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1. 
This invention relates to an improved method 

and apparatus for measuring radioactivity, and 
has particular reference to a method and ap 
paratus for measuring radioactivity in inacces 
Sible locations, Such as in boreholes or at con 
siderable depths in bodies of water. 
One object of the invention is to provide a 

method and apparatus useful for locating de 
posits of minerals having radioactive properties. 
Another object of the invention is to provide an 
apparatus by which One may measure radioactive 
properties continuously from the top to the bot 
ton of a borehole, and have both an immediate 
indication, and a permanent record, of the radio 
activity at various depths. 

In locating deposits of radioactive minerals it 
is often the custom to drill a number of boreholes 
in localities where such deposits might exist. It 
is further the practice to bring samples or cores 
Of the drilled material to the Surface of the earth, 
and there examine them for radioactivity by well 
known methods and apparatus. This method has 
Several drawbackS. First, a deposit of ore may 
exist close to the borehole, but not be traversed 
by it, by which the deposit will be missed. Sec 
Ond, it is possible to make an error in ascertain 
ing the exact depth from Which a core or Sample 
has been taken. Finally, it is rarely possible to 
bring all of the core to the surface, a certain 
percentage always being lost in the drilling or 
handling. 

It is further known that deposits of petroleum 
are often markedly radioactive as compared with 
the Surrounding rock material. This is believed 
to be due to the Superior absorptive property of 
petroleum for radium emanation. Natural gas 
and ground water are also known to be somewhat 
more radioactive than their surrounding rock 
material. In drilling for either petroleum or 
natural gas, Or, ground water, it is desirable to 
know the exact level at which the strata, having 
these are traversed by the drilled hole. This is 
often difficult to determine, particularly when 
drilling has been done by the "rotary' method, 
in which the use of mud under pressure tends to 
Wall off the Strata. Often too, the drilled hole 
will be lined with a metallic casing, which casing 
by accident or intention may seal off strata, hav 
ing the desired fluid. 

It is the intention in the present invention to 
provide an apparatus. So sensitive, and a method 
appropriate to its use, that the relatively faint 
radioactivity of oil and ground water may be 
detected in place in a borehole. An apparatus 
sensitive enough to serve this function will by its 
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nature differentiate between the different though 
faint radioactivities of the rock material. Rock 
naterials, dependent upon their origin and de 
pendent upon the minerals contained in them, 
have different radioactivities. Thus, it has been 
found that granite, Shales having organic ma 
terials embodied therein, sedimentary rocks con 
taining zircon, and rock materials having mica, 
aSSOciated With then, are all slightly more radio 
active than for example limestone or chalk de 
positS. Sandstones will differ in their natural 
radioactivity, depending upon the ninerals con 
tailinating then. Organic deposits, such as coal, 
oil and natural gas, as mentioned above, petrified 
vegetable matter, etc., will show higher radioac 
tivities than for instance limestone and chalk. 
Thus, With an apparatus as Sensitive as that de 
Scribed herein it will be possible to differentiate 
between different layers of rock by the differences 
in their radioactivities. Each layer in an area, 
will have a characteristic radioactivity, just as 
it has a characteristic chemical compostion, and 
for the same reason. Thus, the radioactivity of 
a layer will Serve as a variety of marker, serving 
to identify the layer wherever it might be in an 
33a 

It thus becomes possible to identify rock layers 
in different bore-holes drilled in an area, and thus 
correlate the Strata. 
Further objects of the invention described are 

to obviate the difficulties mentioned and Secure 
the advantages mentioned above. 

Reference is had to the accompanying draw 
ings in which: 

Figure 1. ShOWS a noire convenient form of ap 
paratus for neaSuring radioactivity at various 
depths in a borehole. 

Figure 2 shows a croSS Sectional view of the ele 
ment Shown in Figure 1, taken across the plane 
2-2. 
Figure 3 shows the sensitive element employed 

in the apparatus shown in Figure 2. 
Figure 4. ShOWS a croSS Section of the element in 

Figure 3 taken across the plane 3-3. 
Figure 5 shows the circuit diagran of the ap 

paratus shown in Figure 1. 
Figure 6 shows a vertical cross sectional view 

of still a further type of apparatus which may 
be used for the purpose described. 

Figure 7 shows essentially the same apparatus 
aS is Shown in Figure 6 with the addition of an 
Other electroScope to serve as a control. 

Figure 8 shows a modification of the apparatus 
designed to permit perforation of the casing in 
a Well. 
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Figure 9 shows another type of apparatus for 
measuring radioactivity at various depths and 
giving an immediate indication at the Surface 
of the ground of the value of the radioactive 
intensity. 

Figure 10 shows a detail of the lower portion of 
the apparatus shown in Figures 14 and 15. 

Figure 11 shows the electrical circuit Suitable 
for use in the modification shown in Figure 9. 
Figure 12 shows an apparatus for measuring 

radioactive gradient. 
Figure 13 shows a modification of the appa 

ratus indicated in Figure 12 to render measure 
ments of radioactivity more dependable. 

Figure 14 shows an apparatus for measuring 
radioactive intensity with the interposition of a 
filter. 

Figure 15 shows an apparatus with plural 
measuring elements, one of the elements being 
provided with a filter. 

Figure 16 shows an arrangement of plural ele 
ments, in which both a Geiger-Miller counter 
and an ionization chamber are employed. 
Figure 17 shows an apparatus to be lowered 

into a borehole, consisting of two Geiger-Miller 
Counters of different size. 

Figure 18 shows an apparatus adapted to be 
lowered into a borehole, having two Geiger 
Miller counters, each of different characteris 
tics. 

Figure 19 shows an apparatus employing 
plural elements, with recording provided at the 
Surface of the earth for the composite response 
of the two elements. 

Figure 20 shows a plural radioactive measur 
ing element employed in conjunction with a 
perforator. 
A more convenient form of the apparatus 

shown in Figure 5 employs a cartridge Sus 
pended in the borehole by a conducting cable 2. 
The cable 2 passes over a measuring Wheel 3 
and thence onto a reel operated by a crank 
5. A pair of slip-rings 4a and Ab fastened 

to the shaft of the reel A4 have bearing upon 
them the brushes 6 and . These brushes are 
connected through the medium of wires 8, 8, 
to a recording element 9. Referring now to 
Figures 2 and 3, the cartridge consists essen 
tially of a radioactive-sensitive member 23 
mounted at the bottom of a pressure-tight 
cartridge 2). A rack 2 holds the element 23 and 
serves further to hold batteries 24, vacuum tube 
25, and relay 2. Springs 22 Serve to prevent 
violent contact of the frame 2 with cartridge 
20. A cap 3A is fastened by means of a threaded 
or other connection 3() onto One end of cartridge 
20. A fluid tight seal is had by the use of gas 
ket 33. The Wires necessary to convey the Sig 
nals from the cartridge pass through insulat 
ing bushing 34 and are looped onto ring 32 and 
thence pass to the Surface. In this way the Wire 
serves also for raising and lowering member f. 
The sensitive element 23 consists essentially of 

a Sealed glass vessel 35 which has Within it a 
conducting ring 38 connected to Wire 39 passing 
through seal 43). Through the axis of ring 38 
there passes another conducting member 36, in 
the form of a wire or filament. This member 
36 passes through seal 4 and is further an 
chored against mechanical movement by being 
fastened to the bottom of the vessel at 37. Con 
tainer 35 is filled with any desired gas such as 
air, at a pressure which may be as little as a few 
centimeters of mercury or as much as atmos 
pheric, and is then sealed off, after which it may 
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be used for long periods of time without further 
attention. In operation the members 36 and 38 
are kept at a high potential relative to each 
other by means of batteries 33 and 46 operating 
through high resistance leak & 2, as shown in Fig 
ure 5. A Suitable value for the Voltage of bat 
tery 36 is 135 volts; of battery 38, 360 volts. The 
positive end of battery & is connected to One 
side of the filiarnent £5 of vacuun tube 25. The 
member 36 is connected to a blocking conden Ser 
A2 and thence to the grid 43 of the same Vacuum 
tube. The plate 48 of this tube is connected 
through relay 27 to the positive end of battery 
AS. The relay 22, when de-energized, serves to 
close contacts 23 and 29, thus allowing a current 
to flow through wires 2, slip-rings éct and 4t, 
brushes 6 and il, electro-magnet 56 and bat 
tery 9. The electro-magnet 5 serves to attract 
armature 5 which further serves to move pen 52 
across the tape 53 kept in constant uniform no 
tion by means of drunin 53 operated by driving 
means 55. 
The operation of the apparatus is as follows: 

The members 36 and 38 are charged at a con 
trolled rate to a high potential relative to each 
other by means of the batteries 66 and 64 operat 
ing through leak 32. In the presence of radio 
active material the gas in the container 35 will 
be partially ionized and Will thus change the 
potential of the member 36. This will result in 
a change of potential of the grid 33 which will 
reduce the current normally flowing between fila 
ment £5 and plate 43 of vacuum tube 25. This 
will in turn reduce the current in relay 2 suffi 
ciently to allow its arnature 23 to be retracted, 
closing the circuit between member 28 and con 
tact 29. The closing of this circuit Will cause a 
current to flow through slip-ring 4b, brush , 
battery 9, electro-magnet 5, brush 6, and slip 
ring 4a. The energizing of electro-magnet 50 
will cause armature 5 to move pen 52, causing 
a break in the line traced on tape 53. 
Upon the operation of the circuit in this fash 

ion, the potential of member 36 will be restored 
to its original value, increasing the filament-to 
plate current in tube 25, energizing relay 2 and 
thereby causing the circuit made by members 
28 and 29 to open. 
Upon the further ionization of the gas in con 

tainer 35 the operation above described Will 
be repeated. Thus the frequency of the pulses 
finally received by pen 52 Will be a measure of 
the radioactivity of the material in the vicinity 
of member 23. It Will be inoted that, the rays 
given off by radioactive Substances have consid 
erable penetrating power and can therefore easily 
penetrate the shield 28 even if the latter be made 
of metal. To reduce the absorption of these rays 
by the metal, however, that portion of the cart 
ridge 20 which houses the member 23 is pro 
vided with thinner Walls than the remainder; 
a construction made possible by the Smaller 
diameter of the Said portion. It Will be noted 
further that even if a metallic casing such as 
56 exists in the borehole the presence of a radio 
active layer such as R.' may be noted because of 
the easy penetration of the rays through the 
thickness of metal ordinarily employed for cas 
ling. 
Another type of apparatus which may be en 

ployed is ShoWn in Vertical croSS Section in Fig 
ure 6. in this, cartridge 36 is provided with a 
threaded cap A2 Sealed by gasket if and raised 
and lowered by ring 3. Within the cartridge 
66 is a frame 6 a. which holds an ionization 
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chamber 68 connected to an electroscope 70, 
which may be of any suitable type, but which is 
ShOWn Schematically as a gold leaf electroscope 
employing leaves 7. Springs 69 serve to cushion 
the Shocks imparted to the frame 6ia. A circum 
ferential thin portion 67 of the cartridge is pro 
vided to reduce the absorption of the rays in 
paSSing to the chamber 68. In use the electro 
Scope is charged to a high potential relative to 
the outer Walls of the ionization chamber 65. 
It is then nounted on frame 6d, inserted in 
cartridge 66, the latter sealed with cap 2, and 
the whole lowered into the well. The apparatus 
is allowed to remain at a depth where presence 
of radioactive material is suspected, for a suit 
able length of time. It is then raised and the 
alteration in charge on the electroscope noted. 
A Second electroscope similar to electroscope 79 
may be mounted in the cartridge 66 and shielded 
from radiation, to serve as a control. Thus, the 
cartridge S 6 nay be made longer and an electro 
Scope and ionization chamber, entirely shielded 
With lead, mounted above the chanber 8. This 
arrangement is shown in Figure 7, the control 
electroScope and ionization chamber being des 
ignated respectively as 39 and 99. 

In the type of apparatus shown in Figure 2 
the chronograph and entire recording system 
may be clock operated and mounted in the cart 
ridge So that no conducting wires need pass to 
the Surface. As a furtheir alternative the motion 
of the tape may be made not a function of time, 
but rather of the position of a measuring wheel 
Such as 3. 
Another apparatus which may be used for the 

Same purpose is shown in Figure 9. This con 
SistS of a cartridge B, Which is provided With a 
gas-tight partition 05 and a gas-filled space G2. 
Located preferably centrally within the Space 02 
is an electrode 3, carefully insulated by means 
of amber or other low leakage insulating nate 
rial 4. In the partition 5 is mounted a waive 
2 by Which gas lay be introduced to attain 
any desired pressure Within the enciosure 2, 
after which the waive 2 may be shut and the 
Said preSSure maintained. The Wall C is made 
of strong material, as thin as poSSible to reduce 
the absorption of rays of radioactive naterial 
passing into the Space 2. A material Which 
will combine strength and transparency to rayS 
from radioactive Sustances is utilized. Suitabie 
materials are: magnesiuin alloys, aiurainia 
alloys such as duralumin, beryllium, or beryllium 
alloys. A verythin steel housing may be used, the 
greater strength allowing the nate;ial to be so 
thin that absorption is not serious. he space i?? 
may be filled with any one of a number of gases. 
A Suitable gas for this purpose is nitrogeii, al 
though other gases may be used with almost 
equally good resultS. 

It is of advantage to irib or COrgate the Sui 
face of the insulation as ShoW, to increase the 
leakage path. Although eleinent 2 is shown 
as a waive, in practice it ilay be advantageous 
to use a standard type of Sealed-off gla,SS joint, 
as employed in the glass blowing art. 
The pressure in the ionization chamber is pref 

erably higher than atmospheric So as to give a 
greater ionization current, as will be familiar to 
those versed in the art. A pressure of Several 
hundred pounds per Square inch Will be found 
suitable. The voltage across the chamber is 
made as high as possible So as to obtain an in 
creased ionization for a given change in intensity 
of ionizing rays. The voltage is limited, however, 
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by the fact that if it is made too high, ionizationi 
by collision will result and the chamber will sup 
port a, Steady discharge regardless of the in 
tensity of ionizing rays in its vicinity. The value 
Of the resistance is such as to cause an easily 
neaSurable Voltage drop acroSS its terminals for 
the usual intensity of ionizing rays. Its value 
Will be chosen with regard to this and with re 
gard to the requirements of the voltage indi 
cating device. Good results may be obtained 
With a resistance having a value comparable and 
preferably approximately equal to the effective 
resistance of the ionization chamber. Suitable 
values are: a battery Voltage of 130, and a resist 
ance value of 10 megohms. 

In the modification shown in Figure 9, the in 
formation is transmitted to the Surface through 
Wires 23, allowing immediate observation at the 
Surface, as Well as recording. The central elec 
trode 03 of the ionization chamber is connected 
to element 22 which represents schematically 
the electrical apparatus more fully shown here 
inafter. A lead 2 is connected to metallic cas 
ing 9 Serving to ground certain of the elements 
employed in the apparatus 22. Leads 23 ex 
tend to the Surface of the ground, where they 
may pass over a Wheel Such as 3, onto a reel 
such as 4 provided with slip rings such as 4a, 
and b. Connecting Wires such as 6 and 8 
serve to connect to frequency measuring appara 
tus, Substituted for element 9 shown in Figure 1. 

Referring now to Figure 11, 0 and 0.3 repre 
sent the elements of the ionization chamber. 
The side it is grounded, while the electrode 03 
is connected to one terminal of a high resistance 
28. The other terminal of resistance. 28 is con 
lected to the positive end of a high Voltage bat 
tery 29, the negative end of this battery being 
grounded. A potentiometer 30 is connected 
across the terminals of battery 29, with its mov 
able contact 53 connected to the cathode of a 
triode Vacuuin tube 3. A lead joins electrode 
03 and the grid of a pentode vacuum tube 32. 

While a pentode is shown in the specific embodi 
inent disciosed, any multi-element tube, having 
three or more elements, and having the proper 
characteristics, may be used. 
A conventional battery 33 is shown to provide 

the heater current for the tubes. A 'B' battery 
i3 is is shown connected to battery i33 and lead 
ing to choke 35, the other terminal of the choke 
being connected to the plate of tube 32. A tap is 
taken off battery 34 to provide the screen grid 
voltage for tube 32. The plate of tube 32 is 
connected through condenser 36 to inductance 
3. inductance 3 terminates at terminal 

point 38 to Which is connected one end of re 
sistor 39. The other end of resistor 39 is con 
nected to contact 53 as shown. 
Across inductance 3 and resistance 39 is 

placed a condenser C. The common terminal 
point 38 is connected to a grid of vacuum tube 
f32. While connection to a specific grid has been 
indicated, it is also possible to connect a lead 
from terminal 38 to the Cathode of tube 32 or 
to any other element except the plate of the same 
tube, with satisfactory results. It will be under 
stood that proper biasing means Will be utilized 
for the Specific type of tube chosen, 
The cathode of tube 32 is connected through 

a conventional Self-biasing arrangement O to 
the contact 53. The grid of tube 3 is con 
nected through a conventional Self-biasing air 
rangement is to inductance 3. The plate of 
tube i3 is connected to the primary of a cou 
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pling transformer 42, the other end of the 
primary being connected to the 'B' battery as 
shown. The secondary of coupling transformer 
f42 may be connected to leads which are brought 
directly to the surface of the borehole and which 
are connected to a suitable frequency or other 
measuring device such as 9. A Suitable fre 
quency can be chosen, high enough to be easily 
measurable, and low enough to avoid difficulties 
due to capacity and inductance effects along the 
transmitting cable. , 
The coupling transformer may be connected to 

an amplifier such as 54, the amplifier feeding 
into the external cable as shown. The amplifier 
will be found particularly valuable in preventing 
external load variations from reacting on the 
principal circuit and thus causing a disturbing 
change of frequency. - 
While Figure 11 discloses an apparatus for 

generating a frequency in proportion to the in 
tensity of radioactivity, it will be understood that 
an apparatus utilizing phase shift or amplitude 
variation as a function of radioactive intensity, 
may be used instead of one employing frequency 
variation. 
An amplifying stage 62 may be inserted in the 

lead from element f 63 of the ionization cham 
ber to the glid of tube 32. This will be a direct 
current amplifier, and will serve to increase the 
voltage change on the grid for a given change in 
potential on element 03. Where the change in 
potential on element C3 is sufficient to cause a 
proper voltage change of the glid, the amplifier 
62 may be omitted, and a direct connection 
made between the lead 93 and the grid element. 
The operation of the circuit may be described 

as follows: The elements 37, 39, and 40, to 
gether with tube 3, biasing arrangement Ali 
and the proper 'A' and 'B' voltage Supplies, 
constitute an oscillatory circuit whose natural 
frequency is dependent on the values of induct 
ance f3, condenser AO, and resistance 39. 
There will be an alternating voltage across the 

terminals of resistance 39, which voltage will be 
in phase with the current flowing through the 
resistor. This voltage will be impressed between 
the cathode and one grid of tube 32, and Will 
cause in general an alternating voltage of the 
same frequency between the grid and plate of 
tube 32. The voltage across resistor 39 is 90' 
out of phase with that across 37. Consequently, 
the voltage impressed by vacuum tube 32 acroSS 
inductance 3 will also be 90° out of phase With 
the voltage in inductance 3. The magnitude 
of this voltage will be dependent upon the ampli 
fication due to tube 32. Any out-of-phase volt 
age across inductance 3 will have the effect of 
changing the apparent value of the inductance 
and Will thereby cause a change in the frequency 
generated by the oscillatory circuit. 

. Any increase in radioactive intensity will alter 
the effective resistance between the electrodes 
A ) and 3, shrough the agency of battery 29, 
an increased current will flow through the cil 
cuit composed of battery f29, resistance 28, and 
electrodes fi and 93, This increased current 
will cause a greater voltage drop between termi 
mals of resistance 28, which increased voltage 
drop, after aimplification by amplifier 82, will be 
impressed across the cathode and a grid of tube 
32, if the screen grid voltage has been properly 
adjusted, any change in the potential of the grid 
connected to amplifier 62, will cause a change 
in the effective aimplification factor of tube 32. 
This change, as described previously will cause a 
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8 
change in the out-of-phase voltage impressed 
across inductance 37 and will thereby cause a, 
change in the natural frequency of the oscilla 
tory circuit described herein. The alternating 
current flowing through inductance 37 will in 
duce voltages of equal frequency in transformer 
42 and consequently in amplifier 54. 
It is therefore seen that an alteration of radio 

active intensity will cause a related and funces 
tionally connected change in frequency in the 
output of amplifier 62. 
The voltage of battery 29 should be so chosen 

as to obtain the maximum ionizing effect with 
out actual breakdown, and the value of resist 
ance 28 should be of Such value as to cause a 
significant voltage change acroSS the cathode and 
grid of tube 32. The values of the constants in 
the remainder of the circuit should be chosen SO 
that with the voltage changes normally obtained 
across the cathode and grid of tube 32, a Sufi 
cient change in frequency will be obtained in 
the output. 
While a variety of vacuum tubes may be used 

for elements 3 and 32, a suitable set will be 
had by using an RCA type 957 tube as element 
3 and an RCA type if 959 tube as element 32. 

Suitable values for the othel' elements are as foll 
OWS: 

29-135 volts 
34-135 volts 
28-10 megohms 
f -1800 ohms and .01 mif. 
36-002 Inf. 
f37-700 microhenries 
A-20 mm.f. 
fl-50,000 ohms and .0005 m f. 
39-100 ohms 

As described herein, the frequency may vary 
over a wide range, depending upon the partic 
ular mode of transmission of information to the 
Surface. A Suitable frequency is one megacycle. 

Figure 12 ShoWs an apparatus which may be 
utilized to measure what may be termed as the 
radioactive gradient along the length of a bore 
hole. This apparatus is comprised of elements 
Such as shown in Figure 10 in duplicate, and 
mounted at a Substantial axial distance from 
each other. Each unit is connected to its asso 
ciated measuring circuit 22, the outputs of the 
two circuits being each connected to separate 
frequency measuring Systems at the surface of 
the ground. The two frequency measuring Sys 
tems may be interconnected So as to Superpose 
one frequency on the other and give the differ 
ence of the tWO firequencies as a result. In this 
way a measure Will be obtained of the relative 
radioactivity of the rock materials at the respec 
tive levels of each of the ionization chambers. 
Thus the gradient or rate of change of radio 
activity may be detected. 

i? his modification Will permit further distin 
guishing the actual radioactivities of the Strata, 
from the possible individual erratic behavior of 
each of the measuring elementS. w 

If the latter feature is sought rather than the 
actual measurement of gradient of radioactivity, 
the measuring elements may be placed close to 
gether and their combined effect noted. 
This modification is shown in Figure 13. 
Figure 14 shows a modification of the appara 

tus shown in Figure 9, Suitable for measurement 
of radioactive intensity through a filter. It will 
be understood that in certain areas little contrast 
will be noted in radioactive intensity throughout 
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the length of the corehole. Advantage may be 
taken of the fact that different radioactive ma 
terials emit rays having different distributions of 
intensity in the radioactive spectrun. Thus, if a. 
layer in the borehoe is contaminated with thori 
urin, the totai intensity recorded on the appara 
tuS may be the Sane as that for a layer con 
taininated with radiuin. However, if measure 
Rents be taken. With a filter, the intensity due to 
radiun will appear greater than that due to thori 
unn, aid the difference may be noted. The filter 
Inay also be found particularly valuable in cases 
Where radioactive islaterial is lised as an indi 
cator, as will be hereinafter described. Differ 
ent materials may be introduced in the borehole, 
each haYing different radioactive properties. 
They may later be identified by measurements 
taken. With a filter. 
The apparatus shown in Figure 14 resembles 

that shown in Figure 14, except that an outer 
cylindrical shield or filter 64 has been placed 
completely surrounding the cartridge . A 
latch 85 is held by a spring in an indentation. 
66 in the filter. This latch may be operated 
by a Solenoid 6 actuated by wires S8 which 
paSS to the Surface of the borehole. On passing 
an energizing current through wires 68, Sole 
noid fST will cause latch 65 to be withdrawn 
from indentation , allowing filter 64 to drop 
till it strikes the circumferential stop 69. 
With filter 64 in the raised position, the 

apparatus will operate as previously described. 
The only filtering action will be that of the car. 
tridge, and which is intrinsic in the material 
used. If it is desired to make the measurement 
With a filter, the energizing current can be ap 
plied While the apparatus is in the borehole, 
Which Will cause the filter to a SSurine an opera 
tive position, after which a further measure 
ment can be taken. With the filter 64 against 
Stop 69 all rays entering the ionization chamber 
radially will have to pass through the filter. 
Since Ost of the rays enter the charnber in 
this way, the equivalent of a nearly complete 
filter Will be obtained. 
The filter may be made of any metal or Sub 

stance having the desired absorbing properties. 
Examples of Suitable materials are copper, lead 
aluminum, etc. It is understood that the filter 
may be incorporated with the cartridge 9 f, and 
be made permanent, in which case only the 
filtered rays Will inpinge on the instrument. 
There Will be a special advantage in the utili 

zation of the filter about one of the Units shown 
in Figure 12 or 3. Seire a differential result 
Will be obtained, giving to the observer the dif 
ference between the filtered and unfiltered rays, 
Alternatively, filters may be used about both 
of the eleinents shown in Figures 12 and 13, a 
different filter being used about each element. 
By Successive runs, with different pairs of filters, 
the data, collected will be of greater value than 
that obtained by the mere measurement of Lin 
filtered radiation. 

Figure 14 Shows an apparatus similar to that 
ShoWI in Figure 13 with the addition of a filter 

. 64 about the upper ionization chai ber 3. 
Duplicate leads 23, 23, conduct the ainplified 
responses from elements 22, 22 to apparatus 
69 at the Surface of the earth. Element S9 

Coinstitutes means for comparing the two fre 
quencies from elements 22, 22. It will be 
noted from the description of the function of 
element 22 given herein, particularly as to its 

O 
ment 22 will give an output frequency related 
to the intensity of radioactivity as measured by 
its respective member 03. 
The apparatus shown in Figure 2 particularly, 

5 may be made extremely sensitive to the rays 
emitted by radioactive Substances and so the 
Sometimes faint radioactivity of petroleum, 
natural gas, and ground water detected. As has 
been pointed out previously, this may be done 

0 in Spite of any covering of mud or of metallic 
casing intervening between the Walls of the 
borehole and the cartridge . It is in fact, 
possible to run the cartridge inside of the 
Standard drill pipe used in rotary drilling and 

l5 thus make measurements. With a minimum of 
disturbance to drilling. Because of the limited 
absorptive power of the metals customarily used 
for drilling, it will be possible to detect radio 
active rays through the thickness of metal in 

20 the drill pipe, or even through the several inch 
thickness of the drilling tools. 
While, from what has been disclosed above, 

it is evident that Strata, may be differentiated 
from each other by means of the quantitative 

25 difference in the amount of a SSociated radio 
active material, it will be appreciated that strata, 
need not necessarily be widely different in their 
associated radioactivity to enable one to dif 
ferentiate them from One another. In cases 

30 where the associated radioactivities are not con 
spicuously different in conducting measurements 
from one end of the bore hole to the other, 
valuable information may still be obtained by 
considering the manner in which the radio 

35 activity varies, or phrased differently, the func 
tion by which radioactive intensity changes as 
the depth is altered. This will be found par 
ticularly valuable in searching for oil depositS. 
It will be recalled that petroleum deposits in 

40 the natural state have Water aSSociated With 
them. In many cases the water underlies the 
petroleum, and will have a radioactivity markedly 
different from that of the petroleum itself. 
Thus if an apparatus as described above, Were 

45 lowered past a formation, a Sudden change 
Would be observed in passing from rock to pe 
troleum, another Sudden change in passing from 
petroleum to water, and still another Sudden 
change in passing from Water to rock. The 

50 layers might thus be easily identifiable despite 
the fact that their radioactivity may be no 
greater or less than that of most of the rock 
lining the borehole. 

It is obvious that any other means than those 
55 shown or described may be used to convey the 

frequency of the impulses produced by the ap 
paratus in Figure 2, to the surface. 
The elements employed in the member may 

be combined with a perforating tool as ordinarily 
60 used for perforating casing in oil, gas or Water 

Wels. With this it will be possible to lower 
the apparatus slowly until an indication of radio 
activity is received. The appairatUS may then 
be stopped and the perforating procedure car 

65 ried on as usual. This will have the advantage 
of eliminating the inaccuracy usually made in 
measurement. Heretofore, it has been the cus 
ton to measure the depth to the level in ques 
tion, then run the perforator to that depth. 

70 This involved two measurements, the combined 
error of which was at times Sufficient to cause 
perforation to be performed at the Wrong level. 
The method described above can have none of 
these errors, since it is not dependent in any 

operation as shown in Figure 11, that each ele- 75 way on a measurement of depth. 
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A Schematic showing of this appears in Figure 

8. Here an apparatus capable of measuring 
radioactivity is shown schematically as 97. This 
is connected to a perforating element 99. This 
latter arrangement may be of any of the well 
known types. However, the type known as a 
'gun perforator,' which perforates the casing by 
firing bullets through the casing, will be found 
particularly suitable. The assemblage made up 
of radioactive apparatus 97, connector 98 and 
perforating element 99 may be raised and lowered 
by means of cable OC. This cable will serve 
both for raising and lowering and for operating 
the apparatus and making observations. The 
cable passes over wheel 3, onto reel 96. Con 
nection is made between the reel and apparatus 
95. Apparatus 95 serves to make observations 
and to control the elements that are being raised 
and lowered. 

It will be noted that one of the fundamental 
concepts here involved is that of utilizing plural 
elements which may be lowered as a unit, and 
which will furnish simultaneous responses. A 
number of useful inodifications may be con 
structed utilizing this principle. A number of 
representative modifications are given below, it 
being understood that these are not limiting but 
rather exemplary. Thus, advantage may be 
taken of the different behavior of different types 
of radioactive measuring elements. For example, 
one element may be a Geiger-Miller counter with 
the proper associated circuit, While the other 
element may be an ionization chamber with the 
propel associated circuit. The responses from 
each of the members may be transmitted sepa 
rately to the surface of the earth and there re 
corded in correlation with depth. Although both 
pieces of apparatus mentioned are Subject to ex 
traneous disturbances, the disturbances will in 
general not occur at the same time nor will they 
be of the same nature or pattern. Thus, only 
those responses which are common to both mem 
bers need be recognized. 
This is shown Schematically in Figure 16. Here, 

a cartridge , adapted to be lowered within the 
borehole has within it a Geiger-Miller counter 
23, together with its associated circuit O. This 
asSociated circuit is the equivalent of that shown 
for instance in Figure 5. It will give at its out 
put a response proportional to the radioactivity 
acting upon the Geiger-Mtiller counter. Simi 
larly, an ionization chamber 7 , similar to that, 
Shown in Figures 9 and 10, is placed within the 
Same cartridge . This has its associated cir 
cuit f22, described in detail previously, together 
with leads going to the Surface of the earth. 

Similarly, a Geiger-Miller counter and ioni 
Zation chamber may be utilized, one apparatus 
utilizing high voltages fed from the surface of 

... the earth, the other utilizing high voltage sup 
plied by batteries lowered with the sensitive inem 
ber. Or two Geiger-Miller counters or two ioni 
zation chambers may be utilized, one of the two 
Operating from voltages Supplied from the Sur 
face of the earth. Still further, plural elements 
may be utilized, one type of circuit being utilized 
for one element, another type of circuit utilized 
for the other. Thus, one circuit may be respon 
Sive, for instance, to temperature and may have 
temperature enter as a factor in the results. The 
other circuit may be responsive, for instance, to 
vibration and have the effects thereof enter as 
a factor into the results. The use of both cir 
cuits simultaneously allows one to correct or com 

2 
der adverse conditions for a given circuit, having 
at all times a usable record from at least one cir 
cuit or the other. It will be obvious that the 
probability of the same disturbance arising in 
both Circuits to the same extent due to different 
causes is exceedingly Small, so Small that it may 
in practice be neglected. 
Thus, the arrangement as shown in Figures 

12 and 13 may be utilized, the two elements 22, 
O 
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22, having been indicated above. 
Still another use which may be made of plu 

ral elements would involve the conjoint use of 
short and of long elements sensitive to radio 
activity mounted adjacent each other, and pro 
Wided with Separate amplifying and transmitting 
apparatus. A short element (either a Geiger 
Miller counter or an ionization chamber) will 
distilnguish thin layers readily, but is not very 
eficient for the rapid logging of relatively weak 
formations. On the other hand, a long counter 
is less capable of discriminating and resolving 
thin layers while acting efficiently for rapid log 
ging of weak formations. The use of the two ele 
ments operating and recording simultaneously 
allows one to operate rapidly for certain portions 
of a borehole, and to slow down operations for 
other portions. In the first case, the responses 
from the large measuring element would be given 
chief attention, while in the latter case the Small 
element would enable one to indicate position of 
a layer with greater accuracy. This modification 
is also highly useful for the location of radio 

whether natural or artificial. 
The large measuring element may be utilized 
while lowering the apparatus rapidly, to find the 
approximate position of the radioactive markers. 
Such an element, being larger, will in general be 
more sensitive and can detect the marker at a 
greater distance and with a greater speed of low 
ering. Once the approximate position has been 
obtained, the Small element can be utilized to lo 
cate the position of the marker with certainty. 
It is understood that when large and Small ele 
ments are referred to, they may be different as to 
diameter or different as to length or both, or they 
may have differences in their physical structure 
which will cause them to act respectively as large 
or small elements. Or the two elements may be 
different, one having a greater sensitivity of re 
sponse than the other, due to treatment of the 
active surfaces, the circuit involved, etc. This 
is shown schematically in Figure 17, f being the 
enclosing cartridge lowered into the earth as be 
fore. A large Geiger-Mtiller counter is shown to 
gether with its associated circuit 70, with leads 
going to the surface of the earth. Similarly, 
there is provided a small Geiger-Miller counter 
and associated circuit 70, with leads going to the 
surface of the earth. 

Similarly, plural elements may be utilized one 
responsive chiefly to hard gamma rays, the other 
chiefly to soft gamma rayS. Or One element may 
be made sensitive particularly to neutrons, while 
the other element is sensitive chiefly to gamma 
rays. As for example, a Geiger-Miller tube with 
a cylinder of rhodium, silver, or metal associated 
or lined with boron compounds will respond read 
ily to neutrons, while a tube with a copper cyl 
inder will respond primarily to gamma rays and 
will be little affected by neutrons. Where both 
neutrons and gamma rays are expected, such plu 
ral elements allow the simultaneous detection. 
Since neutrons are often given off by Sources 
which also emit gamma rays, a log of neutron in 

pensate for that portion of a record obtained un- 75 tensity is made far more certain by a concomitant 
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log of gamma ray intensity. This is shown Sche 
matically in Figure 18, in which the enclosing 
cartridge is , a, Geiger-Miller counter of one 
type, 74, connected to its associated circuit 70, 
with leads going to the surface of the earth, and 
another Geiger-Miller counter 4d placed within 
the same enclosure has its associated circuit 70 
with its leads going to the surface of the earth. 
Thus, as before, separate indications will be 
transmitted upward separately, and may be re 
ceived and detected separately. 

It will be understood that any one of the meas 
uring systems shown herein may be utilized for 
measuring with one element, while any of the 
other systems shown herein may be utilized for 
the other element, or that both elements may 
have the same sensitive members and transmit 
ting Systems. 
Another use of the plural elements will be where 

the response from one of the plural elements will 
actuate some mechanism such as a gun perfora 
tor. The method of doing this has been fully de 
scribed in our co-pending application, Serial No. 
438,475. Since such an element need be re 
sponsive only to strong sources, and might have 
an auxiliary actuating system which affects the . 
accuracy of results obtained thereby, it will be 
found desirable to utilize this element for actu 
ating purposes only, while utilizing a separate 
element to transmit responses to the Surface. 
Both elements may, however, be actuated from 
the same power source, so that One will act as 
a, pilot element indicating that the system is 
functioning, while the other will serve only for 
automatic actuation. The basic arrangement is : 
shown in Figure 8, and the details thereof in Fig 
ure 20. Here two elements responsive to radio 
activity are provided, identified as 78 and 79. 
Element 78 serves to actuate apparatus 80, 
which in turn operates the gun perforator. Ele 
ment 79 is the pilot element, indicating that the 
system is functioning. 

It will be understood that each measuring ele 
ment may furnish a separate trace on a chart, 
produced either photographically or with a pen, 
this chart being if desired a single one whose 
movement is proportional to the position of a 
measuring sheave. The responses from both 
members may, however, be fed into a single re 
cording galvanometer or pen recorder, which will 
then give the sum of the responses from the 
members. Thus, one obtains a record which is 
automatically made proportional to the average 
integrated response from the members. This is 
shown schematically in Figure 19, pairs of leads 

5 and 76 leading upward from cartridge . 
Both of these leads 75 and 76 feed into a single 
recording galvanometer 77, which serves to re 
cord the combined response. 
This case continues and extends the teachings 

of our co-pending applications Serial No. 137,380 
and 301,078. 
The scope of the invention is defined by the 

appended claims. 
We claim: 
1. In a method of investigating radioactivity 

in a, bore hole drilled into the earth, the steps of 
simultaneously lowering into the bore hole a plu 
rality of radiation responsive devices having dif 
ferent radiation response characteristics, expos 
ing said devices to radioactivity in the bore hole 
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So as to cause at least one of Said devices to re 
Spond significantly thereto, and obtaining indi 
cations of the responses of said devices whereby 
information about radioactive conditions in the 
bore hole may be obtained by comparing the indi 
cations of the responses of said devices. 

2. In a method of investigating radioactivity 
in a bore hole drilled into the earth, the steps of 
Simultaneously lowering into the bore hole a plu 
rality of radiation responsive devices, shielding 
at least one of said devices from radioactivity 
Originating externally thereof, exposing said de 
vices to radioactivity in the bore hole so as to 
cause at least one of said devices to respond sig 
nificantly thereto, and obtaining indications of 
the responses of said devices, whereby informa 
tion about radioactive conditions in the bore hole 
may be obtained by comparing the indications of 
the responses of said devices. 

3. In a method of investigating radioactivity 
in a bore hole drilled into the earth, the steps of 
lowering into the bore hole a radiation respon 
Sive device of given radiation response charac 
teristics, exposing said device to radioactivity in 
the bore hole so as to cause it to respond sig 
nificantly thereto, obtaining indications of the 
reSponse of Said device, lowering into the bore 
hole another radiation responsive device of dif 
ferent radiation response characteristics, expos 
ing Said other device to radioactivity in the bore 
hole in the same manner as said first device, and 
obtaining indications of the response of said other 
device, whereby information about radioactive 
Conditions in the bore hole may be obtained by 
comparing the indications of the responses of 
said devices. 

4. In apparatus for investigating radioactivity 
in a bore hole, the combination of a plurality of 
radiation responsive devices having different ra 
diation response characteristics mounted for 
movement through the bore hole in fixed relation 
to one another, and means for providing indica 
tions of the responses of said devices. 

5. In apparatus for investigating radioactivity 
in a bore hole, the combination of a plurality of 
radiation responsive devices mounted for move 
ment through the bore hole in fixed relation to 
one another, means for shielding at least one of 
Said devices from radioactivity originating ex 
ternally thereof, and means for providing indica 
tions of the responses of Said devices. 

SHELLEY KRASNOW. 
LEON F. CURTISS. 
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