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Method and apparatus for effecting a dual completed 
well wherein the lower zone is packed off or isolated 
from the upper zone prior to perforating either zone; 
the upper zone is then completed, whereafter the 
lower zone is perforated. In perforating the lower zone 
a casing perforating gun, gun ?ring mechanism, and 
packer are run into the hole with the gun being 
suspended below the packer and properly positioned 
with respect to the borehole. The lower zone is then 
isolated and the tubing to the packer is removed. The 
upper zone is then completed, tested, and shut-in, if 
desired. The tubing is again ?ow connected to the 
packer, swabbed clean, and then the casing perforator 
is actuated, with the production from the lower zone 
being free to flow to the surface of the earth at the 
moment the lower perforations are made by the gun. 
The packer, gun and the firing mechanism are left in 
the hole. 

26 Claims, 15 Drawing Figures 
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TUBING CONVEYED PERMANENT COMPLETION 
METHOD AND DEVICE 

BACKGROUND OF THE INVENTION 
There are several gas producing areas located in 

Eddy County New Mexico, as well as in other parts of 
the world, which contain production zones located at 
spaced apart elevations within a borehole. The lower 

5 

most gas producing formation'of the Eddy County area ‘0 
is called the Morrow gas sand. The Morrow gas sand 
exhibits peculiarities which differ from most other gas 
sands known to Reservoir Engineers for the reason that 
this gas sand is easily contaminated upon being con 
tacted with foreign organic and inorganic materials 
such as drilling mud, for example. Once contaminated, 
the Morrow gas sand has heretofore been rendered 
worthless, for economical production, in many cases. 

In using prior art methods of completion, the lower 
zone, that is, the Morrow gas sand, is perforated 
whereupon the well is then “killed” and the upper zone 
perforated so as to enable subsequent production to 
occur from both zones. After the well has been 
completed and production simultaneously commences 
from both zones it has been found that production from 
the Morrow gas sand will fall from eight million to one 
half million cubic feet per day. The loss in gas produc 
tion cannot be regained, even though all known ex 
pedients of well treatment have been employed to ef 
fect such recovery. 

Applicant believes that the reason for the Morrow 
gas sand exhibiting a rapid loss in production rate is 
because of contamination of the production formation 
immediately adjacent the borehole. That is, the Mor 
row gas sand, when contacted by foreign matter reverts 
to a low permeability sand which restricts the ?ow of 
gas therethrough. It is therefore desirable to be able to 
complete this valuable lower zone by utilizing comple 
tion methods which communicate a sterile portion of 
the Morrow sand or zone with the borehole, and to 
maintain the sterile formation in an uncontaminated 
condition. 

It is ‘also desirable to provide apparatus which ena 
bles such a method to be practiced. 

SUMMARY OF THE INVENTION 

This invention comprehends both the method and 
apparatus for completing one or a plurality of 
hydrocarbon producing formations by running a sub 
surface explosive and ?ring head into a borehole on the 
end of a production tubing with a packer being 
disposed in overlying relationship with respect to the 
explosive, which may be in the form of a large casing jet 
gun. The gun is left downhole isolated from the un 
completed upper zone. The upper zone is completed, 
production commenced, and then the well is optionally 
shut-in. The tubing is then again placed in communica 
tion with the packer and ?ring head of the gun, the tub 
ing swabbed, the casing below the packer perforated, 
and production immediately commenced from the 
lower zone as soon as the perforations communicate 
the hydrocarbon producing formation with the produc 
tion tubing. This expedient prevents contamination of 
the lower zone by enabling production to immediately 
occur upon formation of the casing perforations by the 
jet gun. Also much deeper penetration is made by this 
large gun than would be made by a conventional tubing 
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gun. It also enables the upper zone to be produced 
simultaneously with the lower zone, thereby dual 
completing a well in a new and improved manner. 

It is therefore a primary object of the present inven 
tion to provide both method and apparatus for 
completing a gas or oil well wherein the lower zone 
must be completed after the upper zone has been 
completed. 
Another object of the present invention is the provi 

sion of method and apparatus for perforating a well 
casing adjacent to a lower hydrocarbon producing for 
mation by using a tubing string through which the 
production of ?uid occurs. ‘ 
A further object of the present invention is the provi 

sion of method and apparatus for perforating the lower 
zone of ‘a well while simultaneously producing from an 
upper hydrocarbon producing formation. 
A still further object of the present invention is to 

provide a ?ring mechanism for detonating sub-surface 
explosives by the use of a weight which is passed 
through a production tubing from the surface of the 
earth by permitting the weight to free fall, or by lower 
ing the weight on a small wireline, and producing 
through the production tubing, leaving the gun 
downhole. ' 

Still another object of the present invention is to pro 
vide a wire line device for causing detonation of sub 
surface explosives by‘ employing mechanical, electrical, 
or electro-mechanical devices. 
These and other objects and advantagesof this in 

vention will become readily apparent to those skilled in 
the art upon reading the following detailed description 
and by referring to the accompanying drawings and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I diagrammatically sets forth the essence of the 
method of the present invention, and shows a cross-sec 
tion of the earth’s surface having a borehole formed 
therein, and additionally discloses apparatus fabricated 
in accordance with the present invention disposed 
therein; 

FIG. 2 is an enlarged, fragmentary longitudinal cross 
sectional view of part of the apparatus'seen in FIG. 1; 

FIGS. 3, 4, and 5, respectively,v are cross-sectional 
views taken along lined 3—3, 4-4, and 5-5, respec 
tively, of FIG. 2; 

FIG. 6 is an isolated, part cross-sectional, disassem 
bled view of part of the apparatus seen in the foregoing 
?gures; 

FIG. 7 is an enlarged cross-sectional view taken 
along line 7-7 of FIG. 6; 

FIG. 8 is a schematical representation showing ap 
paratus fabricated in accordance with the present in 
vention as it may be used in a borehole in order to carry 
out the method of the present invention; 

FIG. 9 is a diagrammatical representation of a 
modi?cation of the foregoing embodiment; 
FIG. 10 is an enlarged, fragmentary, part cross-sec 

tional view of part of the apparatus disclosed in FIG. 9; 
FIGS. 11 and 12, respectively, are cross-sectional 

views taken along lines ll—l1 and 12-12, respective 
ly, of FIG. 10; 

FIG. 13 is an enlarged, fragmentary, part cross~sec 
tional view of a modification of the apparatus seen in 
FIG. 10; 
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FIG. 14 is an enlarged, fragmentary, part cross-sec 
tional view of a modi?cation of the apparatus seen in 
FIG. 13; and _ 

FIG. 15 is a cross-sectional view taken along line 
l5—l5 ofFIG. l4. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As seen in FIG. 1, a well head 10 is situated above 
the ground 11 in the usual manner, and is provided with 
a casing 12 through which production tubing 13 is axi 
ally disposed, thereby forming an inner ?ow path 14 
and an annular ?ow path 15, as is known to those 
skilled in the art of completing gas wells having several 
production zones. 

Outlet 16 is adapted to be connected to the upper 
production zone, with each of the outlets being pro 
vided with suitable valves and the like, which cooperate 
to form the usual Christmas tree. 

Generally, cement will be disposed about the casing 
adjacent a production formation as indicated by the 
arrow at numeral 18, bringing about the necessity of a 
perforator means having a capacity of penetrating both 
the casing and the cement in order to form passageways 
from the production formation to thereby enable 
hydrocarbons to ?ow into the annulus, to the outlet, 
and to a suitable gathering system. 

Packer 20 can take on several forms; but, by way of 
exempli?cation is preferably a commercially available 
Baker rctrievable casing packer, and hence the packer 
can be repositioned within the bore-hole merely by “ 
setting down" or “picking up” on the packer by using 
the tubing string 13. Perforated nipple 21 underlies the 
packer and is connected to a gun ?ring mechanism 22 
which is herein disclosed as taking on several different 
forms. The perforated nipple can be of any desired 
length and can be provided with as many apertures as 
deemed desirable. The gun ?ring mechanism causes 
the shaped charges of the casing gun 23 to “?re”. when 
it is properly activated. 
While a casing gun is used herein by way of example, 

it should be understood that the term is intended to in 
clude any means for communicating a hydrocarbon 
producing formation with the well bore. The jet per 
forator gun, which is of the casing perforator type 
penetrates deeply into the adjacent surroundings for as 
much as 20 inches, which a through tubing gun cannot 
do, of course. The formation openings caused by the 
action of the hot bi-metallic gases of the jet perforator 
is illustrated by the arrows at numeral 24. Numeral 25 
indicates hydraulic cement which circumferentially 
surrounds the casing and is about two inches or more in 
thickness. Numeral 26 is a schematical representation 
of a contaminated production zone of the Morrow for 
mation, while numeral 27 indicates the surrounding 
sterile zone of the Morrow formation. 
The packer is connected to the inner tubing by a con 

nection 28 which enables the tubing to be removed 
therefrom and a plug substituted therefor, and vice ver 
sa, from surface manipulation of the tubing. This ex 
pedient is well known to those skilled in the‘ art. Nu 
meral 29 indicates the lower casing annulus. 
Looking now to the remaining ?gures, in conjunction 

with FIG. 1, the gun firing mechanism is seen to be 
comprised of a ?ring head 22 which joins a casing jet 
perforator mechanism 23 to the lower extremity of tub 
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ing 14. O-rings 31, 31’ preclude flow of fluid into the 
diametrically opposed threaded ends. The interior of 
the jet perforating gun is provided with an axial coun 
terbore 33 which enlarges into a second counterbore 
34 of limited length, which again enlarges into still 
another counterbore at 36, thereby forming an axial 
passageway which extends longitudinally through the 
head. The outer marginal inside peripheral surface of 
the last counterbore'is provided with a threaded sur 
face at 37. . 

Primer cord 38, which is an unsensitive explosive and 
known to those skilled in the art, is suitably af?xed to a 
primer cord detonator 39 in the usual manner. The 
detonator resembles a blasting cap and‘ has a hollow 
end portion which receives the upper marginal terminal 
end portion of the primer cord. The cap is sealingly 
secured within a resilient waffer 40 with the waffer 
being compressed by the primary detonator assembly 
41. The primary detonator assembly detonates the 
detonator 39 which explodes the primer cord which in 
turn activates the shaped charges of the jet perforating 
gun. The details of the gun are well known to those 
skilled in the art, and can take on several different 
forms. 

Upstanding cylinder 42 is threadedly provided with a 
cap 43, with the cap being apertured at 46 to loosely 
and slidably receive a mandrel in the form of a shaft 44 
therethrough. A weight 45 is seen about to impound 
upon the enlargement which forms the free terminal 
end of shaft 44. 

Seal means 47 is placed to avoid hermetically sealing 
the interior 48 of the cylinder. Enlargement 49 ‘is 
rigidly af?xed to shaft 44 and is secured against move 
ment by the provision of a series of radially spaced 
apart brass shear pins 50 which can be in the form of a 
common brass screw. 

Tapered ?ring pin 51 is in the form of a frusto cone 
and is captured within holder 52. The holder is pro 
vided with a circumferentially extending groove 53 
which can receive the lower marginal end portion of 
downwardly projecting skirt 51’ of the ?ring pin 
therein. Equally spaced'apart from one another and in 
tersecting the groove there is provided three drilled 
recesses 54 each of which receives a 22 caliber primer 
54' therein. A thin copper waffer 55 is compressed 
between the terminal end of the holder and assembly 
41 and acts as a gasket. 
An axial passageway 56 is formed within the ?ring 

pin. Drilled counterbore 57 intersects each counter 
bore 54. The lower marginal end of counterbore 57 
receives a marginal free end portion of the before men 
tioned detonator therein in safe but close ?tting rela 
tionship. 
As best seen in FIG. 8the lower tubing can be iso 

lated by a plug 14' and the tubing string removed from 
the packer so as to enable completion of the upper 
hydrocarbon producing formation without danger of 
falling debris or inadvertent firing of the gun. 
Numeral 58 is a hypothetical illustration of the effec 

tive distance which the hot sterile bi-metallic jet of 
gases 58' from the shaped charge are able to penetrate 
into the surrounding formation, thereby leaving the 
casing apertured as seen at 59. Y‘ 

Looking now to the details of FIG. 9, the nipple 21 is 
disclosed as being attached to a gun ?ring head 122, 
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and to a packer from which there upwardly depends for 
a limited distance an electrical receptacle 69. A gamma 
ray tool 60 is attached at 61 to a wire line 62 having a 
conductor therein. Electrical contacting member 63 
underlies the gamma ray device and is series connected 
to a diode which passes (--) current flow. The gamma 
ray tool must be connected to a (+) current ?ow 
because of the diode in conductor 62'. 
As seen in FIG. 10 the member 63 is cylindrical in 

form and includes insulator 68 having a cylindrical 
copper lining 67 therein. The conductor 65' is attached 
to the lining by connector 66. Coil spring 67 ’ is electri 
cally connected to the lining by means of its terminal 
end adjacent connector 66. ' 
Member 63 is telescopingly received within upstand 

ing cylinder 69. Passageway 70, formed in head 122, 
communicates with passageway 70'. To the head there 
is attached an insulator 71 which rigidly supports 
metallic electrode 72. Contact base 73 is electrically 
connected to conductor 74 so that when member 63 is 
telescopingly received within cylinder 69 electrode 72 
will engage the interior of spring 67 ' thereby complet 
ing the circuit from 62, 65, 65', 67', 72, 73, and to con 
ductor 74. The flow of current at 74 ?res an electrically 
actuated perforating gun located below gun head 122. 
The details of electrically actuated perforating guns are 
known to those skilled in the perforating art. 
Throughout the remaining ?gures, wherever possi 

ble, like or similar numerals will refer to like or similar 
parts. 1 

Looking now to the details of FIG. 13 which illus 
trates a modi?cation of the apparatus seen in FIG. 10, 
the before mentioned gamma ray tool 60 is seen to be 
attached to an elongated hollow cylindrical member 
121 which can be run into the hole on a wire line in the 
same manner as described in conjunction with the ap 
paratus seen inFIGS. 9 and 10. 
Gun head 75 is provided with an axial passageway 

133 which enlarges into counterbore 55’ so as to 
receive a metallic electrode 76 therein. Epoxy cement 
is placed within annulus 77 so as to rigidly secure the 
electrode to the sub. The spaced apart O-rings 78 main 
tain the electrode centrally located within the gun head 
prior to applying the epoxy. 
The electrical probe includes a downwardly opening 

metallic skirt member 79 having a lower depending cir 
cumferentially extending sloped edge portion at 80 
within which there is disposed a plastic liner 81 which 
insulates the entire inside peripheral wall surface of the 
probe. As seen at numeral 82, the liner converges in 
wardly and upwardly so as to form a shoulder or stop 
means. A copper cylindrical plug 167’ abuts against the 
illustrated shoulder. The upper extremity of the insula 
tion member is provided with a closure member 83. 
Wires 133 are received through passageway 84 and 
electrically connected to a source of electrical current 
within the gamma ray device. 

It should be understood that a power supply attached 
to a slick line can be substituted for the gamma ray 
tool, or that the probe can be directly attached to a 
wire line with the wire line being directly connected to 
a source of current located above the bore-hole. 
Contact 85 is rigidly affixed to the insulator and elec 

trically connected to wires 133 so as to form a wall 
against which biasing spring 86 can be received so as to 
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6 
urge the plug in a downward direction. Hence it can be 
seen that plug 167’ can be reciprocated within the 
upper chamber as it is contacted by the electrode. 

FIG. 14 illustrates a modi?cation of the foregoing 
embodiments, wherein a gun sub 23, which is identical 
to the sub of FIG. 2, receives a primary detonator as 
sembly 141 therein, with a copper waffer 155 being in 
terposed therebetween, and with the ?ring-pin 51 being 
disposed within holder 152 in the same before 
described manner of FIG. 2. 
Upper shaft portion 87 has an intermediate enlarge 

ment 88 slidably received thereon and connected 
thereto by a sheer pin (not shown) which is sheared 
when the shaft is subjected to a pull or upward force of 
two hundred pounds. The shaft slidably depends from a 
central aperture located in a cap 143 as indicated by 
numeral 89, where the upper free end of the shaft is 
formed into a cone 90 having a circumferentially ex 
tending inwardly and upwardly sloped portion 91. 

Inwardly directedstop means 92 has opposed shoul 
ders formed thereon to form an upper face against 
which enlargement 88 abuts; and a lower face against 
which spring 93 is compressed. The remaining end of 
the spring is compressed against the illustrated enlarge 
ment 149 with the enlargement normally being spaced ' 
apart from the ?ring pin when the intermediate en 
largement 88 abuts the stop means, the latter position 
being the stand-by configuration. Moreover, enlarge 
ment 88 will not abut the cap 143 before the enlarge 
ment 149 fully compresses the spring. Hence the pin 
150 must shear in order for the enlargement 88 to 
reciprocate into abutment with the cap. 

Shear pin 150 has an undercut mid-portion adapted 
to shear at ‘100 pounds tensile strength. The spring 
must reach a compressive force of this value prior to 
the enlargement reaching the cap. The pin connects 
shaft portion 89 to shaft portion 144. 

In order to actuate the gun ?ring mechanism, it is 
necessary to apply sufficient force to conical member - 
90 so as to shear pin 150. The hollow cylindrical 
member 263 has an inside diameter which permits the 
bifurcated member 94 to be engaged with and latched 
onto the cone. Member 94 has sprung apart legs which 
are bent about support pin 95 with the support pin hav 
ing opposed end portions attached to the inside 
peripheral wall of housing 263. Curved member 98 is 
welded to the side walls of the cylinder and overlies the 
bent portion of the spaced apart legs so as to form an 
upper stop means, while stop member 97 precludes 
damage to the legs should the tool over-run the cone. 
Hence, the spaced apart legs are guidably captured 
within the chamber 99. 

OPERATION 

In operation, after the borehole has been formed, 
and the casing cemented into place at 18 and 25, with 
the latter two numerals also indicating that the sur 
rounding area is in a production zone with the produc 
tion zones being spaced apart by perhaps several 
thousand feet, it is necessary to perforate the casing ad 
jacent each of the production zones so as to allow the 
gas or oil to ?ow into the borehole and to the surface of 
the ground. For many reasons it is necessary to main 
tain the flow from each of the two gas or oil producing 
formations separated from one another. In order to ac 
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complish this requirement a packer 20 and production 
tubing 14 are disposed within the well so that produc 
tion from each formation may ultimately be brought to 
the surface of the ground as two isolated ?ow streams 
with production from the completed upper zone out 
?owing at 16 and production from the completed lower 
zone outflowing at 17. 
The gas pressure at formation 27 is of the order of 

5-10 thousand p.s.i. In normal operations the lower 
zone would be perforated, tested, and the well killed. 
The upper zone would then be completed. However, 
this expedient would destroy the lower zone if the un 
derlying production formation should exhibit the same 
phenomena as the Morrow sand. Accordingly, at the 
instant the Morrow gas sand is completed, it is absolu 
tely essential that the shaped charge effect an opening 
which extends radially past the contaminated portion 
of the sand, out into the sterile sand, and that the 5,000 
p.s.i. pressure differential enable immediate flow to 
occur from the sterile sand, through the contaminated 
sand, through the cement and casing perforations, into 
the casing annulus, through the perforated nipple, up 
through the inner tubing, to where the well is free 
flowed at 17 by producing the gaseous products until 
the lower borehole is absolutely clean and the well can 
be connected into a gathering system. 

This is accomplished by running the packer, gun ?r 
ing mechanism, and deep penetrating casing jet gun 
into the hole on the bottom of the production tubing. 
Hence the apparatus is a tubing conveyed permanent 
completion device, for it must remain in the borehole. 

Before running the packer and gun downhole, the 
borehole is swabbed dry. Gamma ray and collar locator 
is used before setting the packer so as to exactly or 
ideally position the gun where it will fire into the op 
timum portion of the formation. 
The packer, perforated nipple, gun firing 

mechanism, and casing gun are positioned within the 
borehole. The tubing below the retrievable packer is 
plugged, the tubing above the packer moved, and the 
packer along with the perforated nipple, gun, and firing 
mechanism left in the hole in stand-by con?guration 
while the upper zone is completed using conventional 
methods. After the upper zone has been completed, 
tested, and perhaps shut-in, the tubing is replaced, 
swabbed dry, the plug removed, and the jet gun is fired. 
The upper zone may be on production at this time'if 
desired. 
Where the embodiment of FIG. 2 is used to ?re the 

gun, the weight, which may be free falling or attached 
to a slick-line, strikes the end of shaft 44 causing shear 
pin 50 to rupture, and the enlargement 49 to strike the 
upper terminal end of the ?ring pin, driving the lower 
end of the pin through the copper disk and into the 
three rim fire cartridges. The cartridges explode, rais 
ing the pressure within chamber 57 to a value which ac 
tivates the detonator. The detonator “sets off” the 
primer cord, which in turn “?res” each of the shaped 
charges within gun 23. 
The deep jets of hot bi-metallic sterile gases effect a 

passageway into the uncontaminated Morrow sand, 
thereby communicating the sterile gas zone with the 
casing annulus, whereupon production can instantane 
ously occur along the before described flow path. The 
gun ?ring mechanism and jet gun are left downhole to 
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8 
form the bull plug. Since an excellent gas well has been > 
made, the value of the gun and firing mechanism is of 
little comparative value. Where deemed desirable, a 
tubing cutter can be run through the tubing .and 
everything below the perforated nipple dropped to the 
bottom of the hole. 
The above method avoids contacting the Morrow 

sand with any contaminate whatsoever, and since the 
formation is immediately open flowed, it will continue 
to produce at a maximum rate. 

In operation of the embodiment of FIGS. 9 and 10, a 
gamma ray tool having the probe attached thereto is 
lowered through tubing 14 until gun ?ring electrode 72 
comes into electrical contact with either spring 67’ or 
copper liner 67. The wire line 62 must be changed from 
(+) to (-) polarity in order to enable current to ?ow 
from 62’ to 65'. The gamma ray device normally 
operates on (+) current ?ow. 
‘Current is conducted from 72 along conductor 74 to 

a blasting cap (not shown) located in the lower ex 
tremity of the casing gun. The cap detonates a primer 
cord which in turn detonates each of the shaped 
charges. ‘ 

In operation of FIG. 13, should the gamma ray tool 
inadvertently over run whereupon the electrode 76 
prematurely contacts the slug 167’, the detonator will 
not be activated because current cannot ?owfrom 62 
to conductor 65 because it will be of improper polarity 
for proper actuation of the gun since it waspreviously 
of the necessary polarity to enable it to be used in con 
junction with the gamma ray device. Accordingly,.the 
polarity must be reversed, the probe run downhole into 
the position seen in FIG. 13, whereupon the lower edge 
portion of the skirt will receive the electrode therein. 
As the probe is further lowered, the electrode contacts 
the copper slug, with further lowering of the probe 
causing the slug to reciprocate within its chamber. This 
action completes the circuit which can be traced from 
conductor 133', washer 85, spring 86, into the slug 
where contact is made with the upper free end portion 
of the electrode, whereupon current then ?ows into 
washer S5’, conductor 138, and to the lowermost por 
tion of the jet gun where an electriccap is'?red. The 
cap detonates the primer cord which in turn com 
mences sequential detonation of the spaced apartv 
shaped charges. As soon as the gun has been ?red, 
production commences. It is essential that the gamma 
ray device be left below the perforated nipple where it 
is isolated from the high velocity upwardly ?owing 
production fluid or otherwise the probe and gamma ray 
device would be forced up through the production tub 
ing along with the gaseous hydrocarbons as they race to 
the surface of the earth. 
Where deemed desirable, the chamber above gun 

head 75 can be ?lled with a liquid insulator which is - 
non-conductive and which. has a speci?c gravity greater 
than brine so as to maintain the conductance between 
electrode 76 and the production tubing at a minimum. 
Such an expedient, while being desirable, is not absolu 
tely essential for the reason that sufficient electrical 
energy may be applied to the electrode to thereby form 
two different current flow paths, with one flow path 
being through the liquid which surrounds the electrode 
and the other flow path being to conductor 138:‘Hence 
the magnitude of the current imposed at 1337 will 
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determine when the gun fires, regardless of the con 
ductance of the liquid medium which surrounds the 
electrode. 

In the embodiment of FIG. 14, the enlargement 88 
normally abuts its associate stop means, with the en 
largement 149 being spaced apart from the firing pin. 
Hence, should an object be inadvertently contacted 
with or impacted against the cone member, ?ring of the 
gun will be avoided. When it is desired to actuate the 
gun, cylindrical member 263 is run downhole together 
with a power source by using a slick-line, or in conjunc 
tion with a gamma ray device and a wire~line, or a wire 
line alone. As the cone is received within the 
downwardly depending skirt member, the inwardly 
turned depending ends of spring 94 will be forced out 
ward over the cone and into the circumferential groove 
91 thereby locking member 263 to the cone. Should 
the wire-line tool over-run the cone, it will abut stop 97 
and avoid damage to the bifurcated member 94. Should 
the wire-line or the slick-line be rotating during con 
tact, springs 96 maintain alignment between legs 94 
and the cylinder. Tension is applied to the wire-line, a 
strain gauge observed to assure that shaft 89 is being 
withdrawn from cylinder 142’, and as tension is in 
creased on the wire-line it will soon exceed the tensile 
strength of shear pin 150. As the shaft is withdrawn 
from the cylinder, spring 93 is compressed, thereby 
spring loading abutment 149 and lower shaft portion 
144. As pin 150 shears, abutment 149 accelerates 
toward and contacts firing pin 51 whereupon the firing 
pin penetrates the copper waffer 155 and strikes the 
cartridges located within member 141 to thereby 
detonate cap 39 which in turn detonates the primer 
cord attached thereto. This action explodes the shaped 
charges in the before described manner of FIG. 2. 
The present method of running a sub-surface explo 

sive into a borehole on the end of a tubing string with a 
packer disposed above the explosive device has several 
unexpected added advantages. For example, a 72 hour 
recording device, such as a pressure bomb, can be 
placed below the perforated nipple by suspending the 
bomb from the same wire-line which actuates the gun 
firing mechanism. This expedient. enables bottom hole 
pressure to be monitored from the instant the perfora 
tions are made, and for 72 hours thereafter. Data of this 
nature has never before been attained. 
The present invention can also be used to advantage 

in formations other than the Morrow type where it is 
desired to save operating time in carrying out fractur 
ing or acidizing processes. In this instance, after the 
packer is set, acid is spotted in the bore-hole by pump 
ing it down the tubing string, through the perforated 
nipple, and into proximity of the zone to be treated. 
The gun is fired in the before described manner, addi 
tional fluid pumped into the hole, and the tubing 
swabbed back, if necessary. Hence, the unexpected ad 
vantage of making a single trip into the well to spot the 
acid prior to perforating is realized. Moreover, the 
ability to apply fracturing pressures at the moment of 
forming the perforations is believed unique and is be 
lieved to offer a new means by which the acid can be 
forced into the ?ssures or perforations, it being noted 
that the formation is simultaneously subjected to the 
borehole hydrostatic head, the pressure from the 
pump, and the explosive shock of the shaped charges. 
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The present method can also be used to plug a well in 

a single trip by substituting a casing cutter for the per 
forating gun. The gun ?ring mechanism is actuated in 
the before described manner, the casing is severed, and 
the cement pumped through the perforated nipple and 
deposited in the top of the remaining stub. The tubing 
is then withdrawn from the borehole, thereby eliminat 
ing the requirement of a wire-line unit, and enabling 
the entire plugging operation to be effected in a single 
trip. 
While a single perforated nipple is disclosed herein, 

and a single perforating means referred to, it must be 
understood that several nipples may be series con 
nected in order to present an essentially unrestricted 
flow path from the lower casing annulus into the interi 
or of the tubing string. The use of several series con 
nected guns in order to perforate several spaced apart 
“stringers” or production zones is considered to be 
within the comprehension of this invention. 

' Those skilled in the art, having digested this disclo 
sure, will now envision the elimination of the per 
forated nipple and the use of the interior of the gun and 
gun firing mechanism in order to provide a flow path 
into the tubing string, with the flow path being formed 
after the sub-surface explosion occurs, and ac 
cordingly, such a variation or modification is con 
sidered to fall within the metes and bounds of this dis 
closure. Moreover, it is anticipated to use this method 
in order to complete single, dual, and tripple completed 
wells since it is now within the comprehension of those 
skilled in the art to extend the teaching of the present 
invention to include such completion methods. 
Where it is desired to seal off the gun at a location 

below the perforated nipple so as to possibly preclude 
the up?ow of debris therefrom, a second seating nipple 
can be installed above the gun ?ring head, and a slick 
line having a mandrel thereon can pick up the plug at 
14', travel down to the gunhead and actuate the subsur 
face explosive, and thereafter seat the plug in the lower 
nipple. 
The present method can also be used in boreholes 

which have no casing located at the lower extremity 
thereof, there being many wells of this nature which 
can be revived by utilizing the teachings set forth 
herein. 

lclaim: 
l. The method of completing a lower hydrocarbon 

zone of a well after an upper hydrocarbon zone has 
been completed, comprising the steps of: 

l. suspending a packer and a casing perforator 
means on the end of a tubing string with the per 
forator means being placed in underlying relation 
ship relative to the packer; 

. positioning the packer downhole by using the tub 
ing string in a manner to dispose the perforator ad- ' 
jacent to the lower hydrocarbon zone; 

’ 3. forming a ?uid ?ow path from below the packer 
which communicates the interior of the casing 
with the interior of the tubing string; 

. completing the upper zone; 

. completing the lower zone by actuating the per 
forator means; 

6. leaving the perforator means downhole and 
producing the lower zone through the tubing string 
and producing the upper zone through the upper 
casing annulus. 

Lllb 
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2. Method of claim 1 wherein step (3) is carried out 
by interposing a perforated nipple between the perfora 
tor means and the packer. 

3. The method of claim 1, wherein the well is open 
?owed the instant the perforations are formed to 
thereby avoid contamination of the hydrocarbon bear 
ing formation. 

4. Method of claim 1 wherein the perforator means is 
a deep penetrating shaped charge which is placed ad 
jacent the casing wall so as to enable a deep penetra- 10 
tion to be effected into the hydrocarbon bearing zone. 

5. The method of claim 4 wherein the shaped charge 
is detonated in response to apparatus which is disposed 
through the tubing string. 

6. The method set forth in claim 4, wherein the 
shaped charge is electrically fired by running a means 
having a source of electrical current therein through 
the tubing interior and to the perforator means on a 
wire-line. 

7. In a well having a borehole which extends 
downhole through an upper and a lower hydrocarbon 
containing zone, with each zone having at least one 
hydrocarbon containing formation, with the lower zone 
being isolated from the interior of the borehole by a 
well casing or the like, the method of completing the 
lower zone of the well after the upper zone has been 
completed comprising the steps of: _ 

l. suspending a casing perforator means and a 
packer means from a tubing string; 

2. setting the packer means downhole in the 
borehole at a location which positions the perfora 
tor means adjacent to at least one hydrocarbon 
containing formation of the lower hydrocarbon 
containing zone, while at the same time isolating 
the portion of the borehole underlying the packer 
means from the portion of the borehole located 
above the packer means; 

3. forming an unobstructed ?ow path which extends 
from the borehole annulus underlying the packer 
means, into the tubing string, and uphole to the top 
of the borehole; 

4. actuating the casing perforator means so as to per 
forate the casing and , to communicate the 
hydrocarbon containing formation of the lower 
zone with the borehole annulus underlying the 
packer means to thereby enable production from 
the last named formation to ?ow through the per 
forations, into the lower borehole annulus underly 
ing the packer means, into and up through the tub 
ing string, and to the top of the bore-hole. 

8. The method of claim 7 wherein step (2) is carried 
out by running a gamma ray and collar locator through 
the tubing on a wire line so as to enable a gamma ray 
log to be obtained and indexed with an open hole log 
whereupon the gun can be positioned adjacent to a for 
mation indicated on the open hole log. 

9. The method of claim 7 wherein step (3) is carried 
out by interposing a perforated nipple between the per 
forator means and the packer, and by removing essen 
tially all of any liquid which may be present in the tub 
ing string above the packer means so as to provide a 
hydrostatic head which is essentially zero at the 
hydrocarbon containing formation. 

10. The method of claim 7, and further including the 
step of reducing the hydrostatic head within the tubing 
string to essentially zero prior to carrying out step (4). 
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11. In an oil well having a well bore which penetrates’ 

an upper and a lower hydrocarbon containing forma-' 
tion, the method of completing the lower hydrocarbon 
containing formation after the upper hydrocarbon con 
taining formation has been completed so that fluid 
from the upper completed formation is prevented from 
contaminating the lower hydrocarbon containing for 
mation while it is being completed,'comprising the 
steps of: I 

l. suspending a sub-surface explosive means and a 
packer means from a tubing string; 

2. setting the packer means within the borehole at a 
position which isolates a lower portion of the 
borehole containing the lower hydrocarbon con 
taining formation from an upper portion of the 
borehole containing the upper completed 
hydrocarbon containing formation; and which 
positions the explosive means adjacent to the 
lower hydrocarbon containing formation; 

3. forming a ?ow path which communicates the 
lower borehole annulus with the interior of the 
tubing string; ' 

4. reducing the hydrostatic head within the tubing 
string to essentially zero at the packer means; 

5. using the interior of the tubing string as a 
passageway through which the explosive means is 
actuated, so as to communicate the lower borehole 
annulus with the lower hydrocarbon containing 
formation; , 

6. producing ?uid from the lower hydrocarbon con 
taining formation by ?owing the ?uid along the 
flow path set forth in step (3 ); and 

7. producing ?uid from the upper hydrocarbon con 
taining formation by flowing the ?uid up the upper 
borehole annulus. 

12. The method of claim 11 wherein step (2) is car 
ried out by running a gamma ray and collar locator 
through the tubing on a wire line to enable a gamma ray 
log to be obtained and subsequently‘ indexed with an 
open hole log. 

13. The method of claim 11, wherein step (3) is car 
ried out by interposing a perforated nipple between the 
packer and the explosive means. 

14. The method of claim 13, wherein the nipple and 
any remaining explosive means is left downhole after 
completing the well. 

15. In a borehole which extends into proximity of a 1 
production zone,the method of completing a well com 
prising the steps of: 

l. suspending a sub-surface perforating means and a 
packer means from a tubing string; 

2. setting the packer means within the borehole at a 
position which enables the packer means to isolate 
a lower portion of the borehole from an upper por 
tion of the borehole and which positions the per 
forating means adjacent to the production zone; 

3. forming a flow path which communicates the 
lower portion of the borehole with the interior. of 
the tubing string; 

4. using the interior of the tubing string as a 
passageway through which the perforating means 
is caused to be actuated so as to communicate the 
interior of the borehole which underlies the packer 
means with the production zone; 
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5. producing the production zone along the flow path 
of step (3) immediately upon carrying out step (4) 
and, 

6. severing the perforating means from the packer 
means to permit any remaining part of the per 
forating means to drop to the bottom of the 
borehole after the well has been completed. 

16. Apparatus for completing a production zone of a 
well bore, comprising, in combination: - 

a tool string which includes a packer means, a 
production tubing, an explosive perforating gun 
means which is larger in overall diameter than said 
tubing; a gun firing head, and a perforated nipple; 

said gun means being attached to and underlying said 
gun firing head, said gun ?ring head being at 
tached to and underlying said perforated nipple, 
said perforated nipple being attached to and un 
derlying said packer means, said tubing being con 
nected to said packer means to thereby enable the 
tubing to position the packer means within the well 
bore so as to suspend the gun means adjacent to a 
production zone; 

a plug means which can be removably placed within 
said tool string so as to isolate the perforated nip 
ple from the interior of the production tubing; 
means by which the tubing can be removably af 
?xed to said packer means, and, means for actuat 
ing said gun head when the last said means is 
lowered through the interior of the tubing string 
and into contact with said gun head when the 
production tubing is attached to the packer; 

said gun head including opposed ends, and means 
forming a longitudinally extending passageway 
therethrough; one said opposed end adapted to be 
connected to said gun means and the remaining 
said opposed end adapted to be connected to the 
perforated nipple for supporting the gun means 
and the gun head in the before recited manner; 

a detonator, a primary detonator assembly adapted 
to cause said detonator to explode when said pri 
mary detonator is exploded, and a firing pin 
holder; said passageway including a chamber for 
holding said detonator, said primary detonator as 
sembly, and said ?ring pin holder therein; means 
including a firing pin reciprocatingly received 
within said ?ring pin holder and superimposed 
over at least part of said primary detonator so as to 
enable part of said ?ring pin to strike a part of said 
primary detonator thereby exploding said primary 
detonator when said firing pin is movedv within said 
pin holder by said means for actuating said gun 
head; means connected to said detonator for caus 
ing said gun to be actuated when the detonator is 
exploded; whereby: 

the gun means can be isolated by the plug from the 
portion of the borehole laying above the packer, 
and the tubing string can be removed from the 
packer means to thereby enable the borehole 
above the packer means to be entered, and 
thereafter the tubing string can be replaced, the 
plug means removed, and the production zone 
completed by actuating the gun. 

17. The apparatus of claim 16, wherein said means 
for actuating said gun head is a mass which is dropped 
through the interior of the tubing string so as to enable 
the mass to strike and move said ?ring pin. 

6601 

5 

14 
18. The apparatus of claim 16 wherein said means 

for actuating said gun head includes means forming a 
spring loaded mandrel, wire-line means for biasing said 
mandrel against said spring, and means for releasing 
said mandrel to thereby enable the biased mandrel to 
strike and move the firing pin. 

19. The method of completing an oil well wherein an 
I upper and a lower hydrocarbon formation has been 
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penetrated by a cased well bore, and wherein the upper 
zone has been completed and placed in production, 
comprising the steps of: 

l. suspending a packer and a casing perforator 
means on the end of a tubing string with the per 
forator means being placed in underlying relation 
ship relative to the packer; 

2. positioning the packer downhole by using the tub 
ing string in a manner to dispose the perforator 
means at a location adjacent to the lower 
hydrocarbon zone, and to isolate the upper 
borehole annulus which penetrates the upper 
hydrocarbon formation from the lower borehole 
annulus which penetrates the lower hydrocarbon 
formation, thereby preventing any production 
from ?owing from the upper hydrocarbon forma 
tion into the lower borehole annulus; 

3. forming a fluid ?ow path which extends from the 
lower borehole annulus, into the interior of the 
tubing string, and up the interior of the tubing 
string to the surface of the ground; 

4. completing the lower hydrocarbon formation by 
actuating the perforator means of step (1 ); 

5. leaving the perforator means downhole and 
producing the lower zone through the tubing string 
and producing the upper zone through the upper 
casing annulus. 

20. The method of claim 19 wherein the well is open 
?owed the instant communication between the lower 
zone and the borehole annulus is effected to thereby 
avoid contamination of the hydrocarbon bearing for 
mation. 

21. The method of claim 19 wherein step (2) is car 
ried out by running a gamma ray and collar locator 
through the tubing on a wire line so as to enable a 
gamma ray log to be obtained and subsequently in 
dexed with an open hole log. 

22. The method of claim 19 wherein step (4) is car 
ried out by using a deep penetrating shaped charge 
which is placed adjacent the casing wall so as to enable 
a deep penetration to be effected into the lower 
hydrocarbon bearing zone. 

23. The method of claim 22 wherein the shaped 
charge is detonated in response to electrical apparatus 
which is lowered through the tubing string. 

24. The method set forth in claim 22, wherein the 
shaped charge is electrically ?red by running a means 
having a source of electrical current therein through 
the tubing interior and to the perforator means on a 
wire-line. 

25. In a well having a borehole which extends 
downhole through a production zone having at least 
one hydrocarbon containing formation, with the zone 
being isolated from the interior of the borehole by a 
well casing or the like, the method of completing the 
well comprising the steps of: 

suspending a casing perforator means and a packer 
means from a tubing string; 
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setting the packer means downhole in the borehole 
ata location which positions the perforator means 
adjacent to at least one hydrocarbon containing 
formation, while at the same time isolating the por 
tion of the borehole underlying the packer means 
from the portion of the borehole located above the 
packer means; 

forming an unobstructed ?ow path which extends 
from the portion of the borehole underlying the 
packer means, into the tubing string, and uphole to 
the top of the borehole; 

plugging the passageway so as to prevent flow of ?uid 
through the packer means; removing the tubing 
string above the packer means so as to gain unob 
structed access to the portion of the borehole 
above the packer means; replacing the tubing 
string above the packer; removing essentially all of 
the fluid from the tubing string, so as to reduce the 
pressure differential across the formation to a 
minimum value, unplugging the passageway; and, 

actuating the casing perforator means so as to per 
forate the casing and to communicate the 
hydrocarbon producing formation with the portion 
of the borehole underlying the packer means, so 
that produced ?uid can ?ow into and up through 
the tubing string, and to the top of the borehole. 

26. In a well having a borehole which extends 
downhole through a production zone having at least 
one hydrocarbon containing formation, with the zone 
being isolated from the interior of the borehole by a 
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well casing or the like, the method of completing the 
well comprising the steps of: 

l. suspending a casing perforator means and a 
packer means from a tubing string; ‘ 

2. setting the packer means downhole in‘ the 
borehole at a location which positions the perfora 
tor means adjacent to at least one hydrocarbon 
containing formation, while at the same time 
isolating the portion of the borehole‘ underlying 
the packer means from the portion of the borehole 
located above the packer means; , 

3. forming an unobstructed flow path which extends 
from the portion of the borehole underlying the 
packer means, into the tubing string, and uphole to 
the top of the borehole; 

. plugging the passageway below the tubing string; 

. removing the tubing string; 

. completing an upper zone of the well; 

. replacing the tubing string; 

. removing essentially all of the liquid from the tub 
ing string; 

9. unplugging the passageway; and, 
10. actuating the casing perforator means so as to 
perforate the casing and to communicate the 
hydrocarbon producing formation with the portion 
of the borehole underlying the packer means, 
thereby enabling flow to occur into and up through 
the tubing string, and to the top of the borehole. 

* * * * * 
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from the upper zone prior to perforating either zone; 
the upper zone is then completed. where-after the lower 
zone is perforated. ln perforating the lower zone a cas 
ing perforating gun. gun tiring mechanism. and packer 
are run into the hole with the gun being suspended 
below the packer and properly positioned with respect 
to the horehoie. The lower [one is then isolaiCLl and the 
tithing to the packer is removed. The upper zone is then 
completed. tested. and shut-in. if desired. The tubing is 
again t'low connected to the packer. swahhed clean. and 
then the casing periorator is actuated. with the produc 
tion from the lower 1011C being free to Flow to the sur 
face of the earth at the moment the lower perforations 
are made 11) the gun. The paclser. gun and the ?ring 
mechanism are lciit in the hole. 
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7‘ In a well having a borehole which extends down 
hoie through an upper and lower hydrocarbon contain 
ing zone, with each zone having at least one hydrocar~ 
bon containing formation, with the lower zone being 
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isolated from the interior oi" the borehole by a well 
casing or the like, the method of completing the lower 
zone of the well after the upper zone has been com 

pleted comprising the steps of: 
l. suspending a casing perforator means and a packer 
means from a tubing string; 

2. setting the packer means downhole in the borehole 
at a location which positions the pcrforator means 
adjacent to at least one hydrocarbon containing 
formation of the lower hydrocarbon containing 
zone. while at the Same time isolating the portion of 
the borehole underlying the packer means from the 
portion of the borehole located above the packer 
means; 

3, forming an unobstructed ?ow path which extends 
from the borehole annulus underlying the packer 
means. into the tubing string, and uphole to the top 
of the borehole; 

4. actuating the casing perforator means while main 
taining the unobstructed ?ow path 5o as to perforate 
the casing and to communicate the hydrocarbon 
containing Formation of the lower zone with the 
borehole annulus underlying the packer means to 
thereby enable production from the laat named 
formation to How through the perforations, into 
the lower borehole annulus underlying the packer 
means, into and up through the tubing string, and 
to the top of‘ the borehole‘ 
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