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(57) Abstract: A system for monitoring
leakage in a pipe system including a
pipe, aflexible tube extending through
an inside of the pipe, an end fitting as-
sembly connecting each end of the tube
to a corresponding end of the pipe
which creates an annulus and a monit-
oring system for detecting leakage from
the tube into the annulus. A method for
creating multiple flow paths in an exist-
ing pipe is also provided.

ab

1P
24

¢ SREUY § NEwess 3 ARG | wweme ¢

5o

£\ o

4



w o 2ozosstor AL (il ELI b Lol DRI 0

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



WO 2013/086191 PCT/US2012/068245

[0001] PIPE  SYSTEM WITH ANNULUS UTILIZATION AND
MONITORING

[0002] FIELD OF INVENTION

[0003] This application isgenerally related topiping and more particularly

related toinsertion of tubes into existing pipes.

[0004] BACKGROUND

[0005] The exploration and production industry for oil and natural gas
involves multiple risks regarding its piping systems. Piping systems experience
corrosion and leakage issues, which create environmental, economical, and
health risks.

[0006] Replacing existing piping systems with new pipe is often cost
prohibitive. Replacing existing pipe also creates the risk of further disturbance
tothe natural surrounding environment. The cost of laying a new pipeline in
offshore piping is especidly expensive due to the increased number and
magnitude of the risks involved. Installation of new pipelines in offshore systems
also risks environmental disturbance of the seabed.

[0007] Transportation of hazardous material, such as wet sour gas,
involves a high level of risk due to corrosion and potentially lethal effects from
inhalation. Gaswellstypically require their own dehydration units tominimize
these risks, increasing costs.

[0008] There isalso aneed to create a duel flow system where one type of
fluid flowsin the inner pipe and a second fluid flow in the annulus between the
inner pipe and the outer pipe. This can bebeneficial for containment, such asin
the transportation of hazardous materials, as well as for retrofitting existing
pipelines with an additional fluid transport pathway without the need for
running an entire new line, which can raise environmental issues aswell asadd
cost.

[0009] Therefore, a need exists for a safer, more cost-efficient system for
replacing piping systems, further, it would be desirable to provide a method for
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continuously monitoring piping to minimize environmental and safety issues
which does not require replacing the entire piping system.

[0010] SUMMARY

[0011] Briefly stated, the invention provides a system for intermittent or
continuously monitoring for any potential leakage in a pipe system including a
pipe, an flexible tube extending through the inside of the pipe, an end fitting
assembly connecting each end of the tube to a corresponding end of the pipe
which creates an annulus, and a monitoring system for detecting leakage from
the tube into the annulus.

[0012] Another system is disclosed for creating multiple flow paths in an
existing pipe including the existing pipe, a flexible, preferably polymeric, tube
inserted inside the existing pipe, end fitting assemblies connecting each end of
the tube to a corresponding end of the pipe which creates an annulus, with the
end fitting assemblies being configured to alow fluid to flow into the annulus

without any intermingling.

[0013] A method for retrofitting an existing pipe for leakage monitoring is
also disclosed which includes accessing an existing pipe, inserting atube inside of
the existing pipe, sealing each end of the tube to a corresponding end of the
existing pipe using end fitting assemblies, creating a sealed annulus between the
tube and the existing pipe, connecting a monitoring device tothe annulus, and
upon transporting afluid through the tube, detecting with the monitoring device
any leakage into the annulus.

[0014] Another method is disclosed for creating multiple flow paths in an
existing pipe system which includes accessing an existing pipe, inserting atube
inside of the existing pipe, sealing each end of the tube toa corresponding end of
the existing pipe using end fitting assemblies, creating a sealed annulus,

connecting a fluid flow tothe sealed annulus and directing afirst fluid toflow
into the annulus and a second fluid flow into the tube.

[0015] For sake of brevity, this summary does not list all aspects of the
present invention, which are described in further detail below.
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[0016] BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The foregoing summary, aswell asthe following detailed description
of the preferred embodiments, will bebetter understood when read in conjunction
with the appended drawings. For the purpose of illustrating the invention, there
Isshown in the drawings embodiments which are presently preferred. It should
be understood, however, that the invention is not limited to the precise

arrangement  shown.

[0018] FIG. lisa cross-sectional view of a portion of one end of the pipe
system.

[0019] FIG. 2isa perspective view of one end of the tube during insertion
into the pipe.

[0020] FIG. 3isa cross-sectional view of a portion of one end of another

embodiment of the pipe system.

[0021] DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0022] Certain terminology is used in the following description for

convenience only and is not limiting. The words "front," "back," "left,” "right,"
"inner," "outer," "upper,” "lower," "top," and "bottom" designate directions inthe
drawings towhich reference is made. Additionally, the terms "a' and "one" are
defined asincluding one or more of the referenced item unless specifically noted
otherwise. A reference toalist of items that are cited as"at least one of a, b, or
c" (where a,b, and crepresent the items being listed) means any single one of the
items a, b, or ¢, or combinations thereof. The terminology includes the words
specifically noted above, derivatives thereof, and words of similar import.

[0023] Referring to FIGS. 1 and 2, a pipe system 20 according to the
present invention for monitoring leakage is shown. The pipe 22 used in the
piping system 20 may be new or existing. The pipe 22 may made be made of a
composite material, steel, high density polyethylene (HDPE), polyvinyl chloride
(PVC), cement or any other suitable materia. The pipe 22 is typicaly
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underground, such asat a gas station, apetroleum product well site or refinery
or chemical processing plant, but could also be located under a sea bed, above
ground or in afactory.

[0024] A flexible, preferably polymeric or elastomeric, tube 24 isinserted
inside of the pipe 22 and extends from one end tothe other. While FIG. 1 shows
one end of the system 20in detail, it will beunderstood that the other end would
be configured in the same manner. The tube 24 can be made of any suitable
polymer and/or elastomer or any other material that isflexible and generally
compatible with and impermeable to the fluid being transported and which is
capable of withstanding the forces associated with installing the tube 24 and the
pressures associated with operating the pipe system 20. Preferably, the tube 24
Ismade of athermoplastic, such asnylon, or other suitable polymers, and can be
reinforced by abraid of aramid or other fibers. A fluid compatible outer jacket is
then provided over the braid, with the outer jacket being made of a suitable
polymer and/or elastomer that isresistant toany material that will contact an
outside of the tube 24.

[0025] In one preferred embodiment, the tube 24 is preferably a
Thermoflex® tube available from PolyFlow, Inc. in Oaks, PA. One embodiment of
the Thermoflex® tube that was used for testing has a 3" outer diameter, a2.53"
inner diameter tube, and arated at a pressure of 1,500 pounds per sguare inch
(psi). Other sizes can be used depending on the application. The Thermoflex®
tube 24 is a multi-layer tube and includes a Fortran™ polyphenylene sulfide
(PPS) inner liner, alongitudinal and radial aramid fiber braid and anylon outer
jacket. Such atube 24 features along term design strength safety factor of 2.2
and aburst pressure of about 350 bar. This type of tube has good petro-chemical
resistance. While the Thermoflex® tube is preferred, those of ordinary skill in
the art will recognize that other types of single or multi-layer polymeric and/or
elastomeric tubes, with or without reinforcements such asabraided seeve, can
be utilized, depending on the particular application and materials to be
transported.
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[0026] End fitting assemblies capable of securing the ends of the tube 24to
corresponding ends of the pipe 22 are used to create an annulus 34 between the
tube 24 and pipe 22. The end fitting assemblies are preferably formed from
metallic components and may be coated with a polymer, such as polyphenylene
sulfide (PPS) for example in hydrocarbon transport applications. The end fitting
assemblies include a pipe flange 58 that isconnected tothe end of the pipe 22, a
connector flange 62 that isconnected toa source or receiving system for the fluid
being conveyed, and a middle flange 60 attached tothe end of the tube 24 that
securely engages the tube 24 and creates the annulus 34. The pipe flange 58 can
be attached tothe end of the existing pipe 22 viawelding or any other suitable
method. Inapreferred embodiment, the pipe flange 58ismade of stainless steel
grade 1.4571 and coated with a polymer that isresistant tothe material being
transported. A gasket or seal 36 for preventing leakage from the annulus 34is
positioned on both axia sides of the middle flange 60. Annular gasket grooves 56
are preferably provided on the surfaces of the pipe flange 58, middle flange 60
and connector flange 62.

[0027] The middle flange 60 is preferably formed in one piece with an end
fitting 54 for the tube 24. The end fitting 54 includes atube insert 52 adapted to
beinserted inside the end of the tube 24. Thetube insert 52 ispreferably toothed
or stepped. A swaging sleeve or ferrule 50 isprovided around the outside of the
end of the tube 24. The swaging sleeve or ferrule 50ispreferably made of duplex
2205 stainless steel and its internal surface may also be coated with a suitable
polymer, such as Fortran™. The end of the tube 24 is compressed and secured
between the swaging sleeve or ferrule 50 and the tube insert 52. Toensure the
end fitting 54 is secured to the tube 24, the swaging sleeve or ferrule 50 is
preferably pressed onto the end fitting 54 with aforce exceeding 100,000 |bs. The
swaging sleeve or ferrule 50 firmly presses the end of the tube 24 on the tube
insert 52 providing a secure, sealed connection between the tube 24 and the end
fitting 54. The flanges 58, 62 preferably include fastener holes to allow for
fasteners toextend through the flanges 58, 62, clamping the middle flange 60 and
associated gaskets 36 in position therebetween.
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[0028] Bolts 68 or other fastening means, such asarivet, screw, clamp, or
any other suitable means, are provided to secure the connector flange 62 tothe
pipe flange 58. A feed tube 66isattached tothe connector flange 62 via welding
or any other suitable connection method. The feed tube 66 can be comprised of
any suitable material.

[0029] An opening 28 can be provided in the middle flange 60 to allow for
the connection of a monitoring sensor 46 located in the annulus 34 to a
monitoring system 40. The monitoring system 40 detects |leakage from the tube
24 into the annulus 34 and ispreferably located at an end of the pipe system 20.
The monitoring system 40isconnected tothe sensor 46 by awire 44that extends
through the opening 28. Alternatively, the monitoring system 40 may be
connected tothe annulus 34via awire 44 inserted through asidewall of the pipe
22 or aportion of the flanges 58, 60, 62. The sensor 46 may beapressure sensor,
a detector for various specified materials, a flow sensor, a level sensor or any
other suitable type of sensor. Water, packer fluid, glycol mixtures or any other
suitable fluid can be used to fill the annulus 34 for monitoring purposes.
Nitrogen or any other suitable inert gas could also be used. The monitoring
system 40 detects changes in pressure that may indicate aleak or unacceptable
level of permeation.

[0030] Asshown in FIG. 3, in another embodiment, a system for creating
multiple flow paths in an existing pipe 22 iscreated using a similar method as
described above with the pipe flange 58 and middle flange 60 that includes the
end fitting 54. The flexible tube 24 isinserted into and/or pulled through the
pipe 22, which can befor example an existing pipeline, and end fitting assemblies
connect both of the ends of the tube 24 to the ends of the pipe 22, creating an
annulus 34. A fluid inlet/outlet manifold 72 is attached to or formed with a
connection fitting via welding or any other suitable method on the connector
flange 62. A fluid flow A enters the annulus 34 via one or more openings 70 in
the flanges 60 and 62. Fluid flow in the tube 24 and pipe 22 may be either
current or countercurrent toone another. This can beparticularly advantageous
for retrofitting undersea pipelines with a counterflow path of providing, for
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example, high pressure gas for a gas lift system, with minimal environmental

impact. This arrangement can beutilized torevitalize dead oil wellswithout the
expense of running new pipelines or adding high pressure gas production to an
oil rig.

[0031] In another embodiment, amethod for retrofitting an existing pipe 22
for leakage monitoring is disclosed which includes accessing an existing pipe 22,
inserting atube 24 inside of the existing pipe 22, sealing each end of the tube 24
to a corresponding end of the existing pipe 22 using end fitting assemblies,
creating a sealed annulus 34 between the tube 24 and the existing pipe 22,
connecting a monitoring system 40 tothe annulus 34 and upon transporting a
fluid through the tube 24, detecting with the monitoring system 40 any leakage
in tothe annulus 34.

[0032] The tube 24 can beinserted into the pipe 22 via a cable, which is
comprised of steel or any other suitable material. A winch ispreferably used to
pull the tube 24 through the pipe 22. A modified conical shaped buffer may be
inserted into the pipe 22 to prevent damage from the pipe's edges tothe tube 24
during installation.

[0033] In another embodiment, a method for creating multiple flow paths
in an existing pipe system 20 is disclosed which includes accessing an existing
pipe 22, inserting atube 24 inside of the existing pipe 22, sealing each end of the
tube 24 to a corresponding end of the existing pipe 22 using end fitting
assemblies, creating a sealed annulus 34, connecting a fluid flow to the sealed
annulus 34 and directing afluid toflow into the annulus 34. Thefluid flowin the
annulus 34 may bein either acurrent or countercurrent direction the flowinthe
existing pipe 22.

[0034] Having thus described various embodiments of the present system
and method in detail, it istobe appreciated and will be apparent tothose skilled
inthe art that many physical changes, only afew of which are exemplified in the
detailed description above, could be made in the apparatus or method without
atering the inventive concepts and principles embodied therein. The present

embodiments are therefore tobe considered in al respects asillustrative and not
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restrictive, the scope of the invention being indicated by the appended claims
rather than by the foregoing description, and all changes which come within the

meaning and range of equivalency of the claims are therefore to be embraced
therein.
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CLAIMS
What isclaimed is:

1. A system for monitoring leakage in a pipe system, comprising:

apipe;

an flexible tube extending through an inside of the pipe;

an end fitting assembly connecting each end of the tube to a
corresponding end of the pipe, creating an annulus; and

a monitoring system for detecting leakage from the tube into the
annulus.

2. The system according to claim 1, wherein the tube is a reinforced
thermoplastic pipe.

3. The system according to claim 1, wherein the end fitting assembly
includes a pipe flange connected to the end of the pipe, a middle flange with an
end fitting connected tothe end of the tube, and a connector flange on an opposite
side of the middle flange from the pipe flange.

4. The system according to claim 1, wherein the monitoring System
includes a sensor that is connected to the annulus.

5. The system according toclaim 1, wherein the monitoring system is
connected to the annulus via awire inserted through an opening in the pipe.

6. The system according to clam 3, wherein the pipe flange, middle
flange and connector flange are coated with a polymeric material.

7. The system according to claim 3, wherein a gasket is positioned
between both the pipe flange and middle flange and the connector flange and
middle flange.
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8. A system for creating multiple flow paths in an existing pipe,
comprising:
apipe;
an flexible tube inserted inside the pipe;
end fitting assemblies connecting each end of the tube to a
corresponding end of the pipe, creating an annulus; and
the end fitting assemblies configured to allow fluid toflow into the
annulus.

9. A method for retrofitting an existing pipe for leakage monitoring,
comprising:

accessing an existing pipe;

inserting atube inside of the existing pipe;

sealing each end of the tube to a corresponding end of the existing
pipe using end fitting assemblies, creating a sealed annulus between the
tube and the existing pipe;

connecting a monitoring device tothe annulus, and

upon transporting a fluid through the tube, detecting with the
monitoring device any leakage in the annulus.

10. Themethod of claim 9, further comprising inserting the tube inside
of the existing pipe using a winch.

11.  The method of claim 9, wherein the monitoring deviceis connected
tothe annulus viaawire inserted through an openingin at least one of the end
fitting assemblies.

12. A method for creating multiple flow paths in an existing pipe
system, comprising:
accessing an existing pipe;

-10-
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inserting atube inside of the existing pipe;

sealing each end of the tube to a corresponding end of the existing
pipe using end fitting assemblies, creating a sealed annulus;

connecting afluid flow tothe sealed annulus; and

directing afluid toflow into the annulus.

13.  The method according to claim 12, wherein the fluid flow in the
annulus in a countercurrent direction tothe flow in the existing pipe.

-11-
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