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Description

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates, in general, to equipment
utilized in conjunction with operations performed in sub-
terranean wells and, in particular, to a system for circum-
ferentially aligning a latch assembly with a latch coupling
in a subterranean well and a method for use of same.

BACKGROUND OF THE INVENTION

[0002] Without limiting the scope of the present inven-
tion, its background will be described in relation to forming
a window in a casing string for a multilateral well, as an
example.

[0003] Inmultilateral wells, itis common practice to drill
a branch or lateral wellbore extending laterally from an
intersection with a main or parent wellbore. Typically,
once the casing string is installed and the parent wellbore
has been completed, a deflection assembly such as a
whipstock is positioned in the casing string at the desired
intersection and then one or more mills are deflected lat-
erally off of the whipstock to form a window through the
casing sidewall.

[0004] In certain installations, it is desirable to drill the
lateral wellbore in a predetermined direction from the par-
ent wellbore such as out of the high side of the parent
wellbore. In such installations, it is necessary to form the
window at a predetermined circumferential orientation
relative to the parent casing. In order to properly position
and rotationally orientthe whipstock such that the window
is milled in the desired direction, a latch assembly asso-
ciated with the whipstock is anchored into and rotationally
oriented within a latch coupling interconnected in the cas-
ing string. The latch assembly typically includes a plural-
ity of spring operated latch keys, each of which having
an anchoring and orienting profile that is received in a
latch profile formed internally within the latch coupling.
In this manner, when the latch keys of the latch assembly
are operatively engaged with the latch profile of the latch
coupling, the latch assembly and the equipment associ-
ate therewith are axially and circumferentially anchored
and rotationally oriented in the desired direction within
the casing string.

[0005] It has been found, however, that in certain well
installations such as deep or extended reach wells, ro-
tationally securing a latch assembly within a latch cou-
pling may be difficult. In typically practice, once the latch
assembly is substantially on depth, the tool string carry-
ing the latch assembly is slowly rotated and lowered into
the well. This operation is intended to axially positioned
the latch assembly in the latch coupling and rotationally
align the latch assembly in the latch coupling in the de-
sired circumferential orientation as indicated by a torque
signal at the surface. In the aforementioned deep or ex-
tended reach wells, however, delay in the torque signal
reaching the surface due to torsional flexibility and wind
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up of the worksting, for example, may result in over
stressing the latch keys, release of the latch assembly
from the latch coupling or other failure.

[0006] Accordingly, a need has arisen for an improved
system for circumferentially aligning a downhole latch
subsystem in a subterranean well. In addition, a need
has arisen for such an improved system that is operable
for use in deep or extended reach wells. Further, a need
has arisen for such an improved system that does not
risk over stressing the latch keys or releasing the latch
assembly from the latch coupling during circumferential
orientation.

[0007] WO 99/49178 relates to a prior art system for
locating a tool in a wellbore, said system comprising a
profile disposed in a tubular such as casing or a coupling
and a device for engaging said profile, wherein, in use
said device locates or engages said profile and is held
in relation therewith, said device being connectable or
integral with a tool. A tubular for the system for locating
a tool in a wellbore. A device for the system for locating
atool in a wellbore. WO 99/49178 relates also to a prior
art method for locating a tool in a wellbore using the sys-
tem, the method comprising the step of lowering said
device in a wellbore and engaging said profile, whereup-
on atool is located.

SUMMARY OF THE INVENTION

[0008] The presentinventiondisclosed hereinis direct-
ed to a system for circumferentially aligning a downhole
latch subsystem in a subterranean well. The system of
the present invention is operable for use in deep and
extended reach wells. In addition, the system of the
present invention does not risk over stressing the latch
keys or releasing the latch assembly from the latch cou-
pling during circumferential orientation.

[0009] In one aspect, the present invention is directed
to a system for circumferentially aligning a downhole
latch subsystem in a wellbore according to the features
of claim 1 and a method of circumferentially aligning a
downholelatch according to claim 4. The systemincludes
a casing string position in the wellbore. A latch coupling
is interconnected in the casing string and has a latch
profile. A slot subassembly is also interconnected in the
casing string and has an axially extending slot profile. A
tool string is run downhole and positioned within the cas-
ing string. A latch assembly is interconnected in the tool
string and has a plurality of latch keys. An orienting su-
bassembly is also interconnected in the tool string and
has a plurality orienting keys. After axial alignment of the
orienting subassembly with the slot subassembly, rota-
tion of the orienting subassembly causes operable en-
gagement of at least one orienting key with the slot profile
and, thereafter, axial alignment of the latch assembly with
the latch coupling causes operable engagement of the
latch keys with the latch profile.

[0010] In one embodiment, the plurality of latch keys
are circumferentially distributed about the latch assem-
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bly. In certain embodiments, each of the latch keys has
axial anchor elements and circumferential anchor ele-
ments. Inthese embodiments, the circumferential anchor
elements of each latch key may be different from the
circumferential anchor elements of the other latch keys.
In some embodiments, the plurality of orienting keys may
be axially distributed along the orienting subassembly.
In these embodiments, the orienting keys may become
progressively circumferentially wider from the downhole
end to the uphole end of the orienting subassembly. Also,
in these embodiments, the orienting keys may have a
tapered leading edge, a tapered trailing edge or both.
[0011] In another aspect, the present invention is di-
rected to a system for circumferentially aligning a down-
hole latch subsystem in a wellbore. The system includes
an outer tool assembly including a latch coupling having
a latch profile and a slot subassembly having an axially
extending slot profile. An inner tool assembly is position-
able within the outer tool assembly and includes a latch
assembly having a plurality of latch keys and an orienting
subassembly having a plurality orienting keys. After axial
alignment of the orienting subassembly with the slot su-
bassembly, rotation of the orienting subassembly causes
operable engagement of at least one orienting key with
the slot profile and, thereafter, axial alignment of the latch
assembly with the latch coupling causes operable en-
gagement of the latch keys with the latch profile.

[0012] In one embodiment, the latch coupling and the
slot subassembly are coupled together. In another em-
bodiment, the latch assembly and the orienting sub-
assembly are coupled together. In certain embodiments,
the inner tool assembly includes a deflection assembly.
[0013] In a further aspect, the present invention is di-
rected to a method for circumferentially aligning a down-
hole latch subsystem in a wellbore. The method includes
positioning a casing string in the wellbore, the casing
string including a latch coupling having a latch profile and
a slot subassembly having an axially extending slot pro-
file; running a tool string into the casing string, the tool
stringincluding alatch assembly having a plurality of latch
keys and an orienting subassembly having a plurality ori-
enting keys; axially aligning the orienting subassembly
with the slot subassembly; rotating the tool string within
the casing string to rotate the orienting subassembly rel-
ative to the slot subassembly; operably engaging at least
one orienting key with the slot profile; and axially aligning
the latch assembly with the latch coupling, thereby op-
erably engaging the latch keys with the latch profile.
[0014] The method may also include providing coarse
circumferential prealignment of the latch keys with the
latch profile by operably engaging at least one orienting
key with the slot profile; axially sliding at least some of
the orienting key through the slot profile; providing fine
circumferential prealignment of the latch keys with the
latch profile and/or axially and circumferentially anchor-
ing the latch keys within the latch profile.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] For a more complete understanding of the fea-
tures and advantages of the presentinvention, reference
is now made to the detailed description of the invention
along with the accompanying figures in which corre-
sponding numerals in the different figures refer to corre-
sponding parts and in which:

Figure 1 is a schematic illustration of an offshore
platform during multilateral wellbore construction fol-
lowing the operation of a system for circumferentially
aligning a downhole latch subsystem in a subterra-
nean well according toan embodiment of the present
invention;

Figures 2A-2H are cross sectional views of consec-
utive axial sections of a system for circumferentially
aligning a downhole latch subsystem in a subterra-
nean well according toan embodiment of the present
invention;

Figure 3 is aquarter sectional view of a latch coupling
for use in a system for circumferentially aligning a
downhole latch subsystem in a subterranean well
according to an embodiment of the present inven-
tion;

Figure 4 is a cross sectional view of a slot subassem-
bly for use in a system for circumferentially aligning
a downhole latch subsystem in a subterranean well
according to an embodiment of the present inven-
tion;

Figure 5 is a side view of a latch assembly for use
in a system for circumferentially aligning a downhole
latch subsystem in a subterranean well according to
an embodiment of the present invention;

Figure 6 is a cross sectional view of a latch assembly
for use in a system for circumferentially aligning a
downhole latch subsystem in a subterranean well
according to an embodiment of the present inven-
tion;

Figures 7A-7B are side views of an orienting sub-
assembly for use in a system for circumferentially
aligning a downhole latch subsystem in a subterra-
nean well according toan embodiment of the present
invention; and

Figures 8A-8B are cross sectional views of an ori-
enting subassembly for use in a system for circum-
ferentially aligning a downhole latch subsystem in a
subterranean well according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] While the making and using of various embod-
iments of the present invention are discussed in detail
below, it should be appreciated that the presentinvention
provides many applicable inventive concepts which can
be embodied in a wide variety of specific contexts. The
specific embodiments discussed herein are merely illus-
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trative of specific ways to make and use the invention,
and do not delimit the scope of the present invention.
[0017] Referring to figure 1, a system for circumferen-
tially aligning a downhole latch subsystem in a subterra-
nean well is schematically illustrated and generally des-
ignated 10. A semi-submersible platform 12 is centered
over submerged oil and gas formation 14 located below
sea floor 16. A subsea conduit 18 extends from deck 20
of platform 12 to wellhead installation 22, including blow-
out preventers 24. Platform 12 has a hoisting apparatus
26 and a derrick 28 for raising and lowering pipe strings
such asdrill string 30. Amain wellbore 32 has been drilled
through the various earth strata including formation 14.
The terms "parent" and "main" wellbore are used herein
to designate a wellbore from which another wellbore is
drilled. It is to be noted, however, that a parent or main
wellbore does not necessarily extend directly to the
earth’s surface, but could instead be a branch of yet an-
other wellbore. A casing string 34 is cemented within
main wellbore 32. The term "casing" is used herein to
designate a tubular string used in a wellbore or to line a
wellbore. The casing may be of the type known to those
skilled in the art as a "liner" and may be made of any
material, such as steel or a composite material and may
be segmented or continuous, such as coiled tubing.
[0018] Casing string 34 includes a window joint 36 in-
terconnected therein. In addition, casing string 34 in-
cludes a latch coupling 38 and a slot assembly 40. Latch
coupling 38 has a latch profile that is operably engagable
with latch keys of a latch assembly (not visible in figure
1) such that the latch assembly may be axially anchored
and rotationally oriented in latch coupling 38. Slot assem-
bly 40 has a slot profile that is operably engagable with
orienting keys of an orienting subassembly (not visible
in figure 1). Operating the orienting subassembly such
that the orienting keys operably engage the slot profile
of slot assembly 40, prealigns the latch keys of latch as-
sembly with the latch profile of latch coupling 38. There-
after, axial shifting of the latch assembly into latch cou-
pling 38 operably engages the latch keys of the latch
assembly with the latch profile of latch coupling 38.
[0019] In the illustrated embodiment, when the orient-
ing keys of the orienting subassembly have operably en-
gaged the slot profile of slot assembly 40 and the latch
keys of the latch assembly have operably engaged the
latch profile of latch coupling 38, a deflection assembly
depicted as whipstock 42 is positioned in a desired cir-
cumferential orientation relative to window joint 36 such
that a window 44 can be milled, drilled or otherwise
formed in window joint 36 in the desired circumferential
direction. As illustrated, window joint 36 is positioned at
a desired intersection between main wellbore 32 and a
branch or lateral wellbore 46. The terms "branch" and
"lateral" wellbore are used herein to designate a wellbore
that is drilled outwardly from its intersection with another
wellbore, such as a parent or main wellbore. A branch or
lateral wellbore may have another branch or lateral well-
bore drilled outwardly therefrom.
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[0020] Even though figure 1 depicts the system for cir-
cumferentially aligning a downhole latch subsystem of
the present invention in a vertical section of a main well-
bore, it should be understood by those skilled in the art
that the system of the present invention is equally well
suited for use in wellbores having other directional con-
figurations including horizontal wellbores, deviated well-
bores, slanted wells, lateral wells and the like. Accord-
ingly, it should be understood by those skilled in the art
that the use of directional terms such as above, below,
upper, lower, upward, downward, uphole, downhole and
the like are used in relation to the illustrative embodi-
ments as they are depicted in the figures, the upward
direction being toward the top of the corresponding figure
and the downward direction being toward the bottom of
the corresponding figure, the uphole direction being to-
ward the surface of the well and the downhole direction
being toward the toe of the well.

[0021] Also, even though the system for circumferen-
tially aligning a downhole latch subsystem of the present
invention is depicted in a main wellbore having a single
lateral wellbore extending therefrom, it should be under-
stood by those skilled in the art that the system of the
present invention can be used in main wellbores having
multiple lateral wellbores each of which may utilize a sys-
tem of the present invention for positioning and orienting
a deflection assembly as each system of the present in-
vention has a non restrictive inner diameter that enables
non mating or non aligned latch assemblies to pass
through a latch coupling.

[0022] Referring now to figure 2, a system for circum-
ferentially aligning a downhole latch subsystem is depict-
ed and generally designated 100. In the illustrated em-
bodiment, a portion of system 100 is constructed as part
of casing string 102. Casing string 102 includes a window
joint 104 that is preferably formed from an easily millable
or drillable material such as aluminum. Even though win-
dow joint 104 has been described as being formed from
an easily millable or drillable material, those skilled in the
art will understand that window joint 104 could alterna-
tively be formed from standard casing or could have a
pre-milled window formed therein. As illustrated, window
joint 104 has a window 106 formed therethrough.
[0023] As best seen in figure 2F, casing string 102 in-
cludes a latch coupling 108 having a latch profile 110.
As best seen in figure 2G, casing string 102 includes a
slot subassembly 112 having a slot profile 114. Downhole
thereof, casing string 102 includes any number of down-
hole tubulars, such as tubular 116, or other downhole
tools. In the illustrated embodiment, window joint 104,
latch coupling 108 and slot subassembly 112 are depict-
ed as being interconnected within casing string 34 prox-
imate one another, however, those skilled in the art will
recognize that other tools or tubulars may alternatively
be interconnected within casing string 102 between win-
dow joint 104, latch coupling 108 and slot subassembly
112. Together, latch coupling 108 and slot subassembly
112 may be referred to as an outer tool string that is
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operable to receive another tool string in the central path-
way therethrough. As explained in further detail below,
latch profile 110 preferably includes a plurality of circum-
ferential alignment elements that are operable to receive
latch keys of a latch assembly therein to locate the latch
assembly in a particular circumferential orientation and
axial position.

[0024] Disposed within casing string 102 is an inner
tool string that is operable to be run into the outer tool
string. In the illustrated embodiment, the inner tool string
includes a deflection assembly depicted as whipstock
118 having a deflector surface 120 operable to direct a
milling or drilling tool into the sidewall of window joint 104
to create a window 106 therethrough. Alternatively, in a
completion embodiment, the deflection assembly would
be a completion deflector operably to direct the desired
completion equipment into the branch wellbore while al-
lowing the desired equipment or fluid to travel in the main
wellbore. Positioned downhole of whipstock 118, the in-
ner tool string includes a latch assembly 122 having a
plurality of latch keys 124 that are depicted as being op-
erably engaged with latch profile 110 of latch coupling
108, as best seen in figure 2F. Positioned downhole of
latch assembly 122, the inner tool string includes an ori-
enting subassembly 126 having a plurality of orienting
keys 128, the upper two of which are depicted as being
operably engaged with slot profile 114 of slot subassem-
bly 112, as best seen in figure 2G. In this configuration
when orienting keys 128 of orienting subassembly 126
have operably engaged slot profile 114 of slot assembly
112 and latch keys 124 of latch assembly 122 have op-
erably engaged latch profile 110 of latch coupling 108,
deflector surface 120 of whipstock 118 is positioned in
the desired circumferential orientation relative to window
joint 104 allowing window 106 to be milled, drilled or oth-
erwise formed in window joint 104 in a drilling embodi-
ment.

[0025] Referring next to figure 3, one embodiment of
a latch coupling for use in a system for circumferentially
aligning a downhole latch subsystem of the present in-
vention is depicted and generally designated 200. Latch
coupling 200 is representative of latch coupling 108 dis-
cussed above. It is noted that each latch coupling may
have a unique latch profile that is different from the latch
profile of another latch coupling. This enables selective
engagement with a matching or mating set of latch keys
in a desired latch assembly. Accordingly, latch coupling
200 is described herein to illustrate the type of elements
and combination of elements that can be used to create
any number of unique latch profiles as contemplated by
the present invention.

[0026] Latch coupling 200 has a generally tubular body
202 having an upper connector 204 and a lower connec-
tor 206 suitable for connecting latch coupling 200 to other
tools or tubulars via a threaded connection, a pinned con-
nection or the like. Latch coupling 200 includes aninternal
latch profile 208 including a plurality of axially spaced
apart recessed grooves 210a-210h that extend circum-
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ferentially about the inner surface of latch coupling 200.
Preferably, recessed grooves 210a-210h extend about
the entire circumferential internal surface of latch cou-
pling 200. Latch profile 208 also includes an upper groove
212 having a lower square shoulder 214 and an upper
angled shoulder 216. Latch profile 208 further includes
a lower groove 218 having a lower angled shoulder 220
and an upper angled shoulder 222.

[0027] Latch profile 208 also has a plurality of circum-
ferential alignment elements depicted as a plurality of
recesses disposed within the inner surface of latch cou-
pling 200. In the illustrated embodiment, there are four
sets of two recesses that are disposed in different axial
and circumferential positions or locations within the inner
surface of latch coupling 200. For example, a first set of
two recesses 224a, 224b (collectively recesses 224) are
disposed within the inner surface of latch coupling 200
at substantially the same circumferential positions and
different axial positions. A second set of two recesses
226a, 226b (collectively recesses 226) are disposed with-
in the inner surface of latch coupling 200 at substantially
the same circumferential positions and different axial po-
sitions. A third set of two recesses 228a, 228b (collec-
tively recesses 228) are disposed within the inner surface
of latch coupling 200 at substantially the same circum-
ferential positions and different axial positions. A fourth
set of two recesses 230a, 230b (collectively recesses
230) are disposed within the inner surface of latch cou-
pling 200 at substantially the same circumferential posi-
tions and different axial positions.

[0028] As shown, recesses 226 are disposed within
the inner surface of latch coupling 200 at a ninety degree
circumferentially interval from recesses 224. Likewise,
recesses 228 are disposed within the inner surface of
latch coupling 200 at a ninety degree circumferentially
interval from recesses 226. Finally, recesses 230 are dis-
posed within the inner surface of latch coupling 200 at a
ninety degree circumferentially interval from recesses
228. Preferably, recesses 224, 226, 228, 230 only par-
tially extend circumferentially about the internal surface
of latch coupling 200.

[0029] Latch profile 208 including the circumferential
alignment elements creates a unique mating pattern op-
erable to cooperate with the latch key profile associated
with a desired latch assembly to axially and circumfer-
entially anchor and orient, for example, a whipstock as-
sembly in a particular desired circumferential orientation
relative to the latch coupling. The specific profile of each
latch coupling can be created by varying one or more of
the elements or parameters thereof. For example, the
thickness, number and relative spacing of the recesses
can be altered.

[0030] Referring next to figure 4, one embodiment of
a slot subassembly for use in a system for circumferen-
tially aligning a downhole latch subsystem of the present
invention is depicted and generally designated 250. Slot
subassembly 250 has a generally tubular body 252 in-
cluding an upper connector 254 and a lower connector
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256 suitable for connecting slot subassembly 250 to other
tools or tubulars via a threaded connection, a pinned con-
nection or the like. Slot subassembly 250 includes an
axially extending internal slot profile 258. In the illustrated
embodiment, slot profile 258 includes a tapered upper
entry 260 and tapered lower entry 262. Preferably, the
circumferentially width of slot profile 258 will substantially
match that of the widest orienting key as described in
greater detail hereinbelow. The length of slot profile 258
is preferably at least long enough such that at least one
ofthe orienting keys remains within slot profile 258 during
alignment operations as described in greater detail here-
inbelow.

[0031] Referring next to figures 5-6, one embodiment
of a latch assembly for use in a system for circumferen-
tially aligning a downhole latch subsystem of the present
invention is depicted and generally designated 300.
Latch assembly 300 has an outer housing 302 including
an upper housing 304 having an upper connector 306
suitable for coupling latch assembly 300 to other tools or
tubulars via a threaded connection, a pinned connection
or the like. Outer housing 302 includes a key housing
308 having four circumferentially distributed, axially ex-
tending key windows 310. Outer housing 302 also includ-
ing a lower housing 312 having a lower connector 314
suitable for coupling latch assembly 300 to other tools or
tubulars via a threaded connection, a pinned connection
or the like. Disposed within key housing 308 is a plurality
of spring operated latch keys 316 that are operable to
partially extend through key windows 310. Latch keys
316 are radially outwardly biased by upper and lower
Belleville springs 318, 320 that urge upper and lower con-
ical wedges 322, 324 under latch keys 316.

[0032] Each of the latch keys 316 has a unique key
profile, such as key profile 326, that enables the anchor-
ing and orienting functions of latch assembly 300 with a
mating latch coupling having the appropriate latch profile.
Asiillustrated, key profile 326 includes a plurality of radial
variations that must correspond with mating radial por-
tions of a latch profile in order for a latch key 316 to op-
erably engage with or snap into that latch profile. In order
for each of the latch keys 316 to operably engage with a
latch profile, the latch assembly 300 must be properly
axially positioned within the mating latch coupling and
properly circumferentially oriented within the mating latch
coupling. For example, key profile 326 may mate with
the portion of latch profile 208 having recesses 230, de-
scribed above. In this manner, the axial location and cir-
cumferential orientation of a device, such as a deflection
assembly, that is coupled to or operably associated with
latch assembly 300 can be established.

[0033] Referring next to figures 7A-8B, one embodi-
ment of an orienting subassembly for use in a system for
circumferentially aligning a downhole latch subsystem of
the present invention is depicted and generally designat-
ed 350. Orienting subassembly 350 has an outer housing
352 including an upper connector 354 suitable for cou-
pling orienting subassembly 350 to othertools ortubulars
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via a threaded connection, a pinned connection or the
like. Outer housing 352 includes an upper key housing
356 having a key window 358, a middle key housing 360
having a key window 362 and three lower key housings
364, 368, 372 having, respectively, key windows 366,
370, 374. Outer housing 352 also including a lower con-
nector 376 suitable for coupling orienting subassembly
350 to other tools or tubulars via a threaded connection,
a pinned connection or the like.

[0034] Operably associated with upper key housing
356 is a spring operated orienting key 378 thatis operable
to partially extend through key window 358. Orienting key
378 is radially outwardly biased by a plurality of springs
380 disposed between upper key housing 356 and ori-
enting key 378. Operably associated with middle key
housing 360 is a spring operated orienting key 382 that
is operable to partially extend through key window 362.
Orienting key 382 is radially outwardly biased by a plu-
rality of springs 384 disposed between middle key hous-
ing 360 and orienting key 382. Operably associated with
lower key housing 364 is a spring operated orienting key
386 that is operable to partially extend through key win-
dow 366. Orienting key 386 is radially outwardly biased
by a plurality of springs 388 disposed between lower key
housing 364 and orienting key 386. Operably associated
with lower key housing 368 is a spring operated orienting
key 390 that is operable to partially extend through key
window 370. Orienting key 390 is radially outwardly bi-
ased by a plurality of springs 392 disposed between lower
key housing 368 and orienting key 390. Operably asso-
ciated with lower key housing 372 is a spring operated
orienting key 394 that is operable to partially extend
through key window 374. Orienting key 394 is radially
outwardly biased by a plurality of springs 396 disposed
between lower key housing 372 and orienting key 394.

[0035] Intheillustrated embodiment, each of the lower
orienting keys 386, 390, 394 has a first circumferential
width, middle orienting key 382 has a second circumfer-
ential width and upper orienting key 378 has a third cir-
cumferential width. The first circumferential width is less
than the second circumferential width and the second
circumferential width is less than the third circumferential
width. In this manner, the width of the orienting keys be-
comes progressively larger from lower orienting keys
386, 390, 394 to upper orienting key 378. The benefit of
this configuration will be described hereinbelow. In addi-
tion, each of the orienting keys 378, 382, 386, 390, 394
has a tapered leading and trailing edge, the benefit of
which will be described hereinbelow.

[0036] The operation of a system for circumferentially
aligning a downhole latch subsystem of the present in-
vention will now be described. An outer tool string includ-
ing a window joint, a latch coupling and a slot subassem-
bly are interconnected in a casing string and the casing
string is run into, for example, the main wellbore. Follow-
ing completion, if desired, of any zones downhole of the
window joint, an inner tool string including a deflection
assembly, a latch assembly and an orienting subassem-
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bly is run into the casing string. Preferably, the orienting
keys of the orienting subassembly are circumferentially
aligned with a specific and known latch key of the latch
assembly such as the firstlatch key of the latch assembly.
Theinnertool stringis moved downhole via a conveyance
such as a jointed tubing string until the latch assembly is
on depth with the latch coupling. This operation is indi-
cated by a weight signal on the surface. The inner tool
string is then picked up a predetermined distance such
that at least one of the lower orienting keys is axially
aligned with the slot profile of the slot subassembly. In
this configuration, the inner tool string is rotated within
the casing string to rotate the orienting subassembly rel-
ative to the slot subassembly until at least one lower ori-
enting key operably engages or snaps into the slot profile.
[0037] Asdescribedabove, as the lower orienting keys
have arelatively narrow circumferential width, the atleast
one lower orienting key axially aligned with the slot profile
easily enters the slot profile without interference with the
sides of the slot profile even as the inner tool string is
rotated. Once at least one of the lower orienting key has
operably engaged the slot profile, a torque signal is re-
ceived at the surface. Due to the relatively long axial
length of the orienting keys, the allowable torque between
the orienting key or keys of the orienting subassembly
and the slot profile of the slot subassembly is much great-
er than the previously allowable torque between the latch
keys of a latch assembly and the latch profile of a latch
coupling. As such, the risk of over stressing the latch
keys or releasing the latch assembly from the latch cou-
pling during circumferential orientation is alleviated.
[0038] When atleastone of the lower orienting key has
operably engaged the slot profile, coarse circumferential
prealignment of the latch keys with the latch profile is
achieved and the inner tool string may be moved down-
hole. As this downhole movement occurs, the middle ori-
enting key enters the slot profile. As the middle orienting
key has a circumferential width greater than that of the
lower orienting keys, improved circumferential prealign-
ment of the latch keys with the latch profile is achieved.
As further downhole movement occurs, the upper orient-
ing key enters the slot profile. As the upper orienting key
has a circumferential width greater than that of the middle
orienting keys, fine circumferential prealignment of the
latch keys with the latch profile is achieved. The tapered
leading and trailing edges of the orienting keys as well
as the tapered upper entry and lower entry of the slot
profile aid in the axial movement of the orienting keys
through the slot profile.

[0039] Further downhole movement of the inner tool
string within the outer tools string axially aligns the latch
assembly with the latch coupling. Due to the circumfer-
ential prealignment of the latch keys with the latch profile
and particularly the fine circumferential prealignment of
the latch keys with the latch profile achieved by the upper
orienting key in the slot profile, the latch keys operably
engage the latch profile with little or no rotation of the
inner tool string. In this configuration, the latch keys ax-
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ially and circumferentially anchor the latch assembly
within the latch coupling. Alternatively, the latch keys may
axially anchor the latch assembly within the latch cou-
pling while the upper orienting key in the slot profile may
provide circumferential anchoring. In either case, when
the latch keys of the latch assembly have operably en-
gaged the latch profile of the latch coupling, the deflection
assembly is positioned in a desired circumferential ori-
entation relative to the window joint such that a window
can be milled, drilled or otherwise formed in window joint
in the desired circumferential direction.

[0040] While this invention has been described with
reference to illustrative embodiments, this description is
not intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative embod-
iments as well as other embodiments of the invention will
be apparent to persons skilled in the art upon reference
to the description. It is, therefore, intended that the ap-
pended claims encompass any such modifications orem-
bodiments.

Claims

1. A system for circumferentially aligning a downhole
latch subsystem (100) in awellbore, the system com-
prising:

a casing string (102) positionable in the well-
bore;

a latch coupling (108) interconnected in the cas-
ing string (102), the latch coupling having a latch
profile (110);

a slot subassembly (112) interconnected in the
casing string, the slot subassembly having an
axially extending slot profile (114);

atool string positionable within the casing string;
alatch assembly (122) interconnected in the tool
string, the latch assembly having a plurality of
latch keys (124); and

an orienting subassembly (126) interconnected
in the tool string, the orienting subassembly hav-
ing a plurality of orienting keys (128) distributed
axially along the orienting subassembly (126),
wherein, after axial alignment of the orienting
subassembly (126) with the slot subassembly
(112), rotation of the orienting subassembly
(126) causes operable engagement of at least
one orienting key (128) with the slot profile (114)
and, thereafter, axial alignment of the latch as-
sembly (122) with the latch coupling (108) caus-
es operable engagement of the latch keys (124)
with the latch profile (110).

2. A system as recited in claim 1, wherein the plurality
of latch keys (124) further comprises a plurality of
circumferentially distributed latch keys; and option-
ally wherein each of the latch keys further comprises
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axial anchor elements and circumferential anchor el-
ements and wherein the circumferential anchor ele-
ments of each latch key are different from the cir-
cumferentialanchor elements of the other latch keys.

A system as recited in claim 1, wherein at least some
of the plurality of axially distributed orienting keys
(128):

(i) become progressively circumferentially wider
from the downhole end to the uphole end of the
orienting subassembly (126); or

(ii) have a tapered leading edge or a tapered
trailing edge.

A method for circumferentially aligning a downhole
latch subsystem (100) in a wellbore, the method
comprising:

positioning a casing string (102) in the wellbore,
the casing string including a latch coupling (108)
having a latch profile (110) and a slot subassem-
bly (112) having an axially extending slot profile
(114);

running a tool string into the casing string, the
tool string including a latch assembly (122) hav-
ing a plurality of latch keys (124) and an orienting
subassembly (126) having a plurality of orienting
keys (128) distributed axially along the orienting
subassembly (126);

axially aligning the orienting subassembly (126)
with the slot subassembly (112);

rotating the tool string within the casing string to
rotate the orienting subassembly (126) relative
to the slot subassembly (112);

operably engaging at least one orienting key
(128) with the slot profile (114); and

axially aligning the latch assembly (122) with the
latch coupling (108), thereby operably engaging
the latch keys (124) with the latch profile (110).

5. A method as recited in claim 4, wherein operably

engaging at least one orienting key (128) with the
slot profile (114) further comprises providing coarse
circumferential prealignment of the latch keys (124)
with the latch profile (110).

A method as recited in claim 5, wherein axially align-
ing the latch assembly (122) with the latch coupling
(108) further comprises axially sliding at least some
of the orienting key (128) through the slot profile
(114).

A method as recited in claim 6, wherein sliding at
least some of the orienting key (128) through the slot
profile (114) further comprises providing fine circum-
ferential prealignment of the latch keys (124) with
the latch profile (110).
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8. A method as recited in claim 4, wherein operably

engaging the latch keys (124) with the latch profile
(110) further comprising axially and circumferentially
anchoring the latch keys (124) within the latch profile
(110).

Patentanspriiche

System zum umfangsseitigen Ausrichten eines
Bohrlochverriegelungsteilsystems (100) in einem
Bohrloch, wobei das System umfasst:

einen Futterrohrstrang (102), der in dem Bohr-
loch anordenbar ist;

eine Verriegelungskupplung (108), die in dem
Futterrohrstrang (102) verbunden ist, wobei die
Verriegelungskupplung ein Verriegelungsprofil
(110) aufweist;

eine Schlitzteilanordnung (112), die in dem Fut-
terrohrstrang (102) verbunden ist, wobei die
Schlitzteilanordnung ein axial verlaufendes
Schlitzprofil (114) aufweist;

einen Werkzeugstrang, der in dem Futterrohr-
strang anordenbar ist;

eine Verriegelungsanordnung (122), die in dem
Werkzeugstrang verbunden ist, wobei die Ver-
riegelungsanordnung eine Vielzahl von Verrie-
gelungskeilen (124) aufweist; und

eine Orientierungsteilanordnung (126), die in
dem Werkzeugstrang verbunden ist, wobei die
Orientierungsteilanordnung eine Vielzahl von
Orientierungskeilen (128) aufweist, die axial
entlang der Orientierungsteilanordnung (126)
verteilt sind,

wobei nach axialem Ausrichten der Orientie-
rungsteilanordnung (126) an der Schlitzteilan-
ordnung (112) eine Drehung der Orientierungs-
teilanordnung (126) einen Wirkeingriff wenigs-
tens eines Orientierungskeils (128) in dem
Schlitzprofil (114) herbeiftihrt und danach eine
axiale Ausrichtung der Verriegelungsanord-
nung (122) an der Verriegelungskupplung (108)
einen Wirkeingriff der Verriegelungskeile (124)
in dem Verriegelungsprofil (110) herbeifiihrt.

2. System nach Anspruch 1, wobei die Vielzahl von

Verriegelungskeilen (124) ferner eine Vielzahl von
umfangsseitig verteilten Verriegelungskeilen um-
fasst; und gegebenenfalls wobei jeder der Verriege-
lungskeile ferner axiale Ankerelemente und um-
fangsseitige Ankerelemente umfasst und wobei sich
die umfangsseitigen Ankerelemente jedes Verriege-
lungskeils von den umfangsseitigen Ankerelemen-
ten der anderen Verriegelungskeile unterscheiden.

System nach Anspruch 1, wobei wenigstens einige
der Vielzahl von axial verteilten Orientierungskeilen
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(128):

(i) vom im Bohrloch untenliegenden Ende zum
im Bohrloch obenliegenden Ende der Orientie-
rungsteilanordnung (126) zunehmend im Um-
fang breiter werden; oder

(i) eine schrage Vorderkante oder eine schrage
Hinterkante aufweisen.

einer feinen umfangsseitigen Vorausrichtung der
Verriegelungskeile (124) an dem Verriegelungsprofil
(110) umfasst.

Verfahren nach Anspruch 4, wobei das wirksame
Ineingriffnehmen der Verriegelungskeile (124) in
dem Verriegelungsprofil (110) ferner ein axiales und
umfangsseitiges Verankern der Verriegelungskeile
(124) in dem Verriegelungsprofil (110) umfasst.

4. Verfahren zum umfangsseitigen Ausrichten eines 10
Bohrlochverriegelungsteilsystems (100) in einem

Bohrloch, wobei das Verfahren umfasst: Revendications

Anordnen eines Futterrohrstrangs (102) in dem 1. Systéme permettant d’aligner circonférentiellement
Bohrloch, wobei der Futterrohrstrang eine Ver- 15 un sous-systéme de verrou de fond de puits (100)
riegelungskupplung (108) mit einem Verriege- dans un puits de forage, le systéeme comprenant :
lungsprofil (110) und eine Schlitzteilanordnung
(112) mit einem axial verlaufenden Schlitzprofil une colonne de cuvelage (102) qui peut étre po-
(114) beinhaltet; sitionnée dans le puits de forage ;
Einfiihren eines Werkzeugstrangs inden Futter- 20 un accouplement de verrou (108) interconnecté
rohrstrang, wobeider Werkzeugstrang eine Ver- dans la colonne de cuvelage (102), 'accouple-
riegelungsanordnung (112) mit einer Vielzahl ment de verrou ayant un profil de verrou (110) ;
von Verriegelungskeilen (124) und eine Orien- un sous-ensemble de fente (112) interconnecté
tierungsteilanordnung (126) mit einer Vielzahl dans la colonne de cuvelage, le sous-ensemble
von Orientierungskeilen (128), die axial entlang 25 de fente ayant un profil de fente se prolongeant
der Orientierungsteilanordnung (126) verteilt axialement (114) ;
sind, beinhaltet; un train d’outils qui peut étre positionné a l'inté-
axiales Ausrichten der Orientierungsteilanord- rieur de la colonne de cuvelage ;
nung (126) an der Schlitzteilanordnung (112); un ensemble verrou (122) interconnecté dans
Drehen des Werkzeugstrangs in dem Futter- 30 le train d’outils, 'ensemble verrou ayant une plu-
rohrstrang zum Drehen der Orientierungsteila- ralité de clés de verrou (124) ; et
nordnung (126) beziiglich der Schlitzteilanord- un sous-ensemble d’orientation (126) intercon-
nung (112); necté dans le train d’outils, le sous-ensemble
wirksames Ineingriffnehmen wenigstens eines d’orientation ayant une pluralité de clés d’orien-
Orientierungskeils (128) in dem Schlitzprofil 35 tation (128) distribuée axialement le long du
(114); und sous-ensemble d’orientation (126),
axiales Ausrichten der Verriegelungsanordnung dans lequel, aprés alignement axial du sous-en-
(122) an der Verriegelungskupplung (108), wo- semble d’orientation (126) avec le sous-ensem-
durch die Verriegelungskeile (124) in dem Ver- ble de fente (112), la rotation du sous-ensemble
riegelungsprofil (110) in Wirkeingriffgenommen 40 d’orientation (126) entraine une mise en prise
werden. fonctionnelle d’au moins une clé d’orientation
(128) avec le profil de fente (114) et, par la suite,
Verfahren nach Anspruch 4, wobei das wirksame un alignement axial de 'ensemble verrou (122)
Ineingriffnehmen wenigstens eines Orientierungs- avec l'accouplement de verrou (108) entraine
keils (128) in dem Schlitzprofil (114) ferner ein Be- 45 une mise en prise fonctionnelle des clés de ver-
reitstellen einer groben umfangsseitigen Voraus- rou (124) avec le profil de verrou (110).
richtung der Verriegelungskeile (124) an dem Ver-
riegelungsprofil (110) umfasst. Systeme selon la revendication 1, dans lequel la plu-
ralité des clés de verrou (124) comprend également
Verfahren nach Anspruch 5, wobei das axiale Aus- 50 une pluralité de clés de verrou distribuée
richten der Verriegelungsanordnung (122) an der circonférentiellement ; et éventuellement dans le-
Verriegelungskupplung (108) ferner ein axiales Glei- quel chacune des clés de verrou comprend égale-
ten wenigstens eines Teils des Orientierungskeils ment des éléments d’ancrage axiaux et des élé-
(128) durch das Schlitzprofil (114) umfasst. ments d’ancrage circonférentiels et dans lequel les
55 éléments d’ancrage circonférentiels de chaque clé

Verfahren nach Anspruch 6, wobei das Gleiten we-
nigstens eines Teils des Orientierungskeils (128)
durch das Schlitzprofil (114) ferner in Bereitstellen

de verrou sontdifférents des éléments d’ancrage cir-
conférentiels des autres clés de verrou.
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3. Systéme selon la revendication 1, dans lequel au

moins quelques-unes de la pluralité des clés d’orien-
tation (128) distribuée axialement :

(i) deviennent progressivement circonférentiel-
lement plus larges a partir de I'extrémité de fond
de puits vers I'extrémité du haut de puits du
sous-ensemble d’orientation (126) ; ou

(ii) a un bord d’attaque pointu ou un bord de fuite
pointu.

4. Procédé permettant d’aligner circonférentiellement

un sous-systeme de verrou de fond de puits (100)
dans un puits de forage, le procédé comprenant :

le positionnement d’'une colonne de cuvelage
(102) dans le puits de forage, la colonne de cu-
velage comprenant un accouplement de verrou
(108) ayant un profil de verrou (110) et un sous-
ensemble de fente (112) ayant un profil de fente
se prolongeant axialement (114) ;

la descente d’un train d’outils dans la colonne
de cuvelage, le train d’outils comprenant un en-
semble verrou (122) ayant une pluralité de clés
de verrou (124) et un sous-ensemble d’orienta-
tion (126) ayant une pluralité de clés d’orienta-
tion (128) distribuée axialement le long du sous-
ensemble d’orientation (126) ;

I'alignement axial du sous-ensemble d’orienta-
tion (126) avec le sous-ensemble de fente
(112);

la rotation du train d’outils a l'intérieur de la co-
lonne de cuvelage pour faire pivoter le sous-en-
semble d’orientation (126) par rapport au sous-
ensemble de fente (112) ;

la mise en prise fonctionnelle d’au moins une
clé d’orientation (128) avec le profil de fente
(114) ; et

'alignement axial de I'ensemble verrou (122)
avec I'accouplement de verrou (108), pour ainsi
mettre en prise fonctionnelle les clés de verrou
(124) avec le profil de verrou (110).

Procédé selon larevendication 4, dans lequel la mise
en prise fonctionnelle d’au moins une clé d’orienta-
tion (128) avec le profil de fente (114) comprend éga-
lement la fourniture d’'un préalignement circonféren-
tielle grossiére des clés de verrou (124) avec le profil
de verrou (110).

Procédé selon la revendication 5, dans lequel I'ali-
gnement axial de 'ensemble verrou (122) avec l'ac-
couplement de verrou (108) comprend également le
coulissement axial d’au moins une partie de la clé
d’orientation (128) a travers le profil de fente (114).

Procédé selon larevendication 6, dans lequel le cou-
lissement d’au moins une partie de la clé d’orienta-
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10

tion (128) a travers le profil de fente (114) comprend
également la fourniture d’'un préalignement circon-
férentielle fine des clés de verrou (124) avec le profil
de verrou (110).

Procédé selonlarevendication 4, dans lequellamise
en prise fonctionnelle des clés de verrou (124) avec
le profil de verrou (110) comprend également I'an-
crage axial et circonférentiel des clés de verrou (124)
a l'intérieur du profil de verrou (110).
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