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This invention relates to the measurement of the peak 
temperature of drilling ?uid at dynamic circulating condi 
tions during the drilling of a well. More particularly, it 
relates to a temperature-recording device and a method 
for determining the peak temperature of drilling ?uid 

“ \as it is circulated during the drilling of a well. 
‘One important condition desired to be determined dur 

ing the drilling of a Well is the peak temperature of the 
drilling ?uid as it is circulated. Usually, the drilling ?uid 
is a mud containing bentonite. As is well known, the 
drilling ?uid is circulated from the earth’s surface down 
the drill pipe and through the ?uid-circulating openings 
of the drill bit adjacent the bottom of the well. The 
drilling ?uid returns in the annulus between the drill pipe 
and the side walls of the well to the earth’s surface. The 
peak temperature in the circulating well ?uid does not 
occur at the bottom of the well adjacent the drill bit. 
Rather, the peak temperature of the well ?uid occurs in 
the annulus surrounding the drill pipe at some distance 
from the bottom of the well where a state of temperature 
equilibrium is reached. The distance from the Well bot 
tom at which this peak temperature occurs varies during 
drilling. For this reason, measurements of temperature 
taken at any particular position in the well generally will 
not provide reliable determinations of the peak tempera 
ture. Neither can reliable measurements ‘be obtained 
under static conditions in drilling or in the circulating of 
drilling ?uid. 

Serious damage to the drilling ?uid can occur as a re 
sult of continued circulation at a temperature Where ther 
mal degradation results. At present, only the results 
of thermal degradation can be detected at the earth’s 
surface in the returning drilling ?uid to display the pres 
ence of excessively high temperatures in the well. For 
this reason, the peak temperature of the circulating drill 
ing ?uid is most important. With this information, well 
known steps can be used to protect the circulating drilling 
?uid against thermal deterioration. 

Thus, the peak temperature in the circulating drilling 
?uid should be determined at dynamic circulating condi 
tions as they exist during the drilling of a well. The 
measurement should neither require removing the drill 
pipe and bit from the well to the earth’s surface nor 
changing the conditions of drilling and ?uid circulation 
normally utilized in the drilling of the well. Further, 
the structures and their use in the measurement of the 
peak temperature in the circulating drilling ?uid should 
be compatible with the usual equipment and procedures 
used in drilling a well. 

It is therefore an object of the present invention to pro 
vide for the measurement of the peak temperature of drill 
ing ?uid at dynamic circulating conditions during the 
drilling of a well. Another object is to provide a tempera 
ture-recording device and a method for measuring the 
peak temperature of drilling ?uid while circulating during 
the drilling of a well. A further object is to provide 
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a device and its use for measuring the peak temperature 
of drilling ?uid that is compatible with the equipment and 
procedures used in drilling a well. Yet another object 
is to provide a temperature-recording device for measur 
ing the peak temperature of drilling ?uid that neither 
requires the drill pipe and bit to be removed from the 
well to the earth’s surface nor requires a change in the 
drilling and circulating conditions or equipment used in 
drilling a well. 
These and further objects will be more apparent when 

considered with the following detailed ‘description, the 
appended claims, and the attached drawings, wherein: 
FIGURE 1 is a perspective of a temperature-recording 

device partially broken away to illustrate its interior con 
struction; 
FIGURE 2 is a section taken medially through the de 

vice shown in FIGURE 1; 
FIGURE 3 is a plan View of a temperature-indicating 

means utilized within the temperature-recording device 
of the present invention shown in FIGURES 1 and 2; and 
FIGURE 4 is a partial section of one modi?ication 

of the temperature-recording device of the present in 
vention. 
The temperature-recording device of this invention is 

comprised of a casing ‘of an abrasion-resistant material 
which has at least one dimension of a size sufficient to 
pass through the circulating openings in a drill ‘bit. A 
temperature-indicating means is disposed within the cas 
ing. Means cooperating with the casing are provided 
for securing the temperature-indicating means within the 
casing. The device is introduced into the drilling ?uid 
circulating down through the drill pipe. The device passes 
through the circulating openings in the drill bit and up 
through the annulus of the well to the earth’s surface. 
The circulation of the device with the drilling ?uid stream 
carries it through the region in the well where the peak 
temperature is encountered. The device is retrieved from 
the drilling ?uid at the earth’s surface. The peak tempera 
ture of the drilling ?uid is determined by extracting the 
temperature-indicating means from the casing and ex 
amining its temperature-indicating indicia. 

Referring now to the drawings, and particularly to 
FIGURES 1 and 2, a preferred illustrative embodiment 
of the temperature-recording device 11 of the present 
invention will be described. The device 11 is comprised 
of a casing 12 ‘of an abrasion-resistant material having 
one end 13 closed and the other end open. The casing 
12 has at least one exterior dimension not greater than 
that dimension which is adapted to pass the casing 12 
in the drilling ?uid through the circulating openings in 
the drill bit used in drilling the well. Generally, the 
circulating openings in a drill bit are about % inch in 
diameter. Thus, one exterior dimension of the casing 
12 needs to be ‘less than % inch. Preferably, the casing 
12 is tubular and also of a metallic material having a 
density somewhat greater than that of the drilling ?uid. 
As a result, the device 11 may be readily carried along 
with the drilling ?uid during circulation at any conven 
tional circulation rate. The casing 12 can be a 22 
caliber cartridge hull either of brass or steel because 
of its ready availability. This form of casing 12. has 
a diameter of about 1%: inch and can readily pass through 
the circulating openings of a drill bit. However, other 
types of structures may be used for providing the casing 
12. For example, the casing 12 may be made of any 
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material which is abrasion resistant. For example, 
various plastics may be utilized. Also, the casing 12 
need not be tubular. The only property required for 
the casing 12 is that it have su?icient strength to prevent 
the abrasive forces encountered in the drilling ?uid circu~ 
lating system from damaging the temperature-indicating 
means contained in the casing 12. Of course, the casing 
12 needs to be of a size that is readily recoverable, for 
example, a size for visual observation as it is caught by 
the shale shaker of the circulating system of the well. 

Temperature-indicating means 14 are disposed Within 
the casing 12. Preferably, the temperature-indicating 
means provide a permanent change in one property which 
is visually detected after being subjected to a predeter 
mined temperature or temperatures. Usually, the per 
manent change is one of color for best results. As can 
be seen in FIGURES 1 and 2, the temperature-indicating 
means 14 may be rolled lengthwise into a scroll for ready 
disposition within the casing 12. However, other ways 
for adapting the temperature-indicating means 14 for 
placement within the casing 12 may be used, if desired. 
Referring to FIGURE 3, the temperature-indicating 
means 14 used in the preferred embodiment are com 
prised of a relatively thin, foil-based member 16 on 
which is deposited a quantity of carbon black. Disposed 
on the carbon black coating are one or more fusible 
temperature-indicating materials 17, 18, 19, and 21. 
The temperature-indicating materials 17, 18, 19, and 
21 are of a color which is different from the carbon 
black, for example, the color may be white. Preferably, 
the temperature-indicating materials 17, 18, 19, and 
21 are selected so that each changes color at a different 
temperature. For example, the temperature-indicating 
materials 17, 18, 19, and 21 may be arranged to change 
color from white to black at the temperatures of 150° 
F., 160'’ F., 170° F., and 180° F., respectively. Thus, 
a temperature between 160° F. and 170° F. would result 
in the temperature-indicating materials 17 and 18 chang 
ing color to black, while the temperature-indicating ma 
terials 19 and 21 remain white in color. 
The temperature-indicating means 14 described above 

may be provided by the Temperature Indicator disclosed 
in United States Patent 3,002,385. The temperature 
indicating means 14 in this reference may be more gen 
erally described as comprising a backing material, a 
metallic base member disposed on the backing material, 
and a colored pigment material disposed on the base 
member. A fusible temperature-indicating material is 
disposed on the colored material with the temperature 
indicating material being of a color which is different 
from the color of the colored pigment material. A 
transparent cover material disposed adjacent the tem 
perature-indicating material is bonded to the base mem 
ber, thereby enclosing the temperature-indicating ma 
terial and the colored material between the base ma 
terial and the cover material. A metallic cover member 
having perforations therein is disposed adjacent the cover 
material. The perforations serve as view holes for ob 
serving the temperature-indicating material. The metal 
lic cover member is bonded to the backing material, 
thereby enclosing the base member, color-indicating ma 
terial and transparent cover material between the back 
ing material and the cover member. 
The temperature-indicating means 14 heretofore de 

scribed are well suited for the purposes of this invention. 
The temperature-indicating means 14 are not affected 
or altered by the usual drilling ?uids used in drilling 
wells. Further, they are neither damaged by being 
?exed or creased during mounting within the casing 12 
nor by their subsequent handling during extraction and 
examination at the earth’s surface. Thus, they need 
not be enclosed within a ?uid-tight structure for the 
purposes of this invention. If desired, other suitable 
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types of temperature-indicating means may be used as is 
apparent to one skilled in the art. 
The temperature-indicating means 14 are secured with 

in the casing 12 against loss and abrasion in the circulat 
ing mud by means cooperating with the casing 12. This 
means may be a closure mounted at the open end on the 
casing 12 for securing the temperature-indicating means 
14 within the casing 12. In the embodiment shown in 
FIGURES 1 and 2, the temperature-indicating means 14 
are secured within the casing 12 through the use of a 
sleeve 26 which is adapted to be inserted into the casing 
12. The sleeve 26 has a longitudinal dimension such 
that it is spaced from the open end of the casing 12 when 
fully received therein. Preferably, the sleeve 26 has an 
exterior diameter such as to provide a snug fit between 
the side exterior surface of the sleeve 26 and the side 
interior surface of the casing 12. The sleeve 25 may 
be of any stiff material. Preferably, the sleeve 26 is of 
an abrasion-resistant material or metal similar to that 
of which the casing 12 is constructed. However, other 
materials may be used as desired. The function of the 
sleeve 26 is to provide an abutting surface upon which a 
closure may be rested. Referring to FIGURE 2, the 
closure may be a sphere 29 mounted at the open end of 
the casing 12. Preferably, the sphere 29 is formed of an 
abrasion-resistant material, especially a metal. The sphere 
29 is of adequate size to engage the side interior surface 
of the casing 12 and the end of the sleeve 26. The 
casing 12 may be provided with a reduced area 31 ad 
jacent the sphere 29 to secure the sphere 29 and casing 
12 together. The reduced area 31 may be provided by 
swaging. If desired, other means to secure a closure 
to the casing 12 may be used. 
The use of metallic materials to provide the casing 12, 

sleeve 26, and sphere 29 is of especial utility in that the 
device 11 will have a density approaching that of the 
usual drilling ?uids. This is of great advantage in that 
the device 11 ?ows with least damage through the well 
with the drilling ?uid Whose peak temperature is to be 
measured. Also, the metallic materials provide good 
protection for the temp-erature-indicating means 14 against 
injury from abrasion or loss in the circulating drilling 
?uid. 
A modification of the device 11 is shown in partial 

section in FIGURE 4. The description applied to the 
embodiment of device 11 shown in FIGURES 1 and 2 is 
applicable to FIGURE 4 with this exception. In FIGURE 
4, the means for securing the temperature-indicating 
means 14 within casing 12 is a stopper 34. The stopper 
34 has a reduced diameter portion 36 to provide an 
abutting shoulder 37 spaced from its end 38. The 
stopper 34 is mounted with the shoulder 37 abutting the 
casing 12 at its open end, the reduced diameter portion 
36 engaging the interior side surface of casing 12. The 
end 38 of the stopper 34, which is presented toward the 
interior of the casing 12, is seated against the sleeve 
26. This embodiment is of utility in providing for 
readily disassembling of the device 11 for extraction of 
the temperature-recording means 14 therefrom. Prefer 
ably, the stopper 34 is constructed from Te?on. How 
ever, other abrasion-resistant materials, such as cork or 
plastics, may ‘be used instead of Te?on. ‘If desired, the 
means cooperating with the casing for securing the tem 
perature-indicating means 14 within the casing 12 may 
be adapted to be positioned entirely within the casing 12. 
The device 11 may be used with great facility in the 

following manner. As a ?rst step, the device 11 is in 
troduced into the drilling fluid circulated down the drill 
pipe into the well. The device 11 is passed from the 
drill pipe through the circulating openings of the drill bit 
into the well. Preferably, as another step, the drill ‘bit 
is slightly raised from the bottom of the Well during the 
actual passage of the device 11 through the circulating 
openings of the drill bit. Continued circulation of the 
drilling ?uid carries the device 11 upwardly through the 
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annulus of the well to the earth’s surface. The device 
11 generally will circulate in phase with the circulating 
drilling ?uid. As another step, the device 11 is retrieved 
from the drilling ?uid at the earth’s surface. For ex 
ample, the device 11 may be retrieved at the shale 
shaker usually found at the well site. Other means for 
retrieving the device 11 from the drilling ?uid at the 
earth’s surface may be used as is apparent. The tem 
perature-indicating means 14 is extracted from within 
the casing 12 and unrolled. Visual observation may 
then be made as to the indicia change in the temperature 
indicating means 14. For example, as previously de 
scribed with respect to FIGURE 3, the temperature 
indicating means 14 indicate a measurement of the peak 
temperature in the range of between 160° F. and 170° 
F. by the change in color of temperature-indicating ma 
terials 17 and 18 while the color remains unchanged for 
the temperature-indicating materials 19 and 21. Thus, 
corrective steps may 'be taken to protect the drilling ?uids 
from thermal degradation at this temperature if desired. 
From the foregoing it will be apparent that there has 

been provided a device and a method for its use which 
is Well suited for measuring the peak temperature of drill 
in ?uid at dynamic circulating conditions during the 
drilling of a well. No changes are required in the pro 
cedures or equipment conventionally used in drilling wells. 
The peak temperature of the circulating drilling ?uid can 
be determined in only slightly more than the time it 
takes for the device of the present invention to be cir 
culated through the well with the drilling ?uid. Other 
advantages will be apparent to those skilled in the art as 
will be other embodiments and methods of utilizing the 
present invention. 

Various changes may be made to the device of this 
invention and to the method of its use by those skilled 
in the art. For example, several temperature-indicating 
means 14 may be placed into the casing 12 so that a 
range of speci?c temperatures may be surveyed. Fur 
ther, the casing 12 and the means for securing the tem 
perature-indicating means 14 therein may be provided 
from various materials as will be apparent to those 
skilled in the art. It is intended that such changes be 
within the scope of the present invention. Further, it 
is intended that the foregoing description be taken as illus 
trative and not limitative of the present invention with 
the only limitations to be applied to the scope of the pres 
ent invention being those found in the appended claims. 
What is claimed is: - 

1. A device for measuring the peak temperature of 
drilling ?uid at dynamic circulating conditions during the 
drilling of a well with ?uid-circulating bits comprising a 
casing of an abrasion-resistant material with su?icient 
strength to prevent the abrasive forces encountered in 
?uid circulation in a well from damaging a temperature 
indicating means carried therein, and said casing having 
at least one dimension of a size sui?cient to pass the cas 
ing through the circulating openings in a drill bit, a tem 
perature-indicating means for providing a permanent 
change in indicia when subjected to a predetermined tem 
perature disposed within the casing, and means cooperat 
ing with the casing for securing the temperature-indicating 
means within the casing. 

2. The device of claim 1 wherein the temperature-indi 
cating means is a relatively thin metal foil base member, 
a quantity of carbon black constituting a coating on said 
base member, and a fusible temperature-indicating mate 
rial disposed on said coating, said temperature-indicating 
material being of a color which is different from the color 
of said carbon black. 

3. A device for measuring peak temperatures of drilling 
?uid at dynamic circulating conditions during the drilling 
of a well with ?uid-circulating bits comprising a casing 
of an abrasion-resistant material with su?icient strength 
to prevent the abrasive forces encountered in ?uid circu 
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6 
lation in a well from damaging a temperature-indicating 
means carried therein, and said casing having at least one 
dimension of a size suf?cient to pass the casing through 
the ?uid-circulating openings in a drill bit, said casing hav 
ing an open end, a temperature-indicator means for pro 
viding a permanent change in indicia when subjected to 
a predetermined temperature disposed within the casing, 
and a closure mounted at the open end on said casing for 
securing the temperature-indicator means within the cas 
mg. 

4. The device of claim 3 wherein the temperature-indi 
cating means is a relatively thin metal foil base member, 
a quantity of carbon black constituting a coating on said 
base member, and a fusible temperature-indicating mate 
rial disposed on said coating, said temperature-indicating 
material being of a color which is dilferent from the color 
of said carbon black. 

5. A device for measuring peak temperatures of drilling 
?uid at dynamic circulating conditions during the drilling 
of a well with ?uid-circulating bits comprising a tubular 
metallic casing having one end closed and the other end 
open, said casing having an exterior diameter not greater 
than that diameter adapted to pass the casing through the 
circulating openings in a drill bit, a sleeve adapted to be 
inserted into the casing, said sleeve having a longitudinal 
dimension such that the sleeve is spaced from the open 
end of the casing when fully received therein and an ex 
terior diameter such as to provide a snug ?t between the 
side exterior surface of the sleeve and the side interior 
surface of the casing, a temperature-indicating means 
rolled lengthwise into a scroll and disposed Within the 
casing, and means cooperating with the casing for secur 
ing the temperature-indicating means within the casing. 

6. The device of claim 5 wherein the means for secur 
ing the temperature-indicating means within the casing is 
a Te?on stopper having a reduced diameter portion to 
provide an abutting shoulder, the shoulder abutting the 
casing at its open end, the reduced diameter portion en 
gaging the interior side surface of the casing, and the end 
of the stopper presented toward the casing seating against 
the sleeve. 

7. A device for measuring peak temperatures of drilling 
?uid at dynamic circulating conditions during the drilling 
of a well with ?uid-circulating bits comprising a tubular 
metallic casing having one end closed and the other end 
open, said casing having an exterior diameter not greater 
than that diameter adapted to pass the casing through the 
circulating openings in a drill bit, a sleeve adapted to be 
inserted into the casing, said sleeve having a longitudinal 
dimension such that the sleeve is spaced from the open 
end of the casing when fully received therein and an ex 
terior diameter such as to provide a snug ?t between the 
side exterior surface of the sleeve and the side interior 
surface of the casing, a temperature-indicating means 
rolled lengthwise into a scroll and disposed within the 
casing, a metallic sphere mounted at the open end of the 
casing, said sphere of a size to engage the sleeve, and the 
open end of the casing having a reduced area adjacent the 
sphere to secure the sphere and casing together. 

8. The device of claim 7 wherein the temperature-indi 
cating means is a relatively thin metal foil base member, 
a quantity of carbon black constituting a coating on said 
base member, and a fusible temperature-indicating mate 
rial disposed on said coating, said temperature-indicating 
material being of a color which is different from the color 
of said carbon black. 

9. In the measurement of peak temperatures of drilling 
?uid at dynamic circulating conditions during the drilling 
of a well with a ?uid-circulating drill bit on a drill pipe, 
the steps comprising introducing a temperature-recording 
device into the drilling ?uid circulating down the drill pipe 
into the well, said device carrying a temperature-indicating 
means for providing a change in indicia when subjected to 
a predetermined temperature, circulating the device with 
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the drilling ?uid down the drill pipe through the circulat 
ing openings of the drill bit and up the annulus of the 
well to the earth’s surface, retrieving the device from the 
fluid at the earth’s surface, and examining the temperature 
indicating means to determine the peak temperature of the 
circulating drilling ?uid. 

10. The method of claim 9 wherein the drill bit is 
slightly raised from the bottom of the well during the pas 
sage of the temperature-recording device through the 
circulating openings of the drill bit. 
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