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FRAC FLOWLINE SYSTEM

The present application is based on and claims priority from U.S.
Provisional Patent Application No. 62/385,813 filed on September 9, 2016.

The present disclosure is directed a flowline assembly for use in, e.g.,
hydrocarbon well fracturing operations. More specifically, the disclosure is
directed to a flowline assembly which is comprised of a number of novel swivel
joints that enable the flowline assembly to be easily installed and configured. The
disclosure is also directed to a method for assembling a flowline assembly
comprising a number of the novel swivel joints.

BACKGROUND OF THE DISCLOSURE

Hydraulic fracturing operations typically require pumping large volumes of
fracking fluid at high pressure into a reservoir through a wellbore. That wellbore
is typically capped with one or more valves, collectively referred to as a christmas
tree, that contain the pressure within the wellbore. The fracking fluid is directed
to the christmas tree and into the reservoir through a plurality of fluid conduits,
including flowlines and manifolds, which fluidly connected the pumps to the tree.

Depending on the space available at the site of the fracturing operation,
positioning the manifolds and pumps such that they can be connected to the tree
can be difficult. Where multiple wellbores/trees are present, the spacing between
the manifolds and the trees may be non-uniform, making fixed connections
difficult.

Adjustable flowline assemblies between manifolds and trees have been
used for many years to overcome the alignment issues. A common type of
adjustable flowline assembly — sometimes referred to as “frac iron” — comprises
multiple pipe segments or joints that are coupled together by Chiksan®-style
swivel joints, which provide freedom to adjust and position the flowline assembly
as needed between the manifold and the tree. In certain existing systems, swivel
joints may take a form similar to the Chiksan®-style swivel joint 10 illustrated in
Fig. 1. As depicted, the swivel joint 10 includes two 90-degree bends 12 and 14
which are coupled together at a triple step interface 16 that provides rotational
freedom between the bends. The swivel joint 10 further includes a straight
portion 18 that is coupled to the bend 14 at an end opposite bend 12 via another
triple step interface 20 which provides rotational freedom between the straight

portion 18 and the bend 14. The swivel joint 10 is terminated at one end by a
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threaded connection 22 and at the other end by a hammer nut 24, both of which
may be used to couple the swivel joint 10 to one or more pipe segments or joints
that make up part of the overall flowline assembly. When connected to a pipe
segment or joint via the hammer union 24, the pipe segment may rotate with
respect to the bends 12, 14 and the swivel joint 10 collectively through its
connection to the straight portion 18 and the interface 20. Existing swivel joints
with different combinations of bends, straight portions, and rotating interfaces
have also been used in the prior art, such as swivel joints having a single bend
which is connected at both ends to corresponding straight segments via rotating
interfaces so that the segments or joints coupled thereto can rotate with respect
to the bend.

Although these adjustable flowline assemblies are commonly used, they
typically require a long time to make up due to the number of connections
necessary within each flowline assembly and the number of flowline assemblies
needed for a particular fracturing site. For instance, an example of a system
incorporating these type of connections, which is illustrated in U.S. Patent
Application Publication No. 2010/0300672, requires multiple adjustable flowline
assemblies between the manifold and each tree. With each of these flowline
assemblies requiring multiple connections using hammer unions, threaded
connections, etc., a relatively long time is required to rig up the fracturing system.
Newer systems, such as the system described in U.S. Patent No. 9,068,450,
provide the adjustable functionality in a single flowline assembly using pipe
segments having swivel flanges that are coupled to a plurality of 90-degree elbow
blocks. Although this system reduces the total number of flowline assemblies
and the connections associated with the additional flowline assemblies, it is
heavy and difficult to manage, and still requires multiple connections that are
made up in the field. These connections include bolted flange connections that
take longer than the hammer unions used in the earlier flowline systems.
SUMMARY OF THE DISCLOSURE

In accordance with the present disclosure, these and other disadvantages
in the prior art are addressed by providing a flowline assembly which comprises
at least one swivel joint assembly having a female hub which comprises a
generally cube-shaped female body portion, a first female end portion which

extends linearly from a first side of the female body portion, a first female recess



10

15

20

25

30

WO 2018/049360 PCT/US2017/051030

which is formed axially in the first female end portion, and a second female end
portion which extends linearly from a second side of the female body portion that
is oriented approximately ninety degrees from the first side of the female body
portion; a male member which includes a cylindrical end portion that is configured
to be rotatably received in the first female recess; and first means for rotatably
securing the end portion of the male member within the first female recess.

In accordance with one aspect of the disclosure, the male member
comprises a male hub which includes a generally cube-shaped male body
portion, a first male end portion which extends linearly from a first side of the
male body portion, and a second male end portion which extends linearly from a
second side of the male body portion that is oriented approximately ninety
degrees from the first side of the male body portion. In this embodiment, the
cylindrical end portion of the male member comprises a cylindrical outer surface
portion of the second male end portion.

In accordance with another aspect of the disclosure, the swivel joint
assembly also comprises at least one of a first connector member which is
located at a distal end of the first male end portion and a second connector
member which is located at a distal end of the second female end portion.

In accordance with yet another aspect of the disclosure, one of the first
male end portion and the second female end portion comprises a cylindrical first
end recess which is formed axially therein, and the swivel joint assembly further
comprises a first straight pipe segment which includes a first end portion that is
configured to be rotatably received in the first end recess; and second means for
rotatably securing the first end portion within the first end recess.

In accordance with an aspect of the disclosure, the swivel joint assembly
further comprises a first connector member which is located at a distal end of the
first pipe segment and a second connector member which is located at a distal
end of the other of the first male end portion and the second female end portion.

In accordance with a further aspect of the disclosure, the first male end
portion comprises a cylindrical first end recess which is formed axially therein, the
second female end portion comprises a cylindrical second end recess which is
formed axially therein, and the swivel joint assembly further comprises a first
straight pipe segment which includes a first end portion that is configured to be

rotatably received in the first end recess; a second straight pipe segment which
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includes a first end portion that is configured to be rotatably received in the
second end recess; second means for rotatably securing the first end portion of
the first straight pipe segment within the first end recess; and third means for
rotatably securing the first end portion of the second straight pipe segment within
the second end recess.

In accordance with another aspect of the disclosure, the swivel joint
assembly further comprises a first connector member which is located at a distal
end of the first pipe segment and a second connector member which is located at
a distal end of the second pipe segment.

In accordance with another aspect of the disclosure, the male member
comprises a first straight pipe segment and the cylindrical end portion of the male
member comprises a cylindrical first end portion of the first pipe segment.

In accordance with yet another aspect of the disclosure, the second
female end portion comprises a second female recess which is formed axially
therein, and the swivel joint assembly further comprises: a second straight pipe
segment which includes a first end portion that is configured to be rotatably
received in the second female recess; and second means for rotatably securing
the first end portion of the second pipe segment within the second female recess.

In accordance with another aspect of the disclosure, the flowline assembly
also includes at least one of a first connector member which is located at a distal
end of the first pipe segment and a second connector member which is located at
a distal end of the second pipe segment.

In accordance with yet another aspect of the disclosure, the flowline
assembly further comprises a second female hub which comprises a generally
cube-shaped female body portion, a first female end portion which extends
linearly from a first side of the female body portion, a first female recess which is
formed axially in the first female end portion, and a second female end portion
which extends linearly from a second side of the female body portion that is
oriented approximately ninety degrees from the first side of the female body
portion; wherein the first pipe segment comprises a cylindrical second end portion
which is configured to be rotatably received in the first female recess of the
second female hub; and second means for rotatably securing the second end
portion of the first pipe segment within the first female recess of the second

female hub.
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In accordance with a further aspect of the disclosure, at least one of the
second female end portion of the first female hub and the second female end
portion of the second female hub comprises a cylindrical first end recess which is
formed axially therein, and wherein the swivel joint assembly further comprises: a
second straight pipe segment which includes a first end portion that is configured
to be rotatably received in the first end recess; and third means for rotatably
securing the first end portion of the second pipe segment within the first end
recess.

In accordance with another aspect of the disclosure, the swivel joint
assembly further comprises a connector member which is located at a distal end
of the second pipe segment.

In accordance with yet another aspect of the disclosure, the swivel joint
assembly further comprises a male hub which includes a generally cube-shaped
male body portion, a first male end portion which extends linearly from a first side
of the male body portion, a first male recess which is formed axially in the first
male end portion, and a second male end portion which extends linearly from a
second side of the male body portion that is oriented approximately ninety
degrees from the first side of the male body portion; wherein the first pipe
segment comprises a cylindrical second end portion which is configured to be
rotatably received in the first male recess; and second means for rotatably
securing the cylindrical second end portion of the first pipe segment within the
first male recess.

In accordance with a further aspect of the disclosure, at least one of the
second female end portion and the second male end portion comprises a
cylindrical first end recess which is formed axially therein, and wherein the swivel
joint assembly further comprises a second straight pipe segment which includes
a first end portion that is configured to be rotatably received in the first end
recess; and third means for rotatably securing the first end portion of the second
pipe segment within the first end recess.

In accordance with another aspect of the disclosure, the swivel joint
assembly further comprises a connector member which is located at a distal end
of the second pipe segment.

In accordance with yet another aspect of the disclosure, the flowline

assembly further comprises a second female recess which is formed axially in the
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second female end portion; a second male hub which includes a generally cube-
shaped male body portion, a first male end portion which extends linearly from a
first side of the male body portion, and a second male end portion which extends
linearly from a second side of the male body portion that is oriented
approximately ninety degrees from the first side of the male body portion; wherein
the second male end portion of the second male hub comprises an outer surface
portion which configured to be rotatably received in the second female recess;
and second means for rotatably securing the outer surface portion of the second
male end of the second male hub within the second female recess.

In accordance with a further aspect of the disclosure, the swivel joint
assembly also comprises at least one of a first connector member which is
located at a distal end of the first male end portion of the first male hub and a
second connector member which is located at a distal end of the first male end
portion of the second male hub.

In accordance with another aspect of the disclosure, at least one of the
first male end portion of the first male hub and the first male end portion of the
second male hub comprises a cylindrical first male recess which is formed axially
therein, and wherein the swivel joint assembly further comprises: a first straight
pipe segment which includes a first end portion that is configured to be rotatably
received in the first male recess; and third means for rotatably securing the first
end portion of the first pipe segment within the first male recess.

In accordance with yet aspect of the disclosure, the swivel joint assembly
further comprises a connector member which is located at a distal end of the first
pipe segment.

In the above embodiments, the connector members may each comprise,
e.g., a clamp connector, a drill through flanged end connection, a studded end
connection, a hammer union connector, a Grayloc® connector or a Speedloc®
connector.

The present disclosure is also directed to a method for fluidly connecting a
fracturing manifold to a fracturing tree. The method comprises the steps of: (a)
providing a first flowline assembly which comprises a number of first swivel joints;
(b) connecting a first end of the first flowline assembly to the manifold; (c)
providing a second flowline assembly; (d) connecting a first end of the second

flowline assembly to the tree; and (e) after the first flowline assembly is
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connected to the manifold and the second manifold assembly is connected to the
tree, connecting a second end of the first flowline assembly to a second end of
the second flowline assembly to thereby fluidly connect the manifold to the tree.

In accordance with one aspect of the disclosure, the method further
comprises the step of, after step (b) but prior to step (e), transporting the manifold
with the first flowline assembly connected thereto to a location proximate the tree.

In accordance with another aspect of the disclosure, the method further
comprises the steps of, after steps (b) and (d) but prior to step (e), pressure
testing at least one of the first flowline assembly and the second flowline
assembly.

In accordance with yet another aspect of the disclosure, the method
further comprises the steps of providing a lifting device; and after steps (b) and
(d) but prior to step (e), using the lifting device to move the second end of the first
flowline assembly into position for connection to the second end of the second
flowline assembly.

In accordance with a further aspect of the disclosure, the second flowline
assembly comprises a fixed tee which is connected to the tree and a first pipe
segment which is connected to the fixed tee, and wherein a distal end of the first
pipe segment comprises the second end of the second flowline assembly.

In accordance with another aspect of the disclosure, the second flowline
assembly comprises a fixed tee which is connected to the tree, a first pipe
segment which is connected to the fixed tee and a first flowline subassembly
which is connected to a distal end of the first pipe segment, wherein the first
flowline subassembly comprises a number of second swivel joints, and wherein a
distal end of the first flowline subassembly comprises the second end of the
second flowline assembly.

In accordance with yet another aspect of the disclosure, the second
flowline assembly comprises a second swivel joint which is connected to the tree
and a first pipe segment which is connected to the second swivel joint, and
wherein a distal end of the first pipe segment comprises the second end of the
second flowline assembly.

In accordance with a further aspect of the disclosure, the second flowline
assembly comprises a second swivel joint which is connected to the tree, a first

pipe segment which is connected to the second swivel joint and a first flowline
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subassembly which is connected to a distal end of the first pipe segment, wherein
the first flowline subassembly comprises a number of third swivel joints, and
wherein a distal end of the first flowline subassembly comprises the second end
of the second flowline assembly.

In accordance with another aspect of the disclosure, the method further
comprises the step of providing a third flowline assembly; wherein step (e)
comprises connecting a first end of the third flowline assembly to a second end of
the first flowline assembly and connecting a second end of the third flowline
assembly to the second end of the second flowline assembly.

In accordance with yet another aspect of the disclosure, the method
further comprises the steps of providing a lifting device; and using the lifting
device to move the first and second ends of the third flowline assembly into
position for connection to the second end of the first flowline assembly and the
second end of the second flowline assembly, respectively.

The present disclosure is also directed to a flowline system for fluidly
connecting a fracturing manifold to a fracturing tree. The flowline system
comprises a first flowline assembly which is pre-assembled with the manifold, the
first flowline assembly comprising a number of preassembled first flowline
components and a first connection member which is located distally of the
manifold; and a second flowline assembly which is connected to the tree, the
second flowline assembly comprising a number of preassembled second flowline
components and a second connection member which is located distally of the
tree; wherein the first and second connection members are configured to be
releasably connected together to thereby fluidly connect the manifold to the tree.

In accordance with one aspect of the disclosure, the second flowline
assembly comprises a fixed tee which is connected to the tree and a first pipe
segment which is connected to the fixed tee, and the second connection member
is located at a distal end of the first pipe segment.

In accordance with another aspect of the disclosure, the second flowline
assembly comprises a fixed tee which is connected to the tree, a first pipe
segment which is connected to the fixed tee and a first flowline subassembly
which is connected to a distal end of the first pipe segment, the first flowline
subassembly comprises a number of swivel joints, and the second connection

member is located at a distal end of the first flowline subassembly.
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In accordance with yet another aspect of the disclosure, the second
flowline assembly comprises a swivel joint which is connected to the tree and a
first pipe segment which is connected to the swivel joint, and the second
connection member is located at a distal end of the first pipe segment.

In accordance with a further aspect of the disclosure, the second flowline
assembly comprises a first swivel joint which is connected to the tree, a first pipe
segment which is connected to the first swivel joint and a first flowline
subassembly which is connected to a distal end of the first pipe segment, the first
flowline subassembly comprises a number of second swivel joints, and the
second connection member is located at a distal end of the first flowline
subassembly.

In accordance with another aspect of the disclosure, the system further
comprises a third flowline assembly which comprises a first end on which a third
connection member is located and a second end on which a fourth connection
member is located; wherein the first and third connection members and the
second and fourth connection members are configured to be releasably
connected together, respectively, to thereby fluidly connect the manifold to the
tree.

In accordance with yet another aspect of the disclosure, the system
comprises a lifting device which is configured to move the third flowline assembly
into position for connection of the first connection member to the third connection
member and the second connection member to the fourth connection member.

Thus, it may be seen that the present disclosure is directed to a apparatus,
method and system for providing an improved flowline assembly for connecting a
fracturing manifold to a fracturing tree, or any other elements of a fracturing
system. The flowline assembly provides adjustable functionality in the form of an
improved swivel joint which can be combined in a variety of ways to achieve
multiple degrees of rotational freedom. In addition, the complete flowline
assembly comprises pre-assembled first and second flowline assemblies which
can each be connected to the tree and the manifold, respectively, independent of
the other flowline assembly. As a result, the only a single connection (i.e., the
connection between each flowline assembly) needs to be made up at the
fracturing site in order to complete the connection between the manifold and the

free.
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These and other objects and advantages of the present disclosure will be
made apparent from the following detailed description, with reference to the
accompanying drawings. In the drawings, the same reference numbers may be
used to denote similar components in the various embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective, partial cross sectional view of a prior art
Chiksan®-style swivel joint;

Figure 2 is a cross sectional view of a first embodiment of a swivel joint
which is suitable for use in the flowline assembly of the present disclosure;

Figure 3 is a cross sectional view of a second embodiment of a swivel joint
which is suitable for use in the flowline assembly of the present disclosure;

Figure 4 is a cross sectional view of a third embodiment of a swivel joint
which is suitable for use in the flowline assembly of the present disclosure;

Figure 5 is a cross sectional view of a fourth embodiment of a swivel joint
which is suitable for use in the flowline assembly of the present disclosure;

Figure 6 is a side view of one embodiment of a flowline assembly of the
present disclosure shown installed between a representative manifold and a
typical tree which may be used, e.g., in a fracturing operation;

Figure 7 is a top view of the flowline assembly shown in Figure 6;

Figure 8 is a side view of another embodiment of a flowline assembly of
the present disclosure shown installed between a representative manifold and a
typical tree which may be used, e.g., in a fracturing operation;

Figure 9 is a top view of the flowline assembly shown in Figure 8;

Figure 10 is a side view of a further embodiment of a flowline assembly of
the present disclosure shown installed between a representative manifold and a
typical tree which may be used, e.g., in a fracturing operation;

Figure 11 is a top view of the flowline assembly shown in Figure 10;

Figure 12 is a top perspective view of the flowline assembly shown in
Figure 10;

Figure 13 is a side view illustrating one method of installing a flowline
assembly of the present disclosure between a representative manifold and a

typical tree which may be used, e.g., in a fracturing operation; and
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Figure 14 is a side view illustrating another method of installing a flowline
assembly of the present disclosure between a representative manifold and a
typical tree which may be used, e.g., in a fracturing operation.

DETAILED DESCRIPTION

The present disclosure is directed to a system, apparatus and method for
improved fluid connection between elements of a fracturing system which offers
adjustable functionality in the form of an improved swivel joint that can be
deployed in a single flow path and is easier to install and comprises fewer field
connections than the prior art elbow block system.

The flowline assembly of the present disclosure employs a number of
swivel joints to impart flexibility to the assembly. A first embodiment of one such
swivel joint is shown in Figure 2. The swivel joint of this embodiment, generally
26, includes a male hub 28 which is rotatably connected to a female hub 30. The
male hub 28 includes a generally cube-shaped male body portion 28a (see, e.g.,
Figure 6), a first male end portion 32 which extends linearly from a first side of the
male body portion, a cylindrical recess 34 which is formed in the first male end
portion, a second male end portion 36 which comprises a cylindrical outer
diameter surface and extends linearly from a second side of the male body
portion that is oriented approximately ninety degrees from the first side, and a
male flowbore which extends through the male hub from a base of the recess to a
distal end of the second male end portion. The male flowbore includes a first
male flowbore section 38 which extends through the male body portion 28a and
the first male end portion 32 to the recess 34, and a second male flowbore
section 40 which extends at an angle, for example ninety degrees, from the first
male flowbore section through the distal end of the second male end portion 36.

The female hub 30 includes a generally cube-shaped female body portion
30a (see, e.g., Figure 6), a first female end portion 42 which extends linearly from
a first side of the female body portion, a first female recess 44 which is formed in
the first female end portion, a second female end portion 46 which extends
linearly from a second side of the female body portion that is oriented
approximately ninety degrees from the first side, a second female recess 48
which is formed in the second female end portion, and a female flowbore which
extends through the female hub from a base of the first female recess to a base

of the second female recess. The female flowbore includes a first female bore
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section 50 which extends through the female body portion 30a and the first
female end portion 42 to the first recess 44, and a second female bore section 52
which extends at an angle, for example ninety degrees, from the first female
flowbore section to the second recess 48.

The male and female hubs 28, 30 may be rotatably connected using a
swivel connection of the type described in U.S. Patent No. 5,149,148, which is
hereby incorporated herein by reference. Referring still to Figure 2, the second
male end portion 36 of the male hub 28 is received in the first female recess 44 of
the female hub 30 and is secured therein by, e.g., a suitable thrust bearing 54
which is received in corresponding aligned radial grooves in the second male end
portion and the first female recess. Also, a number of sleeve bearings 56 are
positioned between the second male end portion 36 and the first female recess
44 to facilitate relative rotation therebetween. In this manner, the male hub 28 is
rotatably connected to the female hub 30. In addition, the male hub 28 is sealed
to the female hub 30 by, e.g., a suitable radial seal 58 which is positioned
between the outer diameter surface of the second male end portion 36 and the
first female recess 44, and possibly also a suitable end seal 60 which is
positioned between the distal end of the second male end portion and a shoulder
which is formed at the intersection of the first female bore section 50 and the first
female recess.

In the embodiment of the disclosure shown in Figure 2, the swivel joint 26
also includes a first straight pipe segment 62 which is rotatably connected to the
male hub 28 and a second straight pipe segment 64 which is rotatably connected
to the female hub 30, each using a swivel connection of the type described above
for rotatably connecting the male hub to the female hub, for example. The first
pipe segment 62 includes a first end portion 66 which is configured to be received
in the male recess 34 of the first male end portion 34. Similarly, the second pipe
segment 64 includes a first end portion 68 which is configured to be received in
the second female recess 48 of the second female end portion 46. The first end
portions 66, 68 may be secured and sealed to the male recess 34 and the
second female recess 48, respectively, using means similar to those described
above for securing and sealing the second male end portion 36 of the male hub

28 to the first female recess 44 of the female hub 30.
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The first pipe segment 62 comprises a first pipe flowbore 70 which is
connected to the first male flowbore 38 of the male hub 28, and the second pipe
segment 64 comprises a second pipe flowbore 72 which is connected to the
second female flowbore 52 of the female hub 30. The first pipe segment 62 also
includes a second end portion 76 to which a first connector, such as a first clamp
connector 78, may be secured to enable the male hub 28 to be connected to a
second component of the flowline assembly (not shown). Likewise, the second
pipe segment 64 includes a second end portion 80 to which a second connector,
such as a second clamp connector 82, may be secured to enable the male hub
28 to be connected to a third component of the flowline assembly (not shown). In
this manner, the swivel joint 26 provides a sealed fluid conduit between the
second and third components of the flowline assembly. Also, the swivel
connections between the first pipe segment 62 and the male hub 28, between the
male hub and the female hub 30, and between the female hub and the second
pipe segment 64 provide three degrees of rotational freedom between the second
and third components which allow great flexibility in the configuration of the
flowline assembly.

A second embodiment of the swivel joint of the present disclosure is
shown in Figure 3. The swivel joint of this embodiment, generally 84, is similar in
many respects to the swivel joint 26 described above. Thus, the swivel joint 84
includes a male hub 28 which is rotatably connected to a female hub 30 using a
swivel connection of the type described above. In contrast to the swivel joint 26,
however, swivel joint 84 does not comprise the first and second straight pipe
segments 62, 64 which are rotatably connected to the male and female hubs 28,
30, respectively. Instead, the first male end portion 32 is configured to be
secured to a suitable first connector, such as a first clamp connector 78, and the
second female end portion is configured to be secured to a suitable second
connector, such as a second clamp connector 82. Thus, the swivel joint 84
provides a single degree of rotational freedom between the components (not
shown) which are connected to the swivel joint via the first and second clamp
connectors 78, 82.

A third embodiment of the swivel joint of the present disclosure is shown in
Figure 4. The swivel joint of this embodiment, generally 86, is similar to the

swivel joint 26 described above. Accordingly, the swivel joint 86 includes a male
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hub 28 which is rotatably connected to a female hub 30, a first straight pipe
segment 62 which is rotatably connected to the male hub, and a second straight
pipe segment 64 which is rotatably connected to the female hub, each using a
swivel connection of the type described above. In this embodiment, however, a
flanged end connection 88, such as a conventional API 6A drill through flanged
end connection, is connected to or formed integrally the second end portion 76 of
the first pipe segment 62. The flanged end connection 88 enables the first pipe
segment 62 to be bolted to a matching connection of another component of the
flowline assembly (not shown).

A fourth embodiment of the swivel joint of the present disclosure is shown
in Figure 5. The swivel joint of this embodiment, generally 90, is similar to the
swivel joint 84 discussed above. Thus, the swivel joint 90 includes a male hub 28
which is rotatably connected to a female hub 30, such as with a swivel
connection of the type described above. In this embodiment, however, the first
male end portion 32 of the male hub 28 is truncated and is configured as a
studded end connection 92, such as a conventional API 6A studded end
connection, which includes a number of bolts 94 that are secured in the distal end
of the first male end portion. This studded end connection is particularly suitable
for use with the flanged end connection 88 of the swivel joint 86 described above.

It should be apparent from the above description that the different swivel
joints just described may be connected together into a single flowline assembly to
enable the flowline assembly to be easily configured for connection between
components which are spaced apart both vertically and horizontally, which are
angularly offset relative to each other, and which employ different connectors.
For example, the end portions of the swivel joints can be pre-fabricated with
different end flanges to accommodate a variety of connectors, such as a flanged
end for a studded end connection or a naked flange for Grayloc® or Speedloc®
connector. In addition, a straight pipe segment can be connected to an adjacent
swivel joint, and single or triple-bend swivel joints can be made using the swivel
joints described above as building blocks. Also, instead of a comprising both a
male hub and a female hub, a swivel joint could be constructed with two female
hubs joined by a length of straight pipe.

A first embodiment of a flowline assembly which is constructed using the

swivel joints of the present disclosure is shown in Figures 6 and 7. The flowline
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assembly of this embodiment, generally 100, is shown being used to connect a
flowline manifold 102 to a christmas tree 104. The flowline assembly includes a
single-bend swivel joint 106 which is connected to a valve block 108 on the tree
104 using a flanged end connection 110 similar to the flanged end connection 88
described above in connection with the swivel joint 86. The single-bend swivel
joint 106 is rotatably connected to a triple bend swivel joint 112 by a straight pipe
segment 114. The triple bend swivel joint 112 may include, e.g., a first male hub
116 which is rotatably connected to the straight pipe segment 114, a female hub
118 which is rotatably connected to the first male hub, and a second male hub
120 which is rotatably connected to the female hub and which includes a flanged
end connection 122 similar to the flanged end connection 88 described above in
connection with the swivel joint 86.

The flowline assembly 100 also includes two double-bend swivel joints
124, 126 for connecting the second male hub 120 to a valve block 128 on the
manifold 102. The first double-bend swivel joint 124 includes a male hub 130
which is connected to the flanged end connection 122 of the male hub 120 via a
second rotatable flanged end connection 132, and a female hub 134 which is
rotatably connected to the male hub 130. The first double-bend swivel joint 124
is rotatably connected to the second double-bend swivel joint 126 by a straight
pipe segment 136. The second double-bend swivel joint 126 includes a female
hub 138 which is rotatably connected to the straight pipe segment 136, and a
male hub 140 which is rotatable connected to the female hub 138. The male hub
140 is in turn rotatably connected to the valve block 128 by a rotatable flanged
end connection 142.

During assembly of the flowline assembly 100, the sub-assembly of the
single-bend swivel joint 106 and the triple-bend swivel joint 112 is pre-installed on
the tree 104. Also, the sub-assembly comprising the two double-bend swivel
joints 124, 126 is connected to the manifold 102 (which is shown mounted on a
manifold skid 144), pressure tested, and sent to the fracturing site on the
manifold skid. Using this method, only a single connection, namely, the
connection between the flanged end connections 122 and 132, is required to be
made up in the field, which greatly simplifies the connection of the manifold 102
to the tree 104. It should be understood that the flanged end connections 122,

132 could be any other type of suitable connection, such as a Grayloc® or
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Speedloc® connector. Also, the manifold skid can be trailer deployed with a
gantry arm (not shown) for unfurling the sub-assembly of the two double-bend
swivel joints 124, 126.

In the present embodiment, the connections between the components in
the first flowline subassembly (i.e., the assembly of the single bend swivel joint
106, the pipe segment 116 and the triple bend swivel joint 112) and the
connections between the components in the second flowline subassembly (i.e.,
the assembly of the straight pipe segment 136 and the two double bend swivel
joints 124, 126) are of the type that are typically not made up in the field. For
example, the connection between the pipe segment 114 and each of the single
bend swivel joint 106 and the triple bend swivel joint 112 are rotary swivel
connections which, as may be apparent from the description of the swivel joint
embodiment of Figure 2, are nhormally made up during assembly of the swivel
joints. Likewise, the connections between the double bend swivel joints 124, 126
and the pipe segment 136 are rotary swivel connections which are typically made
up during assembly of the swivel joints. The present disclosure allows for the first
flowline subassembly to be made up off-site, transported to the fracturing site and
then connected to the tree 104. Similarly, the second flowline subassembly can
be made up off-site and connected to the manifold 102. Moreover, since the
manifold 102 is transportable, the second flowline subassembly can be
connected to the manifold 102 off-site and this entire assembly can then be
transported to the fracturing site. Thus, once at the fracturing site, the only
connection that has to be completed in order to fully deploy the flowline assembly
is the connection between the flanged end connections 122, 132.

Once assembled, the flowline assembly 100 may be configured such that
both the triple-bend assembly 112 and the first double bend assembly 124 rest
on a supporting surface 146, such as the ground. As shown in Figure 6, for
example, the male hub 116 of the triple-bend assembly 112 and the female hub
134 of the double bend assembly 124 are supported on the supporting surface
146. Due to the generally cube-shaped configuration of the male and female
body portions, the male and female hubs 116, 134 contact the supporting surface
146 over an extended area. This helps to stabilize the flowline assembly 100 and
thereby reduce stresses on the swivel joints. |n addition, the cube-shaped

configuration of the male and female hubs 116, 134 ensures that the connecting
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pipe segments (such as pipe segment 204 in Figure 9) remain elevated off the
supporting surface.

A second embodiment of a flowline assembly in accordance with the
present disclosure is shown in Figures 8 and 9. The flowline assembly of this
embodiment, generally 200, is similar in many respects to the flowline assembly
100 described above. In the present embodiment, however, the single-bend
swivel joint 106 is rotatably connected to the first male hub 116 of the triple-bend
swivel joint 112 by a flanged connection 202 (not visible in Fig. 8) between the
single-bend swivel joint and the male hub 116 of the-triple bend swivel joint.
Also, the male hub 120 of the triple-bend swivel joint 112 is rotatably connected
to the male hub 130 of the first double-bend swivel joint 124 by a straight pipe
segment 204.

During assembily, the single-bend swivel joint 106 is pre-installed on the
tree 104, and the sub-assembly comprising the triple-bend swivel joint 112 and
the two double-bend swivel joints 124, 126 is connected to the manifold 102,
pressure tested, and sent to the fracturing site on the manifold skid. Thus, only
one connection needs to be made up in the field, namely, the flanged connection
202 between the single-bend swivel joint 106 and the triple-bend swivel joint 112.
Once assembled, the flowline assembly 200 may be configured such that both
the triple-bend assembly 112 and the first double bend assembly 124 rest on the
supporting surface 146. Also, the flanged connection 202 could be any other
type of suitable connection, such as a Grayloc® or Speedloc® connector.

A third embodiment of the flowline assembly of the present disclosure is
shown in Figures 10-12. The flowline assembly of this embodiment, generally
300, is somewhat similar to the flowline assembly 100 described above. In this
embodiment, however, the single-bend swivel joint 106 is omitted. Instead, the
valve block 108 on the tree 104 is connected to a fixed tee 302, which in turn is
rotatably connected to the male hub 116 of the triple-bend swivel joint 112 using,
e.g., a studded end connection 304 similar to the studded end connection 92
discussed above in connection with the swivel joint 90.

During assembly, the sub-assembly comprising the tee 302 and the triple-
bend swivel joint 112 is pre-installed on the tree 104, and the sub-assembly
comprising the two double-bend swivel joints 124, 126 is connected to the

manifold 102, pressure tested, and sent to the fracturing site on the manifold skid
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146. Using this method, only a single connection, namely, the connection
between the flanged end connections 122, 132, is required to be made up in the
field. As in the previous embodiments, the flanged end connections 122, 132
could be replaced with any other suitable connection, such as a Grayloc® or
Speedloc® connector.

Another embodiment of the flowline assembly of the present disclosure is
shown in Figure 13. The flowline assembly of this embodiment, generally 400, is
similar to the flowline assembly 300 just described. In the flowline assembly 400,
however, the fixed tee 302 is connected to the triple-bend swivel joint 112 using a
clamp connector 402, the triple-bend swivel joint is connected to the first double-
bend swivel joint 124 using a straight pipe segment 404 and a pair of clamp
connectors 406, the first double-bend swivel joint is similarly connected to the
second double-bend swivel joint 126 using a straight pipe segment 408 and a
pair of clamp connectors 410, and the second double-bend swivel joint is
connected to the valve block 128 using a clamp connector 412 which is
connected to a straight pipe segment 414 that in turn is bolted to the valve block.
Of course, other types of connectors can be used in place of one or more of the
clamp connectors.

During assembily, the fixed tee 302 is pre-installed on the tree 104 and the
remainder of the flowline assembly 400 is pre-assembled, connected to the
manifold 402, pressure tested if necessary, and sent to the fracturing site on the
manifold skid 146. Once the manifold skid 146 arrives at the tree 104, the
assembly can be connected to the fixed tee 302 with the use of a crane or other
lifting device (not shown) which comprises a rope 416 that is guided through a
fulcrum eye 418 attached to the tee and secured to a tie off point 420 on the male
hub 116. In this manner, the crane can be used to lift the male hub 116 into
position for connection to the tee 302. Thus, only one connection, namely, the
clamp connector 402 needs to be made up in the field.

Another method for connecting the flowline assembly 400 between the
manifold 102 and the tree is shown in Figure 14. In accordance with this method,
the triple-bend swivel joint 112 and the first and second double-bend swivel joints
124, 126 are pre-assembled on an intermediate skid 422, which also may include
a hand operated crane 424 and/or a piston lifting device 426. In use, the crane

424 and/or the piston lifting device 426 may be used to lift and level the flowline
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assembly 400 so that the triple-bend swivel joint 112 can be connected to the
fixed tee 302 and the second double-bend swivel joint 126 can be connected to
the straight pipe segment 414 which is connected to the manifold valve block
128.

It should be recognized that, while the present disclosure has been
presented with reference to certain embodiments, those skilled in the art may
develop a wide variation of structural and operational details without departing
from the principles of the disclosure. For example, the various elements shown
in the different embodiments may be combined in a manner not illustrated above.
Therefore, the following claims are to be construed to cover all equivalents falling

within the true scope and spirit of the disclosure.
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What is Claimed is:

1. A flowline assembly comprising:

at least one swivel joint assembly which includes:

a female hub which comprises a generally cube-shaped
female body portion, a first female end portion which extends linearly from

a first side of the female body portion, a first female recess which is

formed axially in the first female end portion, and a second female end

portion which extends linearly from a second side of the female body
portion that is oriented approximately ninety degrees from the first side of
the female body portion;

a male member which includes a cylindrical end portion that
is configured to be rotatably received in the first female recess; and

first means for rotatably securing the end portion of the male
member within the first female recess.

2. The flowline assembly of claim 1, wherein the male member
comprises:

a male hub which includes a generally cube-shaped male body
portion, a first male end portion which extends linearly from a first side of the
male body portion, and a second male end portion which extends linearly from a
second side of the male body portion that is oriented approximately ninety
degrees from the first side of the male body portion;

wherein the cylindrical end portion of the male member comprises a
cylindrical outer surface portion of the second male end portion.

3. The flowline assembly of claim 2, wherein the swivel joint assembly
further comprises at least one of a first connector member which is located at a
distal end of the first male end portion and a second connector member which is
located at a distal end of the second female end portion.

4. The flowline assembly of claim 2, wherein one of the first male end
portion and the second female end portion comprises a cylindrical first end
recess which is formed axially therein, and wherein the swivel joint assembly
further comprises:

a first straight pipe segment which includes a first end portion that is

configured to be rotatably received in the first end recess; and
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second means for rotatably securing the first end portion within the
first end recess.

5. The flowline assembly of claim 4, wherein the swivel joint assembly
further comprises a first connector member which is located at a distal end of the
first pipe segment and a second connector member which is located at a distal
end of the other of the first male end portion and the second female end portion.

6. The flowline assembly of claim 2, wherein the first male end portion
comprises a cylindrical first end recess which is formed axially therein, the
second female end portion comprises a cylindrical second end recess which is
formed axially therein, and the swivel joint assembly further comprises:

a first straight pipe segment which includes a first end portion that is
configured to be rotatably received in the first end recess;

a second straight pipe segment which includes a first end portion
that is configured to be rotatably received in the second end recess;

second means for rotatably securing the first end portion of the first
straight pipe segment within the first end recess; and

third means for rotatably securing the first end portion of the second
straight pipe segment within the second end recess.

7. The flowline assembly of claim 6, wherein the swivel joint assembly
further comprises a first connector member which is located at a distal end of the
first pipe segment and a second connector member which is located at a distal
end of the second pipe segment.

8. The flowline assembly of claim 1, wherein the male member
comprises a first straight pipe segment and the cylindrical end portion of the male
member comprises a cylindrical first end portion of the first pipe segment.

9. The flowline assembly of claim 8, wherein the second female end
portion comprises a second female recess which is formed axially therein, and
the swivel joint assembly further comprises:

a second straight pipe segment which includes a first end portion
that is configured to be rotatably received in the second female recess; and

second means for rotatably securing the first end portion of the
second pipe segment within the second female recess.

10.  The flowline assembly of claim 9, further comprising at least one of

a first connector member which is located at a distal end of the first pipe segment

21



10

15

20

25

30

WO 2018/049360 PCT/US2017/051030

and a second connector member which is located at a distal end of the second
pipe segment.

11.  The flowline assembly of claim 8, further comprising:

a second female hub which comprises a generally cube-shaped
female body portion, a first female end portion which extends linearly from a first
side of the female body portion, a first female recess which is formed axially in
the first female end portion, and a second female end portion which extends
linearly from a second side of the female body portion that is oriented
approximately ninety degrees from the first side of the female body portion;

wherein the first pipe segment comprises a cylindrical second end
portion which is configured to be rotatably received in the first female recess of
the second female hub; and

second means for rotatably securing the second end portion of the
first pipe segment within the first female recess of the second female hub.

12.  The flowline assembly of claim 11, wherein at least one of the
second female end portion of the first female hub and the second female end
portion of the second female hub comprises a cylindrical first end recess which is
formed axially therein, and wherein the swivel joint assembly further comprises:

a second straight pipe segment which includes a first end portion
that is configured to be rotatably received in the first end recess; and

third means for rotatably securing the first end portion of the second
pipe segment within the first end recess.

13.  The flowline assembly of claim 12, wherein the swivel joint
assembly further comprises a connector member which is located at a distal end
of the second pipe segment.

14.  The flowline assembly of claim 8, further comprising:

a male hub which includes a generally cube-shaped male body
portion, a first male end portion which extends linearly from a first side of the
male body portion, a first male recess which is formed axially in the first male end
portion, and a second male end portion which extends linearly from a second
side of the male body portion that is oriented approximately ninety degrees from
the first side of the male body portion;

wherein the first pipe segment comprises a cylindrical second end

portion which is configured to be rotatably received in the first male recess; and
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second means for rotatably securing the cylindrical second end
portion of the first pipe segment within the first male recess.

15.  The flowline assembly of claim 14, wherein at least one of the
second female end portion and the second male end portion comprises a
cylindrical first end recess which is formed axially therein, and wherein the swivel
joint assembly further comprises:

a second straight pipe segment which includes a first end portion
that is configured to be rotatably received in the first end recess; and

third means for rotatably securing the first end portion of the second
pipe segment within the first end recess.

16.  The flowline assembly of claim 15, wherein the swivel joint
assembly further comprises a connector member which is located at a distal end
of the second pipe segment.

17.  The flowline assembly of claim 2, further comprising:

a second female recess which is formed axially in the second
female end portion;

a second male hub which includes a generally cube-shaped male
body portion, a first male end portion which extends linearly from a first side of
the male body portion, and a second male end portion which extends linearly
from a second side of the male body portion that is oriented approximately ninety
degrees from the first side of the male body portion;

wherein the second male end portion of the second male hub
comprises an outer surface portion which configured to be rotatably received in
the second female recess; and

second means for rotatably securing the outer surface portion of the
second male end of the second male hub within the second female recess.

18.  The flowline assembly of claim 17, wherein the swivel joint
assembly further comprises at least one of a first connector member which is
located at a distal end of the first male end portion of the first male hub and a
second connector member which is located at a distal end of the first male end
portion of the second male hub.

19.  The flowline assembly of claim 17, wherein at least one of the first

male end portion of the first male hub and the first male end portion of the second
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male hub comprises a cylindrical first male recess which is formed axially therein,
and wherein the swivel joint assembly further comprises:

a first straight pipe segment which includes a first end portion that is
configured to be rotatably received in the first male recess; and

third means for rotatably securing the first end portion of the first
pipe segment within the first male recess.

20.  The flowline assembly of claim 19, further comprising a connector
member which is located at a distal end of the first pipe segment.

21.  The flowline assembly of claim 3, 5, 7, 10, 13, 16, 18 or 20 wherein
said connector members comprise a clamp connector, a drill through flanged end
connection, a studded end connection, a hammer union connector, a Grayloc®
connector or a Speedloc® connector.

22. A method for fluidly connecting a fracturing manifold to a fracturing
tree, the method comprising:

(a) providing a first flowline assembly which comprises a number of
first swivel joints;

(b) connecting a first end of the first flowline assembly to the
manifold;

(c) providing a second flowline assembly;

(d) connecting a first end of the second flowline assembly to the
tree; and

(e) after the first flowline assembly is connected to the manifold
and the second manifold assembly is connected to the tree, connecting a second
end of the first flowline assembly to a second end of the second flowline
assembly to thereby fluidly connect the manifold to the tree.

23. The method of claim 22, further comprising, after step (b) but prior
to step (e), transporting the manifold with the first flowline assembly connected
thereto to a location proximate the tree.

24.  The method of claim 22 or 23, further comprising, after steps (b)
and (d) but prior to step (e), pressure testing at least one of the first flowline
assembly and the second flowline assembly.

25.  The method of claim 22, further comprising:

providing a lifting device; and
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after steps (b) and (d) but prior to step (e), using the lifting device to
move the second end of the first flowline assembly into position for connection to
the second end of the second flowline assembly.

26. The method of claim 22, wherein the second flowline assembly
comprises a fixed tee which is connected to the tree and a first pipe segment
which is connected to the fixed tee, and wherein a distal end of the first pipe
segment comprises the second end of the second flowline assembly.

27.  The method of claim 22, wherein the second flowline assembly
comprises a fixed tee which is connected to the tree, a first pipe segment which is
connected to the fixed tee and a first flowline subassembly which is connected to
a distal end of the first pipe segment, wherein the first flowline subassembly
comprises a number of second swivel joints, and wherein a distal end of the first
flowline subassembly comprises the second end of the second flowline assembly.

28.  The method of claim 22, wherein the second flowline assembly
comprises a second swivel joint which is connected to the tree and a first pipe
segment which is connected to the second swivel joint, and wherein a distal end
of the first pipe segment comprises the second end of the second flowline
assembly.

29. The method of claim 22, wherein the second flowline assembly
comprises a second swivel joint which is connected to the tree, a first pipe
segment which is connected to the second swivel joint and a first flowline
subassembly which is connected to a distal end of the first pipe segment, wherein
the first flowline subassembly comprises a number of third swivel joints, and
wherein a distal end of the first flowline subassembly comprises the second end
of the second flowline assembly.

30. The method of claim 22, further comprising:

providing a third flowline assembily;

wherein step (e) comprises connecting a first end of the third
flowline assembly to a second end of the first flowline assembly and connecting a
second end of the third flowline assembly to the second end of the second
flowline assembly.

31.  The method of claim 30, further comprising:

providing a lifting device; and
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using the lifting device to move the first and second ends of the
third flowline assembly into position for connection to the second end of the first
flowline assembly and the second end of the second flowline assembly,
respectively.

32. A flowline system for fluidly connecting a fracturing manifold to a
fracturing tree, the flowline system comprising:

a first flowline assembly which is pre-assembled with the manifold,
the first flowline assembly comprising a number of preassembled first flowline
components and a first connection member which is located distally of the
manifold; and

a second flowline assembly which is connected to the tree, the
second flowline assembly comprising a number of preassembled second flowline
components and a second connection member which is located distally of the
tree;

wherein the first and second connection members are configured to
be releasably connected together to thereby fluidly connect the manifold to the
tree.

33. The system of claim 32, wherein the second flowline assembly
comprises a fixed tee which is connected to the tree and a first pipe segment
which is connected to the fixed tee, and wherein the second connection member
is located at a distal end of the first pipe segment.

34. The system of claim 32, wherein the second flowline assembly
comprises a fixed tee which is connected to the tree, a first pipe segment which is
connected to the fixed tee and a first flowline subassembly which is connected to
a distal end of the first pipe segment, wherein the first flowline subassembly
comprises a number of swivel joints, and wherein the second connection member
is located at a distal end of the first flowline subassembly.

35. The system of claim 32, wherein the second flowline assembly
comprises a swivel joint which is connected to the tree and a first pipe segment
which is connected to the swivel joint, and wherein the second connection
member is located at a distal end of the first pipe segment.

36. The system of claim 22, wherein the second flowline assembly
comprises a first swivel joint which is connected to the tree, a first pipe segment

which is connected to the first swivel joint and a first flowline subassembly which
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is connected to a distal end of the first pipe segment, wherein the first flowline
subassembly comprises a number of second swivel joints, and wherein the
second connection member is located at a distal end of the first flowline
subassembly.

37. The system of claim 22, further comprising:

a third flowline assembly which comprises a first end on which a
third connection member is located and a second end on which a fourth
connection member is located;

wherein the first and third connection members and the second and
fourth connection members are configured to be releasably connected together,
respectively, to thereby fluidly connect the manifold to the tree.

38. The system of claim 37, further comprising a lifting device which is
configured to move the third flowline assembly into position for connection of the
first connection member to the third connection member and the second

connection member to the fourth connection member.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US17/51030
A. CLASSIFICATION OF SUBJECT MATTER
CIZP% - E21B 17/05, 17/20, 19/16, 41/00; F16L 25/00, 27/00; F17D 1/08 (2017.01)
PC -

E03B 5/045; E21B 17/05, 17/20, 19/16, 21/02, 41/00; F16L 25/00, 27/00; F17D 1/08

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

See Search History document

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

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A = | DE 202007019338 U1 (EISELE PNEUMATICS GMBH) 12 December 2011; entire document 1-21
A US 4,362,324 A (KELLY, J. W.) 07 December 1982; entire document 1-21
A » |GB1022572 A (JAMME, A. G.) 19 March 1966, entire document 1-21
A US 2013/0175039 A1 (CAMERON INTERNATIONAL CORPORATION) 11 July 2013; entire 1-21

document
A US 2010/0193057 A1 (GARMER, W. H. et al.) 05 August 2011; entire document 1:21
A US 2016/0153596 A1 (FMC TECHNOLOGIES, INC.) 02 June 2016; entire document 1-21
A +~ |AU 2015258313 A1 (FMC TECHNOLOGIES, INC.) 10 December 2015; entire document 1-21
A JP 2009 174648 A (IHARA, Y.) 06 August 2009; entire document 1-21
A US 2014/0231554 A1 (UNGCHUSRI, T. et al.) 21 August 2014, entire document 1-21
A US 2010/0300672 A1 (CHILDRESS, E. L. et al.) 02 December 2010; entire document 1-21
A US 5,144,148 A (1AEUBER, JR., K. et al.) 22 September 1992; entire document 1-21
A tL‘JJS 2013/?175039 A1 (CAMERON INTERNATIONAL CORPORATION) 11 July 2013; entire 1-21

ocumen

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

D See patent family annex.

* Special categories of cited documents:

the priority date claimed

“T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁllqauon but cited to understand
10 be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  “X> document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
§"eegi§|°r:§;3?.héhs ;hzc?fl-:gg)ca"o" date of another citation or other «y» document of particular relevance; the claimed invention cannot be
. P i p X . considered to involve an inventive step when the document is
O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
P document published prior to the international filing date but later than  «g»  4ocument member of the same patent family

Date of the actual completion of the international search

18 December 2017 (18.12.2017)

Date of mailing of the international search report

05 JAN 2018

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Shane Thomas
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Box No. 11 Obscrvations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiplc inventions in this intcrnational application, as follows:
-***.Please See Within the Next Supplemental Box-"**-

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

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

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

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

1-21

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/iISA/210 (continuation of first sheet (2)) (January 2015)



PCT/US2017/051030 05.01.2018

INTERNATIONAL SEARCH REPORT

. ) Internation lication No.
Information on patent family members onal app
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-***.Continued from Box No. Ill Observations where unity of invention is lacking-***-

Claims 36-37 are objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claims 36-36 are indefinite for
the following reason(s):

Claims 36 and 37 recite the “system of claim 22" wherein the “system” lacks proper antecedent basis. For the purposes of this opinion,
as best understood, claims 36 and 37 will be interpreted as reciting the "system of claim 32" and being dependent on claim 32 in order to
provide proper antecedent basis and clarity.

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

Group |: Claims 1-21 are directed toward a flowline assembly including a female hub and a male member.

Group I: Claims 22-31 are directed toward a method for fluidly connecting a fracturing manifold to a fracturing tree, the method
comprising: providing a first flowline assembly which comprises a number of first swivel joints.

Group IHI: Claims 32-38 are directed toward a flowline system for fluidly connecting a fracturing manifold to a fracturing tree, the flowline
system comprising: a first flowline assembly comprising a number of preassembled first flowline components and a first connection
member.

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

Group | includes at least one swivel joint assembly which includes: a female hub which comprises a generally cube-shaped female body
portion, a first female end portion which extends linearly from a first side of the female body portion, a first female recess which is formed
axially in the first female end portion, and a second female end portion which extends linearly from a second side of the female body
portion that is oriented approximately ninety degrees from the first side of the female body portion; a male member which includes a
cylindrical end portion that is configured to be rotatably received in the first female recess; and first means for rotatably securing the end
portion of the male member within the first female recess (which is not present in Groups |l or Ili).

Group Il includes a method for fluidly connecting a fracturing manifold to a fracturing tree, the method comprising: (a) providing a first
flowline assembly which comprises a number of first swivel joints; (b) connecting a first end of the first flowline assembly to the manifold;
(c) providing a second flowline assembly; (d) connecting a first end of the second flowline assembly to the tree (which is not present in
Group 1); and (e) after the first flowline assembly is connected to the manifold and the second manifold assembly is connected to the
tree, connecting a second end of the first flowline assembly to a second end of the second flowline assembly to thereby fluidly connect
the manifold to the tree (which is not present in Groups | or Ill).

Group Il includes a flowline system for fluidly connecting a fracturing manifold to a fracturing tree, the flowline system comprising: a first
flowline assembly which is pre-assembled with the manifold, the first flowline assembly comprising 2 number of preassembled first
flowline components and a first connection member which is located distally of the manifold (which is not present in Groups | or l); and a
second flowline assembly which is connected to the tree (which is not present in Group 1), the second flowline assembly comprising a
number of preassembled second flowline components and a second connection member which is located distally of the tree; wherein the
first and second connection members are configured to be releasably connected together to thereby fluidly connect the manifold to the
tree (which is not present in Groups | or H).

The common technical features of Groups I-lIl are: at least one flowline assembly comprising at least one swivel joint assembly; a first
flowline assembly connected at a first end to a manifold; a second flowline assembly connected at a first end to a tree; wherein the first
flowline is connected to the manifold and the second flowline assembly is connected to the tree, a second end of the first flowline
assembly is connected to a second end of the second flowline assembly to thereby fiuidly connect the manifold to the tree.

These common technical features are disclosed by US 2013/0175033 A1 (GUIDRY): at least one flowline assembly comprising at least
one swivel joint assembly (fluid conduits 26 are adjustable to facilitate coupling of conduits 26 between fracturing manifold 22 and
fracturing trees 20, said fluid conduits 26 defining a flowline assémbly and having a swivel connection that enables rotation of one
portion of the fluid conduit 26 with respect to another portion while those portions are connected to one another — shown including a
number of swivel connections having swivel rings 176 that allow pipes 170 and connection blocks 172 to rotate with respect to one
another; figures 10-12; paragraphs [0042)-[0045)); a first flowline assembly connected at a first end to a manifold (22; figures 10-12); a
second flowline assembly connected at a first end to a tree (20; figures 10-12); wherein the first flowline is connected to the manifold and
the second flowline assembly is connected to the tree, a second end of the first flowline assembly is connected to a second end of the
second flowline assembly to thereby fluidly connect the manifold to the tree (each fluid conduit assembly 26, shown including a number
of swivel connections having swivel rings 176 that allow pipes 170 and connection blocks 172 to rotate with respect to one another,
defining a first flowline assembly extending from manifold 22, pipes 170 and blocks 172 of said first flowline assembly further connected
to pipes 170 and blocks 172 of a second flowline assembly extending from corresponding tree 20; figures 10-12; paragraphs
[0042]-[0045]).

Since the common technical features are previously disclosed by GUIDRY, these common features are not so special and so Groups
I-1l 1ack unity.

Form PCT/ISA/210 (patent family annex) (January 2015)
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