XTRRPOLDTED SPHERICDL PRESSURE1 1249.78 PSlG 

- 3 9 5 . 0 8  P S I  /SPRT(S>  PncRIcnL BUILD-UP SLOPEI 

Fig. 1-65. - Examples of Horner and spherical functions Dlotts 
to estimate the extropolated formation pressure 

(courtesy of Schlumberger). 

Table 1-1 
Summary of data measured by the RFT 

(courtesy of Schlumberger). 

NAME VALUE U N I T  

F T N  
TS I 
MTD 
BTFS 
OGS 
PGS 
T 1  
TPT 
CFF 
F F V  
P H I  
c1v 
c2v 
P T  1 
PTP 
HPRE 
FBP 
FBS 
FPRE 
KD1 
KD2 
K I B  

1 
PRET 
7 9 7 5 .  F T  
SPHE 
O I L  
STRA 
1 9 . 0 0  S 
2 7 . 0 0  S 
0 . 0 0 0 0  3 0 0 0  
Om 5 0 0 0  CP 
0 . 2 0 0 0  
1 0 . 0 0  c3 
1 0 . 0 0  c3 
0 . 0  P S I  
0 . 0  P S I  
6 3 6 0 .  P S I  
4 5 6 8 .  P S I  
- 1 2 8 5 .  
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1.14. DETECTION OF UN-CONSOLIDATED ZO- 
NES 

The Trend of normal compaction of shales can 
be defined on both the travel time and density logs 
displayed on compressed scales, using the gamma 
ray to identify the shales. Each increase in travel 
time and decrease in density will then correspond 
to an entry into an un-consolidated zone (Fig. 
1-66). For further details, see Chapter 8. 
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Fig. 1-66. - Compaction profile example made on the CSU for 
detecting under-compacted zones 

(courtesy of Schlumberger). 

1.15. SEISMIC CALIBRATION 

After a Well Seismic Service has been run using 
the WST’  tool or SAT’ tool, the CSU system 
provides the correction of the measured transit 
time to  true vertical depth (TVD) and seismic 
reference datum (SRD) depth, the time-to-depth 
relationship, interval velocities between shooting 
levels, and sonic drift. 

The conventional borehole seismic measure- 
ment (“check shot survey”) consisted of measu- 
ring the time taken for a signal generated a t  
surface to  reach a detector anchored in the forma- 
tion (Fig. 1-67). The modern tool records the 
complete seismic signal using three mutually 
perpendicular geophones. The procedure is repea- 
ted as many as 56 times a t  each station (Fig. 1-68) 
and the signals are stacked after selection (Fig. 
1-69). A series of stations along the hole allows the 
acoustic velocity within an interval (between two 
stations) to  be established. The CSU provides a 
table of values (Table 1-2) and a curve of interval 
velocity as a function of true vertical depth (Fig. 
1-70), as well as the cumulative travel time against 
depth (Fig. 1-71). The direct wave (“one-way time”) 
from each station can also be displayed either as 
a function of depth (Fig. 1-72) or aligned on the 
first arrivals. The latter presentation provides a 
good check on the detection of the first arrival, on 

Mark of Schlumberger 

Fig. 1-67. - Sketchs of borehole seismic measurement (from Goetz et a/., 1979). 
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Fig. 1-68. - Example of seismic well site recording. Two 
measurements at the same station, and the signal obtained by 
stacking nine shots are shown (from Schlumberger, Well 

Evaluation Conference. Egypt, 1984). 

-0 LOW 

Fig. 1-69. - Example of the same stacked signal played back 
with an expanded time-scale (from Schlumberger, Well 

Evaluation Conference. Egypt, 1984). 

Table 1-2 
SOL results giving a listing of the stack number, 

depth and transit time 
(from Schlumberger, Well Evaluation Conference. 
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Fig. 1-70. - Example of seismic results obtained at the wellsite 
(SOL) (courtesy of Schlumberger). 
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Fig. 1-71. - Plot of cumulative travel time against depth 

the identification of multiples and on the stability 
of the source signature. Finally, the two-way travel 
time can be displayed as shown in Fig. 1-73. 

The difference between the seismic time and 
the integrated sonic travel time is known as the 
drift. A drift value can be calculated a t  each 
station, and the successive values plotted against 
depth (Fig. 1-74). The difference in drift between 
the upper and lower levels give the correction to 
be applied to the sonic. 
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Fig. 1-72. - Time display of signals : (a) aligned in terms of real time and to their respective hydrophone breaks; (b) aligned to 
the first break (from Schlumberger, Well Evaluation Conference. Egypt, 1984). 

1000 2700 

Fig. 1-73. - Two-way time aligned presentation (from Schlum- 
berger. Well Evaluation Conference. Egypt, 1984). 

Where a recording has been made using either 
the WST or SAT tools, a Vertical Seismic Profile 
(VSP) can be obtained immediatedly at the well- 
site. Figs. 1-75 and 1-76 show the downgoing and 
upgoing waves on a two-way time scale. Figs. 1-77 
and 1-78 show the results after deconvolution. 

The vertical seismic profile of a well gives the 
best view and the exact depth of each reflector, its 
signature, and the effect of nearby reflectors. It 
allows the reflectors to be transformed into layers, 

Milliseconds Mil I irecondr 
-30-20 -10 0 10 -30-20-10 0 10 

Fig. 1-74. - Example of drift plot. 

because it is an exact means of converting depths 
to times and vice versa. For example, it becomes 
possible to see below formations which are strong 
reflectors (anhydrite, halite, dolomite or compac- 
ted limestones), or strong attenuators (under- 
compacted shales), or even to "see" beyond the 
total depth of the well. In addition, the vertical 
seismic profile helps in the interpretation of seis- 
mic sections by providing a means of eliminating 
multiples. The mechanical properties of rocks can 
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Fig. 1-75. - Example of downgoing waves aligned to  the first Fig. 1-77. - Example of downgoing waves after waveshaping 
break (from Schlurnberger, Well Evaluation Conference. deconvolution (from Schlumberger. Well Evaluation Confe- 

Egypt, 1984). rence. Egypt, 1984). 
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Fig. 1-76. - Upgoing wave aligned to  two way time (from Fig. 1-78. - Example of the final product obtained at the 
wellsite showing the upgoing waves after waveshaping de- 
convolution (from Schlumberger, Well Evaluation Conference. 

Egypt, 1984). 

Schlumberger, Well Evaluation Conference. Egypt, 1984). 

also be analysed by studying the received seismic 
signals. Finally, it allows detection of deeper sity, sonic travel time, hydrogen index and resisti- 
horizons which may not be clear on the seismic vity measurements have been recorded, and that 
section but which may be of sufficient interest to the sonic has be calibrated using the data recor- 
warrant drilling deeper, or indeed detection of an ded by WST or SAT tools. The interpretation of a 
offset from the apex of the structure or trap which surface seismic section through the well can be 
would warrant deviating the well in the required achieved rapidly using these results. 
direction. 

A synthetic seismogram (GEOGRAM *, Fig. 
1-79) can be constructed providing that the den- Mark of Schlumberger. 
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Fig. 1-79. - GEOGRAM example (courtesy of Schlumberger). 

1.16. CEMENT QUANTITY CALCULATIONS 

The hole geometry information provided by the 
BGT or dipmeter can be used to  compute the hole 
volume, and hence the volume of cement required 
for a particular size of casing. Two presentations 
are available (Fig. 1-80). The first is aimed a t  
providing the maximum of information for an 
open-hole test; the second is specifically for 
cementation purposes. In both cases, the total 
hole volume and the volume of cement required 
are displayed on the heading. 

Fig. 1-60. - Example of a borehole profile 
(courtesy of Schlumberger). b 
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