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SECURING CONNECTIONS IN ALTERNATE PATH WELL SCREENS

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in one example described below, more particularly
provides for securing connections in alternate path well

sSCreens.

BACKGROUND

Shunt tubes are sometimes used to provide alternate
paths for slurry flow in an annulus between a tubular string
(such as, a completion string) and a wellbore. In this
manner, the slurry can bypass blockages or restrictions

(such as, sand bridging) in the annulus.

Well screen assemblies can be constructed with shunt
tubes therein, but connections should be made between shunt
tubes of different well screen assemblies. Other connections
also should be made in such well screen assemblies.
Therefore, it will be appreciated that improvements are
continually needed in the arts of constructing and utilizing

screens with alternate paths for use in wells.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional
view of a well system and associated method which can embody

principles of this disclosure.

FIGS. 2 & 3 are elevational and partially cross-
sectional views of a well screen which may be used in the

system and method.

FIG. 4 is an elevational view of a shunt tube assembly

which may be used in the well screen.

FIG. 5 is an enlarged scale representative perspective
view of a connection which may be used with shunt tube

assemblies.

FIG. 6 is a representative perspective view of the
connection, in which connectors are being coupled to each

other.

FIG. 7 is a representative perspective view of the
connection, in which the connectors are secured to each

other.

FIG. 8 is a representative perspective view of another
connection in a well screen assembly, in which a centralizer

is secured.

FIG. 9 is a representative perspective view of another
connection in a well screen assembly, in which a shroud is

secured.

FIG. 10 is a representative perspective view of yet
another connection in a well screen assembly, in which a

shunt tube coupler is secured.
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DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a system 10
for use with a well, and an associated method, which system
and method can embody principles of this disclosure.
However, it should be clearly understood that the system 10
and method are merely one example of an application of the
principles of this disclosure in practice, and a wide
variety of other examples are possible. Therefore, the scope
of this disclosure is not limited at all to the details of
the system 10 and method described herein and/or depicted in

the drawings.

In the FIG. 1 example, a tubular string 12 is
positioned in a wellbore 14 lined with casing 16 and cement
18. An annulus 20 is formed radially between the tubular

string 12 and the wellbore 14.

In other examples, the wellbore 14 could be uncased or
open hole, the wellbore could be generally horizontal or
inclined, etc. The annulus 20 is not necessarily concentric,
since the tubular string 12 could be to one side or another

of the wellbore 14, etc.

It is desired in the FIG. 1 example to fill the annulus
20 with “gravel” about well screens 24 connected in the
tubular string 12. For this purpose, a slurry 22 is flowed

into the annulus 20, for example, from a surface location.

The slurry 22 in this example is erosive and may
comprise a particulate portion (e.g., sand, gravel,
proppant, etc.) and a liquid portion. The liquid portion may
flow inwardly through the well screens 24 into the tubular
string 12, and/or out into a formation 26 surrounding the
wellbore 14 (e.g., via perforations, not shown, formed

through the casing 16 and cement 18), leaving the
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particulate portion in the annulus 20 about the well screens
24.

If a fracturing operation is performed, the particulate
portion (e.g., proppant, etc.) can flow into fractures
formed in the formation 26. Such gravel packing, fracturing,
etc., operations are well known to those skilled in the art,
and so are not described further herein. The scope of this
disclosure is not limited to any particular gravel packing

or fracturing operation being performed in the wellbore 14.

Part of the slurry 22 is also permitted to flow through
shunt tube assemblies 28 extending through the screens 24.
The shunt tube assemblies 28 provide multiple alternate
paths for the slurry 22 flow, in order to prevent voids in
the particulate portion which accumulates about the tubular

string 12.

In the FIG. 1 example, each of the shunt tube
assemblies 28 provides fluid communication between sections
of the annulus 20 on opposite ends of a corresponding screen
24. In addition, as described more fully below, each of the
shunt tube assemblies 28 includes nozzles (not visible in
FIG. 1) which direct flow of the slurry 22 outward into the
annulus 20 along the screen 24, so that a more even

distribution of the slurry in the annulus is achieved.

Referring additionally now to FIGS. 2 & 3, an example
of a well screen 24 is representatively illustrated in
elevational and partially cross-sectional views. The screen
24 may be used in the system 10 and method of FIG. 1, or the

screen may be used in other systems and methods.

In FIG. 2, a perforated outer shroud 30 of the screen
24 is removed, so that two shunt tube assemblies 28 are

visible. The outer shroud 30 is shown in FIG. 3.
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Note that the shunt tube assemblies 28 are positioned
in a non-concentric annular space between the outer shroud
30 and a filter 32 which encircles a perforated base pipe 34
of the screen 24. The filter 32 could comprise a mesh, wire

wrap, sintered, woven or other type of filter material.

A flow passage 36 which extends longitudinally through
the base pipe 34 also extends longitudinally in the tubular
string 12 when the screen 24 is used in the system 10 and
method of FIG. 1. Thus, the liquid portion of the slurry 22
can flow inwardly through the outer shroud 30, the filter 32
and the base pipe 34, and into the flow passage 36. In other
examples, if fracturing of the formation 26 is desired, flow
of the liquid portion into the passage 36 may be restricted

or prevented, until after the fracturing operation.

Referring additionally now to FIG. 4, an example of one
of the shunt tube assemblies 28 is representatively
illustrated, apart from the screen 24. In this view, it may
be seen that the assembly 28 includes generally parallel
tubes 38, 40. These tubes 38, 40 are of the type known to
those skilled in the art as transport (or jumper) and

packing tubes, respectively.

The slurry 22 can flow completely through the tube 38
(e.g., from one screen 24 to another), but a lower end 42 of
the tube 40 may be closed off, so that the slurry 22 is
directed outward from the tube 40 via nozzles 44. In some
examples, the slurry 22 can flow outwardly through the lower

end 42 of the tube 40, and through the nozzles 44.

At this point it should be recognized that the shunt
tube assemblies 28 described herein are merely one example
of a wide variety of different ways in which a shunt flow
path can be provided for a slurry in a well. It is not

necessary for the shunt tube assemblies 28 to be constructed
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as depicted in the drawings, the shunt tube assemblies are
not necessarily positioned between the outer shroud 30 and
the filter 32 or base pipe 34, the nozzles 44 are not
necessarily connected to one of two parallel tubes, the
shunt flow path does not necessarily extend through tubes,
etc. Thus, it will be appreciated that the scope of this
disclosure is not limited to the details of the screen 24 or
shunt tube assemblies 28 as described herein or depicted in

the drawings.

Referring additionally now to FIGS. 5-7, a well screen
connection 50 is representatively illustrated, apart from
the remainder of the well screen 24. In this example, the
connection 50 is used to couple two connectors 52, 54 and
thereby secure a sealed slurry flow path 60 between well

screen components 56, 58.

The connectors 54, 56 may be formed on the respective
components 56, 58, or they may be constructed and then
separately attached to the components. The scope of this
disclosure is not limited to any particular manner of
providing the connectors 52, 54 or attaching them to the

components 56, 58.

The connection 50 depicted in FIG. 5 can be used to
couple together shunt tube assemblies 28 of multiple well
screens 24. For example, in FIG. 4, the connectors 54 are
depicted at each opposite end of the shunt tube assembly 28,
in which case the tube 38 can comprise the component 58
illustrated in FIG. 5. The other component 56 may, for
example, comprise a coupling having the connectors 52 at

opposite ends thereof.

However, it should be clearly understood that the scope
of this disclosure is not limited to use of the connection

50 for coupling shunt tube assemblies 28. In other examples,
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the connection 50 may not be used to secure a sealed slurry
flow path, the connectors 54 may not be used at each end of
a shunt tube assembly, the connectors 52 may not be used at
opposite ends of a coupling, etc. In some examples described
below, the connection 50 can be used to secure a centralizer
or a shroud. Thus, the scope of this disclosure is not

limited to any particular use of the connection 50.

In the FIG. 5 example, a seal 62 is received in an
annular recess 68 formed on the connector 54. When the
connectors 52, 54 are coupled together, the seal 62 will be
sealingly engaged with a seal bore 64 formed in the

connector 52 (see FIG. 7).

A resilient, generally C-shaped ring 66 is received in
another annular recess 70 formed on the connector 54. When
the connectors 52, 54 are coupled together, the ring 66 will
be received in another annular recess 72 formed in the

connector 52 (see FIG. 7).

The ring 66 in this example has projections 74
extending radially outward from opposite ends of the ring.
By displacing the projections 74 toward each other, the ring
66 can be deformed radially inward. This radially inward
deformation of the ring 66 can be used to disconnect the
connectors 52, 54 by disengaging the ring from the recess 72

prior to separating the connectors.

In other examples, the ring 66 could be initially
received in the recess 72 in the connector 52. In that case,
the projections 74 could be displaced away from each other
to thereby deform the ring 66 radially outward. This
radially outward deformation of the ring 66 could be used to
disconnect the connectors 52, 54 by disengaging the ring
from the recess 70 prior to separating the connectors. Thus,

the scope of this disclosure is not limited to any
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particular positions of the ring 66, projections 74 or
recesses 70, 72, or to any particular manner of connecting

or disconnecting the connectors 52, 54.

The projections 74 are formed on each end of the ring
66, and are bent outward. In other examples, the projections
74 could be separately constructed and then attached to the
ring 66, the projections could extend inward instead of
outward, etc. Thus, the scope of this disclosure is not
limited to any particular manner of forming, constructing or

orienting the projections 74.

The ring 66 in the FIGS. 5-7 examples has a generally
flat rectangular cross-section, with a radial width of the
ring being less than a longitudinal length of the ring.
However, the scope of this disclosure is not limited to any

particular configuration of the ring 66.

As depicted in FIG. 6, the connectors 52, 54 are
partially coupled to each other. An inclined surface 76
deforms the ring 66 radially inward as the connector 54 is

inserted into the connector 52.

In other examples, the ring 66 could be radially
inwardly deformed prior to inserting the connector 54 into
the connector 52. For example, the projections 74 could be
squeezed together and maintained in such a position by use
of a clamp, a wire, a fastener, etc. Thus, it is not
necessary for engagement between the connectors 52, 54 to

cause radial deformation of the ring 66.

Although the ring 66 is deformed radially inward in the
FIG. 6 example, in other examples the ring could be deformed
radially outward to enable coupling of the connectors 52,
54. For example, if the ring 66 were to be carried in the
recess 72 in the connector 52, then insertion of the

connector 54 into the connector 52 could cause radially
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outward deformation of the ring (e.g., due to engagement of
the ring with an inclined surface on the connector 54).
Thus, the scope of this disclosure is not limited to any

particular type of deformation of the ring 66.

In FIG. 7, the connection 50 is depicted with the
connectors 52, 54 secured to each other. The ring 66 is
received in both of the recesses 70, 72 and prevents

disconnection of the connectors 52, 54.

Note that the projections 74 are received in an opening
78 formed through a wall of the connector 52. The

projections 74 extend radially outward into the opening 78.

Engagement of the projections 74 in the opening 78
prevents significant rotation of the ring 66 relative to the
connector 52. In this manner, the projections 74 remain
received in the opening 78 after the connectors 52, 54 are

coupled to each other.

In the FIG. 7 example, the opening 78 is generally
rectangular in shape and extends to an end of the connector
52. In other examples, the opening 78 could have other
shapes, and could be otherwise positioned in the wall of the

connhector 52.

The opening 78 provides access to the projections 74,
in case it is desired to disconnect the connectors 52, 54.
The opening 78 also retains the ring 66 in an appropriate
rotational position relative to the connector 52, so that

the projections 74 are accessible for disassembly.

Referring additionally now to FIG. 8, another example
of the connection 50 is representatively illustrated. In
this example, the connection 50 is used to secure a

retaining sleeve 80 relative to the base pipe 34. The
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retaining sleeve 80 retains a centralizer 82 in position

relative to the well screen 24.

A pin 84 is used in this example to prevent rotation of
the ring 66. Holes 86 are provided in the projections 74 for

ease of assembly and disassembly.

Referring additionally now to FIG. 9, another example
of the connection 50 is representatively illustrated. In
this example, the connection 50 is used to secure a shroud
retaining sleeve 88 relative to the base pipe 34. The
retaining sleeve 88 retains the shroud 30 in position in the

well screen 24.

Referring additionally now to FIG. 10, another example
of the connection 50 is representatively illustrated. In
this example, couplings 90 are used to couple together shunt
tube assemblies 28. The couplings 90 may be used to connect
shunt tube assemblies 28 in a well screen 24, or between

multiple well screens.

The connection 50 described above may be used to
connect the shunt tube assemblies 28 to the couplings 90. A
ring 66 may be used to secure the couplings 90 in the well
screen 24, for example, by encircling the couplings and
engaging a recess 72 formed in an outer sleeve (such as, the
retaining sleeve 88). Thus, the connection 50 may be used
for a variety of different purposes with one or more well
screens 24, and the scope of this disclosure is not limited
to any particular manner of using the connection with a well

SCreen.

A method of securing connections 50 in well screens 24
is provided to the art by the above disclosure. In one
example, the method can comprise engaging a resilient ring
66 with first and second recesses 72, 70 formed in

respective first and second well screen connectors 52, 54,
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the ring 66 including projections 74 extending from
respective opposite ends of the ring 66; and disengaging the
resilient ring 66 from one of the first and second recesses

72, 70 by relative displacement between the projections 74.

An opening 78 may be formed in the first connector 52,

the projections 74 extending into the opening 78.

The disengaging step can include displacing at least
one of the projections 74 in the opening 78. One or both of
the projections 74 may be displaced toward or away from the
other to disengage the ring 66 from one of the recesses 70,
72.

The engagement of the projections 74 with the opening
78 may prevent rotation of the ring 66 relative to the first

connhector 52.

The engaging step can include radially deforming the

ring 66.

The first and second connectors 52, 54 may couple

together shunt tube assemblies 28 of the well screens 24.

The engaging step may include securing a centralizer 82

relative to the well screens 24.

The engaging step may include securing a well screen

shroud 30.

Also described above is a well screen connection 50. In
one example, the connection 50 can include first and second
well screen connectors 52, 54, and a resilient ring 66
received in first and second annular recesses 72, 70 formed
in the respective first and second well screen connectors
52, 54. Projections 74 extend from opposite ends of the ring
66 and are received in an opening 78 formed through a wall

of the first connector 52. The projections 74 received in
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the opening 78 prevent rotation of the ring 66 relative to

the first connector 52.

Relative displacement between the projections 74 can
disengage the ring 66 from one of the first and second
recesses 72, 70. The relative displacement may comprise
displacement of one or both of the projections 74 toward or

away from each other.

An inclined surface 76 formed on one of the first and

second connectors 52, 54 may radially deform the ring 66.

The first and second connectors 52, 54 may couple
together well screen shunt tube assemblies 28, secure a
centralizer 82 relative to a well screen 24, and/or secure a

well screen shroud 30.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.
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It should be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” *“lower,” etc.) are used for convenience in
referring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in

other examples, be integrally formed and vice versa.
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Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and
example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.



CLAIMS

1. A nmethod of securing connections in well screens,
t he met hod conpri si ng:

providing a first well screen connector including a
resilient split ring positioned within a first annul ar
recess forned in the first connector, the ring having a
rectangul ar cross-section and including projections
extending fromrespective opposite ends of the ring;

providi ng a second well screen connector including a

second annul ar recess forned in the second connector; and

inserting the second connector into the first
connector, the second connector including an inclined
surface which radially expands the ring during the
inserting, wherein a portion of the rectangul ar cross-
section contracts into the second annul ar recess upon
conpl etion of the inserting, thereby securing the second

connector to the first connector.

2. The nethod of claim1l, wherein an opening is forned
in the first connector, the projections extending into the
openi ng.

3. The nethod of claim2, wherein engagenent of the
projections within the opening prevents rotation of the
ring relative to the first connector.
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4. The nethod of claim11, wherein the second connector
is released fromthe first connector in response to
di spl acenent of the projections away from each ot her.

5. The nethod of claim1, wherein the first and second
connectors couple together first and second shunt tube
assenbl i es.

6. The nethod of claim1, wherein the first and second

connectors secure a centralizer to a well screen

7. The nethod of claiml1, wherein the first and second

connectors secure a shroud to a well screen

8. A well screen connection, conprising:

first and second well screen connectors including
first and second annul ar recesses forned in the respective
first and second well screen connectors; and

aresilient split ring received in the first annul ar
recess, the ring having a rectangul ar cross-secti on,
wherein projections extend from opposite ends of the ring
and are received in an opening forned through a wall of the
first connector, wherein the second connector includes an
inclined surface which radially expands the ring during
insertion of the second connector into the first connector,
and wherein a portion of the rectangul ar cross-section
contracts into the second annul ar recess upon conpl etion of
the insertion, thereby form ng the well screen connection.



9. The well screen connection of claim8, wherein the
projections received in the opening prevent rotation of the
ring relative to the first connector.

10. The well screen connection of claim8, wherein the
first and second connectors couple together first and
second shunt tube assenbli es.

11. The well screen connection of claim8, wherein the
first and second connectors secure a centralizer to a well

SCreen.

12. The well screen connection of claim8, wherein the
first and second connectors secure a shroud to a well

SCreen.

13. The well screen connection of claim@8, wherein the
second connector is released fromthe first connector in
response to di splacenent of the projections away from each
ot her.



