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1

This invention relates to an improvement in
drilling and particularly to an arrangement for
providing the driller with a warning signal when-
ever certain undesirable conditions occur such
as excessive heating of the drill bit, or whenever
the drill bit becomes worn to such a degree that
jts further use is uheconomical.

During the drilling operations as heretofore
practiced, various instruments were used in con-
junction with the drilling equipment, to provide
the driller with suitable indications regarding the
progress of drilling. These instruments such as
weight indicator, pump stroke meter, etc. pro-
vided measurements on the portion of the drill-
ing equipment that is located above the earth’s
surface but the driller was usually unaware of
the conditions of subsurface equipment. As a
result, many failures occurred. In some instances
when the drilling progress slowed down the driller
was unable to decide whether this was caused by
the encountering of a hard formation or whether
the bit had become worn to such an extent as
to render its further use uneconomical. This re-
sulted in expensive and often unnecessary with-
drawals of the drilling string to bring the drill bit
to the surface for visual inspection to determine
whether or not the replacement of the drill bit
was necessary.

In other instances where the drilling string
was not withdrawn soon enough, the bearing
in the drill bit was found to have stuck, thereby
causing the cutting cones to stop turning. This
resulted in a continuous and progressive wear
on the exposed side only of the cutting edge, the
wear reaching eventually the shaft of the cone,
causing the breakage of the shaft and a subse-
quent expensive fishing job to remove the cutters
from the drill hole. Whenever the cutters stick
an excessive temperature is developed as a result
of the friction of the bit against the formations.

Another cause of failure of subsurface equip-
ment consisted in “wash-outs” or leaks in the
drill pipe. Such wash-outs ultimately cause a
break in the string and a serious fishing job for
the drill pipe. These leaks divert or short circuit
a part of the circulation of the drilling fluid
(which may be an agueous slurry conventionally
referred to as drilling mud), thereby reducing
the cooling action on the bit and allowing ex-
cessive heating of the bit.

It is, accordingly, the purpose of the present
invention to obviate some of the aforementioned
difficulties by providing the driller with informa-
tion regarding the condition of subsurface equip~
ment while performing drilling operations.
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It is another purpose of this invention to pro-
vide the driller with a warning signal whenever
the bit becomes worn out and a replacement is
necessary.

It is another purpose of this invention to pro-
vide a warning signal whenever an excessive tem-~
perature is developed at the bit as a result of
wash-out or any other failure.

Further objects of this invention will become
apparent from the following specification and
drawings in which:

Fig. 1 shows diagrammatically the general
drilling assembly comprising a drill bit modified
in accordance with the present invention and
means at the earth’s surface for providing an in-
dication of the condition of subsurface equip-
ment.

Fig. 2 shows diagrammatically a drill bit pro-
vided with tracer capsules imbedded therein in
accordance with the present invention.

Fig. 3a shows a cross section of a fragment of
a cutter head illustrating the position of the
tracer capsule.

Fig. 3b shows the front view of the arrange-

7 ment of Fig. 3a.

The invention is arranged to provide a warn-
ing signal whenever certain undesirable condi-
tions oceur, such as, for instance, excessive wear
on the bit, or excessive heating of the bit. This
is accomplished by inserting capsules compris-
ing a suitable tracer material in the teeth on
the periphery of the cutter head of the bit. Un-
der normal operating conditions the tracer is
imbedded in the bit and is not in contact with
the cireulating drilling fluid. If, however, the
bit becomes excessively worn and/or if its tem-
perature rises due to some failure, such as a
wash-out, the tracer becomes dissolved or sus-
pended in the mud stream and is thereby brought
to the earth’s surface, thus providing the driller
with a suitable warning signal.

The tracer should be easily detectable, i. e.
it should be characterized by a physical property
that would easily differentiate the tracer from
the drilling fluid in which the tracer is sus-
pended or dissolved. If is apparent that each
tracer released from the capsule becomes even-
tually, after a number of eycles in the mud cir-
culation, more or less uniformly distribited
throughout the mud stream. This causes an in-
crease of the general background concentration
of the tracer in the circulating stream. Such
condition is undesirable since it may eventually
lead to a difficulty in distinguishing the warning
signal caused by an additional release of a tracer
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from the general background comprising the con-
tribution of all the tracers that have been re-
leased in the past. For instance, if the tracer im-
bedded in the capsule consists of a commercial
dye (such as, for instance, a substance commonly
known as fuchsine) then the first failure in the
drilling operation accompanied by the release
of a suitable amount of dye will cause a bright
coloring of the output mud and a mere visual
inspection will inform the driller as to the con-
ditions at the bottom of the drill hole. How-
ever, since the output mud is recirculated into
the well the dye will remain slightly colored and
if another failure occurs caused by an additional
release of dye into the mud stream, the coloring
of the output mud will become less distinguish-
able from the general background. Consequently
each additional failure, accompanied by a release
of dye, will increase the brightness of the drill-
‘ing fluid uniformly throughout its length and
eventually it may become extremely difficult to
distinguish the warning signal caused by an ad-
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ural radicactivity of the mud which is only 0.1
curie per cubic foot. Strong radioactive tracers
such as Todium have a specific radioactivity of
0.3 to 2.0 curies per gram and assuming that the
background must be overridden by a 100 to 1
ratio and that the capsule is released in 10 sec-
onds (or 10 cubic feet), we need only 100u curies
or 0.1 millicurie or less than Y% milligram per
capsule. :

Referring now to Fig. 1, there is shown a por-
tion of an apparatus for drilling a well bore 10
in accordance with conventional rotary drilling
practice, i. e. by employment of a circulating
drilling fluid. 'The upper portion of the well bore
10 is lined with a casing 11, generally termed the

_ surface casing, which usually extends only a com-
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ditional release of a tracer from the general back-

ground comprising the contribution of all the

“tracers released in the past.

The above undesirable conditions will exist if
we choose another tracer substance such as &
fluorescent dye (fluorescine) or any other sub-
stance that will remain permanently in the mud
stream and that eventually will distribute itself
uniformiy throughout its length.

In order to provide a practical and satisfactory
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signalling system utilizing tracers two arrange-

ments are herewith proposed. The first arrange-
ment consists in eliminating the tracer from the
circulating stream of drilling fluid after it has
been brought to the earth’s surface and provided
the driller with the warning signal. The tracer
can be eliminated by means of a suitable me-
chanical device that shall be subsequently de-
scribed. 'The second arrangement consists in se-
lecting a particular tracer that gradually dis-
appears after it has performed its purpose, i. e.
after it has provided the driller with the warning
signal. The only “disappearing” substances are
radioactive substances since they spontaneously
disintegrate with time. Therefore I am propos-
ing to use as tracers radioactive substances hav-
ing half lives that are not very large when com-
pared with the period of drilling of a well. Such
a, radioactive tracer performs the role of a mes-
senger that carries the warning signal to the top
of the drill hole and gradually dies after it has
outlived its usefulness. Because of its decay the
radioactive tracer does not contaminate per-
manently the drilling fluid stream and leaves the
general background of the circulating stream at
a relatively low level.

Tt is apparent that the shorter is the life of
the tracer the lower will be the general radio-
activity of the background of the well. It would
be generally desirable to use a tracer the half life
of which is less or of the same order of magni-
tude as the total length of time during which the
same stream of mud is used for circulation pur-
poses. Roughly, this would correspond to the
total length of time necessary for drilling an oil
well.

An additional advantage in ufilizing radio-
active substances as tracers is based on the con-
sideration regarding the size of capsule. It is
apparent that the radioactive capsules are much
smaller than the capsules containing other
tracers such as dye, or fluorescine, because the
radioactive tracer needs to override only the nat-
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paratively short distance into the well. At the

-upper end the casing {1 is provided with a side

outlet 12 which discharges into a mud pit 14.
Extending into the well through the casing i1
and the well bore 10 is a conventional hollow drill
string designated by the numeral (6. The lower
end of the drill string is provided with a drill
collar 16 which is connected at its lower end to
a drill bit IT1.

The drill bit (shown more in detail in Fig. 2)
ig of a standard construction and comprises a
head I8 having an upwardly tapered shank
threadedly engaged to the lower extremity of the
collar 18. The head has two downwardly di-
verging legs 19 and 28, said legs being spaced well
apart at their lower ends. On the leg 20 is an
inwardly and downwardly- projecting shaft 21
upon which cutters 22 are rotatable. A similar
shaft with cutters 238 is provided on the leg 9.
The shank and head have a central passage 24a
therein, through which the drilling fluid may be
discharged upon the cutters. Hach of the cut-
ters 22 and 23 is constructed with a plurality of
concentric and annular teeth 31. These teeth
become gradually worn off with the progress of
the drilling and eveniually they become worn out
to such a degree that they are no longer effective
to disintegrate hard formations.

The cross sectional view of the cutters 22 in
Fig. 2 shows two plugs 24 and 25 in the teeth of
the cutters. Both plugs are mounted in their re-
spective teeth at a depth of approximately 24 of
the length of the teeth. The portion of the cut~
ters containing the plug 24 and comprised with-
in the dotted rectangle is shown in an enlarged
form in Fig. 3a¢. A frontal view of this portion is
shown in Fig. 3b. As shown in detail in Figs. 3a,
3b, a shallow hole is drilled into the body of the
tooth. The hole is provided with threads to ac-
commodate a small eylindrical plug 24 provided
with outside threads and a slot 26 on the top to
facilitate its insertion by means of a screw driver.

A conventional means is provided for preventing
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the screw from loosening, such means consisting,
for instance, of a spring washer 271 pressing
against the inside extremity of the plug. With-
in the plug 24 is imbedded a tracer containing
capsule 28, which is covered from the outside by
a suitable element 29 and thus is protected from
any contact with the drilling fluid. The element
29 is made of an alloy having a relatively low

_melting point, i. e, arranged to melt slightly

70

above the normal temperature of the bit. The
tracer substance contained in the capsule is
radioactive. '

Under normal operating conditions the cap-

k sules are completely imbedded in the cutter head

(]

and separated from any contact with the drilling
fluid by the material of the cutting edge. As the
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drilling progresses, however, the cutting edge be-
comes progressively worn out, and the tracer sub-
stance becomes eventually exposed to the direct
action of the drilling fluid. As a result of such
an action the tracer becomes released and dis-
solved or suspended in the mud and is carried by
the stream in the direction indicated by the ar-
rows to the outlet pipe 12. It is thus apparent
that the radioactive tracer contained in the cap-
sule 28 becomes automatically released into the
mud stream whenever the abrasive effect of
drilling reaches “the wear level.” The wear level
designates a plane tangent to the capsule and
perpendicular to the cross sectional plane in Fig.
3a. The wear level is designated in Fig. 3¢ and
Pig. 3b by a dotted line 30.

The cross sectional view of Fig. 2 shows only
two teeth provided with plugs, said plugs being
designated by numerals 24, 25. I provide, how-
ever, a much larger number of teeth with plugs.
On the average each annular row such as 31 com-
prises four teeth provided with plugs, said teeth
being equally spaced on the periphery of said
row.

The arrangement illustrated in Fig. 3¢ is also
adapted to release automatically the radioactive
tracer whenever an excessive temperature is de-
veloped at the bit. This may happen whenever
bearings become stuck thereby causing the cut-

ter cones to stop turning, or during the wash- -

outs when the mud circulation is diverted, there-
by reducing the cooling action on the bit, or
whenever the drilling is conducted with too much
weight or speed. Under such conditions, when-
ever the bit becomes excessively heated the alloy
top 29 of the capsule is arranged to melt and to
release the tracer from the capsule 28 into the
mud stream in the direction of the arrow to the
outlet pipe 12. It is apparent that the alloy itself
could contain a radioactive substance and when
it gradually melts under the effect of tempera-
ture, it enfers into the mud and is carried in the
stream to the earth’s surface. Under such con-
ditions the alloy acts as a tracer.

The outlet pipe 12 is provided with a suitable
jonization chamber 35 for providing a signal
whenever radioactive tracer is present in the
drilling fluid flowing through the outlet pipe 2.
The ionization chamber may be of any type well
known in the art which is adapted to respond to
beta or gamma radiations, derived from the
radioactive tracer present in the mud. It con-
sists of an envelope 36 of convenient shape and
material, such, for example, as glass, and pro-
vided with one or more apertures 37 covered with
a material such as mica or aluminum, of suffi-
cient mechanical strength to exclude the drilling
fluid and at the same time allow beta particles
emitted from the radioactive tracer within the
drilling fluid to easily pass into the chamber. In
case gammesg radiations are to be detected the
covered aperture can be dispensed with since
gammeg, radiations pass through relatively thick
metallic walls. Two electrodes 38 which may
have various geometrical shapes and relative po-
sitions are introduced info the envelope and the
whole is rendered tight by any suitable means.
The interior is evacuated and a suitable quantity
of gas such as argon is introduced at a suitable
pressure. The electrodes 38 are connected by
leads 38 to an electrical circuit consisting of a
battery 40 in series with a resistor 4f. The out-
put terminals of the resistor 41 are connected
through an amplifier 42 and the amplifier’s out-
put terminals 43 to g signalling lamp 44.
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The ionization chamber is of low -sensitivity,
i. e. under normal operating conditions, the
background radioactivity of the fluid is low and
the voltage across the terminals of the resistor 414
is substantially zero. Consequently, no signal is
provided by the lamp 44 and the operation of the
subsurface equipment is assumed to be satisfac-
tory. Whenever certain undesirable conditions
take place, i. e. when the bit becomes worn out or
whenever its temperature becomes excessive due
to wash-out or other failure, the tracer normally
contained in the capsule 28 becomes automati-
cally released into the mud stream, by which it
is then carried to the earth’s surface andg ren-
ders the ionization chamber 35 conductive. We
obtain thus, a current supplied by the battery 40
and flowing through the resistor 41 and a suit-
able voltage thereby developed across the ter-
minals of the resistor 41 is transmitted to the
amplifier 42. The amplified voltage derived from
the terminals 43 is applied to the lamp 44, which
provides a luminous signal indicating to the
driller either the worn out condition of the drill
bit or an excessive temperature of the bit.

It is thus apparent that whenever the drilling
mud flowing into the outlet pipe (2 is strongly
radioactive, which is shown by the light signal
given by lamp 44, a condition is reached that re-
quires removal of the drilling string in order
either to replace the worn out or defective bit
by a new one or to replace the damaged pipe seg-
ment in case of a washout. i

The output mug flowing out of the outlet pipe
12 over the butterfly valve 41 into the mud pit {4
is used for recirculation purposes. The recircu-
lation is effected by means of a pump suction
unit 62 leading through a suction pipe 63, pump
64, into a mud discharge conduit 65 which com-
municates with the drill pipe. The satisfactory
performance of this arrangement is based to a
large extent upon the use of a radiocactive tracer
having a limited half life. As explained above,
the radioactive tracer is particularly applicable
for our purpose since this is the only known:
tracer that gradually disintegrates with time,
and, therefore, does not leave a permanent con-
tamination in the mud stream. Consequently
under normal operating conditions the general
radioactivity background of the mud due to the
contribution of all the tracers that have been
released in the past is maintained at a low value
and furthermore this value gradually decays as
time goes on. The concentration of the radio-
active substance in the drilling fluid is propor-
tional to the half life of the substance, and to the
frequency at whieh the tracer substance is re-
leased (frequency of occurrence of failure), and
is inversely proportional to the volume of the
drilling fluid used in the circulatory system. By
properly selecting the radioactive tracer, there is
no difficulty in distinguishing the warning signal
caused by an additional release of a tracer from
the general background.

In order to reduce the radioactivity level of the
drilling fluid by an additional amount I may pro-
vide an arrangement for eliminating mechani-
cally the tracer each time after it has served its
purpose and provided the driller with a warn-
ing signal. Such a mechanical elimination is in
case of radioactive tracers not essential, although
it may improve the operation of the general ar-
rangement. If such a provision is used, then only
under normal conditions, i. e. when the drilling
proceeds satisfactorily, the mud flows into the
regular mud pit 14 and only then is used for re-




2,858,724

7

circulation purposes. When, however, the radio-
active tracer carrying the warning signal appears
in the output mud, a voltage suddenly appears
across the output terminals 43. This voltage
lights the warning lamp 44 and simultaneously
energizes a solenoid 45 which in turn moves the
rod 46 and the butterfly valve 47 into the position
indicated by dotted lines thus by-passing the
portion of the mud stream containing the radio-
active tracer into the disposal pit 50.

It is thus apparent that whenever radioactive
tracer appears in the outlet pipe 12, a warning
signal provided by the lamp 44 is produced and
simultaneously a voltage appearing across the
output terminals 43 actuates a suitable mecha-
nism causing the tracer material to be by-passed
into the disposal pit 50, thus eliminating the
tracer from recycling in the mud stream.

The arrangement as described above for auto-
matically eliminating from the drilling fluid or
drilling mud stream the tracer substance and
collecting said substance in the disposal pit 50
may not always be necessary or desirable. In
many cases the increase in the general radio-
activity background of mud due fo prior tracer
releases is not very great and we need not to be
concerned with it.

The tracer contained in the capsule should
preferably be released into the drilling fiuid in-
stantaneously as soon as it comes into contact
with it. By means of an instantaneous, almost
explosive action as hereinafter described, the
tracer may be made to produce 2 high local con-
centration in the drilling fluid. Such a local con-
centration when carried to the earth’s surface, is
easily detected angd produces a satisfactory warn-
ing signal. The ordinary chemical tracers that
slowly ooze out and do not produce high local
concentration are less desirable in this particular
application. Consequently, when an aqueous
drilling fiuid is used, the material comprised in
the capsule should preferably react violently with
water, be thermally stable, and not spontaneously
inflammable.

Suitable reactants are the alkali metal boro-
hydrides, alkaline earth metal borohydrides,
other metal borohydrides, metal hydrides, metal
silicides, and borohydrides and metal alloys
which combine violently with water giving off gas
and heat. I prefer to use such substances as
LiBH4,Al(BHs) 3. LiH,B2He, or other boron hy-
drides. Other substances may be used such as
Na-K alloy, CaHsBe(BHs)2,Mg(BHs)2, and
NaBH: These reactants may be non-radioactive
and a thorough mixture may be prepared com-
prising either of these reactants and a suitable
radioactive salt. We may choose as a radioactive
salt one of the following substances: NaCl
(formed with Na2t or C1?6), Cdlz (formed with
Cdl or Cdils or CI36), or CA(NO3)2 (formed with
Cdio or Cdis). When such a mixture is brought
in contact with water a violent reaction takes
place between the non-radioactive reactant and
water giving off heat and a large volume of gas.
The radioactive salts present in the mixture do
not participate in this reaction but are instantly
thrown into the mud stream and subsequently
carried to the earth’s surface.

In the above arrangement the capsule con-
. tains a mixture of a non-radioactive reactant
with a radioactive salt. The radioactive salt does
not react chemically with water and it is merely
thrown into the mud stream by the explosive
force resulting from the contact between the re-
~ actant and water in the drilling mud. We may
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use a different arrangement that would consist
of a capsule comprising a reactant interacting
violently with water and in which some of the
elements are radioactive. Such a reactant may
be one of the following substances:

(1) A metal borohydride comprising a radio-
active metal; for instance, NaBHs (formed with
Na24) ;

(2) A metal hydride comprising a radioactive
metal; for instance CaHz (formed with Ca®); or

(3) Radioactive isotopes of the base metals
such as K42 Na24,Cs134,Cs137, which upon the con-
tact with the water from the mud violenfly re-
act according to the general equation:

2K+ 2H20~>2KOH4-Hz

Tn some instances the violent reaction of the
tracer substance with water may not be neces-
sary. We can then dispense with the use of the
reactants mentioned above and use capsules con-
faining radioactive salts such as NaCl (formed
with Na2¢ or CI36, Clz (formed with Cd1%® or Cdl’®
or CI), or Cd(NO3)z (formed with Cdl® or
Cds, Either of these salts when brought in con-
tact with water dissolves itself at a sufficiently
fast rate to provide an adequate concentration of
tracer in the drilling fluid.

In addition to the above, other racioactive
substances may be used as tracers. Some of the
examples are as follows:

(1) A radioactive gas enclosed under pressure.
A typical example is COz with C¢ as the tagged
isotops. It could be inserted in the capsule 4s
Drry Ice or solid COaz.

(2) A radiosctive liquid immiscible with water
and lighter than water. Typical example is car-
bon tetrachloride CCl: (with C* or CI%%).

(2) A compound which generates a radioactive
gas upon contact with water. A typical example
is NaNHz or sodium amide which reacts with
water to produce ammonia gas NHz which will
be released from the mud at the earth’s surface
when the Pz of mud is above 7 which is usually
the case. The reaction is

NaNHz2-+H20-NaOH-|-NH3

Either the nitrogen N2 or H3 can be ftagged.
Another example is calcium carbide CaC: which
reacts with water to form carbide gas Ce2Ha ag-
cording to the equation

CaCs4-2H20-Ca (OH) 24-CoHa

In this case carbon C* is tagged. The gas
will release itself from the mud upon arrival
at the earth’s surface.

It is thus apparent that I have provided a
method and arrangement for providing the
driller with information regarding the condition
of subsurface equipment while performing drill-
ing operations.

Iclaim:

1. An arrangement for determining an exces-
sive rise in temperature at a predetermined inac-
cessible location in subsurface drilling equip-
ment, said drilling equipment being used in con-
junction with a drilling fluid circulating system,
comprising: a solid tracer substance having a
relatively low melting point and imbedded- in
said subsurface equipment at said inaccessible
location, said tracer substance being in contact
with said circulating system, whereby an ex-
cessive rise in temperature causes said substance
to melt and allows said circulating system to
carry said substance to the earth’s surface; and
means at the earth’s surface to detect said tracer
substance, the presence of said substance being

P
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associated with said excessive rise in tempera-
ture.

2. An arrangement for determining an exces-
sive rise in temperature at a predetermined in-
accessible location in subsurface drilling equip-
ment, said drilling equipment being used in con-
junetion with a drilling fluid circulating system,
comprising: a radioactive solid tracer substance
having a relatively low melting point and im-
bedded at said inaccessible location, said tracer
substance being in contact with said circulat-
ing system, whereby an excessive rise in tem-
perature causes said substance to melt and al-
lows said circulating system to carry said sub-
stance to the earth’s surface; and a radioactivity
detector at the earth’s surface to detect said
tracer substance, the output of said detector
being indicative of said excessive rise in tem-
perature.

3. An arrangement for determining the oc-
currence of abnormal operating conditions at a
predetermined inaccessible location in subsur-
face drilling equipment while drilling in con-
junction with an aqueous drilling fluid circulat-
ing system, comprising: a radioactive tracer sub-
stance imbedded in a cavity in said subsurface
equipment at said inaccessible location, said
radioactive tracer substance comprising a radio-
activity-containing substance which undergoes a
rapid chemical reaction with water; a shielding
element normally protecting said tracer sub-
stance from contact with drilling fluid, said ele-
ment being adapted to be removed upon the oc-
currence of said abnormal operating condition,
thereby exposing said tracer substance to con-
tact with aqueous circulating fluid in said eir-
culating system, to thereby produce a concentra-
tion of radioactivity in said fluid in said circu-
lating system; and means at the earth’s surface
to detect the arrival there of said concentration
of radioactivity in the fluid in said circulating
system.

4. Apparatus for determining the occurrence
of an abnormal rise in the operating tempera-
ture of a subsurface drilling tool during drilling
in conjunction with a drilling fluid circulating
system, comprising: a tracer substance imbedded
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in said drilling tool; and a shielding element of
a material other than that of the drilling tool
secured to said drilling tool and normally cov-
ering said tracer substance to prevent contact
of drilling fluid with said tracer substance, said
shielding element having a melting temperature
substantially lower than the melting tempera-
ture of the drilling tool and melting upon an
abnormal rise in the temperature of the drill-
ing tool to thereupon uncover and release said
tracer substance into the drilling fluid as an in-
dication of such abnormal rise in temperature.

5. Apparatus for determining the occurrence
of an abnormal rise in the operating tempera-
ture of a subsurface drilling tool during drilling
in conjunction with an aqueous drilling fluid
circulating system, comprising: a tracer sub-
stance imbedded in a cavity in said drilling tool;
a material associated with said tracer substance
in said cavity, which material undergoes a rapid
chemical reaction with water; and a shielding
element secured to said drilling tool and nor-
mally covering said tracer substance and said
material to prevent contact of drilling fluid with
said tracer substance and said material, said
shielding element having a melting temperature
substantially lower than the melting tempera-
ture of the drilling tool and melting upon an ab-
normal rise in the temperature of the drilling
tool to thereupon uncover said tracer substance
and said material to expose said material to the
aqueous drilling fluid and to expel said tracer
substance into the drilling fluid as an indication
of such abnormal rise in temperature.

JAN JACOB ARPS.
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