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United States Patent Office 3,038,076 
Patented June 5, 1962 

1. 
3,038,076 

RAE)OACTIVETY WELL LOGGNG 
CALIBRATING SYSTEM 

Serge A. Scherbatskoy, Tulsa, Okla., assignor, by mestie 
assignments, to PGAC Development Company, a cor 
poration of Texas 

Original application Feb. 15, 1954, Ser. No. 410,285, now 
Patent No. 2,816,235, dated Dec. 10, 1957. Divided 
and this application Nov. 5, 1957, Ser. No. 694,588 

4 Claims. (C. 250-83.3) 
The present invention relates to a radioactivity well 

logging system, more particularly, to a radioactivity well 
logging system wherein a neutron log of the formation 
traversed by the borehole is obtained, and the invention 
has for an object the provision of new and improved 
methods and apparatus for standardizing and calibrating a 
group of well logging instruments of the above described 
type so that field measurements made with these instru 
ments may be interpreted, compared and correlated. 
Specifically, the present invention is a division of my 
copending application, Serial Number 410,285, filed 
February 15, 1954, now issued as U.S. Letters Patent No. 
2,816,235, which is assigned to the same assignee as the 
present invention. 

In radioactivity well logging instruments of the type 
which are adapted to provide a so-called neutron log, an 
arrangement is conventionally employed wherein a source 
of neutrons, a shield and a neutron detector are positioned 
within a subsurface unit which is moved up and down 
within the borehole. The response of the neutron detector 
is usually amplified and is transmitted over the supporting 
cable to the earth's surface at which point a permanent 
record or log of the response of the neutron detector 
is made. In a given formation, the response of the well 
logging instrument depends primarily upon the following 
parameters. 

(1) The intensity and the energy spectrum of the neu 
trons emitted by the neutron source within the subsur 
face instrument. 

(2) The distance between the neutron source and the 
neutron detector and the nature of the shield positioned 
between these elements. 

(3) The sensitivity of the neutron detector. 

Since all three of the above described parameters are 
subject to variations within certain tolerances and since 
it is extremely difficult to provide neutron detectors which 
provide uniform responses, it is impractical to maintain 
the tolerances close enough so that all well logging instru 
ments will have identical responses at all times. 

In certain types of radioactivity well logging systems, 
arrangements are provided for obtaining two radioactivity 
logs simultaneously and during one pass of the subsurface 
instrument through the borehole. For example, in my 
application Serial No. 205,616, filed January 12, 1951, 
which matured into Patent No. 2,740,053, issued March 
27, 1956, there is disclosed a simultaneous radioactivity 
well logging system wherein a neutron log and a natural 
gamma ray log are simultaneously obtained while em 
ploying a single subsurface unit within the borehole. In 
simultaneous radioactivity well logging systems of the type 
shown in my patent referred to above, it is customary to 
employ a neutron source which also emits a large number 
of gamma rays. When the subsurface instrument is posi 
tioned within the borehole the relatively large number 
of gamma rays emitted by the neutron source do not affect 
the operation of the instruments since these gamma rays 
are attenuated in the drilling mud which surrounds the 
subsurface instrument, and in the surrounding formations, 
so that the natural gamma ray portion of the simultane 
ous well logging instrument is not responsive to the gamma 
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rays emitted by the neutron source. However, when 
the neutron section of a simultaneous well logging in 
strument is calibrated outside of the borehole, the gamma 
rays emitted by the neutron source cause an undesired 
response in the gamma ray portion of the instrument 
with the result that interaction between the gamma ray 
and neutron portions of the instrument is produced and 
the calibration of the neutron portion of the instrument 
is affected. 

Accordingly, it is another object of the present inven 
tion to provide new and improved methods and apparatus 
for calibrating a group of neutron well logging units so 
that the same response is obtained for a given standard 
well condition. 

It is another object of the present invention to provide 
new and improved methods and apparatus for calibrating 
a neutron well logging instrument in the presence of rela 
tively strong background radiation. 

It is a further object of the present invention to pro 
vide new and improved methods and apparatus for cali 
brating a simultaneous well logging system of the type 
adapted to provide a neutron log and a gamma ray log 
wherein means are provided for preventing the gamma 
ray portion of the instrument from affecting the calibra 
tion of the neutron portion of the instrument. 

It is a still further object of the present invention to 
provide a new and improved calibrating device which 
may be employed to calibrate a group of neutron well 
logging instruments to a standard well condition. 
Another object of the present invention resides in the 

provision of new and improved methods and apparatus 
for calibrating the neutron portion of a simultaneous neu 
tron and gamma ray well logging system wherein the 
gamma ray portion of the apparatus is prevented from 
interfering with neutron calibration while permitting the 
position of the subsurface unit within the borehole to be 
reversed so that either the neutron or the gamma ray 
portion of the subsurface unit may be positioned at the 
bottom of the borehole. 
A further object of the present invention resides in 

the provision of a new and improved switching arrange 
ment for a radioactivity well logging instrument whereby 
at least a portion of the apparatus may be deemergized 
when the instrument is horizontal irrespective of the angu 
lar position of the instrument, 
The invention, both as to its organization and method 

of operation, together with further objects and advantages 
thereof, will best be understood by reference to the fol 
lowing specification taken in connection with the accom 
panying drawings, in which: 

FIG. 1 diagrammatically illustrates a simultaneous 
neutron and gamma ray logging apparatus characterized 
by the features of the present invention; 

FIGS. 2A and 2B schematically illustrate the subsur 
face equipment of the logging apparatus of FIG. 1; 

FIG. 3 is a graph of a typical family of calibration 
curves obtained in accordance with the present inven 
tion; 

FIG. 4 shows a series of artificial well sections which 
may be used in the calibration system of the present in 
vention; 

FIG. 5 is a somewhat diagrammatic illustration of an 
alternative arrangement for deenergizing the gamma ray 
portion of the subsurface unit; 

FIG. 6 is a somewhat diagrammatic illustration of a 
further arrangement for deenergizing the gamma ray 
portion of the subsurface unit; 

FIG. 7 is a somewhat diagrammatic illustration of a 
still further arrangement for deenergizing the gamma ray 
portion of the subsurface unit; 

FIG. 8 is a sectional side elevational view of the 
mercury Switch employed in the system of the present 
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invention and shown in a position corresponding to a 
horizontal position of the subsurface unit; 

FIG. 9 is a sectional view of the switch shown in FG. 
8 taken along the lines 9-9 thereof; 

FIG. 10 is a sectional view of the switch shown in 
F.G. 8 with the switch in a position corresponding to a 
vertical position of the subsurface unit; 

FIG. 11 is a sectional, side elevational view of the 
calibrating device employed to calibrate the neutron por 
tion of the system of FIG. 1; 

F.G. 12 is a sectional view on a somewhat larger scale 
of the calibrating device of FIG. 11 and taken along the 
lines 12-12 thereof; and 

F.G. 13 is a schematic diagram of a portion of the sur 
face equipment shown in FIG. 1. 

Referring now to the drawings, and more particularly 
to FEG. 1 thereof, the neutron calibration methods and 
apparatus of the present invention are particulariy de 
signed for use in conjunction with and will be described 
in detail in connection with a simultaneous radioactivity 
well logging system of the type shown in FG. 1 wherein 
a subsurface unit indicated generally at 20 and a Surface 
unit indicated generally at 2, are interconnected by 
means of a single conductor coaxial cable 22. A simul 
taneous radioactivity well logging systern of the type 
shown in FIG. 1, is shown and described in my appli 
cation Serial No. 205,616, filed January 12, 1951, which 
matured into Patent No. 2,740,053, issued March 27, 
1956. While reference may be had to the above identi 
fied patent for a complete and detailed description of the 
radioactivity well logging system, per se, it is believed 
that a general description of this system will facilitate an 
understanding of the present invention. However, it will 
be understood that the present invention may be em 
ployed in conjunction with other types of neutron 
well logging instruments, the system shown in FIG. 1 
being illustrated merely for purposes of description of 
the present invention. 

In general, the subsurface unit 20 comprises a gamma 
ray detector 23, a pair of collar finder cois 24, a collar 
finder circuit 25, power and signal translating circuits 
26, a neutron detector 27, a boron shield 28, a paraffin 
spacer 29 and a mass of lead 30 within which there is 
positioned a suitable neutron source 3. The component 
tunits 23 to 31, inclusive, are all housed within a sealed 
housing having the requisite physical strength to with 
stand the fluid pressures encountered and are preferably 
located in the housing in the particular older illustrated. 
In this connection it will be noted that the gamma ray 
detector 23 is positioned at the top of the instrument and 
the neutron detector 27 is positioned relatively close to 
the bottom of the instrument, it being understood that 
the boron shield 28, the paraffin spacer 29 and the lead 
mass 36 are actually of relatively small dimensions length 
wise of the unit. Preferably, the sub-surface unit 20 is 
provided with suitable means for connecting the cable 
22 to either end of the instrument so that either the 
gamma ray detector 23 or the neutron detector 27 may 
be positioned adjacent the bottom of the borehole. In 
this connection it will be further understood that in some 
instances it is desirable to obtain both a gamma ray log 
and a neutron log of formations at the bottom of the 
borehole and since the unit 20 is several feet in length, 
it is impossible to obtain both of these logs unless facilities 
are provided for reversing the instrument. 

In the system shown in FIG. 1, an alternating current 
generator 32, forming a part of the surface equipment 2 
is coupled to the cable 22 through the condenser 33 and 
is utilized to supply power over the cable 22 to the sub 
surface unit 20, a suitable choke coil 34 being connected 
in series with the condenser 33 to isclate the generator 
32 from the cable 22, as will be readily understood by 
those skilled in the art. The cable 22 is carried on a 
suitable power operated drum 35 and conventional drive 
facilities are provided so that the cable may be fed into 
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4. 
or reeled out of the borehole so as to move the sub 
surface equipment 2 longitudinally of the borehole. The 
Surface equipment 2 further comprises a gamma ray 
pulse detector circuit 36, a neutron pulse detector cir 
cuit 37, a collar finder detector circuit 3S and a recorder 
39 which operates to produce on the record strip 40 a coin 
tinuous graph of both the neutron and gainna ray sig 
nals developed by the circuits 36 and 37 as well as indi 
cations on the strip 40 which identify the positions of 
casing collars in accordance with the output signals de 
veloped by the circuit 38. 
The neutron source 3 is preferably a low cost source 

Such as radium beryllium which is a powerful emitter of 
neutrons and also emits a large number of gamma rays. 
The neutrons which are emitted by the source 3; irradiate 
the Surrouilding formation with the result that neutrons 
are iniercepted by the neutron detector 27 and cause a 
response therein. Preferably, the neutron detector 27 
comprises a proportional counter which produces pulses 
the amplitudes of which are proportional to the energy 
of the motivating particles so that relatively large pulses 
are produced in response to neutrons and relatively smail 
pulses are produced in response to gamma rays. The 
boron shield 28 and paraffin spacer 29 function to pre 
Vent the direct transmission of neutrons from the source 
35 to the neutron detector 27. 
The gamma ray detector 23 is positioned at one end 

of the unit 20 and is adapted to respond to gamma rays 
which are naturally emitted from the formation. The 
absorption of the lead shield 30 which surrounds the 
neutron source 31 and the mud which surrounds the sub 
Surface unit 20 when this unit is within the borehole 
attenuates the gamma rays produced by the source 31 
Stificiently so that the gamma ray detector 23 does not 
respond thereto. The detector 23 is also preferably of 
the pulse producing type and the pulses from the neutron 
detector 27 and the gamma ray detector 23 are impressed 
upon the cable 22 and are transmitted to the surface 
equipment 21. At the surface the gamma ray pulses are 
Separated from the other signals present on the cable 22 
and are Supplied to the gamma ray pulse detector cir 
cuit 36. Also, the neutron pulses are separated from the 
other signals of the System and are supplied to the neutron 
pulse detector circuit 37. The collar finder circuit 25 in 
the subsurface unit 20 functions to develop unidirectional 
fluctuations of voltage which are transmitted over the 
cable 22 to the collar finder circuit 38 so that correlated 
logs of neutron and gamma ray activity within the bore 
hole are provided in conjunction with collar location. 

In the neutron portion of the system shown in FIG. 1 
it will be evident that the response of a given well logging 
apparatus Will depend upon certain parameters the most 
important of which are (1) the intensity and the energy 
Spectrum of the neutrons emitted by the neutron source 
35, (2) the distance between the source 31 and the neu 
tron detector 27, (3) the characteristics of the boron 
shield 23 and the paraffin spacer 29, and (4) the sensi 
tivity of the neutron detector 27. It will be evident that 
the foregoing parameters are all subject to certain varia 
tions from System to system so that certain tolerances 
are produced which render the systems non-uniform. 
Furthermore, since it is very difficult to construct neutron 
detectors which have highly uniform responses, it is im 
practical to attempt to maintain the tolerances close 
enough so that ail instruments will have identical re 
Sponses at all times. However, in accordance with the 
present invention, calibrating methods and apparatus are 
provided so that a number of well logging systems of 
the type shown in FIG. 1 may be calibrated to a standard 
instrument, so that logs which are made with different in 
struments and in different locations may be compared 
and correlated directly. 

In the calibration system of the present invention the 
response of a group of well logging instruments is first 
standardized and then rendered uniform by means of a 

t 



8,088,076 
5 

number of field calibrator units, which have themselves 
been adjusted to provide uniform responses, so that a 
given response in counts per second from any one of 
a group of well logging instruments represent a standard 
set of conditions. More particularly, a calibrator device 
such as that indicated generally at 60 in FIGS. 11 and 12 
is employed, which may be slipped around a sub-surface 
well logging unit, such as the unit 20 of the system shown 
in F.G. 1 while the unit 20 is at the earth's surface. 
Preferably, the unit 20 is calibrated while power is sup 
plied thereto over the cable 22, the cable 22 being posi 
tioned on the reel of the truck, so that the calibrating 
operation is performed under actual operating conditions. 
The calibrator device 60 comprises a tubular body of 
neutron absorbing material 62 which is maintained con 
centric with the logging instrument 20 by means of 
stainless steel end pieces 63 and 64 which are secured to 
the ends of the tubular body 62, it being understood that 
the end pieces 63 and 64 are provided with suitable clear 
ance holes 65 and 66 so that the unit 20 may be inserted 
into the calibrator device 68 in the manner shown in FIG. 
11. The tubular body 62 preferably comprises a paper 
base phenolic resin and it has been found that a grade 
XXX laminated paper base phenolic resin manufactured 
by the Synthane Corporation is satisfactory. in the al 
ternative the tubular body 62 may comprise a paraffin 
filled metallic cylinder. However, this latter arrangement 
has the disadvantage that it is difficult to keep the con 
tainer completely full due to thermal expansion of the 
paraffin. 
The calibrator device 60 is arranged to provide a cer 

tain amount of attenuation for the neutrons emitted by 
the neutron source 31 within the instrument 20 and the 
amount of attenuation provided by the device 60 is pref 
erably a fixed multiple of a known and reproducible 
standard. For example, the calibrator device 60 may be 
arranged to provide an attenuation which is a fixed mul 
tiple of the attenuation produced when the instrument 20 
is immersed in a body of distilled water. Such an ar 
rangement is desirable since a primary standard consisting 
of a body of distilled water may be duplicated without 
difficulty in the event that it is desired to recalibrate the 
calibrator devices to the primary standard. Thus, for 
example, the calibrator device 60 may be adjusted to 
provide a response which is 2.7 times the response of the 
unit 20 when positioned in distilled water. In this con 
nection it will be understood that an infinite body of dis 
tilled water is not required, and it has been found that 
a body of water which is approximately 40 inches in 
diameter is sufficient to give substantially the same effect 
as an infinite body of pure water insofar as the response 
of the unit 2) is concerned. 

In order to make all of the calibrator devices 60 uni 
form so that each device produces a response which is the 
same fixed multiple of the primary standard response 
when used with a particular well logging instrument, there 
is provided a strip of cadmium 67, which is mounted 
within the tubular body 62 by means of the adjustable 
screws 68 and 69 which are threaded through the side 
wall of the body 62 and may be adjusted so as to vary 
the distance of the strip 67 from the unit 29. Accordingly, 
with a given logging instrument 20, all of the calibrator 
devices 69 are adjusted so as to give identical responses 
when positioned around the same well logging instrument 
by adjustment of the cadmium strips 67 therein. In this 
connection it will be understood that any other suitable 
means may be employed to render the calibrator devices 
68 identical. Thus, for example, the tubular body 62 
of each device may be made somewhat oversized and the 
bodies 62 may then be turned down on a lathe by the 
desired amount so that they all give identical responses 
with a particular logging unit 20. 

After the calibrator devices 60 have all been adjusted 
to provide uniform responses, they are then employed to 
calibrate a number of well logging units 20 so that all of 
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6 
the well logging units provide identical responses. To 
accomplish this, an adjustable control is provided, prefer 
ably in the surface equipment of the well logging system, 
which may be varied while the sub-surface unit 20 is po 
sitioned within a calibrator device 60 so that the response 
of the well logging system can be calibrated to one of 
the standard calibrator devices 60. By calibrating the 
system at the output end thereof, i.e., in the surface equip 
ment, compensation is provided for all of the variable 
parameters of the system including the strength of the 
neutron source, the distance thereof from the neutron 
detector, the efficiency of the neutron detector and the 
efficiency of the amplifiers in both the subsurface and 
surface units. 
More particularly, in the simultaneous well logging sys 

tem shown in FIG. 1, a variable control is provided in 
the neutron pulse detector circuit 37 to provide for neu 
tron calibration. Thus, referring to FIG. 13, the neu 
tron pulses which are transmitted over the cable 22 to 
the earth's surface from the subsurface unit 20 are cou 
pled through the high pass filter indicated generally at 
89 and through the coupling transformer 81 to an ampli 
fier and A.V.C. circuit 82 wherein they are amplified and 
separated from the gamma ray pulses which are of the 
opposite phase from the neutron pulses. The neutron 
pulses from the circuit 82 are then employed to trigger 
a univibrator 83 so as to produce neutron pulses of uni 
form amplitude and duration which are then amplified 
in the amplifier 84 and are impressed upon the converter 
85. In the converter 85 the univibrator pulses are im 
pressed across a series circuit consisting of the con 
denser 86 and the resistor 87 and a shunt rectifier circuit 
including the rectifier tube 88, the potentiometer 89 and 
the resistors 90 and 91 is connected across the resistor 
7, a rectifier load condenser 92 being connected from 

the cathode of the tube 88 to ground. The rectifier out 
put voltage developed at the arm of the potentiometer 89 
is then connected through a multisection, multistep low 
pass filter indicated generally at 95 to the control grid 
of a cathode follower output tube 96 in the cathode of 
which there is provided a meter 97 which indicates the 
average value of the unidirectional potential which is de 
veloped in the circuit 37 in accordance with the rate of 
occurrence of the neutron pulses. The voltage developed 
across the potentiometer 98 in the cathode circuit of the 
tube 96 is also impressed by way of the terminals 99 
and 100 on the recorder 39 so as to provide a permanent 
record of the neutron response. In this connection it 
will be understood that reference may be had to my ap 
plication Serial No. 205,616, referred to above for a de 
tailed description of the circuit elements 82, 83, 84, 85, 
95 and 96. 
The shaft of the potentiometer 89 is brought out to 

the front panel of the surface equipment unit so that this 
potentiometer may be adjusted in the field to vary the 
response of the well logging unit in accordance with the 
above described neutron calibration technique. Thus, 
with one of the calibrator devices 60 positioned around . 
the subsurface unit 20, the potentiometer 89 is adjusted 
so that the meter 97 has a standard reading. This stand 
ard reading may be any arbitrary value, but is preferably 
the average of the readings obtained with a large number 
of units so as to represent the approximate mid-point in 
the range of responses which are obtained with a large 
group of units. Furthermore, the well logging unit may 
be kept in calibration from day to day by positioning the 
Subsurface unit 20 within one of the calibrator devices 
60 and checking the meter 97 to see whether or not a 
standard reading is obtained. Preferably, such calibra 
tion procedure is followed before each survey of a bore 
hole is made. In this connection it will be understood 
that the neutron source 31 becomes somewhat more in 
tense during the first few months of its life and thereafter 
decays at a much slower rate. Accordingly, the sensi 
tivity of the Well logging unit may vary considerably as 
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the neutron source 3 ages. Also, the neutron detector 
27 as well as the other system components may vary in 
sensitivity with age and operating conditions so that it 
may be necessary to adjust the potentiometer 89 from 
day to day to maintain the instrument uniform. 
When the well logging system has been calibrated in 

the manner described above, the subsurface unit 20 may 
then be lowered into the borehole and by comparing and 
correlating the neutron and gamma ray logs obtained 
during the traverse from the bottom to the top of the 
borehole the location of limestone layers may be ac 
curately determined in conjunction with the depth meas 
urement obtained by the collar finder log. However, it 
is also desirable to determine the percent porosity of the 
limestone layer once it has been located so that an in 
dication of the fluid bearing nature of the limestone layer 
is obtained. In order to interpret the neutron log to de 
termine the percent porosity of the limestone, a Series of 
tests may first be run on a group of artificial well sec 
tions with a well logging system which has been cali 
brated in the manner described above, and a family of 
curves of percent porosity versus counts per second may 
be plotted so that the neutron log which is obtained in 
the borehole may then be compared to the correspond 
ing porosity curve to determine the percent porosity of 
the located limestone layer by reference to the response 
in counts per second obtained within this layer. 
More particularly, a series of artificial well sections 

16, 11 and 112 (FIG. 4) may be employed which are 
of limestone and are provided with suitable bores 113, 
144 and 25, respectively adapted to receive the Subsur 
face unit 20 so that the unit 20 is substantially complete 
ly enclosed within the well section. The well sections 
19, E and 112 are of different porosities, the well sec 

tion 110 being indicated as having 1% porosity, the well 
section 11 having 10% porosity and the well section 12 
having 20% porosity. Also, the bores 113, 114 and 115 
of the well sections are all of the same diameter and are 
of a diameter corresponding to the borehole which is to 
be logged. Since the diameter of the borehole may vary 
considerably, several groups of artificial well sections, with 
different bore diameters are provided so that a family of 
curves of porosity versus counts per Second can be ob 
tained. More particularly, assuming that the bores 13, 
114 and 115 are 5 inches in diameter, the subsurface unit 
20 is positioned within the bore 113 of the section 110 
and the counts per second obtained with a calibrated well 
logging system is recorded. The unit 20 is then positioned 
within the well section 111 and the counts per second 
noted after which the unit 20 is positioned within the well 
section 112 and the response is again noted. The unit 
20 is then positioned within a similar group of Well sec 
tions of larger diameter and the responses noted so that 
a family of curves such as shown in FIG. 3 may then be 
plotted in percent porosity against counts per second. In 
this connection it will be understood that a larger num 
ber of well sections of different porosities may be em 
ployed if it is desired to determine the porosity curves 
shown in FIG. 3 with greater accuracy. However, three 
or four points on the curve is sufficient to determine the 
curve satisfactorily. 

After the porosity curves have been determined by 
means of the above described artificial well sections, the 
subsurface unit 20 is then lowered into the borehole and 
neutron and gamma ray logs are obtained in the manner 
described above. When a limestone layer is located by 
comparison of the neutron and gamma ray logs, the 
neutron response obtained within this layer in counts 
per second may then be employed to determine the 
porosity of this layer by employing the porosity curves 
of FG, 3. Thus, if a count of Q counts per second is 
obtained within the layer with a five inch diameter bore 
hole, by referring to the porosity curve 120 of FIG. 3 
it may be determined that the limestone layer has a per 
cent porosity of P. It will be noted that as the response 
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in counts per second increases the porosity decreases, 
since the less porous limestone contains less hydrogenous 
liquid. 

In the event that the porosity as a function of depth 
is known, as for example when the well has beei pre 
viously cored and the core has been examined to deter 
mine the porosity thereof, the above described artificial 
well sections are not required since the same information 
may be obtained by running an actual iog within the well. 
Thus, if the calibrated subsurface unit 25 is lowered 
within a previously cored borehole, and the neutron 
curve is obtained, the neutron response in counts per sec 
ond as a function of porosity may be determined direct 
ly by comparing the neutron log with the porosity of the 
core at the same depth. With this information other 
Weils in the Sane area and having the same general type 
of linestone may then be interpreted using the informa 
tion obtained from the cored well. Thus, if a limestone 
layer is located in a new well and a response of 300 
counts per second is obtained, by referring to the cored 
well information it can be determined that a response of 
300 counts per second indicate a porosity of 10%, 
thereby determining that the located layer in the new 
well is a 10% porosity limestone layer. 
While the foregoing neutron calibration method and 

apparatus is suitable for calibrating Well logging instru 
ments which relate solely to neutron logs, in a simul 
taneous system such as that shown in FIG, i, wherein a 
natural gamma ray log is simultaneously obtained with 
the neutron log and both the gamma ray pulses and neu 
tron pulses are transmitted over the same single con 
ductor cable to the earth's surface, the gamma ray por 
tion of the equipment may interfere with calibration of 
the neutron logging apparatus. This will be readily ap 
parent when it is realized that the neutron source 31 also 
emits a large number of gamma rays and when the sub 
surface unit is calibrated at the earth's surface the gamma 
rays emitted by the neutron source 31 are not attenuatei 
by the drilling mud so that a large number of gamma rays 
are impressed upon the natural gamma ray detector 23 
of the Subsurface unit 20. Accordingly, overloading of 
the gamma ray portion of the instrument may occur with 
the result that interference or crossfeed into the neutron 
channel is produced which interferes with calibration of 
the neutron portion of the equipment. In accordance 
with another feature of the present invention there is pro 
vided means for disabling the gamma ray detector 23 
during periods when neutron calibration is performed. 
Since the subsurface unit 20 is conventionally eight or 
nine feet in length it is usually calibrated while lying 
horizontally and, in the embodiment shown in FEGS. 2A 
and 2B a gravity operated switch arrangement is pro 
vided so that when the subsurface unit 20 is positioned 
horizontally for neutron calibration the gamma ray de 
tector 23 is deemergized and the neutron portion of the 
instrument may be calibrated without inteference from 
the gamma ray channel. 
More particularly, referring to FIGS. 2A and 2B, the 

gamma ray detector 23 is coupled to a univibrator 130 
which produces pulses of uniform amplitude and dura 
tion in response to each discharge pulse of the detector 
23 and the univibrator pulses are coupled through a 
cathode follower-amplifier 131 to the output transformer 
132. The neutron detector 27 is coupled through the 
preamplifier 133 to the univibrator 134 which responds 
only to the larger pulses due to neutrons and is relatively 
insensitive to the small pulses produced by gamma rays, 
the univibrator 134 developing pulses of uniform ampli 
tude and duration for each neutron discharge pulse de 
veloped by the detector 27. The univibrator pulses from 
the univibrator 34 are coupled through the cathode 
follower-amplifier 35 to the output transformer 32. 
The secondary winding 136 of the output transformer 
32 is connected to the center conductor 37 of the 

cable 22 and is isolated from ground by means of the 
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condenser 138. The 400 cycle power from the gen 
erator 32 is supplied over the cable 22 to the power sup 
ply circuit 140 through the choke coil 141, the power 
transformer 142 of the circuit 140 being isolated from 
ground by means of the condenser 43. The power supply 
circuit 140 develops suitable B+ voltages on the con 
ductors 144 and 145 to energize the vacuum tube cir 
cuits of the subsurface unit 20 and a half-wave rectifier 
146 is provided to develop relatively high voltages on the 
conductors 147 and 148 for the gamma ray and neutron 
detectors 23 and 27, respectively. 

In order to deenergize the gamma ray detector 23 when 
the subsurface unit is laid on its side, a gravity operated 
mercury switch, indicated generally at 150 is connected 
in series with the load resistor 151 of the gamma ray 
detector 23 to the high voltage conductor 147. The 
gravity operated switch 150 is shown in more detail in 
FIGS. 8 to 10, inclusive, and, referring to these figures, 
it will be seen that the switch comprises an evacuated 
cylindrical envelope 15a, of suitable insulating mate 
rial Such as glass, which is provided with a central, out 
Wardly extending flange portion 152 of annular configura 
tion. A pair of rod-like conductors 153 and 154 are 
suitably anchored in the end walls of the envelope 151a 
and a small body of mercury 155 is positioned within 
the envelope 151a. 
When the subsurface unit 20 is positioned vertically 

in the borehole the mercury switch 150 occupies the 
position shown in FIG. 10 in which position the mercury 
falls to one end of the envelope 151a so that the conduc 
tors 153 and 154 are connected together. It will also 
be noted that when the subsurface unit 20 is reversed 
So that the other end thereof is positioned toward the 
bottom of the borehole, the mercury 155 falls to the other 
end of the envelope 15ia so that the conductors 153 and 
154 are again connected together. However, when the 
subsurface unit 20 is laid on its side, the mercury switch 
i50 occupies the position shown in FIGS. 8 and 9 in 
which position the mercury 55 falls into the annular 
flange portion 152 of the envelope 15 a with the result 
that the conductors 153 and 154 are not connected to 
gether. Furthermore, it will be noted that when the 
unit 20 is positioned horizontally the conductors 153 and 
154 are not connected together for any angular position 
of the unit 10 since the mercury 155 merely runs within 
the flange 152 as the unit 20 is rotated about a horizon 
tal axis. 
From the foregoing description of the switch 150, it 

will be evident that the B-- supply for the gamma ray 
detector 23 is disconnected whenever the subsurface unit 
20 is positioned horizontally and irrespective of the angul 
lar position of the unit 20 about a horizontal axis. Ac 
cordingly, when the above described neutron calibration 
is carried out, the gamma ray detector 23 is incapable of 
producing pulses in response to the relatively strong 
gamma radiation to which it is subjected during neutron 
calibration so that crossfeed from the gamma ray chan 
nel to the neutron channel is positively avoided. In this 
connection it will be understood that the switch 150 may 
be employed to deenergize the gamma ray detector 23 
by means of any desired switching arrangement, as will 
be readily apparent to those skilled in the art. 
The gamma ray detector 23 may also be deenergized 

during periods when the neutron channel is to be cali 
brated by means of the circuit arrangement shown in 
FIG. 5 wherein the elements which correspond to those 
shown in the subsurface unit of FIGS. 2A and 2B have 
been given corresponding reference numerals. Thus, re 
ferring to FIG. 5, in the subsurface unit 20 a D.C. relay, 
indicated generally at 160, which is preferably of the 
polarized type, is employed to control the application 
of high voltage from the conductor 147 to the gamma 
ray detector 23. More particularly, the coil 161 of the 
relay 160 is connected to the center conductor 137 of 
the cable 22 through the current limiting resistor 162, 
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the other end of the coil 161 being connected to ground. 
At the earth's surface a suitable unidirectional potential 
source, such as the illustrated battery 163, may be con 
nected to the center conductor of the cable 22 by closing 
the switch 64 so that the relay 160 is energized and the 
normally closed contacts 165 thereof are opened. When 
the contacts (65 are opened high voltage is removed 
from the detector 23. Since the D.C. relay 160 is rela 
tively insensitive to alternating current this relay will not 
be energized by the 400 cycle power supply signal which 
is transmitted over the cable 22 to energize the power 
supply circuit 40. Accordingly, the relay contacts 165 
remain closed and high voltage is supplied to the detector 
23 through the load resistor 51 except during periods 
when the Switch 64 is closed for neutron calibration 
purposes. 
The gamma ray detector 23 may also be deemergized 

by the alternative circuit arrangement shown in FIG. 6, 
wherein corresponding elements have been given the same 
reference numerals. In this embodiment, an A.C. relay 
indicated generally at 170 is provided, the coil 17; of 
which is connected through the low pass filter 172 to the 
center conductor 137 of the cable 22. At the earth's 
surface an alternating current generator 73 is adapted 
to be connected to the center conductor of the cable 22 
through the switch 74. Preferably the generator 173 
is of a different frequency from the generator 32, the 
generator 173 preferably being a 60 cycle alternating cur 
rent source. When the switch 74 is closed the 60 cycle 
wave impressed upon the cable 22 is transmitted through 
the low pass filter 172 to the coil 71 of the relay 170 
so that the normally closed contacts 15 thereof are 
opened with the result that the gamma ray detector 23 
is deemergized. However, when the switch 174 is open, 
the 400 cycle power supplied to the transformer 142 does 
not pass through the low pass filter 72 so that the relay 
170 is deemergized and the contacts 75 thereof remain 
closed so that the gamma ray detector 23 is fully opera 
tive to respond to gamma rays in the manner described 
above. 

In an alternative embodiment shown in FIG. 7, the 
gamma ray detector 23 is deemergized by raising the 
cathode potential thereof so that insufficient voltage is 
impressed across the detector to support ionization. More 
particularly, the cathode 186 of the gamma ray detector 
23 is connected through the resistor 181 to the center 
conductor 137 of the cable 22, a condenser 182 being 
connected from the cathode 180 to ground. At the 
earth's surface, a unidirectional potential source, such 
as the illustrated battery 183, is adapted to be connected 
to the center conductor of the cable 22 through the Switch 
84. When the switch 184 is closed a potential in the 
order of 150 volts positive is applied to the center con 
ductor of the cable 22 and is impressed upon the cathode 
189 of the detector 23 through the resistor 81. As a 
result, the net anode-cathode voltage across the detector 
23 is reduced below the operating threshold so that the 
detector is prevented from ionizing in response to gamma 
rays. Accordingly, no gamma ray pulses are produced 
across the load resistor i51 of the detector and the neu 
tron calibration operation may be carried out in the man 

described above without interference from the 
gamma ray channel. However, the alternating current 
signals normally present on the conductor 137 are not 
impressed upon the cathode 80 of the detector 23 due 
to the filtering action of the series resistor 181 and the 
large by-pass condenser 82. 
While there have been described what are at present 

considered to be the preferred embodiments of the inven 
tion, it will be understood that various modifications may 
be made therein which are within the true spirit and 
scope of the invention as defined in the appended claims. 
What is claimed as new and is desired to be secured by 

Letters Patent of the United States is: 
1. In a radioactivity well logging system of the type 
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comprising a cylindrical subsurface unit adapted to be 
lowered into a borehole and including a source of voltage 
adapted to energize at least a portion of the apparatus 
within said subsurface unit, a gravity operated switch 
arrangement for disconnecting said voltage source from 
at least a portion of the energized apparatus within said 
subsurface unit when said unit is positioned with the 
longitudinal axis thereof horizontal, said switch arrange 
ment including a cylindrical envelope of insulating ma 
terial positioned within said subsurface unit with the longi 
tudinal axis thereof parallel to the longitudinal axis of 
said subsurface unit and having an outwardly extending 
annular trough in the side wall thereof, a pair of rod-like 
electrodes in said envelope secured to the end walls of 
said envelope and extending generally parallel to the axis 
of said cylindrical envelope for connecting said voltage 
source to said energized apparatus, and a body of fluid 
electrically conductive material in said envelope for con 
necting said electrodes together when said unit is posi 
tioned vertically with either end thereof in the downward 
direction, said body of conductive material being con 
tained within said trough when said unit is positioned 
horizontally so that said electrodes are electrically dis 
connected. 

2. The method of determining formation porosity while 
employing a nuclear well logging system of the type which 
comprises a subsurface unit provided with a source of 
neutrons and a detector of radiations due to neutron 
bombardment and which includes facilities for logging the 
radiation response of said detector which comprises the 
steps of positioning a subsurface unit of said type in a 
formation of known porosity, recording the response of 
the detector of said unit when said unit is positioned in 
said formation of known porosity, positioning a sub 
surface unit of said type in a portable calibrator device 
which provides a predetermined interaction with the 
neutrons emitted by the neutron source thereof, recording 
the response of the detector of said last named unit when 
said unit is positioned in said calibrator device, position 
ing said last named unit in a formation of unknown 
porosity, recording the response of the detector of said 
last named unit when said unit is positioned in said forma 
tion of unknown porosity, and correlating said recordings 
to obtain the porosity of said unknown formation. 

3. The method of determining formation porosity while 
employing a nuclear well logging system of the type which 
comprises a subsurface unit provided with a source of 
neutrons and a detector of radiations due to neutron bom 
bardment and which includes facilities for logging the 
radiation response of said detector which comprises the 
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steps of positioning a subsurface unit of said type within 
a plurality of openings of different diameter in formations 
of known porosity, recording the responses of the detector 
of said unit when said unit is positioned in said plurality of 
openings, positioning a subsurface unit of said type in a 
portable calibrator device which provides a predetermined 
interaction with the neutrons emitted by the neutron 
Source thereof, recording the response of the detector of 
said last named unit when said unit is positioned in said 
calibrator device, positioning said last named unit in an 
opening of known diameter in a formation of unknown 
porosity, recording the response of the detector of said 
last named unit when said unit is positioned in said forma 
tion of unknown porosity, and correlating said recordings 
to obtain the porosity of said unknown formation. 

4. The method of determining formation porosity while 
employing a nuclear well logging system of the type which 
comprises a subsurface unit provided with a source of 
neutrons and a detector of radiations due to neutron bom 
bardment and which includes facilities for logging the 
radiation response of said detector which comprises the 
steps of positioning a first subsurface unit in a formation 
of known porosity, recording the detector response of said 
first unit when positioned in said formation of known 
porosity, positioning said first unit in a portable calibrator 
device which provides a predetermined interaction with 
the neutrons emitted by the neutron source of said first 
unit, recording the detector response of said first unit when 
positioned in said calibrator device, positioning a second 
Subsurface unit in said calibrator device, recording the 
detector response of said second unit when positioned in 
said calibrator device, positioning said second unit in a 
formation of unknown porosity, recording the detector 
response of said second unit when positioned in said 
formation of unknown pcrosity, and correlating the re 
cordings of said first and second units to obtain the 
porosity of said unknown formation. 
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