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Impermeable and composite perforating gun assembly components

(57) A perforating gun assembly (10) inciudes at least one component that is constructed from composite
material that is made impermeable to wellbore fluids by the incorporation of an impermeabile liner (23). The
liner (23) can be bonded to the inner (fig 2) or outer surface (fig 3) of the component, or embedded (fig 4)
within the component. The composite component may be the outer carrier (20) or loading tube of a
perforating gun, the connecting tubing (32, fig 5) of a gun release mechanism, or a gun connector (40, fig 8)
used to attach adjacent perforating guns (14, fig 8). The composite material is designed to be brittle under
dynamic impact so that it shatters when the gun (14) is detonated.
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IMPERMEABLE AND COMPOSITE PERFORATING GUN

ASSEMBLY COMPONENTS

BACKGROUND OF THE INVENTION

Field of Invention

This invention relates generally to downhole perforating gun assemblies and the
components associated therewith. More particularly, this invention relates to the use of a

composite material to construct impermeable components of a perforating gun assembly.

Description of the Art

A perforating gun typically is used to form perforation tunnels in a downhole
formation for purposes of enhancing the production of well fluids from the formation. The
perforating gun may be part of a perforating gun assembly, an assembly that may include
several perforating guns and other components. The perforating gun assembly 1s typically
positioned downhole to the desired perforating depth via a wireline or tubing, as examples.
The firing of a perforating gun normally involves detonating its shaped charges, devices
that create radial perforation jets when detonated to form the perforation tunnels. To
detonate the shaped charges, the perforating gun assembly typically also includes a firing'
head to initiate a detonation wave on a detonating cord that extends to the shaped charges.
In this manner, when the detonation wave reaches a particular shaped charge, the shaped
charge detonates to form a corresponding perforation jet. In addition to the shaped
charges and firing head, the perforating gun assembly may include several additional

components.



Each perforating gun may consist of an outer cylindrical tube called a “carrier” and
a loading tube located inside of the carrier. The carrier acts like a pressure vessel for the
perforating gun and the included shaped charges. The loading tube has two main
functions: [1] to mechanically hold the shaped charges within the carrier at a certain
phasing and distance, and [2] to absorb energy coming from the fragmenting case and
expanding gaseous products from the shaped charges so that the damage to the carrier is
reduced.

The perforating gun assembly may also include a mechanical release mechanism to
release the perforating guns from the conveyance string after the perforating guns fire.
Due to this release, the perforating guns fall due to gravity into the rathole of the well.

The remaining perforating gun string may then be retrieved from the well.

In the past, each of the listed perforating gun assembly components has been
constructed from metallic materials. However, the use of metallic materials for
perforating gun assembly components has several disadvantages.

For instance, when the shaped charges are detonated, the metal loading tube
expands due to case impact and explosive gaseous expansion. The amount of loading tube
expansion is limited by the inner diameter of the metal carrier. As soon as the loading
tube collides with the inner diameter of the carrier, the energy from the loading tube is
transmitted to the carrier. The metal carrier then swells outwardly (becoming permanently
deformed) under the impact of the loading tube and may fragment into pieces. The
amount of outward deformation and/or fragmentation depends on the properties of the
metal from which the loading tube and the carrier are constructed.

The swelling of the gun is disadvantageous for several reasons. First, the swelling
of the gun increases the overall outside diameter of the carrier/perforating gun thereby

increasing the chances that the perforating gun will become stuck in the wellbore as it is
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extracted from the downhole environment. In addition, a number of wellbores have
minimum restriction diameters wherein the guns when fired cannot swell more than this
minimum restriction diameter. As a result, the guns used in such wellbores are usually at
Jeast 8-10% smaller in diameter than the minimum restriction diameter of the wellbores
(thereby allowing for the post-firing swell). This 8-10% compensation in diameter
effectively reduces the size of the shaped charges that fit inside the carrier thereby also
reducing the performance of the gun. It would thus be beneficial to the prior art to provide
a perforating gun (carrier and/or loading tube) that does not swell after being fired. The
prior art would also benefit from a perforating gun that can be deployed in wellbores in
which the minimum restriction diameter of the wellbore equals or substantially equals the
outer diameter of the non-fired perforating gun.

Likewise, the fragmentation of the gun can also be disadvantageous. If the carrier
and loading tube fragment only partially, then such fragments may also present an
obstruction in the retrieval of the perforating gun. If the carrier and loading tube fragment
into large pieces that remain in the wellbore, such fragments may cause problems in the
subsequent operation of the well particularly if they are somehow lifted into the
completion of the wellbore. Therefore, it would be beneficial to the prior art to provide a
perforating gun that does not produce an obstruction for its retrieval after firing. It would
also be beneficial to the prior art to provide a perforating gun that does not fragment into
large pieces as a result of firing.

The use of metal in each of the listed components also serves to increase the
overall weight of the perforating gun assembly. It would be beneficial to the prior art to
provide a perforating gun assembly that is lower in weight than corresponding metal

perforating gun assemblies.



U.S. Patent No. 5,960,894 issued to Lilly et al. has attempted to solve at least some
of these problems. The Lilly Patent discloses a perforating gun comprising an outer tube
and an inner structure for holding the charges. The outer tube is made from a material
having a high strength and low impact resistance, such as carbon fibers, glass fiber, or
combinations thereof, that are molded in an embrittled resin, a metal matrix, or a ceramic
matrix. The inner structure is made from a combustible material such as nitrocellulose,
wood cellulose, cardboard, fiberboard, thermoplastic, thermoset resin, thin gauge metals,
structural foam, and the like. Upon detonation of the charges, the frangible nature of the
outer structure causes it to fragment into small pieces, preferably less than about 3 inches
in size. The inner structure is combustibly consumed by the detonation leaving ash and
residue. While this design reduces the amount of debris remaining after the perforating
gun is fired, the Lilly design may not function satisfactorily if the gun assembly requires a
pressure tight seal against the wellbore fluids and if the gun assembly is constructed from
a composite material.

Composite materials, especially polymer matrix composites, tend to be permeable
to fluids (including gases), especially to fluids under the severe pressure and temperature
environment present in a wellbore. When disposed in such harsh environments,
microcracks and microvoids that are inevitably formed in such composite materials lead to
the formation of leak paths therethrough. Thus, the Lilly gun design constructed from
composite material may become filled with wellbore fluids when disposed downhole. If
this happens, the shaped charges inside the carrier will not perforate. In general, a
perforating gun filled with fluid is like a bomb that will extensively damage the casing of
the wellbore. To prevent such occurrence, the entire perforating gun assembly (and not

only the actual perforating gun) should be impermeable to wellbore fluids. It would thus



be beneficial to the prior art to provide a perforating gun assembly that does not suffer
from the listed drawbacks.
Thus, there is a continuing need for an arrangement that addresses one or more of

the problems that are stated above.

SUMMARY OF THE INVENTION

It is therefore an objective of the present invention to provide a perforating gun
assembly that, in its preferred embodiments:

L includes a perforating gun that does not swell after being fired;

J can be deployed in wellbores in which the minimum restriction diameter of

the wellbore equals or substantially equals the outer diameter of the associated

non-fired perforating gun,

L includes a perforating gun that does not produce an obstruction for its

retrieval after firing;

. includes a perforating gun that does not fragment into large pieces as a

result of firing;

° is lighter than prior art perforating gun assemblies; and

. includes components constructed from composite materials and that are

impermeable to the surrounding wellbore fluids.
Other objectives of the present invention will be obvious by reading the specification and
claims appended hereto.

To achieve such objectives, our invention is a perforating gun assembly that
includes at least one component that is constructed from a composite material and that is
impermeable to wellbore fluids. The components may include the outer carrier and/or

loading tube of a perforating gun, the connecting tubing of a gun release mechanism, and
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the gun connector used to attach adjacent perforating guns. The composite material is
designed to be very brittle under dynamic impact. The component is made impermeable
to wellbore fluids by including an impermeable liner therein. The impermeable liner can
be bonded to the inner or outer surface of the component or can be embedded within the
component. Since it is brittle under dynamic impact, the composite component shatters

into small pieces upon detonation of the perforating gun.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an elevational and partial cross-sectional view of the perforating gun
assembly.

Figure 2 is a cross-sectional view of the perforating gun including a first
embodiment of the outer carrier.

Figure 3 is a cross-sectional view of the perforating gun including a second
embodiment of the outer carrier.

Figure 4 is a cross-sectional view of the perforating gun including a third
embodiment of the outer carrier

Figure 5 is an elevational and partial cross-sectional view of the gun release
mechanism prior to the perforating gun being fired.

Figure 6 is an elevational and partial cross-sectional view of the gun release
mechanism as the perforating gun is being fired.

Figure 7 is an elevational and partial cross-sectional view of the gun release
mechanism after the perforating gun is fired.

Figure 8 is an elevational view of the perforating gun assembly including more

than one perforating gun.



DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a wellbore 2 that extends into the ground from the surface 3.
Wellbore 2 may be cased or uncased. A perforating gun assembly 10 is disposed within
the wellbore 2 to perforate the wellbore 2. Perforating gun assembly 10 may include a
firing head 12 used to initiate a detonation wave on a detonating cord (not shown) that
extends to the shaped charges 13 of one or more perforating guns 14. Although Figure 1
includes only one perforating gun 14, the perforating gun assembly 10 may include
multiple perforating guns 14 that are attached to the assembly 10 below the top perforating
gun 14 (as shown in Figure 8). The assembly is shown in Figure 1 as being suspended by
a wireline 15, although the assembly 10 may be deployed downhole in a variety of ways
known in the art, such as part of a coiled tubing assembly, a wireline assembly, or a
conveyance string assembly 16 (as shown in Figure 8) that extends from the surface of the
well, as examples.

Perforating gun 14 typically includes an outer carrier 20 and a loading tube 22. As
previously disclosed, the outer carrier 20 acts like a pressure vessel for the perforating gun
14 and the included shaped charges 13. The loading tube 22 is located, preferably
concentrically, within the outer carrier 13. The loading tube 22 has two main functions:
[1] to mechanically hold the shaped charges 13 within the carrier 20 at a certain phasing
and distance, and [2] to absorb energy coming from the fragmenting gun 14 and expanding
gaseous products from the shaped charges 13 so that the damage to the gun 14 is reduced.

In some embodiments and as shown in Figure 1, the perforating gun assembly 10
also includes a perforating gun release mechanism, or connector assembly 19. The
connector assembly 19 releasably secures the perforating gun 14 to the portion of the
assembly 10 that is located above the gun 14. Generally, when the top perforating gun 14

fires, the connector assembly 19 releases the perforating guns from the rest of the
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assembly 10. As a result, the top perforating gun 14 and any other perforating guns 14
that are attached below the top perforating gun 14 drop into the rathole of the well 2.

As shown in Figure 8, perforating gun assembly 10 may also include gun
connectors 40 (including adaptors) between adjacent perforating guns 14. Connectors 40,
which are known in the art, couple adjacent perforating guns 14 together.

Our invention comprises constructing perforating gun assembly 10 components out
of composite materials and making them impermeable to the surrounding wellbore fluids.
By example, our invention comprises the use of composite materials in the perforating gun
14, the connector assembly 19, and the connectors 40. Although not illustrated in the
Figures, our invention also comprises the use of composite materials in other perforating
gun assembly 10 components, such as firing heads, orienting tools, bottom noses, etc. that
are functionally associated with the perforating gun assembly .

The composite materials used in our invention must be designed to be very brittle
under the dynamic impact caused by the firing of the shaped charges. Such composite
materials may be made from several different fibers and matrix materials. The fibers can
be carbon, glass, kevlar, nomex, and/or aramid fibers. The matrix materials can be
polymers (such as thermosets and thermoplastics), ceramics, carbons, metals (preferably
brittle metals), and/or intermetallics. For example, the composite material may be
constructed from glass or carbon fibers and epoxy as a matrix material. The fibers may be
embedded in a single matrix material or in a mixture of more than one matrix material.
The fibers may all have the same type or may be formed from fibers of different types.
Since the composite materials are brittle under dynamic impact, the perforating gun
assembly components constructed from the composite materials will shatter into fine
pieces once the perforating gun 14 is fired. In the preferred embodiment, the shattered

pieces are not larger than 3 inches each.



In addition, the composite materials used in our invention must be impermeable to
well fluids in order to allow the safe and satisfactory firing of the perforating gun 14. As
previously disclosed, composite materials tend to be permeable. If the perforating gun
assembly 10 becomes filled with wellbore fluids, the perforating gun 14 will either not fire
or will essentially act as a bomb and cause extensive damage to the casing of the wellbore
2 when fired. In the preferred embodiment, the composite materials are made
impermeable by the inclusion of an impermeable liner therein. The liner can be
constructed from any impermeable material that can seal the relevant perforating gun
assembly component from the surrounding wellbore fluids (at the given temperature,
pressure, etc.). Adequate liner materials include rubbers, thermoplastics, or thermoplastic
elastomers, such as nitrile rubber, polyamide, polyketone, high density polyethylene, and
fluoropolymers (such as polyvinylidende fluoride, teflon, polytetrafluoroethylene, and
ethylene-tetrafluoroethylene).

In one embodiment of our invention, the outer carrier 20 is constructed from a
composite material. Figures 2-4 show a cross-sectional view of the perforating gun 14,
including the outer carrier 20. As can be seen, the loading tube 22, which holds the
shaped charges 13, is located interior to the outer carrier 20. A liner 23 is included in the
outer carrier 20 to make the perforating gun 14 impermeable to the surrounding wellbore
fluids. In one embodiment, the liner 23 is bonded to a surface of the carrier 20. For
instance, the liner 23 can be bonded to the inner surface 24 of the carrier 20 as shown in
Figure 2 or to the outer surface 26 of the carrier 20 as shown in Figure 3. In an alternative
embodiment as shown in Figure 4, the liner 23 is embedded within the carrier 20, wherein
the liner 23 is preferably intermediate the inner surface 24 and the outer surface 26 of the

carrier 20.



In another embodiment of our invention, the loading tube 22 is constructed from a
composite material. Although not necessary since carrier 20 already makes perforating
gun 14 impermeable to well fluids, loading tube 22 may also include a liner (not shown) if
desired. Like the different ways in which the liner 23 is attached to the carrier 20, the liner
included in the loading tube 22 can be bonded to the inner or outer surface of the loading
tube 22 or can be embedded within the loading tube 22.

In another embodiment of the invention, at least one part of the connector
assembly 19 is constructed from a composite material. The connector assembly 19 is the
subject of a U.S. Patent Application entitled “Downhole Tool Release Mechanism” filed
on August 4, 2000 under serial number 09/632,528 (hereinafter referred to as “Related
Application”). The Related Application names Kothari, Parrott, Xu, and Li as inventors
and is incorporated herein by reference.

For purposes of a brief explanation, several figures of the Related Application have
been incorporated into this application as Figures 5-7. As shown in Fi gure 5, the
connector assembly 19 includes an upper connector 28 that, before the perforating gun(s)
14 are fired, is connected to an upper end of a tubing 32 and a lower connector 30 that,
before the perforating gun(s) 14 are fired, is connected to a lower end of the composite
tubing 32. The upper connector 28 is secured to the firing head 12, and the lower
connector 30 1s secured to the perforating gun 14. For the detailed description of the
operation of the connector assembly 19, please consult the Related Application.

In one embodiment, the tubing 32 is constructed from a composite material. In
addition, some embodiments of the connector assembly 19 include a pressure housing
surrounding the tubing 32. The pressure housing is not shown in the Figures of this
application, but it is shown in the Figures of the Related Application. For those

embodiments not including the pressure housing, the tubing 32 should include a tubing
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liner 34 to make the connector assembly 19 (and thus also the perforating gun 14)
impermeable to the surrounding wellbore fluids. Although the tubing liner 34 is shown
bonded to the tubing outer surface 36 in Figure 5, the tubing liner 34 can also be bonded to
the tubing inner surface 38 (not shown) or can be embedded within the tubing 32 (not
shown). These forms of attachment are similar to the different means by which the liner
23 is attached to the outer carrier 20.

In another embodiment of our invention, the connector 40 is constructed from a
composite material. Composite connector 40 should include a liner (not shown). Like the
different ways in which the liner 23 is attached to the carrier 20, the liner included in the
connector 40 can be bonded to the inner or outer surface of the connector 40 or can be

embedded within the connector 40.

OPERATION

The perforating gun assembly 10 is first deployed to the correct position in the
downhole environment. In the deployed position, wellbore fluids surround the perforating
gun assembly 10. It is noted that the use of composite materials in any of the perforating
gun assembly components reduces the overall weight of the perforating gun assembly.

The liner 23 of the outer carrier 20 prevents the surrounding wellbore fluids from
entering the perforating gun 14. Likewise, the tubing liner 34 prevents the surrounding
wellbore fluids from entering the connecting assembly 19. And, the liner included in the
connector(s) 40 prevents the surrounding wellbore fluids from entering the area interior to
the connector(s) 40, such area likely being in fluid communication with the perforating
gun 14 interior. Thus, the entire perforating gun assembly 10 is impermeable to the
wellbore fluids, ensuring that the perforating gun 14 fires successfully. It is noted that if

any of the listed components (as well as any other gun assembly components that are in

11



communication with the surrounding wellbore fluids) are constructed from a composite
material that is permeable, then the wellbore fluids would likely permeate through such
components jeopardizing the successful operation of the perforating gun assembly 10, as
previously disclosed.

In the embodiments in which the loading tube 22 is constructed from a composite
material, when the shaped charges 13 are detonated, the energy of the detonation is
transmitted to the loading tube 22. Being constructed from a composite material that is
brittle under dynamic impact, the loading tube 22 expands and shatters into small pieces
due to the energy transfer. The small pieces fall by gravity and are small enough that they
do not present a problem to the subsequent operation of the wellbore.

In the embodiment in which the outer carrier 20 is constructed from a composite
material, when the shaped charges 13 are detonated, the loading tube 22 expands due to
case impact and explosive gaseous expansion. The amount of loading tube 22 expansion
is limited by the inner diameter of the outer carrier 20. As soon as the loading tube 22
collides with the composite outer carrier 20, the energy from the loading tube 22 is
transmitted to the outer carrier 20. Being constructed from a composite material that is
brittle under dynamic impact, the outer carrier 20 shatters into small pieces upon collision
with the loading tube 22. The small pieces fall to the rathole of the wellbore and are small
enough that they do not present a problem to the subsequent operation of the wellbore. In
addition, since the outer carrier 20 shattered into small pieces, the remainder of the
perforating gun assembly 10 may be retrieved without fear of becoming lodged in the
wellbore due to the outward swelling of the carrier.

In the embodiment in which the tubing 32 is constructed from a composite
material, when the top perforating gun 14 fires, the connector assembly 19 releases the

perforating guns from the rest of the string 10. More particularly, in response to the firing
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of the top perforating gun 14, the composite tubing 32 shatters into small pieces, as
depicted in Figure 6. The small pieces fall by gravity into the rathole and are small
enough that they do not present a problem to the subsequent operation of the wellbore.
The shattering of the composite tubing 32, in turn, releases the connector assembly 19 to
sever the connection between the top perforating gun 14 and the firing head 12, as
depicted in Figure 7. As a result, the top perforating gun 14 and any other perforating
guns(s) that are attached below the top perforating gun 14 drop into the rathole of the well.
For the detailed description of the operation of the connector assembly 19, please consult
the Related Application.

In the embodiments in which the connector 40 is constructed from a composite
material, when the shaped charges 13 are detonated, the energy of the detonation is
transmitted to the connector 40. Being constructed from a composite material that is
brittle under dynamic impact, the connector 40 expands and shatters into small pieces due
to the energy transfer. The small pieces fall by gravity into the rathole and are small
enough that they do not present a problem to the subsequent operation of the wellbore.

Utilizing impermeable perforating gun assembly 10 components constructed out of
composite materials as disclosed herein provides at least the following benefits: the
perforating gun 14 shatters and does not swell after being fired; the perforating gun
assembly 10 can be deployed in wellbores in which the minimum restriction diameter of
the wellbore equals or substantially equals the outer diameter of the associated non-fired
perforating gun 14; the perforating gun assembly 10 does not produce an obstruction for
its retrieval after firing; the components do not fragment into large pieces as a result of
firing and instead shatter into small pieces which fall into the rathole of the wellbore,
which small pieces do not present a major problem or danger for the subsequent operation

of the wellbore; the perforating gun assembly 10 is lighter than prior art perforating gun
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assemblies; and the safe and successful firing of the perforating gun 14 is ensured by
making the composite components impermeable to the surrounding wellbore fluids
thereby preventing the fluids from entering the interior of the perforating gun assembly 10.
It is to be understood that the invention is not limited to the exact details of
construction, operation, exact materials or embodiments shown and described, as obvious
modifications and equivalents will be apparent to one skilled in the art. Accordingly, the
invention is therefore to be limited only by the scope of the appended claims. For
instance, although not illustrated in the Figures, the impermeable perforating gun assembly
10 components constructed out of composite materials may also comprise members of the
perforating gun assembly 10 other than the perforating gun 14, the connector assembly 19,

and the connectors 40, such as firing heads, orienting tools, bottom noses, etc.
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CLAIMS

1.) A perforating gun assembly for use in a subterranean well comprising:

at least one component constructed from a composite material;

the component including a liner that is impermeable to well fluids;

the component being functionally associated with the perforating gun assembly;
and

the component shattering into small pieces upon firing the perforating gun of the

perforating gun assembly.

2) The assembly of claim 1, wherein the liner is bonded to a surface of the

component.
3) The assembly of claim 2, wherein the surface is an inner surface of the component.
4.) The assembly of claim 2, wherein the surface is an outer surface of the component.
5) The assembly of claim 1, wherein the liner is embedded within the component.
6.) The assembly of claim 1, wherein:

the perforating gun assembly includes a perforating gun having an outer carrier;
and

the component comprises the outer carrier.

7.) The assembly of claim 6, wherein:
15



8.)

the perforating gun further includes a loading tube; and

the component further comprises the loading tube.

The assembly of claim 6, further comprising:
a tubing string and a perforating gun release mechanism;

the perforating gun release mechanism including a tubing adapted to couple the

perforating gun to the tubing string before the perforating gun is fired and to shatter in

response to a firing of the perforating gun to release the perforating gun from the tubing

string; and

9.

10.)

11.)

the component further comprising the tubing.

The assembly of claim 6, further comprising:
at least two perforating guns joined by a gun connector; and

the component further comprises the gun connector.

The assembly of claim 1, wherein:
the perforating gun assembly includes a perforating gun having a loading tube; and

the component comprises the loading tube.

The assembly of claim 1, wherein:

the perforating gun assembly includes a tubing string, a perforating gun, and a

perforating gun release mechanism; and

the component comprises a tubing of the perforating gun release mechanism

adapted to couple the perforating gun to the tubing string before the perforating gun is
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fired and to shatter in response to a firing of the perforating gun to release the perforating

gun from the tubing string.

12.)  The assembly of claim 1, wherein:
the perforating gun assembly includes at least two perforating guns joined by a gun
connector; and

the component comprises the gun connector.

13.)  The assembly of claim 1, wherein the composite material is constructed from fibers

and a matrix material.

14.)  The assembly of claim 13, wherein the fibers are selected from a set consisting

essentially of carbon, glass, kevlar, nomex, and aramid.

15.)  The assembly of claim 13, wherein the matrix material is selected from a set
consisting essentially of polymers, ceramics, carbons, metals, and intermetallics.
16.)  The assembly of claim 1, wherein the liner is constructed from a material selected

from a set consisting essentially of rubbers, thermoplastics, and thermoplastic elastomers.

17.)) A perforating gun assembly for use in a subterranean well comprising:
at least one component constructed from a composite material;
the component being impermeable to well fluids;
the component being functionally associated with the perforating gun assembly;

and
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the component shattering into small pieces upon firing the perforating gun of the

perforating gun assembly.

18.)  The assembly of claim 17, wherein:
the perforating gun assembly includes a perforating gun having an outer carrier;
and

the component comprises the outer carrier.

19.)  The assembly of claim 18, wherein:
the perforating gun further includes a loading tube; and

the component further comprises the loading tube.

20.)  The assembly of claim 18, further comprising:

a tubing string and a perforating gun release mechanism;

the perforating gun release mechanism including a tubing adapted to couple the
perforating gun to the tubing string before the perforating gun is fired and to shatter in
response to a firing of the perforating gun to release the perforating gun from the tubing
string; and

the component further comprising the tubing.

21.)  The assembly of claim 17, wherein:
the perforating gun assembly includes at least two perforating guns joined by a gun
connector; and

the component further comprises the gun connector.

18



22)  The assembly of claim 17, wherein:
the perforating gun assembly includes a perforating gun having a loading tube; and

the component comprises the loading tube.

23.)  The assembly of claim 17, wherein:

the perforating gun assembly includes a tubing string, a perforating gun, and a
perforating gun release mechanism; and

the component comprises a tubing of the perforating gun release mechanism
adapted to couple the perforating gun to the tubing string before the perforating gun is
fired and to shatter in response to a firing of the perforating gun to release the perforating

gun from the tubing string.

24)  The assembly of claim 17, wherein:
the perforating gun assembly includes at least two perforating guns joined by a gun
connector; and

the component comprises the gun connector.

25.) A method of operating a perforating gun assembly, comprising:
providing at least one component of the perforating gun assembly that is
constructed from a composite material and that is impermeable to well fluids; and
firing the perforating gun of the perforating gun assembly which results in the

shattering of the composite component into small pieces.

26.) A method of operating a perforating gun assembly, comprising:

19



providing at least one component of the perforating gun assembly that is
constructed from a composite material and that includes a liner which is impermeable to
well fluids; and

firing the perforating gun of the perforating gun assembly which results in the

shattering of the composite component into small pieces.
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