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(57) Abrégée/Abstract:

This Invention relates to apparatus for setting a plug (20) In, or retrieving a plug from, a horizontal xmas tree (18). The apparatus
comprises a housing (12) with a throughbore (22) adapted to be releasably connected at a first end to a horizontal xmas tree (18),
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(57) Abrege(suite)/Abstract(continued):

the housing (12) Including an at least one axially moveable member (24) which also includes an at least one radially moveable
element (26) and a tool (14) deployable within the housing (12) throughbore by an elongate support and adapted to be releasably
connected to the plug (20). The tool (14) has an outer surface portion (56) profiled to releasably engage with an engagement
surface (28) the at least one radially moveable element (26) whereby, In operation, engagement of the at least one radially
moveable element with the tool outer surface portion permits the plug (20), connected to the tool (14), to be set Iin the horizontal
xmas tree (18) or retrieved from the horizontal xmas tree by axial movement of the at least one axially moveable member.
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(57) Abstract: This invention relates to apparatus for setting a plug (20) in, or re-
trieving a plug from, a horizontal xmas tree (18). The apparatus comprises a housing
(12) with a throughbore (22) adapted to be releasably connected at a first end to a
horizontal xmas tree (18), the housing (12) including an at least one axially moveable
member (24) which also includes an at least one radially moveable element (26) and
a tool (14) deployable within the housing (12) throughbore by an elongate support
and adapted to be releasably connected to the plug (20). The tool (14) has an outer
surface portion (56) profiled to releasably engage with an engagement surface (28)
the at least one radially moveable element (26) whereby, in operation, engagement
of the at least one radially moveable element with the tool outer surface portion per-
mits the plug (20), connected to the tool (14), to be set in the horizontal xmas tree

(18) or retrieved from the horizontal xmas tree by axial movement of the at least one
axially moveable member.
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PLUG SETTING AND RETRIEVING APPARATUS

This 1nvention relates to apparatus for, and a

method of, setting a plug in or retrieving a plug from a
horizontal xmas tree.

Subsea o0i1l and gas production wells are sealed off
from the environment using apparatus known as a
production xmas trees. Two types are commonly used;
firstly the vertical xmas tree, which has gate wvalves in
the production bore allowing isolation of the well

through the remote operation of these valves, and

secondly, the horizontal or "spool!" xmas tree in which
the production bore 1s sealed off using plugs run into a
tubing hanger installed inside the tree.

Increasingly, horizontal type xmas trees are being
used with subsea wells for reasons of cost and
convenience. Horizontal xmas trees allow wells to be

brought into production in less time and at a lower cost

than vertical xmas trees. Furthermore, horizontal xmas
trees allow for more modern and larger bore completion

systems to be used in the well.

However, significant problems have been encountered
when trying to corréctly set plugs in the tree, or when
trying to recover plugs from the tree. For example, the
plug can be set in similar, but incorrect profiles within

the tree resulting in low integrity sealing of the well.

Secondly large forces are required to set or retrieve the
plug from the tree, and thirdly there is no positive
indication of the plug being correctly set.

Since the plugs are primary barriers in isolating

the high pressure hydrocarbon well fluids from the

environment, i1t 1s critical they are correctly placed and

fitted within the xmas tree system.
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It 1s an object of embodiments of the present

invention to obviate or mitigate at least one of the
aforementioned problems with the prior art.
According to a first aspect of the present invention

there 1s provided apparatus for setting a plug in, or

retrieving a plug from a horizontal xmas tree the

apparatus comprising:

a housing adapted to be releasably connected at a
first end fo a horizontal xmas tree, the housing having a
throughbore and including an at least one axially
moveable member, the at least one axially moveable member
including an at least one radially movable element, the
at least one radially movable element having an
eéngagement surface, and

a tool adapted to be deployed within the housing
throughbore by an elongate support and adapted to be

releasably connected to a plug, the tool having an outer

surface, a portion of the tool outer surface being

profiled to releasably engage with the engagement surface
of the at least one radially moveable element;

wherein, engagement of the engagement surface of the
at least one radially moveable element with the tool
outer surface portion, permits a plug, connected to the
tool, to be set in thg horizontal xmas tree or retrieved
from the horizontal xmas tree by axial movement of the at
least one axially moveable member.

The apparatus permits sufficient force to be applied

to the plug to set the plug in position in the horizontal

Xmas tree, or to remove the plug from the horizontal xmas

tree, without putting undue load or stress on the

elongate support member.

Preferably, in use, the distance between the tool

outer surface portion and the plug is a fixed length.
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Tf the digtance between the tool outer suxrface

portion and the plug i1s a fixed length, then displacing

the at least one axially moveable member a known distance
will, 1n turn, displace the plug the same known distance.
This will give an operatoxr control over how far the plug
is moved, which is particularly useful when setting the
plug in the correct position in the horizontal xmas tree.
Most preferably the tool includes a tool land and
the housing includes a housing land, the tool land
adapted to engage with the housing land on deployment of

the tool into the housing throughbore. Conveniently the

housing land i1s mounted on the at least one radially
moveable element.

When the tool ig deployed in the:housing, the
engagement of the tool land with the at least one
radially moveable element land ensures the tool and the
housing are in a known position with respect to each
other. If the tool and the housing are in a known
position with respect to each other the exact distance
the at least one axially moveable member needs to be
moved to set or retrieve the plug may be calculated.

Preferably, the at least one axially moveable member
is axially displaced by hydraulic means. Alternatively,
the at least one axially moveable member is axially
displaced by mechanical, electrical or electro-hydraulic
means. |

Preferably, the at least one radially moveable
element is radially displaced by hydraulic means.
Alternatively, the at least one radially moveable element

is radially displaced by mechanical, electrical or

electro-hydraulic means.

It should be appreciated that any other suitable

means as would readily be selected by a person of
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the at least one axially moveable member or radially

displace the at least one radially moveable element.
Preferably, the apparatus may be operated remotely.
As horizontal xmas trees are generally used on the

seabed the ability to operate the apparatus remotely 1is

eggential.

Preferably, the apparatus includes an override

permitting operation by a remotely operated vehicle.
When remote operation fails, an override 1is
necegsary to allow the apparatus to be activated on the
seabed.
Preferably, the tool is deployed by wireline.
Alternatively, the tool i1is deployed by slickline or

coiled tubing or any other known method of deploying
tools downhole.

The apparatus will be of most benefit with forms of
deployment to which sufficient force to adequately set or
remove a plug can not be applied without the risk of

damage to the deployment means.
Preferably, the tool 1s adapted to be releasably

connected to a plug by means of a standard wireline plug-
retrieving tool.

Preferably, the housing is adapted to be connected
at a second end to a conventional landing string.
Alternatively, the housing is adapted to be connected at

a second end to a subsea lubricator section or the like.

According to a second aspect of the present
invention there i1s provided a housing adapted to be
releasably connected at a first end to a horizontal xmas
tree, the housing having:

a throughbore, and

an at least one axially moveable member, the at

least one axially moveable member including an at least
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movable element having an engagement surface, adapted to
releasably engage with a complementary outer surface

portion of a tool deployable within the housing
throughbore.

| |

Preferably, the housing includes a housing land,
adapted to engage with a tool land on deployment of the
tool into the housing throughbore. Conveniently the

housing land is mounted on the at least one radially

moveable element.

Preferably, the at least one axially moveable member
1s axially displaced by hydraulic means. Alternatively,

the at least one axially moveable member is axially

displaced by mechanical, electrical or electro-hydraulic

nmeans.

Preferably, the at least one radially moveable

element 1s radially displaced by hydraulic means.

Alternatively, the at least one radially moveable element

1s radially displaced by mechanical, electrical or

electro-hydraulic means.

It should be appreciated that any other suitable

means as would readily be selected by a person of
ordinary skill in the art may be used to axially displace
the at least one axially moveable member, or radially

displace the at least one radially moveable element

S

Preferably, the at least one axially moveable member

may be operated remotely.

Preferably, the at least one radially moveable

element may be operated remotely.
Preferably, the housing includes an override
permitting operation of the at least one axially moveable

member or the at least one radially moveable element or

both by a remotely operated vehicle.

Preferably, the houéing 18 adapted to be connected
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Altcrnatively, the housing is adapted to be connected at a sccond ond to a subsca lubrtcator seetion or the hke.

According to a third aspect of the present invention there s provided a tool adapted to be deployed within a

housing throughbore by an clongate support, the tool having,

a first portion configured to be relcasably connccted to a plug; and

a sccond portion defining an outer surface, a portion of the outer surface being profiled to be relcasably
connceted with a complomentary engagement surface of an at lcast one radially movcable clement, such that axial
movement of the radially moveable clement permits corresponding axial movement of a plug connceted to the first

portion of the tool.

Prcterably, the tool 1s deployable by wircline. Altematively, the tool i1s deployable by shickline or coiled

tubing or any othcr known mcthod of deploying tools downhole.

Prcterably, the tool 1s adapted to be relcasably connccted tora plug by means of a standand wircline

plugrctricving, tool.

Acconding to a fourth aspect of the present invention there is provided a method of sctting a plug in a

horizontal xmas tiee, the method comprising the sequential steps of:

deploying a tool, iclcasably connccted to the plug, within a housing throughbore, the housing rclcasably
connceted to a horizontal xmas trec, the housing including an at least onc axially movcable member, the at least onc
axially movcable member includimg an at lcast onc radially movabie clement, the clement having an engagement

surface;

displacing the at lcast onc radially movceable clement until the engagement surface rclcasably cngages with

auter surface portion of the tool:

displacing the at lcast onc axially movcable member towards the horzoatal xmas trec until the plug 1s
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digengaging the engagement surface of the at least

one radlally moveable element from the tool outer surface

portion;

digsconnecting the tool from the plug, and

removing the tool from within the housing

throughbore.

According to a fifth aspect of the present invention

there 1s provided a method of retrieving a plug from a
horizontal xmas tree, the method comprising the
sequential steps of:

deployingﬁa tool within a housing throughbore, the

housing releasably connected at a first end to a

horizonta

xmas tree, the housing including an at least
one axlally moveable member, the at least one axially
moveable member including an at least one radially
movable element, the at least one element having an
engagement surface;

releasablyconnecting the tool to the plug to be
retrieved from the horizontal xmas tree;

displacing the at least one radially moveable
element until the engagement surface releasably engages
with an outer surface portion of the tool;

displacing the at least one axially moveable member
away from the horizontal xmas tree until the plug is
retrieved from the tree;

disengaging the engagement surface of the at least
one radially moveable element from the tool outer surface
portion, and

removing the tool and plug from within the housing
throughbore.

By virtue of the present invention a plug can be set

in the correct position within a horizontal xmas tree or

retrieved from a horizontal xmas tree without putting
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These and other aspects of the present invention
will now be described, by way of example only, with

reference to the accompanying drawings in which:

Fig. 1 is a side view of plug setting and retrieval

apparatus according to an embodiment of the present

invention, the housing shown in section, the tool shown

in part section, and

Fig. 2 is a cut away side view of plug setting and
retrieval apparatus according to an alternative

embodiment of the present invention.

Referring first to Fig. 1 there is shown a side view

of a plug setting and retrieval apparatus, generally by
reference numeral 10, according to an embodiment of the
present invention.

The apparatus 10 comprises a housing 12 and a tool
14. The housing 12 1s releasably connected by a

connector 16 to a horizontal xmas tree 18. The

horizontal xmas tree 18 includes a plug 20 which is to be

retrieved.

The housing 12 defines a throughbore 22 and includes
an axially moveable carriage 24 and four radially
moveable engagement rams 26, only one of which is being
shown for clarity. The engagement rams 26 each have a
profiled surface 28 and a housing land or NOGO 30. The
upper end 64 of housing 12 is connected to a subsea
lubricator section (not shown) or landing string (not

shown) .

The carriage 24 is hydraulically activated by

introducing or bleeding hydraulic fluid through a first
port 32 in to, or out of, an upper chamber 36, and
through a second port 34 in to, or out of, a lower
chamber 38. The upper chamber 36 is defined by the

housing 12, the carriage 24 and a pair of upper sgeals
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40,42. The lower chamber 38 1s defined by the housing

12, the carriage 24 and a palr of lower seals 44,46.

The radially moveable engagement rams 26 are also
displaced by hydraulic pressure. Hydraulic fluid can be
introduced or bled from a middle chamber 60 through a
third port 62 to displace the engagement rams 26 either
radially inwards-towards the centre of the housing
throughbore 22 or radially outwards. The middle chamber
60 1is defined by the houéing 12, the axially moveable
carriage 24, the upper outer seal 40 and the lower outer
seal 44.

The tool 14 is deployvable within the housing
throughbore 12 by means of a wireline 48 and the tool 14
comprises a latching tool 50, load-bearing spacer bars 52
and a plug pulling tool 54.

The latching tool 50 includes an outer surface |
portion 56 profiled to complement, and engage with, the

profiled surfaces 28 of the engagement rams 26. The

latching tool 50 also includes a tool land, in the form
of an annulus shoulder 58, sized to engage with NOGO 30.
The wireline plug pulling tool 54 is shown inserted

into the plug 20 in preparation for removal of the plug

20 from the xmas tree 18. The plug 20 1is held in place
by locating dogs 66 which engage with the xmas tree 18,

and the xmas tree 18 1s sealed by seals 68 which sit in

seal profiles 70.

The use of hydraulic pressure to control the axially

moveable carriage 24 allows for accurate measurement of

the distance the carriage 24 has been displaced. To

remove the plug 20, the carriage 24 is located in the
centre of its potential travel, as shown in Fig. 1, by
equalising the pressure in the upper chamber 36 and the

lower chamber 38. The distance from the engagement rams
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the tool 14 is assembled with the required length of

load-bearing spacer bars 52, such that when the tool 14

is run-in, the annular shoulder 58 will engage with the

NOGO 30 and the plug pulling tool 54 will engage the plug
20.

Hydraulic fluid is then introduced into the middle
chamber 60 through third port 62 to displace the
engagement rams 26 towards the tool 14 until the profiled
surfaces 28 of the engagement rams 26 engage with the
complementary profiled outer surface 56 of the latching
tool 50. Hydraulic fluild is then introduced into the
lower chamber 38 through the second port 34 and removed
from the upper chamber 36 through the first port 32 so
that the axially moveable carriage 24 is displaced away
from the.horizontal xmas tree 18. The hydraulic pressure
created in chamber 38 creates an upward force on the plug
pulling tool 54 that is sufficient to collapse the plug-
locating dogs 66 that hold the plug 20 1n place and pull

the seals 68 out of the seal profiles 70, thereby moving
the plug 20 clear of the horizontal xmas tree 18. This
retrieval of the plug is achieved without putting undue
stress or load on the wireline 48.

Hydraullic pressure 1s then released from thé middle
chamber 60 through port 62 causing the engagement rams 26

to retract and disengage from the latching tool 50

allowing the tool 14 and plug 20 to be retrieved to

surface by wireline 48.

Similarly, a plug 20 can be set in the xmas tree by
running in a tool 14 with sufficient spacer bars 52 to
position the plug 20 slightly above the entrance 72 of
the horizontal xmas tree 18 when the annular shoulder 58

engages the NOGO 30. As the distance from the engagement

rams 26 to the correct set plug posgition (indicated by



CA 02564598 2006-10-24

WO 2005/103442 PCT/GB2005/001484
11

the distance the axially moveable carriage 24 has to be

moved when engaged with the tool 14, to correctly set the

plug 20 in position, can be calculated.

In this case, to move the plug 20 into position,

Hydraulic fluid 1s then introduced into the middle

chamber 60 through third port 62 to displace the

engagement rams 26 towards the tool 14 until the profiled
surfaces 28 of the engagement rams 26 engage with the
complementary profiled outer surface 56 of the latching

tool 50. Hydraulic fluid is then introduced into the

upper chamber 36 through the first port 32 and removed
from the lower chamber 38 through the second port 34 so
that the axially moveable carriage 24 is displaced
towards the horizontal xmas tree 18. The hydraulic
pressure created in chamber 38 is force the plug 20 into

the xmas tree 18 allowing the plug-locating dogs 66 to

engage the tree 18 and the seals 68 to mate with the seal
profiles 70, thereby sealing the horizontal xmas tree 18.
This setting of the plug 1s achieved without putting
undue stress or load on the wireline 48.

Hydraulic pressure is then released from the middle
chamber 60 through port 62 causing the engagement rams 26
to retract and disengage from the latching tool 50

allowing the tool 14 to be retrieved to surface by

wireline 48.

Referring now to Fig. 2, there 1s shown a cut-away
side view of plug setting and retrieval apparatus 110
according to an alternative embodiment of the present
invention. In this case, the profiled surface 156 of the
latching tool 150 is a roughened surface, which extends
along the majority of the length of the latching tool
150. This extended profiled surface 156 allows the

radially moveable engagement rams 126 (of which two are
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along its length. This embodiment is suitable for
actilvities where less accuracy in setting and retrieval

18 necessary.

Various modifications and improvements may be made

to the embodiments hereinbefore described without

departing from the scope of the invention.

Those of skill i1n the art will recognise the above-
described embodiments of the invention provide a plug
setting and retrieval apparafus which permits sufficient
force to be applied to a plug to sit the plug in position

in a horizontal xmas tree or removed from the horizontal

xmas tree without putting undue load or stress on the

wireline, slickline or coiled tubing or the like.
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CLAIMS
. Apparatus for setting a plug in, or retrieving a plug from a horizontal xmas tree the

apparatus comprising;:

a housing adapted to be releasably connected at a first end to a horizontal xmas tree, the
housing having a throughbore and including an at least one axially moveable member, the at
least one axially moveable member including an at least one radially movable element, the

at least one radially movable element having an engagement surface, and

a tool adapted to be deploved within the housing throughbore by an elongate support and
adapted to be releasably connected to a plug, the tool having an outer surface, a portion of the
tool outer surface being profiled to releasably engage with the engagement surface of the at least

one radially moveable element;

wheremn, engagement of the engagement surface of the at least one radially moveable
element with the tool outer surface portion, permits a plug, connected to the tool, to be set in the
horizontal xmas tree or retrieved from the horizontal xmas tree by axial movement of the at
least one axially moveable member.
2. Apparatus as claimed m claim | wherein the distance between the tool outer surface
portion and the plug is a fixed length.
3, Apparatus as claimed in claim | or claim 2 wherein the tool includes a tool land and the
housing includes a housing land, the tool land adapted to engage with the housing land on
deployment of the tool into the housing throughbore.

4. Apparatus as ciaimed in claim 3 wherein the housing land is mounted on the at least one

radially moveable element.
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. Apparatus as claimed in any one of claims | to 4 wherem the at least one axially
moveable member 15 axially displaced by hvdraulic means.

6. Apparatus as claimed in any one of claims | to 4 wheremn the at least one axially
moveable member s axially displaced by mechanical, electrical or electro-

hvdraulic means.

7. Apparatus as ¢claimed in any one of claims | to 6 wherem the at least one radially
moveable element s radially displaced by hydraulic means.

g. Apparatus as claimed tn any one of claims | to 6 wherein the at least one radially
moveable element 1s radially displaced by mechanical, electrical or electro-

hydraulic means.

9. Apparatus as claimed tn any one of claims | to 8§ wheren the apparatus is operated
remotely.
10.  Apparatus as claimed in any one of claims | to 9 wherein the apparatus includes an

override permitting operation by a remotely operated vehicle.

[1.  Apparatus as claimed in any one of claims | to 10 wherein the tool is deployed by
wiretine.
2. Apparatus as claimed in any one of claims 1 to 10 wherein the tool is deploved by

slickline or coiled tubing.

3. Apparatus as claimed in any one of claims | to [2 wheremn the tool is adapted to be
releasably connected to a plug by means of a standard wireline plug-retrieving tool.

4. Apparatus as claimed in any one of claims | to 13 wherein the housing is adapted to be

connected at a second end to a conventional landing string.
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5. Apparatus as claimed i any one of claims | to 13 wherein the housing is adapted to be
connected at a second end to a subsea [ubricator section.

16. A housing adapted to be releasably connected at a first end 1o a horizontal xmas tree, the

housing having:
a throughbore, and

an at least one axially moveable member, the at least one axially moveable member
including an at least one radially movable element, the at least one radially movable element
having an engagement surface, adapted to releasably engage with a complementary outer surface
portion of a tool deployable within the housing throughbore.
7. A housing as claimed m claim 1 6 wherein the housing includes a housing land, adapted
to engage with a tool land on deployment of the tool into the housing throughbore.
8. A housing as claimed m claim | 7 wherein the housing land is mounted on the at least one
radially moveable element.
19. A housing as claimed in any one of claims 16 to 18 wherein the at least one axially
moveable member is axially displaced by hydraulic means.
20. A housmg as claimed in any one of claims 16 to 13 wherein the at least one axially
moveable member is axially displaced by mechanical, electrical or electro-hydraulic means.
21. A housing as claimed in any one of claims 16 to 20 wherein the at least one radially
moveable element is radially displaced by hydraulic means.
22. A housing as claimed in any one of claims 16 to 20 wherein the at least one radially
moveable element is radially displaced by mechanical, electrical or electro-hydrautic means.
23. A housing as claimed in any one of claims 16 to 22 wherein the at least one axially

moveable member 15 operated remotely .
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24. A housing,as claimed in any one of claims 16 to-23 wherein the housing includes an
override permitting operation of the at least one axially moveable member or the at least one
radially moveable element or both by a remotely operated vehicle.

25. A housing as clatimed i any one of claims 16 to 24 wherein the housing 1s adapted to be
connected at a second end to a conventional landing string.

26. A housing as claimed m any one of claims 16 to 24wherein the housing 1s adapted to be
connected at a second end to a subsea lubricator section.

27.  Atool adapted to be deployed within a houstng throughbore by an elongate support, the

tool having:

a first portion configured to be releasably connected to a plug; and

a second portion defining an outer surface, a portion of the outer surface being profiled to
be releasably connected with a complementary engagement surface of an at least one radially
moveable element, such that axial movement of the radially moveable element permits

corresponding axial movement of a plug connected to the first portion of the tool.

28.  Atool as clammed in claim 27 wherein the tool 1s deployable by wireline.

29.  Atool as claimed in claim 27wherein the tool i1s deployable by slickline or coiled tubing
or any other known method of deploying tools downhole.

30.  Atoolas claimed in any one of claims 28 to 29wherein the tool 15 adapted to be
releasably connected to a plug by means of a standard wireline plug-retrieving tool.

31. A method of setting a plug i a horizontal xmas tree, the method comprising the

sequential steps of:
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deploying a tool, releasably connected to the plug, within a housing throughbore, the
housing releasably connected to a horizontal xmas tree, the housing including an at least one
axially moveable member, the at least one axtally moveable member including an at least

one radially movable element, the element having an engagement surface;

displacing the at least one radially moveable element until the engagement surface

releasably engages with outer surface portion of the tool:

displacing the at least one axially moveable member towards the horizontal xmas tree

unti the plug is located in the correct position within the tree;

disengaging the engagement surface of the at least one radially moveable element from

the tool outer surface portion;

disconnecting the tool from the plug, and

removing the tool from within the housing throughbore.
32. A method of retrieving a plug from a horizontal xmas tree, the method comprising the

sequential steps of:

deploying a tool within a housing throughbore, the housing releasably connected at a first
end to a horizontal xmas tree, the housing including an at least one axially moveable member,
the at least one axially moveable member including an at least one radially movable element, the

at least one element having an engagement surface;

releasably connecting the tool to the plug to be retrieved from the horizontal xmas tree;

displacing the at least one radially moveable element until the engagement surface

releasably engages with an outer surface portion of the tool;
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displacing the at least one axially moveable member away from the honzontal xmas tree

until the plug 1s retrieved from the tree;

disengaging the engagement surface of the at least one radiatly moveable element from

the tool outer surface portion, and

removing the tool and plug from within the housing

throughbore.
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