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wellhead hanger, and a torque sleeve (46) positioned to transmit torque from
the running tool to the wellhead hanger. The running tool can be in castellated
engagement with the torque sleeve via a first set of castellations (68) and mat-
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ROTATING HANGER AND RUNNING TOOL

BACKGROUND

[0001] This section 1s intended to introduce the reader to various aspects of art that
may be related to various aspects of the presently described embodiments. This
discussion is believed to be helptul in providing the reader with background
information to facilitate a better understanding of the various aspects of the present
embodiments. Accordingly, it should be understood that these statements are to be read

in this light, and not as admissions of prior art.

[0002]  In order to meet consumer and industrial demand for natural resources,
companies often invest significant amounts of time and money in finding and
extracting oil, natural gas, and other subterranean resources from the earth. Particularly,
once a desired subterranean resource such as oil or natural gas is discovered, drlling
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 mounted on a
well through which the resource 1s accessed or extracted. These wellhead assemblies
may include a wide variety of components, such as various casings, valves, hangers,

pumps, fluid conduits, and the like, that facilitate drilling or production operations.

[0003]  Aswill be appreciated, various tubular strings can be run into wells through
wellhead assemblies. For instance, wells are often lined with casing that generally serves
to stabilize the well and to isolate fluids within the wellbore from certain formations
penetrated by the well (e.g., to prevent contamination of freshwater reservoirs). Such
casing 1s frequently cemented into place within the well. During a cement job, cement
can be pumped down a casing string in a well, out the bottom of the casing string, and
then up the annular space surrounding the casing string. The cement 1s then allowed to
set in the annular space. Wells can also include tubing strings that facilitate tlow of
tluids through the wells. Hangers can be attached to the casing and tubing strings and
recetved within wellheads to enable these tubular strings to be suspended in the wells

trom the hangers.
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SUMMARY

[0004]  Certain aspects of some embodiments disclosed herein are set forth below.
It should be understood that these aspects are presented merely to provide the reader

with a brief summary of certain forms the invention might take and that these aspects
are not intended to limit the scope of the invention. Indeed, the invention may

encompass a variety of aspects that may not be set forth below.

[0005] Embodiments of the present disclosure generally relate to wellhead hangers
tor suspending tubular strings in wells. In some embodiments, the wellhead hanger
includes slots that facilitate rotation of the wellhead hanger via a running tool. More
specifically, castellation legs ot a torque sleeve on the running tool can engage the slots
of the wellhead hanger to drive rotation of the wellhead hanger with the running tool
via the torque sleeve. The torque sleeve can also have slots to receive castellations of
the running tool. In one such embodiment, the running tool castellations engage the
torque sleeve slots to cause rotation of the running tool to drive rotation of the torque
sleeve, while the castellation legs of the torque sleeve engage the slots of the wellhead
hanger to cause the wellhead hanger to rotate with the running tool. The castellation
legs of the torque sleeve can be constructed to transmit torque to the wellhead hanger
when rotated in one direction and to facilitate disengagement of the torque sleeve from
the wellhead hanger when rotated in an opposite direction. In some embodiments, the
torque sleeve includes a mechanism for indicating whether the wellhead hanger has
landed on a shoulder of a wellhead. In one instance, the torque sleeve includes a
shoulder that engages a stop shoulder in a wellhead when lowered with a running tool
and wellhead hanger into the wellhead, and engagement of the torque sleeve shoulder
with the mating shoulder of the wellhead causes the torque sleeve to disengage the
wellhead hanger when the wellhead hanger 1s further lowered onto a difterent shoulder

of the wellhead.

[0006]  Various refinements of the features noted above may exist in relation to
various aspects of the present embodiments. Further features may also be incorporated
in these various aspects as well. These refinements and additional features may exist
individually or in any combination. For instance, various features discussed below in

relation to one or more of the illustrated embodiments may be incorporated into any
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of the above-described aspects of the present disclosure alone or in any combination.
Again, the brief summary presented above is intended only to familiarize the reader
with certain aspects and contexts of some embodiments without limitation to the

claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  These and other features, aspects, and advantages of certain embodiments
will become better understood when the following detailed description 1s read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0008]  FIG. 1 generally depicts various components, including one or more tubular
strings and associated hangers, that can be installed at a well in accordance with one

embodiment of the present disclosure;

[0009] FIG. 2 1s a perspective view of a wellhead hanger assembly including a
wellhead hanger, a running tool, and a torque sleeve for transmitting torque from the

running tool to the wellhead hanger in accordance with one embodiment;

[0010] FIG. 3 1s a perspective view of the wellhead hanger of FIG. 2;

[0011] FIG. 4 1s a perspective view of the torque sleeve and running tool of FIG. 2;

[0012] FIG. 5 1s an exploded view showing the running tool and torque sleeve of
FIG. 2, along with a ring for retaining the torque sleeve on the running tool in

accordance with one embodiment;

[0013] FIG. 6 1s a perspective view of the torque sleeve of FIG. 2;

[0014] FIG. 7 1s a top view of the torque sleeve mounted on the running tool as

shown 1n FIG. 4;
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[0015] FIGS. 8 and 9 generally depict the retention of the torque sleeve on the

running tool by the retaining ring of FIG. 5 in accordance with one embodiment;

[0016] FIGS. 10-12 are additional views of the assembly depicted in FIG. 2 in

accordance with one embodiment;

[0017] FIGS. 13-17 generally depict assembly of a torque sleeve, a running tool,
and a wellhead hanger, and running of the wellhead hanger into a wellhead housing in

accordance with one embodiment;

[0018] FIG. 18 1s a perspective view of a torque sleeve that can be used to transmit
torque from a running tool to a wellhead hanger and to indicate whether the wellhead
hanger is positioned at a desired location in a wellhead housing in accordance with one

embodiment;

[0019] FIGS. 19 and 20 depict the torque sleeve of FIG. 18 mounted on a running

tool 1n accordance with one embodiment; and

[0020] FIGS. 21-23 represent the lowering of a wellhead hanger with the running
tool and torque sleeve of FIGS. 19 and 20 into a wellhead housing in accordance with

one embodiment.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0021]  Specific embodiments of the present disclosure are described below. In an
effort to provide a concise description of these 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’ specitic 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 ot design, fabrication, and

manufacture for those of ordinary skill having the benefit of this disclosure.
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[T TIT] 2
a

[0022]  When introducing elements of various embodiments, the articles an,

“the,” and “said” are intended to mean that there are one or more of the elements. The
terms “comprsing,” “including,” and “having” are intended to be inclusive and mean
that there may be additional elements other than the listed elements. Moreover, any use

22 <<

of “top,” “bottom,” “above,” “below,” other directional terms, and variations of these
terms 1s made for convenience, but does not require any particular orientation of the

components.

[0023]  Turning now to the present figures, a system 10 is illustrated in FIG. 1 in
accordance with one embodiment. Notably, the system 10 is a production system that
tacilitates extraction of a resource, such as oil, from a reservoir 12 through a well 14.
Wellhead equipment 16 1s installed on the well 14. As depicted, the wellhead
equipment 16 includes at least one casing head 18 and tubing head 20, as well as
wellhead hangers 22. But the components of the wellhead equipment 16 can differ
between applications, and could include a variety ot casing heads, tubing heads, spools,
hangers, sealing assemblies, stutfing boxes, pumping tees, and pressure gauges, to name

only a few possibilities.

[0024]  The wellhead hangers 22 can be positioned on landing shoulders 24 within
hollow wellhead bodies (e.g., within the tubing and casing heads). These landing
shoulders 24 can be integral parts of tubing and casing heads or can be provided by
other components, such as sealing assemblies or landing rings disposed in the tubing
and casing heads. Each of the hangers 22 can be connected to a tubular string, such as
a tubing string 26 or a casing string 28, to suspend the string within the well 14. The
well 14 can include a single casing string 28 or include multiple casing strings 28 of
different diameters. Casing strings 28 are often cemented in place within the well.
During a cement job, cement is typically pumped down the casing string. A plug is then
pumped down the casing string with a displacement fluid (e.g, drilling mud) to cause
the cement to tflow out of the bottom of the casing string and up the annular space

around the casing string.

[0025]  Rotating a casing string during cementing can increase uniformity of the

cement about the casing string and reduce the size or frequency of undesirable cavities
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or fissures in the cement. Further, rotating tubular strings can also facilitate running of
the strings into the well through the wellhead. Any suitable devices or machines may be
used to rotate the wellhead hangers (and their attached tubular strings) and to run the
strings into wells. For example, a top drive can be used to run a casing string into a well
and to rotate the casing string, In some instances, the tubular strings are rotated via

wellhead hangers attached to the strings.

[0026]  One example of a wellhead hanger assembly 40 1s generally depicted in
FIGS. 2-12. As shown in FIG. 2, the assembly 40 includes a wellhead hanger 42
(provided here as a mandrel-type casing hanger) coupled to a running tool 44. A torque
sleeve 46 of the assembly 40 is positioned to transmit torque from the running tool 44
to the wellhead hanger 42. In at least some embodiments, including that shown in

FIG. 2, the torque sleeve 46 is in castellated engagement with the running tool 44 and
with the wellhead hanger 42. And as described in further detail below, the castellated
engagement of the torque sleeve 46 with the running tool 44 and the wellhead

hanger 42 allows rotation of the running tool 44 (e.g., by a landing joint) to drive
synchronous rotation of the wellhead hanger 42 (and any attached casing string) via the

sleeve 46.

[0027]  As best shown in FIG. 3, the wellhead hanger 42 includes slots 50 and 54. In
at least some instances, the slots 50 and 54 facilitate the flow of tluid (e.g;, drilling mud)
past the exterior of the hanger 42 when installed within a wellhead. The slots 54 at the
upper end of the hanger 42 recetve castellations 56 (which may also be referred to as
castellation legs) of the torque sleeve 46. These mating slots and castellations cooperate
to transmit torque between the sleeve 46 and the hanger 42 when the running tool 44 1s

coupled to the hanger 42 as shown in FIG. 2.

[0028]  The running tool 44 can be coupled to the hanger 42 in any suitable manner.
In the presently depicted embodiment, the hanger 42 includes an interior threaded
surface 60 (FIG. 3) and the running tool 44 includes a mating, exterior threaded
surtace 62 (FIG. 4), which allows a lower end of the running tool 44 to be threaded
into the upper end of the hanger 42. Further, the surfaces 60 and 62 of this
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embodiment include mating right-handed threads, although the surfaces could instead

include left-handed threads in other embodiments.

[0029]  An additional set of castellations and mating slots are provided for
transmitting torque from the running tool 44 to the torque sleeve 46. As shown in
FIGS. 46, the torque sleeve 46 includes slots 66 tor recetving castellations 68 of the
running tool 44. When these castellations 68 are received within the slots 66, rotation
of the running tool 44 (e.g, by a landing joint threaded into the running tool 44 at
threaded surface 72) causes the castellations 68 to push against sides of the slots 66 to
drive rotation of the sleeve 46 with the running tool 44. And as noted above, such
rotation of the sleeve 46 via the running tool 44 also causes rotation of the wellhead

hanger 42 through interaction of the castellations 56 and slots 54.

[0030]  During assembly, the torque sleeve 46 can be placed about the lower end of
the running tool 44 and moved axially along the running tool 44 so that the
castellations 68 are received in the slots 66. The torque sleeve 46 may be retained on the
running tool 44 in various manners. The presently depicted assembly 40, for example,
includes a retaining ring 80 that can be coupled to the running tool 44 (e.g., by mating

threaded surfaces 82 and 84) to retain the sleeve 46 on the running tool 44.

[0031]  The installed retaining ring 80 and the castellations 68 are positioned apart in
a manner that allows the sleeve 46 to be moved axially along the body of the running
tool 44, with the extent of the sleeve travel limited by the castellations 68 in one
direction and the retaining ring 80 in the opposite direction. This may be better
appreciated with reference to the various views of the sleeve 46 positioned on the
running tool 44 provided in FIGS. 7-11. When the running tool 44 is in an upright
position, gravity on the sleeve 46 generally causes an internal shoulder of the sleeve 46
to rest against the retaining ring 80, as shown in FIGS. 8 and 9. While the section views
of FIGS. 8 and 9 do not show castellations 56 of the sleeve 46, a different plane
through the assembly 40 1s used to show these castellations in FIGS. 11 and 12. When
retained in this way on the running tool 44, coupling of the running tool 44 to the

hanger 42 causes the sleeve 46 to be interposed between the castellations 68 of the
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running tool 44 and the slots 54 of the hanger 42, as generally depicted in FIGS. 2, 11,
and 12.

[0032] Engagement of the castellations 56 with the slots 54 allows the hanger 42 to
be rotated via the sleeve 46. Although the castellations 56 can have any suitable shape,
in at least some embodiments the castellations 56 are shaped so as to transmit torque
and drive synchronous rotation of the wellhead hanger 42 with the sleeve 46 when the
sleeve 46 is rotated in one direction, but not when the sleeve 46 is rotated in an

opposite direction. Such castellations 56 can be reterred to as one-way castellations.

[0033] By way of example, as shown in FIG. 6 the castellations 56 each include a
stop shoulder 88 and an angled return surtace 90. Clockwise rotation of the sleeve 46
(which may itself be driven through castellated engagement with the running tool 44, as
noted above) causes the stop shoulders 88 to engage sides of the slots 54 in the
wellhead hanger 42 and drive rotation of the hanger 42 with the sleeve 46. A tubular
string (e.g, a casing string) can be suspended from the hanger 42 (e.g., via mating
engagement with threaded surface 92) such that this tubular string rotates with the

hanger 42.

[0034]  Counter-clockwise rotation of the sleeve 46, however, causes the angled
return surfaces 90 of the castellations 56 to contact opposite sides of the slots 54. As
the sleeve 46 continues to rotate counter-clockwise, the movement of the angled
surfaces 90 against the sides of the slots 54 causes those sides to push the

castellations 56 out of the slots 54 and to disengage the sleeve 46 from the hanger 42
by lifting the sleeve 46 along the body of the running tool 44. This enables further
counter-clockwise rotation of the sleeve 46 (and the tool 44), thus allowing the tool 44
to be unthreaded from the hanger 42. In another embodiment, the slots 54 could
instead include the angled return surfaces for pushing the castellations 56 out of the

slots 54 upon counter-clockwise rotation of the sleeve 46.

[0035]  Although certain examples of castellations and slots are illustrated in the
present figures and described herein with respect to the hanger assembly 40, it will be

appreciated that these castellations and slots could take other forms or be provided in
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different numbers. As shown in FIG. 2, for example, the castellations 56 protrude
axially from a lower end of the sleeve 46 into slots 54 in an exterior surface of the
hanger 42, and the castellations 68 protrude radially from the running tool 44 into the
slots 66 in an upper end of the sleeve 46. In some other instances, however, the
castellations and slots may be provided in other ways, such as the lower end of the
sleeve 46 having slots to receive castellations of the hanger 42. Likewise, the upper end
of the sleeve 46 could have castellations received in slots of the running tool 44. In still
turther embodiments, the torque sleeve 46 can transmit torque from the running

tool 44 to the hanger 42 through non-castellated engagement of the sleeve 46 with the

tool 44 or the hanger 42 (e.g., with keyed engagement).

[0036]  FIGS. 13—17 generally depict aspects of a running procedure for installing
the wellhead hanger 42 in a wellhead in accordance with one embodiment. As shown in
FIG. 13, a landing joint 96 includes a threaded surface 98 and s coupled to the running
tool 44 via mating engagement of this surface 98 with the threaded surtace 72 of the
tool 44. That 1s, a lower end of the landing joint 96 can be threaded into the upper end
of the tool 44. It will be appreciated that the upper end of the landing joint 96 can be
coupled to another component (e.g,, a top drive), such that the running tool 44 can be
lowered into a wellhead and rotated via the landing joint 96. The running tool 44 1s also
depicted in FIG. 13 as including an o-ring or some other seal 102 for sealing against the
wellhead hanger 42 when the running tool 44 1s threaded or otherwise coupled to the

hanger 42.

[0037]  As noted above, the torque sleeve 46 can be positioned on the running

tool 44 so that the slots 66 receive the tool castellations 68, and the ring 80 can be
threaded to the tool 44 to retain the sleeve 46. If the torque sleeve 46 were simply
allowed to hang from the retaining ring 80 during threading together ot the tool 44 and
the hanger 42, the castellations 56 could prematurely engage the slots 54 of the

hanger 42 and prevent a desired amount of mating engagement between the threaded
surfaces 60 and 62 of the hanger 42 and the running tool 44. Accordingly, in at least
one embodiment the sleeve 46 1s lifted oft the retaining ring 80 and held in this lifted

position to facilitate assembly. As shown in FIG. 13, the sleeve 46 1s secured to the
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running tool 44 in this lifted position by bolts 106, but the sleeve 46 could be held in

any other suitable fashion.

[0038]  After mounting the torque sleeve 46 on the running tool 44, the running
tool 44 can be lifted (via the landing joint 96) and lowered into the hanger 42 to bring
the mating threads of surfaces 60 and 62 into contact, as shown 1n FIG. 14. In this
depicted embodiment, the hanger 42 is coupled to a casing string 110 via mating
engagement of threaded surfaces 92 and 112. The running tool 44 can then be rotated
to thread the running tool 44 to the hanger 42, as shown in FIG. 15. For instance, in
the case of right-handed threaded surtaces 60 and 62, the running tool 44 can be

rotated clockwise until the surfaces 60 and 62 are tully mated and a positive stop occurs.

[0039] At this point, the castellations 56 of the sleeve 46 may not be
circumferentially aligned with the mating slots 54 of the hanger 42. In such an event,
the running tool 44 can be backed oft slightly (e.g;, by less than a quarter turn counter-
clockwise) to align the castellations 56 with the slots 54. Next, the bolts 106 can be
removed to allow the sleeve 46 to be moved downward (e.g, by gravity or by an
operator) so that the castellations 56 extend into the slots 54, as depicted in FIG. 16. It
1s noted that the retaining ring 80 can provide a positive stop to the downward

movement of the torque sleeve 46.

[0040]  The hanger 42 can then be lowered into a wellhead housing 116 (e.g;, a
casing head) and landed on a shoulder 118, such as generally shown in FIG. 17. The
depicted wellhead housing 116 includes a recess 120 to facilitate fluid tlow between the
tlow-by slots 50 and 54 about the exterior of the hanger 42. In some instances, such as
in some cementing operations, the hanger 42 and attached casing string 110 are rotated
by the running tool 44 via the sleeve 46. Through mating engagement of the
castellations 56 and the slots 54, the sleeve 46 transmits torque from the running

tool 44 to the hanger 42 when the running tool 44 1s rotated. More particularly, in at
least some embodiments this engagement of the sleeve 46 with the hanger 42 prevents
over-tightening of the threaded interface (at surfaces 60 and 62) between the running
tool 44 and the hanger 42 from such rotation. Such over-tightening could otherwise

cause excessive friction between the threaded surfaces 60 and 62, increase the break-out

10
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torque needed to overcome this friction, and frustrate disconnection and retrieval of
the running tool 44 from the hanger 42 after it is run into the wellhead housing 116.
This transmission of torque from the sleeve 46 to the hanger 42 reduces the break-out
torque needed to disconnect the running tool 44. The running tool 44 can be retrieved
by rotating the tool 44 counter-clockwise to unthread the tool 44 from the hanger 42.
As noted above, the angled return surfaces 90 of the castellations 56 allow the slots 54
to push the sleeve 46 upward along the tool 44 during initial disconnection of the

tool 44.

[0041]  Another embodiment of the torque sleeve 46 1s generally depicted in

FIGS. 18-23. Rather than having one-way castellations 56, the torque sleeve 46 in

FIG. 18 includes two-way castellations 126 for transmitting torque to the hanger 42
when rotated in either direction. More particularly, the castellations 126 can be recetved
in the slots 54 of the hanger 42, as generally described above, and include opposing
edges 128 and 130 for engaging the sides of the slots 54 and driving synchronous

rotation of the hanger 42 (in either direction) with the sleeve 46.

[0042]  Assembly of the hanger 42, running tool 44, and this sleeve 46 may be
accomplished in a manner like that described above, including retaining the sleeve 46 in
a lifted position while threading the running tool 44 to the hanger 42. In contrast,
however, the threaded surfaces 60 and 62 of at least one embodiment include
left-handed threads, rather than right-handed threads (though right-handed threads
could be used in some other embodiments of this sleeve 46 with castellations 120).
When left-handed threads are used for surfaces 60 and 62, the running tool 44 is
rotated counter-clockwise to mate threaded surfaces 60 and 62 and join the tool 44 to
the hanger 42. The sleeve 46 may then be moved downward along the body of the
running tool 44 to insert the castellations 126 into the slots 54 of the hanger 42. In this
position, the two-way castellations 126 in the slots 54 allow torque transmission from
the sleeve 46 to the hanger 42 when the sleeve 46 is rotated in either direction; the sides
of the slots 54 cooperate with the castellations 126 such that clockwise rotation of the
running tool 44 drives synchronous rotation of the hanger 42, preventing relative
rotation between the tool 44 and the hanger 42 instead of unthreading the tool 44 from
the hanger 42.

11
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[0043]  The sleeve 46 depicted in FIGS. 18-23 also includes a radial protrusion (here
a segmented shoulder 134) for engaging a mating feature of a wellhead housing 116. As
shown in FIGS. 19 and 20, the shoulder 134 protrudes radially outward further than the
castellations 68 of the running tool 44. This allows the castellations 68 to treely pass
the mating feature of the wellhead housing 116 when the hanger 42 is lowered into the
housing, while the shoulder 134 lands on the mating feature and 1s prevented from
turther downward travel through the housing, as described further below. In addition to
locking the running tool 44 to the hanger 42 and transmutting torque, the sleeve 46 can
also function as a landing indicator to enable an operator to verity whether a hanger 42
run into the wellhead housing 116 has landed on the landing shoulder 118. This
functionality may be better understood with reference to FIGS. 21-23, which show the
hanger assembly (including the sleeve 46 of FIG. 18) as it is lowered into the wellhead
housing 116.

[0044]  As the assembly 1s first lowered into the housing 116, the shoulder 134 of
the sleeve 46 1s positioned at a distance above a mating stop shoulder 138 of the
housing, while a shoulder 142 of the hanger 42 is positioned at a greater distance above
the landing shoulder 118 of the housing, as generally depicted in FIG. 21. Further
downward movement of the assembly causes the shoulder 134 of the sleeve 46 to land
on the mating stop shoulder 138 of the housing 116 before the shoulder 142 of the
hanger 42 lands on its mating landing shoulder 118, as shown in FIG. 22. Engagement
of the shoulders 134 and 138 prevent any further downward movement of the

sleeve 46, while allowing the hanger 42 and the running tool 44 to continue their
descent through the housing 116 until, as shown 1n FIG. 23, the hanger shoulder 142
lands on the shoulder 118.

[0045]  The continued descent of the running tool 44, after the downward
movement of the sleeve 46 1s stopped by the shoulder 138, causes the hanger 42 to
disengage from the sleeve 46 once the hanger reaches its landed position within the
housing 116. That is, once the sleeve 46 1s stopped by the shoulder 138, downward
movement of the hanger 42 to land on the shoulder 118 causes the castellations 126 to
be pulled from the slots 54. This unlocks the running tool 44 from the hanger 42, and

the running tool 44 can then be rotated clockwise to unthread the tool 44 trom the

12
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hanger 42. But until the hanger 42 is moved to its intended installation position within
the housing 116, the engagement of the castellations 126 with the slots 54 locks the
running tool 44 to the hanger 42 and prevents unthreading of the running tool 44 from
the hanger 42. Thus, an operator can discern whether the hanger 42 has landed at a
desired location within the housing 116 based on whether the running tool 44 can be
unthreaded from the hanger 42 while positioned in the housing 116, with the ability to
unthread the tool 44 from the hanger 42 serving as a positive indication that the

hanger 42 1s positioned at the desired location in the housing 116.

[0046]  While the aspects of the present disclosure 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. But it should be
understood that the invention 1s not intended to be limited to the particular forms
disclosed. Rather, the invention 1s to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

tollowing appended claims.
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CLAIMS
1. A system comprising:
a wellhead hanger;
a running tool coupled to the wellhead hanger; and

a torque sleeve positioned to transmit torque tfrom the running tool to the
wellhead hanger, wherein the running tool is in castellated engagement with the torque
sleeve via a first set of castellations and mating slots and the wellhead hanger 1s in
castellated engagement with the torque sleeve via a second set of castellations and

mating slots.

2. The system of claim 1, wherein the first set of castellations and mating
slots include castellations on the running tool and mating slots in an upper end of the

torque sleeve.

3. The system of claim 2, wherein the castellations on the running tool
include radially protruding castellations recetved by the mating slots in the upper end of

the torque sleeve.

4. The system of claim 1, wherein the second set of castellations and
mating slots include castellations on a lower end of the torque sleeve and mating slots

in the wellhead hanger.

5. The system of claim 4, wherein the castellations on the lower end of the
torque sleeve include axially protruding castellations recetved by the mating slots in the

wellhead hanger.

6. The system of claim 1, wherein the second set of castellations and
mating slots are configured to transmit torque from the torque sleeve to the wellhead

hanger to drive synchronous rotation of the wellhead hanger and the torque sleeve
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when the torque sleeve 1s rotated in a first direction, but to separate the second set of
castellations and mating slots to cause the torque sleeve to disengage the wellhead
hanger when the torque sleeve s rotated in a second direction opposite the first

direction.

7. The system of claim 6, wherein the second set of castellations and
mating slots includes a castellation having a stop shoulder positioned to engage an edge
of a mating slot to facilitate torque transmission to the wellhead hanger when the
torque sleeve is rotated in the first direction, and the castellation or the mating slot
includes an angled return surface positioned to cause the mating slot to push the
castellation out of the mating slot when the torque sleeve is rotated in the second

direction.

8. The system of claim 7, wherein the castellation having the stop shoulder

also includes the angled return surface.

9. The system of claim 1, wherein the torque sleeve includes a radial
protrusion configured to engage a mating feature of a wellhead housing when the
wellhead hanger and the running tool are lowered into the wellhead housing so as to
stop downward movement of the torque sleeve while allowing continued downward

movement of the wellhead hanger and the running tool.

10. The system of claim 9, wherein the radial protrusion includes a shoulder

of the torque sleeve for engaging the mating teature ot the wellhead housing,.

11. The system of claim 9, comprising the wellhead housing,.
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12. A system comprising:

a wellhead hanger running tool with an exterior threaded surface for mating

engagement with an interior threaded surface of a wellhead hanger; and

a sleeve contigured to be interposed between castellations of the wellhead
hanger running tool and slots in the wellhead hanger, the sleeve including one end with
slots for recetving the castellations of the wellhead hanger running tool and another end

with castellations to be recetved by the slots in the wellhead hanger.

13. The system of claim 12, comprising the wellhead hanger, wherein the
wellhead hanger running tool is coupled to the wellhead hanger via mating engagement
of the interior threaded surface of the wellhead hanger and the exterior threaded

surface of the wellhead hanger running tool.

14. The system of claim 13, wherein the wellhead hanger 1s a casing hanger.

15. The system of claim 12, wherein the slots in the wellhead hanger for
recetving the castellations of the sleeve are formed on an exterior surface of the

wellhead hanger.

16. The system of claim 12, wherein the sleeve is retained on the wellhead
hanger running tool by a retaining ring, coupled to the wellhead hanger running tool, in
a manner that allows axial displacement of the sleeve along the wellhead hanger running

tool.

17. A method comprising:
positioning a torque sleeve on a wellhead hanger running tool;

coupling the wellhead hanger running tool to a wellhead hanger while the

torque sleeve s positioned on the wellhead hanger running tool; and
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moving the torque sleeve axially along the wellhead hanger running tool to
engage the wellhead hanger to enable rotation of the wellhead hanger running tool to

drive rotation of the wellhead hanger via the torque sleeve.

18. The method of claim 17, comprising lowering the wellhead hanger into

a wellhead via the wellhead hanger running tool.

19. The method of claim 18, comprising:

rotating the wellhead hanger running tool in a first direction to cause, via the

torque sleeve, rotation of the wellhead hanger in the first direction; and

rotating the wellhead hanger running tool in a second direction opposite the
tirst direction to disconnect the wellhead hanger running tool from the wellhead

hanger.

20. The method of claim 19, wherein rotating the wellhead hanger running
tool in the second direction to disconnect the wellhead hanger running tool trom the
wellhead hanger includes rotating the wellhead hanger running tool such that the torque
sleeve contacts the wellhead hanger and the wellhead hanger pushes the torque sleeve

out of engagement with the wellhead hanger.

21. The method of claim 18, comprising moving the torque sleeve into
engagement with a stop shoulder in the wellhead while the wellhead hanger is lowered
into the wellhead, and then continuing to lower the wellhead hanger while the stop
shoulder inhibits downward movement of the torque sleeve such that the wellhead

hanger disengages from the torque sleeve.

17



WO 2017/100529 PCT/US2016/065756

1/18

WELLHEAD EQUIPMENT
[_TUBING HEAD h—} »g

16—] [ CASING HEAD K| 1g
[_HANGERS |1 5,

LANDING —1-24
SHOULDERS

WELL
[TUBING STRING k| o

[CASING STRING f—1 »g

14—

19 A RESERVOIR |

FIG. 1




WO 2017/100529

40\

2 /18

PCT/US2016/065756




3/18

54

54

=\
S

54-—

54

A—50

N

54

=

\
‘ 90—
50/%

FIG. 3



00000000000000000000000000000

46—,

N A

68 [ ) 1 Les




WO 2017/100529 PCT/US2016/065756

5/18
72

— 68

68—

84

>FIG. b

62




WO 2017/100529 PCT/US2016/065756

6 /18

FIG. 6



PCT/US2016/065756

WO 2017/100529

7 /18

R

A, e

FIG. 9

-
-
—62

66
46

\
]
8¢

68

FIG. 8



WO 2017/100529 PCT/US2016/065756

| ,
|
]
|
|
I
| 68

68 | Y,
-~ | /%_\12

46 | / 66

80 | ( 5

54 | \ 7

? ! \\f\ /7412 ’/’//
I - e
Ly | | a
' /
| 682::> /44 .-
\ : /'/ %/3(6)

: !' 84"’ ___82
i jCSO ‘. 56
. \ N~
| \ —54
| \
| \.
i \ /
| iy
T o\ \\&
i FIG. 12



PCT/US2016/065756

WO 2017/100529

9/18

& & T/ A\ T 3 o
oﬁJ | % \\X» r\o
t_/ \
L \z s ———1

LN O W OV W W
-

FIG. 13



WO 2017/100529 PCT/US2016/065756

10 /18
|
f/T\i
. 96
g 5
Q: 72—
: :/‘—98
g O—44

i
!

T~

—
(]
(e)]
| ]
% Zz
OCJ?/
omg

|
|
|
|
|
|
|
|
|
[
|
|
|
|
|
| 102
|
54 NQ§ i (}—>54
| ! |
N | |
~ | ' =62
N | | L
\_| | |_
[
~ i 60— |
|
Tt @ 50
| —
™ |
| | W
! —_—
I | o
. ; _—42
I | a
| R
| | 92— |
X ! 112
|
5 i i
| 110
FIG. 14 |
_A//_!_\_




WO 2017/100529

Jow
/\EA%

/

%

__Z
AT TP TP L LV R VR VR VYA

72—

PCT/US2016/065756

T3P T VL VP VA PV Vv v v vy

/

[\

[
—7

‘\

60—

FIG. 15

'\/_42

—112

—110




PCT/US2016/065756

WO 2017/100529

12 /18

—112
—110

| AL W W L W W W W W W v
=

FIG. 16



PCT/US2016/065756

WO 2017/100529

116

98
Al 144

%..\./ Z_
ATV VIV YV Vv vy

—
™~
)/
™~/
L—112

—110

12—

S WV W W W W
CZ

FIG. 17



WO 2017/100529 PCT/US2016/065756

14 /18

134

134\>\ /4‘134

134

46— |
130 -+

- ~
ﬂ?—— 128 §
N4 =

126




WO 2017/100529 PCT/US2016/065756

15 /18
68 66 20

126—

62

- —— =l FI6. 20
i 44
68| : /
o7 Z.



WO 2017/100529 PCT/US2016/065756

16 /18
|
|
; 116
|
|
|
Sl et
Fa
134—_,4& ) Oﬁ’lw
] 138
66———%/ — 12—
|
| 44—
68 | :
] |
|
|
80
I 1
126 -1 | /?{
54 — !
N | %
N 2N
120 | ‘>\
| 1 60
. N
: f — 118
|
|
|
E— 92 —
]
— ~—42




WO 2017/100529 PCT/US2016/065756

17 /18
I
|
| 116
I
i
i
i
66 |
S At 18
L« N —134
134 - E—
]
66— i | 12~
I
: 44—~
68— { |
I
I
I
80 | /%q
126’;%, i
54— |
e | e
| N
| ) 60
i § 142
\ | f —_118
| N\
I
I
I
I
: 92 —
E—— ~~—42




WO 2017/100529 PCT/US2016/065756

18 /18
I
|
| 116
I
|
|
|
66 |
&46\ ) ;6 138
134 \ 134
L1 ! -_
66 | 72
I
| 44—~
68 |
p! I
I
126 :
80 ' /é
%4 ] A%Amo : 7
\ | 62—7§
N | / 60
; N 118
\}\ | —— 142
I
| NS
I
I
I
|
—
E— 42




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2016/065756

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - E21B 23/00; E21B 17/043; E21B 17/08; E21B

CPC- E21B 23/00; E21B 17/043; E21B 19/16; E21B
(2017.02)

17/16; E21B 19/16; E21B 23/01 (2017.01)
23/01; E21B 33/04; E21B 33/0415; F16D 41/06

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 166/77.51; 166/77.53; 166/208; 166/378; 166/380; 166/382; 175/101; 175/320; 285/330 (keyword delimited)

Electronic data base consulted during the international search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 8,528,650 B1 (SMITH et al) 10 September 2013 (10.09.2013) entire document 1-8, 12-19
Y US 2014/0231144 A1 (HALLIBURTON ENERGY SERVICES, INC.) 21 August 2014 1-8, 12-19
(21.08.2014) entire document

Y US 4,067,388 A (MOURET et al) 10 January 1978 (10.01.1978) entire document 12-16

Y US 3,420,308 A (PUTCH) 07 January 1969 (07.01.1969) entire document 16

A US 2014/0311753 A1 (CAMERON INTERNATIONAL CORPORATION) 23 October 2014 1-21
(23.10.2014) entira document

A WO 2015105487 A1 (HALLIBURTON ENERGY SERVICES, INC.) 16 July 2015 (16.07.2015) | 1-21
entire document

A US 2015/0330156 A1 (WEATHERFORD/LAMB, INC.) 19 November 2015 (19.11.2015) entire | 1-21
document

D Further documents arc listed in the continuation of Box C.

l:l See patent family annex.

L

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(sz or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  documcnt published prior to the intcrnational filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

02 February 2017

Date of mailing of the international search report

17 FEB 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. §71-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdask: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report

