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(57] ABSTRACT

Process for determining characteristics of the geologi-
cal formations traversed by a borehole, making use of a
sonde by means of which the intensity of the v rays
naturally radiated from the formations is measured,
both longitudinal and transversal acoustic waves are
transmitted to the formations, their travel time and their
attenuation between two receivers placed in contact
with the formations are measured and by combination
of the so-obtained values a resulting value is elaborated
which is representative of one characteristic of the sur-
veyed formations.
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PROCESS AND DEVICE FOR THE
DETERMINATION OF THE CHARACTERISTICS
OF THE GEOLOGICAL FORMATIONS
TRAVERSED BY A BOREHOLE

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a continuation-in-part of Ser. No.
129,534 filed Mar. 30, 1971 and now abandoned.

The present invention relates to a process and to a
device for determining the characteristics of the geolog-
ical formations traversed by a borehole, these charac-
teristics consisting particularly of the lithology, and
possibly other petrophysical characteristics such as the
porosity and permeability of the formations.

Within the framework of the following description,
the lithology of the geological formations is intended to
include the following data:

the clay content (i.e., the entirety of the argillaceous
minerals expressed in percent;

the carbonate content (calcite, dolomite, aragonite,
siderite), expressed in percent;

the quartz content expressed in percent;

the cationic exchange capacity (or CEC), expressed
in milliequivalent per 100 grams of rock. (This value is
representative of the behavior of the clays of the forma-
tion being subjected to a change in the ionic composi-
tion of the fluids which impregnated the same, and due
for example to the drilling.)

It is an object of the present invention to determine
the lithology of geological formations traversed by a
borehole on the basis of measurements carried out by
so-called radioactive logging processes, such as the y
logging.

The method according to the present invention for
determining characteristics of the geological formations
traversed by a borehole, using a measuring sonde in
combination with an automatic system for treating the
data furnished by the sonde, is characterized in that it
comprises in combination the following steps:

a. determining of the natural ¥ radiation spectrum
emitted by the geological formations in the form of a
plurality of quantities related to this radiation, and each
of which is a function of the intensity of this natural
radiation in a given energy band, and

b. elaborating on the basis of these quantities by
means of the aforementioned automatic system at least
one resultant quantity representative of one characteris-
tic of these formations, this resultant quantity being
obtained by a linear combination of these quantities
related to the y radiation.

These quantities related to the y radiation will, for
example, be electric signals and the aforementioned
resultant quantity will be an electric signal representa-
tive of the lithology of the geological formations such
as defined previously.

The device for carrying out the process of the present
invention, using a sonde in combination with a surface
apparatus for the automatic treatment of the data fur-
nished by the sonde, the sonde and the apparatus being
connected by a cable equipped with electrical conduc-
tors, is characterized in that the sonde comprises means
for detecting the natural vy radiation emitted by the
geological formations, and these means deliver electric
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2
signals related to the y radiation emitted by the geologi-
cal formations, and each of which is a function of the
intensity of this natural radiation in a given energy
band, and means for transmitting these electric signals
to the surface.

It is another object of the present invention to simul-
taneously determine an entire group of characteristics
of the geological formations comprising, in addition to
the lithology, the porosity, and the permeability of the
geological formations traversed by a borehole.

It is possible to determine certain characteristics of
the formations traversed by a borehole by using known
so-called radioactive logging processes, such as the
logging, or so-called acoustic loggings.

In the acoustic logging processes according to the
prior art, acoustic wave trains are emitted, and if it is
desired to distinguish between the longitudinal and
transverse modes of propagation of these acoustic
waves, it is necessary to carry out special treatments of
the data collected with the aid of complex apparatus
with the obtained results being of doubtful accuracy.

Moreover, in order to determine the characteristics
of formations traversed by a borehole, it is often neces-
sary, according to the prior art, to establish several
loggings for each of the known processes, each of these
loggings requiring a rather significant amount of time to
be worked out, and the drilling operation being stopped
during the periods of measurement which thus repre-
sent a nonnegligible loss of time and then it is necessary
to make a critical evaluation of all the results obtained
by these loggings.

The process according to the present invention for
overcoming the above-mentioned drawbacks and for
simultaneously determining an entire group of charac-
teristics of geological formations traversed by a bore-
hole by using in combination a measuring sonde and an
automatic system for treating the data furnished by the
sonde. This process is characterized in that it comprises
in combination the following steps:

a. determination of the natural 7 radiation spectrum
emitted by the geological formations in the form of a
plurality of quantities related to this radiation and each
of which is a function of the intensity of this natural
radiation in a given energy band,

b. alternative transmission of acoustic waves being
propagated in the geological formations essentially ac-
cording to the longitudinal way or mode and acoustic
waves being propagated essentially according to the
transversal way or mode,

c. successive determination of the travel time of these
longitudinal waves and these transversal waves be-
tween two receivers placed in contact with the geologi-
cal formations, by producing two quantities related to
this travel time for the longitudinal and for the transver-
sal waves respectively,

d. successive determination between these receivers
of the attenuation of these longitudinal and these trans-
versal waves by producing two quantities representa-
tive of this attenuation for the longitudinal waves and
the transversal waves, respectively, and

e. elaboration on the basis of these quantities in the
automatic system of at least one resultant quantity rep-
resentative of one characteristic of the formation, this
quantity being obtained by a linear combination of the
quantities related to the y radiation with the quantities
related to the travel time of the longitudinal and trans-
versal acoustic waves, and with the quantities related to
the attenuations of these acoustic waves.
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More particularly, a precise identification of the geo-
logical formations is obtained according to the present
invention by:

a vy spectrometry for obtaining accurate data con-
cerning the clay content, less accurate data relating to
the content of carbonates and the cationic exchange
capacity, and not very accurate data relating to the
quartz content, and

acoustic meansurements which furnish by a compari-
son of the respective travel times of the waves being
propagated essentially longitudinally and of the waves
being propagated essentially transversally, accurate
data relating to the quartz content, less accurate data
relating to the content of carbonates and not very accu-
rate data relating to the clay content.

The knowledge of the clay content, obtained by vy
spectrometry permits the determination, on the one
hand, of the porosity of the geological formations based
on the knowledge of the acoustic waves travel time
(particularly the longitudinal waves) and, on the other
hand, based on the knowledge of the attenuation of the
acoustic waves (particularly the transversal waves), of
the mobility of the fluids inside the geological formation
and accordingly, of the permeability of the geological
formations, which is the product of the mobility by the
viscosity of the fluid impregnating the formations, the
viscosity being assumed to be constant with a rather
good accuracy.

The error in the measurement of the permeability is in
fact substantial only in the cases where the formations at
the place of measurement, consist of:

dry rocks saturated with gas at low depth, and

oil-wet rocks saturated with viscous oil at low depth.

In the first case, a gas flow will be observed and it
will be apparent that the presence of this gas will ex-
plain the apparently high permeability shown by the
measurements.

In the second case, the interpretation may be made
with certainty if the formation exhibits a high porosity
and a low clay content, a combination which does not
allow for the low permeability values indicated by the
measurements.

The case where a viscous oil impregnates a very
porous or very clayish formation is both very unusual
and of little economical interest.

A device usable for carrying out the process accord-
ing to the present invention such as indicated -herein-
above comprises a sonde which is connected, by means
of a cable equipped with electric conductors, to a sur-
face apparatus for the automatic treatment of data being
furnished by the sonde, and this device is characterized
in that the sonde comprises in combination the follow-
ing elements:

a. means for detecting the natural vy radiation emitted
by the formations, these means furnishing electric sig-
nals which are representative of the y radiation emitted
by the geological formations, each of these signals being
a function of the intensity of this natural radiation in a
given energy band,

b. first acoustic wave emitting means for emitting or
transmitting in the geological formations acoustic
waves propagated essentially according to the longitu-
dinal mode,

c. second acoustic wave emitting or transmitting
means for emitting in the geological formations acoustic
waves propagated essentially according to the transver-
sal mode, the first and second emitting means operating
alternatively, )

20

25

30

35

40

45

30

55

65

4

d. at least two receivers of acoustic waves for deliver-
ing electric signals in response to the reception of the
acoustic waves,

e. means for determining the travel time and the at-
tenuation between these receivers of these acoustic
waves, these means being connected with the receivers
and adapted to deliver a first series of electric signals
representative of the attenuation of the acoustic waves,
and

f. means for transmitting to the surface all of the
electric signals.

The invention will be better understood and further
advantages thereof made apparent from the following
description of an embodiment of the invention, given by
way of nonlimitative example and illustrated by the
accompanying drawings wherein:

FIG. 1 illustrates the assembly of the device accord-
ing to the invention, used for surveying formations
traversed by a borehole;

FIG. 2 illustrates a particular embodiment of the
sonde forming part of the equipment of the device
shown in FIG. 1;

F1G. 3 represents schematically the aspect of the y
spectrum emitted by the geological formations;

FIG. 4 represents a surface apparatus for the analysis
of the vy radiation spectrum emitted by the geological
formations;

FIG. § represents an embodiment of a surface appara-
tus treating in real time the measurements effected by
the sonde of FIG. 2 in order to determine the lithology
of the geological formations;

FIG. 6 represents another embodiment of a surface
apparatus treating in real time the measurements ef-
fected by the sonde of FIG. 2 in order to determine the
lithology of the geological formations;

FIG. 7 illustrates a second particular embodiment of
a measuring sonde allowing for determining simulta-
neously the lithology, porosity and permeability of the
geological formations;

FIG. 8 illustrates a particular embodiment of the
piezoelectric emitters and receivers of the sonde repre-
sented in FIG. 7;

FIG. 9 represents schematically an electronic appara-
tus for measuring of the attenuation of an acoustic wave
being propagated in the geological formations;

FIG. 10 illustrates the operation of the apparatus of
FIG. 9;

FIG. 11 represents schematically an apparatus for
measuring the transit time of an acoustic wave being
propagated in the geological formations;

FIG. 12 illustrates the operation of the apparatus of
FIG. 11, and

FIG. 13 represents an embodiment of a surface appa-
ratus treating in real time the measurements effected by
the sonde illustrated in FIG. 7.

FIG. 1 illustrates schematically the entire inventive
device for carrying out the process proposed by the
present invention designed for the exploration of geo-
logical formations traversed by a borehole.

In this figure, reference numeral 1 designates geologi-
cal formations traversed by a borehole 2. Suspended
from an operating cable 3, a sonde 4 is displaced in the
borehole. The cable 3 comprises a plurality of electrical
conductors connected by conductors 5 to a surface
apparatus 6. This apparatus, which will be described in
further detail hereinafter is designed for supplying the
sonde 4 with electric energy and for treating the data
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being delivered by the sonde through the conductors of
the cable 3.

FIG. 2 represents schematically a first particular
embodiment of the sonde 4 which permits the determi-
nation of the lithology of the geological formations.

The body 7 of the sonde which has, for example, a
diameter in the order of 110 millimeters is rigid. It is
hollowed out in the central part thereof in order to
receive two articulated pads or guide blocks 8 and 9.
These pads or guide blocks are actuated by means of
articulated arms 10 which are controlled by any means
known, for example by hydraulic devices 11a and 11b,
and these two pads or guide blocks are in contact—in
the measuring position of the sonde—with two diamet-
rically opposite generatrices of the borehole 2. A device
11 which is connected with the hydraulic means 11a
and 11b allows for measuring the spacing of the guide
blocks and supplies electric pulses having a low fre-
quency, for example 1 Hz, and being coded as function
of the value of the average diameter of the borehole
opposite the guide blocks. These pulses are transmitted
to the surface by a conductor (not shown) which is
embedded in the cable 3 from which the sonde is sus-
pended. As shown in FIG. 2, the guide block 9 has a
purely mechanical role, and the displacement thereof in
a direction perpendicular to the borehole axis is greater
than that of the guide block 8.

The guide block 8 which, in the measuring position
represented in FIG. 2, comes into contact with the wall
of the borehole, comprises a 7y logging device. This
device may be of any known type, but according to the
preferred embodiment of the present invention, it con-
tains means for stabilizing the y spectrum emitted by the
geological formations. This device may, for example, be
that described in the French patent 2,077,483 filed on
Jan. 20, 1970. This device comprises a scintillator 12, for
example of the type with sodium iodide crystal, which
is associated in a known manner with a photomultiplier
PM1 7 and which has a casing 13a made of a material
absorbing the 7y rays only to a small extent such as alu-
minum. Under this assembly is placed a 3 ray detector
comprising in a manner known per se a scintillator 14
associated with a photomultiplier PM28. Arranged
between the scintillators 12 and 14 is an auxiliary source
of y rays designated with reference numeral 15 which is
at the same time a source of 7y rays, this source consist-
ing for example, and preferably, of a 22 sodium (#2Na)
pellet.

The scintillator 14 is shielded on the lateral wall
thereof by a layer 16 of a material which strongly ab-
sorbs the ¥ rays, such as lead, and the auxiliary source
15 is separated from the scintillator 12 by a sheet 13b of
a material forming an optical screen between the two
scintillators and stopping those of the 8 rays which
would be directed toward the scintillator 12. This sheet
may consist for example of aluminum which does not
materially absorb the vy pulses being emitted by the
auxiliary source 15. The thickness of this sheet will be
chosen in accordance with the intensity of the reference
+ radiation, i.e., in accordance with the activity of the
source of 22 sodium (22Na) emitting this radiation.

The operation of this device, which has been de-
scribed in detail in the French patent 2,077,483 and
which is not the essential object of the present invention
will not be further indicated herein.

It should only be noted that what is obtained iis the
stabilization of the natural y spectrum emitted by the
formations by making use of the vy radiation emitted by
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6

the auxiliary source 15, and this radiation is known and
identified in the spectrum by its time coincidence with a
v radiation which is emitted simultaneously by the aux-
iliary source 15.

The photomultipliers PM1, and PM2g are connected
to an electronic assembly 22a, contained for example in
the body 7 of the sonde 4 (for the sake of greater clarity
of this figure, the electrical connections have not been
shown).

This assembly which is connected to the surface by
means of electrical conductors of the cable 3 comprises
the electronic devices for the supply of the photomulti-
pliers and the electronic members for the treatment of
the data being delivered or furnished by the photomulti-
pliers prior to their transmission to the surface by the
electrical conductors of the cable 3. The data is trans-
mitted to the surface in the form of pulses of constant
duration, for example 140p and having an amplitude
proportional to the energy of the radiations received by
the detectors.

The cable 3 which assures the connection between
the sonde and the surface is advantageously a cable that
is of a type commercially avaiable containing several
conductors. One of the conductors is utilized as ground
conductor and may be common to all of the electronic
apparatus contained in the sonde. Two other conduc-
tors serve for feeding the sonde with energy, for exam-
ple an alternating current of 220 volt at 50 Hz, from
which the direct current high voltage and low voltage
necessary for the operation of the sonde is produced.
Another conductor is used for the transmission of the vy
spectrometry signals from the sonde toward the surface,
and the data furnished by the device 11 (FIG. 2) can be
transmitted by another conductor of the cable 3.

During one measuring interval, the sonde thus fur-
nishes to the surface apparatus the following signals:

a. coded pulses representative of the diameter of the
borehole at the level of the sonde, and

b. v pulses of constant durations the amplitudes of
which are proportional to the energy of the y radiation
emitted by the formations.

The lithology of the geological formations is obtained
by solving equations of the type

i 1
53! m
i=

n
lﬂijC£+Bj

wherein X; designates one of the following data:

the content in clays

the content in carbonates

the content in quartz

the cationic exchange capacity.

The coefficients a;;and 8;are given coefficients vary-
ing with the data X;to be measured. One way of deter-
mining these coefficients will be indicated hereunder.

The coefficients C; are determined by the measure-
ments effected by the sonde. These coefficients are
variables, functions of the nature of the formation or
terrain representing the contents of n bands A, B, C, D
... N judiciously chosen in the 7y spectrum emitted by
the geological formations as represented, for example,
in FIG. 3 in the case where n=4.

In order not to complicate the surface apparatus ex-
cessively, the determination of the coefficients a;; and
B is made by standardization or calibration from mea-
surements carried out, for example in the laboratory, on
samples of terrain taken at the time of the drilling.
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In a preferred embodiment for carrying out the pres-
ent invention, these samples will be cored samples, but
it is equally possible to use excavated drilling materials
if it is known with certainty from which slope they
come. Determined on the samples thus taken, for exam-
ple in the laboratory and with conventional methods,
are the values of the quantities X;(clay content, carbon-
ate content, quartz content and cationic exchange ca-
pacity). When carrying out the logging, the values of
the variables C; measured which correspond to the
samples taken are noted. The sequence of the values of
the coefficients a;; and B; is then determined by the
conventional mathematical process of multiple linear
regression in a manner well-known in the art.

The n variables C to C, represent the number of y
rays recorded during the measurement time (for exam-
ple during 30 seconds) and having an energy comprised
between conveniently selected ranges. In practice, the
number n is low, comprised between 3 and 7, and the
range of energy explored is extended, for example from
0.1 to 3.5 MeV, and in general at least comprised be-
tween 0.4 and 2.7 MeV, at least one of the energy bands
being centered advantageously on the value of 1.47
MeV.

FIG. 4 illustrates an apparatus for the elaboration of
the variables C;in which the number of these variables
has been limited to four. The ¥ pulses from the sonde
are transmitted simultaneously by conductors 101 to
105 to amplifiers 106 to 110. Applied to the second
inputs of the amplifiers are fixed voltages transmitted by
the conductors 111 to 115. These voltages are regulable
by potentiometers 116 to 120. When an amplifier re-
ceives an electric pulse corresponding to a 7y pulse, it
provides on its output terminal either a logical signal of
the level 0 when the amplitude of the pulse is lower than
the value of the fixed voltage that is applied to this
amplifier on the second input terminal thereof, or a
logical signal of the level 1 when the amplitude of the
pulse is greater than the value of the fixed voltage. For
each pulse coming from the sonde, the group of amplifi-
ers furnishes a coded signal transmitted by the conduc-
tors 121 to 125 to a decoding device 126 connected to
four digital memories 127 to 130 by the conductors 131
to 134. The decoding device 126 provides for the re-
cording of the received signal in the corresponding
memory. In this manner, a pulse having for example an
amplitude comprised between the voltages furnished by
the potentiometers 118 and 119 which delimit the C
band of the spectrum places the outputs of the amplifi-
ers 106 to 110 in the configuration 1-1-1-0-0. This com-
bination, analyzed by the device 126 causes the increase
of a unit of the memory 129 corresponding to the C
band of the vy spectrum (FIG. 3). The potentiometers
116 to 120 are regulable so as to be adapted to adjust the
limits of the energy bands to the values being best
suited.

FIG. 5 represents schematically a hybrid computer
for treating in real time the measurements effected by
the sonde, i.e., being adapted to resolve the equations
1).

This computer comprises a memory C in which the
Cn variables are recorded, as previously indicated in
connection with FIG. 4. Stored in this memory are the
variables Cj to C4, n having been chosen to be equal to
4 in this example. The coefficients a; determined by
standardization, which are constant coefficients, are
stored in a memory a. The memory C furnishes on four
output terminals four electric signals representative of
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the variables Cj to C4. These signals are transmitted to
a logarithmic decoder 137 which furnishes on its four
output terminals signals proportional to the logarithm
of the variables Cj to Cy4. These signals are transmitted
respectively by the conductors 138 to 141 to the input of
the amplifiers A| to Aa.

In the same manner, the coefficients agare read by a
logarithmic decoder 146 which furnishes on its output
terminals signals proportional to the logarithm of these
coefficients a; and which are applied respectively by
the conductors 147 to 150 to the amplifiers A| to Ag4.
The amplifiers A| to A4 furnish on their respective
output terminals electric signals proportional to the sum
of the signals which are applied on their input terminals,
L.e. signals proportional to the logarithm of the products
a;C;. The signals delivered by each amplifier are trans-
mitted respectively by conductors 155 to 158 to func-
tion generators GF| to GF4 which restore on their out-
put terminals signals proportional to the products a;C;.
The signals furnished by the generators GF| to GF4are
transmitted directly by the conductors 163 to 166 to an
operational amplifier 169 which sums these signals and
delivers on its output terminal an electric signal propor-
tional to Za;; C;, transmitted by a conductor 170 to an
analog-digital converter 171 which transmits its output
signal via the conductor 172 to an addressing circuit 173
which provides for the display or storing of the result
obtained in a part j of a memory M, this part corre-
sponding to the determined quantity X; (this quantity
consisting of data relating to the lithology), and this
result is obtained in addition to the previously deter-
mined constant coefficient Bjstored in the memory M.

A clock H drives simultaneously the logarithmic
decoders 137 and 146 and the addressing circuit 173,
thus allowing for the successive storing in the memory
M of the quantities X; corresponding to the lithology of
the logged formations.

The memory M is connected to a device for record-
ing and/or visuaily displaying the determined quantities
X, this device, which has not been shown in the figure,
may be of any known type, such as magnetic recording,
recording on punched tape, etc.

FIG. 6 illustrates another embodiment of a hybrid
computer for treating in real time the measurements
obtained from the sonde. As in the case of the computer
described in connection with FIG. 5, there is an identi-
cal memory C in which the variables C; are recorded,
this memory being associated with a logarithmic de-
coder 137 having one output terminal. In the memory a
associated with a logarithmic decoder 146, all the coef-
ficients ajare stored. The two logarithmic decoders 137
and 146 are driven by a clock H and, at each pulse of the
clock received by means of the conductors 180 and 181,
the logarithmic decoders deliver simultaneously signals
proportional to the corresponding variable C;and to the
coefficients a;;and which signals are transmitted by the
conductors 182 and 183 to the input of an amplifiers A.
This amplifier delivers a signal proportional to the loga-
rithm of the term a; C; which is transmitted by a con-
ductor 184 to a function generator GF which delivers a
signal proportional to the product a;; C;. This signal is
applied by means of the conductor 170 to an analog-
digital converter 171 which furnishes on its output ter-
minal a signal which is transmitted by the conductor
172 to an addressing circuit 173 driven by the clock H
by means of the conductor 185. The addressing circuit
173 serves for storing the received signal in part j of the
memory M corresponding to the computed quantity X
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The hybrid computer described in FIG. 11 is of a sim-
pler construction than that described in connection with
FIG. 10, but it requires a longer time for the determina-
tion of the values of the quantities X

It is understood that, instead of treating on the site the
measurements obtained from the sonde, it would also be
possible to record the same and the recorded measure-
ments would thereafter be transmitted to a treatment
center where they could be combined according to the
process which has been described.

FIG. 7 shows a sonde for determining simultaneously
the lithology, the porosity, and the permability of geo-
logical formations. This sonde is composed of a y log-
ging device identical to that described with respect to
FIG. 2, combined with an acoustic logging device as
described below.

The pad or guide block 8 is equipped at the lower
part thereof with two acoustic receivers 17 and 18 and,
at the upper part thereof, with an emitter or transmitter
19 of acoustic waves. Mounted on the upper part of the
sonde body is an emitter or transmitter 20 of acoustic
waves. The transmitters 19 and 20 and the receivers 17,
18 are disposed in the same diametric plane of the bore-
hole. Only the transmitter 20 is not in contact with the
wall of the borehole, whereas the transmitter 19 and the
receivers 17 and 18 carried by the guide block 8 are in
contact with the wall of the borehole 2 in the measuring
position of the sonde.

The transmitter 20 is designed for generating waves
propagated essentially in the longitudinal way or mode.
For this reason it is placed slightly recessed in the body
of the sonde so as to maintain a thickness of several
centimeters of drilling mud between the formation and
this transmitter. The presence of this liquid interface
stops the waves being propagated in the transversal way
or mode and allows only for the propagation of longitu-
dinal waves. According to a preferred embodiment, the
transmission frequency is chosen higher than 20 kHz
and is preferably in the range between 20 to 80 kHz,
and, for technological reasons, a transmitter of the mag-
netostrictive type will be preferably employed.

The transmitter 19 is designed for generating waves
similar to transversal waves. For this purpose and for
technological reasons, it is of the piezoelectric type and
operates, for example, at a frequency at least equal to 80
kHz, and preferably in the range between 80 and 25
kHz. It is applied against the formation without interpo-
sition of liquid film. Experience has shown that, under
these conditions, the wave train of the greater propaga-
tion velocity at the interface well formation and which
will correspond to the first arrival of energy which will
be solely taken into account at the receivers, is similar to
a train of transversal waves.

For each transmitter the power is such that, at each
receiver, the signal-to-noise ratio will permit the obtain-
ing of accurate measurements. Since the attenuation of
the acoustic waves during their travel in the geological
formations is exponential, it is desirable that the receiv-
ers and transmitters be disposed as close to each other as
possible. Nevertheless, there is a limit since the spacing
between receivers must be sufficient in order that the
measurements be possible, and the spacing between
transmitters and receivers must be such that a certain
number of static acoustic phenomena with respect to
the measurements which are produced particularly at
the contact zone of piezoelectric transmitter with the
formation be completely attenuated by absorption in the
geological formations. It has been found that these re-
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10
quirements are met for a minimum distance between
receivers in the order of one wave length, and between
transmitters and receivers in the order of about ten
wave lengths of the acoustic vibrations being emitted.

In this embodiment, the distance between the receiv-
ers 17 and 18 is in the range between S and 10 centime-
ters; the distance between the receiver 17 and the trans-
mitter 19 is in the range between 40 and 80 centimeters,
and the distance between the receiver 17 and the trans-
mitter 20 is chosen to be in the range between 60 and
150 centimeters.

The transmitters and the receivers are supplied with
electric energy by a feeding block schematically indi-
cated with reference numeral 21 and housed, for exam-
ple, in the body of the sonde. The feeding block 21,
which is of a conventional type, will not be described in
detail herein. It furnishes to the various elements the
electric energy with suitable voltages and intensities.
The signals delivered by the receivers 17 and 18 are
transmitted to an electronic group 22b which is housed,
for example, in the body of the sonde. These signals are
treated by the group 22b—which will be described in
further detail hereinbelow—and the data transmitted to
the surface by conductors of the cable 3.

FIG. 8 represents, at an enlarged scale, a particular
embodiment of the piezoelectric transmitters and re-
ceivers of the sonde placed in contact with the geologi-
cal formations. Each of these is composed of a feeling
head 24 housed in a cavity 25 which is disposed in the
guide block 8 of the sonde. The feeling head 24 may be
displaced in the cavity 25 perpendicularly to the axis of
the borehole 2 due to the action of any known means
that may be operated by remote control, such as, for
example, elastic means, hydraulic means, or means with
springs, being placed between the guide block and the
end of the feeding head situated at the inside of the
cavity 25. The displacement of the feeling head 24 may
be on the order of several centimeters for reasons which
will be explained further hereunder.

The feeling head 24 which has, for example, an essen-
tially cylindrical configuration has an essentially conical
outer end or contact piece 27 whose apex terminates in
a spherical cap. The feeling head 24 consists of a rigid,
for example metallic, material adapted to transmit the
acoustic vibrations. Disposed in the body of the feeling
head 24 is a fluid-tight housing 23a into which is placed
a piezoelectric element 23 which latter is sensitive to the
acoustic vibrations and which is in contact with the
walls of this housing. This element 23 may consist, for
example, of a stack of piezoelectric disks, made for
example from barium titanate (Ba Ti O4) whose axis of
rotation which extends essentially through the apex of
the contact piece 27 and is perpendicular to the axis of
the borehole 2. The sensitive element 23 is provided for
in such a manner that, upon receiving an electric pulse,
it vibrates preferably in a direction perpendicular to the
surface of the geological formation with which it is in
contact by means of the feeling head 24. Electric con-
ductors 23b transmit the electrical signals delivered by
the sensitive element 23, or transmitted thereto, depend-
ing upon whether the device operates as receiver or as
transmitter.

The device operates in the following manner:

When the sonde has been placed into the borehole 2
at the desired depth, the guide blocks or pads are spaced
from the body of the sonde until they come into contact
with the mud cake 2a which covers the wall of the
borehole. Upon the action of elastic means (not shown),
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the feeling head penetrates into the cake until the end of
the contact piece 27 comes into contact with the geo-
logical formations. During the displacements of the
sonde, when the measurements are made, the elastic
means hold the contact piece 27 constantly in contact
with the geological formations. In the case where the
device operates as a receiver, the acoustic waves propa-
gated in the geological formations are transmitted to the
sensitive element 23 by the feeling head 24. The sensi-
tive element 23 which is then subjected to vibrations
delivers an electric signal representative of these waves,
this signal then being transmitted by the conductors 23b
to the electronic apparatus with which the sonde is
equipped. In the case where the device operates as a
transmitter, the electric signal transmitted by the con-
ductors 23b causes the sensitive element 23 to vibrate,
and these vibrations are transmitted to the geological
formations by means of the contact piece 27 of the
feeling head 24.

It is understood that the transmitters and receivers
are separated from each other by means one of which is
schematically indicated with reference numeral 8a in
FIG. 8 and consists of a material absorbing the vibra-
tions transmitted to the guide block 8.

The emitters 19 and 20 operate alternatively at a low
recurrence frequency in the range between 5 and 50 Hz,
for example. The acoustic waves emitted by the piezo-
electric transmitter 19 are propagated practically exclu-
sively in the geological formations the first energy ar-
rivals reaching successively the receivers 17 and 18 are
similar to waves of the transversal type. The acoustic
waves emitted by the magnetostrictive transmitter 20
are transmitted through the mud to the geological for-
mations in which they are propagated, and the first
energy arrivals of the longitudinal wave type reach
successively the receivers 17 and 18.

Upon receiving of acoustic signals from any one of
the transmitters, the receivers deliver electric signals
which are transmitted to the electronic group 22b (FIG.
7) which generates for each of the waves a signal repre-
sentative of the travel time in the geological formations
between the two transmitters the difference of the times
of arrival of an acoustic wave at each of the receivers
and a signal representative of the attenuation of the
wave between the two receivers (proportional to the
ratio of the amplitudes of the first electric oscillation
delivers by each receiver).

FIG. 9 illustrates schematically the part of the elec-
tronic group 22 serving for measuring the attenuation
between the receivers 17 and 18 of an acoustic wave
transmitted from one or the other of the transmitters.

FIG. 10 represents the different electric signals illus-
trating the operation of the device of FIG. 9.

An acoustic signal which is propagated in the geolog-
ical formations by the transmitter 20 or 19 reaches suc-
cessively the receivers 17 and 18 at the respective in-
stants t; and t; + 6t. The receiver 17 delivers an electric
signal Sy shown in FIG. 10. This signal is an oscillatory
signal whose first half-cycle has an amplitude a;. Upon
receiving the same acoustic signal, after a time interval
ot, the receivers 18 delivers an electric signal Sz (FIG.
10) whose first half-cycle has an amplitude Aj;. The
electric signals Sy and S; are transmitted respectively by
the conductors 28 and 29 to blocking-lengthening de-
vices 30 and 31. These devices pick up the first oscilla-
tions of the signals Sy and S;, lengthen them respec-
tively by a duration 71 and 73, and deliver on the respec-
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tive output terminals the electric signals Ty and T;
(FIG. 10).

The signal T furnished by the device 30 is transmit-
ted by the conductor 32 to a polarity reverser 33 which
delivers thereupon an electric signal — T transmitted
by a conductor 34 to a first input of an analog gate 35.
The signal T is simultaneously transmitted by the con-
ductor 36 to a saturated amplifier 37. This amplifier 37
which operates in an on-off fashion delivers at its output
a signal in the form of a rectangular wave U; (FIG. 10)
having a fixed amplitude when it receives a control
signal Tj. In this manner, the signal U; exists simulta-
neously with the signal T}, but its amplitude is indepen-
dent of the amplitude of the control signal T which has
initiated its generation. The signal Uy, furnished by the
amplifier 37, is transmitted by the conductor 38 to a first
input of an AND type gate 39.

In the same manner, the signal T; delivered by the
device 31 is transmitted by the conductor 40 to a first
input of an analog gate 41 and by the conductor 42to a
saturated amplifier 43 which, upon receiving the con-
trol signal T, furnishes a signal U, (FIG. 10) of the
same amplitude as the signal U;. The amplifier 43 is
connected by the conductor 44 to the AND-type gate
39 and the signal U is transmitted to the second input of
this AND gate. The AND gate generates a signal V
(FIG. 10) having a constant amplitude when its receives
simultaneously on the two inputs thereof the signals U
and Uz. As shown in FIG. 10, the signal V in the form
of a rectangular wave exists from the instant t; + 6t until
the t;+ 71, thus having a duration of | —8t. The output
of the AND gate 39 is connected by way of the conduc-
tors 45 and 46 with the analog gates 35 and 41, respec-
tively. The analog gate 35 passes the signal — T issuing
from the polarity reverser 33 only when it receives
simultaneously the control signal V by the conductor
45. In the same manner, the analog gate 41 passes the
signal T issuing from the blocking-lengthening device
31 only when it receives simultaneously the control
signal V by the conductor 46. The analog gates 35 then
deliver respectively the electric signals Wi and W2
(FIG. 10) transmitted by the conductors 47 and 48 to
the logarithmic amplifiers 49 and 50 which furnish on
the output terminals thereof signals whose amplitude is
proportional to the logarithm of the amplitudes of the
signals Wy and Wj, respectively. These logarithmic
amplifiers are connected by means of conductors 51 and
52 to a summing device 53 which furnishes an electric
signal X (FIG. 10) whose amplitude is proportional to
the logarithm of the ratio A/A;.

The summing device 53 is connected by the conduc-
tor 54 with a lengthening device 55 which delivers at
the output thereof a signal L in the form of a rectangu-
lar wave having the amplitude k Log (A2/A) and hav-
ing a calibrated duration T. This predetermined dura-
tion is chosen to be sufficient so as to ensure correct
transmission of the signal L to the surface by the cable,
i.e., such that at the arrival of the signal on the surface
there remains a portion of the signal which is not af-
fected by the transmission.

It is to be understood, as has already been indicated
previously herein, that the transmitters 19 and 20 oper-
ate alternatively and the electronic apparatus of FIG. 9
successively delivers a signal L and a signal L' being
representative of the attenuation of the transversal and
the longitudinal waves that are successively emitted by
the two transmitters. The signal L and L' which have
calibrated durations, for example in the order of 120y,
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are transmitted by the same conductor of the cable 3,
and since the recurrence frequency of operation of the
transmitters 19 and 20 is low (5 to 50 Hz), there is no
interference whatsoever possible between the signals L
and L’ which are delivered by the electronic apparatus
substantially at the operating frequency of the transmit-
ters.

F1G. 11 illustrates schematically the electronic appa-
ratus contained in the sonde for measuring the travel
time of an acoustic wave between the receivers 17 and
18. FIG. 12 represents the signals produced during the
operation of the apparatus illustrated in FIG. 11.

As has already been indicated, an acoustic signal
which is propagated in the geological formations by the
transmitter 19 or 20, reaches successively the receivers
17 and 18 at the respective instants t; and t| + 6t, and the
receivers deliver respectively the electric signals Sy and
S; (FIG. 12). The signals S; and S; are transmitted re-
spectively to monostable or one-shot multivibrators 56
and 57 by the conductors 58 and 59. Upon receiving of
the signal Sy, the monostable multivibrator 56 delivers a
signal Ry (FIG. 12) in the form of a rectangular wave,
having a constant amplitude and a calibrated duration
D). This signal is transmitted by the conductor 60 to an
input of a first device 61 which is an AND-type gate,
and by means of the conductor 62 to an input of a sec-
_ond device 63 which is also an AND-type gate.

Upon receiving a signal Sz, the monostable multivi-
brator 57 delivers a signal R (FIG. 12) in the form of a
rectangular wave having a constant amplitude and cali-
brated duration Dj. This signal is transmitted by the
conductor 64 to a logical device 65 which returns on
one of its outputs the signal R; having been transmitted
by the cable 66 to a second input of the AND gate 63.
On the second output terminal thereof, the device 65
furnishes a signal R; (FIG. 12) that is complementary of
the signal R; and transmitted by the conductor 67 to the
second input terminal of the AND gate 61. The latter
delivers a signal N (FIG. 12) when it receives simulta-
neously the signals Riand Ry, i.e.,—as is apparent from
FIG. 12, a signal having a duration §t. The signal N
transmitted by the conductor 68 actuates an analog gate
69 which connects a high-voltage source HT to time-
amplitude conversion circuit 70. The circuit 70 com-
prises, for example, a capacitor C charged through a
resistor R whose time constant RC is much higher than
6t. Closing of the analog gate by the signal N produces
the charge of the capacitor C during a time interval &t.
At the end of the charge, the electric voltage at the
terminals of the capacitor C reaches a value propor-
tional to 8t, a value which it retains as long as the capac-
itor C is not discharged.

A reading amplifier 71 is connected to the output of
the time-amplitude conversion device 70 by a conduc-
tor 72 and delivers a signal M (FIG. 12) which is trans-
mitted by a conductor 73 to an analog gate 74. The gate
74 is connected by a conductor 75 to the output of the
AND gate 63. The latter delivers a signal P (FIG. 12) in
the form of a rectangular wave when it receives simul-
taneously by way of the conductors 62 and 66 the sig-
nals Rj and R;, in other words, a signal beginning at the
instant t;+ 8t and having a duration of D —&t, during
which the signals R and R; exist simultaneously. The
signal P actuates the analog gate 74 which then passes
the signal M between the instants t+ &t and t14+ D, thus
delivering the signal Q (FIG. 12) having an amplitude
proportional to 8t. The signal Q is transmitted by the
conductor 76 to a lengthening device 77 which trans-
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forms the signal Q into a signal A having an amplitude
k St and a predetermined duration D chosen in such a
manner to ensure a correct transmission of the signal A
to the surface. The signal A furnished by the lengthen-
ing device 77 is transmitted to the surface by a conduc-
tor of the cable 3. The signal P furnished by the gate 63
is transmitted by the conductor 78 to a first input of a
device 79 which is an OR-type gate and receives on the
second input thereof the signal A delivered by the
lengthening device 77 and transmitted by the conductor
80. At the reception of one of these two signals, the OR
gate 79 delivers on its output terminal a signal transmit-
ted by the conductor 81 to a circuit 82 adapted to con-
trol the discharge of the capacitor C. The signal fur-
nished by the gate 79 places the circuit 82 in operating
condition. When this signal disappears, the circuit 82
delivers a control pulse transmitted by the conductor 83
for actuating an analog gate 84 that short-circuits the
capacitor C and causes the abrupt discharge thereof.

It is understood as has previously been indicated
herein that the transmitters 19 and 20 operate alterna-
tively and that the electronic apparatus of FIG. 11 suc-
cessively delivers a signal A and a signal A’ representa-
tive of the travel time in the geological formations be-
tween the receivers 17 and 18 of the transversal and the
longitudinal waves emitted successively by the two
transmitters. The signals A and A’ which have cali-
brated durations, for example on the order of us, are
transmitted to the surface by the same conductor of the
cable 3, and since the operation recurrence frequency of
the transmitters 19 and 20 is low (5 to 50 Hz), there is no
interference whatsoever possible between the signals A
and A’ which are delivered by the electronic apparatus
substantially at the operating frequency of the transmit-
ters.

In the embodiment described hereinabove, the first
half-cycle of each signal delivered by the receivers has
been used. Obviously it would be possible to use, in-
stead of the first half-cycle, a predetermined half-cycle
of each of the signals so as to obtain in the same manner
the travel times and the attenuations of the longitudinal
and transversal acoustic waves.

The cable 3 which assures the connection between
the sonde and the surface is advantageously a cable of a
commercially available type containing seven conduc-
tors. One of the conductors is used as ground conductor
and may be common to all of the electronic apparatus
contained in the sonde. Two other conductors allow for
feeding or supplying the sonde with electric energy for
example and alternating current of 220 volt at 50 Hz
from which there is produced the high-voltage and
low-voltage direct current necessary for the operation
of the sonde. Another conductor is utilized for the
transmission of the vy spectrometry signals from the
sonde toward the surface, the signals 4, A’, and L,L'
corresponding to the acoustic measurements being
transmitted by two separate conductors, while the data
being delivered by the diametric measuring device 11
(FIG. 7) may be transmitted by one of the two conduc-
tors being utilized for the transmission of acoustic data,
or possible, by the remaining conductor.

Besides the coded pulses representative of the diame-
ter of the borehole at the level of the sonde and the y
pulses having constant durations whose amplitudes are
proportional to the energy of the ¥ radiation emitted by
the formations, the sonde also delivers to the surface
apparatus, during one measuring interval, the following
signals:
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a. pulses having constant durations whose amplitudes
are representative of the travel time between the two
receivers of the acoustic waves being propagated in the
geological formations, and

b. pulses having constant durations whose amplitudes
characterize the attentuation of the acoustic waves
being propagated in the formations.

The mobility of the fluids at the interior of the geo-
logical formations, the lithology, and the porosity of the
geological formations are obtained by resolving equa-
tions of the type

i=n+4 2)
X; =2 aj; Ci + B

in which X; designates one of the following quantities;
the clay content

the content in carbonates

the quartz content

the cationic exchange capacity

the porosity

the mobility

As indicated hereinabove, the coefficients a; and §;
are given coefficients varying with the data X; to be
measured. One way of determining these coefficients
will be indicated hereinafter.

The coefficients C; are determined by the measure-
ments that are effected by the sonde. These coefficients
which are variables and functions of the nature of the
terrain, comprise

1. the coefficients C; to C, representing the contents
of n bands A, B, C, D. .. N judiciously chosen in the ¥
spectrum transmitted from the geological formations, as
represented for example in FIG. 3 in the case where
n=4,

2. the coefficients C, 41 and C, 42 which are respec-
tively the average values of the travel times A and A’
between the receivers, transversal and longitudinal
acoustic waves, these average values being indicated as
A,z and A'yy; and

3. in the case where the measured quantity is the
mobility of the fluid inside the geological formation,
with Xjthen being the logarithm of the mobility that is
sought, equation (2) comprises two supplementary vari-
ables C;, namely C, 3 and c, 4, representing respec-
tively the average value of the logarithm of the ratio of
the amplitudes of the first half-cycles of the. signals
delivered by the receivers, these average values being
indicated as L,,; and L'p,. It is understood that, in solving
the equation, two corresponding coefficients a;are then
introduced (a(x+3) and agn+4)y).

In order not to complicate the surface apparatus ex-
cessively, the determination of the coefficients a;; and
Bjis made by standardization or calibration on the basis
of measurements, carried out for example in the labora-
tory, on ground samples taken during the drilling opera-
tion. In a preferred embodiment, these samples are
cored samples, but it is equally possible to use excavated
drilling materials, if it is known with certainty from
which slope they come.

The number of terrain samples necessary may be
small since it is sufficient to have at least one sample
representing each of the types of geological formations
traversed by the borehole. On the basis of these samples
taken in this manner, a determination is made, for exam-
ple in the laboratory and with conventional methods, of
the values of the quantities X; (clay content, carbonate
content, quartz content, cationic exchange capacity,
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porosity, and mobility). During the logging operation,
there is noted the values of the variables C; measure-
ments corresponding to the samples taken. The series of
the values of the coefficients a; and ; is thereafter
determined by the conventional mathematical process
of multiple linear regression which is well-known in the
art.

The first n variables C; to C, represent the number of
v rays recorded during the measuring time (for example
during 30 seconds) and having an energy comprised
between predetermined limits. In practice, the number n
will be small, comprised between 3 and 7, and the en-
ergy range explored will be large, for example from 0.1
to 3.5 MeV, and generally at least between 0.4 and 2.7
MeV. The elaboration or production of the variables C;
is carried out as indicated hereinabove in connection
with FIG. 4.

The variables C, 1 to Cp4 represent, as indicated
above, the average values Am,, A'm, Lm, L'y or the
pulses A, A’, L, L which may be established during the
time necessary for the recording, for example 30 sec-
onds, a time period during which there is obtained for
an operating recurrence frequency of the acoustic trans-
mitters comprised between 5 and 50 Hz, a number of
measurements between 75 and 750 for each of the val-
ues A, A’, L and L', as defined previously. The average
is obtained, for example, by adding up the values of
each measurement in four digital memories.

A clock for synchronizing the measurements relative
to the y radiation with the acoustic measurements is
utilized for determining these averages. This clock may
be contained in the sonde, or in the surface apparatus,
and it assures moreover the separation of the pulses A,
A’y and L, L’ and the pulses delivered by the diametric
measuring device 11 of the sonde being transmitted by
two conductors of the cable 3.

The treatment of each series of pulses A, A’,and L, L’
is performed by an analog-digital conversion of the
amplitude of the transmitted pulse. This may be ob-
tained, for example, by an amplitude-time conversion
with the notation being operated, during the time inter-
val proportional to the amplitude of the pulse, by open-
ing a gate through which pass very short pulses cali-
brated at high frequency (for example 20 MHz), and
these pulses are stored in a counter register and added to
the contents of the digital memory.

FIG. 13 represents schematically a hybrid computer
of the type such as the one described in connection with
FIG. 5 and designed for treating in real time the mea-
surements obtained from the sonde described in FIG. 7,
i.e., a hybrid computer adapted to solving the equations
).

This computer comprises a memory C within which
are recorded the C,;4 variables defined previously.
Stored in this memory are the variables C; to Cg, which
have not been chosen to be equal to 4 in this example.
The coefficients a; determined by standardization or
calibration which are constant coefficients are stored in
amemory a. The supplementary coefficients o, i.e., the
coefficients a(x +3)and a(, 4 4);defined hereinabove and
being necessary for determining the mobility logging
are stored in the form of voltages delivered by two
potentiometers 135 and 136 which allows for a simpli-
fied arrangement of the memory a.

The memory C delivers on eight output terminals
eight electric signals representative of the variables C,
to Cg. These signals are transmitted to a logarithmic
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decoder 137 which delivers on its eight output terminals
signals proportional to the logarithm of the variables Ci
to Cg. These signals are transmitted respectively by the
conductors 138 to 145 to the input of the amplifiers A
to Ag.

In the same fashion, the coefficients a; (from a; to
@(n+2)) are read by a logarithmic decoder 146 which
delivers on its output terminals signals proportional to
the logarithm of these coefficients a;, which are applied
respectively by the conductors 147 to 152 to the amplifi-
ers Ajto A The voltages delivered by the potentiome-
ters 135 and 136 which are proportional to the loga-
rithm of the supplementary coefficients necessary for
determining the mobility are transmitted respectively
by the conductors 153 and 154 to the amplifiers A7 and
As.

The amplifiers A| to Ag deliver on their respective
output terminals electric signals proportional to the sum
of the signals which are applied on their input terminals,
i.e., signals proportional to the logarithm of the prod-
ucts a;C;. The signals delivered by each amplifier are
respectively transmitted by conductors 155 to 162 to
function generators GF| to GFg which restore on their
output terminals signals proportional to the products
a;C;. The signals furnished by the generators GF to
GFj are transmitted directly by the conductors 163 to
168 to and 176 to 177 to an operational amplifier 169
which sums these signals and delivers on its output
terminal an electric signal proportional to

s 1=n+4 c
a;j- C,
i+n v

transmitted by a conductor 170 to an analog-digital
converter 171 which transmits its output signal through
the conductor 172 to an addressing circuit 173 which
serves for storing the result obtained in a part j of a
memory M, this part corresponding to the determined
quantity X;(this quantity consisting of data on the lithol-
ogy, the porosity, or the mobility), and this result being
obtained in addition to the previously determined con-
stant coefficient 8 stored in the memory M.

A clock H simultaneously controls the logarithmic
decoders 137 and 146 and the addressing circuit 173,
thus allowing for the successive storing in the memory
M of the quantities X corresponding to the lithology
and to the porosity of the logged formations. The clock
H also controls two gates 174 and 175 which connect
respectively the function generators GF7 and GFg with
the amplifier 169 by way of the conductors 176 and 177
solely during the determination of the quantity X;corre-
sponding to the mobility (or to the permeability of the
surveyed formations.

The memory M is connected to a recording device
and/or to a display device of the determined quantities
X, and this device (not shown in the figure) may be of
any known type (magnetic recording, recording on
punched tape, etc.)

It is additionally possible to utilize a hybrid computer
having a system arrangement identical to that described
with reference to FIG. 6, in which the two coefficients
a(n+3),and Qs + 4 necessary for determining the perme-
ability are stored in the memory a.

Modifications may be applied to the present invention
without departing from the spirit and scope thereof. For
example, it is possible to use only the data delivered by
the acoustic device of the sonde illustrated in FIG. 7,
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particularly in order to determine the permeability of

the nonclay content geological formations.

We Claim:

1. A process for determining the characteristics of the
geological formations traversed by a bore hole, making
use of a measuring sonde in combination with an auto-
matic system for the treatment of the data delivered by
the sonde, comprising the combination of the following
steps:

a. determining the spectrum of the y rays naturally
radiated from the geological formations in the form
of a plurality of quantities associated to said radia-
tion, each of which depends on the intensity of this
natural radiation, in a given energy range,

b. alternately transmitting acoustic waves which
propagate essentially according to the longitudinal
way of propagation and acoustic waves having
essentially a transversal way of propagation,

c. successively determining the travel time of said
longitudinal waves and of said transversal waves
between two receivers placed in contact with the
geological formations, by producing two quantities
which are functions of the respective travel times
of said longitudinal waves and transversal waves,

. successively determining, between said receivers,
the attenuation of said longitudinal and of said
transversal waves, by producing two quantities
representative of said attenuation respectively for
the longitudinal waves and for the transversal
waves, and ’

e. elaborating, on the basis of said quantities, in said
automatic system, at least one resulting quantity,
representative of a characteristic of said forma-
tions, by linearly combining said quantities associ-
ated to the y radiation with said quantities which
are functions of the travel time of the longitudinal
and transversal waves and with said quantities rep-
resentative of the attenuations of said acoustic
waves.

2. A process for determining the characteristics of the
geological formations traversed by a bore hole, com-
prising the combination of the following steps:

a. determining the spectrum of the natural 7y rays
radiated from the geological formations in the form
of a plurality of signals associated to said radiation,
each of which depends on the intensity of this natu-
ral radiation in a given energy range,

. alternately transmitting acoustic waves propagat-
ing in the geological formations essentially accord-
ing to the longitudinal way of propagation and
acoustic waves propagating essentially according
to the transversal way of propagation,

c. successively determining the travel time of said
longitudinal waves and of said transversal waves
between two receivers placed in contact with the
geological formation, by producing two signals
related to the respective travel times of the longitu-
dinal waves and the transversal waves,

. successively determining between said receivers,
the attenuation of said longitudinal waves and of
said transversal waves, by producing two signals
representative of said attenuation respectively for
the longitudinal waves and for the transversal
waves,

e. recording said signals, and

f. elaborating, on the basis of said recorded signals, at

least one resulting signal, representative of a char-

acteristic of said formations, by linearly combining
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said signals associated to the y radiation with said
signals related to the travel time of said longitudi-
nal and transversal waves, and with said signals
representative of the attenuation of said acoustic
waves.

3. A device for determining the characteristics of the
geological formations traversed by a bore hole, com-
prising a sonde connected to a surface apparatus
through a cable provided with electric conductors, said
sonde comprising the combination of:

a. means for detecting the natural v radiation trans-
mitted from the formations, said means delivering
electric signals representative of the radiation ema-
nating from the geological formations,

b. means for transmitting acoustic waves, adapted to
transmit to the geological formations, acoustic
waves having essentially a longitudinal way of
propagation,

c. means for transmitting acoustic waves, adapted to
transmit to the geological formations, acoustic
waves having essentially a transversal way of prop-
agation,

. means for alternately operating said first and sec-

ond transmitting means,

e. at least two acoustic wave receivers spaced verti-
cally, adapted to deliver electric signals at the time
of reception of said acoustic waves,

f. means for determining the travel time and the

waves attenuation between said receivers of said

acoustic waves, said means being connected to said
receivers and adapted to deliver a first series of
electric signals representative of the travel time and

a second series of electric signals representative of

the attenuation of said acoustic waves, and

means for transmitting to the surface all these elec-

tric signals.

4. A device according to claim 3, wherein said first
and said second transmitting means transmit acoustic
waves of a high frequency and said acoustic waves
transmitted from said first transmitting means have a
frequency different from that of the acoustic waves
transmitted from said second transmitting means.

5. A device according to claim 3, wherein said first
transmitting means are adapted to transmit acoustic
waves whose frequency is at least 20 kHz.

6. A device according to claim 3, wherein said first
transmitting means are adapted to transmit acoustic
waves whose frequency is in the range of from 20 kHz
to 80 kHz.

7. A device according to claim 3, wherein said trans-
mifting means are adapted to transmit acoustic waves
whose frequency is at least 80 kHz.

8. A device according to claim 3, wherein said second
transmitting means are adapted to transmit acoustic
waves whose frequency is in the range of from 80 kHz
to 250 kHz.

9. A device according to claim 3, wherein said first
and second transmitting means are operating alternately
at a recurrence frequency between 5 and 100 Hz.

10. A device according to claim 9, wherein said re-
currence frequency is about 50 Hz.

11. A device according to claim 3, wherein said first
transmitting means, said second transmitting means and
said receivers are placed in the same diametral plane of
the sonde.

12. A device according to claim 3, wherein said first
transmitting means consist of an acoustic transmitter of
the magnetostrictive type. '
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13. A device according to claim 3, wherein said sec-
ond transmitting means consist of an acoustic transmit-
ter of the piezo-electric type.

14. A device according to claim 3, wherein said sonde
is provided with a movable pad for supporting and for
positioning said means for detecting the 7y radiation
emanating from the geological formations, said second
acoustic waves transmitting means and said receivers
are supported on the same movable pad of the sonde, so
as to come into contact with the wall of the bore hole
along a generatrix thereof.

15. A device according to claim 3, wherein said re-
ceivers are at a distance from one another equal to a few
times the wave length of the transmitted acoustic waves
and the distance between said receivers and second
acoustic waves transmitting means is greater than ten
wave lengths of the transmitted acoustic waves.

16. A device according to claim 3, wherein said
means for measuring the attenuation of the acoustic
waves comprise a first blocking-lengthening element
connected to a first of said receivers, a second blocking-
lengthening element connected to the second of said
receivers, each of said elements delivering an electric
signal of predetermined duration having an amplitude
substantially proportional to the peak amplitude of a
predetermined half cycle of the electric signals supplied
by said receivers, this device also comprising a first
analogical gate, a first amplifier and a polarity inverter,
said polarity inverter connecting the first element on
the one hand, to said first analogical gate and, on the
other hand, to said amplifier delivering an electrical
signal in the form of a rectangular wave of substantially
constant amplitude and of the same duration as that of
the signal delivered by said first blocking-lengthening
element, a gate of the AND type having a first input
connected to said first amplifier, the device further
comprising a second analogical gate and a second am-
plifier said second element being connected, on the one
hand, directly to said second analogical gate and, on the
other hand, to said second amplifier delivering an elec-
tric signal in the form of a rectangular wave of substan-
tially constant amplitude having the same duration than
the signal delivered by said second blocking-lengthen-
ing element, said second AND gate having a second
input connected to said amplifier, said AND gate being
connected to said first and second analogical gates and
supplying thereto a control signal when it simulta-
neously receives the signals delivered by each one of
said first and second amplifiers, said analogical gates
giving passage to the signals supplied by the blocking-
lengthening elements only at the time of reception of
said control signal, logarithmic amplifiers respectively
connected to said first and second analogical gates and
delivering signals substantially proportional to the loga-
rithms of the amplitude of the signals supplied by said
blocking-lengthening element, a summing amplifier
having an input connected to said logarithmic amplifi-
ers said summing amplifier delivering at its output ter-
minal a signal the amplitude of which is substantially
proportional to the logarithm of the ratio of the ampli-
tudes of the electric signals supplied by said blocking-
lengthening elements, and transmitting means con-
nected to said summing amplifier, said transmitting
means comprising a pulse lengthener, adapted to cali-
brate to a predetermined value the duration of the
pulses supplied by said summing amplifier.

17. A device according to claim 16, wherein each of
said blockinglengthening elements delivers a signal
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substantially proportional to the peak amplitude of one
of the first five half-cycles of the electric signal deliv-
ered by each receiver.

18. A device according to claim 17, wherein each of
said blockinglengthening elements delivers a signal
substantially proportional to the peak amplitude of the
first half-cycle of the electric signal delivered by each
receiver.

19. A device according to claim 3, wherein said
means for measuring the travel time of the acoustic
waves comprises a first one-shot multivibrator con-
nected to said first receiver and a second one-shot multi-
vibrator connected to said second receiver, each of said
multivibrators being adapted, when receiving a signal
supplied by said receivers, to deliver, at its output termi-
nal, a signal of calibrated amplitude and duration, said
first multivibrator being connected to a first and a sec-
ond gate of the AND type, said second multivibrator
being connected to a device which, when it receives a
signal supplied by said second multivibrator, delivers at
one of its outputs at said second gate a signal identical to
the received signal and delivers at its second output
terminal connected to said first gate, an electric signal
only in the absence of signal delivered by said second
multivibrator, said first gate delivering a control signal
of a duration equal to the time interval during which
signals are simultaneously received at its input termi-
nals, this time interval being substantially equal to the
travel time of the acoustic waves between the two re-
ceivers, said control signal actuating over its whole
duration, an analogical gate connecting to a voltage
source, a time-amplitude conversion device, the output
of which is connected to amplifying means delivering a
signal whose amplitude is proportional to said travel
time, said amplifying means being connected, through
an analogical gate, controlled by the signal delivered by
said second AND gate, to transmitting means compris-
ing a device for lengthening the signal delivered by said
amplifying means and a device for resetting to zero said
time-amplitude conversion device actuated by the out-
put signal of said second AND gate.

20. A device according to claim 3, wherein the sur-
face apparatus comprises means for recording all the
signals delivered by the sonde and means for elaborat-
ing in real time from said signals at least one resulting
signal representative of a characteristic of said forma-
tions, said means for elaborating being connected to said
means for recording and linearly combining said signals
associated to the 7 radiation, said signals being a func-
tion of the travel time of the longitudinal and transver-
sal acoustic waves and said signals being representative
of the attenuations of said acoustic waves.

21. A device according to claim 20, wherein said
means for elaborating in real time comprise a first mem-
ory wherein are recorded, in the form of signals, prede-
termined coefficients, a second memory wherein are
recorded said group of signals delivered by the sonde, a
group of means for treating said signals, connected to
each of said memories actuated by a clock to which
they are connected, said means being adapted to com-
bine the signals of said group and to deliver, at their
output terminal, at least one digital signal function of
the received signals and representative of an informa-
tion element concerning a characteristic of the geologi-
cal formations, and a third memory, connected to said
treating means, where is recorded said representative
signal.
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22. A process for quantitatively determining [the
characteristics § at least one of a lithological and petro-
physical characteristic of the geological formations tra-
versed by a borehole, utilizing a measuring sonde which
delivers signals, and an automatic system for treating
the signals delivered by the sonde, said process compris-
ing the steps of:

a. determining values of coefficients depending on the
characteristics of the geological formations and
registering the values of the coefficients in the
automatic system,

. determining the spectrum of the y rays naturally
radiated from the geological formations in the form
of a plurality of quantities associated to said radia-
tion, each of which depends on the intensity of this
natural radiation in a given predetermined energy
range of the spectrum, and

c. elaborating on the basis of said quantities in said
automatic system at least one resulting quantity
representative of a characteristic of said formation
by linearly combining said quantities as a function
of the values of said coefficients.

[23. A device for determining the characteristics of
the geological formations traversed by a borehole, com-
prising a measuring sonde placed in the borehole and
delivering electrical signals, a surface apparatus com-
bined with said sonde for the automatic treatment of the
signals delivered by the sonde, said surface apparatus
comprising means for registering values of coefficients
depending on the characteristics of the geological for-
mations a cable having electrical conductors, said sonde
comprising:

a. means for detecting the natural y radiation emitted
by the formations, and for producing electrical
signals representative of the y radiation emitted by
the geological formations each of the signals being
a function of the intensity of the natural radiation
within a given predetermined energy range of the
spectrum, and

b. means for transmitting the electrical signals to the
surface apparatus.]

24. A device for quantitatively determining [the char-
acteristics § at least one of a lithological and petrophysical
characteristic of the geological formations traversed by a
borehole, comprising a measuring sonde placed in the
borehole and delivering electrical signals, a surface
apparatus combined with said sonde for the automatic
treatment of the signals delivered by the sonde, values
of coefficients depending on the characteristics of the
geological formations being registered in the automatic
system, a cable having electrical conductors, said sonde
comprising:

a. means for detecting the natural vy radiation emitted
by the formations and for producing electrical
signals representative of the vy radiation emitted by
the geological formations, each of the signals being
a function of the intensity of the natural radiation
within a given predetermined energy range of the
spectrum, and
means for transmitting the electrical signals to the
surface apparatus, and
wherein the surface apparatus comprises means for

recording said electrical signals delivered by and

transmitted form said sonde, and means for elabo-
rating in real time from said electrical signals at
least one resulting signal representative of a charac-
teristic of said formations, said means for elaborat-
ing being connected to said recording means and

b.
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linearly combining said electrical signals associated
to the y radiation.

25. A device according to claim 24, wherein said
means for elaborating in real time comprises [flat] first
memory means to which predetermined coefficients are
supplied and are recorded therein in the form of signals,
second memory means in which said signals delivered
by the sonde are recorded, clock means delivering a
clock signal and connected to said first and second
memory means, combining means connected to said
first and second memory means and responsive to a
clock signal for combining the signals from said first and
second memory means and providing at least one digital
resultant signal which is representative of an informa-
tion element concerning a characteristic of the geologi-
cal formations, and third memory means connected to
said combining means for recording said representative
resultant signal.

26. A process for guantitatively determining [the
characteristics] at least one of a lithological and petro-
physical characteristic of the geological formations tra-
versed by a borehole, using a combination a measuring
sonde which delivers signals and an automatic system
for treating the signals delivered by the sonde, said
process comprising the steps of:

a. determining values of coefficients depending on the
characteristics of the geological formations and
registering the values of the coefficients,

b. determining the spectrum of the natural ¥ rays
radiated from the geological formations in the form
of a plurality of signals associated to said radiation,
each of which depends on the intensity of this natu-
ral radiation in a given predetermined energy range
of the spectrum,

c. recording said signals, and

d. elaborating on the basis of said signals in said auto-
matic system, at least one resulting signal represen-
tative of a characteristic of said formation by lin-
early combining said signals as a function of the
values of said coefficients.

27. A process for quantitatively determining [charac-
teristics] at least one of a lithological and petrophysical
characteristic of a geological formation traversed by a
borehole, utilizing a measuring sonde including means
delivering measuring signals, and a data processing
system for treating said measuring signals, this process
comprising the steps of:
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a. determining from said measuring signals a plurality
of quantities associated to the natural y radiation of
the geological formations, each of said quantities
depending on the intensity of said natural radiation
in a given predetermined energy range of the spec-
trum,

b. determining the values of calibration coefficients
[depending on at least one characteristic of the
geological formation], and

c. elaborating through said data processing system,
on the basis of said measured quantities and of said
coefficients, a [plurality of] resulting [quanti-
ties] quantity representative of said at least one
characteristic of said formation, said resulting
[ quantities} quantity being derived from said mea-
suring quantities through [a plurality of] ar feast
one linear [relationships] relationship including a
plurality of coefficients having said values deter-
mined in step (b).

28. A process according to claim 26 wherein the values of
the coefficients determined in step (b) depend on at least
one lithology characteristic. ‘

29. A process according to claim 28, wherein the at least
one lithology characteristic includes the clay content of the
geological formation.

30. A process for determining the clay content of a geo-
logical formation traversed by a borehole, utilizing a mea-
suring sonde including means delivering measuring sig-
nals, and a data processing system for treating said mea-
suring signals, this process comprising the steps of:

(a) determining from said measuring signals a plurality
of quantities associated to the natural vy radiation of
the geological formations, each of said quantities de-
pending on the intensity of said natural radiation in a
given predetermined energy range of the spectrum,

(b) determining the values of calibration coefficients,
and

(c) elaborating through said data processing system, on
the basis of said measured quantities and of said
coefficients, resulting quantity representative of the
clay content of said formation, said resulting quantity
being derived from said measured quantities through
a linear relationship including a plurality of coeffici-
ents having said values determined in step (b).

31. A process according to claim 30, wherein said plural-
ity of quantities determined in step (a) depend on the inten-
sity of the natural radiation in a plurality of substantially
contiguous energy ranges of the y radiation spectrum.

* * * * *



