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(57) Abréegée/Abstract:

Selective and non-selective lock mandrel assemblies include a lock mandrel affixing to a running tool. A collet on the tool holds an
iInner mandrel In a downhole position In the lock mandrel. For the non-selective assembly, a biased key on the lock mandrel
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(57) Abrege(suite)/Abstract(continued):

extends Iinto a nipple profile, and shoulders on the key and profile stop further run-in. Operators shear a first shear pin on the
running tool by jarring down, and the collet moves and releases its hold on the inner mandrel. Freed, the inner mandrel biased by a
spring moves to an uphole position, and a flange fits behind the extended key to lock it In the profile. For the selective assembly, the
blased key Is held retracted until activated using locator dogs on the running tool to engage a transition when running uphole. Once
the lock mandrel Iis set, operators detach the running tool from it.
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(57) Abstract: Selective and non-selective lock mandrel assemblies include a lock mandrel atfixing

FIG. 3C

to a running tool. A collet on the tool holds an inner mandrel in a downhole position i the lock
mandrel. For the non-selective assembly, a biased key on the lock mandrel extends into a nipple
profile, and shoulders on the key and profile stop further run-m. Operators shear a first shear pin on
the running tool by jarring down, and the collet moves and releases its hold on the inner mandrel.
Freed, the mner mandrel biased by a spring moves to an uphole position, and a flange fits behind
the extended key to lock 1t in the profile. For the selective assembly, the biased key 1s held retracted
until activated using locator dogs on the running tool to engage a transition when running uphole.
Once the lock mandrel is set, operators detach the running tool from it.
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SELECTIVE AND NON-SELECTIVE LOCK MANDREL ASSEMBLY
HAVING UPWARD BIASED INNER SLEEVE

BACKGROUND
[0001] Lock mandrels can be used to support difterent tlow accessories needed
for well control downhole. Typically, the accessory attaches to the lower end of
the lock mandrel, and a running tool 1s located within the lock mandrel from the
upper end to run the mandrel and accessory downhole. Then, the lock mandrel
with accessory 18 run-in and set 1n the well. Once positioned 1n the well, the
running tool 1s removed, the lock mandrel anchors and seals the accessory 1n
position 1n the well’s tubing string.
[0002]  One type of prior art lock mandrel 10 1s shown in Figures 1A-1B 1n
unlocked and locked conditions. This lock mandrel 10 18 commonly referred to as
an “Otis X”” lock mandrel or standard style lock mandrel with collapsing fishing
neck. The lock mandrel 10 1s stmilar to that disclosed in U.S. Pat. No. 4,396,061
to Tamplen et al. As shown, the lock mandrel 10 has a tubular body with a
packing element 13 and a retainer sleeve 14 disposed thereon. Locking dogs 20
are carried by the retainer sleeve 14, and a locking sleeve 16 can move on the
body 12 within the retainer sleeve 14 between a retracted position (Fig. 1A) and a
locked position (Fig. 1B). As in Figure 1A, a flange 17 on the retracted locking
sleeve 16 1s moved away from the dogs 20. However, when moved to the locked
position (Fig. 1B), the flange 17 expands the dogs 20 outward to engage in a
nipple profile.
[0003] In use, the lock mandrel 10 is assembled 1n a run-1n condition (Fig. 1A)
on a running tool (not shown), and the assembly 1s run into a well bore on a
wireline. The spring 24 biases the locking dogs 20 inwardly so that the dogs
remain retracted. Eventually, the locking mandrel 10 lowers below a landing
nipple 1n which 1t 1s to be landed. At this point, operators lift the lock mandrel 10
above the landing nipple profile 30 and then lower 1t again toward the landing
nipple. This lowering of the lock mandrel 10 causes the locking sleeve 16 to be
moved downwardly to an intermediate position so that the spring 24 urges the

locking dogs 20 outwardly against the wall of the flow conductor.
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[0004] Operators then continue lowering the lock mandrel 10 until the dogs 20
engage the landing nipple profile 30. When engaged, shoulders 22 on the dogs 20
mate with a comparable shoulder 32 on the landing nipple’s profile 30.
Downward jarring forces then drive the locking sleeve 16 downwardly to the
locked position (Fig. 1B). At this point, the locking sleeve 16 supports the dogs
20 1n their extended position locked 1nto the landing nipple’s profile 30.

[0005] Another type of prior art lock mandrel 50 1s shown 1n Figure 2. This
lock mandrel 50 1s commonly referred to as a “uniset” lock mandrel and 1s similar
to that disclosed m U.S. Pat. No. 4,883,121 to Zwart. Rather than having a
downwardly travelling mner sleeve or mandrel, this type of lock mandrel 50 uses
an upwardly travelling inner mandrel 70. As shown, the lock mandrel 50 has the
inner mandrel 70 located within a body 60 of the lock mandrel 50. The mner
mandrel 70 can move between an upward position (as shown) and a downward
position. In the downward position, a flange 72 on the inner mandrel 70 pushes
lockout keys 78 outward to engage n a nipple profile.

[0006] In use, a running tool (not shown) holds the mner mandrel 70 down so
the lockout keys 78 can retract within the main body 60. When run-in to a setting
depth down the tubing string, the lock mandrel 50 stops against a no-go restriction
in the tubing. Operators jar downwards to shear pins (not shown) on the setting
tool, and fingers 74 on the mner mandrel disengage from a collet on the running
tool. This releases the inner mandrel 70 to move upward by the bias of a spring
76, and the fingers 74 move out of a lower groove 62 1n the body 60.

[0007] At this point, however, the lockout keys 78 are not in line with a profile
in a landing nipple so the keys 78 cannot expand until the lock mandrel 50 has
been lifted from the no-go. Accordingly, operators lift the lock mandrel 50 from
the no-go restriction. When the keys 78 reach the landing nipple’s profile, the
iner mandrel 70 moves upward by the bias of spring 76 until the fingers 74 reach
an upper groove 64. The flange 72 can then hold the expanded keys 78 in the
nipple profile to support the lock mandrel 50. Operators then jar upwards on the
running tool to shear it free from the set lock mandrel 50.

[0008] These two types of lock mandrels 10/50 have been used for many years.

Yet, they still do not meet all of the challenges encountered 1n wells.
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Unfortunately, the lock mandrel 50 of Figure 2 requires the use of a no-go
restriction downhole to activate the mandrel 50. Using such a restriction may not
always be available or preferred n a given implementation. In the lock mandrel
10 of Figures 1A-1B, friction from the upward-flowing fluids can push upward
against the mandrel’s mner components, which may be undesirable. For this
reason, various retention features, such as shear pins or snap rings, have been used
on this type of lock mandrel 10.

[0009] The subject matter of the present disclosure 1s directed to overcoming, or

at least reducing the effects of, one or more of the problems set forth above.

SUMMARY
[0010]  Selective and non-selective lock mandrel assemblies disclosed herein
overcome problems caused by upward flow tending to open the lock mandrel. In
the disclosed assemblies, the lock mandrel has a spring loaded, upward moving
iner mandrel. Upward flow 1n the lock mandrel acts to set the inner mandrel
further rather than unset 1t. In this way, the inner mandrel can better hold the keys
locked 1n a landing nipple profile.
[0011]  In one arrangement, the lock mandrel 1s non-selective and sets 1n the first
existing nipple profile encountered during run-in. In another arrangement, the
lock mandrel 1s selective and can be selectively set 1n an existing nipple profile as
desired. Thus, this selective arrangement allows multiple nipples with the same
minimum internal diameter to be used downhole rather than requiring a tapered
completion. Because the disclosed assemblies can be used 1n existing landing
nipples, there 1s no need to design nipple profiles.
[0012)  In the non-selective arrangement, a housing of a lock mandrel affixes to
a running tool using shear pins. Installed in the lock mandrel, the running tool has
a collet that holds an inner mandrel 1n a downhole position within the housing,
Operators run in the lock mandrel with the running tool downhole. Being non-
selective, a biased key on the lock mandrel moves to an extended condition when
reaching a landing nipple profile. At this point, a downhole-facing shoulder on
the biased key engages against an uphole-facing shoulder of the landing nipple

profile to stop further run-in of the lock mandrel.
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[0013] With the mandrel landed, operators shear a first shear pin on the running
tool by jarring downhole. This allows portion of the running tool to move the
collet and release 1ts hold on the inner mandrel. Consequently, the inner mandrel
biased by a spring moves to an uphole position 1n the housing, and a flange on the
mner mandrel fits behind the extended key to lock it in the landing nipple profile.
Finally, operators shear a second shear pin on the running tool by jarring uphole
on the running tool so that the running tool can be retrieved from the lock mandrel
set 1n the landing nipple.

[0014]  In the selective arrangement, the housing of the lock mandrel has a
fishing neck 1n which fishing neck dogs of the running tool engage to hold the
lock mandrel during run-in. As before, a collet on the running tool holds the inner
mandrel 1n the downhole position. For selective operation, a portion of the lock
mandrel temporarily holds the key 1n a retracted condition, which allows the lock
mandrel to be run through various landing nipples.

[0015]  To 1install the lock mandrel in a desired landing nipple, operators run in
the lock mandrel until the key passes the landing nipple profile and locator dogs
pass a transition. By then running up the lock mandrel with the running tool, the
spring biased locator dogs on the running tool engage the transition, and the
running tool 1s shifted to a non-selective condition with further movement upward.
For example, when the dogs engage the transition, the inner mandrel held by the
tool’s collet shifts slightly and releases 1ts hold on the biased key of the lock
mandrel.

[0016]  Once released, the biased key can move toward 1ts extended condition,
although the surrounding wall of the landing nipple may prevent it. With the
biased key downhole from the nipple profile, operators continue running the lock
mandrel uphole until the biased key passes the profile. Once the key 1s above the
profile, operators then run in the lock mandrel again and engage the biased key
against the profile. At this point, a downhole-facing shoulder on the biased key
engages against an uphole-facing shoulder of the landing nipple profile to stop
further run-in of the lock mandrel.

[0017]  Operators shear a shear pin on the running tool by jarring downhole.

This allows of the collet on the running tool to move and release 1ts hold on the
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inner mandrel. The released inner mandrel biased by a spring moves to an uphole
position 1n the housing. When moved uphole, a flange on the mner mandrel fits
behind the extended key and locks 1t in the landing nipple profile. Freed due to
the shearing, the core moves down, and a groove on the core reaches the fishing
neck dog on the outer sleeve. The fishing neck dog then disengages from the
fishing neck by retracting into the groove. At this point, operators pull up on the
running tool to remove the retracted fishing neck dog from the tool’s fishing neck
and retrieve the running tool to surface.

[0018]  The foregoing summary 1s not intended to summarize each potential

embodiment or every aspect of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Figs. 1A-1B show a lock mandrel according to the prior art in unlocked
and locked conditions.
[0020] Fig. 2 1s a cross-sectional view of another lock mandrel according to the
prior art.
[0021]  Figs. 3A-3B are cross-sectional views of a lock mandrel for a non-
selective assembly according to the present disclosure in a run-in and a set
condition.
[0022] Fig. 3C shows the lock mandrel of Figs. 3A-3B landed 1n a landing
nipple.
[0023] Fig. 415 a cross-sectional view of a landing nipple for the disclosed lock
mandrel.
[0024] Fig. 5 1s a cross-sectional view of a running tool for the non-selective
lock mandrel assembly.
[0025] Fig. 6 1s a process for running 1n the non-selective lock mandrel
assembly.
[0026]  Figs. 7A-7D show the non-selective lock mandrel assembly during run-
In procedures.
[0027] Fig. 8 18 a cross-sectional view of a selective lock mandrel assembly and

running tool according to the present disclosure.
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[0028] Fig. 9 shows a perspective view of an inner mandrel for the selective
lock mandrel assembly.

[0029] Fig. 10 1s a process for running-in the selective lock mandrel assembly of
Fig. 8.

[0030] Figs. 11A-11F show the selective lock mandrel assembly during run-in
procedures with the running tool.

[0031]  Fig. 12 1s a process for retrieving the disclosed lock mandrel.

[0032] Fig. 13 1s a cross-sectional view of a retrieval tool for the disclosed lock
mandrel.

[0033] Figs. 14A-14C show the disclosed lock mandrel during retrieval

procedures with the retrieval tool.

DETAILED DESCRIPTION
A. Non-Selective Assembly
[0034] Referring to Figures 3A through 7D, a non-selective lock mandrel
assembly 80 according to certain teachings of the present disclosure includes a
lock mandrel 100 (Figs. 3A-3B) and a running tool 160 (Fig. 5). The running tool
160 15 used to run-in the lock mandrel 100 and set 1t in a landing nipple 150 (Fig.
4).
1. Lock Mandrel and Running Tool
[0035] The lock mandrel 100 1llustrated in Figures 3A-3B has a tubular housing
110 with a fishing neck 114 attached on its uphole end. An mner mandrel 120
disposes 1n the housing’s bore 112, and the bias of a spring 128 can move the
inner mandrel 120 1n the bore 112. Inner fingers 124 on the mandrel 120 have
heads 126 that dispose partially in the mandrel’s bore 122 and partially m grooves
116/118 on the body’s bore 112.
[0036) One or more biased keys 130 fit in windows 111 m the housing 110 and
can move between a retracted condition (Fig. 3A) and extended condition (Fig.
3B) by the movement of the inner mandrel 120. Preferably, the lock mandrel 100
uses several such biased keys 130 disposed about 1ts circumference. To bias the
key, a spring 136 affixed to the mside of the key 130 biases the key 130 away

from the mandrel 120.
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[0037] When the mandrel 120 positions downward 1n the lock mandrel’s
housing 110 as shown m Figure 3A, a flange or lip 123 on the end of the mandrel
120 1s moved away from the keys 130. This permits the keys 130 to retract in the
windows 111 against the smaller diameter waist of the inner mandrel 120 as a
surrounding wall of a tubular or the like (not shown) pushes against the bias of the
spring 136. When the mandrel 120 positions upward 1n the lock mandrel’s
housing 110 as shown 1n Figure 3B, however, the flange 123 on the end of the
mandrel 120 1s moved behind the keys 130. This pushes the keys 130 to an
extended condition in the windows 111. Further details of the lock mandrel 100
are discussed below with reference to its deployment and retrieval.
[0038] As shown in Figure 3C, the lock mandrel 100 installs 1n a landing nipple
150 disposed downhole on a tubing string (not shown). The lock mandrel 100 can
be used to support any number of flow control devices 1n the tubing. Although
not shown m Figure 3C, the tlow control devices can include an equalizing
assembly (See e.g., 140; Fig. 7A), pump-open plug, flow sub, test/blank caps, etc.
[0039] Shown 1n 1solation in Figure 4, the landing nipple 150 defines an inner
bore 152 with a profile 153 for locking the lock mandrel (100) theremn. As shown,
this profile 153 is an X" profile. (X" is a registered trademark of Halliburton
Energy Services, Inc.) Further details of the landing nipple 150 are discussed
below with reference to the run-in procedure. For its part, the running tool 160
shown 1n Figure 5 runs the disclosed lock mandrel (100) 1n the landing nipple
(150). Further details of the running tool 160 are provided below with reference
to the deployment of the disclosed lock mandrel.

2. Run-in Procedure
[0040) Turning now to the run-in procedure, the lock mandrel 100 1s first
prepared and affixed to the running tool 160. Initially, the mner mandrel 120 1s
cocked mside the housing 110. For example, operators insert a punch (not shown)
into a punch hole 115¢ 1 the housing 110 as shown in Figure 3A. Once inserted,
this punch 1n the hole 115¢ can engage the end cap 125 and hold the inner mandrel
120 m place in the housing 110.
[0041]  Once the mner mandrel 120 1s cocked and held by the punch, the running

tool 160 and accessories are made up to the lock mandrel 100. (Fig. 7A shows the
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assembly 80 having the lock mandrel 100, equalizing assembly 140, and running
tool 160 being made up together.) In this example, the running tool 160 includes
a running prong 168 for engaging the equalizing assembly 140 when 1nstalled on
the lock mandrel 100, but this depends on the accessory used and 1s not necessary
In a given implementation.

[0042] While holding the tool’s shear sleeve 164 1n place, operators pull the top
sub 162a up until a groove aligns with the top of the shear sleeve 164 indicating
proper positioning. At this point, operators insert shear pins 185a-b in the fishing
neck 114 and tool 160. In particular, two sets of longitudinally spaced shear pins
185a-b msert through co-axial openings 115a-b 1n the fishing neck 114 and nto a
shear off sub portion of the running tool 160. As shown 1n Figure 7A, a first
setting pin 185a locks a main stem 162 of the tool 160 inside the fishing neck 114,
and a second retrieval pin 186b locks the sleeve 164 of the tool 160 to the fishing
neck 114. The setting pin 185a 1s intended to shear on a downward jar, whereas
the retrieval pin 185b 1s intended to shear on an upward jar and can have greater
shear strength.

[0043]  With the shear pins 185a-b mserted, the running tool 160 1s now affixed
to the mandrel 100 so the punch can be removed from punch hole 115¢. Although
the inner mandrel 120 can move up slightly, it is held by the mandrel’s fingers 124
and the tool’s collet 166. As shown 1n Figure 7A, the downward-extending
fingers on the tool’s collet 166 engage the upward-extending fingers 124 on the
inner mandrel 120, As a result, the heads 126 of the mandrel’s fingers 124 fit into
the lower surrounding groove 116 1n the body’s bore 112, keeping the inner
mandrel 120 1n 1ts downward position.

[0044]  With the nipple 150 already installed downhole and the lock mandrel
100 attached to the running tool 160 as described above, operators now commence
with the run-in procedures outlined 1n Figures 6 and 7A-7D. At this point,
operators deploy the lock mandrel 100 into the wellbore using the running tool
160 and wireline or similar procedures known 1n the art (Block 202). As shown in
Figure 7A, the surrounding sidewall holds the biased keys 130 1n their retracted
condition. Yet, for this non-selective mandrel 100, the biased keys 130 will locate

in the first nipple profile 153 that they meet downhole.
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[0045] Eventually, the lock mandrel 100 reaches the landing nipple 150, and the
packing seal 113 disposed around the housing 110 passes the nipple profile 153
and engages the polished bore 152. At this point, the keys 130 biased outward by
springs 136 locate 1n the nipple profile 153 as shown 1n Figure 7B. The square
shoulders 134/154 between the keys 130 and profile 153 prevent turther
downward movement of the lock mandrel 100 (Block 204).

[0046]  Operators then jar downwards on the running tool 160 while the keys
130 hold the lock mandrel 100 i the profile 153 (Block 206). The jarring shears
the setting pins 185a that hold the running tool’s core 162 to the fishing neck 114
(Block 208). As shown 1n Figure 7C, the running tool’s core 162 can move
further downward 1n the main housing 110.

[0047]  As the setting pins 185a shear, the collet 166 moves with the core 162
away from the mandrel’s fingers 124. Released, the inner mandrel 120 moves
upward by the bias of the spring 128, and the heads of the mandrel’s fingers 124
move nto the upper surrounding groove 118 (Block 210). Meanwhile, the keys
130 remain supported 1n the profile 156, and the mandrel’s lower flange 123
eventually fits behind the extended keys 130 to hold the keys 130 1n their
extended condition engaged 1n the profile 156.

[0048]  Operators at this stage can perform a check pull to ensure proper locking.
With this pull, the running tool 160 reverts to its pre-sheared position. Finally,
operators jar upward to shear the retrieval pins 185b on the running tool 160
(Block 212). This releases the tool’s sleeve 164 from the fishing neck 114 as
shown 1n Figure 7D and allows the tool 160 to be removed from the locked
mandrel 100 and retrieved at the surface. When moving out of the mandrel 100,
the setting prong 168 on the tool 160 pulls up equalizing melon 144 to seal the
equalizing ports 146.

[0049] Once the tool 160 1s removed, any flow of produced tluid from the well
that may act against the inner mandrel 120 will generally tend to move the inner
mandrel 120 more 1n 1ts locking direction. In addition, as the tool 160 1s pulled
from the mandrel 100, the downward-extending fingers of the telltale collet 166
on the tool 160 pass under the mandrel’s fingers 124, As long as the inner

mandrel 120 has properly moved, a telltale shear pin 163 (Figs. § & 7D) should
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not be sheared when operators check the running tool 160 at surface. If the
finger’s ends 126 do not correctly engage in the upper groove 118 when the
running tool 160 1s withdrawn, for example, then the fingers 124 restrict the collet
166 and cause the shear pin 163 to shear before the collet 166 can pass. At the
surface, operators can note the broken shear pin 163 as indicating the lock
mandrel 100 as not being properly set.

B. Selective Assembly
[0050] The lock mandrel assembly 80 discussed above 1s non-selective,
meaning that the spring biased keys 130 on the lock mandrel 100 will engage the
first landing nipple profile 153 encountered during run-in. An alternative lock
mandrel assembly 90 1n Figure 8 18 selective and can be passed through any
desired number of landing nipples until activated. This selective lock mandrel
assembly 90 includes the lock mandrel 100 similar to that discussed previously
and includes a running tool 300. The running tool 300 15 used to run the lock
mandrel 100 downhole to be selectively set 1n a landing nipple 150.

1. Lock Mandrel and Running Tool

[0051]  As shown in Figure 8, the lock mandrel 100 (shown with the running
tool 300 installed) has many of the same components as previously described so
that like reference numerals are used for like components. The running tool 300,
however, includes a core 302 having a top latch 310, a coupling head 320, locator
dogs 330, an mner sleeve 340, a catch dog 350, and fishing neck dogs 360
disposed thercon.
[0052] In general, the coupling head 320 and inner sleeve 340 are held to the
core 302 by a shear pin 324 and a guide pin 305 1n slots 322 that limats the relative
travel therebetween when the pin 324 1s sheared. The locator dogs 330 moves
with an outer sleeve 332 through the bias of a spring 334 relative to a groove 342
on the mnner sleeve 340. Likewise, grooves 304/306 on the core 302 move relative
to the lock dog 350 and locator dogs 360, respectively, when the core 302 1s
moved. Further details of the running tool 300 are provided below.
[0053] On the lock mandrel 100 1tself, the inner mandrel 120 has lock features
to hold the keys 130 1n a retracted position, as the mandrel 100 1s run downhole

until activated. Figure 9 shows a perspective view of an inner mandrel 120 for the
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selective lock mandrel 100. Between the upward fingers 124 and flange 123, this
mandrel 120 mcludes ledges or catches 117 disposed on the outside. These
catches 117 can hold the keys (130) temporarily against the mner mandrel 120 in a
retracted condition for run-in. Once the iner mandrel 120 1s moved slightly,
these catches 117 release their hold on the keys (130) so they can be biased to an
extended position, as described in more detail below.

2. Run-in Procedure
[0054] With an understanding of the selective lock mandrel assembly 90 of
Figure 8, discussion now turns to a run-in procedure as shown in Figures 10 and
11A-11F. Initially, the running tool 300, lock mandrel 100, and accessory 140 are
made up as described previously. Then, operators run in the assembly 90 with the
tool’s locator dogs 330 floating and with the mandrel’s keys 130 retracted (Block
402). On the lock mandrel 100, the keys 130 are held 1n a retracted condition by
the catches (117; Fig. 9) on the mner mandrel 120. As shown in Figure 11A, the
floating dogs 330 and the retracted keys 130 allow the running tool 300 and lock
mandrel 100 to pass through as many landing nipples 150 as desired.
[0055]  Operators pass the tool 300 through the desired nipple 150 as shown 1n
Figure 11A. After passing through, operators then run the tool 300 and mandrel
100 up hole until the floating locator dogs 330 contact the connecting transition
156 on the nipple 150 (Block 404). This trips the lock mandrel 100 to a non-
selective condition as shown 1n Figure 11B. The inner mandrel 120 18 pulled up
slightly with the running tool core 302, while the mandrel’s housing 110 remains
fixed by the locator dogs 330. As a result, the locator dogs 330 fit into grooves
342. Yet, the heads 126 on the mandrel’s fingers 124 move slightly out of the
surrounding groove 116 1n the housing 110. This movement of the inner mandrel
120 disengages the catches (117; Fig. 9) on the inner mandrel 120 from their hold
on the keys 130. As a result, the spring-biased keys 130 can expand outward, but
are held by the surrounding tubular wall.
[0056] Operators continue lifting the lock mandrel 100 until the keys 130 pass
uphole of the profile 153 as shown i Figure 11B. At this point, operators run-in
the assembly 90, and the keys 130 locate 1n the nipple profile 153 as shown in
Figure 11C (Block 406). As before, the engagement of the square shoulders
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134/154 between the keys 130 and profile 153 prevents further downward
movement of the lock mandrel 100.
[0057)  Operators then jar downward on the assembly 90 (Block 408) and break
the shear pin 324 that holds the running tool’s core 302 to the coupling head 320
as shown m Figure 11D (Block 410). With the core 302 sheared free, 1t can travel
further downhole as the guide pin 305 travels in the guide slot 322 of the coupling
head 320. The top collet 312 moves past top catch 314 as the core 302 shifts
downward. In turn, the downward moving core 302 shifts its upper groove 304
away from holding dog 350 and shifts lower groove 306 toward the fishing neck
dogs 360 connected to the mandrel’s fishing neck 114 as shown in Figure 11D.
[0058]  As the running tool 300 18 run further 1n hole, the core 302 moves further
into the mandrel 310, and the telltale collet 166 on the tool 300 frees 1ts support of
the inner mandrel’s fingers 124 as shown 1n Figure 11E. Consequently, the
mandrel 120 1s free to move up by the bias of the spring 128 as noted previously
(Block 412). The lock mandrel 100 1s now set 1n the nipple 150 with the keys 130
locked 1nto the profile 153 as shown 1n Figure 11F.
[0059] At this point, the running tool 300 can now be detached from the lock
mandrel 100 and retrieved (Block 414). The tool’s dogs 360 fit into the core’s
lower groove 306 and are free from engagement with the fishing neck 114 on the
mandrel’s housing 110 as the tool 300 1s removed.
[0060] In the current arrangement, the transition 156 for engaging the locator
dogs 330 18 disposed on the landing nipple 150 below the profile 153 as shown 1n
Figure 11A. This requires that the keys 130 be run-in past the profile 153 1n
which 1t 15 to be set because the locator dogs 330 are situated uphole from the keys
130. Other arrangements could also be used 1f desired.

C. Retrieval Procedure
[0061]  After the lock mandrel 100 has been deployed, operators may retrieve
the mandrel 100 and 1ts attached tlow accessory 140 when desired. A process 500
for retrieving the lock mandrel 100 1s shown in Figure 12. For 1ts part, Figure 13
shows a retrieval tool 170 for the disclosed lock mandrel (100), and Figures 14A-

14C show the lock mandrel 100 during retrieval procedures with the retrieval tool

170.

SUBSTITUTE SHEET (RULE 26)



CA 02805164 2013-01-11

WO 2012/009046 PCT/US2011/036593
13

[0062] As shown in Figure 13, the retrieval tool 170 can be a standard GS type
wireline pulling tool having a coupling 172 shear pinned to a core 173. The tool’s
dogs 174 disposed about the core 173 can engage fishing necks used on downhole
tools. An intermediate collar 176 1s also disposed on the core 173, and an
equalizing prong (178; Fig. 14A) can extend from the end of the core 173 1f
needed.

[0063] To retrieve the lock mandrel 110, operators run the retrieval tool 170
downhole as shown 1n Figure 14A so that 1t latches into the internal fishing neck
114 of the lock mandrel 100 (Block 502). When latching, the collar 176 on the
tool 170 maitially contacts the inner mandrel 120 and pushes 1t down. Being
moved, the mmner mandrel 120 bottoms out, and the tool’s dogs 174 engage 1n the
fishing neck 114. Meanwhile, the equalizing prong 178 can open fluid
communication through the equalizing assembly 140 1f present.

[006d]  Opcrators then jar up on the locked dogs 174 1n the fishing neck 114
(Block 504). As shown in Figure 14B, the mner mandrel 120 1s still held down 1n
the housing 110, and the keys 130 are now unsupported. When the tool 170 1s
raised, the tool’s dogs 174 latch 1n the fishing neck 114, and the unsupported keys
130 can retract as the tool 170 lifts the mandrel 100 so 1t can be pulled uphole.
There may be a situation where the retrieval tool 170 may need to be sheared
away from the lock mandrel 100. To do this, operators bottom out the fishing
neck 114 as shown in Figure 14C. This shears the pulling tool’s core 173 from
the coupling 172 and the collar 176 (Block 506).

[0065] The foregoing description of preferred and other embodiments 1s not
intended to limit or restrict the scope or applicability of the mventive concepts
conceived of by the Applicants. For example, components of one embodiment
disclosed herein can be exchanged or combined with components of another
embodiment disclosed herein. Additionally, arrangements of components can be
reversed. For example, the collet on the running tools can have uphole-extending
fingers, while the mner mandrel has down-hole extending fingers. As one skilled
in the art will appreciate, terms such as up, down, uphole, downhole, run 1n, etc.
arc provided for relative reference and understanding, when directions 1n a given

implementation may not necessarily be up/down or the like.
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[00660 In exchange for disclosing the inventive concepts contained herein, the
Applicants desire all patent rights atforded by the appended claims. Theretfore, 1t
18 intended that the appended claims include all modifications and alterations to

the full extent that they come within the scope of the following claims or the

equivalents thereof.
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WHAT IS CLAIMED IS:
1. A lock mandrel installation method, comprising:

attaching a lock mandrel to a running tool;

holding an inner mandrel 1 a downhole position 1n the lock mandrel with
the running tool;

running in the lock mandrel with the running tool;

engaging a biased key disposed on the lock mandrel against a landing
nipple profile while running in the lock mandrel;

releasing the hold on the inner mandrel by pushing downhole on the
running tool;

biasing the released inner mandrel to an uphole position in the lock
mandrel;

locking the biased key 1n the landing nipple profile using a portion of the
mner mandrel in the uphole position; and

detaching the running tool from the lock mandrel by pulling uphole on the

running tool.

2. The method of claim 1, wherein attaching the lock mandrel to the running
tool comprises attaching the lock mandrel to the running tool using at Ieast one

shear pin.

3. The method of claim 2, wherein pushing downhole on the running tool
comprises shearing a first of the at least one shear pins to release the hold on the

inner mandrel.
4, The method of claim 2, wherein pulling uphole on the running tool

comprises shearing a second of the at least one shear pins to detach the running

tool from the lock mandrel.
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5. The method of claim 1, wherein attaching the lock mandrel to the running
tool comprises engaging a fishing neck dog on the running tool 1n a fishing neck

of the lock mandrel.

6. The method of claim 5, wherein detaching the running tool from the lock
mandrel by pulling uphole on the running tool comprises:
moving a groove on the running tool to the fishing neck dog by pushing
downhole on the running tool;
disengaging the fishing neck dog from the fishing neck by retracting the
fishing neck dog 1n the groove; and
removing the retracted fishing neck dog and running tool from the fishing

neck by pulling up on the running tool.

7. The method of claim 6, wherein moving the groove on the running tool to
the fishing neck dog by pushing downhole on the running tool comprises shearing
a shear pin holding two portions of the running tool together by jarring downhole
on the running tool, one of the portions having the groove and moving downhole

with the downhole jarring after shearing.

3. The method of claim 1, wherein engaging the biased key on the landing
nipple profile comprises engaging a downhole-facing shoulder of the biased key
against an uphole-tfacing shoulder of the landing nipple profile while running in

the lock mandrel.

9. The method of claim 1, wherein the biased key 1s non-selectively biased
toward an extended condition on the lock mandrel when run 1n to the landing

nipple profile.

10.  The method of claim 1, wherein locking the biased key in the landing
nipple profile using the portion of the inner mandrel comprises holding the biased
key extended from the lock mandrel by fitting a widened flange of the mner

mandrel against the biased key.
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The method of claim 1, wherein running in the lock mandrel with the

running tool comprises running the biased key selectively past the landing nipple

profile by holding the biased key retracted on the lock mandrel.

12.

The method of claim 11, wherein holding the biased key retracted

comprising engaging the biased key with a catch on the inner mandrel.

13.

The method of claim 11, wherein after running the biased key selectively

past the landing nipple profile, the method further comprises:

14.

13.

running up the lock mandrel with the running tool; and
releasing the hold on the biased key by engaging a locator dog on the
running tool against on a transition on the landing nipple when

running up the lock mandrel.

The method of claim 13, further comprising:
running the biased key uphole from the landing nipple profile; and
running in the lock mandrel to engage the biased key against the landing

nipple profile.

A non-selective lock mandrel assembly, comprising:

a housig defining a bore with a downhole groove therein;

a key disposed on the housing and biased from a retracted condition to an
extended condition, the key having a shoulder facing a downhole
end of the housing;

an inner mandrel disposed 1n the housing and biased to move from a
downole position to an uphole position in the housing, the mner
mandrel having a finger and a flange, the finger engaging the
downhole groove to hold the inner mandrel in the downhole
position, the flange moving with the inner mandrel and holding the

key 1n the extended condition when 1n the uphole position; and
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a running tool detachably connecting to the housing, a portion of the
running tool moving relative to the housing when the shoulder of
the key 1n the extended condition engages 1n a landing nipple
profile while running downhole, the moving portion of the running
tool releasing temporary hold on the finger of the inner mandrel 1n
the downhole groove and permitting the mner mandrel to move to

the uphole position.

16.  The assembly of claim 15, wherein the running tool comprises at least one
shear pin breaking with downhole movement when the shoulder of the key
engages 1n the landing nipple profile, the moving portion freed by the broken

shear pin and having a collet releasing temporary hold of the finger.

17. A selective lock mandrel assembly, comprising:

a housing defining a bore with a downhole groove;

a key disposed on the housing and biased from a retracted condition to an
extended condition, the key having a shoulder facing a downhole
end of the housing;

an inner mandrel disposed 1n the housing and biased to move from a
downole position to an uphole position in the housing, the inner
mandrel having a finger and a flange and temporarily holding the
key 1n the retracted condition, the finger engaging the downhole
oroove to hold the mner mandrel 1n the downhole position, the
flange moving with the inner mandrel and holding the key 1n the
extended condition when 1n the uphole position; and

a running tool detachably connecting to the housing and having a locator
dog, the locator dog at least temporarily engaging a transition when
run uphole to release the hold of the inner mandrel on the key, a
portion of the running tool moving relative to the housing when the
shoulder of the key 1n the extended condition engages 1n a landing
nipple profile when run downhole, the moving portion of the

running tool releasing temporary hold on the finger of the mner
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mandrel in the downhole groove and permitting the inner mandrel

to move to the uphole position.

18.  The assembly of claim 17, wherein the running tool comprises at least one
shear pin breaking with downhole movement when the shoulder of the key
engages 1n the landing nipple profile, the moving portion freed by the broken

shear pin and having a collet releasing temporary hold of the finger.

19.  The assembly of claim 17, wherein the running tool comprises a fishing

neck dog temporarily engaging 1n a fishing neck of the housing.

20.  The assembly of claim 17, wherein the inner mandrel comprises a catch
temporarily holding the key 1n the retracted condition, the catch releasing hold of
the key when the locator dog at least temporarily engages the transition when run

uphole.
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