woO 2020/092679 A1 |0 000 KO Y00 00 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
07 May 2020 (07.05.2020)

(10) International Publication Number

WO 2020/092679 Al

WIPO I PCT

(51) International Patent Classification:
E2IB 17/10(2006.01) E21B 43/26 (2006.01)

(21) International Application Number:
PCT/US2019/059013

(22) International Filing Date:
31 October 2019 (31.10.2019)

(72) Inventor: GUIDRY, Kirk P., Cameron International Cor-
poration, 3505 W. Sam Houston Parkway N., Houston,
Texas 77043 (US).

(74) Agent: FLYNN, Michael L.; Schlumberger, 10001 Rich-
mond Avenue, Room 4720, Houston, Texas 77042 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
16/176,898 31 October 2018 (31.10.2018)  US

(71) Applicant (for US only): CAMERON INTERNATION-
AL CORPORATION [US/US]; 5599 San Felipe Street,
16th F1, Houston, Texas 77056 (US).

(71) Applicant (for all designated States except US):
CAMERON TECHNOLOGIES LIMITED [IE/NL];
Parkstraat 83, 2514 JG The Hague (NL).

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: FRACTURING SYSTEM WITH FLUID CONDUIT HAVING COMMUNICATION LINE

FIG. 5

(57) Abstract: A fracturing fluid delivery system with a fluid conduit having a communication line is provided. In one embodiment,
a fracturing system includes a wellhead assembly and a fracturing fluid conduit coupled to the wellhead assembly to enable receipt of
fracturing fluid by the wellhead assembly from the fracturing fluid conduit. The fracturing fluid conduit includes a body defining a bore
for conveying the fracturing fluid to the wellhead assembly and also includes a communication line. The communication line transmits
signals along the body of the fracturing fluid conduit such that the fracturing fluid conduit facilitates transmission of both the fracturing
fluid and the signals. Additional systems, devices, and methods are also disclosed.

[Continued on next page]



WO 2020/092679 A | [I 1] 00000000 0 0O

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/092679 PCT/US2019/059013

FRACTURING SYSTEM WITH FLUID CONDUIT HAVING
COMMUNICATION LINE

CROSS-REFERENCE TO RELATED APPLICATION

[0001]  The present document is based on and claims priority to U.S. Application
Serial No.: 16/176,898, filed October 31, 2018, which is incorporated herein by

reference in its entirety.

BACKGROUND

[0002]  This section is intended to introduce the reader to various aspects of art
that may be related to various aspects of the presently described embodiments. This
discussion is believed to be helptul in providing the reader with background
information to facilitate a better understanding of the various aspects of the present
embodiments. Accordingly, it should be understood that these statements are to be

read in this light, and not as admissions of prior art.

[0003] In order to meet consumer and industrial demand for natural resources,
companies often invest significant amounts of time and money in searching for and
extracting oil, natural gas, and other subterranean resources from the earth.
Particularly, once a desired subterranean resource 1s discovered, drilling and
production systems are often employed to access and extract the resource. These
systems may be located onshore or offshore depending on the location of a desired
resource. Further, such systems generally include a wellhead assembly through which
the resource 1s extracted. These wellhead assemblies may include a wide variety of
components, such as various casings, valves, tluid conduits, and the like, that control

drilling or extraction operations.

[0004]  Additionally, such wellhead assemblies may use a fracturing tree and other

components to facilitate a fracturing process and enhance production from a well. As
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will be appreciated, resources such as oil and natural gas are generally extracted from
tissures or other cavities formed in various subterranean rock formations or strata.
To facilitate extraction of such resources, a well may be subjected to a fracturing
process that creates one or more man-made fractures in a rock formation. This
tacilitates, for example, coupling of pre-existing fissures and cavities, allowing oil,
gas, or the like to tlow into the wellbore. Such fracturing processes typically include
injecting a fracturing fluid—which s often a mixture including sand and water—
into the well to increase the well’s pressure and form the man-made fractures. A
tracturing manifold may provide fracturing fluid to one or more fracturing trees via

tracturing lines (e.g;, pipes).

SUMMARY

[0005]  Certain aspects of some embodiments disclosed herein are set forth
below. It should be understood that these aspects are presented merely to provide
the reader with a brief summary of certain forms the invention might take and that
these aspects are not intended to limit the scope of the invention. Indeed, the

invention may encompass a variety of aspects that may not be set forth below.

[0006]  Atleast some embodiments of the present disclosure generally relate to
tracturing fluid delivery systems having fluid conduits with communication lines for
routing both fluid and signals via the fluid conduits. In certain embodiments, a
tracturing manifold i1s connected to a fracturing tree of a wellhead assembly with a
flutd conduit having a communication line. The communication line may include a
tiber optic line or an electrical line. Various signals may be routed through a
communication line of the tluid conduit, such as data signals or command signals.
The communication line can be attached to the exterior of a flexible hose or rigid

pipe of the tluid conduit or embedded within the body of the flexible hose or rigid
pipe.
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[0007]  Various refinements of the features noted above may exist in relation to
various aspects of the present embodiments. Further features may also be
incorporated in these various aspects as well. These refinements and additional
features may exist individually or in any combination. For instance, various features
discussed below in relation to one or more of the illustrated embodiments may be
incorporated into any of the above-described aspects of the present disclosure alone
or in any combination. Again, the briet summary presented above is intended only
to familiarize the reader with certain aspects and contexts of some embodiments

without limitation to the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]  These and other features, aspects, and advantages of certain embodiments
will become better understood when the following detailed description 1s read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0009] FIG. 1 generally depicts a fracturing system in accordance with an

embodiment of the present disclosure;

[0010] FIG. 2 1s a diagram of the fracturing system of FIG. 1 with a fracturing

manifold coupled to multiple fracturing trees in accordance with one embodiment;

[0011] FIG. 3 1s a perspective view of certain components of a fracturing
system, including a portion of the tracturing manitold mounted on a skid and joined
to fracturing trees with fluid conduits having communication lines, in accordance

with one embodiment;

[0012] FIG. 4 1s a block diagram representing communication with elements of a

wellhead assembly in accordance with one embodiment;
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[0013] FIG. 5 1s a section view of a portion of a tluid conduit of FIG. 3
including a tlexible hose having an embedded communication line to allow the fluid

conduit to transmit fracturing tluid and signals in accordance with one embodiment;

[0014] FIG. 6 1s a section view of a portion of a tluid conduit having multiple
embedded communication lines for routing signals in accordance with one

embodiment;

[0015] FIGS. 7 and 8 show arrangements of various communication lines within

a flexible hose in accordance with two embodiments;

[0016]  FIG. 9 depicts communication lines extending helically through a portion

of a flexible hose in accordance with one embodiment;

[0017] FIG. 10 1s a section view of a wire-belted flexible hose having

communication lines in accordance with one embodiment; and

[0018] FIG. 11 1s a cross-section of an end of a flexible hose attached to a rigid

connector in accordance with one embodiment.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0019]  Specific embodiments of the present disclosure are described below. In an
effort to provide a concise description of these embodiments, all features of an
actual implementation may not be described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as compliance with system-
related and business-related constraints, which may vary from one implementation to
another. Moreover, it should be appreciated that such a development effort might be

complex and time-consuming, but would nevertheless be a routine undertaking of
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design, fabrication, and manufacture for those of ordinary skill having the benefit of

this disclosure.

[0020]  When introducing elements of various embodiments, the articles “a,”
“an,” “the,” and “said” are intended to mean that there are one or more of the
elements. The terms “comprising,” “including,” and “having” are intended to be
inclusive and mean that there may be additional elements other than the listed
elements. Moreover, any use of “top,” “bottom,” “above,” “below;” other directional
terms, and variations of these terms is made for convenience, but does not require

any particular orientation of the components.

[0021]  Turning now to the present figures, an example of a fracturing system 10
is provided in FIGS. 1 and 2 in accordance with one embodiment. The fracturing
system 10 facilitates extraction of natural resources, such as oil or natural gas, from a
well 12 via a wellbore 14 and a wellhead 16. Particularly, by injecting a fracturing tluid
into the well 12, the fracturing system 10 increases the number or size of fractures in
a rock formation or strata to enhance recovery of natural resources present in the
tormation. In the presently illustrated embodiment, the well 12 1s a surtace well
accessed by equipment of wellhead 16 installed at surface level (1.e., on ground 18).
But it will be appreciated that natural resources may be extracted from other wells,

such as platform or subsea wells.

[0022]  The fracturing system 10 includes various components to control tlow of
a fracturing fluid into the well 12. For instance, the depicted fracturing system 10
includes a fracturing tree 20 and a fracturing manifold 22. The fracturing tree 20
includes at least one valve that controls tlow of the fracturing fluid into the
wellhead 16 and, subsequently, into the well 12. Similarly, the fracturing manifold 22
includes at least one valve that controls tlow of the fracturing fluid to the fracturing

tree 20 by a conduit or fluid connection 26, such as one or more pipes.
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[0023]  The fracturing manifold 22 is mounted on at least one skid 24 (e.g;, a
platform mounted on rails) to facilitate movement of the fracturing manifold 22
with respect to the ground 18. As depicted in FIG. 2, the fracturing manifold 22 1s
connected to provide fracturing fluid to multiple fracturing trees 20 and

wellheads 16. But it 1s noted that the fracturing manifold 22 may instead be coupled
to a single fracturing tree 20 in full accordance with the present techniques. In one
embodiment in which the fracturing manifold 22 1s coupled to multiple fracturing
trees 20, various valves of the fracturing manifold 22 may be mounted on separate

skids 24 to enable variation in the spacing between the valves.

[0024]  Fracturing tluid from a supply 28 1s provided to the fracturing

manifold 22. In FIG. 1, a connector 30 recetves fracturing tluid from the supply 28
through a conduit or fluid connection 32, such as pipes or hoses, and then transmits
the fluid to the fracturing manifold 22 by way of a subterranean conduit or fluid
connection 34. The fracturing tluid could be routed from the supply 28 to the
tracturing manifold 22 entirely above ground without use of a subterranean
conduit 34 in other instances. In one embodiment, the fracturing fluid supply 28 1s
provided by one or more trucks that deliver the fracturing tluid, connect to the
connector 30, and pump the tluid into the fracturing maniftold 22 via the
connector 30 and connections 32 and 34. In another embodiment, the fracturing
fluid supply 28 is in the form of a reservoir from which fluid may be pumped into
the fracturing manifold 22. But any other suitable sources of fracturing tluid and

manners for transmitting such fluid to the fracturing manifold may instead be used.

[0025]  In atleast some embodiments, fracturing fluid is routed to wellhead
assemblies through fluid connections 26 having tlexible hoses. One such example is
generally depicted in FIG. 3 as having a skid-mounted assembly 40 of the fracturing
manifold 22 coupled to a pair of fracturing trees 20 by fluid conduits 48. The
assembly 40 includes a pipe 42 spanning connection blocks 44. The pipe 42 and the

connection blocks 44 are part of a trunk line of the manifold 22 for routing
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tracturing fluid to be delivered to multiple fracturing trees, and it will be appreciated
that other pipes or conduits can be coupled to the connection blocks 44 to join other
portions of the trunk line (e.g, to other skid-mounted assemblies 40, which can be

coupled to additional fracturing trees 20).

[0026]  Valves 46 enable individual control of the tlow of fracturing fluid from
the trunk line to each fracturing tree 20 through the fluid conduits 48. The valves 46
are depicted here as mounted on the skid 24 as part of the assembly 40 of the
tracturing manifold 22. In other instances, valves 46 could be positioned elsewhere
(e.g., at the other end of the fluid conduits 48) or omitted (in which case valves of
the fracturing trees could be used to control tlow of fracturing tluid from the

manifold into the wells).

[0027]  The fluid conduits 48 are each depicted in FIG. 3 as including a flexible
hose 50 (which may also be referred to as a tlexible pipe) coupled to route fracturing
tluid from the manifold 22 to a fracturing tree 20 of a wellhead assembly. The fluid
conduits 48 could be connected between the maniftold 22 and wellhead assemblies in
various manners, but the fluid conduits 48 depicted in FIG. 3 include rigid pipe
connectors 52 provided at the ends of the tlexible hoses 50 to facilitate installation.
The tluid conduits 48 are also shown in FIG. 3 as having communication lines 54

that allow signals to be transmitted along the bodies of the fluid conduits 48.

[0028]  The communication lines 54 of the tluid conduits 48 can be used to
transmit various signals, such as measurement data or control signals. For example, as
generally depicted in FIG. 4, a system can include a wellhead assembly 60 and a
monitoring and control station 62 for recetving signals from the wellhead

assembly 60 and controlling operation of the system. In at least some embodiments,
the wellhead assembly 60 includes a wellhead 16 and a fracturing tree 20 as discussed
above. The wellhead assembly 60 could also or instead include other equipment, such

as another tree, a blowout preventer, or other tflow control devices.
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[0029]  The wellhead assembly 60 of FIG. 4 includes one or more sensors 64 and
one or more actuators 66. In various embodiments, a sensor 64 of the wellhead
assembly 60 could be a temperature sensor, a pressure sensor, a density sensot, a
position sensor, an optical sensor, or a tlow rate meter, to name but several examples.
Such sensors 64 can be installed at suitable locations in the wellhead assembly 60,
such as at the fracturing tree 20, at the wellhead 16, or at other components of the
assembly. An actuator 66 of the wellhead assembly 60 can be used to control
operation of another device of the wellhead assembly 60, such as a valve 68 (e.g, a
valve of a fracturing tree 20) or a ram 70 (e.g,, a blowout preventer ram). The
actuator 66 can take any suitable form, such as a hydraulic actuator, a pneumatic

actuator, or an electric actuator.

[0030] In FIG. 4, the wellhead assembly 60 is shown to be communicatively
coupled to the monitoring and control station 62 via a communications pathway 72.
This communications pathway 72 can be used to communicate data to or from the
wellhead assembly 60. In some embodiments, tor instance, data acquired with a
sensor 64 of the wellhead assembly 60 can be communicated from the wellhead
assembly 60 to processing equipment (e.g., of the monitoring and control station 62)
via the communications pathway 72. Command signals can also or instead be routed
through the communications pathway 72 to the wellhead assembly 60 to control
operation of the system, such as by controlling opening or closing of a valve 68 (e.g.,

of a fracturing tree 20) or ram 70 via an actuator 66.

[0031]]  The monitoring and control station 62 can take any suitable form, such as
a computer with a processor that executes instructions stored 1n a memory device to
process recetved data (e.g., data from the one or more sensors 64) and to control
operation of the system. In some embodiments, the monitoring and control

station 62 1s programmed to control operation of the system based at least in part on
measurements recetved from one or more sensots 64. For instance, in one

embodiment the monitoring and control station 62 could 1ssue a command signal to
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close a valve (such as valve 46 or 68) in response to a measured temperature or
pressure above a desired threshold. The monitoring and control station 62 may also
be provided as a distributed system with elements provided at different places near

or remote from a wellhead assembly 60.

[0032] In some embodiments, the communication line 54 of the fluid conduit 48
1s used as at least part of the communications pathway 72. That 1s, the
communication line 54 is used to transmit signals between the wellhead assembly 60
and the monitoring and control station 62 or other equipment apart from the
wellhead assembly 60. While the communication line 54 may be provided on the
exterior of a fluid-conveying pipe or hose of the fluid conduit 48, in at least some
embodiments the communication line 54 instead extends through the body of such a

pipe or hose.

[0033] By way of example, the communication line 54 may be embedded within
the flexible hose 50, such as shown in FIG. 5. As depicted, the flexible hose 50
includes a tlexible body 78, which may be formed of a polymeric material (e.g.,
natural or synthetic rubber), a composite material (which may include a polymer), or
some other suitable material. In at least some instances, the flexible body 78 1s
tormed with polyetheretherketone (PEEK) or another polymer in the
polyaryletherketone (PAEK) family. The inclusion of polymeric or composite
materials in the flexible body 78 may reduce the weight of the conduit 48, as
compared to a conduit formed entirely of iron or steel. Further, the flexibility
provided by such materials allows the conduit 48 to be bent to allow an operator to
more easily install the conduit 48 (such as between the fracturing manifold 22 and a
tracturing tree 20) by allowing the profile of the conduit 48 to be changed to
accommodate differences in spacing, elevation, and angular alignment between

connection points for the ends of the conduit 48.
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[0034]  Fracturing tluid typically contains sand or other abrasive particulates that
can erode conduits through which the fracturing fluid flows. In at least some
embodiments, the hose 50 includes an inner liner 80 within the body 78 along its
bore 82 to reduce erosive eftects from tlow of fracturing fluid or other abrasive
tluids through the hose 50. This inner liner 80 may be provided as a rubber layer
provided on the interior surface of the body 78 defining the bore 82 but could take
various other forms, such as a layer of some other polymeric or composite material.
Further embodiments may include a wire mesh liner or a corrugated sleeve liner,
such as those described in USS. Patent Application Publication No. 2017/0314379
(published on November 2, 2017, with the title “Fracturing System with Flexible

Conduit”), which is incorporated herein by reference.

[0035]  During fluid flow through the hose 50, the liner 80 reduces impingement
of abrasive particulates on the inner surface ot the body 78 and, consequently,
reduces erostve wear of the body 78. The liner 80, however, may itself erode in the
presence of abrasive flow. Accordingly, in some embodiments the liner 80 is a
removable liner. In other mnstances, the liner 80 could be patched or otherwise
repaired. In at least some embodiments, a polymeric or composite inner liner 80 has
a different color than a polymeric or composite material of the body 78 such that,
when a portion of the inner liner 80 is worn through to the body 78, exposed
portions of the inner surface of the body 78 may be more readily observed during
inspection due to the contrasting colors. For example, the inner liner 80 may be
tormed of a black polymeric or composite material and the body 78 may be formed
of a contrasting color, such as red, orange, or yellow. Although the hose 50 1s
depicted with a liner 80 in FIG. 5, it will be appreciated that the hose 50 could be

used without a liner in other embodiments.

[0036]  As noted above, the conduit 48 can include rigid pipe connectors 52 on
the ends of the hose 50 to facilitate installation. These rigid pipe connectors 52 can

take any suitable form, but in the example depicted in FIG. 5 the pipe connector 52
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includes a tlange 84 and a neck 86. The tlange 84 includes mounting holes for
recetving bolts or studs to facilitate connection to a mating component, such as at a
tluid port of the fracturing tree 20 or the fracturing manifold 22. In at least some
embodiments, the flange 84 1s an American Petroleum Institute (API) flange. The
neck 86 extends axially from the tlange 84 and receives an end of the hose 50. The
pipe connector 52 can be made of steel or some other suitable material. And while
FIG. 5 depicts just one end of the hose 50 with a rigid pipe connector 52, it will be
appreciated that the opposite end of the hose 50 may also include a similar rigid pipe

connector 52.

[0037] In at least some embodiments, the communication line 54 includes a fiber
optic line or an electrical line for carrying signals. More specifically, the
communication line 54 can include a tiber optic cable with one or more optical fibers
tor transmitting light to enable fiber-optic communication via the fluid conduit 48.
In other instances, the communication line 54 includes an electrical cable with one or
more conductive wires for carrying electric current. The communication line 54 (or
elements thereof, such as the optical fibers or conductive wires) can be enclosed
within one or more insulating or other protective layers, such as insulation, cladding,

coatings, or other protective covers.

[0038] Communication signals (e.g., optical or electrical signals) can be conveyed
along the fluid conduit 48 via the communication line 54. As noted above, such
signals can include data communication to or from the wellhead assembly 60 (such as
data acquired with a sensor 64) and command signals to the wellhead assembly 60 to
control operation (such as by controlling an actuator 66). And as discussed in greater
detail below, the communication line 54 could also or instead carry signals indicating
erosive or other wear of the fluid conduit 48. Further, in at least one embodiment,
the communication line 54 could be used to transmit electrical power for operating
one or more components of the wellhead assembly 60 (e.g;, a sensor 64 or

actuator 66).
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[0039]  As depicted in FIG. 5, the communication line 54 1s attached to a signal
connector 90 to facilitate communication with other equipment, such as the

sensors 64, the actuators 66, or the monitoring and control station 62. Additional
communication lines may be connected between various devices and the

connector 90 to allow communication between the various devices and the
communication line 54 of the fluid conduit 48 via the connector 90. In addition to
routing signals to and from the communication line 54, the connector 90 may
include circuitry for conditioning communication signals. Further, in some instances
the connector 90 includes at least one converter to facilitate communication, such as
a digital-to-analog converter, an analog-to-digital converter, an optical-to-electrical
converter, or an electrical-to-optical converter. In one embodiment, for example, the
communication line 54 could be a fiber optic line for communicating optical signals
and the connectors 90 at the ends of the communication line 54 can include

converters for converting between electrical and optical signals.

[0040]  The fluid conduit 48 can include the signal connector 90, which can be
mounted on the neck 86 or on some other suitable portion of the tluid conduit 48.
By way of example, in FIG. 5 the communication line 54 is embedded in the body 78
of the hose 50 and extends radially outward (i.e., away trom the flow axis of the
bore 82) from a side of the body 78 to facilitate connection with the signal
connector 90. In other embodiments, the signal connector 90 could be mounted
elsewhere (e.g., on the fracturing tree 20 or the fracturing manifold 22) or remain

unmounted while being connected to the hose 50 via the communication line 54.

[0041]  Although a single communication line 54 is depicted in FIG. 5, the fluid
conduit 48 could include multiple communication lines 54. As shown in FIG. 6, for
instance, the fluid conduit 48 includes four communication lines 54, but in other
embodiments the fluid conduit 48 could include some other number of
communication lines 54. The communication lines 54 could each connect to an

individual signal connector 90 (1.e., each of the four communication lines 54 could
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be connected to its own signal connector 90), or some or all of the multiple

communication lines 54 could be connected to a shared signal connector 90.

[0042]  While a communication line 54 can be used to communicate commands,
data, or other information between the wellhead assembly 60 and other equipment
via the fluid conduit 48, in some embodiments the communication line 54 is also or
instead used to sense wear of the fluid conduit 48, such as erosive wear within the
hose 50. In some cases, for example, the communication line 54 can be used to sense
gas or another tluid indicative of erosive wear of the interior surface of the body 78
or the inner liner 80. More specifically, as erosion wears the interior of the hose 50, a
communication line 54 embedded in the hose 50 may be exposed to fluid within the
bore 82. The communication line 54 may be monitored in any suitable manner to
detect such exposure or other wear, such as by detecting a change in temperature, a
change in a transmission property of the communication line 54, or a loss of
continuity. In one embodiment, for instance, the communication line 54 is a fiber
optic line and distributed temperature sensing may be used to detect temperature
variation along the length of the communication line 54, or changes in temperature

at a given position along the communication line 54, indicative of wear.

[0043]  The location of a communication line 54 embedded in the hose 50 may
vary between embodiments. In FIGS. 5 and 6, the communication lines 54 are
embedded in the body 78 radially outward of the inner liner 80 and generally extend
longitudinally along the length of the hose 50. In some cases, one or more
communication lines 54 can be provided in contact with a surface of the inner

liner 80 or can be embedded within the inner liner 80.

[0044] In FIG. 7, for example, the hose 50 includes a first pair 92 of
communication lines 54 embedded in the body 78 apart from the inner liner 80, and
a second pair 94 of communication lines 54 provided in contact with the outer

surface of the inner liner 80 (i.e., the surface abutting the body 78). Each of these
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communication lines could be used for communicating with the wellhead

assembly 60 or detecting erosion within the hose 50. But placement of the second
pair 94 of communication lines 54 closer to the bore 82 (e.g., in contact with the
outer surface of the inner liner 80) may facilitate erosion detection, while the
placement of the first pair 92 of communication lines 54 further from the bore 82
may reduce the likelthood of erosion within the hose 50 negatively impacting
communications to or from the wellhead assembly 60 via the first pair 92 of
communication lines. As such, in at least some instances, the first pair 92 of
communication lines 54 could be used for signal communication to or from the
wellhead assembly 60, while the second pair 94 of communication lines 54 could be
used for erosion detection. In FIG. 8, the second pair 94 of communication lines 54
are embedded within the inner layer 80, which may allow an even earlier indication

of erosion within the hose 50.

[0045]  Although FIGS. 6-8 depict hoses 50 with four communication lines 54, it
1s again noted that the hose 50 could have a different number of communication
lines 54 in other embodiments. The hose 50 could include, for example, a greater
number of communication lines (such as four to eighteen lines) that are within or in
contact with the inner liner 80 so as to facilitate improved erosion detection. And
while the communication lines 54 may extend along the hose 50 in a generally
longitudinal direction, such as shown in FIGS. 5 and 6, the communication lines 54
may extend through the hose 50 in other manners. In one embodiment depicted in

FIG. 9, for instance, the hose 50 includes two communication lines 54 extending

helically through the body 78.

[0046]  In certain embodiments, the fluid conduit 48 includes a reinforced

hose 50. One example of such a reinforced hose 50 is generally depicted in FIG. 10
as having a wire-belted tlexible body 78. More specifically, the hose 50 of FIG. 10
includes an inner wire belt 102 with wires 104 and an outer wire belt 106 with

wires 108, which are embedded in the tlexible hose body 78, such as in a polymeric
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or composite material. Although FIG. 10 depicts two wire belts (which may also be
referred to as plies or wraps), other embodiments of a wire-belted hose could
include a single wire belt or more than two wire belts. The wires 104 and 108 are
depicted in FIG. 10 as extending helically in opposite directions (i.e., clockwise and
counterclockwise) through the hose 50, but these wires (which may also be referred
to as cords) could be arranged differently in other embodiments. In at least one
embodiment, the belts 102 and 106 include wires 104 and 108 made of steel, such
that the hose 50 is a steel-belted hose. The wires 104 and 108, however, can be made
with some other material, such as another metal, a natural fiber (e.g., cotton or silk), a

synthetic fiber (e.g., nylon or Kevlar), or a composite.

[0047]  In some embodiments having a reinforced hose 50, one or more
communication lines 54 are incorporated into a layer of reinforcing material. In
FIG. 10, for example, two communication lines 54 are integrated as part of the inner
wire belt 102 and two other communication lines 54 are integrated as part of the
outer wire belt 106. The inclusion of a communication line 54 in the wire belt 102
or 106 allows the signals to be routed along the hose 50 through that wire belt via
the integrated communication line 54. Each of the belts 102 and 106 are depicted in
FIG. 10 as including one layer of wires (i.e., one radially inward layer of wires 104
and one radially outward layer of wires 106) for ease of explanation, but it will be
appreciated that the belts 102 and 106 may be incorporated into the body 78 of the
hose 50 in other manners. In some embodiments, for example, a wire belt (e.g.,

belt 102 or 106) can be wrapped around the inner liner 80 or another layer of the
body 78 during hose manufacture so as to partially overlap other portions ot that

wire belt and cause at least some wires of the belt to overlap other wires of the belt.

[0048]  The rigid pipe connectors 52 can be attached to the hose 50 in any
suitable manner. In one embodiment generally depicted in FIG. 11, an end of the
hose 50 1s received within the neck 86 of a pipe connector 52. The tlange 84 can be

used to fasten the connector 52 to other equipment, such as the fracturing tree 20 or
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the fracturing manifold 22. The connector 52 can also include an annular seal
groove 114 for recetving a gasket or other seal to facilitate a tluid-tight connection
when the hose 50 is fastened to other equipment. As presently shown, a forged

ring 116 1s used to help retain the end of the hose 50 within the connector 52.
During manufacture, for instance, a ring 116 having a diameter less than that of the
bore of connector 52 can be positioned within the connector 52 near the end of the
hose 50 and then forged (e.g., by swaging) into the shape and position shown in
FIG. 11 so as to overlap the end of the hose 50 and an interior surface of the
connector 52. A second connector 52 can be attached to the opposite end of the
hose 50 in a similar manner. In other embodiments, however, the hose 50 can be
attached to connectors 52 with epoxy or in some other manner without forging. And
while certain hoses 50 are described above as including communication lines 54, the
connectors 52 could be attached to a hose 50 that does not have a communication

line 54.

[0049]  The conduits 48 and the fracturing fluid delivery systems described above
can be constructed for various operating pressures and with different bore sizes
depending on the intended application. In some embodiments, the tluid conduits 48
are constructed for rated maximum operating pressures of 10—15 ksi (approximately
69-103 MPa). Further, the conduits 48 of some embodiments have bores between
tour and eight inches (approx. 10 and 20 cm) in diameter, such as a five-and-one-
eighth-inch (approx. 13 cm) diameter or a seven-inch (approx. 18 cm) diameter.
Additionally, while certain examples are described above regarding the use of
conduits 48 for transmitting fluid and signals to a wellhead assembly, the conduits 48
having communication lines 54 could also be used in other instances to convey fluids

and signals between other components.

[0050] Further still, while certain examples of fluid conduits 48 are described
above as having tlexible hoses 50 and communication lines 54, it will be appreciated

that the communication lines 54 could also or instead be used with rigid fluid
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conduits 48. In some embodiments, for instance, communication lines 54 can be
positioned along the exterior of rigid pipe segments or can be positioned in holes
extending through the bodies ot rigid pipe segments of a fluid conduit 48. In one
embodiment, a fluid conduit 48 may include a combination of rigid and flexible
pipes (such as described in U.S. Patent Application Publication No. 2017/0314379
noted above), with one or more communication lines 54 provided on the exterior of

one or more rigid pipes and embedded within the one or more flexible pipes.

[0051]  While the aspects of the present disclosure may be susceptible to various
modifications and alternative forms, specitic embodiments have been shown by way
of example in the drawings and have been described in detail herein. But it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention 1s to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

tollowing appended claims.
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CLAIMS
1. A fracturing system comprising:
a wellhead assembly; and

a fracturing tluid conduit coupled to the wellhead assembly to enable receipt
of tracturing fluid by the wellhead assembly from the tracturing fluid conduit,
wherein the fracturing fluid conduit includes a body defining a bore for conveying
the fracturing tluid to the wellhead assembly, and the fracturing fluid conduit also
includes a communication line configured to transmit signals along the body of the
tracturing fluid conduit, such that the fracturing fluid conduit facilitates transmission

of both the fracturing fluid and the signals.

2. The fracturing system of claim 1, wherein the body of the fracturing
fluid conduit includes a flexible body defining the bore and formed of a polymeric or

composite material.

3. The fracturing system of claim 2, wherein the communication line 1s

embedded in the flexible body.

4. The fracturing system of claim 1, wherein the wellhead assembly
includes at least one sensor and the communication line 1s connected to route data
acquired with the at least one sensor away from the wellhead assembly via the

tracturing tluid conduit.

5. The fracturing system of claim 1, wherein the wellhead assembly
includes an actuator and the communication line 1s connected to route a command
signal to the wellhead assembly via the fracturing tluid conduit to control operation

of the actuator.
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6. The tracturing system of claim 1, wherein the fracturing fluid conduit

includes an inner liner within the body along the bore.

7. The fracturing system of claim 6, wherein the communication line is
positioned along the body of the fracturing tluid conduit radially outward of the

inner liner.

8. The fracturing system of claim 1, wherein the communication line 1s

a fiber optic line.

9. The fracturing system of claim 1, wherein the communication line 1s

an electrical line.

10. The fracturing system of claim 1, comprising a fracturing manifold

coupled to a fracturing tree of the wellhead assembly via the fracturing fluid conduit.

11. An apparatus comprising:
a fracturing fluid hose including:
a flexible hose body having a bore for conveying tracturing fluid; and

a communication line to route signals along the flexible hose body.

12. The apparatus of claim 11, comprising a signal connector coupled to
the communication line to facilitate communication between the communication line

and other equipment.
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13. The apparatus of claim 12, wherein the communication line is
embedded in the flexible hose body and extends out a side of the flexible hose body

to facilitate connection with the signal connector.

14. The apparatus of claim 12, wherein the fracturing tluid hose includes

the signal connector.

15. The apparatus of claim 11, wherein the fracturing tluid hose includes

a rigid pipe connector coupled to the flexible hose body.

16. A method comprising:

coupling a fracturing fluid hose to a wellhead assembly, wherein the

tracturing fluid hose includes a tlexible body having an internal bore;

routing fracturing fluid toward the wellhead assembly through the internal

bore of the fracturing fluid hose; and

routing signals along the tracturing fluid hose through a communication line

embedded within the flexible body of the fracturing tluid hose.

17. The method of claim 16, wherein the wellhead assembly includes a
sensor and routing signals along the fracturing fluid hose through the
communication line embedded within the tlexible body of the fracturing tluid hose
includes routing data acquired with the sensor away from the wellhead assembly
through the communication line embedded within the flexible body of the fracturing
tluid hose.
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18. The method of claim 16, wherein the wellhead assembly includes an
actuator and routing signals along the fracturing tluid hose through the
communication line embedded within the tlexible body of the fracturing fluid hose
includes routing a command signal for controlling operation of the actuator to the
wellhead assembly through the communication line embedded within the flexible

body of the tracturing fluid hose.

19. The method of claim 16, comprising detecting erosion of the flexible

body along the internal bore via the communication line.

20. The method of claim 16, wherein the tlexible body of the fracturing
tluid hose is a wire-belted body, the communication line is integrated as part of a
wire belt within the wire-belted body, and routing signals along the fracturing tluid
hose through the communication line embedded within the flexible body of the
tracturing fluid hose includes routing signals along the fracturing fluid hose through

the wire belt via the communication line.
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