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This invention relates to well logging apparatus and
more particularly to a well logging system adapted to
be operated in cased boreholes in conjunction with well
completicn equipment,

The completion of oil and gas wells involves the posi-
tioning of steel casing within the well bore and the
introduction of cement into the annular space between
the bore and the outside of the casing to permit selec-
tive production from a particular level or levels. In order
to preduce the well, the operator perforates the casing
and the cement annulus, usually by explosives, at levels
believed to bz adjacent cil or gas bearing formations.
The location of the zones of probable productivity is
frequently determined before the setting of the casing
by the running of an electric log, but it is usually desir-
able to correlate the electric log with a radicactivity
log subsequent to the setting of the casing and prior to
perforation. It is also desirable to perforate in those
portions of the productive zone wherein a good bond
has been formed between the casing and the surround-
ing cement sheath. This is because imperfections, such
as the presence of voids or channels, in the cement sheath
permits finids from adjacent zones to flow into the per-
forations and mix with the desired fluids or, in some
cases, substantially inhibit their production. It is ad-
vantageous, therefore, to run a test of the effectiveness
of the cement bond around the casing prior to perfora-
tion.

The running of radioactivity and cement bond logs
prior to perforation of a well is fairly expensive because
separate mobile units have heretofore been necessary
for running the radioactivity and cement bond logs on
one hand and the perforating equipment on the other.
This is because perforating trucks are equipped with a
sheathed cable containing only a-single insulated con-
ductor, such cable being used to support and actuate
the perforating equipment whereas combination logging
equipment normally requires the use of a multiconductor
cable.

An object of this invention is to provide an appara-
us for simultaneously running two different types of
legs using a tool supported by a sheathed cable con-
taining but a single insulated electrical conductor.

Another object of this invention is to provide a com-
bination logging tool for simultaneously conducting a
radioactivity well survey within a cased borchole and
continuounsly indicating the effectiveness of cement bond-
ing around the casing.

Another object is to provide a combination radio-
activity and cement bond logging tool cperated from a
single conductor cable of the type used in connection
with electrically actuated casing perforating equipment.

A further object is to provide an effective and eco-
nomical apparatus for transmitting intelligence derived
from a radioactivity well survey and a cement bond log
simultaneously on a single insulated electrical conduc-
tor without substantial interference therebetween.

In general, the foregoing objects are attained by pro-
viding 2 logging system which includes a logging tool
adapted to be moved through a borehole, a sheathed
cable containing a single insulated conductor supporting
said tool and electrically connecting it to surface equip-
ment and an acoustic cement bond logging section with-
in the tool. The acoustic logging section is provided
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with means producing successive, time-spaced acoustic
shock waves which pass along the casing and with an
acoustic receiver including means for fransmitting intel-
ligence regarding the effectiveness of the cement bond,
as indicated by the amplitude of one or more of the re-
ceived acoustic shock waves, in the form of a series of
voltage pulses of a given polarity. A radioactivity log-
ging section is contained in the same tool and adapted
to produce an output signal consisting of voltage pulses
of the opposite polarity from the pulses of the cement
bond signal. Means responsive to the operation of the
shock wave producing means are provided in the tool
for blanking out a portion of one of the signals during
a selected interval so that the signal pulses of one po-
larity will not interfere with those of the opposite po-
larity and thus will aveid distortion of the informa-
tion transmitted. Surface equipmenti, also responsive to
the operation of the shock wave producing means, is
provided for separating from the combined logging sig-
nals only a selected portion of the acoustic logging sig-
nal which is significant with respect to the particular
factor under investigation, for example, the effectivensss
of the cement bond around the casing.

In the system comprising this invention, the acoustic
shock wave transmitter perferms not only its conven-
tional function of producing the acoustic shock waves
but also produces an electric pulse, formed simultane-
ously with the acoustic shock wave, that prevents the
transmission of potentially interfering radioactivity log-
ging signals and further controls the reception by the
surface equipment of electric signals produced by the
acoustic logging section so that only the significant por-
tion of the signal is received, The utilization of such
trigger or control pulse in this way enables the combi-
nation of the acoustic and radicactivity logging sections
to perform a function in addition to the sum of the
functions of these logging sections operating individually,
namely, that of -automatic suspension of transmission of
potentially interfering electrical signals from the radio-
activity section with the result that both logging sections
can be successfully operated in a tool supported by a
sheathed cable containing a single insulated conductor.

In the accompanying drawings:

FIG. 1 is a diagrammatic view showing a logging tool
embodying the system of the present invention positioned
within a cased well bore; .

FIG. 2 is a block diagram illustrating the conmnection
of the various elements of the subsurface and surface
portions of the system;

FIG. 3 is a schematic circuit diagram of the acoustic
transmitter included in the combination logging tool;

FIG. 4 is a block diagram of the acoustic receiver
portion of the combination logging tool;

FIG. 5 is a block diagram illustrating the arrange-
ment of the elements of the receiver portion of the radio-
activity well logging section of the tool;

FIG. 6 is a block diagram illustrating the arrange-
ment of the various elements of the casing collar locator
portion of the tool; and

FIGS. 7a-7d illustrate graphically the electrical out-
puts of various portions of the system with respect to
time to illustrate their relation with respect to one an-
other.

FIG. 1 illustrates an elongated, generally cylindrical
logging tool 10 supported within the well bore 11 by cable
12. Cable 12 contains a single insulated electrical con-
ductor 13 which provides electrical connection between
the various parts of the tool 16 and the surface elec-
tronic equipment generally indicated at 14. The cable
sheath or armor, indicated schematically at 15, serves
as a return path for current in conductor 13. As is con-
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ventional. in well logging, the tool 1¢ is moved through
borehole 11 by movement of the cable 12 which passes
over the measuring wheel 16.

Borehole 11 traverses an earth formation indicated at
17 and has set therein a section of steel casing 18. An
annular cement sheath 19 grips the outside of the casing,
stuch sheath having been formed by pumping liquid ce-
ment into the annular space between casing 18 and forma-
tion 17. Frequently, the cement will not fill the annular
space perfectly and there will be formed various voids
or channels such as those indicated at 21. 1t is possible to
detect the presence of imperfections, such as the chan-
nels 21, by measuring the amplitude of a selected sound
wave pulse or pulses transmitted through a section of
the casing 18. The amplitude of vibration of casing 18
when subjected to an acoustic shock wave is a function
of the tightness with which it is held in place by the
cement sheath 19 which, in turn, is effected by the pres-
ence or absence of veids such as 21. In conducting
cement bond logging, a series of acoustic shock waves
are emitted from a logging tool, transmitted through a
section of adjacent casing and the ampitude of a selected
acoustic shock wave is measured as received at a longi-
tudinally spaced portion of the tool after having been
transmitted through the casing. This measurement is
transmitted electrically to equipment at the top of the
borehole and is continucusly recorded and correlated with
the position of the tool in the well to produce a cement
bond log.

In accordance with the embcediment of the invention
illustrated, the tool 10 includes an acoustic receiver sec-
tion 22, an acoustic transmitter section 23, a radioactivity
detector section 24, and a magnetic casing collar loca-
tor 27. In accordance with principles well known in
the art, means (not shown) are provided for acoustically
insulating acoustic transmitter 23 from acoustic receiver
22 so that acoustic shock waves will not be transmitted
directly through the body of the tool from the former
to the latter.

FIG. 2 illustrates in block diagram form the electrical
connection of the various surface and subsurface sections
of the system.  The subsurface elements, all of which
are included in the tool 10 shown in FIG. 1, are con-
nected to the single insulated conductor 13. of cable 12.
A gate 28 is connected between the radioactivity detec-
tor section 24 and conductor 13 and serves to prevent cer-
tain signals from detector 24 from being transmitted to
the surface equipment. Cable conductor 13, conductor
25 and conductor 29 connect the electrical output of
acoustic transmitter section 23 to the input of gate 28.

The surface equipment of the system includes a con-
ventional direct current power supply 31 which sup-
plies direct current voltage to the various sections of
the subsurface equipment through conductor 13. The
remainder of the surface equipment separates and records
the signals transmitted from the subsurface sections of the
system. It includes a high pass filter 32 which blocks out
the low frequency signals from the casing collar locator
27 so that they will pass only through the amplifier 33
and conductor 34 to galvanometer 36 of the recorder 37.
Amplifier 33 includes a conventional filter network which
then permits the low frequency signals from the casing
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collar locator 27 to pass to galvanometer 36. The mix- .

ture of high frequency radioactivity and cement bond log
signals, which are of opposite polarity, are separated at
the pulse separator 38 which permits the positive radio-
activity pulses to pass through conductor 39 to.the rate
meter 41 of recorder 37. Pulse separator 38 may be
any one of the several types of pulse separators known
to those skilled in the art, such as the circuitry disclosed
in U.S. Patent 2,942,112, issued June 21, 1960, to D. P.
Hearn. Inasmuch as the rate meter 41 responds equal-
ly to pulses of either polarity, the pulse separator 38
functions to block the negative cement bond logging sig-
nal pulses from the rate meter 41. The negative cement
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bond log pulses are amplified by amplifier 42 and a se-
lected portion of this signal is passed, by the action of
acoustic signal gate 43, through conductor 46 to vacuum
tube voltmeter 47 and thence to galvancmeter 48. in
recorder 37. Single shot multivibrators 44 and 294 in
conjunction with differentiating means 201 control the
action of gate 43 as will be described in detail subse-
quently. All of the measurements made in recorder 37
are continuously correlated with the depth of the tool
11 to produce a continuous log, as is well known in the
art. :

Turning next to a more detailed description of the var-
ious sections of the downhole equipment, FIG. 3 is a
schematic circuit diagram of the acoustic transmitter
section 23. This includes a magnetostrictive transducer
represented by the coil 51 which is periodically actuated
by a high voltage pulse resulting from the discharge of
capacitor 52. Capacitor 52 is connected in series with
inductor 53 -and both are connected through cable con-
ductor 13 to surface direct current power supply 31. The
capacitance of capacitor 52 and the inductance of induc-
tor 53 are chosen with relation to the resistance of the
circuit path in which they appear to provide a transient
oscillatory circuit when they are connected across the
power supply 31, The silicon controlled rectifier 54,
which serves as a switch and is periodically turned on by
pulses received from the transistor osciflator circuit 56,
permits the circuit branch including capacitor 52 and
inductor 53 to be periodically connected and disconnectzd
across direct current power supply 31. Each connection
produces a transient voltage overshoot across capacitor
52, i.e., the appearance of a voltage higher than that of
power supply 31. The timing of oscillator 56 is chosen
so that the pulses it emits turns silicon controlled recti-
fier 54 to its conductive state at times coinciding with
the presence of such overshoot so that an amplified volt-
age appears across capacitor 52 and discharges through
coil 51 amplifying the power input to the transducer
of which the coil is a part.

The discharge of the capacitor 52 produces a negative
voltage pulse 58 in conductor 25 through capacitor 57.
The occurrence of trigger pulse 58 is thus substantially
simultaneous with the production of each acoustic shock
wave. This trigger pulse is transmitted through conductor
25, cable conductor 13 and conductor 29 to the radio-
activity gate 28 and the surface equipment as will be
explained subsequently. According to a preferred embodi-
ment of the invention, acoustic shock waves and trigger
pulses are transmitted at the rate of 50 per second.

The acoustic shock wave output of acoustic transmit-
ter section 23 is transmitted through the body of tool 10
(FIG. 1), through the fluid (not shown) contained in
borehole 11 and to the casing 18, the cement sheath 19
and the formation 17. These various media conduct it
to the receiver section 22 where it is picked up in the
form of a complex acoustic shock wave train. As illus-
trated in FIG. 4, the acoustic receiver section 22 is made
up of a receiver transducer 61 which converts the acoustic
energy received into an alternating current voltage signal
transmitted through transformer 62 to the two-stage
amplifier 63. Here it is amplified to an alternating cur-
rent voltage wave train, indicated at €4, transmitted
through conductor €6 to the diode clipper 67 which recti-
fies the signal and converts it to the form of a train of
negative direct current voltage pulses as indicated at 68.
These pass through the conductor 69 to the anode follower
71 which provides impedance matching to the cable con-
ductor 13 so that the output of the receiver section 22
as impressed on the conductor 13 has the form of pulse
train 72.

FIG. 5 illustrates in block diagram form the radio-
activity detector section 24 of the tool shown in FIG. 1.
In the specific embodiment of the invention described,
the detector section 24 contains a scintillation counter
80 made up of a scintillation crystal 81 and a container 82.
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The natural gamma radiation emitted from the adjacent
earth formation and impinging on the crystal 81 (which
is typically sodium jodide) produces a wave train of ir-
regularly spaced positive voltage pulses 86 transmitted
through conductor 83 to the electronic equipment desig-
nated collectively as “gate” 28. This assembly performs
the function of a gate in that it blocks the passage of
voltage pulses 86 during a sclected interval. The assem-
bly includes the discriminator—amplifier combinaticn 28a,
the pentode vacuum tube 28b and control means for the
gate assembly in the form of the single shot multivibrator
28c. The discriminator—amplifier 284 is conventicnal in
radioactivity logging and serves to amplify only those
pulses transmitted through conductor 83 which are above
a predetermined energy level. The output of discrimi-
nator—amplifier 28a in the form of amplified pulses 87
is fed to the grid of pentode vacuum tube 28b. The
suppressor grid of this tube is connected to the output
of a single shot multivibrator 28c which is connected in
turn through conductor 25, cable conductor 13 and con-
ductor 29 to the electrical output of acoustic transmitter
23. Multivibrator 28c is thus actuated by negative volt-
age pulses 58 generated in connection with the production
of the acoustic shock wave and shapes each trigger pulse,
which is about 20 microseconds in duration, to a wider
negative voltage pulse 58a¢ of about 500 microseconds
in width which is applied through conductor 30 to the
supressor grid of vacuum tube 28b. Application of
pulses 58a serves to bias the tube to a non-conductive
state for a period corresponding to the width of the bias-
ing pulse, i.., 500 microseconds. The output of the
vacuum tube 28b on conductor 28d thus consists of a
train of irregularly spaced positive voltage pulses 8¢ with
periodically blanked out spaces $5 bstween groups of
pulses as indicated by the waveform 88. Such output is
fed over conductor 28d into cable conductor 13 and is
transmisted to the surface along with the electrical out-
puts of acoustic receiver 22 and acoustic transmitter 23.
Although the entire assembly 28 may be referred to for
convenience as a “gate” the tube 285 may be considered
as the gating means with the multivibrator 28c as the con-
trol means.

The tool 16 illustrated in FIG. 1 also includes a con-
ventional casing collar locator 27 illustrated schematically
in FIG. 6. The locator illustrated includes a pair of longi-
tudinally spaced-apart magnets 91 and 22 on either side
of a coil 93 having one side connected to a ground and
the other to the input of an amplifier 94. As is well
known, this fype of casing collar locator operates by
disturbance of the magnetic field associated with mag-
nets 91 and 92. Each time the tool 1¢ is moved past a
discontinuity in the casing string, such as that formed by
a collar joint, disturbance of the field causes flux lines
to cut coil 93. The voltage signal thus created is ampli-
fied through the amplifier 84 as a low frequency (about
2 cycle) voltage pulse 96 appearing on output conductor
27a. This is impressed on conductor #3 and transmitted
to the surface with the electrical outputs of acoustic re-
ceiver 22, acoustic transmitter 23 and radioactivity gate
28.

FIG. 7a illustrates the waveform of the signal on con-
ductor 13 as received by the surface equipment, The por-
tion shown includes a negative trigger pulse 58, a negative
veltage pulse wave train 72 representing the electrical
output of acoustic receiver 22 and including initial signal
wave pulse 181, and a positive voltage pulse wave train 88
made up of individual pulses %8 the output of radio-
activity detector section 24 as controlled by gate 28. The
low frequency collar signal 96 is of much greater ampli-
tude than any of the pulses 99, 58, 181, etc. It appears
on conductor 13 in the form shown at $6a, that is, with
the smaller amplitude pulses superimposed upon it. Be-
cause the time separating individual pulses 9¢ is in the
order of a few microseconds while the collar signal 96
is about one-half second in duration, FIG. 7a is distorted
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as to its time scale. The trigger pulse 58 which occurs
substantially simultaneously with the production of an
acoustic shockwave at transmitter section 23 (FIG. 2), is
fed into the radioactivity gate 28 and, as previously ex-
plained, prevents positive signal pulses 98 from being im-
pressed upon the line signal where, because of their
positive polarity, they might interfere with and cancel
out negative signals of the wave {rain 72 transmitted by
the acoustic receiver section 22. It has been found that
of these pulses, the amplitude of initial pulse 181 is most
representative of the acoustic energy transferred directly
through the casing and, therefore, gives an indication of
the tightness of the bonding of the cement sheath. Later
pulses in wave {rain 72 which are representative of acous-
tic waves transmitted through the mud column, the for-
mation, etc., are of less significance with respect to the
cement bond. Tt is particularly important that this initial
negative pulse not be interferred with by the coincidence
of a radioactivity pulse of the opposite polarity which
might occur at precisely the same tims. For this reason,
the duration or width of the output pulse 58« from multi-
vibrator 28¢ is selected to correspond to the period 102
indicated in FIG. 75, that is, until the acoustic shock-
wave, which is transmitted at the time signal pulse 58 oc-
curs, has been received at the receiver section 22 in the
form of the initial portion of wave train 72. This period
162 represents the non-conducting period of gate 28 and
thus corresponds exactly in time with the duration of
blanked out space 85 of FIG. 5. Because only the initial
pulse 181 of wave train 72 is significant, it is not necessary
to blank out the radioactivity signal to coincide with the
receipt of the entire wave train, but, as shown, the gate 28
is returned to conductive condition (by termination of
pulse 582) during the pericd 183 coinciding with receipt
of the latter part of the wave train 72 but after receipt
of the initial negative pulse 181.

It must be understood that FIG. 7a is greatly distorted
with respect to its time scale in order that all the infor-
mation presented may appear in the space available. The
time during which gate 28 is non-conductive is only about
3% of the total time the system is in operation so that
only about 3% of the radioactivity pulses 98 are blanked
cut and not received by the surface recording equipment.
Similarly, the size and shape of the casing collar signal
96a has been distorted for convenience of presentation.
This signal may occur any time with respect to the con-
ductivity of the gate 28 or the reception of acoustic sig-
nals of wave train 72. During the course of the survey
made with the system of the invention only about 50
casing collars will be encountered in the casing string and
a corresponding number of signals in the form of 98a
will appear upon the line 13. Hundreds of thousands
of wave traing 72 and pulses 3¢ will be transmitted dur-
ing a typical survey.

After the casing collar signals 96 have been effectively
removed from the line signal by the filter 32 (FIG. 2),
the resulting combined signal is separated according to
pulse polarity with the positive pulses indicative of the
radioactivity signal being transmitted by a pulse sepa-
rator 38, while the negative pulses 58 and 72 indicative
of the trigger pulse and the various components of the
received acoustic signals, respectively, are rejected and
provide the input to the amplifier 42. The positive radio-
activity pulses $@ are counted by ratemeter 41 to pro-
vide a centinuous indication of natural radioactivity cor-
related with depth of tcol 10 within the borehole in
conventional fashion well known to those skilled in the
art.

In addition to controlling the radioactivity gate, the
signal pulse 58 controls the operation of the signal gate
43 both as to its time and duration of opening. The
pulse 58 is initially received at the pulse forming control
means 44, which is a negatively irigeered single shot
multivibrator producing a square wave output pulse 45
of predetermined width. Pulse 45 passes through dif-
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ferentiating means 261 which converts it to a pair of
voltage pulses 262 and 293 which are of opposite po-
larity and which coincide with the leading and trailing
edges respectively of the square wave pulse 45. It should
be noted that pulse 45 and-the other wave forms of FIG.
2 are shown as they would appear on an oscilloscope so
that the leading edge of pul 45 is at 45q. The pulse
forming control means 284 is a single shot multivibrator
triggered by the trailing negative pulsé 263 so that its
actuation follews the actua‘don of multivibrator 44 by
a period corresponding to the width of the square wave
pulse 45. This delay is selected to correspond to the
arrival time of the acoustic shockwave transmitted from
the acoustic transmitter directly through the casing 18 to
the acoustic receiver, i.e., the transmitted wave corre-
sponding to initial pulse 161, The delay interval is
necessary because the transmission of the acoustic shock
wave along the steel casing 18 from the transmitier 22
to the receiver 23 requires a finite and known time period.
But for the delay interval thus provided for, acoustic
waves traveling by way of ancther path might reach the
receiver. 23 first, and this would confuse the measure-
ment,
Actuation of the multivibrator 264 produces an output
pulse 205 which is transmitted to conventional semicon-
ductor diode signal gate 43 and turns it on for a period
coiresponding to the width of the trlggerng pulse.- This
period determines the number of pulses in ihe wave train
72 that will be transmitted to vacuum tube volimeter 47
which provides an output indicative of the amplitudes’o
the received pulses. This output is contimuously re-
corded on galvaqomem 48 and correlated with the depth
of the tool. Where it is desired to measure only the
umputuae of the initial pulse 143, the width of pulse 295
is typically about 50 microseconds. Of course, the con-
ductivity period of sigml gate 43 may be adjusted to pass
additional pul
increasing the width of pulse 205.

FIGS. 7a through 7d illustrate the time sequence of
operation .of the radioactivity gate 28 and of the acoustic
gate 43 with respect to the various types of pulses on the
conductor or line signal. Thus, FIGS. 7a-and 7b show
that the beginning of ﬁonconductmg period 182 of radio-
activity gate 28 corresponds in time with the cecurrence
of trigger pulse 58 and that the blanked out space 95
in radioactivity pulse wave train €8 corresponds with the
duration of such non-conducting. period. With the be-
ginning of conducting period 183, positive radxoartlvuy
pulses 20 agam appears on the line signal: Signal gate
43, as shown in FIG. 7c, ‘becomes conductivé during a
relatively short period 164 (about 50 microseconds)
within the longer non-condhctmﬂ pericd 183 (about 560
microseconds) of the radloactwuy gate and subsequent to
the occurrence of trigger pulse 58, The interval befween
the beginning of . conducting. period 184 -of the signal
gate 43 and the é..currer’ce of trigger puhe 58 corre-
sponds to the width of the oufpm pulse 45 from single
shot multivibrator 44. This pu;se width corresponds to
the time required for an acoustic shockwave to be trans-
mitted mrecdy Lh.lOLg!l the casing between tramnntter
and receiver and is thus.a function of the spacing between
transmiiter -and receiver.
ducting pericd 104 of signal gate 43 corresponds in time 1o
the occurrence of initial pulse 101 and is'wide enough to

“bracket this pulse so-that it appears as the output of gate

43 as shown in FIG. 7d. It will be seen that the dura-
tion of blanked out pericd 85 is chosen-to include that
period in which the initial portion of an acouunc signal
including 181 will occur.

From the foregoing description it is apparent that in-
dependent operation of the acoustic and radioactivity
logeing sectionsin a tool using a cable containing a single
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larity. This invention, by its.employment of a trigger or
control signal produced by the acoustic transmitter to
control transmission of radioactivity signals, permits effi-
cient use of both systems with such a cable and thus
facilitates the integration of the combination logging serv-
ice with perforating and other completion services. In
addition, the control system used in selecting the portion
of the acoustic signal to be measured improves the fiexi-
bility and increases the utility of the acoustic logging
system. ,

Although the present invention has been described in
terms of a specific embodiment thereof including particu-

. lar radioactivity detectors as well as conventional casing

collar locators and gating means, it will be understood
that equivalent electronic circuitry to- perform the same
functions may be substituted therefor without departing
from the spirit of the invention as defined in the following
claims:

I claim:

1. A logzing system for use in a borehole comprising;

a logging tool adapted to be moved through said bore-

hole;

a sheathed cable attached to and support‘no said tool

a single insulated electrical conductor in said cable

surface equipment, including signal receiving means and

a direct current power supply, electrically connected
to said conductor;

an e]ectucally actuated acoustic shock wave transmit-

ter in said tool electrically connected to: said con- -
ductor for producing periodic acoustic shock waves
for transmission axially of said borehole;

an acoustic shock wave receiver in said tool spaced

from said transinitter, including means for converting
received acoustic energy into-an electrical signal made
up of a series of pulses of selected pulallty,

means electrically connecting said receiver to said con-

ductor;
radlcact1v1ty detector means in said tool -for receiving
gamma radiation emiited from earth formations
“traversed by said borehole, said radicactivity detec-
tor means effective to convert such réceived radiation
into an electrical signal made up of a series of pulses
of ‘polarity opposite that of the acoustic electrical
signal;
first gating means effective to prevent transmission of
the aforesaid radioactivity- signals to said- conductor
during transmission of at least a portion of the afore-
said acoustic electrical signal; :

means electrically connecting said radioactivity detec-
tor means through said ﬁlst gating means to said
conductor;
first” control means electrlcally connecfed to and actu-
ated by said shock wave transmitter to actuate said .
first gating means; o

second gating means effective to permlt reception of .
only a selected portion of the aforesaid acoustic elec-
trical signal by said surface equipment; and

second control means actuated by said shock wave trans-

' mitter to actuate said second gating means,

2. A loggmt7 system for use-in a cased borehole in
which the casing is at least partially. surrounded by a
cement sheath. comprising:

a-logging tool adanted to be moved through sald bore-

h(he, b
a sheathed cable supportmg qaxd tool

.a single insulated electrical conductor in said cable; ]

. - surface equipment; including signal receiving means and -
a direct current power supply, electrxcally connected
to said conductor;

an electrically actuated acoustic shock wave transmit-

ter-in-said tool electrically connected to. said con-
ductor for producing pericdic acoustic shock waves
for transmission axially of said borehole;
" an acoustic shock wave receiver in said tool spaced from
said transmitter, including means for converting re- -
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ceived acoustic energy into an electrical signal made
up of a series of pulses of varying amplitude and se-
lected polarity with the amplitude of selected pulses
of said series indicative of the tightness of bonding
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means electrically connecting said radicactivity detector
means through said first gating means to said con-
ductor;

first control means electrically connected to and actu-

of said cement sheath to said casing; 5 ated by said shock wave transmitter to actuate said
means electrically connecting said receiver to said con- first gating means;

ductor; second gating means effective to permit reception of
radioactivity detector means in said tool for receiving only said initial pulse of the aforesaid.acoustic elec-

gamma radiation emitted from earth formations trical signal by said signal receiving means; and

traversed by said borehole, said radioactivity detector 10 = second control means actuated by said shock wave

means including means effective to convert such re-
ceived radiation into an electrical signal made up of
a series of pulses of polarity opposite that of the
acoustic signal;

first gating means effective to prevent transmission of
the aforesaid radicactivity signals to said conductor
during transmission of at least a portion of the afore-
said acoustic electrical signal;

means electrically connecting said radioactivity detec-
tor means through said first gating means to said
conductor;

first control means electrically connected to and actu-
ated by said shock wave transmitter to actuate said
first gating means;

second gating means effective to permit reception of
only said selected pulses of the aforesaid acoustic
electrical signal by said surface equipment; and

second control means actuated by said shock wave
transmitter to actuate said second gating means.

3. A logging system for use in a cased borehole in

which the casing is at least partially surrounded by a

cement sheath comprising:

a logging tool adapted to be moved through said bore-
hole;

a sheathed cable supporting said tool;

a single insulated electrical conductor in said cable;

surface equipment, including signal receiving means
and a direct current power supply, electrically con-
necied to said conductor;

an electrically actuated acoustic shock wave transmit-
ter in said tool electrically connected to said conduc-
tor for producing periodic acoustic shock waves for
transmission axially of said borehole;

an acoustic shock wave receiver in said tool spaced from
said transmitter, including means for comnverting re-
ceived acoustic energy into an electrical signal made
up of a series of pulses of varying amplitude and
selected polarity with the amplitude of the initial
pulse of said series indicative of the tightness of
bonding of said cement sheath to said casing;

means electrically connecting said receiver to said con-
ductor;

radioactivity detector means in said tool for receiving
gamma radiation emitted from earth formations
traversed by said borehole, said radioactivity detector
means including means effective to convert such re-
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transmitter to actuate said second gating means.
4. In a logging system for making subsurface measure-

ments of a plurality of subsurface conditions, the im-
provement comprising:

a logging tool adapted to be moved through a borehole;

a sheathed supporting cable connected to said tool, said
cable containing a single insulated conductor;

first logging means positioned in said tool for obtaining
and transmitting through said conductor a first log-
ging signal as a pulsating direct current signal made
up of a series of pulses of one polarity with the
amplitude of said pulses providing significant in-
formation;

second logging means positioned in said tool for ob-
taining and transmifting through said conductor a
second logging signal as a series of pulsating direct
current signals made up of a series of pulses of the
opposite polarity, with the frequency of occurrence
of the pulses of said second signal being substantially
greater than the frequency of pulses of said first signal
and with such frequency of occurrence of pulses of
said second signal providing significant information;

first receiving means for making a measure of the
pulse amplitude of said first signal;

second receiving means for making a measure of the
pulse rate of said second signal;

first gating means connected between said conductor
and second logging means for interrupting said
second logging signal;

means responsive to said first logging means for ac-
tuating said first gating means during transmission
of said first logging signal on said conductor.

5. The system according to claim 4 further comprising:

second gating means actuated by said first logging means
electrically connected to said first receiving means
effective to permit reception of a predetermined por-
tion only of said first logging signal.

6. The system according to claim 5 wherein:

said first logging means is an acoustic logging means;
and

said second logging means is a radioactivity logging
means.
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the aforesaid radioactivity signals to said conductor
during transmission of at least a portion of the afore-
said acoustic electrical signal;




