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2 Claims.

This invention relates to the art of well survey-
ing and more particularly to a niethod and sappa-
ratug for locating the top and bottom of the ce-
ment that is used in cementing casing when set-
ting them in a bore hole, and further contem-
plates the achlevement of this result while con-
ducting a radiation well survey of the strata pen-
etrated by the cased bore hole.

By the present invention a definite offset can
be obtained in the radiation log of the bore hole
when traversing the area where cement is used
for sealing the casing. This offset is made pos-
~ sible by the incorporation of a substance that will

absorb radiations. Thus, when a survey is made

of that portion of & bore hole that is free of ce-
ment by lowering a capsule into the hore hole
which contains a source of radiations and a de-
tecting device, g radiation log is obtalned having
an average amplitude such that when that por-
tion of the drill hole where the cement 18 located
is traversed, the average amplitude of the log is
substantially reduced, thereby producing the defi-
nite offset in the log of the bore hoie.

10

18

Methods for cementing s drill hole are well

known in the art and for this reason it is not
necessary to dwell at length on the processes for
placing the cement. The instant invention re-
lates to the use of a material capable of at least
retarding the flow of neutrons to a detectable
degree, such, for example, &s substances contain-
ing boron, lithium, etc., in the cement, which,
when radiated by neutrons, will absorb these ra-
diations thereby in part shlelding the strata in
back of the cement. Boron and lithlum are espe-
clally suitable for the present purpose, because
they not only absorb neutrons, but do not emit
gammg, rays of capture, These gamma rays of
capture, which the heavier elements emit, pro-
duce fonization in the jonization chamber and
obscure the effect of the cement. Experiments
conducted while using boron in suitable concen-
trations in the cement have shown that even the
mechanical properties of the cement are im-
proved. |

This invention, however, is directed to lowering
a source of neutrons and a detector of gamma
rays, which may or may not be in the same cap-
sule, into a bore hole. The strata radiated by
the radiations from the source contained in the
capsule will give off detectable secondary radia-
tions. Since a material of the above nature has
been incorporated with the cement, the location
thereof becomes detectable by a change in the
intensity of the observed secondary radiation.

Methods and apparatus for making a radloac-
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tive log of a bore hole are well] known in the
art as shown by patents such as those that have
issued to Bender, No. 2,133,776, Brons, No.
2,220,609, and Fearcn, No. 2,308,364,

- Additionally, there are known in the prior art
methods and apparatus for locating the cement
in cased bore holes. Although some of these
methods are practical, one of them achieves the
practicability of the instant invention.

At the time the drill hole is made and casing
is set by pumping cement thereinto, in order fo
practice the present invention there is added to
the cement a material that will absorb neutrons,
guch ag described above, which by its presence in
the cement permifs the precise location thereof
in the hore hole by the detector, simultaneously
with the log of the bore hole and in correlation
with depth. |
- By use of the instant invention a deflnite and
distinguishable point can be detected In the trav-
erse of the drill hole that will Indicate to the
observer the exact point where the cement starts
and where it stops.

Therefore, the principal cbject of this inven-
tion is to provide a method and apparatus where-
by the top and bottom of the cement may be de-
termined while meking s radistion log of the
strata penetrated by the bore hole, both indica-
tions being accurately correlated with depth, and
recorded.

Other objects and advantages of the instant
invention will be apparent from the description
which follows when taken with the drawing in
which: | ;

Figure 1 illustrates diagrammatically a bore
hole which penetrates the strata of the earth and
gshows the casing, cement, recording apparatus
and detecting device; and

Figure 2 illustrates a log such as that made
by the instant invention positioned adjacent Fig-
ure 1 to show the manner in which the depth of
the top and bottom of the cement can be dis-
tinguished on the log.

Referring to the drawing in detalil, particularly
Figure 1, a drill hole 9 {8 shown penetrating the
formation to be explored. The drill hole is pro-
vided with a tubular metallic casing such as des-
ignated at 10, The bottom portion of the casing
{0 is shown as sealed in position in the bore hole
by cement {{ which containg a neutron-absorbing
substance.

The exploratory apparatus proper consists of

& housing |1’ which is lowered into the bore hole

5“‘

by means of a cable {2, containing insulated con-
ductors. The cable has a length somewhat in



2

excess of the length of the hole to be explored
and is normally wound on a drum 3 positioned
adjacent to the top of the drill hole. The cable
may be unwound from the drum 13 to Jower the
exploring apparatus into the hole and may be
rewound upon the drum to raise the exploring
apparatus. Between the drum {3 and the hole
there is a measuring reel (4 which is adjusted
to roll on the cable in such a manner that the
number of revolutions of the reel corresponds
to the amount of cable which has passed up or
down in the drill hole. The reel is mounted on s
shaft (9, and the motion of the shaft is trans-
mitted through a gear box 18 to another shaft 17
which turns a spool 18 to wind a photographic
film 19, the film being supplied from a feed spool
20.

The housing i1’ of the exploratory apparatus
comprises three parts respectively designated by
the numerals 21, 22 and 23. In the partition 21
there is provided upon a solid support 24 an
appropriate quantity of radioactive material such,
as for instance, mesothorium 2 or polonium mixed
with beryllium metal, which is designated by the
numeral 25 and a shield 28 formed of layers of
lead and paraffin or other material relatively
opague to the penetrating radiations produced by
the mesothorium 2 and polonium mixed with
berylliium metal which is placed above the source
of radiations so as to shield it from a direct com-
munication with the upper partition 22. Meso-
thorium 2 and polonium are selected merely as
examples and it Is understood that there may be
used any other suitable radiocactive material, such
as, for instance, a mixture of radium and beryl-
lium, the said mixture being characterized by an
intense emission of neutrons.

The partition 22 contains an lonization cham-
ber having a cylindrical outer electrode 27T and
a central wire electrode 28. The ijonization cham-
ber is filled with inert gas such as argon, pref-

erably under high pressure. The above ionization

chamber is illustrated merely as an example.
Instead of argon, any other gas having similar
characteristics or mixture of such gases may be
used. |

The partition 23 contains a bhattery 29 to apply
a voltage to the ionization chamber and an ampli-
fier 30 to amplify the current passing through
the ionization chamber. The battery 29 has one
of its terminals connected to the cylindrical elec-
trode 271 and the other terminal connected to the
input terminal of the amplifler., The central elec-
trode 28 is directly connected to the other input
terminal of the amplifier.

The output terminals of the D. C. amplifier 30
are connected to the cable 12 which conveys the
current from the amplifler to a recording gal-
vanometer 31 located at the surface of the earth,
The recording galvanometer includes a moving
coil 32 connected to the cable and a mirror 33
attached to the moving coll. The mirror is
adapted to reflect & heam of light from & lamp
34 onto the sensitive film (9 to produce, after
the film has been developed, & record of the
well log. -

The operation of the invention may be ex-
plained as follows:

The mass 28 is subject to a continuous and
progressive disintegration which 1s well known in
the art as radioactive process and transforms
itself from mesothorium 2 into an element known
as radiothorium. Various radicactive materials
may be used to emit neutron radiations.

The radiations transmitted from 28 tend to
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propagate themselves in all directions. There is
provided, however, an absorbing shield 2686 which
is relatively opagque to penetrating radiations and
therefore, prevents a direct path between 28 and
the ionization chamber. Consequently, the radi-
ations emitted from 29 are directed substantially
laterally into the adjacent formations and the
amount of radiations going upwards through the
absorbing shield is negligible,

It 1s well known by those skilled in the art that
when a formation constituting the wall of the
bore hole 18 exposed to the radiations which may
impinge from a definite direction it becomes it-
self a source of radiations and these radiations
proceed outwards in all directions. These radi-
ations are called scattered or secondary radiations
and gamma rays of capture, The radiations com-
ing directly from the mass 25 are called primary
radiations fo distinguish them from the second-
ary radiations. It is then apparent that the sec-
ondary radiations from the walls of the bore hole
enter into the partition 22 wherein they are
detected by the ionization chamber.

The operation of the lonization chamber s
well known in the art., Under normal operating
conditions the battery 29 maintains between the
central electrode 28 and the cylindrical electrode
21 a voltage of such a magnitude that a discharge
will just not pass between them. When, how-
ever, & quantum of energy emitted from the adja-
cent earth stratum enters the ionization chamber
and is absorbed in the gas it creates a large num-
ber of jons in the gas which permit a current
dellvered by the battery 29 to pass between the
electrodes 271 and 28. This current becomes am-
plified in 30 and is transmitted through the cable
12 to the recording apparatus at the top of the
drill hole. |

The strata penetrated by the drill hole will
vary considerably in thelr powers of slowing down
and absorbing neutrons, and in the gamma rays
of capture emitted on their absorption. The sig-
niflcant features of the neutron logs are pro-
duced chiefly by gamma rays of capture. Oppo-
site the cement containing the neutron-absorb-
ing substance there will be a marked minimum
of ionization, because the cement absorbs many
of the neutrons before they get near enough the
jonization chamber to exert an effect on it, and
because those which do get close to it and are
absorbed by the neutron-absorbing substance give
off no gamma rays of capture.

In the operation of the device as described
above, the record produced thereby is that of a
conventional neutron well log. Such a log Is
illustrated in the portion A of Pigure 2 of the
drawing. The entire record of Figure 2, how-
ever, additionally illustrates a novel feature of
the instant invention, namely, that of locating
cement In a bore hole.

Considering the record shown in Figure 2, with
the cased drill hole, shown in Figure 1, in which
a part of the casing is surrounded by cement, it
can be seen that the portion of the record marked
A s of relatively large average amplitude and
corresponds to that portion of the cased drill hole
above the cement i1, and that portion of the rec-
ord marked B of less average amplitude was re-
corded while the capsule was traversing that por-
tion of the hole In which the casing I8 is sur-
rounded by the cement I1. The offset C in the
record corresponds to a sharp reduction of in-
tensity of detected secondary radiations and re-
sults from the fact that neutrons emitted from
the mass 25, while being radiated substantially
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laterally therefrom were, in part, or entirely, ab-
sorbed by the cement {1 which contains a neu-
tron-absorbing substance such as describea above.

Although the bottom end of the cement is not
shown in the drawing, it is obvious that when
the bottom end of the cement is passed by the

capsule, there will be a second offset in the curve

to the right that will be as sharply deflned as the
offset C described above, differing, however, from
C in that the offset is in a direction representing
greater average amplitude or greater intensity
of detected radiations. |

Therefore, from the above description of the
apparatus and the method of operation thereof,
it can be seen that the instant invention is a
marked advancement of the well surveying art
in that it provides a method and apparatus for
simultaneously producing a radiation well log of
a bore hole and locating the extremities of the
cement surrounding the casing therein.

Although a particular method of well logging
has been described, it is obvious to those gkilled
in the art that many modifications of the method
of conveying the intelligence to the surface can
be utilized. Among these many methods may
well be included the null systems for determining
the intensity of detected radiations. It is to be
understood that the present Invention s not to
be limited to the specific disclosure of any par-
ticular method for conducting the desired intel-
Hegence to the surface where it 15 recorded on &
moving sensitized paper or photographic film in
correlation with gepth.

I claim:

1. In a radistion method of logging a cased
drill hole that penetrates the substrata of the
earth, the improvement of simultaneously locat-

Patent No. 2,398,324,

3

ing & cement that contains a neutron absorbing
substance disposed behind the casing in the drill
hole that comprises the steps of radiating neu-
trons towards the walls of the drill hole from a
neutron emitting source as said source traverses

the drill hole and detecting secondary gamma
- radiations of a certaln intensity from that por-
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tion of the strata surrounding the casing that is
free of cement and detecting gammasa radiations
of different intensity from the strata adjacent the
cement, thereby producing by the differences In
intensity of the detected gamma radiations an
indication of the location of the cement in the
bore hole on & log which when recorded in corre-
lation with the depth will be in the form of an

. off'set. |

20

25

30

35

2. The method of locating the upper level of
the cement placed In the annular space between
the walls of the bore hole and a string of casing,
which comprises mixing with the cement before
it 13 placed in the hole a quantity of a substance
capable of reacting with the neutrong and pro-
ducing 8 gamma radiation as a result of such
reaction, placing the treated cement in the hole
so that it will fill part of the space between the
casing and the surrounding formations, placing
a source of neutrons in the hole, detecting the
intensity of the gamma radiations in the sur-
rounding formations and returning to the hole
near the sald source, and moving the source and
detecting means through the hole and observing
the variations in the intensity of the detected
gamma radiations as the source and the detecting
means arrive at or leave the point where the top
of the cement is located.

BRUNO PONTECORVO.

Certificate of Correction

April '9,‘ 1946,

BRUNO PONTECORVO

It is hereby certified that error appears in the printed specification of the above
numbered patent requiring correction as follows: Page 1, second column, line 8, for
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Office.
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Although the bottom end of the cement is not
shown in the drawing, it is obvious that when
the bottom end of the cement is passed by the
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C in that the offset is in a direction representing
greater average amplitude or greater intensity
of detected radiations. |

Therefore, from the above description of the
apparatus and the method of operation thereof,
it can be seen that the instant invention is a
marked advancement of the well surveying art
in that it provides a method and apparatus for
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cement surrounding the casing therein.
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the cement placed In the annular space between
the walls of the bore hole and a string of casing,
which comprises mixing with the cement before
it 13 placed in the hole a quantity of a substance
capable of reacting with the neutrong and pro-
ducing 8 gamma radiation as a result of such
reaction, placing the treated cement in the hole
so that it will fill part of the space between the
casing and the surrounding formations, placing
a source of neutrons in the hole, detecting the
intensity of the gamma radiations in the sur-
rounding formations and returning to the hole
near the sald source, and moving the source and
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the variations in the intensity of the detected
gamma radiations as the source and the detecting
means arrive at or leave the point where the top
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