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POTTED PIPE FITTING SYSTEMS AND
METHODS

CROSS-REFERENC.

L1

[0001] The present disclosure 1s a divisional of U.S. patent

application Ser. No. 16/953,576, entitled “POTTED PIPE
FITTING SYSTEMS AND METHODS” and filed Nov. 20,
2020, which claims priority to and benefit of U.S. Provi-
sional Patent Application No. 62/939,386, entitled “POT-
TED END FITTING FOR FLEXIBLE PIPE AND METH-
ODS OF INSTALLING SAME” and filed Nov. 22, 2019,
which are each incorporated herein by reference in 1its
entirety for all purposes.

BACKGROUND

[0002] The present disclosure generally relates to pipeline
systems and, more particularly, to a pipe fitting that may be
deployed 1n a pipeline system.

[0003] Pipeline systems are often implemented and/or
operated to facilitate transporting (e.g., conveying) tluid,
such as liquid and/or gas, from a fluid source to a fluid
destination. For example, a pipeline system may be used to
transport one or more hydrocarbons, such as crude oil,
petroleum, natural gas, or any combination thereof. Addi-
tionally or alternatively, a pipeline system may be used to
transport one or more other types of fluid, such as produced

water, fresh water, fracturing fluid, flowback fluid, carbon
dioxide, or any combination thereof.

[0004] To facilitate transporting fluid, a pipeline system
may include one or more pipe segments in addition to one
or more pipe (e.g., midline and/or end) fittings (e.g., con-
nectors), for example, which are used to couple a pipe
segment to another pipeline component, such as another
pipe fitting, another pipe segment, a fluid source, and/or a
fluid destination. Generally, a pipe segment includes tubing,
which defines (e.g., encloses) a pipe bore that provides a
primary fluid conveyance (e.g., flow) path through the pipe
segment. More specifically, the tubing of a pipe segment
may be implemented to facilitate 1solating (e.g., insulating)
fluid being conveyed within its pipe bore from environmen-
tal conditions external to the pipe segment, for example, to
reduce the likelihood of the conveyed (e.g., bore) fluid being,
lost to the external environmental conditions and/or the
external environmental conditions contaminating the con-
veyed fluid (e.g., clean and/or potable water).

[0005] To facilitate improving fluid isolation, 1 some
instances, the tubing of a pipe segment may include multiple
layers. For example, the tubing of a pipe segment may
include an internal pressure sheath layer and an outer sheath
layer that each run (e.g., span) the length of the pipe
segment. To facilitate improving its collapse (e.g., crush)
resistance, 1n some 1nstances, the pipe segment tubing may
additionally include a carcass layer disposed within 1ts
internal pressure sheath layer. Additionally, the pipe segment
tubing may include one or more intermediate layers dis-
posed between 1ts internal pressure sheath layer and 1ts outer
sheath layer. For example, to facilitate improving its tensile
strength and/or 1ts the hoop strength, the one or more
intermediate layers of pipe segment tubing may include a
reinforcement layer, which 1s made from a solid material that
has a higher tensile strength and/or a higher linear elasticity
modulus (e.g., stifiness) than the solid material that 1s used
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to fabricate the mnner barrier layer and/or the outer barrier
layer of the pipe segment tubing.

[0006] In any case, as described above, the tubing of a pipe
segment may generally be secured and sealed in a pipe
fitting. Generally, a pipe {itting may include a fitting body
that defines a fitting bore in which the internal pressure
sheath layer and the carcass layer of the pipe segment tubing
are to be disposed. To facilitate securing the pipe fitting to
pipe segment tubing, the fitting body of the pipe fitting may
additionally define a potting cavity in which reinforcement
strips from one or more intermediate (e.g., reinforcement)
layers of the pipe segment tubing are to be anchored (e.g.,
secured).

[0007] Generally, the fitting body of a pipe fitting may be
implemented to directly abut and, thus, reinforce a portion of
the internal pressure sheath layer of a pipe segment. Addi-
tionally, a reinforcement strip 1n a pipe segment may gen-
erally reinforce the internal pressure sheath layer of the pipe
segment when the reinforcement strip 1s disposed between
the internal pressure sheath layer and the outer sheath layer
of the pipe segment at a target lay angle. However, when
anchored 1n a potting cavity of a pipe fitting, a portion of a
reinforcement strip 1n a pipe segment may be flared away
from the internal pressure sheath layer of the pipe segment.
In other words, 1n some 1nstances, a gap between reinforce-
ment provided by the pipe fitting and reinforcement pro-
vided by a reinforcement strip of a corresponding pipe
segment may potentially result 1n a weak point developing
in the pipe fitting, which, at least 1n some instances, may
reduce operational efliciency and/or operational rehablhty
of a pipeline system 1n which the pipe fitting 1s deployed, for
example, due to fluid pressure within the pipe bore of the
pipe segment 1nadvertently producing a breach (e.g., hole or
opening) through the weak point in the pipe fitting.

SUMMARY

[0008] This summary 1s provided to introduce a selection
of concepts that are further described below 1n the detailed
description. This summary 1s not intended to identify key or
essential features of the claimed subject matter, nor 1s 1t
intended to be used as an aid 1n limiting the scope of the
claimed subject matter.

[0009] In one embodiment, a pipeline system includes a
pipe segment and a potted pipe fitting. The pipe segment
includes tubing having an internal pressure sheath layer that
defines a pipe bore, a remforcement strip implemented
around the internal pressure sheath layer to define a fluid
conduit within a tubing annulus of the pipe segment, and an
outer sheath layer implemented around the reinforcement
strip. The potted pipe fitting includes an outer fitting body
disposed around a portion of the reinforcement strip in the
pipe segment, an inner fitting body disposed between the
portion of the reinforcement strip and the internal pressure
sheath layer of the pipe segment, in which the mner fitting
body directly abuts the internal pressure sheath layer at least
up to a point where the reinforcement strip begins to flare
away Irom the internal pressure sheath layer and a potting
cavity of the potted pipe fitting 1s defined at least between an
inner surface of the outer fitting body and an outer surface
of the 1mmer fitting body, and cured potting material 1mple-
mented around the portion of the reinforcement strip in the
potting cavity to secure the potted pipe fitting to the pipe
segment.
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[0010] In another embodiment, a method of implementing
a pipe fitting at pipe segment tubing includes disposing an
outer fitting body of the pipe fitting around the pipe segment
tubing, cutting back an outer sheath layer of the pipe
segment tubing to expose a portion of a reinforcement strip
in the pipe segment tubing, inserting an inner fitting body of
the pipe fitting between the portion of the remnforcement
strip and an internal pressure sheath layer of the pipe
segment tubing such that the inner fitting body directly abuts
the internal pressure sheath layer at least up to a point where
the reinforcement strip begins to tlare away from the internal
pressure sheath layer, defining a potting cavity of the pipe
fitting at least in part by sliding the outer fitting body of the
pipe litting over the portion of the reinforcement strip 1n the
pipe segment tubing and the inner fitting body of the pipe
fitting, and disposing potting material around the portion of
the remnforcement strip 1 the potting cavity of the pipe
fitting to facilitate securing the pipe fitting to the pipe
segment tubing.

[0011] In another embodiment, a pipe fitting includes an
outer fitting body having a conical inner surface, in which
the outer fitting body 1s to be disposed around an exposed
portion of a reinforcement strip 1n pipe segment tubing, an
iner fitting body having a conical outer surface, in which
the mner fitting body 1s to be disposed between the exposed
portion of the remnforcement strip and an internal pressure
sheath layer of the pipe segment tubing, and a {fitting
connector that enables the pipe fitting to be connected to
another pipeline component. The outer fitting body and the
iner fitting body are to be secured to the fitting connector
to define a potting cavity in which the exposed portion of the
reinforcement strip 1s to be anchored between the conical
inner surtface of the outer fitting body and the conical outer
surface of the inner fitting body such that the potting cavity
has a continuous uniform wedge-shaped axial cross-section
profile.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 1s a block diagram of an example of a
pipeline system including pipe segments and pipe fittings, in
accordance with an embodiment of the present disclosure.
[0013] FIG. 2 1s a side view of an example of a pipe
segment of FIG. 1 that includes a pipe bore defined by its
tubing as well as fluid conduits 1implemented within an
annulus of its tubing, 1 accordance with an embodiment of
the present disclosure.

[0014] FIG. 3 1s an example of a portion of the pipe
segment of FIG. 2 with a helically shaped flmd conduit
implemented within the annulus of 1ts tubing, 1n accordance
with an embodiment of the present disclosure.

[0015] FIG. 4 1s an axial cross-section profile of an
example of a pipe segment that includes a carcass layer, 1n
accordance with an embodiment of the present disclosure.

[0016] FIG. S 15 axial cross-section profile of a portion of
a pipeline system that includes the pipe segment of FIG. 4
and an example of a potted pipe fitting, 1n accordance with
an embodiment of the present disclosure.

[0017] FIG. 6 1s an axial cross-section profile of a portion
ol a pipeline system that includes the pipe segment of FIG.
4 and another example of a potted pipe fitting, 1n accordance
with an embodiment of the present disclosure.

[0018] FIG. 7 1s an axial cross-section profile of a portion
ol a pipeline system that includes the pipe segment of FIG.
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4 and a further example of a potted pipe fitting, in accor-
dance with an embodiment of the present disclosure.
[0019] FIG. 815 aflow diagram of an example of a process
for implementing a potted pipe fitting, 1n accordance with an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0020] One or more specific embodiments of the present
disclosure will be described below with reference to the
figures. As used herein, the term *“coupled” or “coupled to0”
may indicate establishing either a direct or imdirect connec-
tion and, thus, 1s not limited to either unless expressly
referenced as such. The term “set” may refer to one or more
items. Wherever possible, like or identical reference numer-
als are used 1n the figures to 1dentily common or the same
teatures. The figures are not necessarily to scale. In particu-
lar, certain features and/or certain views of the figures may
be shown exaggerated 1n scale for purposes of clarification.
Furthermore, 1t should be appreciated that the depicted
examples are merely intended to be illustrative and not
limiting

[0021] The present disclosure generally relates to pipeline
systems that may be implemented and/or operated to trans-
port (e.g., convey) fluid, such as liquid and/or gas, from a
fluid source to a fluud destination. Generally, a pipeline
system may 1include pipe fittings, such as a midline pipe
fitting and/or a pipe end fitting, and one or more pipe
segments. More specifically, a pipe segment may generally
be secured and sealed in one or more pipe {fittings to
facilitate fluidly coupling the pipe segment to another pipe-
line component, such as another pipe segment, another pipe
fitting, a flmd source, and/or a fluid destination. Merely as an
illustrative non-limiting example, a pipeline system may
include a first pipe end {itting secured to a first pipe segment
to facilitate fluidly coupling the first pipe segment to the
fluid source, a midline pipe fitting secured between the first
pipe segment and a second pipe segment to facilitate fluidly
coupling the first pipe segment to the second pipe segment,
and a second pipe end fitting secured to the second pipe
segment to facilitate fluidly coupling the second pipe seg-
ment to the flud destination.

[0022] In any case, a pipe segment generally includes
tubing that defines (e.g., encloses) a pipe bore, which
provides a primary fluid conveyance (e.g., flow) path
through the pipe segment. More specifically, the tubing of a
pipe segment may be implemented to facilitate i1solating
environmental conditions external to the pipe segment from
conditions within 1ts pipe bore and, thus, fluid that flows
therethrough. In particular, the tubing of a pipe segment may
primarilly be implemented to block fluid tlow directly
between the pipe bore of the pipe segment and 1ts external
environmental conditions, for example, 1 addition to pro-
viding thermal, pressure, and/or electrical 1solation (e.g.,
insulation).

[0023] To facilitate improving fluid 1solation, 1n some
instances, the tubing of a pipe segment may be implemented
with multiple tubing layers. For example, the tubing of a
pipe segment may include an 1nternal pressure sheath (e.g.,
inner barrier) layer and an outer sheath (e.g., outer barrier)
layer that are each implemented to run (e.g., span) the length
of the pipe segment. In particular, the internal pressure
sheath layer and the outer sheath layer may each be imple-
mented as a continuous layer of solid material, such as
plastic, that runs the length of the pipe segment.
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[0024] In some instances, the tubing of a pipe segment
may additionally include one or more intermediate layers
implemented between 1ts internal pressure sheath layer and
its outer sheath layer and, thus, 1n a tubing annulus of the
pipe segment. In particular, to facilitate improving 1ts tensile
strength and/or its hoop strength, in some instances, the
intermediate layers of pipe segment tubing may include one
or more reinforcement (e.g., pressure armor and/or tensile
armor) layers, which each has one or more solid (e.g.,
reinforcement) strips that are implemented at a target lay
angle with maternal that has a higher tensile strength and/or
a higher linear elasticity modulus (e.g., stiflness) than mate-
rial that 1s used to implement the internal pressure sheath
layer and/or the outer sheath layer of the pipe segment
tubing. For example, a reinforcement strip may be imple-
mented using metal, such as steel, while the internal pressure
sheath layer and the outer sheath layer of the pipe segment
tubing are implemented using plastic, such as high-density
polyethylene (HDPE). Additionally or alternatively, the
intermediate layers of pipe segment tubing may include one
or more tape layers, one or more mtermediate sheath layers,
one or more anti-wear layers, one or more insulation layers,
or any combination thereof.

[0025] Furthermore, in some instances, a pipe segment
may be deployed 1n an elevated pressure environment, for
example, underwater in a subsea application. To facilitate
improving its collapse and/or crush resistance, 1n some
instances, the tubing of the pipe segment may additionally
include a carcass layer implemented within 1ts internal
pressure sheath layer. In other words, 1n such instances, the
internal pressure sheath layer may be implemented around
the carcass layer and, thus, the carcass layer may be the
innermost layer of the pipe segment tubing.

[0026] In any case, as described above, the tubing of a pipe
segment may generally be secured and sealed in a pipe
fitting. To facilitate securing pipe segment tubing therein, a
pipe {itting may include a fitting body that defines a fitting
bore 1 which the internal pressure sheath layer and the
carcass layer of the pipe segment tubing are to be disposed.
However, 1n some instances, the pipe segment tubing may
potentially pull out (e.g., separate) from the fitting bore of
the pipe fitting. As such, to facilitate securing the pipe fitting,
to pipe segment tubing, the fitting body of the pipe fitting
may additionally define a potting cavity in which remnforce-
ment strips from one or more intermediate (e.g., remforce-
ment) layers of the pipe segment tubing are to be anchored
(e.g., secured). In other words, the fitting body may define
the potting cavity circumierentially (e.g., concentrically)
around the fitting bore and cured potting material, such as
epoxy, may be implemented around a portion of a reinforce-
ment strip that 1s disposed within the potting cavity to
facilitate securing the tubing of a corresponding pipe seg-
ment to the fitting body.

[0027] Generally, the fitting body of a pipe fitting may be
implemented to directly abut and, thus, reinforce a portion of
the 1nternal pressure sheath layer of a pipe segment. Addi-
tionally, as described above, a reinforcement strip 1n a pipe
segment may generally reinforce the internal pressure sheath
layer of the pipe segment when the reinforcement strip 1s
disposed between the internal pressure sheath layer and the
outer sheath layer of the pipe segment at a target lay angle.
However, when anchored 1n a potting cavity of a pipe fitting,
a portion of a reinforcement strip 1n a pipe segment may be
flared away from the internal pressure sheath layer of the
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pipe segment. In other words, 1n some instances, a gap
between remforcement provided by the pipe fitting and
reinforcement provided by a reinforcement strip of a corre-
sponding pipe segment may potentially result in a weak
point developing in the pipe fitting, which, at least in some
instances, may reduce operational etliciency and/or opera-
tional reliability of a pipeline system in which the pipe fitting,
1s deployed, for example, due to fluid pressure within the
pipe bore of the pipe segment inadvertently producing a
breach (e.g., hole or opening) through the weak point in the
pipe litting.

[0028] Accordingly, to {facilitate 1mproving pipeline
operational efliciency and/or pipeline operational reliability,
the present disclosure provides techmques for implementing
and/or deploying a pipe fitting—namely a potted pipe fit-
ting—that improves the reinforcement the potted pipe fitting
provides to the tubing of a pipe segment that 1s secured and
sealed therein. As will be described 1n more detail below, the
fitting body of a potted pipe fitting may generally include an
iner fitting body, an outer fitting body, and a fitting body
collar. In particular, the inner fitting body may be imple-
mented to be disposed between the internal pressure sheath
layer and one or more reinforcement strips of the tubing of
a pipe segment while the outer fitting body may be 1mple-
mented to be disposed around the one or more reinforcement
strips of the pipe segment tubing.

[0029] To {facilitate connecting another pipeline compo-
nent thereto, the potted pipe fitting may additionally include
a litting connector (e.g., flange) that 1s implemented to be
secured to 1ts outer fitting body and 1ts inner fitting body, for
example, via one or more threaded fasteners, such as a bolt
or a screw. In particular, in some embodiments, the outer
fitting body may be implemented to overlap with the inner
fitting body and a portion of the fitting connector such that
the potting cavity of the potted pipe fitting 1s defined
therebetween. In other words, 1n such embodiments, a first
portion of the potting cavity may be defined between an
inner surface of the outer fitting body and an outer surface
of the portion of the fitting connector and a second portion
of the potting cavity may be defined between the inner
surface of the outer fitting body and an outer surface of the
iner fitting body.

[0030] However, to facilitate easing securement of a fitting
connector to a corresponding inner fitting body and/or to
tacilitate reducing overall size (e.g., footprint) of a potted
pipe fitting, in other embodiments, the outer fitting body of
the potted pipe fitting may be implemented to overlap with
the mner fitting body, but not the fitting connector. In other
words, 1n such embodiments, the potting cavity of the potted
pipe fitting may be defined just between the inner surface of
the outer fitting body and the outer surface of the inner fitting
body. In fact, to facilitate further easing securement of a
fitting connector to an inner fitting body, 1n some embodi-
ments, a fastener opening in the mner fitting body may be
implemented on a lip (e.g., extension) that extends radially
out toward a corresponding outer fitting body.

[0031] In any case, to facilitate sealing pipe segment
tubing therein, a potted pipe fitting may additionally include
one or more fitting seals. In particular, 1n some embodi-
ments, the potted pipe fitting may include an inner fitting
seal, which 1s implemented to be compressed between its
iner {itting body, its fitting connector, and the internal
pressure sheath layer of pipe segment tubing. Additionally,
the potted pipe fitting may include an outer fitting seal,
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which 1s implemented to be compressed between its outer
fitting body, 1ts fitting body collar, and the outer sheath layer
of pipe segment tubing.

[0032] Thus, to facilitate sealing and securing pipe seg-
ment tubing 1n a potted pipe fitting, the fitting body collar,
the outer fitting seal, and the outer fitting body of the potted
pipe fitting may be disposed (e.g., slid) around the pipe
segment tubing. Additionally, the outer sheath layer of the
pipe segment tubing may be cut back to expose a portion of
one or more reinforcement strips in the pipe segment tubing.
In some embodiments, a reinforcement strip 1n pipe segment
tubing may be implemented at a target lay angle relative to
the longitudinal axis of the pipe segment tubing to facilitate
optimizing (e.g., balancing) the reimnforcement (e.g., tensile
strength and/or the hoop strength) provided by the reinforce-
ment strip. In fact, in some embodiments, reinforcement
strips 1n different reinforcement (e.g., intermediate) layers of
pipe segment tubing may have diflerent target lay angles, for
example, to enable a corresponding reinforcement layer to
act as a pressure armor layer, a tensile armor layer, or both.

[0033] However, as described above, the outer fitting seal
of the potted pipe fitting may be activated by compressing
the outer fitting seal against the outer sheath layer of pipe
segment tubing. Additionally, as described above, 1n some
embodiments, the outer sheath layer of pipe segment tubing
may be implemented using plastic, such as high-density
polyethylene (HDPE), which may be relatively easy to
deform. Thus, to facilitate separating (e.g., 1solating) the
sealing function provided by the outer fitting seal from the
reinforcement function provided by a reinforcement layer
(e.g., one or more reinforcement strips) of the pipe segment
tubing, 1n some embodiments, a rigid reinforcement sleeve
may be inserted and secured between a (e.g., non-cutback)
portion of the outer sheath layer and a corresponding portion
of the reinforcement layer.

[0034] In any case, the inner fitting body of the potted pipe
fitting may then be disposed (e.g., mserted) between the
internal pressure sheath layer and one or more reinforcement
strips of the pipe segment tubing. In particular, to facilitate
supporting the pipe segment tubing using the potted pipe
fitting, 1n some embodiments, the inner fitting body of the
potted pipe fitting may be implemented to be inserted under
a reinforcement layer of a pipe segment at least up to a point
where one or more reinforcement strips of the pipe segment
begin to tlare away from the internal pressure sheath layer of
the pipe segment. For example, in such embodiments, the
inner fitting body may be implemented to be inserted at least
up to a point where the outer sheath layer 1s cutback and/or
the beginning of a ngid reinforcement sleeve (e.g., and
potentially overlapping with a remaining portion of the outer
sheath layer and/or a portion of the rigid reinforcement
sleeve). However, in other embodiments, a potted pipe
fitting may support the tubing of a pipe segment via a
separate spacer ring, which 1s implemented to be secured
around the internal pressure sheath layer of the pipe segment
tubing between an end of 1ts mnner fitting body and one or
more reinforcement strips ol the pipe segment tubing, for
example, to enable the spacer ring to provide electrical
continuity (e.g., and, thus, cathodic protection) to the one or
more reinforcement strips.

[0035] Inany case, the outer fitting body of the potted pipe
fitting may then be slid over the exposed portion of the
reinforcement layer (e.g., one or more reinforcement strips)
to define the potting cavity of the potted pipe fitting. In
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particular, in some embodiments, a potted pipe fitting may
be implemented with a potting cavity that has a non-uniform
axial cross-section profile (e.g., shape). For example, 1n
some such embodiments, a first portion of the potting cavity,
which 1s farther from the outer sheath layer of a correspond-
ing pipe segment, may be implemented with a wedge-
shaped axial cross-section profile, while a second portion of
the potting cavity, which 1s closer to the outer sheath layer
of the pipe segment, may be implemented with a different
axial cross-section profile, such as another wedge-shaped
axial cross-section profile. However, a potting cavity with a
non-uniform axial cross-section profile may result in force
non-uniformly being distributed across the potting cavity
and, thus, stress concentration zones developing within the
potting cavity, which, at least in some instances, may limit
anchoring strength provided by cured potting maternal in the
potting cavity, for example, due to the non-uniform force
distribution causing different portions of the cured potting
material to break at substantially diflerent times.

[0036] Accordingly, to facilitate improving the strength
with which pipe segment tubing can be secured (e.g.,
anchored) 1n a potted pipe fitting, 1n other embodiments, the
potted pipe fitting may be implemented with a potting cavity
that has a continuous (e.g., single) uniform axial cross-
section profile (e.g., shape). For example, 1n some such
embodiments, the potting cavity of a potted pipe fitting may
be implemented with a continuous uniform wedge-shaped
axial cross-section profile. To facilitate defining a potting
cavity with a continuous uniform wedge-shaped axial cross-
section profile, in some embodiments, the outer fitting body
ol a potted pipe fitting may be implemented with a conical
inner surface while the iner fitting body of the potted pipe
fitting may be implemented with a conical outer surface,
which 1s slanted at a different angle as compared to the
conical inner surface of the outer fitting body.

[0037] In any case, fluid (e.g., liqmd) potting matenal,
such as epoxy, may then be flowed into the potting cavity of
the potted pipe fitting. After curing (e.g., hardening and/or
solidifying), a solid mass of cured potting material may
encase the portion of one or more reinforcement strips
present 1n the potting cavity and, thus, facilitate anchoring
the one or more remnforcement strip 1n the potted pipe fitting.
Additionally, the body collar of the potted pipe fitting may
be secured to the outer fitting body, for example, to facilitate
sealing the pipe segment tubing by compressing the outer
fitting seal between the outer fitting body, the fitting body
collar, and the outer sheath layer of the pipe segment tubing.
In this manner, the present disclosure provides techniques
for implementing and/or deploying a potted pipe fitting to
tacilitate improving the reinforcement the potted pipe fitting
provides to the tubing of a corresponding pipe segment,
which, at least 1n some 1nstances, may facilitate improving
pipeline operational efliciency and/or pipeline operational
reliability, for example, by reducing the likelihood of fluid
pressure within the pipe bore of the pipe segment producing
a breach within the potted pipe fitting.

[0038] To help illustrate, an example of a pipeline system
10 1s shown in FIG. 1. As 1n the depicted example, the
pipeline system 10 may be coupled between a bore fluid
source 12 and a bore fluid destination 14. Merely as an
illustrative non-limiting example, the bore fluid source 12
may be a production well and the bore fluid destination 14
may be a fluid storage tank. In other instances, the bore fluid
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source 12 may be a first (e.g., lease facility) storage tank and
the bore fluid destination 14 may be a second (e.g., refinery)
storage tank.

[0039] In any case, the pipeline system 10 may generally
tacilitate transporting (e.g., conveying) fluid, such as gas
and/or liquid, from the bore fluid source 12 to the bore fluid
destination 14. In fact, in some embodiments, the pipeline
system 10 may be used in many applications, including
without limitation, both onshore and offshore oil and gas
applications. For example, 1n such embodiments, the pipe-
line system 10 may be used to transport one or more
hydrocarbons, such as crude oil, petroleum, natural gas, or
any combination thereof. Additionally or alternatively, the
pipeline system 10 may be used to transport one or more
other types of flmd, such as produced water, fresh water,
fracturing flmd, flowback fluid, carbon dioxide, or any
combination thereof.

[0040] To facilitate flowing fluid to the bore fluid desti-
nation 14, 1n some embodiments, the bore fluid source 12
may include one or more bore fluid pumps 16 that inject
(e.g., pump and/or supply) fluid from the bore flmd source
12 1into a bore of the pipeline system 10. However, 1t should
be appreciated that the depicted example 1s merely intended
to be 1llustrative and not limiting. In particular, 1n other
embodiments, one or more bore fluid pumps 16 may not be
at the bore fluid source 12, for example, when fluid tlow
through the bore of the pipeline system 10 1s produced by
gravity. Additionally or alternatively, 1n other embodiments,
one or more bore fluid pumps 16 may be in the pipeline
system 10 and/or at the bore fluid destination 14.

[0041] To facilitate transporting tluid from the bore fluid
source 12 to the bore fluid destination 14, as 1n the depicted
example, a pipeline system 10 may include one or more pipe
fittings 18 and one or more pipe segments 20. For example,
the depicted pipeline system 10 includes a first pipe segment
20A, a second pipe segment 20B, and an Nth pipe segment
20N. Additionally, the depicted pipeline system 10 includes
a first pipe (e.g., end) fitting 18A, which couples the bore
fluid source 12 to the first pipe segment 20A, a second pipe
(e.g., midline) fitting 18B, which couples the first pipe
segment 20A to the second pipe segment 20B, and an Nth
pipe (e.g., end) fitting 18N, which couples the Nth pipe
segment 20N to the bore flmd destination 14.

[0042] However, it should again be appreciated that the
depicted example 1s merely ntended to be illustrative and
not limiting. In particular, in other embodiments, a pipeline
system 10 may include fewer than three (e.g., two or one)
pipe segments 20 or more than three (e.g., four, five, or
more) pipe segments 20. Additionally or alternatively, in
other embodiments, a pipeline system 10 may include fewer
than four (e.g., three or two) pipe fittings 18 or more than
four (e.g., five, six, or more) pipe fittings 18.

[0043] In any case, as described above, a pipe segment 20
generally includes tubing that may be used to convey (e.g.,
transfer and/or transport) water, gas, oil, and/or any other
suitable type of fluid. The tubing of a pipe segment 20 may
be made of any suitable type of material, such as plastic,
metal, and/or a composite (e.g., fiber-remnforced composite)
material. In fact, as will be described 1n more detail below,
in some embodiments, the tubing of a pipe segment 20 may
include multiple different tubing layers. For example, the
tubing of a pipe segment 20 may include a first high-density
polyethylene (e.g., internal corrosion protection) layer, one
or more reinforcement (e.g., steel strip) layers external to the
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first high-density polyethylene layer, and a second high-
density polyethylene (e.g., external corrosion protection)
layer external to the one or more reinforcement layers.

[0044] Additionally, as in the depicted example, one or
more (e.g., second and/or Nth) pipe segments 20 1n a
pipeline system 10 may be curved. To facilitate implement-
Ing a curve in a pipe segment 20, 1n some embodiments, the
pipe segment 20 may be flexible, for example, such that the
pipe segment 20 1s spoolable on a reel and/or 1n a coil (e.g.,
during transport and/or before deployment of the pipe seg-
ment 20). In other words, 1n some embodiments, one or
more pipe segments 20 1n the pipeline system 10 may be a
flexible pipe, such as a bonded flexible pipe, an unbonded
flexible pipe, a flexible composite pipe (FCP), a thermo-
plastic composite pipe (1CP), or a reinforced thermoplastic
pipe (RTP). In fact, at least in some 1nstances, 1ncreasing
flexibility of a pipe segment 20 may facilitate improving
deployment efliciency of a pipeline system 10, for example,
by obviating a curved (e.g., elbow) pipe fitting 18 and/or
ecnabling the pipe segment 20 to be transported to the
pipeline system 10, deployed in the pipeline system 10, or
both using a tighter spool.

[0045] To facilitate improving pipe tlexibility, in some
embodiments, the tubing of a pipe segment 20 that defines
(e.g., encloses) its pipe bore may additionally define free
space (e.g., one or more gaps) devoid of solid material 1n 1ts
annulus. In fact, 1n some embodiments, the free space 1n the
tubing annulus of a pipe segment 20 may run (e.g., span) the
length of the pipe segment 20 and, thus, define (e.g.,
enclose) one or more fluid conduits 1n the annulus of the
tubing, which are separate from the pipe bore. In other
words, 1n such embodiments, fluid may flow through a pipe
segment 20 via its pipe bore, a fluid conduit defined within
its tubing annulus, or both.

[0046] To help 1llustrate, an example of a pipe segment 20,
which includes tubing 22 with annular gaps (e.g., fluid
conduits and/or free space) 24 defined 1n its annulus 25, 1s
shown 1n FIG. 2. As depicted, the pipe segment tubing 22
has multiple tubing layers including an internal pressure
sheath (e.g., inner barrier) layer 26 and an outer sheath (e.g.,
outer barrier) layer 28. In some embodiments, the internal
pressure sheath layer 26 and/or the outer sheath layer 28 of
the pipe segment tubing 22 may be made using composite
material and/or plastic, such as high-density polyethylene
(HDPE), raised temperature polyethylene (PE-RT), cross-
linked polyethylene (XLPE), polyamide 11 (PA-11), poly-
amide 12 (PA-12), polyvinylidene difluoride (PVDEF), or any
combination thereof. Although a number of particular layers
are depicted, 1t should be understood that the techniques
described in the present disclosure may be broadly appli-
cable to composite pipe body structures including two or
more layers, for example, as distinguished from a rubber or
plastic single-layer hose subject to vulcamization. In any
case, as depicted, an mner surface 30 of the internal pressure
sheath layer 26 defines (e.g., encloses) a pipe bore 32
through which flmd can flow, for example, to facilitate
transporting fluid from a bore fluid source 12 to a bore fluid
destination 14.

[0047] Additionally, as depicted, the tubing annulus 235 of
the pipe segment 20 1s implemented between its internal
pressure sheath layer 26 and its outer sheath layer 28. As will
be described in more detail below, the tubing annulus 25 of
a pipe segment 20 may 1nclude one or more intermediate
layers. Furthermore, as depicted, annular gaps 24 running
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along the length of the pipe segment 20 are defined (e.g.,
enclosed) 1n the tubing annulus 25. As described above, an
annular gap 24 1n the tubing annulus 25 may be devoid of
solid material. As such, pipe segment tubing 22 that includes
one or more annular gaps 24 defined therein may exert less
resistance to flexure, for example, as compared to solid pipe
segment tubing 22 and/or pipe segment tubing 22 that does
not iclude annular gaps 24 defined its annulus 25. More-
over, to facilitate further improving pipe tlexibility, 1n some
embodiments, one or more layers 1n the tubing 22 of a pipe
segment 20 may be unbonded from one or more other layers
in the tubing 22 and, thus, the pipe segment 20 may be an
unbonded pipe.

[0048] However, it should be appreciated that the depicted
example 1s merely mtended to be 1llustrative and not limut-
ing. In particular, 1n other embodiments, a pipe segment 20
may 1nclude fewer than two (e.g., one) or more than two
(e.g., three, four, or more) annular gaps 24 defined 1n 1ts
tubing annulus 25. Additionally or alternatively, in other
embodiments, an annular gap 24 defined 1in the tubing
annulus 25 of a pipe segment 20 may run non-parallel to the
pipe bore 32 of the pipe segment 20, for example, such that
the annular gap 24 1s skewed relative to the longitudinal
extent of the pipe bore 32.

[0049] To help 1llustrate, an example of a portion 36 of a
pipe segment 20, which includes an internal pressure sheath
layer 26 and an intermediate layer—namely a reinforcement
layer 34—included in the annulus 25 of 1its pipe segment
tubing 22, 1s shown in FIG. 3. However, it should be
appreciated that the depicted example 1s merely mtended to
be illustrative and not limiting. In particular, 1n other
embodiments, the intermediate layers of pipe segment tub-
ing 22 may additionally or alternatively include one or more
tape layers, one or more insulation layers one or more
intermediate sheath layers, one or more anti-wear layers, or
any combination thereof.

[0050] In any case, as depicted, the reinforcement layer 34
includes a reinforcement strip 40. To facilitate improving
tensile strength and/or hoop strength of pipe segment tubing
22, 1n some embodiments, a reinforcement strip 40 1n the
pipe segment tubing 22 may be made at least 1n part using
solid material that has a higher tensile strength and/or a
higher linear elasticity modulus (e.g., stiflness) than solid
material that 1s used to make the internal pressure sheath
layer 26 and/or the outer sheath layer 28 of the pipe segment
tubing. For example, the internal pressure sheath layer 26
may be made using plastic, such as high-density polyethyl-
ene (HDPE), while the reinforcement strip 40 1s made using
metal, such as carbon steel, stainless steel, duplex stainless
steel, super duplex stainless steel, or any combination
thereof. In other words, at least 1n some such embodiments,
a reinforcement strip 40 of the pipe segment tubing 22 may
be made using electrically conductive material, which, at
least in some 1nstances, may enable communication of
clectrical (e.g., control and/or sensor) signals via the rein-
forcement strip 40. However, in other embodiments, one or
more reinforcement strips 40 of pipe segment tubing 22 may
additionally or alternatively be made at least 1n part using a
composite material.

[0051] Additionally, as depicted, the reinforcement strip
40 1s helically disposed (e.g., wound and/or wrapped) on the
internal pressure sheath layer 26 such that gaps (e.g., open-
ings) are leit between adjacent windings to define an annular
gap (e.g., fluid conduit) 24. In other words, 1n some embodi-
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ments, the reinforcement layer 34 may be formed at least in
part by winding the reinforcement strip 40 around the
internal pressure sheath layer 26 at a non-zero lay angle
(e.g., fifty-two degrees) relative to the longitudinal axis of
the pipe bore 32. As described above, a reinforcement strip
40 may generally have a target lay angle that facilitates
optimizing (e.g., balancing) the tensile strength and the hoop
strength provided by the reinforcement strip 40. In fact, 1n
some embodiments, remnforcement strips 40 1n different
reinforcement layers 34 of pipe segment tubing 22 may have
different target lay angles, for example, to enable a corre-
sponding reinforcement layer 34 to act as a pressure armor
layer, a tensile armor layer, or both. In any case, as depicted,
the resulting annular gap 24 runs helically along the pipe
segment 20, for example, such that the annular gap 24 1s
skewed fifty-two degrees relative to the longitudinal axis of
the pipe bore 32.

[0052] However, it should again be appreciated that the
depicted example 1s merely intended to be illustrative and
not limiting. In particular, in some embodiments, one or
more other intermediate layers, such as an anti-wear layer,
may be disposed between the mternal pressure sheath layer
26 and a reinforcement layer 34 of pipe segment tubing 22.
In other words, 1n some such embodiments, a reinforcement
strip 40 of the reinforcement layer 34 may be disposed on
another intermediate layer, for example, 1nstead of directly
on the internal pressure sheath layer 26 of the pipe segment
tubing 22. Moreover, 1n other embodiments, a reinforcement
layer 34 of pipe segment tubing 22 may include multiple
reinforcement strips 40.

[0053] In any case, 1n some embodiments, an outer sheath
layer 28 may be disposed directly over the depicted rein-
forcement layer 34 and, thus, cover and/or define (e.g.,
enclose) the depicted annular gap 24. However, in other
embodiments, the tubing annulus 25 of pipe segment tubing
22 may include multiple (e.g., two, three, four, or more)
reinforcement layers 34. In other words, 1n such embodi-
ments, one or more other reinforcement layers 34 may be
disposed over the depicted reinforcement layer 34. In fact, 1n
some such embodiments, the remnforcement strips 40 1n the
one or more other reinforcement layers 34 may also each be
helically disposed such that there are annular gaps (e.g., tluid
conduits and/or free space) 24 between adjacent windings.

[0054] For example, a first other reinforcement strip 40 of
a first other reinforcement layer 34 may be helically dis-
posed on the depicted reinforcement strip 40 using the same
non-zero lay angle as the depicted reinforcement strip 40 to
cover (e.g., enclose) the depicted annular gap 24 and to
define another annular gap 24 in the first other reinforcement
layer 34. Additionally, a second other reinforcement strip 40
of a second other reinforcement layer 34 may be helically
disposed on the first other reinforcement strip 40 using
another non-zero lay angle, which 1s the inverse of the
non-zero lay angle of the depicted reinforcement strip 40, to
define another annular gap 24 in the second other reinforce-
ment layer 34. Furthermore, a third other reinforcement strip
40 of a third other reinforcement layer 34 may be helically
disposed on the second other reinforcement strip 40 using
the same non-zero lay angle as the second other remforce-
ment strip 40 to cover the other annular gap 24 1n the second
other reinforcement layer 34 and to define another annular
gap 24 in the third other reinforcement layer 34. In some
embodiments, an outer sheath layer 28 may be disposed over
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the third other reinforcement layer 34 and, thus, cover (e.g.,
enclose) the other annular gap 24 in the third other rein-
forcement layer 34.

[0055] In any case, as described above, 1n some 1nstances,
a pipe segment 20 may be deployed 1n an elevated pressure
environment, for example, underwater in a subsea applica-
tion. To facilitate improving the collapse and/or crush resis-
tance of 1ts tubing 22, a carcass layer may be disposed within
the 1internal pressure sheath layer 26 of the pipe segment 20.
In other words, 1 such instances, the internal pressure
sheath layer 26 may be disposed around the carcass layer
and, thus, the carcass layer may be the innermost layer of the
pipe segment tubing 22.

[0056] To help illustrate, an example of pipe segment
tubing 22 that includes a carcass layer 37 1s shown 1n FIG.
4. To facilitate improving collapse and/or crush resistance, 1n
some embodiments, the carcass layer 37 may be made using
metal, such as carbon steel, stainless steel, duplex stainless
steel, super duplex stainless steel, or any combination
thereol. Additionally, as depicted, the carcass layer 37 1s an
interlocked layer 1in the pipe segment tubing 22.

[0057] In addition to the carcass layer 37, as depicted, the
pipe segment tubing 22 includes an internal pressure sheath
layer 26 and an outer sheath layer 28. Furthermore, as
depicted, the pipe segment tubing 22 includes intermediate
layers 38 disposed between the internal pressure sheath layer
26 and the outer sheath layer 28 and, thus, 1n the annulus 235
of the pipe segment tubing 22. In particular, as depicted, the
intermediate layers 38 includes at least a reinforcement layer
34 with one or more reinforcement strips 40 that define one
or more annular gaps (e.g., fluid conduits and/or free space)
24 1n the tubing annulus 25.

[0058] However, it should be appreciated that the depicted
example 1s merely mtended to be illustrative and not limat-
ing. In particular, as mentioned above, 1 some embodi-
ments, the mntermediate layers 38 of pipe segment tubing 22
may additionally or alternatively include one or more tape
layers, one or more itermediate sheath layers, one or more
anti-wear layers, one or more insulation layers, or any
combination thereof. Additionally, as described above, 1n
some embodiments, pipe segment tubing 22 may include
multiple reinforcement layers 34, which each include one or
more reinforcement strips 40. In any case, as described
above, 1 a pipeline system 10, the tubing 22 of a pipe
segment 20 may generally be secured and sealed 1n a pipe
fitting 18.

[0059] To help illustrate, a portion 42A of a pipeline
system 10, which includes an example of a pipe {fitting
18—namely a potted pipe fitting 44 A—and pipe segment
tubing 22, 1s shown 1 FIG. 5. As 1n the depicted example,
a potted pipe fitting 44 may generally include a fitting
connector (e.g., flange) 46 and a fitting body 48, which
defines a fitting bore 49. In general, the fitting connector 46
of a pipe fitting 18 may generally be used to secure the pipe
fitting 18 to another pipeline component, such as a bore fluid
source 12, a bore fluid destination 14, or another pipe fitting
18. Additionally, as in the depicted example, the fitting body
48 of a potted pipe fitting 44 may generally 1include a fitting
collar 52, an mner {itting body 54, and an outer fitting body
56. The 1nner fitting body 54 A may be disposed between the
internal pressure sheath layer 26 and one or more reinforce-
ment strips 40 of the pipe segment tubing 22 while the outer
fitting body 56 A may be disposed around the one or more
reinforcement strips 40 of the pipe segment tubing 22.
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[0060] To facilitate sealing pipe segment tubing 22
therein, as in the depicted example, a potted pipe fitting 44
may additionally include fitting seals 50. In particular, as
depicted, the potted pipe fitting 44A 1ncludes an inner seal
ring 50A, which may be compressed between the fitting
connector 46 A of the potted pipe fitting 44 A, the inner fitting
body 54 A of the potted pipe fitting 44A, and the internal
pressure sheath layer 26 of the pipe segment tubing 22.
Additionally, as depicted, the potted pipe fitting 44A
includes an outer seal ring 50B, which may be compressed
between the outer fitting body 56A, the fitting collar 52A,
and the outer sheath layer 28 of the pipe segment tubing 22.
In addition to an inner seal ring 50A and an outer seal ring
50B, as 1n the depicted example, a potted pipe fitting 44 may
include one or more face seals S0C, such as a face seal 50C
secured between 1ts fitting connector 46 and its outer fitting
body 56, a face seal 50C secured between its fitting con-
nector 46 and 1ts mner fitting body 54, and a face seal 50C

secured between 1ts outer fitting body 56 and 1ts fitting collar
52.

[0061] In some embodiments, one or more fitting seals 50
in a potted pipe fitting 44 may be made using metal, such as
carbon steel, stainless steel, duplex stainless steel, super
duplex stainless steel, or any combination thereof. However,
in other embodiments, one or more fitting seals 50 1 a
potted pipe fitting 44 may be made using non-metallic
material, such as a polymer, rubber, and/or plastic.

[0062] In any case, as 1n the depicted example, 1n some
embodiments, a potting cavity 38 of a potted pipe fitting 44
in which one or more reinforcement strips 40 are to be
anchored may be defined when the outer fitting body 56 of
the potted pipe fitting 44 1s disposed around the 1nner fitting
body 54 of the potted pipe fitting 44 and a portion 60 of the
fitting connector 46 of the potted pipe fitting 44. In other
words, 1n such embodiments, a first portion 62 of the potting
cavity 58, which 1s farther from the outer sheath layer 28 of
corresponding pipe segment tubing 22, may be defined
between an inner surface 64 of the outer fitting body 56 and
an outer surface 66 of the portion 60 of the fitting connector
46 while a second portion 68 of the potting cavity 38, which
1s closer to the outer sheath layer 28 of the pipe segment
tubing 22, may be defined between the inner surface 64 of
the outer fitting body 56 and an outer surtace 70 of the inner
fitting body 54. In particular, 1n the depicted example, the
first portion 62A of the potting cavity 58A 1s defined with a
wedge-shaped axial cross-section profile while the second
portion 68A of the potting cavity 58A 1s defined with a
different-shaped axial cross-section profiile.

[0063] However, it should be appreciated that the depicted
example 1s merely mtended to be illustrative and not limat-
ing. In particular, as will be described 1n more detail below,
in other embodiments, the outer fitting body 56 of a potted
pipe fitting 44 may overlap with the inner fitting body 354 of
the potted pipe fitting 44, but not the fitting connector 46 of
the potted pipe fitting 44, for example, to reduce the overall
s1ze of the potted pipe fitting 44 and/or to ease securement
of the fitting connector 46 to the inner fitting body 54.
Additionally, although depicted as tapering away from a
corresponding inner fitting body 54, as will be described 1n
more detail below, 1n other embodiments, an 1nner seal ring
50A of a potted pipe fitting 44 may taper toward the 1nner
fitting body 34. Furthermore, as will be described 1n more
detail below, 1n other embodiments, a potting cavity 38 of a
potted pipe fitting 44 may have a continuous uniform axial




US 2022/0146026 Al

cross-section profile, for example, to distribute forces more
evenly across the potting cavity 38. Moreover, as will be
described in more detail below, in some embodiments, a
potted pipe fitting 44 may additionally include a vent valve,
which 1s implemented and/or operated to enable fluid to be
selectively vented from free space (e.g., one or more annular
gaps 24) defined within the tubing annulus 25 of a pipe
segment 20.

[0064] In any case, as described above, a reinforcement
strip 40 of pipe segment tubing 22 may be anchored i the
potting cavity 38 of a potted pipe fitting 44 via cured potting
material, such as epoxy. To facilitate flowing flmid potting
material mto 1ts potting cavity 38, as in the depicted
example, a potted pipe fitting 44 may include a potting
material port 72, which 1s fluidly connected to the potting
cavity 58. After curing, a solid mass of cured potting
material may encase the portion of one or more remiforce-
ment strips 40 present 1n the potting cavity 58. In other
words, the cured potting material may bond to (e.g., grab
onto) the portion of the one or more reinforcement strips 40
present in the potting cavity 58, thereby facilitating anchor-
ing of the one or more reinforcement strips 40 1n the potting
cavity 58 of the potted pipe fitting 44 and, thus, securing the
pipe segment tubing 22 in the potted pipe fitting 44.

[0065] Additionally, as described above, a reinforcement
strip 40 may generally reinforce the tubing 22 of a pipe
segment 20 when the reinforcement strip 40 1s disposed
between the internal pressure sheath layer 26 and the outer
sheath layer 28 of the pipe segment tubing 22 at a target lay
angle. However, as in the depicted example, to enable one or
more remnforcement strips 40 of pipe segment tubing 22 to
be anchored 1n the potting cavity 58 of a potted pipe {fitting,
44, the outer sheath layer 28 of the pipe segment tubing 22
may be cut back relative to the one or more reinforcement
strips 40. In other words, as in the depicted example, this
may result 1n a reinforcement strip 40 of the pipe segment
tubing 22 flaring away from the imternal pressure sheath
layer 26 and, thus, ceasing to reinforce the internal pressure
sheath layer 26.

[0066] Accordingly, to facilitate reducing the likelihood of
a weak point developing therein, a potted pipe fitting 44 may
provide reinforcement to pipe segment tubing 22 starting at
least at a point 73 where one or more reimnforcement strips 40
of the pipe segment tubing 22 cease providing reinforce-
ment. In other words, to facilitate reinforcing pipe segment
tubing 22, 1n some embodiments, the inner fitting body 54 of
a potted pipe fitting 44 may be 1nserted at least up to a point
73 where one or more reinforcement strips 40 of the pipe
segment tubing 22 begin to flare away from the internal
pressure sheath layer 26 of the pipe segment tubing 22. In
fact, in some such embodiments, the inner fitting body 34 of
a potted pipe fitting 44 may be partially inserted under a
non-cutback portion of the outer sheath layer 28 of the pipe
segment tubing 22, for example, to further ensure that a gap
1s not present between reinforcement provided by the one or

more reinforcement strips 40 and the reinforcement pro-
vided by the potted pipe fitting 44.

[0067] However, it should again be appreciated that the
depicted example 1s merely ntended to be illustrative and
not limiting. In particular, in other embodiments, a potted
pipe {litting 18 may reinforce a portion of the internal
pressure sheath layer 26 of a pipe segment 20 via a spacer
ring, which 1s secured around the internal pressure sheath
layer 26 between the mnner fitting body 34 of the potted pipe
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fitting 44 and one or more reinforcement strips 40 of the pipe
segment tubing 22. More specifically, in some such embodi-
ments, using a separate spacer ring to support a portion of
pipe segment tubing 22 may facilitate implementing corro-
s1on protection 1n the potted pipe fitting 44, for example, at
least 1n part by using the spacer ring to provide electrical
continuity to the one or more reinforcement strips 40.

[0068] Inany case, as in the depicted example, to facilitate
securing the outer fitting body 56 of a potted pipe fitting 44
to the fitting connector 46 of the potted pipe fitting 44 and
securing the fitting collar 52 of the potted pipe fitting 44 to
the outer fitting body 56, the potted pipe fitting 44 may
additionally include multiple threaded fasteners 74, such as
bolts and/or screws. In particular, as 1n the depicted example,
first threaded fasteners 74 A may be used to secure the fitting
connector 46 to the outer fitting body 36. Additionally, as 1n
the depicted example, second threaded fasteners 74B may be

used to secure the fitting collar 52 to the outer fitting body
56.

[0069] However, it should again be appreciated that the
depicted example 1s merely intended to be illustrative and
not limiting. In particular, in other embodiments, a fitting
connector 46 of a potted pipe fitting 44 may be secured to a
corresponding outer fitting body 56 via a single threaded
tastener 74 or more than two (e.g., three, four, or more)
threaded fasteners 74. Additionally, 1n other embodiments, a
fitting collar 52 of a potted pipe fitting 44 may be secured to
a corresponding outer fitting body 56 via a single threaded

fastener 74 or more than two (e.g., three, four, or more)
threaded fasteners 74.

[0070] In any case, as 1n the depicted example, 1n some
embodiments, a potted pipe fitting 44 may additionally
include a carcass (e.g., msulator) ring 76, for example,
which 1s implemented to facilitate anchoring and/or electri-
cally 1solating the carcass layer 37 of pipe segment tubing 22
in the potted pipe fitting 44. To facilitate electrically 1solat-
ing the carcass layer 37, in some embodiments, the carcass
ring 76 of a potted pipe fitting 44 may be at least coated with
or made from an electrically insulative maternial, such as
plastic. Additionally or alternatively, to facilitate anchoring
the carcass layer 37 of pipe segment tubing 22 therein, the
carcass ring 76 of a potted pipe fitting 44 may be made from
metal, such as carbon steel, stainless steel, duplex stainless
steel, super duplex stainless steel, or any combination
thereol. To facilitate anchoring the carcass layer 37 of pipe
segment tubing 22 therein, the carcass ring 76 of a potted
pipe fitting 44 may be secured to the carcass layer 37. In
particular, 1n some such embodiments, the carcass ring 76 of
a potted pipe fitting 44 may be threaded and/or welded onto

the outer surface of the carcass layer 37 of a pipe segment
20.

[0071] Furthermore, to facilitate anchoring the carcass
layer 37 of pipe segment tubing 22 therein, the carcass ring
76 of a potted pipe fitting 44 may be secured (e.g., welded
or bonded) to the rest of the potted pipe fitting 44. In
particular, as in the depicted example, in some embodi-
ments, the carcass ring 76 may be secured to the fitting
connector 46 of the potted pipe fitting 44. In any case, to
enable the carcass ring 76 to be secured to pipe segment
tubing 22, as in the depicted example, the imnternal pressure
sheath layer 26 of the pipe segment tubing 22 may be cut
back to expose a portion of the carcass layer 37 of the pipe
segment tubing 22.
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[0072] However, it should again be appreciated that the
depicted example 1s merely mtended to be illustrative. In
particular, 1n other embodiments, the carcass ring 76 of a
potted pipe fitting 44 may be secured to the fitting body 48,
for example, 1nstead of the fitting connector 46. Alterna-
tively, in other embodiments, a potted pipe fitting 44 may not
include a carcass ring 76 and, thus, the internal pressure
sheath layer 26 of corresponding pipe segment tubing 22
may not be cut back relative to 1ts carcass layer 37. Addi-
tionally, although not depicted, 1n some embodiments, the
fitting connector 46 of a potted pipe fitting 44 may also be
secured to the inner {fitting body 354 of the potted pipe fitting
44 via one or more threaded fasteners 74. In fact, to facilitate
casing securement of a fitting connector 46 of a potted pipe
fitting 44 to a corresponding inner fitting body 54, 1n some
embodiments, the outer fitting body 56 of the potted pipe
fitting 44 may not overlap with the fitting connector 46.

[0073] To help illustrate, a portion 42B of a pipeline
system 10, which includes another example of a potted pipe
fitting 44B and pipe segment tubing 22, 1s shown 1n FIG. 6.
Similar to the potted pipe fitting 44 A of FIG. 5, the potted
pipe litting 44B of FIG. 6 generally includes a fitting
connector 468, a fitting body 48B, threaded fasteners 74,
and fitting seals 50—namely an inner seal ring 50A, an outer
seal ring S0B, and one or more face seals 50C. In particular,
similar to the fitting body 48A of FIG. 5, as depicted in FIG.
6, the fitting body 48B includes a fitting collar 52B, an inner
fitting body 54B, which 1s implemented to be disposed
between the internal pressure sheath layer 26 and one or
more reinforcement strips 40 of pipe segment tubing 22, and
an outer fitting body 56B, which 1s implemented to be
disposed around the one or more reimnforcement strips 40 of
the pipe segment tubing 22.

[0074] However, as depicted in FIG. 6, the outer fitting
body 56B of the potted pipe fitting 448 1s implemented to
overlap with the iner fitting body 34B, but not the fitting
connector 46B. In other words, 1n such embodiments, the
potting cavity 58 of a potted pipe fitting 44 may just be
defined between the mner surface 64 of 1ts outer fitting body
56 and the outer surface 70 of its inner fitting body 34. In
particular, 1in the depicted example, due to intermediate
edges 71 on the inner surface 64 of the outer fitting body 568
and the outer surface 70 of the inner fitting body 54B, the
first portion 62B of the potting cavity 588, which 1s farther
from the outer sheath layer 28 of the pipe segment tubing 22,
1s defined with a wedge-shaped axial cross-section profile
while the second portion 68B of the potting cavity 58B,
which 1s closer to the outer sheath layer 28 of the pipe
segment tubing 22, 1s defined with a different wedge-shaped
axial cross-section profile. Moreover, as depicted in FIG. 6,
the potting cavity 388 does not overlap with the junction
between the inner fitting body 54B and the fitting connector
46B, thereby avoiding the integrity of the potting cavity 588
being dependent on the integrity of the junction between the
inner fitting body 54B and the fitting connector 46B.

[0075] Nevertheless, similar to FIG. 5, the fitting connec-
tor 46B of FIG. 6 1s secured to the outer fitting body 56B via
first threaded fasteners 74A and the fitting collar 52B 1is
secured to the outer fitting body 36B via second threaded
tasteners 74B. However, as depicted in FIG. 6, the fitting
connector 468 1s additionally secured to the mnner fitting
body 54B via a third one or more threaded fasteners 74C. In
fact, as 1n the depicted example, to facilitate easing secure-
ment of a fitting connector 46 thereto, 1n some embodiments,
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a fastener opening 1n the mner fitting body 54 of a potted
pipe fitting 44 may include a lip (e.g., extension) 78 that
extends out radially toward the outer {fitting body 56 of the
potted pipe fitting 44.

[0076] However, 1t should be appreciated that the depicted
example 1s merely intended to be illustrative and not limat-
ing. In particular, in other embodiments, the potted pipe
fitting 44B may additionally include a carcass ring 76.
Additionally or alternatively, in other embodiments, the
iner fitting body 34 of a potted pipe fitting 44 may not
include a lip 78. Furthermore, 1n other embodiments, the
fitting connector 46 of a potted pipe fitting 44 may be
secured to a corresponding inner fitting body 54 via a single
threaded fastener 74 or more than two (e.g., three, four, or
more) threaded fasteners 74.

[0077] In any case, as depicted in FIG. 6, the inner seal
ring S0A of the potted pipe fitting 44A tapers toward the
inner fitting body 54B and away from the fitting connector
468, for example, mstead of tapering away from the nner
fitting body 54B and toward the fitting connector 46B.
Additionally, as depicted in FIG. 6, the potted pipe fitting
448 1s implemented such that the reinforcement strips 40 of
the pipe segment tubing 22 do not overlap with the inner seal
ring S0A. In other words, in such embodiments, a potted
pipe fitting 44 may be deployed without disposing 1ts inner
seal ring 50A under reinforcement strips 40 of pipe segment
tubing 22, thereby obviating having to bend the reinforce-
ment strips 40 out of the way, which, at least in some

instances, may potentially weaken the reinforcement strips
40.

[0078] Nevertheless, similar to FIG. 3, securing the fitting
connector 468 of FIG. 6 to the inner {fitting body 34B may
activate the mner seal ring 50A at least in part by compress-
ing the mmner seal ring 50A between the fitting connector
468, the mnner fitting body 34B, and the internal pressure
sheath layer 26 of the pipe segment tubing 22. Additionally,
similar to FIG. 5, securing the fitting collar 52B to the outer
fitting body 36B may activate an outer seal ring S0B at least
in part by compressing the outer seal ring 50B between the
fitting collar 52B, the outer fitting body 56B, and the outer
sheath layer 28 of the pipe segment tubing 22. Furthermore,
as described above, 1n some embodiments, the outer sheath
layer 28 of pipe segment tubing 22 may be implemented
using plastic, such as high-density polyethylene (HDPE),
which may be relatively easy to deform.

[0079] Thus, as 1 the depicted example, to Tfacilitate
separating (e.g., 1solating) the sealing function provided by
the outer seal ring 50B from the reinforcement function
provided by one or more reinforcement strips 40 of pipe
segment tubing 22, 1n some embodiments, a reinforcement
sleeve 80 may be inserted and secured between a (e.g.,
non-cutback) portion of the outer sheath layer 28 and a
corresponding portion of the one or more remnforcement
strips 40. In particular, 1n some such embodiments, the
reinforcement sleeve 80 may be made from material that has
a higher linear elasticity modulus (e.g., stifiness) than solid
material that 1s used to fabricate the outer sheath layer 28 of
the pipe segment tubing 22. For example, while the outer
sheath layer 28 1s made using plastic, the remnforcement
sleeve 80 may be implemented at least 1n part using metal,
such as carbon steel, stainless steel, duplex stainless steel,
super duplex stainless steel, or any combination thereof.

[0080] As described above, to facilitate reducing the like-
lihood of a weak point developing therein, a potted pipe
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fitting 44 may reinforce the tubing 22 of a pipe segment 20
starting at least at a point 73 where one or more reinforce-
ment strips 40 of the pipe segment tubing 22 begin tlaring
away Irom the internal pressure sheath layer 26 of the pipe
segment tubing 22, for example, via 1ts inner fitting body 54
and/or a spacer ring. Since disposed between the outer
sheath layer 28 and one or more reinforcement strips 40 of
pipe segment tubing 22, a remnforcement sleeve 80 may
maintain the one or more reinforcement strips 40 at their
target lay angles, thereby enabling the portion of the one or
more reinforcement strips 40 disposed under the reinforce-
ment sleeve 80 to continue reinforcing the mternal pressure
sheath layer 26 of the pipe segment tubing 22. In other
words, to facilitate reducing the likelihood of a weak point
developing therein, in some embodiments, a potted pipe
fitting 44 may reinforce the internal pressure sheath layer 26
of corresponding pipe segment tubing 22 at least up to the
beginning of a reinforcement sleeve 80 disposed between
the outer sheath layer 28 and one or more reimnforcement
strips 40 of the pipe segment tubing 22.

[0081] In any case, similar to FIG. 3, to enable fluid
potting material to be flowed 1nto 1ts potting cavity 38B, the
potted pipe fitting 448 of FIG. 6 includes a potting material
port 72, which 1s fluidly connected to the potting cavity 58B.
However, as 1n the depicted example, 1n some embodiments,
a potted pipe fitting 44 may additionally include a vent valve
82, which 1s fluidly connected to free space (e.g., one or
more annular gaps 24) defined within the annulus 23 of pipe
segment tubing 22. In particular, in the depicted example,
the vent valve 82 1s fluidly connected to the annulus 25 of
the pipe segment tubing 22 via a first opeming 84 formed
through the reinforcement sleeve 80, a second opening 86
tformed through the outer sheath layer 28 of the pipe segment
tubing 22, a first fluid path 88 formed 1n the outer {fitting
body 56B, and a second fluid path 90 formed in the fitting,
collar 52B. In this manner, the vent valve 82 may be used to
selectively vent fluid from within the annulus 23 of the pipe
segment tubing 22.

[0082] However, it should again be appreciated that the
depicted example 1s merely ntended to be illustrative and
not limiting. In particular, in other embodiments, a potted
pipe fitting 44 may not include a vent valve 82 or include
more than one (e.g., two, three, or more) vent valves 82.
Additionally, 1n other embodiments, the imnner seal ring S0A
of a potted pipe fitting 44 may taper away from its 1nner
fitting body 54 and toward its fitting connector 46, for
example, mstead of tapered toward the mnner fitting body 54
and away from the fitting connector 46 (e.g., to block the
ingress of fluid from a pipe bore 32 betfore the tluid reaches
a corresponding face seal 50C). Furthermore, in other
embodiments, a reinforcement sleeve 80 may not be dis-
posed between the outer sheath layer 28 and one or more
reinforcement strips 40 of pipe segment tubing 22. More-
over, as mentioned above, 1 other embodiments, a potted
pipe fitting 44 may include a potting cavity 38 with a
continuous uniform axial cross-section profile, for example,
to facilitate distributing force more evenly across the potting,
cavity 38, which at least 1n some instances, may improve
anchoring strength provided by the potted pipe fitting 44.

[0083] To help illustrate, a portion 42C of a pipeline
system 10, which includes a further example of a potted pipe
fitting 44C and pipe segment tubing 22, 1s shown 1n FIG. 7.
Similar to the potted pipe fitting 44B of FIG. 6, as depicted
in FIG. 7, the potted pipe fitting 44C of generally includes
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a {itting connector 46C, a fitting body 48C, threaded fasten-
ers 74, and fitting seals 30—namely an 1nner seal ring 50A,
an outer seal ring 50B, and one or more face seals 50C. In
particular, similar to the fitting body 48B of FIG. 6, the
fitting body 48C of FIG. 7 includes a fitting collar 52C, an
mner fitting body 54C, which 1s disposed between the
internal pressure sheath layer 26 and one or more reinforce-
ment strips 40 of pipe segment tubing 22, and an outer fitting
body 356C, which 1s disposed around the one or more
reinforcement strips 40 of the pipe segment tubing 22. In
fact, 1n some embodiments, the fitting connector 46C of FIG.
7, the fitting collar 52C, the fitting seals 50 of FIG. 7, or any
combination thereof may generally match the corresponding
components of FIG. 6.

[0084] However, as depicted in FIG. 7, the potted pipe
fitting 44C may include a potting cavity 58C that has a
continuous (e.g., single) uniform wedge-shaped axial cross-
section profile, which, at least in some instances, may
facilitate 1improving the strength with which pipe segment
tubing 22 can be anchored in the potted pipe fitting 44C. In
particular, when force tries to separate pipe segment tubing
22 from the potted pipe fitting 44C after one or more
reinforcement strips 40 of the pipe segment tubing 22 are
anchored 1n the potting cavity 58C via cured potting mate-
rial, the wedge-shaped axial cross-section profile may cause
the cured potting material to be compressed against the one
or more reinforcement strips 40 and, thus, the cured potting
material to increase 1ts grip strength on the one or more
reinforcement strips 40. Moreover, the continuous uniform
axial cross-section profile of the potting cavity 38C may
increase the anchor length within the potted pipe fitting 44C
and/or distributing force across the potting cavity 58C more
evenly, for example, due to the lack of intermediate edges 71
on the mner surface 64 of the outer fitting body 56C and the
outer surface 70 of the nner fitting body 54C reducing the
occurrence of stress concentration zones within the potting
cavity 58C. In fact, at least in some instances, a continuous
uniform axial cross-section profile may enable substantially
the whole length of a potting cavity 58 to be concurrently
used for anchoring, for example, instead of relying on a
second portion 68 of the potting cavity 58 after a failure
occurs 1n a first portion 62 of the potting cavity 58.

[0085] To facilitate implementing a potting cavity 58 that
has a continuous uniform wedge-shaped axial cross-section
profile 1n a potted pipe fitting 44, as 1n the depicted example,
the outer fitting body 56 of the potted pipe fitting 44 may
include a conical inner surface 64 while the mner fitting
body 34 of the potted pipe fitting 44 includes a conical outer
surface 70. In particular, as 1n the depicted example, the
conical 1inner surface 64 of the outer fitting body 56 may be
slanted at a different angle as compared to the conical outer
surface 70 of the imner fitting body 54. For example, the
conical mner surface 64 of the outer fitting body 56 may
slant at a higher angle while the conical outer surface 70 of
the 1inner fitting body 56 may slant at a lower angle, thereby
defining the potting cavity 58 such that 1t tapers toward the
fitting bore 49 of the potted pipe fitting 44.

[0086] In any case, similar to FIG. 6, to enable fluid
potting material to be flowed 1nto 1ts potting cavity 38C, the
potted pipe fitting 44C of FIG. 7 includes a potting material
port 72, which 1s flmdly connected to the potting cavity 58C.
Additionally, similar to FIG. 6, to facilitate separating (e.g.,
1solating) the sealing function provided by the outer seal ring
50B of FIG. 7 from the reinforcement function provided by
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one or more reinforcement strips 40 of pipe segment tubing
22, a reinforcement sleeve 80 may be inserted and secured
between a (e.g., non-cutback) portion of the outer sheath
layer 28 of the pipe segment tubing 22 and a corresponding
portion of the one or more reinforcement strips 40. In fact,
in some embodiments, the reinforcement sleeve 80 of FIG.
7 may generally match the remnforcement sleeve of FIG. 6.

[0087] Furthermore, similar to FIG. 6, the potted pipe
fitting 44C of FIG. 7 may include a vent valve 82, which 1s
implemented to be fluidly connected to free space (e.g., one
or more annular gaps 24) defined within the annulus 25 of
pipe segment tubing 22. In particular, in the depicted
example, the vent valve 82 1s fluidly connected to the
annulus 25 of the pipe segment tubing 22 via a first opening
84 formed through the reinforcement sleeve 80, a second
opening 86 formed through the outer sheath layer 28 of the
pipe segment tubing 22, a first fluid path 88 formed 1n the
outer fitting body 56C, and a second fluid path 90 formed 1n
the fitting collar 52C. In this manner, the vent valve 82 may
be used to selectively vent fluid from within the annulus of
the pipe segment tubing 22. Moreover, similar to FIG. 6, the
potting cavity 58B of FIG. 8 does not overlap with the
junction between the mnner fitting body 34C and the {fitting
connector 46C, thereby avoiding the integrity of the potting
cavity 58C being dependent on the integrity of the junction
between the mner fitting body 54C and the fitting connector

46C.

[0088] However, it should be appreciated that the depicted
example 1s merely mtended to be illustrative and not limat-
ing. In particular, in other embodiments, the potted pipe
fitting 44C may additionally include a carcass ring 76.
Additionally or alternatively, 1n other embodiments, a potted
pipe fitting 44 may include a potting cavity 58 that has a
differently-shaped continuous uniform axial cross-section
profile. Furthermore, 1n other embodiments, the 1nner seal
ring 50A of a potted pipe fitting 44 may taper away from its
iner {itting body 54 and toward 1ts fitting connector 46, for
example, instead of tapered toward the iner fitting body 54
and away from the fitting connector 46 (e.g., to block the
ingress of flwd from a pipe bore 32 before the fluid reaches
a corresponding face seal 50C). In any case, 1n this manner,
a potted pipe fitting 44 may be implemented and/or deployed
at pipe segment tubing 22 to facilitate improving the rein-
forcement the potted pipe fitting 44 provides to the pipe
segment tubing 22, which, at least in some instances, may
improve pipeline operational efliciency and/or pipeline
operational reliability, for example, by reducing the likel:-
hood of fluid pressure within the pipe bore 32 of the pipe

segment 20 producing a breach within the potted pipe fitting
44.

[0089] To help further illustrate, an example of a process
92 for implementing (e.g., deploying) a potted pipe fitting 44
at pipe segment tubing 22 1s described in FIG. 8. Generally,
the process 92 includes disposing a fitting collar, an outer
seal ring, and an outer fitting body around pipe segment
tubing (process block 94), cutting back an outer sheath layer
of the pipe segment tubing (process block 96), and disposing
an inner {itting body between an internal pressure sheath
layer and a reinforcement strip of the pipe segment tubing
(process block 100). Additionally, the process 92 generally
includes disposing an inner seal ring around an exposed
portion of the internal pressure sheath layer (process block
102), securing a fitting connector to the nner fitting body
(process block 104), and securing the outer fitting body to
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the fitting connector to define a potting cavity (process block
106). Furthermore, the process 92 generally includes secur-
ing the fitting collar to the outer fitting body (process block
108) and implementing cured potting material within the
potting cavity (process block 110).

[0090] Although specific process blocks are described 1n a
specific order, which corresponds with an embodiment of
the present disclosure, 1t should be appreciated that the
example process 92 1s merely intended to be illustrative and
non-limiting. In particular, in other embodiments, a process
92 for implementing a potted pipe fitting 44 at pipe segment
tubing 22 may include one or more additional blocks and/or
omit one or more of the depicted blocks. For example, some
embodiments of the process 92 may additionally include
disposing a reinforcement sleeve between the reinforcement
strip and the outer sheath layer of the pipe segment tubing
(process block 112) while other embodiments of the process
92 do not. As another example, some embodiments of the
process 92 may additionally include disposing a spacer ring
between the reinforcement strip and the internal pressure
sheath layer of the pipe segment tubing (process block 114)
while other embodiments of the process do not. As a further
example, some embodiments of the process 92 may addi-
tionally include cutting back the internal pressure sheath
layer of the pipe segment tubing (process block 116) while
other embodiments of the process do not. As another
example, some embodiments of the process 92 may addi-
tionally include securing a carcass ring to a carcass layer of
the pipe segment tubing (process block 117) while other
embodiments of the process 92 do not. Furthermore, 1n other
embodiments, one or more of the depicted blocks may be
performed 1n a different order.

[0091] Inany case, as described above, to facilitate sealing
pipe segment tubing 22 therein, a potted pipe fitting 44 may
generally include an outer seal ring 50B. In particular, as
described above, the outer seal ring S0B may be compressed
between an outer fitting body 56 of the potted pipe fitting 44,
a fitting collar 52 of the potted pipe fitting 44, and the outer
sheath layer 28 of the pipe segment tubing 22. As such,
deploying a potted pipe fitting 44 at pipe segment tubing 22
may include disposing (e.g., sliding) the fitting collar 52, the
outer seal ring 50B, and the outer fitting body 56 of the
potted pipe fitting 44 around the pipe segment tubing 22
(process block 94).

[0092] Additionally, as described above, 1n some embodi-
ments, the outer {fitting body 56 of a potted pipe {fitting 44
may include a conical mner surface 64, for example, to
implement a potting cavity 38 with a continuous uniform
wedge-shaped axial cross-section profile (process block
118). In particular, as described above, a potting cavity 58 of
a potted pipe fitting 44 that 1s defined with a continuous
unmiform wedge-shaped axial cross-section profile may
facilitate distributing force more evenly across the potting
cavity 58, which, at least 1n some instances, may improve
anchoring strength provided by the potted pipe fitting 44, for
example, due to the continuous uniform wedge-shaped axial
cross-section profile reducing the presence of stress concen-
tration zones within the potting cavity 38. Nevertheless, as
described above, 1 other embodiments, the outer fitting
body 56 of a potted pipe fitting 44 may have a differently
shaped 1nner surface 64, for example, that includes one or
more intermediate edges 71.

[0093] In any case, as described above, to facilitate secur-
ing pipe segment tubing 22 1 a potted pipe fitting 44, a
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reinforcement strip 40 of the pipe segment tubing 22 may be
anchored 1n the potting cavity 58 of the potted pipe fitting
44. Furthermore, as described above, the outer sheath layer
28 of pipe segment tubing 22 may be disposed around one
or more reinforcement strips 40 of the pipe segment tubing
22. Thus, to facilitate securing the pipe segment tubing 22 1n
the potted pipe fitting 44, the outer sheath layer 28 of the
pipe segment tubing 22 may be cut back to expose a portion
ol one or more reinforcement strips 40 of the pipe segment
tubing 22 (process block 96). In some embodiments, to
block exposed portions of reinforcement strips 40 from
flaring out too far once the outer sheath layer 28 1s cut back,
a temporary sleeve may be disposed circumierentially
around the exposed portions of the remnforcement strips 40.
Moreover, as described above, 1n some embodiments, a
reinforcement sleeve 80 may be disposed between a remain-
ing (e.g. non-cutback) portion of the outer sheath layer 28
and a corresponding portion of the one or more reinforce-
ment strips 40, for example, to facilitate separating (e.g.,
1solating) the sealing function provided by the outer seal ring
50B from the reinforcement function provided by the one or
more reinforcement strips 40 (process block 112).

[0094] Furthermore, as described above, to facilitate
anchoring a reinforcement strip 40 of pipe segment tubing
22 therein, a potted pipe fitting 44 may include an 1nner
fitting body 54, which 1s disposed between the internal
pressure sheath layer 26 and one or more reinforcement
strips 40 of the pipe segment tubing 22. As such, imple-
menting a potted pipe fitting 44 at pipe segment tubing 22
may include disposing the iner fitting body 54 of the potted
pipe fitting 44 between an exposed portion of the internal
pressure sheath layer 26 and one or more reinforcement
strips 40 of the pipe segment tubing 22 (process block 100).
In particular, as described above, in some embodiments, the
inner fitting body 54 of a potted pipe fitting 44 may have a
conical outer surface 70, for example, to provide a potting
cavity 58 with a continuous uniform wedge-shaped axial
cross-section profile (process block 120). Nevertheless, as
described above, 1 other embodiments, the iner fitting
body 54 of a potted pipe fitting 44 may have a diflerently
shaped outer surface 70, for example, that includes one or
more intermediate edges 71.

[0095] In any case, as described above, to facilitate reduc-
ing the likelihood of a weak point developing therein, a
potted pipe fitting 44 may reinforce the tubing 22 of a pipe
segment 20 starting at least at a point 73 where one or more
reinforcement strips 40 of the pipe segment 20 begin to flare
away from the internal pressure sheath layer 26 of the pipe
segment tubing 22. In particular, as described above, 1n some
embodiments, a potted pipe {fitting 44 may reinforce the
internal pressure sheath layer 26 of pipe segment tubing 22
via 1ts nner fitting body 54. Thus, 1n such embodiments,
disposing an inner fitting body 54 between the internal
pressure sheath layer 26 and one or more reinforcement
strips 40 of pipe segment tubing 22 may include disposing
(e.g., inserting) the mner fitting body 54 under the outer
sheath layer 28 of the pipe segment tubing 22 and/or under
a reimnforcement sleeve 80 that 1s disposed between the outer

sheath layer 28 and the one or more reinforcement strips 40
(process block 122).

[0096] However, as described above, 1n other embodi-
ments, a potted pipe fitting 44 may support the internal
pressure sheath layer 26 of pipe segment tubing 22 via a
separate spacer ring, which 1s secured around the internal
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pressure sheath layer 26 between the inner fitting body 54 of
the potted pipe fitting 44 and one or more reinforcement
strips 40 of the pipe segment tubing 22. In other words, 1n
such embodiments, implementing a potted pipe fitting 44 at
pipe segment tubing 22 may include disposing a spacer ring
between the internal pressure sheath layer 26 and one or
more reinforcement strips 40 of the pipe segment tubing 22
and inserting the iner fitting body 54 of the potted pipe
fitting 44 behind the spacer ring (process block 114). In
particular, as described above, 1n some such embodiments,
the spacer ring may be made using different material as
compared to the mner fitting body 54, for example, to enable
the spacer ring to provide electrical continuity (e.g., and,
thus, cathodic protection) to the one or more reinforcement
strips.

[0097] Additionally, as described above, to facilitate
anchoring the carcass layer 37 of pipe segment tubing 22
and/or electrically 1solating the carcass layer 37 1n a potted
pipe {itting 44, 1n some embodiments, a carcass ring 76 may
be secured (e.g., welded or bonded) to the rest of the potted
pipe litting 44 and secured (e.g., welded and/or threaded) to
the carcass layer 37 (process block 117). Furthermore, as
described above, the internal pressure sheath layer 26 of pipe
segment tubing 22 may be disposed around 1ts carcass layer
37. Thus, to facilitate securing a carcass ring 76 to the
carcass layer 37 of pipe segment tubing 22, in some such
embodiments, the internal pressure sheath layer 26 of the
pipe segment tubing 22 may be cut back to expose a portion
of the carcass layer 37 (process block 116). Additionally or
alternatively, an exposed end of the carcass layer 37 of pipe
segment tubing 22 may be welded to 1tself, for example, to
reduce the likelihood of the carcass layer 37 inadvertently
unravelling (e.g., unwrapping).

[0098] In any case, as described above, to facilitate sealing
pipe segment tubing 22 therein, a potted pipe fitting 44 may
additionally include an mner seal ring S0A. In particular, as
described above, the 1inner seal ring 50A may be compressed
between the inner fitting body 54 of the potted pipe fitting
44, a fitting connector 46 of the potted pipe fitting 44, and
the 1nternal pressure sheath layer 26 of the pipe segment
tubing 22. As such, implementing a potted pipe fitting 44 at
pipe segment tubing 22 may include disposing (e.g., sliding)
the 1inner seal ring S0A of the potted pipe fitting 44 around
an exposed portion of the internal pressure sheath layer 26
of the pipe segment tubing 22 (process block 102).

[0099] To facilitate securing a potted pipe fitting 44 to
another pipeline component (e.g., another potted pipe fitting
44, a bore fluid source 12, or a bore fluid destination 14) 1n
addition to pipe segment tubing 22, a fitting connector 46
may then be secured to the inner fitting body 354 of the potted
pipe fitting 44 (process block 104). In particular, as
described above, 1n some embodiments, the fitting connector
46 may be secured to the mmner fitting body 54 via one or
more threaded fasteners 74, such as a bolt or a screw. In fact,
to ease securement of a fitting connector 46 thereto via a
threaded fastener 74, 1in some embodiments, a fastener
opening in the inner fitting body 54 of a potted pipe fitting
44 may be implemented on a lip (e.g., extension) 78 that
extends out toward a corresponding outer {fitting body 56
(process block 126). Additionally, as described above, 1n
some embodiments, securing the fitting connector 46 to the
inner fitting body 34 may compress the iner seal ring 50A
of the potted pipe fitting 44 between the mnner fitting body
54, the fitting connector 46 of the potted pipe fitting 44, and
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the internal pressure sheath layer 26 of the pipe segment
tubing 22, thereby activating the mner seal ring 50A (process
block 124). To facilitate compressing the inner seal ring S0A
between the fitting connector 46 and the inner fitting body
54, 1n some embodiments, the mner fitting body 54 may be
held 1n place with a special-purpose 1nstallation tool. Fur-
thermore, as described above, in some embodiments, the
iner seal ring 50A of a potted pipe fitting 44 may tapers
toward its inner fitting body 54 and away from its fitting
connector 46 while, in other embodiments, the inner seal
ring 50A may taper away from the mner fitting body 54 and
toward the fitting connector 46.

[0100] The outer fitting body 36 of the potted pipe fitting
44 may then be slid over the exposed portion of the
reinforcement strip 40 to define a potting cavity 58 1n which
one or more reinforcement strips 40 of pipe segment tubing
22 are to be anchored. In other words, since the 1mnner fitting
body 354 of the potted pipe fitting 44 1s disposed between the
internal pressure sheath layer 26 and one or more reinforce-
ment strips 40 of the pipe segment tubing 22, the outer fitting,
body 56 may be slid around the 1nner fitting body 34, thereby
defining the potting cavity 58 between the 1nner surface 64
of the outer fitting body 56 and the outer surface 70 of the
iner fitting body 34, for example, 1n addition to between the
inner surface 64 of the outer fitting body and the outer
surface 66 of a portion 60 of the fitting connector 46.
Additionally, as described above, the outer fitting body 56
may have previously been slid around the pipe segment
tubing 22 and, thus, the outer fitting body 56 may be
disposed around the exposed portion of the reinforcement
strip 40 by sliding the outer {fitting body 356 in an opposite
direction. Furthermore, to facilitate maintaining the potting
cavity 58, as described above, 1n some embodiments, the
outer fitting body 56 may be secured to the fitting connector
46 of the potted pipe fitting 44 via one or more threaded
tasteners 74, such as a bolt or a screw (process block 106)

[0101] The fitting collar 52 of the potted pipe fitting 44
may then be secured to the outer fitting body 56 (process
block 108). In particular, as described above, 1n some
embodiments, a {itting collar 52 may be secured to the outer
fitting body 36 via one or more threaded fasteners 74, such
as a bolt or a screw. In fact, as described above, 1n some
embodiments, securing the fitting collar 52 to the outer
fitting body 56 may compress the outer seal ring S0B of the
potted pipe fitting 44 between the fitting collar 52, the outer
fitting body 56, and the outer sheath layer 28 of the pipe

segment tubing 22, thereby activating the outer seal ring S0B
(process block 128).

[0102] In any case, to facilitate anchoring a remnforcement
strip 40 of pipe segment tubing 22 in the potting cavity 58
ol a potted pipe fitting 44, as described above, cured potting
material may be implemented in the potting cavity 58
(process block 110). In particular, to implement cured pot-
ting material 1n the potting cavity 58, as described above,
flmid (e.g., liquid) potting matenal, such as epoxy, may be
flowed (e.g., filled) 1nto the potting cavity 38, for example,
via a potting material port 72 of the potted pipe fitting 44.
After cuning (e.g., hardening and/or solidifying), a solid
mass of cured potting material may encase the portion of the
one or more reinforcement strips 40 1n the potting cavity 58.
More specifically, the cured potting material may bond to the
portion of the one or more remnforcement strips 40 in the
potting cavity 58 and, thus, facilitate anchoring the one or
more reinforcement strips 40 1n the potting cavity 58. In this
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manner, the present disclosure provides techniques for
implementing and/or deploying a potted pipe fitting to
tacilitate improving the reinforcement the potted pipe fitting
provides to the tubing of a corresponding pipe segment,
which, at least in some instances, may improve pipeline
operational efliciency and/or pipeline operational reliability,
for example, by reducing the likelihood of flmd pressure
within the pipe bore of the pipe segment producing a breach
within the pipe fitting.

[0103] While the present disclosure has been described
with respect to a limited number of embodiments, those
skilled in the art, having benefit of this disclosure, waill
appreciate that other embodiments may be devised which do
not depart from the scope of the disclosure as described
herein. Accordingly, the scope of the disclosure should be
limited only by the attached claims.

What 1s claimed 1s:

1. A method of securing a pipe {itting to pipe segment
tubing, comprising:

disposing an outer fitting body of the pipe fitting around
the pipe segment tubing;

cutting back an outer sheath layer of the pipe segment
tubing to expose a portion of a reinforcement strip in
the pipe segment tubing;

inserting an inner fitting body of the pipe fitting between
the portion of the reinforcement strip and an internal
pressure sheath layer of the pipe segment tubing such
that the mner fitting body directly abuts the internal
pressure sheath layer at least up to a point where the
reinforcement strip begins to flare away from the
internal pressure sheath layer;

defining a potting cavity of the pipe fitting at least 1n part
by sliding the outer fitting body of the pipe fitting over
the portion of the reinforcement strip in the pipe
segment tubing and the mner fitting body of the pipe
fitting;

disposing potting material around the portion of the
reinforcement strip 1n the potting cavity of the pipe
fitting; and

fluidly coupling a vent valve to free space defined within
an annulus of the pipe segment tubing.

2. The method of claim 1, comprising:

forming an opening through the outer sheath layer of the
pipe segment tubing;

disposing a seal ring and a fitting collar of the pipe fitting
around the pipe segment tubing; and

securing the fitting collar to the outer fitting body of the
pipe fitting to axially compress the seal ring therebe-
tween such that the seal ring 1s radially compressed
against the outer sheath layer of the pipe segment
tubing, wherein fluidly coupling the vent valve to the
free space defined within the annulus of the pipe
segment tubing comprises tluidly coupling the vent
valve to the free space defined within the annulus of the
pipe segment tubing via the opening formed through
the outer sheath layer of the pipe segment tubing, a first
fluid path formed through the outer fitting body of the
pipe fitting, and a second fluid path formed through the
fitting collar of the pipe {fitting.

3. The method of claim 2, comprising inserting a rein-
forcement sleeve between a remaiming portion of the outer
sheath layer of the pipe segment tubing and a corresponding,
portion of the reinforcement strip, wherein:
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inserting the mner fitting body of the pipe fitting between
the portion of the reinforcement strip and the internal
pressure sheath layer of the pipe segment tubing com-
prises mserting the inner fitting body partially under the
reinforcement sleeve; and

flmidly coupling the vent valve to the free space defined
within the annulus of the pipe segment tubing com-
prises fluidly coupling the vent valve to the free space
defined within the annulus of the pipe segment tubing
via the opening formed through the outer sheath layer
of the pipe segment tubing, the first fluid path formed
through the outer fitting body of the pipe fitting, the
second fluid path formed through the fitting collar of
the pipe fitting, and another opening formed through
the reinforcement sleeve.

4. The method of claim 1, comprising securing a carcass
ring to an outer surface of a carcass layer of the pipe segment
tubing to facilitate anchoring the carcass layer in the pipe
fitting, electrically 1solating the carcass layer in the pipe
fitting, or both.

5. The method of claim 1, comprising;:

disposing a seal ring around the internal pressure sheath

layer of the pipe segment tubing; and

securing a fitting connector of the pipe fitting to the inner

fitting body of the pipe fitting to axially compress the
seal ring therebetween such that the seal ring 1s radially
compressed against the internal pressure sheath layer of
the pipe segment tubing.

6. The method of claim 5, wheremn defining the potting
cavity ol the pipe fitting comprises securing the fitting
connector to the outer fitting body such that the potting
cavity 1s defined between a conical inner surface of the outer
fitting body and a conical outer surface of the 1nner fitting
body with a continuous uniform wedge-shaped axial cross-
section profile that tapers continuously and uniformly from
a closed end of the potting cavity to an open end of the
potting cavity.

7. The method of claim 6, wherein:

the conical inner surface of the outer fitting body tapers at
a first angle relative to an axial extent of the pipe fitting;

the conical outer surface of the inner fitting body tapers at
a second angle relative to the axial extent of the pipe
fitting; and

defimng the potting cavity of the pipe fitting comprises
securing the fitting connector to the mnner fitting body
and the outer fitting body such that the conical 1nner
surface of the outer fitting body and the conical outer
surface of the inner fitting body taper toward one
another.

8. A pipe fitting comprising:

an outer fitting body, wherein the outer fitting body 1s
configured to be disposed circumierentially around an
exposed portion of a reinforcement strip 1n pipe seg-
ment tubing;

an iner {itting body, wherein the inner fitting body 1s
configured to be disposed circumierentially between
the exposed portion of the reinforcement strip and an
internal pressure sheath layer of the pipe segment
tubing;

a fitting connector configured to enable the pipe fitting to
be connected to another pipeline component, wherein:

the outer fitting body and the inner fitting body are
configured to be secured to the fitting connector to
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define a potting cavity between an mner surface of
the outer fitting body and an outer surface of the
inner {itting body; and

the pipe fitting 1s configured to anchor the exposed
portion ol the remmforcement strip in the potting
cavity via cured potting material; and

a vent valve configured to be fluidly connected to a fluid

conduit defined by the reinforcement strip 1n a tubing
annulus of the pipe segment tubing.

9. The pipe fitting of claim 8, wherein the vent valve 1s
configured to be fluidly connected to the fluid conduit
defined by the reinforcement strip in the tubing annulus of
the pipe segment tubing via an opening formed through an
outer sheath layer of the pipe segment tubing and a fluid path
formed through the outer fitting body of the pipe fitting.

10. The pipe fitting of claim 9, comprising a fitting collar
configured to be secured to the outer fitting body, wherein
the vent valve 1s configured to be flmidly connected to the
fluid conduit defined by the reinforcement strip 1n the tubing
annulus of the pipe segment tubing via the opening formed
through the outer sheath layer of the pipe segment tubing,
the fluid path formed through the outer fitting body of the
pipe fitting, and another fluid path formed through the fitting
collar of the pipe {fitting.

11. The pipe fitting of claim 10, comprising a reinforce-
ment sleeve configured to be disposed between a remaining
portion of the outer sheath layer of the pipe segment tubing
and a corresponding portion of the reinforcement strip of the
pipe segment tubing, wherein:

the outer sheath layer of the pipe segment tubing is

cutback to expose the exposed portion of the reinforce-
ment strip; and
the inner fitting body of the pipe fitting 1s configured to be
partially disposed under the reinforcement sleeve; and

the vent valve 1s configured to be fluidly connected to the
fluid conduit defined by the reinforcement strip 1n the
tubing annulus of the pipe segment tubing via the
opening formed through the outer sheath layer of the
pipe segment tubing, the fluid path formed through the
outer {itting body of the pipe fitting, the another fluid
path formed through the fitting collar of the pipe fitting,
and another opening formed through the reinforcement
sleeve.

12. The pipe fitting of claim 8, wherein:

an outer sheath layer of the pipe segment tubing 1s cutback

to expose the exposed portion of the remnforcement
strip; and

the mner fitting body 1s configured to be partially disposed

under a remaining portion of the outer sheath layer of
the pipe segment.

13. The pipe fitting of claim 8, comprising a spacer ring
configured to be disposed between the 1nner fitting body of
the pipe fitting and the exposed portion of the reinforcement
strip 1n the pipe segment tubing such that the spacer ring
directly abuts a portion of the internal pressure sheath layer
of the pipe segment tubing.

14. The pipe fitting of claim 8, wherein the outer fitting
body and the fitting connector are configured to not radially
overlap with one another.

15. The pipe fitting of claim 8, comprising a carcass ring
configured to be secured to an outer surface of a carcass
layer of the pipe segment tubing to facilitate anchoring the
carcass layer in the pipe fitting, electrically 1solating the
carcass layer in the pipe fitting, or both.
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16. The pipe fitting of claim 8, wherein: a vent valve configured to be fluidly connected to a fluid

the outer fitting body comprises a conical mnner surface conduit defined by the reinforcement strip 1n a tubing
that tapers at a first angle relative to a longitudinal axis annulus of the pipe segment tubing via an opening
of the pipe fitting; formed through an outer sheath layer of the pipe

the inner fitting body comprises a conical outer surface segment tubing and a tluid path formed through the
that tapers at a second angle relative to the longitudinal outer fitting body of the pipe fitting.
axis of the pipe fitting; and 19. The pipe fitting of claim 18, comprising:

the outer fitting body and the inner fitting body are an 1nner seal ring configured to be disposed circumfer-
configured to be secured to the fitting connector such entially around the internal pressure sheath layer of the
that the conical inner surface of the outer fitting body pipe segment tubing, wherein the fitting connector and
and the conical outer surface of the inner fitting body the inner fitting body are configured to be secured to
taper toward one another and the potting cavity has a one another to axially compress the mner seal ring
continuous uniform wedge-shaped axial cross-section therebetween such that mner seal ring 1s radially com-
profile that tapers continuously and uniformly from a pressed against the internal pressure sheath layer of the
closed end of the potting cavity to an open end of the pipe segment tubing;
potting cavity, wherein the pipe {itting 1s configured to an outer seal ring configured to be disposed circumfer-
anchor the exposed portion of the reinforcement strip 1n entially around the outer sheath layer of the pipe
the potting cavity via cured potting material. segment tubing; and

17. A pipe fitting, comprising: a fitting collar, wherein: |

an outer fitting body having a conical inner surface that the fiting collar and the outer fitting body are config-
tapers at a first angle relative to an axial extent of the ured to be secured to one another to axially compress
pipe fitting, wherein the outer fitting body is configured the outer seal ring therebetween such that the outer
to be disposed circumfterentially around an exposed seal ring 1s radially compressed against the outer
portion of a reinforcement strip 1n pipe segment tubing; sheath layer ot the pipe segment tubing; and

an inner fitting body having a conical outer surface that the vent valve 1s configured to be fluidly connected to
tapers at a second angle relative to the axial extent of the fluid conduit defined by the reinforcement strip 1n
the pipe fitting, wherein the inner fitting body is con- the tubing annulus of the pipe segment tubing via the
figured to be disposed circumferentially between the opening formed through the outer sheath layer of the
exposed portion of the reinforcement strip and an pipe segment tubing, the fluid path formed through
internal pressure sheath layer of the pipe segment the outer fitting body ot the pipe fitting, and another
tubing; and fluid path formed through the fitting collar.

a fitting connector configured to enable the pipe fitting to 20. The pipe fitting ot claim 19, comprising a reintorce-
be connected to another pipeline component, wherein: ment sleeve configured to be disposed b‘fftW%ﬂ ar emain@ng
the outer fitting body and the inner fitting body are portion of the outer shea‘Fh layer of the pipe segment tubing

configured to be secured to the fitting connector such al_ld a COIT espondlpg portion _Ofthe reinforcement strip of the
that the conical inner surface of the outer fitting body pipe segment tubing, wherein: | o
and the conical outer surface of the inner fitting body the outer sheath layer of the pipe ~segment tqug 1S
taper toward one another to define a potting cavity cutback to expose the exposed portion of the reinforce-
therebetween that has a continuous uniform wedge- ment strip; and | o
shaped axial cross-section profile that tapers continu- the 1ner ﬁttﬂ}g body of the pipe ﬁﬁmg 1s configured to be
ously and uniformly from a closed end of the potting partially dlsposed under the requrcement sleeve; apd
cavity to an open end of the potting cavity; and the vent VEI]VE:.IS configured to be'ﬂmdly Comectgd to the
the pipe fitting is configured to anchor the exposed ﬂUIFl conduit defined by the remforcement. strip 1n the
portion of the reinforcement strip in the potting tubing annulus of the pipe segment tubing via the
cavity via cured potting material. opening formed through the outer sheath layer of the
pipe segment tubing, the fluid path formed through the

18. The pipe fitting of claim 17, comprising:

a carcass ring configured to be secured to an outer surface
of a carcass layer of the pipe segment tubing to facili-
tate anchoring the carcass layer in the pipe fitting,
clectrically 1solating the carcass layer 1n the pipe fitting,
or both; and I S T

outer fitting body of the pipe fitting, the another tluid
path formed through the fitting collar of the pipe fitting,
and another opening formed through the reinforcement
sleeve.
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