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Select Fire Perforating Cartridge System

Related Applications
[1] This application claims priority to U.S. Provisional Application No. 62/398,975, filed
September 23, 2016.

Background of the Invention

[2] Generally, when completing a subterranean well for the production of fluids, minerals, or
gases from underground reservoirs, several types of tubulars are placed downhole as part of the
drilling, exploration, and completions process. These tubulars can include casing, tubing, pipes,
liners, and devices conveyed downhole by tubulars of various types. Each well is unique, so
combinations of different tubulars may be lowered into a well for a multitude of purposes.

[3] A subsurface or subterranean well transits one or more formations. The formation is a
body of rock or strata that contains one or more compositions. The formation is treated as a
continuous body. Within the formation hydrocarbon deposits may exist. Typically a wellbore
will be drilled from a surface location, placing a hole into a formation of interest. Completion
equipment will be put into place, including casing, tubing, and other downhole equipment as
needed. Perforating the casing and the formation with a perforating gun is a well known method
in the art for accessing hydrocarbon deposits within a formation from a wellbore.

[4] Explosively perforating the formation using a shaped charge is a widely known method
for completing an oil well. A shaped charge is a term of art for a device that when detonated
generates a focused explosive output. This is achieved in part by the geometry of the explosive in
conjunction with an adjacent liner. Generally, a shaped charge includes a metal case that contains
an explosive material with a concave shape, which has a thin metal liner on the inner surface.
Many materials are used for the liner; some of the more common metals include brass, copper,
tungsten, and lead. When the explosive detonates the liner metal is compressed into a super-
heated, super pressurized jet that can penetrate metal, concrete, and rock. Perforating charges are
typically used in groups. These groups of perforating charges are typically held together in an
assembly called a perforating gun. Perforating guns come in many styles, such as strip guns,

capsule guns, port plug guns, and expendable hollow carrier guns.
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[5] Perforating charges are typically detonated by detonating cord in proximity to a priming
hole at the apex of each charge case. Typically, the detonating cord terminates proximate to the
ends of the perforating gun. In this arrangement, a detonator at one end of the perforating gun
can detonate all of the perforating charges in the gun and continue a ballistic transfer to the
opposite end of the gun. In this fashion, numerous perforating guns can be connected end to end
with a single detonator detonating all of them.

[6] The detonating cord is typically detonated by a detonator triggered by a firing head. The
firing head can be actuated in many ways, including but not limited to electronically,
hydraulically, and mechanically.

[7] Expendable hollow carrier perforating guns are typically manufactured from standard
sizes of steel pipe with a box end having internal/female threads at each end. Pin ended adapters,
or subs, having male/external threads are threaded one or both ends of the gun. These subs can
connect perforating guns together, connect perforating guns to other tools such as setting tools
and collar locators, and connect firing heads to perforating guns. Subs often house electronic,
mechanical, or ballistic components used to activate or otherwise control perforating guns and
other components.

[8] Perforating guns typically have a cylindrical gun body and a charge tube, or loading tube
that holds the perforating charges. The gun body typically is composed of metal and is
cylindrical in shape. Within a typical gun tube is a charge holder designed to hold the shaped
charges. Charge holders can be formed as tubes, strips, or chains. The charge holder will contain
cutouts called charge holes to house the shaped charges.

[9] It is generally preferable to reduce the total length of any tools to be introduced into a
wellbore. Among other potential benefits, reduced tool length reduces the length of the
lubricator necessary to introduce the tools into a wellbore under pressure. Additionally, reduced
tool length is also desirable to accommodate turns in a highly deviated or horizontal well. It is
also generally preferable to reduce the tool assembly that must be performed at the well site
because the well site is often a harsh environment with numerous distractions and demands on
the workers on site.

[10] Currently, perforating guns are often assembled and loaded at a service company shop,
transported to the well site, and then armed before they are deployed into a well. Sometimes

perforating guns are assembled and armed at the well site. Because the service company shop
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often employs a single gun loader, maintaining close control on the gun assembly/loading
procedures can become difficult. Accordingly, quality control on the assembled/loaded guns
may be improved by reducing the amount of assembly necessary at the service company shop.
[11] Many perforating guns are electrically activated. This requires electrical wiring to at
least the firing head for the perforating gun. In many cases, perforating guns are run into the
well in strings where guns are activated either singly or in groups, often separate from the
activation of other tools in the string, such as setting tools. In these cases, electrical
communication must be able to pass through one perforating gun to other tools in the string.
Typically, this involves threading at least one wire through the interior of the perforating gun and
using the gun body as a ground wire.

[12] When typical a perforating gun is assembled/loaded either at the well site or at a service
company shop, there is risk of incorrect assembly or damage to electrical wiring or other
components that may cause the perforating gun or other tools to fail to fire or fail to function
appropriately. For example, the threading of a pass-through wire through the gun body or charge
holder presents numerous opportunities for the insulation of the wire to be stripped on sharp
metal edges resulting in shorts in the communications circuit. Accordingly, there is a need for a
system that eliminates the need to run a wire through a perforating gun body.

[13] Typically, perforating guns and other tools are connected to each other electrically at the
well site. This requires that a worker bring the guns or tools close together and then manually
make a connection with one or more wires. This requires time and manpower at the well site and
introduces the possibility of injury or assembly error. Accordingly, there is a need for a system
that eliminates the requirement for workers to make wire connections between perforating guns
or tools at the well site.

[14] As discussed above, perforating guns and other tools are often connected with subs that
also house related electronic and/or ballistic components. In order to eliminate these subs, a
system is needed to house these electrical and ballistic components inside of perforating guns or
other tools in an interchangeable and modular way. Additionally, current perforating guns
typically have the same diameter and female threads on both ends. In order to eliminate the
subs, a perforating gun system that provides male threads on one end of the gun and female

threads on the other is needed.
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Summary of Example Embodiments

[15] The example embodiments may utilize EB Fire dual diodes and pressure switches in a
cartridge in place of a control fire switch. The EB Fire Cartridge may encompass a dual diode or
pressure switch as well as the pressure bulkhead needed for sealing and the detonator needed to
initiate the detonating cord of the subsequent gun. The guns used in this system may use the
charge tube as the conductor to eliminate through wires. The guns may feature an end fitting to
capture the detonator end of the EBC in order to successfully achieve end to end transfer
between detonator and detonating cord. The guns may have a swaged pin end or be box by box
and use non-ported tandem subs between each gun.

[16] An example embodiment may include a method of perforating a well including loading a
first perforating gun with perforating charges and detonating cord, loading a second perforating
gun with perforating charges and detonating cord, inserting a cartridge holding a detonator into a
tandem sub, inserting a detonation transfer end fitting into the perforating gun, inserting a
detonating cord into the detonation transfer end fitting, coupling the first perforating gun to a
first end of the tandem sub, coupling the second perforating gun to the second end of the tandem
sub, assembling the first perforating gun, the tandem sub, and the second perforating gun in a
tool string, conveying the tool string into the well, detonating the second perforating gun with an
electrical signal, wherein the detonation fo the second arms the cartridge within the tandem sub,
and detonating the first perforating gun with an electrical signal using the armed cartridge.

[17] A variation of the example embodiment may include the cartridge having at least one
electrical contact proximate each end. At least one of the electrical contacts of the cartridge may
be resiliently biased. At least one of the electrical contacts of the cartridge may be a compression
spring. The cartridge may also hold a switch electrically connected to the detonator. The example
may include conveying the first perforating gun to a well site after loading the first perforating
gun with perforating charges and detonating cord. The example may include conveying the first
perforating gun to a well site after inserting the cartridge containing the detonator into the
perforating gun. It may include connecting the first perforating gun to a second perforating gun
by threading the body of the first perforating gun directly into the body of the second perforating
gun.

[18] An example embodiment may include a perforating gun system having a first gun body

having external threads at a first end and internal threads at a second end, a cartridge housing a
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detonator, a switch within the cartridge electrically connected to the detonator, a shaped charge
loading tube having an upper end and a lower end, at least one insulator between the shaped
charge loading tube and the gun body, an upper end fitting on the upper end of the shaped charge
loading tube, a detonation transfer sub on the lower end of the shaped charge loading tube, a
lower end fitting on the lower end of the shaped charge loading tube, an upper insulating cap on
upper end fitting, a lower insulating cap on lower end fitting in which the upper and lower end
fittings are conductive, the cartridge has an electrical contact proximate to the detonator, and the
lower end of the loading tube has an electrical contact adapted to contact the electrical contact
proximate to the detonator.

[19] A variation of the example embodiment may include the cartridge being adapted to be
inserted and removed from the perforating gun as a unit. The at least one insulator may include
an insulating fitting on an apex end of a plurality of shaped charges. The at least one insulator
may include an insulating fitting on an open end of a plurality of shaped charges. The at least one
insulator may include an insulating sleeve over the shaped charge loading tube. The cartridge
may have at least one electrical contact at each end. At least one of the electrical contacts of the
cartridge may be a compression spring. The cartridge may have at least one electrical contact at
each end.

[20] An example embodiment may include a perforating gun tandem sub having a first
metallic cylindrical body with a first end, a second end, a center axis, an inner bore coaxial with
the center axis, a cylindrical cartridge located within the inner bore with a first end holding a
detonator having a first lead wire and a second lead wire, and a second end holding a detonation
activated switch, wherein the first end of the metallic cylindrical body is adapted to couple to a
first perforating gun and the second end of the metallic cylindrical body is adapted to couple to a
second perforating gun.

[21] The example may include a bulkhead coupled to the second end of the cylindrical
cartridge adapted to seal against an end fitting of a charge tube located in a second perforating
gun. It may have a diode wired between the pressure activated switch and the first lead wire of
the detonator, in which the diode designates the polarity of the pressure activated switch. It may
have a grounding wire coupled to the second lead wire of the detonator and to the metallic
cylindrical body. It may have a feed thru wire traveling from the first end of the cylindrical

cartridge and electrically coupled to the pressure activated switch.
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Brief Description of the Drawings
[22] For a thorough understanding of the present invention, reference is made to the following
detailed description of the preferred embodiments, taken in conjunction with the accompanying
drawings in which reference numbers designate like or similar elements throughout the several
figures of the drawing. Briefly:

FIG. 1 is a side cross section view of a portion of a perforating gun tool string.

FIG. 2 is a side cross section view of a tandem sub coupled to a perforating gun on either

end.

FIG. 3 is a side cross section view of a cartridge style switch and detonator assembly.

FIG. 4 is a top cross section view of a cartridge style switch and detonator assembly.
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Detailed Description of Examples of the Invention

[23] In the following description, certain terms have been used for brevity, clarity, and
examples. No unnecessary limitations are to be implied therefrom and such terms are used for
descriptive purposes only and are intended to be broadly construed. The different apparatus,
systems and method steps described herein may be used alone or in combination with other
apparatus, systems and method steps. It is to be expected that various equivalents, alternatives,
and modifications are possible within the scope of the appended claims. Directional and
orientation terms such as upper, lower, top, and bottom are used in this description for
convenience and clarity in describing the features of components. However, those terms are not
inherently associated with terrestrial concepts of up and down or top and bottom as the described
components might be used in a well.

[24] FIG. 1 depicts an example embodiment of a portion of a gun string 100. The top
assembly 101 is uphole of and coupled to the first perforating gun 103. The first perforating gun
103 is uphole of and coupled to the first tandem sub 102. The tandem sub 102 is uphole of and
coupled to the second perforating gun 115. The second perforating gun 115 is uphole of and
coupled to the second tandem sub 118. The charge tube 104 of the first perforating gun 103 is
held in place by a top end fitting 105 and a deto transfer end fitting 110. The insulation cap 106
electrically insulates the end fitting 105 from the gun body 119 of the first perforating gun 103.
The insulation cap 111 electrically insulates the end fitting 110 from the gun body 119 of the
first perforating gun 103. A detonation cord 114 is routed from the top end fitting 105 to the deto
transfer end fitting 110 around the charge tube 104 in such a way as to couple to the ends of each
shaped charge (not shown) that is inserted into the charge tube 104. The second perforating gun
115 also has a detonating cord 141 routed around the charge tube 117 and routed from end to end
of the charge tube 117. The second perforating gun 115 is has the charge tube 115 electrically
isolated from the gun body 120 via end fittings 135 and 145.

[25] For electrical communication, the gun body of each perforating gun acts as a ground,
while the hot wire is the charge tube, which is electrically isolated from the gun body using
insulation caps at either end of the charge tube. The electrical connection from the top sub 101 to
the charge tube 104 of the first perforating gun 103 is by way of a feed thru contact pin 107
slideably engaged with a contact retainer 108 preloaded with a compression spring 109. The

tandem sub 102 provides an electrical pathway from the charge tube 104 as shown in FIG. 2
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through the deto transfer end fitting 110, through the cartridge assembly 112 that is electrically
isolated from the body of the tandem sub 102, and through feed thru contact pin 137, which is
slideably engaged with contact retainer 138, the hot path makes contact with the end fitting 135,
which is electrically coupled to the charge tube 117, and contact is maintained via spring 139.
[26] An example of the perforating gun firing sequence may include arming the tandem sub
118 via perforating gun located downhole of the tandem sub 118. The shock of the explosion of a
perforating gun will arm the detonator 140. An electrical signal sent via the hot connection will
then activate detonator 140, thus setting off detonating cord 141 along with any shaped charges
located within charge tube 117. The shock and gas expansion associated with the detonation of
perforating gun 115 will move the feed thru contact pin 137, thus arming detonator 121 by
putting it in electrical contact with the hot and ground sides of the tandem sub 102. An electrical
signal is then sent from the surface to detonate the detonating cord 114 via detonator 121. The
detonation of the detonating cord 114 will cause all of the shaped charges installed in the charge
tube 104 to detonate as well.

[27] An example cartridge assembly 200 is shown in FIG. 3, which is a side view of the
assembly. A top case 211 is coupled to a bottom case 212. An EB switch housing 202 is located
within the cartridge assembly 200 and a bulkhead is coupled, in this example threaded, into the
EB switch housing 202. A piston assembly 203 is located within the bulkhead 201 and may be
composed of PEEK or some other non-conductive material. A firing pin assembly 205 is spring
loaded and located within the brass receptacle assembly 204. A dart wire connection spring 206
is coupled to the firing pin assembly 205. Insulation 209 and 210 provide electrical insulation
between the firing pin assembly 205 and the top and bottom cases 211 and 212, respectively.
Switch wire 208 is connected between the detonator 216 and the dart wire connection spring 206.
Diode assembly 207 provides the one-way electrical contact between the EB switch housing with
the ground when the switch is armed, however the circuit is installed in this example as open.
Metal end cap 213, in conjunction with contact spring 214, is adapted to couple to a deto transfer
end fitting. Deto sleeve 215 electrically isolates the detonator 216 from the hot side of the circuit.
[28] Another view of the example embodiment depicts a top cross-sectional view of cartridge
assembly 200 in FIG. 4. The bulkhead 201 contains the piston assembly 203 and is coupled to
the EB switch housing 202, which contains the EB switch 222. Feed thru wire and washer 217

connects to feed thru wire 221. The detonator 216 has a first lead wire 226 and a second lead
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wire 223. Wire 224 coming off of diode assembly 207 is connected to the first lead wire 226.
Ground screw 218 and ground lug 219 provide the grounding for ground wire 220 which is
attached to the second lead wire 223 from the detonator 216. Diode 225 designates the polarity
of the switch, either positive or negative. The feed thru wire 221 is connected to the switch wire
208.

[29] Although the invention has been described in terms of embodiments which are set forth
in detail, it should be understood that this is by illustration only and that the invention is not
necessarily limited thereto. For example, terms such as upper and lower or top and bottom can be
substituted with uphole and downhole, respectfully. Top and bottom could be left and right,
respectively. Uphole and downhole could be shown in figures as left and right, respectively, or
top and bottom, respectively. Generally downhole tools initially enter the borehole in a vertical
orientation, but since some boreholes end up horizontal, the orientation of the tool may change.
In that case downhole, lower, or bottom is generally a component in the tool string that enters the
borehole before a component referred to as uphole, upper, or top, relatively speaking. The first
housing and second housing may be top housing and bottom housing, respectfully. Terms like
wellbore, borehole, well, bore, oil well, and other alternatives may be used synonymously. The
alternative embodiments and operating techniques will become apparent to those of ordinary
skill in the art in view of the present disclosure. Accordingly, modifications of the invention are

contemplated which may be made without departing from the spirit of the claimed invention.
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What is claimed is:
1. A method of perforating a well comprising:

loading a first perforating gun with perforating charges and detonating cord,

loading a second perforating gun with perforating charges and detonating cord,

inserting a cartridge holding a detonator into a tandem sub;

inserting a detonation transfer end fitting into the perforating gun;

inserting a detonating cord into the detonation transfer end fitting;

coupling the first perforating gun to a first end of the tandem sub;

coupling the second perforating gun to the second end of the tandem sub;

assembling the first perforating gun, the tandem sub, and the second perforating gun in a
tool string;

conveying the tool string into the well;

detonating the second perforating gun with an electrical signal, wherein the detonation fo
the second arms the cartridge within the tandem sub; and

detonating the first perforating gun with an electrical signal using the armed cartridge.

2. The method of claim 1 wherein the cartridge has at least one electrical contact proximate
each end.
3. The method of claim 2 wherein at least one of the electrical contacts of the cartridge is

resiliently biased.

4. The method of claim 3 wherein at least one of the electrical contacts of the cartridge is a

compression spring.

5. The method of claim 2 wherein the cartridge also holds a switch electrically connected to

the detonator.
6. The method of claim 1 further comprising:

conveying the first perforating gun to a well site after loading the first perforating gun

with perforating charges and detonating cord.

10
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7. The method of claim 1 further comprising:
conveying the first perforating gun to a well site after inserting the cartridge containing the

detonator into the perforating gun.
8. The method of claim 1 further comprising:

connecting the first perforating gun to a second perforating gun by threading the body of the first
perforating gun directly into the body of the second perforating gun.

11
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9. A perforating gun system comprising:

a first gun body having external threads at a first end and internal threads at a second end;

a cartridge housing a detonator;

a switch within the cartridge electrically connected to the detonator;

a shaped charge loading tube having an upper end and a lower end;

at least one insulator between the shaped charge loading tube and the gun body;

an upper end fitting on the upper end of the shaped charge loading tube;

a detonation transfer sub on the lower end of the shaped charge loading tube;

a lower end fitting on the lower end of the shaped charge loading tube;

an upper insulating cap on upper end fitting;

a lower insulating cap on lower end fitting; and

wherein the upper and lower end fittings are conductive, the cartridge has an electrical
contact proximate to the detonator, and the lower end of the loading tube has an electrical contact

adapted to contact the electrical contact proximate to the detonator.

10.  The perforating gun system of claim 9 wherein the cartridge is adapted to be inserted and

removed from the perforating gun as a unit.

11.  The perforating gun system of claim 9 wherein the at least one insulator comprises an

insulating fitting on an apex end of a plurality of shaped charges.

12.  The perforating gun system of claim 9 wherein the at least one insulator comprises an

insulating fitting on an open end of a plurality of shaped charges.

13.  The perforating gun system of claim 9 wherein the at least one insulator comprises an

insulating sleeve over the shaped charge loading tube.

14.  The perforating gun system of claim 9 wherein the cartridge has at least one electrical

contact at each end.

12
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15.  The perforating gun system of claim 9 wherein at least one of the electrical contacts of

the cartridge is a compression spring.

16.  The perforating gun system of claim 9 wherein the cartridge has at least one electrical

contact at each end.

13
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17. A perforating gun tandem sub comprising:

a first metallic cylindrical body with a first end, a second end, a center axis, an inner bore
coaxial with the center axis;

a cylindrical cartridge located within the inner bore with a first end holding a detonator
having a first lead wire and a second lead wire, and a second end holding a detonation activated
switch, wherein the first end of the metallic cylindrical body is adapted to couple to a first
perforating gun and the second end of the metallic cylindrical body is adapted to couple to a

second perforating gun.

18.  The perforating gun tandem sub of claim 17 further comprising a bulkhead coupled to the
second end of the cylindrical cartridge adapted to seal against an end fitting of a charge tube

located in a second perforating gun.

19.  The perforating gun tandem sub of claim 17 further comprising a diode wired between
the pressure activated switch and the first lead wire of the detonator, wherein the diode

designates the polarity of the pressure activated switch.

20. The perforating gun tandem sub of claim 17 further comprising a grounding wire coupled

to the second lead wire of the detonator and to the metallic cylindrical body.
21.  The perforating gun tandem sub of claim 17 further comprising a feed thru wire traveling

from the first end of the cylindrical cartridge and electrically coupled to the pressure activated

switch.

14
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1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-8

Remark on Protest l:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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IPC(8) - E21B 43/117; E21B 43/1185 (2018.01)
CPC -

E21B 43/117, E21B 43/116; E21B 43/1185; E21B 43/119 (2017.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 166/55; 166/55.2 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 9,080,433 B2 (LANCLOS et al) 14 July 2015 (14.07.2015) entire document 1-8
P.A US 2017/0009532 A1 (HALLIBURTON ENERGY SERVICES INC) 12 January 2017 1-8
(12.01.2017) entire document
A US 4,850,438 A (REGALBUTO) 25 July 1989 (25.07.1989) entire document 1-8
A US 2012/0037365 A1 (TORRES et al) 16 February 2012 (16.02.2012) entire document 1-8

D Further documents are listed in the continuation of Box C.

I:] See patent family annex.

d Special calegories of ciled documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L™ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

*O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁhcauon but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

wxr

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skitled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27 Deceniber 2017

Date of mailing of the international search report

17 JAN 2018
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INTERNATIONAL SEARCH REPORT International application No,

PCT/US2017/053025

Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |, claims 1-8 are drawn to a method of perforating a well.
Group Il, claims 9-16 are drawn to a perforating gun system.
Group lll, claims 17-21 are drawn to a perforating gun tandem sub.

Note: Claim 1 is objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claim 1 is indefinite for the
following reason: Claim 1 refers to “the second end of the tandem sub" which is lacking antecedent basis and is best understood as “a
second end of the tandem sub”; further, claim 1 refers to “fo the second arms the cartridge...” which is unclear and is best understood as
“of the second perforating gun arms the cartridge...".

The inventions listed in Groups |, Il, and Iil do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT
Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, a method of perforating a well comprising loading a first perforating gun with perforating
charges and detonating cord, loading a second perforating gun with perforating charges and detonating cord, inserting a cartridge
holding a detonator into a tandem sub, inserting a detonation transfer end fitting into the perforating gun, inserting a detonating cord into
the detonation transfer end fitting, coupling the first perforating gun to a first end of the tandem sub, coupling the second perforating gun
to a second end of the tandem sub, assembling the first perforating gun, the tandem sub, and the second perforating gun in a tool string,
conveying the tool string into the well, detonating the second perforating gun with an electrical signal, wherein the detonation of the
second perforating gun arms the cartridge within the tandem sub, and detonating the first perforating gun with an electrical signal using
the armed cartridge, are not present in Groups Il, |lI; the special technical features of Group |l, a perforating gun system comprising a
first gun body having external threads at a first end and internal threads at a second end, a cartridge housing a detonator, a switch within
the cartridge electrically connected to the detonator; a shaped charge loading tube having an upper end and a lower end, at least one
insulator between the shaped charge loading tube and the gun body, an upper end fitting on the upper end of the shaped charge loading
tube; a detonation transfer sub on the lower end of the shaped charge loading tube, a lower end fitting on the lower end of the shaped
charge loading tube, an upper insulating cap on upper end fitting, a lower insulating cap on lower end fitting, and wherein the upper and
lower end fittings are conductive, the cartridge has an electrical contact proximate to the detonator, and the lower end of the loading tube
has an electrical contact adapted to contact the electrical contact proximate to the detonator, are not present in Groups |, lll; and, the
special technical features of Group lll, a perforating gun tandem sub comprising a first metallic cylindrical body with a first end, a second
end, a center axis, an inner bore coaxial with the center axis, a cylindrical cartridge located within the inner bore with a first end holding a
detonator having a first lead wire and a second lead wire, and a second end holding a detonation activated switch, are not present in
Groups |, Il

Groups |, Il IIt share the technical features of a perforating gun comprising a cartridge housing a detonator. However, these shared
technical features do not represent a contribution over the prior art.

Specifically, US 2012/0037365 A1 to Torres et al. teaches of a perforating gun (100, Fig. 1) comprising a cartridge (176, Fig. 6; Para.
[0030), assembly 108 includes a charge holding structure 176, see Figs. 1 and 6) housing a detonator (180; Para. [0031], the charge
holding structure 176 is operable to hold or support at least one explosive charge 180).

Groups |, Il share the technical features of a perforating gun system comprising a detonation transfer sub. However, these shared
technical features do not represent a contribution over the prior art.

Specifically, US 2012/0037365 A1 to Torres et al. teaches of a perforating gun system (100, Fig. 1) comprising a detonation transfer sub
(108, Fig. 1; Para. [0030], assembly 108 includes a charge holding structure 176, see Figs. 1 and 6; and Para. [0031], the charge
holding structure 176 is operable to hold or support at least one explosive charge 180).

Groups |, lIl share the technical features of a perforating system comprising a first perforating gun, a second perforating gun, a tandem
sub, a first end of the tandem sub, and a second end of the tandem sub. However, these shared technical features do not represent a
contribution over the prior art.

Specifically, US 2012/0037365 A1 to Torres et al. teaches of a perforating system (Fig. 1) comprising a first perforating gun (A first gun
100, Fig. 1; Para. [0027], the first sub 112 is in the form of a “connecting sub” that is operable to allow another perforating gun portion to
be connected to the first end 120 of the perforating gun portion 100), a second perforating gun (A second gun portion 100, Fig. 1; Para.
[0027), the first sub 112 is in the form of a “connecting sub” that is operable to allow another perforating gun portion to be connected to
the first end 120 of the perforating gun portion 100), a tandem sub (112, Fig. 1), a first end of the tandem sub (Bottom end of 112, Fig.
1), and a second end of the tandem sub (Top end of 112, Fig. 1).

Groups II: It share the technical features of a switch. However, these shared technical features do not represent a contribution over the
prior art.
Specifically, US 2012/0037365 A1 to Torres et al. teaches of a switch (switch 164, Fig. 3)

Since none of the special technical features of the Groups |, II, and ill inventions are found in more than one of the inventions, unity is
lacking,
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