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PRESSURE EQUALIZATION APPARATUS

AND ASSOCIATED SYSTEMS AND METHODS

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in an example described below, more particularly
provides a pressure equalization apparatus and associated

systems and methods.

BACKGROUND

In some circumstances, it is desirable to isolate part
of a well tool from a surrounding well environment, but
without there being a pressure differential created between
the well environment and the isolated part of the well tool.
Thus, both fluid isolation and pressure equalization are
needed in these circumstances. It will be appreciated that
there is a continual need for improvements in the art of
constructing pressure equalization devices for use with well

tools.



10

15

20

25

30

WO 2012/141881 PCT/US2012/030669

SUMMARY

In the disclosure below, a pressure equalization
apparatus is provided which brings improvements to the art.
One example is described below in which multiple separate
bores are combined to form a continuous flowpath. Another
example is described below in which the bores are formed

through respective separate tubes.

In one aspect, a pressure equalization apparatus
described below is for use with a well tool in a
subterranean well. The apparatus can include multiple
separate longitudinally extending bores which form a
continuous flowpath, the flowpath alternating direction
between the bores, and the bores being interconnected at

opposite ends thereof.

In another aspect, a well system described below can
include a well tool including a chamber therein containing
an assembly in a dielectric first fluid. A pressure
equalization apparatus in the well system can include a
flowpath having opposite ends, one end being connected to
the chamber, the other end being connected to a source of a
second fluid, with the flowpath extending in alternating
opposite directions between the opposite ends through

multiple separate bores.

In yet another aspect, a method of installing a well
tool in a well can include attaching a mandrel to the well
tool, then lowering the well tool at least partially into
the well suspended from the mandrel, and then securing a
pressure equalization apparatus to the mandrel, a flowpath
of the apparatus being connected to a chamber of the well

tool containing an assembly.

These and other features, advantages and benefits will

become apparent to one of ordinary skill in the art upon
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careful consideration of the detailed description of
representative examples below and the accompanying drawings,
in which similar elements are indicated in the various

figures using the same reference numbers.

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.

FIG. 2 is a representative illustration of a pressure
equalization apparatus and a well tool which may be used in

the well system and method.

FIGS. 3A-C are representative cross-sectional views of
a pressure equalization apparatus which can embody

principles of this disclosure.

FIG. 4 is a representative cross-sectional view of the
pressure equalization apparatus, taken along line 4-4 of

FIG. 3B.

FIG. 5 is a representative cross-sectional view of the
pressure equalization apparatus, taken along line 5-5 of

FIG. 3C.

FIGS. 6A & B are representative cross-sectional views
of another configuration of the pressure equalization

apparatus.

FIG. 7 is a representative cross-sectional view of the
pressure equalization apparatus, taken along line 7-7 of

FIG. 6B.

FIG. 8 is a representative end view of another

configuration of the pressure equalization apparatus.
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FIGS. 9A & B are representative cross-sectional views
of the pressure equalization apparatus, taken along line 9-9

of FIG. 8.

FIGS. 10A & B are representative elevational views of

the pressure equalization apparatus of FIG. 8.

FIGS. 11A & B are representative elevational views of
the pressure equalization apparatus of FIG. 8 and a mandrel

cross-section.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well system
10 and associated method which can embody principles of this
disclosure. As depicted in FIG. 1, a tubular string 12 is
positioned in a wellbore 14. A well tool 16 is

interconnected in the tubular string 12.

The well tool 16 could be any type of well tool, such
as a flow control device (e.g., a production valve, safety
valve, choke, injection control valve, etc.), sensor,
telemetry device, etc., or any combination of well tools.
Representatively, in this example the well tool 16 is a
safety valve for selectively permitting and prevent flow
through an internal longitudinal flow passage 18 of the
tubular string 12 (e.g., utilizing a closure device 17, such

as a flapper or ball, to close off the flow passage).

A chamber 20 is positioned within the well tool 16. It
is desired in the well system 10 to maintain equal pressure
between the chamber 20 and either the flow passage 18 or an
annulus 22 formed radially between the tubular string 12 and
the wellbore 14. For this purpose, a pressure equalization
apparatus 24 is interconnected between the chamber 20 and

the passage 18 or annulus 22.
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The apparatus 24 is used to equalize pressure, while
also preventing fluid in the passage 18 or annulus 22 from
entering the chamber 20. For example, the chamber 20 could
contain equipment which could be damaged or rendered

inoperative by the fluid in the passage 18 or annulus 22.

Referring additionally now to FIG. 2, an enlarged scale
schematic view of the well tool 16 and pressure equalization
apparatus 24 is representatively illustrated, apart from the
remainder of the well system 10. 1In this view it may be
seen that the chamber 20 contains one fluid 26 which almost
completely fills a flowpath 30 within a tube 32 of the
apparatus 24. Another fluid 28 is introduced from a fluid

source (such as, the passage 18 or annulus 22, etc.).

One end 34 of the flowpath 30 is connected to the
chamber 20, and an opposite end 36 of the flowpath is
connected to the source of the fluid 28. Between the ends
34 and 36 of the flowpath 30, the flowpath extends

alternately upward and downward.

In this example, an electrical assembly 38 (e.g.,
including an electronic circuit 40 and an electrical motor
42, for example, to operate the closure device 17) is
positioned in the chamber 20, and the fluid 26 is a
dielectric fluid used to insulate about the assembly and
provide for heat transfer while transmitting pressure to
avoid high pressure differentials across the walls of the
chamber. The fluid 28, in contrast, may be a well fluid
which is corrosive and/or conductive, and which could damage

the assembly 38, or at least render it inoperative.

A mechanical assembly 43 (such as shaft 45, rods,
magnets, springs, etc.) may also, or alternatively, be
protected in the chamber 20 from the fluid 28. If only the

mechanical assembly 43 is in the chamber 20, then the fluid
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26 1is not necessarily a dielectric fluid, but it is
preferably at least a clean fluid to prevent damage, wear,

binding, etc. of the mechanical assembly 43.

Note that the apparatus 24 permits pressure to be
transmitted through the flowpath 30, but prevents the fluid
28 from migrating to the end 34 of the flowpath and into the
chamber 20. Because of the upward and downward undulations
of the flowpath 30 between its opposite ends 34, 36, the
fluid 28 would have to flow alternately upward and downward
multiple times in order to migrate from the end 36 to the
end 34.

However, since the fluids 26, 28 preferably have
different densities, only one such upward or downward flow
of the fluid 28 is to be expected as a result of the
different fluid densities and the force of gravity acting on
the fluids. The fluid 28 may flow somewhat further into the
flowpath 30 due to transmission of pressure from the fluid
source (e.g., flow passage 18 or annulus 22) to the chamber
20, but an interface 44 between the fluids 26, 28 is
expected to remain in the tube between the opposite ends 34,
36.

The flowpath 30 can also provide a conduit for
extending a line (such as an electrical or fiber optic line)
into the chamber 20. This feature eliminates the need for
any additional penetrations of the wall of the chamber 20,
for example, to provide power and/or data communication for

the assembly 38.

Referring additionally now to FIGS. 3A-C more detailed
cross-sectional views of one example of the pressure
equalization apparatus 24 is representatively illustrated.
As with other configurations of the pressure equalization

apparatus 24 described herein and depicted in the drawings,
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the example shown in FIGS. 3A-C may be used in the well
system 10 of FIG. 1, or it may be used in other well
systems. Therefore, it should be clearly understood that the
principles of this disclosure are not limited at all to any
of the details of the well system 10 as described above or

depicted in the drawings.

The pressure equalization apparatus 24 configuration of
FIGS. 3A-C includes multiple bores 44 formed longitudinally
through a generally tubular structure 46. As may be seen in
the enlarged cross-sectional view of FIG. 4, the bores 44

are circumferentially spaced apart in the structure 46.

End closures 48, 50 at opposite ends of the structure
46 are connected to the bores 44 by connectors 52. The end
closures 48, 50 have passages 54 formed therein which

connect adjacent pairs of the bores.

The passages 54 connect adjacent pairs of the bores 44
alternating between the end closures 48, 50, so that the
flowpath 30 extends in opposite directions, back and forth,
through the bores in succession. The flowpath 30 reverses

direction in the passages 54 of the end closures 48, 50.

A filter 56 is positioned in one of the bores 44 which
is connected to the flowpath end 36. The fluid 28 enters the
end 36 and is filtered by the filter 56. The bores 44 are
preferably filled with the fluid 26 prior to the apparatus
24 being installed in the wellbore 14, and so it is expected
that the fluid 28 will not migrate far into the flowpath 30,
and will not traverse more than one of the reversals of

direction of the flowpath in the end closures 48, 50.

The relatively large diameter bores 44 provide for a
substantial volume of the fluid 26, and provide an almost
instantaneous equalization of pressure between the chamber

20 and the source of the fluid 28. Especially in situations
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where one or more walls of the chamber 20 cannot sustain
significant pressure differentials, this ability to
immediately equalize pressure across the walls of the
chamber can be vital to successful operation of the well

tool 16.

In FIG. 3C it may be seen that a rupture disc 58 is
installed in the lower end closure 50, aligned with a lower
end of the bore 44 in which the filter 56 is positioned. The
rupture disc 58 allows fluid communication to be established
with the flowpath 30, even if the filter 56 or the end 36 of
the flowpath becomes plugged.

If the end 36 of the flowpath 30 is connected to the
annulus 22, then the chamber 20 is pressure equalized with
the annulus. However, if the filter 56 becomes plugged, this
pressure equalization suffers. By opening the rupture disc
58 (e.g., by increasing pressure in the annulus 22 until the
rupture disc ruptures), communication between the flowpath

30 and the annulus can be reestablished.

In FIG. 5 it may be seen that the end 34 of the
flowpath 30 exits the lower end closure 50. The end 34 is
connected in the end closure 50 to the last bore 44 in the
sequence of bores starting with the one connected to the end

36, and then proceeding clockwise as viewed in FIG. 4.

A longitudinal recess 60 formed between the first and
last bores 44 in this sequence provides space for lines 62
to extend longitudinally along the apparatus 24. The lines
62 could be, for example, electrical, hydraulic, optical or
other types of lines, and could be used for controlling
operation of, and/or providing power to, the well tool 16

(e.g., connecting to the electrical assembly 38).

The structure 46 and end closures 48, 50 are carried on

and secured to a generally tubular mandrel 64. The mandrel
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64 can be provided with threads at its opposite ends for
interconnecting the apparatus 24 in the tubular string 12.
In another configuration described below, the mandrel 64 can
also be used for conveying the well tool 16 into an upper

end of the wellbore 14.

Referring additionally now to FIGS. 6A & B, opposite
ends of another configuration of the pressure equalization
apparatus 24 are representatively illustrated. The
configuration of FIGS. 6A & B is similar in many respects to
the configuration of FIGS. 3A-5, but differs at least in
that, instead of forming the bores 44 in the structure 46,
the bores in the FIGS. 6A & B configuration are formed in

separate tubes 66.

The manner in which the tubes 66 are circumferentially
distributed about the mandrel 64 can be seen in FIG. 7. Note
that the bores 44 are circumferentially spaced apart from

each other, similar to the configuration shown in FIG. 4.

The apparatus 24 configuration of FIGS. 6A & B
functions in a manner similar to that of the configuration
of FIGS. 3A-C, in that the flowpath 30 extends in
alternating opposite directions through the bores 44, and
reverses direction in the end closures 48, 50 at the

opposite ends of the tubes 66.

Referring additionally now to FIGS. 8-11B, yet another
configuration of the pressure equalization apparatus 24 is
representatively illustrated. The configuration of FIGS. 8-
11B is similar in many respects to the configuration of
FIGS. 6A-7, but differs at least in that the end closures
48, 50, tubes 66 and connectors 52 do not extend completely

circumferentially about the mandrel 64.

As depicted in FIG. 8 (an end view of the apparatus

24), the end closure 48 has a semi-circular shape. The other
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end closure 50 in this example has the same semi-circular
shape, and the tubes 66 and connectors 52 are only partially
circumferentially distributed about the mandrel 64 when the

apparatus 24 is fully assembled.

In FIGS. 9A & B, cross-sectional views of opposite ends
of the apparatus 24 are representatively illustrated. In
these views it may be seen that the construction of the
FIGS. 8-11B configuration is similar to the construction of
the FIGS. 6A-7 configuration. However, the end closures 48,
50 are designed for accepting fasteners used to clamp onto

the mandrel 64.

In FIGS. 10A & B, the end closures 48, 50, tubes 66 and
connectors 52 are depicted in side views. In these views it
may be seen that retainers 68 are fastened to the end
closures 48, 50, so that the end closures, along with the
tubes 66 and connectors 52, can be attached to the mandrel

64 as a unit.

In FIGS. 11A & B, the end closures 48, 50, tubes 66 and
connectors 52 are depicted as they are being attached to an
outer side of the mandrel 64. In this manner, the mandrel 64
can be used as a handling sub to raise, suspend and convey

the well tool 16 into a well.

Preferably, the mandrel 64 would be connected to the
well tool 16 (e.g., by threading a lower end of the mandrel
into an upper end of the well tool), and the mandrel would
be used to raise the well tool into position (e.g., in a rig
derrick) above the wellbore 14, and the mandrel would then
be used to lower the well tool at least partially into the

well.

The pressure equalization apparatus 24 can then be
attached to the mandrel 64, and the end 36 of the flowpath

30 can be connected to the chamber 20 in the well tool 16.
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The retainers 68 could remain on the apparatus 24 when it is
installed in the well, or the retainers could be removed

after the apparatus is attached to the mandrel 64.

It may now be fully appreciated that the above
disclosure provides significant improvements to the art of
constructing pressure equalizing systems for use in wells.
The pressure equalization apparatus 24 described above
quickly equalizes pressure between the chamber 20 and a
source of the fluid 28, thereby minimizing any pressure
differentials, and provides a large volume of the fluid 26,
while preventing the fluid 28 from migrating into the

chamber.

The above disclosure describes a well system 10 which
can include a well tool 16 with a chamber 20 therein
containing an assembly 38, 43 in a dielectric first fluid
26. A pressure equalization apparatus 24 can include a
flowpath 30 having first and second opposite ends 34, 36,
the first end 34 being connected to the chamber 20, the
second end 36 being connected to a source of a second fluid
28, and the flowpath 30 extending in alternating opposite
directions between the first and second ends 34, 36 through

multiple separate bores 44.
The bores 44 may be formed in tubes 66.
The bores 44 may be circumferentially spaced apart.

The flowpath 30 may extend alternately upward and

downward in respective successive ones of the bores 44.

The bores 44 may be formed through respective multiple
tubes 66 which extend at least partially circumferentially
about a mandrel 64. The tubes 66 may be clamped to the
mandrel 64, the mandrel 64 may be attached to the well tool

16, and the well tool 16 may comprise a safety valve.
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The second fluid 28 source could comprise an interior
longitudinal passage of a tubular string, and/or an annulus
between the tubular string and a wellbore. The second fluid
28 may enter the second end 36 of the flowpath 30, but is
prevented from flowing to the first end 34 of the flowpath
30. A density of the first fluid 26 can be different from a
density of the second fluid 28.

Adjacent pairs of the bores 44 can be in communication

with each other.

The assembly may comprise an electrical assembly 38

and/or a mechanical assembly 43.

The above disclosure also describes a pressure
equalization apparatus 24 for use with a well tool 16 in a
subterranean well. The apparatus 24 can include multiple
separate longitudinally extending bores 44 which form a
continuous flowpath 30, the flowpath 30 alternating
direction between the bores 44, and the bores 44 being

interconnected at opposite ends thereof.

The apparatus 24 can include a filter 56 which filters
the second fluid 28, and a rupture disc 58 exposed to the
flowpath 30 between the filter 56 and the first end 34 of
the flowpath 30.

A method of installing a well tool 16 in a well is
described above. The method can include attaching a mandrel
64 to the well tool 16, then lowering the well tool 16 at
least partially into the well suspended from the mandrel 64,
and then securing a pressure equalization apparatus 24 to
the mandrel 64, a flowpath 30 of the apparatus 24 being
connected to a chamber 20 of the well tool 16 containing an

assembly 38, 43.
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The method can include increasing pressure in the well,
thereby opening the bores 44 to communication with the

source of the second fluid 28.

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

details of these embodiments.

In the above description of the representative examples
of the disclosure, directional terms, such as “above,”
“below,” *“upper,” *“lower,” etc., are used for convenience in

referring to the accompanying drawings.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments, readily appreciate that many
modifications, additions, substitutions, deletions, and
other changes may be made to these specific embodiments, and
such changes are within the scope of the principles of the
present disclosure. 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 present invention being limited solely by the

appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A pressure equalization apparatus for use with a

well tool in a subterranean well, the apparatus comprising:

multiple separate longitudinally extending bores which
form a continuous flowpath, the flowpath alternating
direction between the bores, and the bores being

interconnected at opposite ends thereof.

2. The apparatus of claim 1, wherein a first fluid is
in a first end of the flowpath, and a second fluid is in an

opposite second end of the flowpath.

3. The apparatus of claim 2, wherein the second fluid
enters the second end of the flowpath, but is prevented from

flowing to the first end of the flowpath.

4. The apparatus of claim 3, further comprising a
filter which filters the second fluid, and a rupture disc
exposed to the flowpath between the filter and the first end
of the flowpath.

5. The apparatus of claim 2, wherein a density of the

first fluid is different from a density of the second fluid.

6. The apparatus of claim 2, wherein a source of the
second fluid comprises at least one of an interior
longitudinal passage of a tubular string, and an annulus

between the tubular string and a wellbore.
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7. The apparatus of claim 1, wherein the bores are
formed in tubes.
8. The apparatus of claim 1, wherein the bores are

circumferentially spaced apart.

9. The apparatus of claim 1, wherein the flowpath
extends alternately upward and downward in respective

successive ones of the bores.

10. The apparatus of claim 1, wherein the bores are
formed through multiple tubes which extend at least

partially circumferentially about a mandrel.

11. The apparatus of claim 10, wherein the tubes are
clamped to the mandrel, and wherein the mandrel is attached

to the well tool.

12. The apparatus of claim 1, wherein the well tool

comprises a safety valve.

13. The apparatus of claim 1, wherein adjacent pairs

of the bores are in communication with each other.
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14. A well system, comprising:

a well tool including a chamber therein containing an

assembly in a dielectric first fluid; and

a pressure equalization apparatus including a flowpath
having first and second opposite ends, the first end being
connected to the chamber, the second end being connected to
a source of a second fluid, the flowpath extending in
alternating opposite directions between the first and second

ends through multiple separate bores.

15. The system of claim 14, wherein the bores are

formed in tubes.

16. The system of claim 14, wherein the bores are

circumferentially spaced apart.

17. The system of claim 14, wherein the flowpath
extends alternately upward and downward in respective

successive ones of the bores.

18. The system of claim 14, wherein the bores are
formed through respective multiple tubes which extend at

least partially circumferentially about a mandrel.

19. The system of claim 18, wherein the tubes are
clamped to the mandrel, and wherein the mandrel is attached

to the well tool.
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20. The system of claim 14, wherein the second fluid
source comprises at least one of an interior longitudinal
passage of a tubular string, and an annulus between the

tubular string and a wellbore.

5
21. The system of claim 14, wherein the second fluid
enters the second end of the flowpath, but is prevented from
flowing to the first end of the flowpath.
10 22. The system of claim 14, wherein the well tool
comprises a safety valve.
23. The system of claim 14, wherein a density of the
first fluid is different from a density of the second fluid.
15

24. The system of claim 14, wherein adjacent pairs of

the bores are in communication with each other.

25. The system of claim 14, wherein the assembly

20 comprises an electrical assembly.

26. The system of claim 14, wherein the assembly

comprises a mechanical assembly.
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27. A method of installing a well tool in a well, the

method comprising:
attaching a mandrel to the well tool;

then lowering the well tool at least partially into the

well suspended from the mandrel; and

then securing a pressure equalization apparatus to the
mandrel, a flowpath of the apparatus being connected to a

chamber of the well tool containing an assembly.

28. The method of claim 27, wherein the flowpath has
first and second opposite ends, the first end being
connected to the chamber, the second end being connected to
a source of a second fluid, the flowpath extending in
alternating opposite directions between the first and second

ends through multiple separate bores.

29. The method of claim 28, wherein the bores are

formed in tubes.

30. The method of claim 28, wherein the bores are

circumferentially spaced apart.

31. The method of claim 28, wherein the flowpath
extends alternately upward and downward in respective

successive ones of the bores.

32. The method of claim 28, wherein the bores are
formed through a structure which extends at least partially

circumferentially about the mandrel.
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33. The method of claim 28, wherein the second fluid
source comprises at least one of an interior longitudinal
passage of a tubular string, and an annulus between the

tubular string and a wellbore.

34. The method of claim 28, wherein the second fluid
enters the second end of the flowpath, but is prevented from

flowing to the first end of the flowpath.

35. The method of claim 28, wherein the well tool

comprises a safety valve.

36. The method of claim 28, wherein a density of the

first fluid is different from a density of the second fluid.

37. The method of claim 28, wherein adjacent pairs of

the bores are in communication with each other.

38. The method of claim 28, further comprising
increasing pressure in the well, thereby opening the bores

to communication with the source of the second fluid.

39. The method of claim 27, wherein the assembly

comprises an electrical assembly.

40. The method of claim 27, wherein the assembly

comprises a mechanical assembly.
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