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SELF-ORIENTING SELECTIVE LOCKABLE ASSEMBLY TO REGULATE
SUBSURFACE DEPTH AND POSITIONING

BACKGROUND
[0001] The disclosure generally relates to the field of subsurface operations, and more

particularly to a self-orienting selective lockable assembly to regulate subsurface depth and
positioning.

[0002] An anchoring device (e.g., a packer or liner hanger) may be set in a casing string
in a parent wellbore and inhibit movement of itself or attached tools. An anchoring device
may be useful for downhole applications requiring an immobile subsurface platform. An
anchoring device can act as a seal and provide pressure isolation for a zone of a parent
wellbore below an intersection with a branch wellbore. In some applications, an anchoring
device can be a secure platform upon which a whipstock is attached when milling through the
casing of the parent wellbore and drilling the branch wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Embodiments of the disclosure may be better understood by referencing the

accompanying drawings.

[0004] FIG. 1A depicts a schematic diagram of a well system making use of a self-
orienting lockable latch assembly, according to some embodiments.

[0005] FIG. 1B depicts a schematic diagram of the well system of FIG. 1A after
inserting the self-orienting selective lockable latch tool into the orientation housing and latch
coupling downhole, according to some embodiments.

[0006] FIG. 2 depicts a longitudinal cross-sectional view of some of the elements of the
self-orienting selective lockable latch assembly, according to some embodiments.

[0007] FIG. 3 depicts a longitudinal cross-sectional view of a selective lockable latch
tool in a running configuration within a universal latch coupling, according to some
embodiments.

[0008] FIG. 4 depicts a longitudinal cross-sectional view of a wall for the selective
lockable latch tool in the running configuration, according to some embodiments.

[0009] FIG. 5 depicts a longitudinal cross-sectional view of the selective lockable latch
tool in the locked configuration inside of the universal latch coupling, according to some
embodiments.

[0010] FIG. 6 depicts a longitudinal cross-sectional view of the selective lockable latch
tool in a released configuration, according to some embodiments.

[0011] FIG. 7 depicts a top view of the dog segment of the selective lockable latch tool if

the segment was isolated, according to some embodiments.
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[0012] FIG. 8 depicts a radial view of an orientation key fitted within a selective
lockable latch, according to some embodiments.

[0013] FIG. 9 depicts a longitudinal cross-sectional view of an orientation tool
positioned within an orientation housing, according to some embodiments.

[0014] Fig. 10 depicts a longitudinal cross-sectional view of a self-orienting selective
lockable latch tool, according to some embodiments.

[0015] Fig. 11 depicts a longitudinal cross-sectional view of a universal latch orientation
housing, according to some embodiments.

[0016] FIG. 12 depicts a flowchart of operations to install the casing string and universal
latch orientation housing, according to some embodiments.

[0017] FIG. 13 depicts a flowchart of operations that include the universal self-orienting
selective lockable latch assembly, according to some embodiments.

DESCRIPTION
[0018] The description that follows includes example systems, methods, techniques, and

operations that embody aspects of the disclosure. However, it is understood that this
disclosure may be practiced without these specific details. For instance, this disclosure refers
to a system application for subsurface operations. But aspects of this disclosure can be also
applied to various other types of applications that are above surface. In other instances, well-
known structures and techniques have not been shown in detail in order not to obfuscate the
description.

[0019] Various embodiments include a set of tools or components that can be combined
into an assembly that can be lowered to a downhole/subsurface location such that there is
control of both depth and azimuthal positioning of devices attached to the assembly. Such
control can be provided without rotation, from the surface or at any point along the wellbore
such as via tubing, pipe, or other mechanisms. The attached devices can include various
bottom hole assemblies (BHAs) that can require specific depth and more importantly
azimuthal or directional control. An example of a BHA includes a whipstock, which may be
used to deflect drill bits towards a new direction by guiding a drill bit through a milling
window on the whipstock.

[0020] In some embodiments, the combined assembly can be a self-orienting selective
lockable latch assembly. Relative orientation between this assembly and the attached device
can be established at the surface. After the assembly and the attached device are lowered
downhole and the assembly is locked in place, the attached device is positioned at the proper
depth and azimuthal orientation to allow the attached device to perform its operation properly.
As further described below, this proper depth and azimuthal orientation of the assembly and

attached device can be performed without tubing rotation from the surface. Accordingly,
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various embodiments do not require the application of torque to the downhole tubing to
provide proper depth and azimuthal orientation.

[0021] Additionally, for the self-orienting selective lockable latch assembly, there are no
pre-alignment (orientation or otherwise) requirements relative to any of its components.
Rather, there can be alignment requirements relative to devices being attached to the
assembly. Also, as further described below, various embodiments allow for the locking of the
assembly to support and resist both upward and downward movement while in operation.
Example System

[0022] FIG. 1A depicts a schematic diagram of a well system making use of a self-
orienting lockable latch assembly, according to some embodiments. FIG. 1A depicts an
example of a well system after the vertical wellbore 114 has been drilled and the drillstring
has been removed. FIG. 1 A depicts the well system after inserting a wellbore tubular system
120 (that includes casing integrated with latch orientation housings). Additionally, FIG. 1A
depicts the well system that is prior to lowering and locking a self-orienting selective lockable
latch tool 160 (depicted in FIG. 1B) into position using one of the latch orientation housings.
In this example, part of the casing of the wellbore 114 includes an upper latch orientation
housing 140 and a lower latch orientation housing 150. In other words, the casing, the upper
latch orientation housing 140 and the lower latch orientation housing 150 are part of the
wellbore tubular system 120. The lower latch orientation housing 150 is comprised of a latch
coupling 152, orientation housing 154 and, optionally, a sct of spacer casing 156. As further
described below, this integration of the orientation housing and latch coupling into the casing
allows for the self-orienting selective lockable latch tool 160 to be selectively run through or
locked into the upper latch orientation housing 140 and the lower latch orientation housing
150. The self-orienting selective lockable latch tool 160 can be locked into either the upper
latch orientation housing 140 or the lower latch orientation housing 150 depending on
operations for lowering and positioning the self-orienting selective lockable latch tool 160
into the wellbore 114, as further described below. In other words, the self-orienting selective
lockable latch tool is not required to be unique to a particular latch orientation housing.
Rather, in some embodiments, a same self-orienting selective lockable latch tool is usable
with different latch orientation housings located at different locations along the casing of the
wellbore 114.

[0023] The well system includes a platform 106 positioned on the earth’s surface 104
and extending over and around the wellbore 114. The wellbore 114 extends vertically from
the earth’s surface 104. The lower latch orientation housing 150 can include, optionally, a set

of spacer casing 156 may be used to extend the length between the latch coupling 152 and
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orientation housing 154, which may enhance stability of the well system during running or
locking procedure.

[0024] The upper orientation housing 140 includes an upper latch coupling 142, an upper
orientation housing 144, and, optionally, an upper set of spacer casing 146. The upper
orientation housing 140 is positioned above the latch orientation housing 150. As will be
expanded in the descriptions below, this upper latch orientation housing 140 may allow the
self-orienting selective lockable latch tool 160 to pass through without engaging any locking
mechanisms or causing irreversible damage to the self-orienting selective lockable latch tool
160. Before installation of the self-orienting selective lockable latch tool 160, the tubular
system 120 may be surveyed in order to help plan the azimuthal directions of the lockable
latch tool 160, especially with regards to the azimuthal direction of the orientation housing
154 and the upper orientation housing 144.

[0025] FIG. 1B depicts a schematic diagram of the well system of FIG. 1A after
inserting the self-orienting selective lockable latch tool into the orientation housing and latch
coupling downhole, according to some embodiments. In particular, FIG. 1B depicts a
schematic diagram of the well system of FIG. 1A after inserting a self-orienting selective
lockable latch tool 160 into the latch orientation housing 150. The self-orienting selective
lockable latch tool 160 is comprised of a selective lockable latch tool 162, an orientation tool
164 and, optionally, a spacer tubular 166. The lengths of the spacer casing 156 and the spacer
tubular 166 may be similar such that the selective lockable latch tool 162 may be positioned
within the latch coupling 152 while the orientation tool 164 is positioned within the
orientation housing 154. Various other tools may be locked into any planned azimuthal
position by being attached to the self-orienting selective lockable latch tool 160. In an
example downhole operation, a whipstock tool 122 may be attached to the self-orienting
selective lockable latch tool 160 and lowered down the wellbore 114, through the upper latch
orientation housing 140. At the upper latch orientation housing 140, only a downward force is
applied and the locking mechanisms in the selective lockable latch tool 162 are not activated.
[0026] The self-orienting selective lockable latch tool 160 will be lowered until the tool
has been lowered to the depth of the latch orientation housing 150. After performing a locking
operation to be described below, the self-orienting selective lockable latch tool 160 is locked
to the latch orientation housing 150. Though the upper latch coupling 142 and the latch
coupling 152 are identical in FIG. 1B, the self-orienting selective lockable latch tool 160 is
not prevented from being lowered and locked into the latch orientation housing 150 by the
upper latch coupling 142. The capability for this system to use multiple identical latch

couplings in the same well system contributes to the locking design being universal.
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[0027] This capability of the self-orienting selective lockable latch tool 160 to be
universally compatible with a plurality of potential latch couplings in the well provides
greater design flexibility for initial well planning or later well projects. In this case, a well
project may rely on the self-orienting selective lockable latch tool 160 to run through latch
couplings not at the target depth such as the upper latch orientation housing 140 without
locking. When the self-orienting selective lockable latch tool 160 is lowered to the target
position, upward loading is applied to return the self-orienting selective lockable latch tool
160 to the target position. For example, upward loading may be applied onto a drillstring
attached to the top the self-orienting selective lockable latch tool 160, wherein the tool may
be moved upward toward the earth’s surface 104. As this upward loading is applied, the
orientation tool 164 will ensure that the self-orienting selective lockable latch tool 160
remains oriented in a planned direction during any operation due to the rotational force
exerted on the orientation tool 164 by the orientation housing 154. As further described
below, further upward load will activate an internal support decoupling mechanism in the
selective lockable latch tool 162 and subsequent run-in loading will lock the tool in place.
This will prevent axial motion of the self-orienting selective lockable latch tool 160 and the
whipstock tool 122. During the entirety of the locking operation, only axial force was applied
and the locking operation did not require exertion of torque from the surface. Once locked,
the self-orienting selective lockable latch tool 160 may be used to provide a stable platform to
ensure positive regulation of depth and azimuthal positioning for the whipstock or any other

attached tools without further intervention or surface manipulation.

Example Self-Orienting Selective Lockable Latch Tool
[0028] The following figures will depict various elements first illustrated in FIG. 1 in

various configurations. FIG. 2 will illustrate the self-orienting selective lockable latch tool
160, which is comprised of the orientation tool 164 and the selective lockable latch tool 162,
positioned inside of the latch orientation housing 150, which is comprised of the orientation
housing 154 and the latch coupling 152. FIG. 3 and FIG. 4 both illustrate elements of the
selective lockable latch tool 162 in a running configuration. Specifically, FIG. 3 will illustrate
the selective lockable latch tool 162 in a running configuration positioned inside of the latch
coupling 152. FIG. 4 illustrates a longitudinal cross-sectional view of a wall of the selective
lockable latch tool 162, also in the running configuration. FIG. 5 illustrates the selective
lockable latch tool 162 in a locked configuration positioned inside of the latch coupling 152.
FIG. 6 illustrates a longitudinal view of the selective lockable latch tool 162 after it has been
released from its locked configuration, denoted as the released configuration. FIG. 7

illustrates a top view of the dog segment of the selective lockable latch tool 162 if the
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segment was isolated. FIG. 8 illustrates a radial view of the selective lockable latch tool 162.
FIG. 9 illustrates the orientation tool 164 positioned inside of the orientation housing 154.
FIG. 10 illustrates the self-orienting selective lockable latch tool 160 comprising of the
selective lockable latch tool 162 in the running configuration and the orientation tool 164.
FIG. 11 illustrates the latch orientation housing 150 comprising of the latch coupling 152 and
orientation housing 154. Finally, FIG. 12 illustrates a method of installing and using the
universal self-orienting selective lockable latch system.

[0029] FIG. 2 depicts a longitudinal cross-sectional view of some of the elements of the
self-orienting selective lockable latch assembly, according to some embodiments. In
particular, FIG. 2 depicts a longitudinal cross-sectional view of the self-orienting selective
lockable latch tool 160 fitted into the latch orientation housing 150 in a running configuration.
Elements of the orientation tool 164 facilitate orientation and resistance to rotational motion
of the self-orienting selective lockable latch tool 160 when run through the latch orientation
housing 150. During the initial downhole operation, the self-orienting selective lockable latch
tool 160 may be run into the well, which is designated as moving towards the right in this
figure. A single orientation key 202 on the orientation tool 164 will be guided by an
orientation muleshoe 214 until fitted into an orientation slot 204 on the orientation housing
154. Guidance of the single orientation key 202 by the orientation muleshoe 214 rotates the
selective lockable latch tool 162 into a pre-set position and prevents further rotational
movement while the single orientation key 202 is fitted into the orientation slot 204, Further
movement of the orientation tool 164 past the orientation slot 204 may be facilitated by
compression of the single orientation key 202 into an orientation key spring 218.

[0030] Rigidly attached to the orientation tool 164 is the selective lockable latch tool
162. Elements of the selective lockable latch tool 162 allows for axial locking of the self-
orienting selective lockable latch tool 160 into the latch orientation housing 150. A set of
circumferential latch keys 206 radially protrude from the selective lockable latch tool 162,
and may be comprised of rounded, squared, planar, or curved shoulders shaped to resist
moderate loading when operably engaged with a latch coupling key profile 208. The latch
coupling key profile 208 may be comprised of a set of circumferential grooves on the inner
surface of the latch coupling, and may be designed to match the shape and size of the set of
circumferential latch keys 206. However, increased rightward loading will cause the set of
circumferential latch keys 206 to flexibly compress inwards when forced into a location
narrower than those allowed by the latch coupling key profile 208. Likewise, a set of movable
circumferential dogs 210, which is fitted inside of slots along a lockable latch dog housing
232, may be flexibly pushed inwards when the selective lockable latch tool 162 is being run

in the rightward direction. The movable circumferential dogs 210 may be distributed around
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the selective lockable latch tool 162 and compressed inwards when it is forced into a location
with a diameter narrower than that of a latch coupling internal circumferential shoulder 212.
Moreover, because both the circumferential latch keys 206 and movable circumferential dogs
210 may be reversibly compressed, a plurality of identical or unique latch couplings may be
passed through without locking the selective lockable latch tool 162.

[0031] FIG. 3 depicts a longitudinal cross-sectional view of a selective lockable latch
tool in a running configuration within a latch coupling, according to some embodiments. With
reference to FIG. 1, FIG. 3 depicts a longitudinal cross-sectional view of the selective
lockable latch tool 162 in the running configuration while fitted inside of the latch coupling
152. FIG. 4 depicts a longitudinal cross-sectional view of a wall for the selective lockable
latch tool in the running configuration, according to some embodiments. With reference to
FIG. 1, FIG. 4 depicts a longitudinal cross-sectional view of a wall of the selective lockable
latch tool 162 in the running configuration with the same elements depicted.

[0032] During a locking operation, the first physical load change will be an upward load
on the selective lockable latch tool 162. In FIG. 3 and FIG. 4, upward loading will result in
loading on a load-bearing component 302. In response to the upward loading on the load-
bearing component 302, the latch coupling internal circumferential shoulder 212 will push on
the movable circumferential dogs 210 along the flat region of a circumferential raised element
330. This will prevent the movable circumferential dogs 210 from being pushed inwards,
while a set of shear pins 324 will inhibit rightward sliding of the movable circumferential
dogs 210 over the flat region of the circumferential raised element 330. The set of shear pins
324 serves as a releasable connection designed to secure attached elements in place until an
amount of loading determined by the force limits of the set of shear pins 324 has been
applied. Embodiments may use alternative releasable connections such as shear screws, snap
rings, or shear wire. The resistance of the set of shear pins 324 will prevent leftward motion
of many components in the selective lockable latch tool 162, such as an outer colleted
cylindrical housing 306 and an inner mandrel 310. Moreover, the position of the
circumferential latch keys 206 may allow it to become operably engaged with the latch
coupling key profile 208.

[0033] Further upward loading towards the surface end (i.e., the leftward end in FIG. 3
and FIG. 4) will focus stress on a slidable support element 334 and a set of shear pins 308
attached to the slidable support element. Though not shown, the set of shear pins 308 may be
attached to the inner mandrel 310. The set of shear pins 308 will prevent the slidable support
element 334 from axially translating relative to the outer colleted cylindrical housing 306.
Continued loading will result in shearing of the set of shear pins 308, allowing axial

translation of the slidable support element 334. This slidable support element 334 may be
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guided during axial translation by a load-component splined element 304 attached to the load-
bearing component 302, wherein the motion of the load-component splined element 304 may
itself be limited to axial translation with substantially limited rotational motion by an aperture
or a splined region on either the cylindrical housing 306 or the inner mandrel 310. In some
embodiments, after the shearing of the set of shear pins 308, the latch coupling key profile
208 disposed on the inner surface of the latch coupling 152 will remain engaged with the
circumferential latch keys 206. This engagement may support components that are attached to
the circumferential latch keys 206, such as the outer colleted cylindrical housing 306, from
moving with the slidable support element 334. Once the slidable support element 334 is no
longer rigidly attached to inner mandrel 310 or the outer colleted cylindrical housing 306, the
slidable support element 334 may be moved in the downhole direction.

[0034] In some embodiments, upon renewed loading in the downhole direction after the
shearing of the set of shear pins 308, the slidable support element 334 will slide along a
second splined element 314 on the inner mandrel 310 in the rightward direction. The second
splined element 3 14 may also be positioned as a part of the outer colleted cylindrical housing
306. The circumferential latch keys 206 may engage or continue to remain engaged with the
latch coupling key profile 208, preventing components that are attached to the circumferential
latch keys 206 from moving with the slidable support element 334. A set of snap rings 312
acts as fastening elements and will secure the slidable support element 334 in a support
locking position 318 that will lock slidable support element 334 in place as a locking
mechanism. The position of the slidable support element 334 underneath the circumferential
latch keys 206 prevents inward movement, securing both the slidable support element 334
and the selective lockable latch tool 162 against rightwards movement. Having thus been
secured against both leftward and rightward motion, the selective lockable latch tool 162 may
be locked in place without external application of torque.

[0035] FIG. 5 depicts a longitudinal cross-sectional view of the selective lockable latch
tool in the locked configuration inside of the universal latch coupling, according to some
embodiments. With reference to FIG. 1, FIG. 5 depicts a longitudinal cross-sectional view of
the selective lockable latch tool 162 in the locked configuration while secured inside of the
latch coupling 152. Once locked in place, it may be necessary to remove the selective
lockable latch tool 162. To do so, increased upward loading is applied to the selective
lockable latch tool 162. After loading the selective lockable latch tool 162 beyond the force
limits of the snap rings 312, the slidable support element 334 will detach from the support
locking position 318 and be pulled away from beneath the circumferential latch keys 206.
After loading the selective lockable latch tool 162 beyond the force limits of the set of shear

pins 324, the movable circumferential dogs 210 will be able to translate across the tangential
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flat region of the circumferential raised element 330. The pre-compressed spring 522 will
urge the movable circumferential dogs 210 towards the right, across the circumferential raised
element 330, within the confines of the lockable latch dog housing 232.

[0036] FIG. 6 depicts a longitudinal cross-sectional view of the selective lockable latch
tool in a released configuration, according to some embodiments. With reference to FIG. 1,
FIG. 6 depicts a longitudinal cross-sectional view of the selective lockable latch tool 162 in
the released configuration. In the released configuration, the set of shear pins 324, the set of
snap rings 312, and the set of shear pins 308 are all sheared. Upward loading will pull the
load-bearing component 302 away from the support locking position 318, which will allow
the circumferential latch keys 206 to be pushed into the selective lockable latch tool 162. The
set of movable circumferential dogs 210 may be positioned such that they are no longer in
contact with the circumferential raised element 330 and free to be flexibly pushed into the
axis of the selective lockable latch tool 162. The entire selective lockable latch tool 162 may
be moved once the inner mandrel 310 operatively engages with the slidable support element
334.

[0037] FIG. 7 depicts a top view of an isolated segment of the selective lockable latch
tool at the dog housing, according to some embodiments. With reference to FIG. 1, FIG. 7,
depicts a top view of a segment of the selective lockable latch tool 162 covered by the
lockable latch dog housing 232. A set of circumferentially distributed dog housing slots 702
are radially distributed around the axis of the lockable latch dog housing 232. During an
initial run-in operation before any locking activity, the movable circumferential dogs 210 may
be pressed towards the set of shear pins 324 and compressed inwards without shearing or
breaking any elements. When performing the lock operation, upward loading may result in
the set of shear pins 324 preventing movement in the movable circumferential dogs 210. Due
to the increased force experienced during upward loading of the releasing operation, the
movable circumferential dogs 210 will be loaded until the set of shear pins 324 shear and the
movable circumferential dogs 210 may move towards the right until they reach the boundaries
of the circumferentially distributed dog housing slots 702.

[0038] FIG. 8 depicts a radial view of an orientation key fitted within a selective
lockable latch, according to some embodiments. With reference to FIG. 1, FIG. 8 depicts a
radial view of the selective lockable latch tool 162. In this view, the movable circumferential
dogs 210 are circumferentially spaced. Behind the movable circumferential dogs 210 are the
circumferential latch keys 206. The circumferential dogs may be both symmetrically and
asymmetrically distributed around the axis of the selective lockable latch tool.

[0039] FIG. 9 depicts a longitudinal cross-sectional view of an orientation tool

positioned within an orientation housing, according to some embodiments. With reference to

PCT/US2017/019785
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FIG. 1, FIG. 9 depicts a longitudinal view of the orientation tool 164 positioned within the
orientation housing 154. As the orientation tool 164 first enters the orientation housing 154,
the orientation tool bottom component 968 will encounter the orientation housing top
component 982. The orientation tool 164 will be guided by an initial narrower segment 980 so
that the orientation tool 164 is reliably coaxial with the orientation housing 154. The single
orientation key 202 may then first engage with the orientation muleshoe 214 and be guided to
slide along the angle of the orientation muleshoe 214 until it reaches the orientation slot 204
within an inner muleshoe housing 976. The orientation tool 164 will be restricted from
rotating once the single orientation key 202 enters the orientation slot 204. Continued axial
translation in the downhole direction past the orientation slot 204 may compress the single
orientation key 202 into the orientation key spring 218. Further loading in the downhole
direction may allow the orientation tool 164 to completely pass through an orientation
housing bottom component 978. While not shown, the orientation housing bottom component
978 may be threaded to allow the orientation housing 154 to be attached with other
components in the well, such as casing.

[0040] Fig. 10 depicts a longitudinal cross-sectional view of a self-orienting selective
lockable latch tool, according to some embodiments. With reference to FIG. 1, FIG. 10
depicts a longitudinal cross-sectional view of the self-orienting selective lockable latch tool
160. As previously illustrated, the self-orienting selective lockable latch tool 160 comprises
the selective lockable latch tool 162 and the orientation tool 164. In this depicted example of
the orientation tool 164, a top mandrel 1062 forms a cylindrical shell, on top of which an
orientation key housing 1064 is placed. As the orientation tool 164 is being run into a hole,
the tapered edges of an orientation tool bottom component 1068 will keep the orientation tool
164 centered when the orientation tool 164 enters a narrow region. The orientation key
housing 1064 secures the single orientation key 202 as well as the orientation key spring 218
beneath the axially-aligned orientation key. During run-in operations, the single orientation
key 202 will operably engage with an axially aligned orientation key profile, while the
orientation key spring 218 allows compression of the single orientation key 202 under stress
to allow the orientation tool 164 to clear the orientation housing. The selective lockable latch
tool 162 may be rigidly attached to the orientation tool 164. Thus, torque experienced by
elements of the lockable latch tool 162, such as the slidable support element 334, or tools
attached to those elements, may be transferred onto the orientation tool 164 and any
orientation housing that the single orientation key 202 is positioned in. Though not shown,
spacer tubing, pipe, or beams may be used to separate the selective lockable latch tool 162

and the orienting tool 164.
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[0041] Fig. 11 depicts a longitudinal cross-sectional view of a universal latch orientation
housing, according to some embodiments. With reference to FIG. 1, FIG. 11, depicts a
longitudinal view of the latch orientation housing 150. As previously illustrated, the latch
orientation housing 150 comprises the latch coupling 152 and the orientation housing 154.
While the orientation housing 154 uses an orientation muleshoe 214 with the orientation slot
204 parallel to the orientation housing axis, other self-orienting orientation housing schemes
are also possible. Such orientation housing may include orientation housing comprised of
multiple slots, angled slots, or threaded profiles. Though not shown, spacer casing, piping, or

other tubing may be used to separate the latch coupling 152 and the orientation housing 154.

Example Operations
[0042] FIG. 12 depicts a flowchart of operations to install the casing string and universal

latch orientation housing, according to some embodiments. FIG. 12, with reference to FIG.
1A, depicts a flowchart 1200 of operations to install the casing string and universal latch
orientation housing, according to some embodiments. The lock installation flowchart 1200
includes example operations that can be performed by a drilling operator performing the
operations at a well. Alternatively or in addition, operations of the flowchart 1200 can be
performed by a well operations operator, service operator, well intervention operator, various
circuitry or machinery, executable code to control the various circuitry or machinery, etc.
Operations of the flowchart 1200 are described in reference to FIG. 1A and begin at block
1202.

[0043] At block 1202, the casing of the wellbore is lowered into the well with an
orientation housing until the orientation housing has reached a pre-defined position. For
example, with reference to FIG. 1A, the lower orientation housing 154 is lowered until it has
reached a pre-defined target position.

[0044] Atblock 1204, a determination is made on whether a segment of a casing being
inserted will be at a targeted lock position when installed in the casing. In one non-limiting
example, with reference to FIG. 1A, the targeted lock position would be a position in
proximity to where a whipstock is to be locked in place above the entire latch orientation
housing 150 so that the whipstock may guide a drillbit to drill a lateral well.

[0045] In the case that the segment added will not be at the targeted lock position upon
setting, the procedure will continue to block 1206 and a segment of casing will be run into the
wellbore and then proceed to block 1216.

[0040] However, if the segment added will be at a targeted lock position upon setting,
the procedure will move to block 1208, wherein a lower orientation housing is used in place

of ordinary casing and is run into the wellbore.
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[0047] Atblock 1210, a determination is made of whether a spacer casing is added on
top of the orientation housing. In particular, a determination is made on whether the
orientation housing and the latch coupling are to be directly connected or if one or more
spacer casings will be inserted between the orientation housing and the latch coupling. Such
spacer casing may be advantageous to enhance stability of the self-orienting selective
lockable latch tool. With reference to FIG. 1A, the upper orientation housing 154 and upper
latch coupling 152 are attached to the spacer casing component 156. If a spacer casing is
added, operations of the flowchart 1200 continue at block 12012. Otherwise, operations of the
flowchart 1200 continue at block 1214.

[0048] Atblock 1212, the spacer casing is lowered into the wellbore to be positioned
above the orientation housing. This may occur after the orientation housing has already been
physically set in place, or by lowering a combined tubular assembly comprised of both the
spacer casing and the orientation housing, with the orientation housing lower than the spacer
casing.

[0049] At block 1214, the latch coupling is lowered into the wellbore above the
orientation housing and, if present, the spacer casing. For example, with reference to FIG. 1A,
after the lower orientation housing 154 and spacer casing 156 are lowered into the well, the
lower latch coupling 152 is lowered into the well. This may occur after the orientation
housing 154 or spacer casing 156 have already been physically set in place. This may also
occur by lowering a combined assembly comprised of the latch coupling 152, with the latch
coupling 152 above the orientation housing 154 and, if present, the spacer casing 156.
[0050] Atblock 1216, a determination is made of whether there is additional casing
and/or locking assemblies to be run into the well. For example, with reference to FIG. 1A, it
would be determined that there would be additional casing and locking assemblies to be run
into the well after running in the latch coupling 154, and in particular the upper orientation
housing 144 and upper latch coupling 142. With two latch orientation housing structures in
place, lateral wells may be drilled in both the proximity of the top of the lower latch
orientation housing 150 and the top of the upper latch orientation housing 140. As seen from
this example, a plurality of viable self-orienting locking positions may be implemented by
integrating multiple pairs of orientation housing and latch couplings as part of the casing to
provide multiple locking points for whipstocks to help drill a plurality of lateral wells. For
example, after installation of the lower latch orientation housing 150, the procedure would
return to block 1204 and begin the same method to install the upper latch orientation.

[0051] Any combination of orientation housing, casing, or universal latch coupling, or
plurality thereof, may be physically connected above the surface before being run into a well,

or may be individually run into the well and connection established within the wellbore.
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[0052] FIG. 13 depicts a flowchart of operations that include the universal self-orienting
selective lockable latch assembly, according to some embodiments. FIG. 13, with references
to FIG. 1 and FIG. 3, depicts a flowchart 1300 of operations that include the universal self-
orienting selective lockable latch assembly, according to some embodiments.

[0053] Upon installation of latch coupling and orientation housing into the well, there
may be an assessment of the orientation at least one of the orientation housing at 1320. Such
an assessment can be performed through use of a dummy tool, MWD equipment, or with a
universal bottomhole orientation tool. At 1322, the orientation tool 164 is sclected and
prepared to be run in based on the known properties of the orientation housing 154. At 1324,
it is determined whether the orientation tool 164 and the selective lockable latch tool 162 are
to be directly connected or if spacer tubing is required to ensure that the orientation tool 164
may be positioned into the orientation housing 154 while the selective lockable latch tool 162
is positioned in the latch coupling 152.

[0054] If spacer tubing is required, then the spacer tubular 166 will be attached between
the orientation tool 164 and the selective lockable latch tool 162 at block 1326. After the
spacer tubular 166 is attached to the orientation tool 164, the selective lockable latch tool 162
is attached to the spacer tubing at 1328 to form the self-orienting selective lockable latch tool
160. If spacer tubing will not be used between the orientation tool selective lockable latch
tool, then a selective lockable latch tool is attached directly to the orientation tool at 1328,
assembling a self-orienting selective lockable latch tool without spacer tubing.

[0055] At 1330, a drilling operator may optionally attach one or more additional tools to
the self-orienting selective lockable latch tool 160. The self-orienting selective lockable latch
tool 160 may then be run into the well until a target locking position is reached by the tool at
1332. At 1334, the operational parameters such as lowering speed or force applied may be
modified to allow the lockable latch tool 160 to self-orient. Then at 1336, upward loading
substantially parallel to the wellbore axis is applied on the self-orienting selective lockable
latch tool 160 to free the slidable support element 334 from its first position. Once the slidable
support element 334 is first freed, we apply run-in loading from the surface until the slidable
support element 334 is locked into the support locking position 318 by the set of snap rings
312 during a second locking step 1338. At 1340, the self-orienting selective lockable latch
tool 160 is removed from the well by applying upward loading from the surface until both the
set of snap rings 312 and the set of shear pins 324 are sheared and the tool is pulled back

towards the wellbore surface.

Example Embodiments
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[0056] Some embodiments may include an apparatus comprising a cylindrical housing
with a circumferential radially compressible protrusion, a mandrel coaxial with the cylindrical
housing and forming an annular volume between an inner surface of the cylindrical housing
and the mandrel, a circumferential support element that is at least partially within the annular
volume that is to reinforce the circumferential radially compressible protrusion against
compression, and a movable circumferential dog attached coaxially to the cylindrical housing
and is reversibly compressible into an axis of the cylindrical housing.

[0057] In some embodiments, the circumferential radially compressible protrusion has a
planar face with a surface norm facing towards one end of the cylindrical housing.

[0058] In some embodiments, the apparatus further comprises of a circumferential
component attached to the circumferential support element, wherein the circumferential
component is to slidably move along the axis of the cylindrical housing.

[0059] In some embodiments, the apparatus further comprises of a first splined element
is attached to at least one of the circumferential support element and the circumferential
component, the first splined element to operably engage with a second splined element
attached to at least one of the cylindrical housing and the mandrel to limit rotational
movement of the circumferential support element.

[0060] In some embodiments, the apparatus further comprises of a first releasable
connection element that fastens the circumferential support element to a locked position
within the annular volume where the circumferential support element reinforces the
circumferential radially compressible protrusion against radial compression, and a second
releasable connection element that fastens the circumferential support element to an unlocked
position within the annular volume where the circumferential support element does not
reinforce the circumferential radially compressible protrusion against radial compression.
[0061] In some embodiments, the first releasable connection element is a shear pin and
the second releasable connection element is a snap ring.

[0062] In some embodiments, the apparatus further comprises of a circumferential raised
element radially beneath the dog housing tubular assembly and positioned to physically
reinforce the movable circumferential dog against radial compression, a first surface of the
circumferential raised element with a first surface norm facing radially away from a first axial
direction, and a second surface of the circumferential raised element with a second surface
norm facing towards the first axial direction.

[0063] In some embodiments, the apparatus further comprises of a compressed spring
positioned to move the movable circumferential dog axially upon shearing of the third

releasable connection clement.
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[0064] In some embodiments, a system comprises of a first tubular housing with a
circumferential latch profile and an internal circumferential shoulder disposed on an inner
surface of the first tubular housing, a second tubular housing attached to one end of the first
tubular housing, with at least one orientation profile disposed on an inner surface of the
second tubular housing, an orientation tool positionable within the second tubular housing,
wherein a protrusion is operably engageable with the orientation profile of the second tubular
housing, a cylindrical housing with a circumferential radially compressible protrusion that is
attached to the orientation tool, a mandrel coaxial with the cylindrical housing and forming an
annular volume between the inner surface of the cylindrical housing and the mandrel, a
circumferential support element that is at least partially within the annular volume that
reinforces the circumferential radially compressible protrusion against compression; and a
movable circumferential dog attached coaxially to the cylindrical housing and is reversibly
compressible into the axis of the cylindrical housing.

[0065] In some embodiments, the system further comprises of a muleshoe attached to the
inner surface of the second tubular housing, an orientation profile disposed on the inner
surface of the second tubular housing and parallel to the axis of the second tubular housing;
and the orientation tool, wherein the orientation tool possesses a single orientation protrusion
that is shaped to operably engage with the orientation profile.

[0066] In some embodiments, a first length of casing string is positioned between the
first tubular housing and second tubular housing and a second length of tubing is positioned
between the orientation tool and the cylindrical housing.

[0067] In some embodiments, the system further comprises of a first releasable
connection element that fastens the circumferential support element to a locked position
within the annular volume where the circumferential support element reinforces the
circumferential radially compressible protrusion against radial compression, and a second
releasable connection element that fastens the circumferential support element to an unlocked
position within the annular volume where the circumferential support element does not
reinforce the circumferential radially compressible protrusion against radial compression.
[0068] In some embodiments, the circumferential latch profile further comprises of a set
of circumferential grooves that operably engages with the circumferential radially
compressible protrusion.

[0069] In some embodiments, the system further comprises of an upper tubular housing
with an upper circumferential latch profile that operably engages with the circumferentially

radially compressible protrusion.
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[0070] In some embodiments, the system further comprises of an upper tubular housing
with an upper circumferential latch profile that operably engages with the circumferentially
radially compressible protrusion.

[0071] In some embodiments, a method comprises of lowering a well tool with a
cylindrical housing into a well until the cylindrical housing is positioned inside of a first
tubular housing, applying an axial upward load on the well tool to operably engage a movable
circumferential dog attached to the well tool with an internal shoulder attached to an inner
surface of the first tubular housing, applying axial upward load on the well tool to release a
first releasable connection element that is fastening a circumferential support element to an
unlocked position within an annular volume inside of the well tool, and applying axial run-in
load on the well tool to slidably move the circumferential support element until a second
releasable connection element fastens the circumferential support element to a locked position
in the annular volume and supports a circumferential radially compressible protrusion on the
cylindrical housing against compressing inwards.

[0072] In some embodiments, the method further comprises of running the well tool to
an upper tubular housing, wherein the circumferential radially compressible protrusion
operably engages with an upper circumferential latch profile on the upper tubular housing,
and running the well tool through the upper tubular housing until it reaches the first tubular
housing.

[0073] In some embodiments, the method further comprises of applying axial upward
load on the circumferential support element to release the second releasable connection
clement that is fastening the circumferential support element.

[0074] In some embodiments, the method further comprises of applying axial upward
load on the circumferential support element to release a third releasable connection element
attached to the movable circumferential dog that is fastening the movable circumferential dog.
[0075] In some embodiments, the method further comprises of using an orientation tool
attached to the cylindrical housing to operatively engage with an orientation profile of an
orientation tubular.

[0076] In some embodiments, the method further comprises of attaching a third tool
above the cylindrical housing such that torque experienced by the third tool is transferred to
the orientation tool.

[0077] Plural instances may be provided for components, operations or structures
described herein as a single instance. For example, while two sets of latch orientation
housings are shown in FIG. 1, a well system may comprise any number latch orientation
housings. Finally, boundaries between various components and operations are somewhat

arbitrary, and particular operations are illustrated in the context of specific illustrative
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configurations. Other allocations of functionality are envisioned and may fall within the scope
of the disclosure. In general, structures and functionality presented as separate components in
the example configurations may be implemented as a combined structure or component.
Similarly, structures and functionality presented as a single component may be implemented
as separate components. These and other variations, modifications, additions, and
improvements may fall within the scope of the disclosure.

[0078] Use of the phrase “at least one of” preceding a list with the conjunction “and”
should not be treated as an exclusive list and should not be construed as a list of categories
with one item from each category, unless specifically stated otherwise. A clause that recites
“at least one of A, B, and C” can be infringed with only one of the listed items, multiple of the
listed items, and one or more of the items in the list and another item not listed.

[0079] Unless otherwise specified, any use of any form of the terms “connect,”

EERS

“engage,” “couple,” “attach,” or any other term describing an interaction between elements is
not meant to limit the interaction to direct interaction between the elements and may also
include indirect interaction between the elements described. In the preceding discussion and
in the claims, the description refers to up or down as relative directions and not absolute
directions. The terms “up,” “upper,” “upward,” or “pick-up direction” describe a direction
toward the surface of a wellbore regardless of the wellbore orientation. Similarly, the terms
“down,” “lower,” “downward,” “downhole direction”, or “run-in direction” describe a
direction toward the terminal end of a wellbore regardless of the wellbore orientation.

EERSS

Reference to in or out will be made for purposes of description with “in,” “inner,” or

EERS

“inward” meaning toward the center or central axis of the wellbore, and with “out,” “outer,”
or “outward” meaning toward the wellbore tubular and/or wall of the wellbore. Reference to
“longitudinal,” “longitudinally,” or “axially” means a direction substantially aligned with the
main axis of the wellbore and/or wellbore tubular. Reference to “radial” or “radially” means a
direction substantially aligned with a line between the main axis of the wellbore and/or
wellbore tubular and the wellbore wall that is substantially normal to the main axis of the
wellbore and/or wellbore tubular, though the radial direction does not have to pass through
the central axis of the wellbore and/or wellbore tubular. The term “circumferential latch keys”
can mean both a set of continuous collets surrounding a cylinder or a set of distributed
circumferential shapes that are rotationally symmetric. The various characteristics mentioned
above, as well as other features and characteristics described in more detail above, will be
readily apparent to those skilled in the art with the aid of this disclosure upon reading the
following detailed description of the embodiments, and by referring to the accompanying

drawings.
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An apparatus comprising:
a cylindrical housing with a circumferential radially compressible protrusion;

a mandrel coaxial with the cylindrical housing and forming an annular volume

between an inner surface of the cylindrical housing and the mandrel;

a circumferential support element that is at least partially within the annular volume
that is to reinforce the circumferential radially compressible protrusion

against compression; and

a movable circumferential dog attached coaxially to the cylindrical housing and is

reversibly compressible into an axis of the cylindrical housing.

The apparatus of claim 1, wherein the circumferential radially compressible
protrusion has a planar face with a surface norm facing towards one end of the

cylindrical housing.

The apparatus of claim 1, further comprising a circumferential component attached to
the circumferential support element, wherein the circumferential component is to

slidably move along the axis of the cylindrical housing.

The apparatus of claim 3, wherein a first splined element is attached to at least one of
the circumferential support element and the circumferential component, the first
splined element to operably engage with a second splined element attached to at least
one of the cylindrical housing and the mandrel to limit rotational movement of the

circumferential support element.

The apparatus of claim 1, further comprising:

a first releasable connection element that fastens the circumferential support element
to a locked position within the annular volume where the circumferential
support element reinforces the circumferential radially compressible

protrusion against radial compression; and

a second releasable connection element that fastens the circumferential support

element to an unlocked position within the annular volume where the
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circumferential support element does not reinforce the circumferential

radially compressible protrusion against radial compression.

The apparatus of claim 5, wherein the first releasable connection element is a shear

pin and the second releasable connection element is a snap ring,

The apparatus of claim 1, further comprising:

a dog housing tubular assembly that is coaxial with the cylindrical housing and is

positioned at one end of the cylindrical housing;

a plurality of circumferential slots on the dog housing tubular assembly, wherein the
movable circumferential dog protrudes out from at least one of the plurality

of circumferential slots; and

a third releasable connection element attached to the movable circumferential dog

that restricts axial motion of the movable circumferential dog.

The apparatus of claim 7, further comprising:

a circumferential raised element radially beneath the dog housing tubular assembly
and positioned to physically reinforce the movable circumferential dog

against radial compression;

a first surface of the circumferential raised element with a first surface norm facing

radially away from a first axial direction;

a second surface of the circumferential raised clement with a second surface norm

facing towards the first axial direction; and

a compressed spring positioned to move the movable circumferential dog axially

upon shearing of the third releasable connection element.

A system comprising:

a first tubular housing with a circumferential latch profile and an internal
circumferential shoulder disposed on an inner surface of the first tubular

housing;
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10.

11.

12.

a second tubular housing attached to one end of the first tubular housing, with at least
one orientation profile disposed on an inner surface of the second tubular

housing;

an orientation tool positionable within the second tubular housing, wherein a
protrusion is operably engageable with the orientation profile of the second

tubular housing;

a cylindrical housing with a circumferential radially compressible protrusion that is

attached to the orientation tool,

a mandrel coaxial with the cylindrical housing and forming an annular volume

between the inner surface of the cylindrical housing and the mandrel;

a circumferential support element that is at least partially within the annular volume
that reinforces the circumferential radially compressible protrusion against

compression; and

a movable circumferential dog attached coaxially to the cylindrical housing and is

reversibly compressible into the axis of the cylindrical housing.

The system of claim 9, further comprising:
a muleshoe attached to the inner surface of the second tubular housing;

an orientation profile disposed on the inner surface of the second tubular housing and

parallel to the axis of the second tubular housing; and

the orientation tool, wherein the orientation tool possesses a single orientation

protrusion that is shaped to operably engage with the orientation profile.

The system of claim 9, wherein a first length of casing string is positioned between
the first tubular housing and second tubular housing and a second length of tubing is

positioned between the orientation tool and the cylindrical housing.

The system of claim 9, further comprising:

a first releasable connection element that fastens the circumferential support element
to a locked position within the annular volume where the circumferential
support element reinforces the circumferential radially compressible

protrusion against radial compression; and
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a second releasable connection element that fastens the circumferential support
element to an unlocked position within the annular volume where the
circumferential support element does not reinforce the circumferential

radially compressible protrusion against radial compression.

13. The system of claim 9, wherein the circumferential latch profile is comprised of a set
of circumferential grooves that operably engages with the circumferential radially

compressible protrusion.

14. The system of claim 13, further comprising:

an upper tubular housing with an upper circumferential latch profile that operably

engages with the circumferentially radially compressible protrusion.

15. A method comprising:

lowering a well tool with a cylindrical housing into a well until the cylindrical

housing is positioned inside of a first tubular housing;

applying an axial upward load on the well tool to operably engage a movable
circumferential dog attached to the well tool with an internal shoulder

attached to an inner surface of the first tubular housing;

applying axial upward load on the well tool to release a first releasable connection
clement that is fastening a circumferential support element to an unlocked

position within an annular volume inside of the well tool; and

applying axial run-in load on the well tool to slidably move the circumferential
support element until a second releasable connection element fastens the
circumferential support element to a locked position in the annular volume
and supports a circumferential radially compressible protrusion on the

cylindrical housing against compressing inwards.

16. The method of claim 15, further comprising;

running the well tool to an upper tubular housing, wherein the circumferential radially
compressible protrusion operably engages with an upper circumferential latch

profile on the upper tubular housing; and
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18.

19.

20.

running the well tool through the upper tubular housing until it reaches the first

tubular housing.

The method of claim 15, further comprising;

applying axial upward load on the circumferential support clement to release the
second releasable connection element that is fastening the circumferential

support clement.

The method of claim 15, further comprising;

applying axial upward load on the circumferential support element to release a third
releasable connection element attached to the movable circumferential dog

that is fastening the movable circumferential dog.

The method of claim 15, further comprising;

using an orientation tool attached to the cylindrical housing to operatively engage

with an orientation profile of an orientation tubular.

The method of claim 19, further comprising;

attaching a third tool above the cylindrical housing such that torque experienced by

the third tool is transferred to the orientation tool.
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