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SYSTEM AND METHODOLOGY FOR HIGH PRESSURE ALTERNATE PATH

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based on and claims priority to U.S. Provisional Application
Serial No. 62/623,376, filed January 29, 2018, which is incorporated herein by reference
in its entirety.

BACKGROUND

[0002] Gravel packs are used in wells for removing particulates from inflowing
hydrocarbon fluids. Generally, a completion having a sand screen assembly or a plurality
of sand screen assemblies is deployed downhole in a wellbore and a gravel pack is
formed around the completion. To facilitate the gravel pack, the completion may include
an alternate path system to help prevent premature slurry dehydration in open hole gravel
packs. Alternate path screen assemblies are used for gravel packing open hole wells
having lengths which traditionally have not exceeded 3000 feet. An alternate path system
utilizes shunt tubes, e.g. transport tubes, which provide an alternate path for gravel slurry
delivery. Jumper tubes are used to couple the shunt tubes between sequential sand screen

assemblies.

[0003] To move the gravel slurry through the transport tubes, a sufficient
operating pressure is applied to overcome friction pressures experienced during the
gravel pack. A rule of thumb for friction pressure is approximately 1 psi/foot so that
gravel packing a length of 3000 feet involves application of an operating pressure of at
least 3000 psi. Consequently, the alternate path system is constructed to have an
operating pressure capacity of at least 3000 psi. In recent years, the demand for gravel
pack lengths exceeding 3000 feet has become more common. Today, operators are
seeking to save operating costs by reducing the number of wells drilled in favor of

increasing the length of the wells to cover the same footprint. Such changes led to
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extending alternate path capability to gravel pack lengths exceeding 5000 feet, commonly
referred to as extended reach gravel packs. Current alternate path systems often have
operating pressure limits of around 5000 psi. When higher operating pressures are
applied to existing alternate path systems, there is a higher risk of jumper tube buckling

within the alternate path systems.

SUMMARY

[0004] In general, a system and methodology are provided for facilitating
formation of a gravel pack along relatively lengthy wellbores. According to an
embodiment, a completion system comprises a plurality of screen assemblies. The
completion system also has an alternate path system disposed along the plurality of
screen assemblies. The alternate path system includes shunt tubes, e.g. transport tubes,
coupled together by jumper tubes. According to one or more embodiments of the
disclosure, an anti-buckling structure is coupled to each jumper tube to prevent buckling
when high operational pressures, e.g. operating pressures of 9000 psi or higher, are

applied to the alternate path system.

[0005] However, many modifications are possible without materially departing
from the teachings of this disclosure. Accordingly, such modifications are intended to be

included within the scope of this disclosure as defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Certain embodiments of the disclosure will hereafter be described with
reference to the accompanying drawings, wherein like reference numerals denote like
elements. It should be understood, however, that the accompanying figures illustrate the
various implementations described herein and are not meant to limit the scope of various

technologies described herein, and:
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[0007] Figure 1 is a schematic cross-sectional illustration of an example of a
downhole completion having a screen assembly with alternate path system, according to

an embodiment of the disclosure;

[0008] Figure 2 is a schematic cross-sectional illustration of another example of a
downhole completion having a screen assembly with alternate path system, according to

an embodiment of the disclosure;

[0009] Figure 3 is an illustration of a jumper tube being installed into an alternate
path system between shunt tubes of sequential sand screen assemblies, according to an

embodiment of the disclosure;

[0010] Figure 4 is an illustration of a jumper tube being installed into an alternate
path system between shunt tubes of sequential sand screen assemblies, according to an

embodiment of the disclosure;

[0011] Figure 5 is an illustration of a jumper tube being installed into an alternate
path system between shunt tubes of sequential sand screen assemblies, according to an

embodiment of the disclosure;

[0012] Figure 6 is an illustration of a jumper tube being installed into an alternate
path system between shunt tubes of sequential sand screen assemblies, according to an

embodiment of the disclosure;

[0013] Figure 7 is an illustration of a jumper tube being installed into an alternate
path system between shunt tubes of sequential sand screen assemblies, according to an

embodiment of the disclosure;

[0014] Figure 8 is an illustration of a shroud being installed around jumper tubes
located between shunt tubes of sequential sand screen assemblies, according to an

embodiment of the disclosure;
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[0015] Figure 9 is an illustration of a shroud being installed around jumper tubes
located between shunt tubes of sequential sand screen assemblies, according to an

embodiment of the disclosure;

[0016] Figure 10 is an illustration of a shroud being installed around jumper tubes
located between shunt tubes of sequential sand screen assemblies, according to an

embodiment of the disclosure;

[0017] Figure 11 is an illustration of an example of a shroud, according to an

embodiment of the disclosure;

[0018] Figure 12 is a cross-sectional illustration showing shunt tubes disposed

radially between a base pipe and a shroud, according to an embodiment of the disclosure;

[0019] Figure 13 is a cross-sectional illustration of adjacent jumper tubes

combined with an anti-buckling structure, according to an embodiment of the disclosure;

[0020] Figure 14 is an illustration of adjacent jumper tubes combined with an

anti-buckling structure, according to an embodiment of the disclosure;

[0021] Figure 15 is a cross-sectional illustration of adjacent jumper tubes

combined with an anti-buckling structure, according to an embodiment of the disclosure;

[0022] Figure 16 is a cross-sectional illustration of adjacent jumper tubes

combined with an anti-buckling structure, according to an embodiment of the disclosure;

[0023] Figure 17 is an illustration of adjacent jumper tubes combined with an
anti-buckling structure and positioned along a base pipe, according to an embodiment of

the disclosure; and
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[0024] Figure 18 is a cross-sectional illustration of examples of jumper tubes
combined with another embodiment of an anti-buckling structure, according to an

embodiment of the disclosure.

DETAILED DESCRIPTION

[0025] In the following description, numerous details are set forth to provide an
understanding of some embodiments of the present disclosure. However, it will be
understood by those of ordinary skill in the art that the system and/or methodology may
be practiced without these details and that numerous variations or modifications from the

described embodiments may be possible.

[0026] The disclosure herein generally involves a system and methodology to
facilitate formation of gravel packs in wellbores and thus the subsequent production of
well fluids. A well completion is provided with an alternate path system, e.g. a shunt
tube system, for carrying gravel slurry along an alternate path so as to facilitate improved
gravel packing during a gravel packing operation. The system and methodology are very

useful for facilitating formation of a gravel pack along relatively lengthy wellbores.

[0027] According to an embodiment, a completion system comprises a plurality
of screen assemblies. The completion system also has an alternate path system disposed
along the plurality of screen assemblies. The alternate path system includes shunt tubes,
e.g. transport tubes, coupled together by jumper tubes. For example, an alternate path
system may be comprised of shunt tubes running externally to sand screens of the screen
assemblies and generally parallel with a base pipe running through the sand screens. The
shunt tubes generally terminate within a few feet from each end of the base pipe of the
downhole completion. Terminating the shunt tubes a sufficient distance away from the
ends of the base pipe provides sufficiently long base pipe ends which are exposed for

gripping when sequential alternate path screen assemblies are coupled together on a rig.
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Once the alternate path screen assemblies are made-up, the sequential alternate path shunt

tubes are joined by a corresponding jumper tubes.

[0028] The shunt tubes may have various sizes and configurations. In some
applications, however, the shunt tubes are generally rectangular in cross-section and the
jumper tubes are generally circular in cross-section. The jumper tubes are each coupled
with an anti-buckling structure to prevent buckling when high operational pressures are
applied to the alternate path system. Examples of high operational pressures are

pressures above 5000 psi and sometimes 9000 psi or higher.

[0029] Referring generally to Figures 1 and 2, examples of downhole completions
30 are illustrated as combining a sand screen assembly 32 with an alternate path system
34 which is surrounded by a shroud 36. By way of example, each sand screen assembly
32 may comprise a base pipe 38 surrounded by a sand screen 40 and separated from the
sand screen 40 by a drainage layer 42. The alternate path system 34 may be disposed
externally of the sand screen 40 and may comprise shunt tubes 44, such as transport tubes
46 and packing tubes 48. In the embodiment illustrated in Figure 2, the alternate path
system 34 comprises a greater number of transport tubes 46, e.g. two transport tubes,

positioned generally alongside each other within shroud 36.

[0030] With reference to Figures 3-7, an example is provided in which sequential
sand screen assemblies 32 are coupled together, and corresponding shunt tubes 44 of the
sequential sand screen assemblies 32 are joined by a corresponding jumper tube 50. By
way of example, each jumper tube 50 may comprise connectors 52 disposed at opposite
ends of the jumper tube 50 to enable coupling with corresponding shunt tubes 44, e.g.
transport tubes 46, of the sequential sand screen assemblies 32. Each jumper tube 50
may comprise other features to facilitate coupling, such as the illustrated snap on clips 54
and clip stops 56 which may be used to secure connectors 52 to the ends of corresponding

shunt tubes 44, as illustrated in Figures 4-6.
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[0031] With additional reference to Figure 7, some embodiments may utilize
shunt tubes 44 having a generally rectangular cross-section to facilitate placement under
shroud 36 and the jumper tubes 50 may have a generally circular cross-section to avoid
the tendency of rectangular tubes to deform towards a rounder shape under high internal
pressure. Such deformation can lead to loss of pressure containment. In this latter type
of embodiment, each transition 51 has a generally rectangular end and a generally
circular end to facilitate coupling with the corresponding rectangular shunt tube 44 and

circular jumper tube 50 via the connector 52.

[0032] It should be noted the use of shunt tubes having a rectangular shape
facilitates minimization of the overall outside diameter of the completion while helping
maximize the size/diameter of the base pipe - which can be important in many types of
oilfield applications. Thus, although the rectangular shape may not be desirable for
pressure containment, the rectangular shape helps maximize base pipe diameter for a
given wellbore size. However, in the longitudinal space between sand screens 40 at the
joint-to-joint connection between sequential sand screen assemblies 32, there is no
underlying sand screen. This provides substantially more physical space to accommodate
jumper tubes 50 having generally round cross-sections while providing the same internal
flow area as the rectangular shunt tubes 44, e.g. transport tubes 46, disposed along the
screen assemblies 32. Consequently, the jumper tubes 50 may have a desirable rounded
cross-section for pressure containment while providing similar flow area as the
rectangular shunt tubes 44. The consistent flow area results in no or limited slurry

acceleration (and thus no increased erosion risk) through the jumper tubes 50.

[0033] As illustrated in Figures 8-12, a shroud 58 may be positioned around the
base pipe 38 and the jumper tubes 50 between sequential shrouds 36 of sequential screen
assemblies 32. By way of example, the shroud 58 may be in the form of a split shroud
which may be closed around the corresponding jumper tubes 50 and secured into the
completion 30, as illustrated in Figures 9 and 10. The shrouds 36, 58 cooperate with the
base pipe 38 to support the shunt tubes 44 and jumper tubes 50 in a radial direction. As
illustrated in Figure 12, for example, the shroud 36 and the base pipe 38 work in
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cooperation with the rectangular shunt tubes 44 to prevent radially outward buckling and

radially inward buckling.

[0034] The shroud 58, e.g. a split shroud, works in a similar manner to provide
support against radially outward buckling and radially inward buckling of the
corresponding jumper tubes 50. However, when the jJumper tube 50 is a round tube
having a generally round cross-sectional configuration, the direction of buckling is
potentially in infinite directions. Accordingly, an anti-buckling structure 60 is coupled
with each jumper tube 50 to provide lateral restraint in addition to the radial restraint

provided by the base pipe 38 and the shroud 58.

[0035] An embodiment of the anti-buckling structure 60 is illustrated in Figures
13-17. Use of the anti-buckling structure 60 limits or prevents buckling of the jumper
tubes 50 without increasing the wall thickness of the jumper tubes 50. In this example,
laterally adjacent jumper tubes 50 are connected by anti-buckling structure 60 which may
be in the form of a plate 62 affixed to the side wall of each adjacent jumper tube 50.
Effectively, the plate 62 couples the two adjacent jumper tubes 50, enabling each tube to
take advantage of the material strength afforded by the other jumper tube 50. By way of
example, each jumper tube 50 may be connected with a narrow, long plate portion 64

having a length from, for example, 50% to 95% of the length of the jumper tubes 50.

[0036] According to one embodiment, each plate portion 64 may be welded to the
corresponding jumper tube 50. The plate portions 64 of the adjacent jumper tubes 50 are
then joined together to provide the connecting plate 62. The plate portions 64 may be
mechanically coupled via appropriate fasteners 66, e.g. screws, positioned along their

length, as illustrated in Figures 14-16.

[0037] In some embodiments, one or both of the plate portions 64 may be slotted
so the connecting plate 62 is adjustable. For example, the plate portions 64 and thus the
corresponding jumper tubes 50 may be moved closer or farther apart from each other as

desired to match the tube spacing with the spacing of corresponding shunt tubes 44. The
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adjustability enables tubes on sequential sand screen assemblies 32 to be readily
assembled even if imprecise spacing exists between shunt tubes 44. That is, the slotted
plate portions 62 accommodate variable spacing between jumper tubes 50 due to
manufacturing tolerances. The adjustment of plate portion 64 may be performed on, for
example, the rig during assembly of the sequential screen assemblies 32 to form

completion 30.

[0038] The resulting structure, once the two jumpers 50 are coupled, resembles a
structural construction shape called a wide flange beam where the connecting plate 62
performs as a web and the jumper tubes 50 perform as flanges (see Figure 16). The
structural benefit of this arrangement is that substantial lateral support is provided for the
jumper tubes 50. Effectively, radial support is provided by the base pipe 38 and shroud
58 while lateral support in both side directions is provided by the anti-buckling structure

60.

[0039] If the shunt tubes 44 of the corresponding, sequential screen assemblies 32
are precisely spaced, the anti-buckling structure 60 may be made with a single plate
welded to the two adjacent jumper tubes 50. In other embodiments with precise spacing
available, the fasteners/screws 66 may be torqued to lock the jumper tubes 50 in their
appropriate position prior to coupling the jumper tubes 50 with the corresponding shunt

tube 44.

[0040] According to another embodiment, the anti-buckling structure 60 may be
in the form of a single plate 68 or a plurality of plates 68 rigidly secured, e.g. welded, to
the side wall forming each jumper tube 50, as illustrated by the examples provided in
Figure 18. Each plate 68 may be a narrow, long plate having a length between, for
example, 50% and 95% of the length of the corresponding jumper tube 50. If multiple
plates 68 are used, the plates 68 may be spaced around the circumference of the
corresponding jumper tube 50. Depending on the embodiment, the circumferential
positioning of the plates 68 is not necessarily equally spaced but rather strategically

spaced to resist buckling in directions unsupported by the base pipe 38 and the shroud 58.
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In one or more embodiments, for example, a first plate of the plurality of plates 68 may
be circumferentially positioned 180° away from a second plate of the plurality of plates

68, as shown in FIG. 18.

[0041] Although a few embodiments of the disclosure have been described in
detail above, those of ordinary skill in the art will readily appreciate that many
modifications are possible without materially departing from the teachings of this
disclosure. Accordingly, such modifications are intended to be included within the scope

of this disclosure as defined in the claims.

10
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CLAIMS

What is claimed is:

1. A system for use in a well, comprising:
a completion system having:
a plurality of screen assemblies;
an alternate path system disposed along the plurality of screen
assemblies, the alternate path system comprising shunt tubes coupled
together by jumper tubes; and

an anti-buckling structure coupled to each jumper tube.

2. The system as recited in claim 1, wherein the anti-buckling structure comprises a

plate affixed between adjacent jumper tubes.

3. The system as recited in claim 1,
wherein a first jumper tube comprises a first slotted plate portion,
wherein a second jumper tube adjacent to the first jumper tube comprises a
second slotted plate portion,
wherein the first slotted plate portion and the second slotted plate portion are
joined together to provide an adjustable, slotted connecting plate, and
wherein the anti-buckling structure comprises the adjustable, slotted connecting

plate affixed between the first and second jumper tubes.

4. The system as recited in claim 1, wherein the anti-buckling structure comprises a

stiffening member attached to each jumper tube.
5. The system as recited in claim 1, wherein the anti-buckling structure comprises at

least one plate affixed to each jumper tube and extending outwardly from the

jumper tube.

11
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10.

11.

12.

The system as recited in claim 1, wherein the anti-buckling structure comprises a
plurality of plates welded to each jumper tube and extending radially outwardly

from the jumper tube.

The system as recited in claim 1, wherein each jumper tube is positioned radially

between a base pipe and a shroud.

The system as recited in claim 1, wherein the shunt tubes comprise transport

tubes.

The system as recited in claim 1, wherein the shunt tubes comprise packing tubes.

The system as recited in claim 1, wherein the shunt tubes are generally
rectangular in cross-section, and wherein the jumper tubes are generally circular

in cross-section.

The system as recited in claim 1,

wherein the anti-buckling structure comprises a plurality of plates attached to
each jumper tube and extending radially outward from the jumper tube,

wherein the plurality of plates comprises a first plate attached to the jumper tube,
and a second plate attached to the jumper tube, and

wherein the first plate is circumferentially positioned 180° away from the second

plate.

A method comprising:

carrying a gravel slurry in an alternate path system disposed along a plurality of
screen assemblies, the alternate path system comprising shunt tubes
coupled together by jumper tubes, the jumper tubes being coupled with an

anti-buckling structure.

12
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13. A method comprising:
disposing a plurality of screen assemblies in a completion system, wherein the
plurality of screen assemblies comprises a first screen assembly and a
second screen assembly sequentially disposed with respect to the first
screen assembly; and
installing an alternate path system along the plurality of screen assemblies,
wherein installing the alternate path system comprises:
running at least one shunt tube externally to a first sand screen of the first
screen assembly;
running at least one shunt tube externally to a second sand screen of the
second screen assembly;
using a jumper tube to join the at least one shunt tube of the first screen
assembly to the at least one shunt tube of the second screen
assembly; and

coupling an anti-buckling structure to the jumper tube.

14. The method of claim 13, wherein the anti-buckling structure comprises a plate

affixed between adjacent jumper tubes of the alternate path system.

15. The method of claim 13, wherein the anti-buckling structure comprises a

stiffening member attached to the jumper tube.

16. The method of claim 13, wherein the anti-buckling structure comprises a plate

affixed to the jumper tube and extending outwardly from the jumper tube.

17. The method of claim 13, wherein the jumper tube is positioned radially between a

base pipe and a shroud.

18. The method of claim 13, wherein the shunt tubes comprise transport tubes.

13
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19.  The method of claim 13, wherein the shunt tubes are generally rectangular in

cross-section, and wherein the jumper tube is generally circular in cross-section.

20. The method of claim 13,
wherein the anti-buckling structure comprises a plurality of plates attached to the
jumper tube and extending radially outward from the jumper tube,
wherein the plurality of plates comprises a first plate attached to the jumper tube,
and a second plate attached to the jumper tube, and
wherein the first plate is circumferentially positioned 180° away from the second

plate.

14
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