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HIGH TEMPERATURE PERFORATING METHOD 
BACKGROUND OF‘THE INVENTION 

After a borehole has been‘ formed into the earth and 
cased, it is necessary to communicate the hydrocarbon 
bearing formation through which the well bore ‘extends 
with the interior of the casing so that production ?uid 
can flow uphole to the surface of the earth. There are 
deep wells exceeding 15,000 feet in depth which have 
extremely high temperature gradients as measured 
from near the surface of the earth to the bottom of the 
borehole. The temperature at the production formation 
often exceeds 400°F. For this reason some tool strings 
must be run into proximity of the bottom of the bore 
hole with great caution, otherwise, ‘the excessive tem 
perature will bring about deleterious effects to some 
components thereof. 
This is especially so with jet perforating apparatus for 

the obvious reason that the various components thereof 
cannot endure such an elevated temperature. More im 
portantly, the electrical and explosive apparatus associ 
ated with the circuitry cannot endure this temperature. 
The explosives become ultrasensitive and change in 
chemical composition at these excessive temperatures. 
Others have attempted to employ special high tem 

perature explosive material and devices which can en 
dure for a while at elevated temperatures; however, it 
is much preferable to utilize well known explosive ap 
paratus, circuitry, devices, and techniques wherever it 
is possible, thereby taking advantage of years of accu 
mulated knowledge. 

SUMMARY OF THE INVENTION 

Method and apparatus for completing a high temper 
ature zone of a borehole. A perforating gun ‘is sus 
pended from a tubing string and located within a rela 
tive low temperature zone of the borehole. A packer 
and a releasable coupling member is interposed in the 
tubing string, with the coupling member being inter 
posed between the gun and the packer. A stop member, 
against which the gun can impact, is located downhole 
in a high temperature region of the borehole, in an un 
derlying position respective the gun and to a hydrocar 
bon bearing formation. ‘ 
The gun has a detonator which is actuated when the 

gun is suddenly arrested by engagement with the stop 
member. The relative position of the gun, stop mem 
ber, detonator, and hydrocarbon bearing formation is 
arranged or selected so that the coupling member can 
be parted to drop the gun, causing the gun to fall down 
hole, whereupon its motion is arrested by the stop 
member, thereby causing the charges in the gun to be 
detonated, and the well completed. 
Accordingly, the present invention has for its primary 

object a method by which a high temperature zone in 
a borehole can be successfully perforated. 
Another object of the invention is to enable a pro 

duction formation to be completed by utilizing conven 
tional shaped explosive charges which are detonated in 
accordance with the present invention. 
A further object of this invention is the provision of 

a method of completing a high temperature zone of a 

borehole. 
Still another object of‘the invention is the provision"; 

of method and apparatus for perforating a high tempep, . 
ature hydrocarbon bearing zone in a boreh'ole'using 
conventional explosives. " 
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2 
Another and still further object of this invention is 

the provision of a method of using conventional perfo 
rating guns downhole in a high temperature region of 
a borehole which is at a temperature in excess of the 
designed operating temperature of the perforating gun 
apparatus. ‘ 

A further object of this invention is the provision of 
apparatus for perforating a high temperature region of 
a borehole, by employment of wireline actuated equip 
ment. 

Still another object of this invention is to provide a 
perforating system by which a high temperature zone 
of a borehole can be completed using conventional ex 

plosives. 
These and other objects of the invention are ‘attained 

by following the teachings set forth in the above ab 
stract, summary, and the appended claims of this pa 
tent specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a part diagrammatical, part schematical, 
cross-sectional representation of a borehole formed 
into the earth and with apparatus made in accordance 
with the present invention being associated therewith; 
FIG. 2 is similar to FIG. 1 and shows the apparatus 

of the present invention in another of its operative con 
figurations; , 

FIG. 3 is indexed with FIGS. 1 and 2 and sets forth 
a hypothetical illustration of the temperature gradient 
encountered downhole in the borehole of the previous 
?gures; . 

FIG. 4 is a side elevational view, partly in longitudinal 
cross-section, illustrating one form of part of the appa 
ratus which is used in carrying out the method of the 

present invention; 
FIG. 5 is a cross-sectional view taken along line 5—5 

of FIG. 4; 
FIG. 6 is an enlarged, longitudinal, part cross 

sectional view of part of the apparatus disclosed in FIG. 

1; 
FIG. 7 is a part cross-sectional, part broken, disas 

sembled view of part of the apparatus disclosed in FIG. 
6; 
FIG. 8 is a longitudinal, part cross-sectional view of 

a modified embodiment of the apparatus seen in FIG. 

4; and, 
FIG. 9 is a cross-sectional view taken along line 9—9 

of FIG. 8. T 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Throughout the various figures of the drawings, 
whenever it is practical or logical to do so, like or simi 
lar numerals will usually indicate or refer to like or sim 

ilar elements. 
In the ?gures of the drawings, a borehole 10 extends 

through a surface casing 11 and below the surface 12 
of the ground. The upper terminal end of the casing is 
connected to the wellhead 14 in a conventional man 
ner. Production tubing 16 and 17 are series connected 
and concentrically disposed within the cased borehole. 
The christmas tree 18 has a usual lubricator and valve 
19 attached thereto so that a wireline 20 can be run 
downhole into the tubing string thereby carrying out 
various downhole operations in a manner understood 
and appreciated by those skilled in the art. Outflow 
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valve 22 conducts ?ow of ?uid from the production 
tubing string. 
A packer 24, which can take on any number of differ 

ent known forms, isolates the upper borehole annulus 
25 from the lower borehole annulus 26. A releasable 
coupling member 27, preferably made in accordance 
with my co-pending patent application Ser. No. 
517,391, filed Oct. 23, 1974, is comprised of separable 
members 28 and 29 which can be disengaged from one 
another by manipulation of a common ?shing tool with 
an ordinary wireline 20, or with uphole tubing pressure, 
as will be more fully understood later on in this disclo 
sure. 

A jet perforating gun 30, made in accordance with 
the present invention, is provided with an actuating 
shaft 32 which causes a firing head 33 to detonate the 
various shaped charges associated therewith upon im 
pact of the actuator with fixed abutment member 34. 
An anchoring device 36 affixes the abutment member 
at a predetermined location downhole in the borehole, 
so that the shaped charges, when detonated, perforate 
the casing adjacent to a hydrocarbon producing zone 
38. " 

A moderate temperature zone 39 exists uphole in the 
borehole where temperatures are below the boiling 
point of water. Further downhole there exists a high 
temperature zone 40, often in excess of 400°F, wherein 
ordinary electrical components and explosives associ 
ated with jet perforating guns cannot safely endure if 
permitted to reach equilibrium therein. ~ 

In the hypothetical representation of FIG. 3, the tem 
perature decreases at 44 as one penetrates the surface 
of the earth, where the temperature remains fairly con 
stant at 45, and then begins to increase at a more rapid 
rate at 45’. The temperature continues increasing at 46 
to de?ne the upper limit of the before mentioned mod 
erate temperature zone 39, whereupon the tempera 
ture continues to increase as one travels downhole until 
the before mentioned high temperature zone 40 is en 
countered. 

In the claims, the term “relative low temperature” is 
intended to define a temperature at which perforating 
gun components, such as shaped charges, prima cord, 
blasting caps, and electrical gun circuitry, can endure 
for several days, whereas the term “relative high tem 
perature” defines an elevated temperature at which the 
gun components cannot endure long enough to be run 
downhole and fired in a conventional manner. Any 
temperature zone above numeral 39 is a “relative low 
temperature zone” while any temperature zone at or 
below numeral 40 is a “relative high temperature 
zone." 
FIGS. 4 and 5 disclose the details of the before men 

tioned wireline actuated releasable coupling member 
27. The coupling member comprises the before men 
tioned separable upper and lower members 28 and 29 
which are series connected into the tubing string. 
Upper member 28 has an upper box end portion 48 
threadedly engaged with tubing 16, and further in 
cludes a terminal lower edge portion 48’. 
Lower member 29 has a lowermost edge portion 49 

in the form of a pin which threadedly engages tubing 
17. The upper edge portion of member 29 is seen illus 
trated by the numeral 50. Numeral 51 broadly illus 
trates a releasing member having an upper conical 
shaped entrance 52, and a lower edge portion 53in the 
form of a shoulder, which is engagable byseveral 
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4 
known wireline operated fishing tools so that the mem 
ber can be engaged and forced to move axially in an 
uphole direction into engagement with. the sholder 
formed by the lower end'of the tubing (not shown). 
Those skilled in the art know several different fishing 
tools which are suitable for this purpose, and therefore 
the details thereof will be omitted. , 

An axial passageway extends through the concentri 
cally arranged upper, lower, and releasable members 
with the passageway being broadly indicated by the nu 
merals 54 and 54’. A plurality of radially spaced load 
transferring members, in the form of steel balls 55, are 
seated within individual radially spaced apart cavities 
56. 
Groove 57 receives chevron ring 58 therein so as to 

form a ?uid tight seal between the members, and there 
fore preclude ?uid ?ow into the longitudinally extend 
ing central passageway. 
The before mentioned cavity is formed by a plurality 

of radially spaced apart ports 59 placed in communica 
tion with a circumferentially extending annular cavity 
60 so that any one of the balls are individually held 
within its ‘respective cavity by an outer wall surface of 
the skirt portion of the releasing member. The balls 
each are biased towards the skirt member because of 
the geometrical con?guration of the port and cavity. 
Reference is made to my co-pending patent application 
for further details of the releasable coupling. , 

In FIGS. 8 and 9, there is disclosed a ?uid actuated 
releasable coupling having a ?uid actuated releasing 
member 151 in the form of a piston. The piston has a 
wall surface 152, a lower edge portion 153, and a cir 
cumferentially extending skirt portion 154. Spaced 
seals 190 in the form of o-rings set in a suitable annular 
groove form a slidable seal which seals the piston wall 
and the axial passageway 54 against ?uid ?ow there 
across. Shear pin 191 can be of any number and of a 
selected diameter so as to require a predetermined 
pressure differential thereacross before movement 
thereof will occur. 
Looking now to the details of FIG. 6, in conjunction 

with FIGS. 1, 2 and 7, the before mentioned jet perfo 
rating gun 30 is seen to have a plurality of charge con 
taining chambers 61 and 64, each containing one or 
more shaped charges which are positioned behind 
sealed window 62 in the usual manner. The second 
chamber 64 likewise has associated therewith a shaped 
charge window 66 while any number of additional 
charges may be located uphole as broadly indicated by 
the arrow at numeral 68. 

The spaced subs threadedly engage each of the 
spaced charge containing chambers and the firing head 
at 70, for example, while a suitable seal means 72 pre 
cludes leakage of ?uid thereinto. Counterbore 74 con 
tains a prima cord detonator in the form of a blasting 
cap. 75 which is axially disposedltherewithin, with the 
prima cord 76 having a marginal end inserted into the 
detonator, with the remaining end thereof suitably af 
fixed for detonating the various shaped charges located 
at 62 and 66. Counterbore 77 communicates the 
charge carrying chambers with the ?ring head. 
Enlarged counterbore 80 sealingly receives resilient 

seal member 82 tightly compressed therewithin, while 
counterbore 84 sealingly receives a cartridge holder 86 
tightly fitted therein. Disk 88 is held in place within the 
threaded axial bore 90, while plug 91 bears against the 
disk and houses a tapered firing pin 92 therewithin. 
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Reciprocating member 93>is held spaced from'the ?r 

ing pin in the illustrated position of FIG. 6 by shear pins 
94. Chamber 95 is hermatically sealed by a suitableclo 
sure member 96 which includes a seal‘lmeans affixed to 
the illustrated axial passageway at 97 leading therein so 
that a slidable shaft 98 can be sealingly and reciprocat 
ingly received thereby when manipulated by an arrest 
ing member 99. ' 

As seen in FIGS. 1,‘ 6, and 7, when the gun is brought 
into contact with the fixed abutment 34, member 99 
moves shaft 98 uphole so that member'93 engages and 
forces firing pin 92 into cutting engagement with disk 
88, thereby detonating the three cartridges 104. Explo 
sion of any one cartridge causes the dynamite cap to 
detonate the prima cord, and the prima cord detonates 
the shaped charges located at 62,66, 68’,ithereb'y caus 
ing the jet perforators to penetrate the windows 62 and 
66, the casing wall, and ‘the formation. This'action per 
forates the borehole, thereby establishing communica 
tion between the hydrocarbon producing‘ formation 
and the well bore in the manner illustrated by'numerals 
41 and 42 of FIG. 2. - 

In carrying out the method of the present invention, 
the apparatus is assembled in the manner of FIGS. 1, 
4, and 6. The lower stop member is positioned relative 
to the hydrocarbon producing formation so that the in 
dividually shaped charges will penetrate selected por 
tions of the hydrocarbon producing zone in the manner 
illustrated in FIG. 2. 
Packer 24 is positioned so that the releasable cou 

pling member is therebelow, and further that the gun 
is positioned in a relatively low temperature zone 39 
where the components thereof are not injured rather 
than a relatively high temperature zone 40 where the 
components thereof could not endure. Sometimes it is 
desirable to leave the gun in the illustrated position of 
FIG. 1 for several days before continuing with the pro 
cess of completion of the well. 
When it is desired to complete the well, a wireline 

fishing tool is run through the lubricator and downhole 
into engagement with shoulder 53 of the releasing 
member of the releasable coupling. Upon engaging the 
shoulder and lifting the releasing member uphole, the 
balls are forced radially inwardly from their cavities, 
thereby enabling members 28 and 29 to separate from 
one another, and causing the gun to fall downhole 
where the gun firing mechanism strikes abutment 34 
thereby reciprocating shaft 98 uphole relative to the 
gun firing mechanism 33. 
This action causes detonation of the shaped charges 

contained within the gun, whereupon deep penetration 
of the formation is effected in the illustrated manner 
indicated in FIG. 2. At the same time gaseous hydro 
carbons are free to immediately ?ow through the newly 
formed perforations, where the gases ?ow uphole 
around the gun, into the upper member of the releas 
able coupling, through the tubing string 16 and through 
outlet 22, so that the well is immediately put on pro 
duction. : 

The pressure operated releasable coupling of FIGS. 
8 and 9 is employed where the use of a wireline is to be 
avoided. After the packer has been set, and the gun and 
stop member properly positioned downhole in the illus 
trated manner of FIG. 1, pressure is applied at 22 
slightly in excess of the calculated force required to 
shear pin 191. Upon the pins shearing, the lower edge 
portion of the piston moves against shoulder 31’, 
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thereby Tallowing'the balls to be forced from their re 
spective. cavities, whereupon the upper and lower 
members separate from one another, allowing the gun 
to fall downhole and where it impacts against member 
34, as in the before described manner. 
Thepresence of the discharged gun downhole adja 

cent the hydrocarbon producing formation is desirable 
in that high pressure ?ow from the perforations initially 
strike the gun housing rather than the opposed inside 
peripheral wall surface of the casing. Hence, the gases 
are diverted up the annulus formed between the gun 
and easing, therebyavoiding erosion of the inside wall 
surface‘ ‘of the casing in proximity of the production 
zone. 

The pressure actuated releasable coupling of FIGS. 
8 and 9 preferably is operated by connecting a suitable 
source of pressure to the tubing string through a suit 
able valve means, while all other out?ow v'alves associ 
ated with the ?ow line 22 are closed to’ ?ow. The 
source of pressure can be compressible or non 

compressible ?uids, including water‘, liquid or gaseous 
hydrocarbons, and inert gases such as nitrogen, CO2, 
and ?ue gases. The use of nitrogen, CO2, or ?ue gases 
are employed to actuate the releasable ‘coupling in 
order to keep a dry tubing string as well'as a ‘minimum 
hydrostatic head above the packer. , 'I I 
Where deemed desirable, a wireline actuated perfo 

rated nipple can be interposed between the packer and 
the releasable coupling apparatus, and 'the ?ow di 
verted into the perforated nipple. 

It is considered within the ‘comprehension of this in 
vention to use an electrically fired ‘gun mechanism at 
32, as well as to separate the tubing at 27 with explosive 
means. - ‘i 

‘I claim: ‘ 
1. In a borehole havinga relative high temperature 

zone located downhole of a relative low temperature 
zone, the method of completing a hydrocarbon produc 
ing formation located within said high temperature 
zone comprising the steps of: 

I. suspending a perforating gun apparatus within the 
, low temperature zone of the borehole; 
2. placing an abutment means downhole within said 
high temperature zone of said borehole and in 
close proximity of a hydrocarbon producing forma 
tion for arresting the gun when it is dropped; 

3. dropping the gun apparatus so that it falls down 
hole from the low to the high temperature zone, 
and impacts against said abutment means; 

4. detonating the gun apparatus by using the force re 
sulting from the gun apparatus impacting against 
the abutment. 

2. The method of claim 1 wherein Step (3) is carried 
out according to the following steps: 

3a. suspending the gun apparatus from a tubing 
string; 1 

3b. separating the tubing string by using ?uid pres 
sure to cause the gun carrying end of the string to 
separate from the upper end thereof. , 

3. The method of claim 1 wherein said gun is run into 
the borehole on the end of a tubing string, and the step 
of dropping the gun is carried out as follows: 

3a. placing a wireline actuated releasable coupling 
apparatus in the tubing string; and, 

3b. actuating the releasable coupling with a wireline 
fishing tool so that the gun is dropped downhole 
against said abutment. 



3,912,013 
7 

4. The method of claim 3 and further including the 
step of placing a packer device above'said releasable 
coupling so that the production from the completed 
well ?ows upholeand into the tubing string, immedi 
ately upon completion of the well. 

5. The method of claim 1 wherein Step (1) is carried 
out by placing a packer onv the end of a tubing string 
and connecting the gun to the packer so that the gun 
is located uphole in the borehole in the low tempera 
ture region thereof. 

6. The method of claim 5 wherein Step (3) is carried 
out by connecting the gun to the packer by a tubing 
string having a releasable coupling series‘ connected‘ 
therein; and, 

actuating the releasable coupling with a wireline ac 
tuated fishing tool. ' 

7. The method of claim 5 wherein Step (3) is carried 
out by connecting the gun to the packer by a tubing 
string having a releasable coupling series connected 
therein; and. _ 

actuating the releasable coupling by ?uid pressure. 
8. High temperature well completion method com 

prising: ’ 

connecting a detonator to a perforating gun appara 
tus and arranging the detonator so that it fires the 
gun upon impact with a downhole obstruction; 

releasably locating a perforating gun apparatus 
uphole in a relative low temperature region of a 
borehole; _ ' 

‘ locating an obstruction against which said gun can be 
abuttingly received downhole in a relative high 
temperature region of the borehole; 

positioning ‘said gun and obstruction relative to one 
another and to any hydrocarbon formation which 
may be contained within said high temperature re 
gion so that when the gun impacts the obstruction, 
the gun can perforate the borehole adjacent the hy 
drocarbon formation; 
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8 
releasing said gun apparatus so that it falls from said 
low to said high temperature region and strikes said 
abutment, whereupon said detonator ?res said gun, 
causing the borehole to be perforated adjacent the 
hydrocarbon formation, thereby completing the 
well. 

9. The method of claim 8, wherein said gun is releas 
ably located uphole by telescopingly receiving a mar 
ginal length of tubing one within the other and suspend 
ing the gun from the tubing; 

concentrically positioning a piston in the telescoping 
portions of the tubing and releasably connecting 
the telescoping portions of the tubing together by 
a releasing member which is held into an unre 
leased position by the piston; 

moving the piston downhole by forcing ?uid into the 
upper tubing string, thereby enabling said releasing 
‘member to move, and causing the telescoping por 
tions of the tubing to move apart. ' 

10. The method of claim 8 wherein the step of releas 
ing the gun is carried out by connecting the gun to the 
tubing string by a releasable coupling; and, 

actuating the releasable coupling with a wireline ac 
tuated fishing tool. 

11. The method of claim 8 wherein said gun is run 
into the borehole on the end of a tubing string, and the 
step of dropping the gun is carried out as follows: 

placing a wireline actuated releasable coupling appa 
ratus in the tubing string; and, 

actuating the releasable coupling with a wireline fish 
ing tool so that the gun is dropped against said 
abutment. 

12. The method of claim 11 and further including the 
step of placing a packer device above said releasable 
coupling so that any production from ‘the completed 
well must ?ow uphole and into the tubing string. 

. * * * * =l= 


