
OPEN/CLOSE OUTLET INTERNAL HYDRAULIC DEVICE [0001] This section is intended
to introduce the reader to various aspects of art [hat may be related to
various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to be helpful in providing the
reader with background information to facilitate a better understanding of
the various aspects of the present invention. Accordingly, it should be
understood that these statements are to be read in this light, and not as
admissions of prior art. [0002] Oil and natural gas have a profound effect
on modern economies and societies indeed, devices and systems that depend
on oil and natural gas are ubiquitous. For instance, oil and natural gas
are used for fuel in a wide variety of vehicles, such as cars, airplanes,
boats, and the like. Further, oil and natural gas are frequently used to
heat homes during winter, to generate electricity, and to manufacture an
astonishing array of everyday products. [0003] In order to meet the demand
for such natural resources, companies often invest significant amounts of
time and money in searching for and extracting oil, natural gas, and other
subterranean resources from the earth. Particularly, once a desired
resource is discovered below the surface of the earth, drilling and
production systems are often employed to access and extract the resource.
These systems may be located onshore or offshore depending on the location
of a desired resource. Further, such systems generally include a wellhead
assembly through which the resource is extracted. These wellhead assemblies
may include a wide variety of components, such as various casings, valves,
fluid conduits, and the like, that control drilling and/or extraction
operations. Additionally, such wellhead assemblies may also include
components, such as an isolating mandrel ("frac mandrel") and/or fracturing
tree, to facilitate a fracturing process.[0004] Resources such as oil and
natural gas are generally extracted from 



fissures or other cavities formed in various subterranean rock formations
or strata. A fracturing process (i.e., "frac" process) may be used to
create one or more man-made fractures in a rock formation, such that such
that a connection can be made with a number of these pre-existing fissures
and cavities. In [his manner, the fracturing process enables oil, gas, or
the like to flow from multiple pre existing fissures and cavities to the
well via the man-made fractures. Such fracturing processes typically
include injecting a fluid into the well to form the man-made fractures.
[0005] A frac mandrel is often utilized in such cases to isolate one or
more lower-rated components from the fracturing pressure. The frac mandrel
is typically inserted within a bore of the wellhead assembly and includes a
body having a fluid passageway, such that the body isolates the lower-rated
components from the pressure of the fracturing fluid injected into the well
via the fluid passageway. Once the fracturing process is completed, the
frac mandrel and other fracturing components may be removed from the
wellhead assembly, and additional production components, such as a
"Christmas tree," may be coupled to the assembly. [0006] These 'frac" wells
may include relatively high pressures, such that the pressure in the well
may become too high to allow further pumping of the fracturing fluid into
the well. To continue pumping fracturing fluid into the well, it may be
desirable to choke off the pressure, lowering the pressure in the well.
[0007] Various features, aspects, and advantages of the present invention
will become better understood when the following detailed description is
read with reference to the accompanying figures in which like characters
represent like parts throughout the figures, wherein: [0008] FiG. 1 is a
block diagram that illustrates a mineral extraction system in accordance
with an embodiment of the present invention;[0009] FIG. 2 depicts a
cross-section of a wellhead assembly of a mineral 



extraction system with an unlocked hydraulic adapter in accordance with an
embodiment of the present invention; [0010] FIG. 3 depicts a cross-section
of a wellhead assembly of a mineral extraction system with a locked
hydraulic adapter in accordance with an embodiment of the present
invention; [001 1] FIG. 4 depicts a cross-section of a wellhead assembly of
a mineral extraction system with a hydraulic adapter having a retracted
sleeve in accordance with an embodiment of the present invention; FIG. 5
depicts a cross-section of a wellhead assembly of a mineral extraction
system with a hydraulic adapter having an extended sleeve in accordance
with an embodiment of the present invention; [0013] FlG. 6 is a close-up
view of a section of the hydraulic adapter of FIGS. 2-5 along line 6-6 in
accordance with an embodiment of the present invention; [0014] FIG. 7 is a
cross-section of FIG. 6 taken along line 7-7 in accordance with an
embodiment of the present invention; [0015] FIG. 8 is a cross-section of a
wellhead assembly of a mineral extraction system depicting removal of a
hydraulic adapter in accordance with an embodiment of the present
invention; [0016] FIG. 9 depicts a cross-section of a wellhead assembly of
a mineral extraction system having a backpressure valve in accordance with
an embodiment of the present invention; FIG. 10 depicts a cross-section of
a wellhead assembly of a mineral extraction system having a hydraulic
adapter with a manual locking mechanism in accordance with an embodiment of
the present invention; and [0018] FIG. 11 is a block diagram of a process
for operation a hydraulic adapter in a mineral extraction system in
accordance with an embodiment of the present invention.DETAILED DESCRIPTION
OF SPECIFIC EMBODIMENTS 



[0019] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention Additionally, in an effort to provide a concise
description of these exemplary embodiments, all features of an actual
implementation may not be described in the specification it should be
appreciated that in the development of any such actual implementation, as
in any engineering or design project, numerous implementation-specific
decisions must be made to achieve the developers' specific goals, such as
compliance with system-related and business-related constraints, which may
vary from one implementation to another. Moreover it should be appreciated
that such a development effort might be complex and time consuming, but
would nevertheless be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of this
disclosure. [0020] When introducing elements of various embodiments of the
present invention, the articles "a, ' "an," "the," and "said" are intended
to mean that there are one or more of the elements. The terms "comprising,"
"including," and "having" are intended to be inclusive and mean that there
may be additional elements other than the listed elements. Moreover, the
use of "top," "bottom," "above," "below," and variations of these terms is
made for convenience but does not require any particular orientation of the
components. [0021] Certain exemplary embodiments of the present technique
include a system and method that addresses one or more of the
above-mentioned challenges of relieving pressure during operation of
fracturing process in a mineral extraction system. As explained in greater
detail below, the disclosed embodiments include an adapter having a
hydraulically activated sleeve and a hydraulicaily activated internal lock
ring. The sleeve may engage a mandrel (e.g., a frac mandrel) or other
component in a wellhead assembly, and provide for 



hydraulic movement of the mandrel. The lock ring may be activated to secure
the adapter to the wellhead assembly, locking the adapter and the mandrel
to prevent undesired axial movement in other embodiments, an adapter
mayinclude a bydraulically activated sleeve and a manually activated
locking mechanism, such as a recess configured to receive tie-down screws.
In each of these embodiments, the adapter is configured to provide a range
of axial movement of the mandrel while mounted within the weiihead
assembly. For example, the range of movement may include a sealed position
and a pressure release position. Thus, the adapter may enable selective
pressure release during a fracturing process, such that additional fluid
can flow down hole. [0022] FIG. 1 is a block diagram that illustrates an
embodiment of a mineral extraction system 10. The illustrated mineral
extraction system 10 can be configured to extract various minerals and
natural resources, including hydrocarbons (e.g., oil and/or natural gas),
or configured to inject substances into the earth. In some embodiments, the
mineral extraction system 10 is land-based (e.g., a surface system) or
subsea (e.g., a subsea system). As illustrated, the system 10 includes a
wellhead 12 coupled to a mineral deposit 14 via a well 16, wherein the well
16 includes a wellhead hub 18 and a well-bore 20. The wellhead hub 18
generally includes a large diameter hub that is disposed at the termination
of the well-bore 20. The wellhead hub 18 provides for the connection of the
wellhead 12 to the well 16. 3] The wellhead 12 typically includes multiple
components that control and regulate activities and conditions associated
with the well 16. For example, the wellhead 12 generally includes bodies,
valves and seals that route produced minerals from the mineral deposit 14,
provide for regulating pressure in the well 16, and provide for the
injection of chemicals into the well-bore 20 (down-hole). in the
illustrated embodiment, the wellhead 12 includes what is colloquially
referred to as a Christmas tree 22 (hereinafter, a tree), a tubing spool
24, a 



casing spool 25, and a hanger 26 (e.g., a tubing hanger or a casing
hanger). The system 10 may include other devices that are coupled to the
wellhead 12, and devices that are used to assemble and control various
components of the wellhead 12. For example, in the illustrated embodiment,
the system 10 includes a tool 28 suspended from a drill string 30. In
certain embodiments, the tool 28 includes a running tool that is lowered
(e.g., run) from an offshore vessel to thewell 18 and/or the wellhead 12.
In other embodiments, such as surface systems, the tool 28 may include a
device suspended over and/or lowered into the wellhead 12 via a crane or
other supporting device. [0024] The tree 22 generally includes a variety of
flow paths (e.g., bores), valves, fittings, and controls for operating the
well 16. For instance, the tree 22 may include a frame [hat is disposed
about a tree body, a flow-loop, actuators, and valves. Further, the tree 22
may provide fluid communication with the well 16. For example, the tree 22
includes a tree bore 32. The tree bore 32 provides for completion and
workover procedures, such as the insertion of tools (e.g., the hanger 26)
into the well 16, the injection of various chemicals into the well 16
(down-hole), and the like. Further, minerals extracted from the well 16
(e.g.. oil and natural gas) may be regulated and routed via the tree 22.
For instance, the tree 12 may be coupled to a jumper or a flowline that is
tied back to other components, such as a manifold. Accordingly, produced
minerals flow from the well 16 to the manifold via the wellhead 12 and/or
the tree 22 before being routed to shipping or storage facilities. A
blowout preventer (BOP) 3 1 may also be included, either as a part of the
tree 22 or as a separate device. The BOP may consist of a variety of
valves, fittings and controls to prevent oil. gas, or other fluid from
exiting the well in the event of an unintentional release of pressure or an
overpressure condition. [0025] The tubing spool 24 provides a base for the
tree 22. Typically, the tubing spool 24 is one of many components in a
modular subsea or surface 



mineral extraction system 10 that is run from an offshore vessel or surface
system. The tubing spool 24 includes a tubing spool bore 34. The tubing
spool bore 34 connects (e.g., enables fluid communication between) the tree
bore 32 and the well 16. Thus, the tubing spool bore 34 may provide access
to the well bore 20 for various completion and worker procedures. For
example, components can be run down to the wellhead 12 and disposed in the
tubing spool bore 34 to seal-off the well bore 20, to inject chemicals
down-hole, to suspend tools down-hole, to retrieve tools down-hole, and the
like.[0026] As will be appreciated, the well bore 20 may contain elevated
pressures. For example the well bore 20 may include pressures that exceed
10,000 pounds per square inch (PSI), that exceed 15,000 PSL and/or [hat
even exceed 20 000 PS!. Accordingly, mineral extraction systems 10 employ
various mechanisms, such as mandrels, seals, plugs and valves, to control
and regulate the well 16. For example, plugs and valves are employed to
regulate the flow and pressures of fluids in various bores and channels
throughout the mineral extraction system 10. For instance the illustrated
hanger 28 (e.g., tubing hanger or casing hanger) is typically disposed
within the wellhead 12 to secure tubing and casing suspended in the well
bore 20, and to provide a path for hydraulic control fluid, chemical
injections, and the like. The hanger 26 includes a hanger bore 38 that
extends through the center of the hanger 26, and that is in fluid
communication with the tubing spool bore 34 and the well bore 20. Pressures
in the bores 20 and 34 may manifest through the wellhead 12 if not
regulated. [0027] A fracturing mandrel 36 is often seated and locked in the
tubing spool 24 to isolate other components of the wellhead from the
fracturing pressure. Similar sealing devices may be used throughout mineral
extraction systems 10 to regulate fluid pressures and flows. During the
fracturing process, the fracturing fluid may be pumped through the mandrel
into the well 16. As a result, pressures may become too high to continue
pumping fluid into the well 18. In such an 



instance, it may be desirable to relieve some of the pressure from the well
through the tubing spool 24, without removing the mandrel 38. to ensure
safe isolation of other wellhead components. Additionally, it is desirable
to maintain the blowout preventer 3 1 to ensure safety of the mineral
extraction system during such an operation, yet have the ability to safely
manipulate the frac mandrel 38 inside the tubing spool 24. [0028] FiG. 2
depicts a cross-section of the wellhead assembly 12 having a hydraulic
adapter 40 in accordance with an embodiment of the present invention. The
hydraulic adapter 40 is disposed between the tubing spool 24 and an adapter
flange 42. The adapter flange 42 may couple the tubing spool to the blowout
preventer 3 1, the "Christmas" tree 22, or any other components includedin
the wellhead assembly 12. The tubing spool 24 includes a flange 44,
tie-down screws 48, and side passages 48 and 50 [0029] As described above,
the tubing spool 24 defines a bore 34 that connects to the casing further
down the wellhead assembly 12. n this embodiment, the bore 34 is generally
concentric about (or coaxial with) a central axis 52. Annular seals 54 and
56 seal the central passage bore 34, the hydraulic adapter 40, and the
tubing spool 24. The side passages 48 and 50 can provide access to the bore
34 and the interior of the tubing spool 24. Generally, annular seals 60 and
82 seal flanges 84 and 86 to the tubing spool 24. [0030] In FIG. 2 , the
mandrel 38 is shown in a "running position" such that the mandrel 36 is
disposed inside the tubing spool 24 to block off the side passages 48 and
50. As mentioned above, during operation of the system 10 it may be
desirable to choke off pressure in the wellhead assembly 12. As will be
appreciated, the side passages 48 and 50 may be coupled to valves or other
fluid-flow components via the flanges 84 and 66. enabling an operator to
bleed off pressure. If the mandrel 38 is in the running position, the side
passages 48 and 50 are generally blocked by the mandrel 38 and sealed by
seals 88. 



[0031] The adapter 40 includes various components to engage the mandrel 38.
to manipulate the mandrel 36, and to lock and seal the adapter 40 to the
wellhead assembly 12. The adapter 40 may disposed inside a body 69 coupled
to the tubing spool 24 via the flange 44. The adapter 40 includes a
moveable sleeve 70 (e.g., annular piston) disposed around a generally
tubular interior body 7 1 and having one or more pins 72 configured to
engage a recess on the mandrel 36, as discussed further below. In one
embodiment, the pins 72 may engage a generally "J-shaped" recess in the
mandrel 38, such that the adapter 40 may be generally inserted and rotated
into engagement with the mandrel 36. [0032] The moveable sleeve 70 and/or
the body 7 1 includes one or more seals 74 (e.g., annular seals) to
generally seal the sleeve 70 against the tubing spool 24 or other component
of the wellhead assembly 12. The adapter 40 also includes a stationary
sleeve 75, providing an abutment for the moveable sleeve70 when in a
"retracted" position, as described further below. It should be appreciated
that the term "stationary sleeve" refers to movement of the sleeve relative
to the fluid-driven movement of the moveable sleeve 70. During assembly or
installation, the stationary sleeve 75 may be moved or rotated into [he
adapter 40. The stationary sleeve 75 also includes one or more seals 77 to
generally seal the stationary sleeve 75 against the tubing spool 24. [0033]
The adapter 40 also includes an upper segment 78 having a lock ring 78. As
described further below, the lock ring 78 may engage a recess 80 on the
body of the adapter 40 to lock the adapter 40 to the wellhead assembly 12.
The upper segment 78 includes a moveable portion 82 (e.g., annular piston)
and a stationary portion 84. It should be appreciated that the term
"stationary portion" refers to movement of the portion 84 relative to the
fluid-driven movement of the moveable portion 82 During assembly or
installation the stationary portion 84 may be moved or rotated into the
adapter 40. The upper segment 78 includes one or more annular seals 88 to
seal the portions 82 and 84 against the wellhead 



assembly 12 and the interior body 7 1. The moveable portion 82 may include
a beveled edge 88 that engages the lock ring 78 when the moveable portion
80 moves, as described further below. [0034] The adapter 40 may include one
or more hydraulic ports to provide for the application of hydraulic
pressure to move the moveable sleeve 70 and the moveable portion 82. To
manipulate the moveable sleeve 70, the adapter 40 may include a first
hydraulic port 90 and a second hydraulic port 92. The hydraulic port 90
connects to a first passage 94 extending through the body 69 of the adapter
40 and connecting with a first chamber 96. As illustrated, the first
chamber 98 is an annular chamber defined between the stationary sleeve 75
and the moveable sleeve 70. The second hydraulic port 92 connects to a
second passage 98 extending through the body 89 of the adapter 40 and
connecting with a second chamber 100. The second chamber 100 is an annular
chamber defined between the moveable sleeve 70 and the interior body 7
1.[0035] To manipulate the movable portion 82 of the upper segment 78. the
adapter 40 may include a third hydraulic port 102 and a fourth hydraulic
port 104. The third hydraulic port 102 connects to a third passage 106
extending through the body 69 of the adapter 40 and connecting with a third
chamber 108. The third chamber 108 is an annular chamber defined between
the stationary portion 84 and the moveable portion 82 of the upper segment
76. Similarly, the fourth hydraulic port 104 connects to a fourth passage
110 extending through the body 69 of the adapter 40 and connecting with a
fourth chamber 112. The fourth chamber 112 is an annular chamber defined
between the moveable portion 82 of the upper segment 76 and the interior
body 7 1. [0036] Referring now to both FIGS. 2 and 3. the operation of the
lock ring 78 via the third hydraulic port 102 and the fourth hydraulic port
104 will now be described. In FIG. 2 , the iock ring 78 is shown in an
"uniocked" position. The lock ring 78 is disengaged from the recess 80 of
the body 69 of the adapter 40. 



The lock ring 78 moves in a generally radial direction in response to
engagement with the beveled edge 88 of the moveable portion 82. The
moveable portion 82 generally moves in an axial direction in response to
fluid pressure (e.g., liquid or gas) in the third chamber 108 and the
fourth chamber 112. [0037] To move the lock ring 78 to a "locked" position
and lock the adapter 40 to the wellhead assembly 12, hydraulic pressure may
be applied to the third hydraulic port 102. The third chamber 108 receives
pressure from the third hydraulic port 102, generally expanding the chamber
108 and causing the moveable portion 82 to move in a generally axial
direction indicated by arrow 114. As shown in FIG. 3, the moveable portion
82 moves until it engages the lock ring 78, pushing the lock ring in a
generaliy radial direction indicated by arrow 116. The lock ring 78 moves
in the generally radial direction 116 until it engages the recess 80 of the
body of the adapter 40. Once the lock ring 78 is engaged with the recess
80, the adapter 40 is locked against the body 69, preventing axial movement
of the adapter 40. As also depicted in FIG. 3, the third hydraulic chamber
108 is shown in an expanded state, as a result of the hydraulic pressure
applied to the third hydraulic port 102.[0038] To move the lock ring 78 to
an "unlocked" position and unlock the adapter 4O hydraulic pressure may be
applied to the fourth hydraulic port 104. The fourth chamber 112 receives
pressure from the fourth hydraulic port 108, generally expanding the
chamber 112 and causing the moveable portion 82 to move in a generally
axial direction indicated by arrow 118. The moveable portion 82 moves
axially until it disengages the lock ring 78, removing the force appiied by
the beveled edge 88 that pushes the lock ring 78 in a generally radial
direction. The lock ring 78 moves in the generally radial direction
indicated by arrow 120, until it disengages the recess 80 of the body of
the adapter 40. As illustrated in FIG. 2 , once the lock ring 78 disengages
with the recess 80, the adapter 40 is unlocked, e.g., there is no radial
force between the adapter 40 and the body, 



allowing axial movement of the adapter 40. As depicted in FIG. 2 , the
fourth hydraulic chamber 112 is shown in an expanded state, as a result of
the hydraulic pressure applied to the fourth hydraulic port 104. [0039] As
also shown in FIG. 3 to secure [he mandrel 36 in the tubing spool 24, the
screws 48 may be inserted into recesses 113 of the mandrel 36. The
engagement between the screws 46 and the recesses 113 secure the mandrel
38, preventing movement of the mandrel 36 that may be caused by high
pressure in the well 18. The tip of the screws 46 and the recesses 113 may
be any suitable topography to provide for secure engagement between the
screws 48 and the recesses 113. [0040] FIGS. 4 and 5, depict operation of
the moveable sleeve 70 via the first hydraulic port 90 and the second
hydraulic port 92. As shown in FIG. 4, the moveable sleeve 70 is in a
"retracted" position, such that the mandrel 36 is also retracted and
exposing the side passages 48 and 50 to the bore 34 of the tubing spool 24.
In an embodiment, to secure the adapter 40 and allow movement of the
moveable sleeve 70, the adapter 40 may first be locked into place via
hydraulic actuation of the lock ring 78 as described above in FIGS. 2 and 3
. As shown in FIG. 5, the moveable sleeve 70 is in an "extended " position,
such that the mandrel 36 blocks the side passages 48 and 50. This position
may be usedwhen performing the fracturing process such that high pressure
fracturing fluid may be pumped through the mandrel 36 into the we!! 16.
[0041] The moveable sleeve 70 moves in an axial direction in response to
fluid pressure (e.g., liquid or gas) applied to the first hydraulic port 90
and the second hydraulic port 92. To move the moveable sleeve 70 from a
"retracted " position (FIG. 4) to an "extended" position (FIG. 5), fluid
pressure may be applied to the first hydraulic port 90. The first chamber
98 receives pressure from the first hydraulic port 90, generally expanding
the chamber 98 and causing axiai movement of the moveable sleeve 70 in the
direction generally indicated by 



arrow 122. The connection of the moveable sleeve 70 to the mandrel 36 via
the pins 72 translates the axiai movement to the mandrel 36. also moving
the mandrel 36 in the direction generally indicated by arrow 122. As shown
in FIG. 5, the mandrel 36 moves in the axial direction until the mandrel 38
blocks the side passages 48 and 50. As also shown in FIG. 5, the first
chamber 96 is in an expanded state in response to the fluid pressure
applied through the first hydraulic port 90. [0042] To move the moveable
sleeve 70 from the "extended" position (FIG. 5) to a "retracted " position
(FIG. 4) and retract the mandrel 36 to open side passages 48 and 50, fluid
pressure (e.g., liquid or gas) may be applied to the second hydraulic port
92. As illustrated in FIG. 4 , Fluid pressure applied to the second
hydraulic port 92 may flow through the second passage 98, through one or
more internal passages 124, and into the second chamber 100. The second
chamber 100 receives pressure from the second hydraulic port 92, generally
expanding the chamber 100 and causing movement of the moveable sleeve 70 in
an axial direction generally indicated by the arrow 126 (see FIG. 4). The
moveable sleeve 70 moves in an axial direction until abutting the
stationary sleeve 75. The expanded second chamber 100 is also illustrated
in FIG. 4 . The connection to the mandrel 36 provided by the pins of the
sleeve 70 results in the mandrel 36 also moving in the axial direction
generally indicated by arrow 128. In this "retracted position." the mandrel
36 provides access to the side passages 48 and 50, enables pressure to be
released through the side passages 48 and50. Advantageously, the lock ring
78 provides a safe and secure locking mechanism to protect the adapter 40
and mandrel 38 from axial movement during operation of the sleeve 70 and
mandrel 36. Additionally, as also shown in FIG. 4 , the screws 48 may
engage recesses 115 of the mandrel 36. The recesses 115 allow the mandrel
36 to be secured in the retracted position, preventing axial movement of
the mandrel 38 as a result of any high pressure 



conditions in the well 16. The tip of the screws 48 and the recesses 115
may be any suitable topography to provide for secure engagement between the
screws 46 and the recesses 115. FiG. 8 depicts a close-up view of a section
128 of FiG. 5 along line 8 6 in accordance with an embodiment of the
present invention. The close-up view of FIG. 6 further illustrates the
engagement of the sleeve 70 with the mandrel 36. As shown in FIG. 6. the
pins 72 engage a recess 130 on the mandrel 36. To secure the engagement,
the pins 72 may be generally inserted and moved to lock the sleeve 70, and
thus the adapter 40, to [he mandrel 38. [0044] FiG. 7 is a cross section of
the recess 130 taken along line 7-7 of FIG 6 . As illustrated in one
embodiment, the recess 130 may be a generally "Jshaped" recess having an
opening 132 and an inner cavity 134. To engage the adapter 40 with the
mandrel 36, the pins 72 may be inserted axially into the opening 132 of the
recess 130 as indicated by arrows 131 , rotated along the Jshape as
indicated by arrow 133, and moved axially into the inner cavity 134 as
indicated by arrow 135. To remove the adapter 40 from the mandrel 36, the
pins 72 may be generally moved from the inner cavity 134 to the opening
132, and then out through the opening 132 in a reverse series of movements.
As mentioned above, the adapter 40 may be engaged with the mandrel 36 prior
to the insertion of the mandrel 36 into the wellhead assembly 12, or may be
engaged to the mandrel 36 after the mandrel 36 is already inserted in the
wellhead assembly 12. [0045] FiG. 8 illustrates removal of the adapter 40
in accordance with an embodiment of the present invention. To remove the
adapter 40, the mandrel 38may be first moved to from the " retracted' "
position to the "extended" position as described above in FIGS. 4 and 5,
such that the mandrel 36 blocks the side passages 48 and 50. To secure the
mandrel 36 the tie-down screws 46 may be inserted through the tubing spool
24 to engage a beveled edge 138 of the 



mandrel 36. The tie-down screws 46 ensure the mandrel 36 is secure before
unlocking the adapter 40. [0046] To remove the adapter 40, the lock ring 78
is retracted via pressure applied to the fourth hydraulic port 104 as
described above in FIGS. 2 and 3 . To disengage the adapter 40 from the
mandrel 38, the adapter 40 may be moved such that the pins 72 disengage
from the recess 130, as described above in FIGS. 6 and 7. The adapter 40
may be retrieved via a tool 140 inserted through the wellhead assembly 12
to grab the top 142 of the adapter 40. The adapter 40 may then be removed
from the wellhead assembly 12 by removing the adapter 40 in the axial
direction generally indicated by arrow 144. [0047] FiG. 9 illustrates
operation of the mandrel 36 with a backpressure valve 146 (BPV) in
accordance with an embodiment of the present invention. During the
operation of the components of the wellhead assembly 12, such as the
operation of the mandrel 36 or the adapter 40, a backpressure valve 146 may
be inserted into the mandrel 36. The backpressure valve 146 may be inserted
through the adapter 40 into the mandrel 36. or may be inserted into the
mandrel 36 after removal of the adapter 40, or the adapter 40 and the body
69. The backpressure valve 146 provides additional protection against
pressure in the well 18, allowing safe removal of the adapter flange 42
and/or any components coupled to the tubing spool 24 via the flange 42,
such as the BOP 3 1, the tree 22, etc. [0048] FlG. 10 illustrates an
adapter 150 having a manual locking mechanism 152 in accordance with an
embodiment of the present invention. The adapter 150 is substantially the
same as the previous embodiment illustrated above in FIGS. 2-8 except for
the manual locking mechanism 152. The left hand side of FIG. 10 depicts the
mandrel 36 in an "extended" position, and the right hand sideof FIG. 10
depicts the mandrel 36 in a "retracted" position. As shown in the FIG. 10,
the adapter 150 includes a moveable sleeve 154 that engages the mandrel 



36 via one or pins 158, as described above. Further, the moveable sleeve
154 may be moved via a first hydraulic port 158 and a second hydraulic port
180 in a manner similar to embodiment described above in FIGS. 4 and 5. In
contrast to the embodiment described above a stationary sleeve 162 of the
adapter 40 includes one or more recesses 184 configured to receive one or
more tie-down screws 168. For example, in an embodiment, the recesses 164
may be beveled, chamfered or have any other topography to facilitate
engagement the similarly topographied edge 168 of the tie-down screws 168.
[0049] To lock the adapter 150 in place via the manual locking mechanism
152, the tie-down screws 186 may be inserted into a body 170 of the adapter
40 to engage the recesses 184. As shown in the left hand side 172 of FIG.
10. the moveable sleeve 154 may be moved to an extended position via the
first hydraulic port 158, and the engagement of the screws 166 with the
stationary sleeve 162 locks the adapter 150 to the wellhead assembly 12 to
prevent axial movement of the adapter 150 during movement of the sleeve
154. As also described above the mandrel 36 may be secured by engagement of
the screws 46 with the recesses 113. Similarly, as shown in [he right hand
side 174 of FIG. 10, the sleeve 154 of the adapter 150 may be moved to a
"retracted" position via the second hydraulic port 160, retracting the
mandrel 36 and exposing the side passages 48 and 50. Again, the engagement
of the tie-down screws 188 of the manual locking mechanism 152 prevents
movement of the adapter 150 during movement of the sieeve 156 or exposure
of the mandrel 36 or bore 34 of the tubing spool 24 to high pressure
conditions. As also described above, the mandrel may be secured against
pressure in [he well 16 by engagement of the screws 48 with the recesses
115. To remove the adapter 150. the tie-down screws 166 may be retracted
from engagement with [he stationary sleeve 182 so that the stationary 



sleeve 162 of the adapter 150 is free to move in an axial direction. The
adapter 150 may removed in the manner described above in FIG. 8.[0051] HG.
11 depicts an embodiment of a process 200 for operating a wellhead assembly
12 that Includes the adapter 40 and mandrel 36 in accordance with an
embodiment of the present invention. During operation of the wellhead
assembly 12 the adapter 40 and mandrel 36 may be inserted into [he assembly
12 (block 202), such as into the tubing spool 24. The mandrel 46 and
adapter 40 may be preassembled before insertion into the wellhead assembly
12, or the adapter 40 and mandrel 36 may be inserted separately. The
adapter 40 may be locked by applying pressure to the third hydraulic port
102 and engaging the lock ring 78 (block 204). Alternatively, in some
embodiments, an adapter 150 may be locked through manual insertion of
tie-down screws 166 as described above in FIG. 10. [0052] After the adapter
40 is locked, the moveable sleeve 70 of the adapter 40 may be extended via
the first hydraulic port 90 (block 206). As described above, extending the
moveable sleeve 70 also extends the mandrel 36, blocking [he side passages
48 and 50. As discussed above, the mandrel 36 may be secured via the screws
46 and the recesses 113 The fracturing process may then be performed by
pumping fracturing fluid through the mandrel 36 (block 208), resulting in
increased pressures in the well 16. [0053] To prevent backpressure up
through the wellhead assembly 12, a backpressure valve 146 may be inserted
through the adapter 40 into the mandrel 36 (block 210). As described above,
after the fracturing process it may be desirable to release some of the
pressure from the well 16 so that fracturing fluid may continue to be
pumped into the well 16 through the mandrel 36. To allow access to the side
passages 48 and 50, the moveable sleeve 70 of the adapter 40 may be
retracted via the fourth hydraulic port 92 (block 212), retracting the
mandrel 36. As discussed above, the mandrel 36 may be secured via the
screws 



46 and the recesses 115. With the mandrel 36 in a retracted position, the
side passages 48 and 50 of the tubing spool 24 are accessible to the bore
34 of the [ubing spool 24. The pressure inside the well 16 may be released
through operation of valves or other equipment coupled to the side passages
48 and 50 (block 214).[0054] As described above, the disclosed embodiments
enable fluid pressure controlled movement of mandrel 38 along a limited
range while generally mounted in the tubing spool 24, thereby enabling
remote control of side passages 48 and 50 to selectively relieve pressure.
In some embodiments, the moveable components of the adapter 40 or 150, such
as the moveable sleeve 70 and the moveable portion 82, may be fluid-driven
pistons. Additionally, any of the components of the adapter 40 or 150 may
secured to the adapter 40 or 150 by any suitable mechanism, such as threads
adhesives, lock rings, etc. [0055] While the invention may be susceptible
to various modifications and alternative forms, specific embodiments have
been shown by way of example in the drawings and have been described in
detail herein. However, it should be understood that the invention is not
intended to be limited to the particular forms disclosed. Rather the
invention is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined by the
following appended claims.1. A fluid-driven adapter for a mineral
extraction equipment, comprising: a lock ring having a radial range of
movement responsive to fluid pressure, wherein the radial range of movement
is configured to engage and disengage a wellhead component, and engagement
of the lock ring with the wellhead component blocks axial movement of the
adapter; and a moveable sleeve having an axial range of movement responsive
to fluid pressure, wherein the axial range of movement is configured to
move a mandrel disposed in the wellhead component between a first position
and a second position. 



2 . The adapter of claim 1. comprising a first annular piston having
another axial range of movement responsive to fluid pressure, wherein the
other axial range of movement is configured to induce the radial range of
movement of the lock ring. 3 . The adapter of claim 2 , comprising fluid
chambers on opposite sides of the first annular piston, and control ports
leading to each of the fluid chambers. 4 . The adapter of claim 1, wherein
the moveable sleeve comprises a second annular piston having the axial
range of movement responsive to fluid pressure. 5 . The adapter of claim 4
comprising fluid chambers on opposite sides of the second annular piston,
and control ports leading to each of the fluid chambers. 6 . The adapter of
claim 1, wherein the first position opens one or more side passages of the
welihead component to a bore of the wellhead component.7 . The adapter of
claim 1, wherein the second position blocks one or more side passages of
the wellhead component from a bore of the wellhead component. 8 . The
adapter of claim 1, wherein [he radial range of movement of [he lock ring
includes a first radial range of movement in a first radial direction in
response to a first fluid pressure applied to a first chamber, and a second
radial range of movement in a second radial direction in response to a
second fluid pressure applied to a second chamber, wherein the first and
second radial directions are opposite from one another. 9 . The adapter of
claim 8 comprising a moveable portion having a first axial range of
movement in a first axial direction in response to the first fluid pressure
to move the lock ring in the first radial direction, and a second axial
range of movement in a second axial direction in response to the second
fluid pressure to move the lock ring in the second radial direction. 10.
The adapter of claim 9 wherein the moveable portion comprises a tapered
edge configured to engage the lock ring. 



11. The adapter of claim 1, wherein the axial range of movement of the
moveable sleeve includes a first axial range of movement in a first axial
direction in response to a first fluid pressure applied to a first chamber,
and a second axial range of movement in a second axial direction in
response to a second fluid pressure applied to a second chamber, wherein
the first and second axial directions are opposite from one another. 12.
The adapter of claim 1, comprising one or more pins configured to couple
the moveable sleeve to the mandrel. 13. A fluid-driven adapter for a
mineral extraction equipment, comprising:one or more lock pins that engage
a stationary sleeve of the adapter wherein engagement of the lock pins
blocks axial movement of the adapter; and a moveable sleeve configured to
move a mandrel disposed in a wellhead component along an axial range of
movement in response to fluid pressure, wherein the moveable sleeve moves
the mandrel between a first position and a second position. 14. The adapter
of claim 13, wherein the first position opens one or more side passages of
the wellhead component to a bore of the wellhead component. 15. The adapter
of claim 14. wherein the second position blocks one or more side passages
of the wellhead component from a bore of the wellhead component. 18. The
adapter of claim 13. wherein the moveable sleeve comprises a piston movable
in a first axial direction in response to a first fluid pressure applied to
a first fluid chamber on a first side of the piston and movable in a second
axial direction in response to a second fluid pressure applied to a second
fluid chamber on a second side of [he piston, wherein the first and second
sides are opposite from one another. 17. A method of operating a mineral
extraction system, comprising: receiving fluid pressure into an adapter
having fluid-control of a mandrel 



disposed in a wellhead component; and moving a sleeve of the adapter to
impart movement of the mandrel along an axial range of movement in response
to the fluid pressure, wherein the axial range of movement comprises a
first position and a second position the mandrel closes one or more
passages in [he first position, and the mandrel opens one or more passages
in the second position.18. The method of claim 17, wherein moving the
sleeve comprises driving an annular piston coupled to the mandrel. 19. The
method of claim 17, comprising: receiving fluid pressure in a first chamber
on a first side of the sleeve to bias the sleeve from the first position to
the second position; and receiving fluid pressure in a second chamber on a
second side of the sleeve to bias the sieeve from the second position to
the first position. 20. The method of claim 17, comprising locking or
unlocking the adapter with the wellhead component in response to fluid
pressure. 2 1. The method of claim 20, wherein: locking comprises receiving
fluid pressure in a first chamber on a first side of a piston to bias the
piston in a first axial direction to impart movement of a lock ring in a
first radial direction into a locked position: and unlocking comprises
receiving fluid pressure in a second chamber on a second side of the piston
to bias the piston in a second axial direction to impart movement of the
lock ring in a second radial direction into an unlocked position. 22. The
method of claim 20, comprising receiving one or more lock pins with a
stationary portion of the adapter, such that engagement of the lock pins
blocks axial movement of the adapter. 23. The method of claim 20,
comprising receiving a back pressure valve into the mandrel. 24. A method
of operating a wellhead assembly, comprising: 



receiving fluid pressure into an adapter coupled to a mandrel disposed in
the wellhead assembly; andbydraulically moving a first piston of the
adapter along an axial range of movement to impart a radial range of
movement of a lock ring to engage and disengage [he lock ring between the
adapter and the wellhead assembly; and 25. The method of claim 24,
comprising hydraulicaily moving a second piston of the adapter along
another axial range of movement to impart axial movement of the mandrel to
open and close passages in the wellhead assembly. 26. The method of claim
24, comprising flowing a fracturing fluid through the wellhead assembly,
wherein the mandrel comprises a frac mandrel. 27. A system, comprising: a
wellhead assembly; a frac mandrel disposed in the wellhead assembly; an
adapter comprising: a lock ring; a first piston; a first fluid chamber
configured to receive a first fluid pressure to drive the first piston in a
first axial direction to drive the lock ring in a first radial direction
into a locked position between the adapter and the wellhead assembly: a
second fluid chamber configured to receive a second fluid pressure to drive
the first piston in a second axial direction to drive the lock ring in a
second radial direction into an unlocked position between the adapter and
the wellhead assembly; a second piston; a third fluid chamber configured to
receive a third fluid pressure to drive the second piston in a third axial
direction to drive the frac mandrel from a closed position to an open
position relative to one or more passages in the wellhead assembly; and 



a fourth fluid chamber configured to receive a fourth fluid pressure to
drive the second piston in a fourth axial direction to drive the frac
mandrel fromthe open position to the closed position relative to the one or
more passages in the wellhead assembly 28. The system of claim 27 wherein
the lock ring and the first piston comprise mating tapered surfaces. 29.
The system of claim 27, wherein the second piston and the frac mandrel are
coupled together via a pin and J-siot coupling. 30. A system, comprising: a
wellhead assembly; a frac mandrel disposed in the wellhead assembly: an
adapter comprising: a plurality of tie-down screws configured to lock and
unlock the adapter relative to the wellhead assembly; a piston; a fluid
chamber configured to receive a first fluid pressure to drive the piston in
a first axial direction to drive the frac mandrel from a closed position to
an open position relative to one or more passages in [he wellhead assembly;
and a second fluid chamber configured to receive a second fluid pressure to
drive the piston in a second axial direction to drive the frac mandrel from
the open position to the closed position relative to the one or more
passages in the wellhead assembly 3 1. The system of claim 30. wherein the
piston and the frac mandrel are coupled together via a pin and J-slot
coupling. 


