PLUG INSTALLATION SYSTEM AND METHOD BACKGROUND 1. Field of Invention [0001] The
invention relates generally to a system and method for handling a plug assembly. More specifically,
the invention relates to a system and method for installing and/or removing a plug assembly from a
tubing hanger subsea. 2. Description of Prior Art [0002] Subsea wellhead assemblies typically have a
high pressure wellhead housing supported in a lower pressure wellhead housing and secured to
casing that extends into the well. Usually one or more casing hangers land in the wellhead housing,
where the casing hanger being located at the upper end of a string of casing that extends into the well
to a deeper depth. A string feif tiBGihy Yok tally ERbe (8YsSThieddighiNBetBSiHEOr producing fluids from the
well. Most assemblies include a production tree mounted to the upper end of the wellhead housing for
controlling the well fluid. Production trees arg tggic&l% I@rgﬁ and heavy, having a number of valves and
controls mounted thereon. [0003] One type > sometimes referred to as a "conventional”
tree, includes a bore for production fluids and a tubing annulus access bore. Wellhead assemblies
having cenventigpg Hagsatgdrrmed by landing the tubing hanger in the wellhead housing. Tubing
hangers in convention trees generally have a production passage, and an annulus passage that
communicates with the tubing annulus surrounding the tubing. A flow circuit is defined through the
tubing anBOME Bhel iprsationde! atssiragneiativida sy Ysienthrod ghethedcirsuneogiingeauded essamihe well or

to circulate out heavy fluid during completion.
More specifically, the invention relates to a system and method for installing and/or removing a

plug assembly from atubing hanger subsea.

2. Description of Prior Art

[0002] Subsea wellhead assemblies typicaly have a high pressure wellhead housing supported
in alower pressure wellhead housing and secured to casing that extends into the well. Usually
one or more casing hangers land in the wellhead housing, where the casing hanger being located
at the upper end of a string of casing that extends into the well to a deeper depth. A string of
tubing generally extends through the casing for producing fluids from the well. Most assemblies
include a production tree mounted to the upper end of the wellhead housing for controlling the
well fluid. Production trees are typicaly large and heavy, having a number of vaves and

controls mounted thereon.

[0003] One type of tree, which is sometimes referred to as a "conventiona” tree, includes a bore
for production fluids and a tubing annulus access bore. Wellhead assemblies having
conventional trees are formed by landing the tubing hanger in the wellhead housing. Tubing
hangers in convention trees generally have a production passage, and an annulus passage that

communicates with the tubing annulus surrounding the tubing. A flow circuit is defined through



[0004] Trees that are sometimes referred to as "horizontal" trees have a single bore in the tree, which
is typically the production passage. A horizontal tree is landed before its corresponding tubing hanger
is installed, then the tubing hanger is lowered and landed in the tree. The tubing hanger is lowered
through the riser, which is typically a drilling riser. In another common type of wellhead system, a
concentric tubing hanger lands in the wellhead housing in the same manner as a conventional
wellhead assembly. The tubing hanger has a production passage and an annulus passage. However,
the prodyction passage is concentric with the axis of the tubing hanger, rather than slightly offset as in
conventlal KB PAHERS e Ba-FHEURS08 R R T SR U (g
hangers in vertical trees are usually installed before the tree is landed on the wellhead housing. The
tubing ist@ep\f\(':e(’:slf Igrrboncgﬁuia%r?&#\%%\mrﬁgu'tﬁfﬁgjﬂ'éﬁ fig" Hfﬁﬁ% riser and BOP. Before the drilling riser is
disconnected from the wellhead housing, a plug is installed in the tubing hanger as a safety barrier.
The plug tooWrmaby {pseredeel elnentbiau gl therlaoaiag stdsthare Bsasientye alteidhedree is
installed, the plug is removed through an open water riser that may be used to install the tree.
SUMMARM éFsTtzircBN Y B POt (000 pRepieded theredntis areceixaamokel tefosy Sietoiesmoadiegvering a
plug in and out of a tubing hanger disposed in a subsea wellhead assembly. In an example
embodimeihdrargystamisdledethenhtbe simingehactjsely loowgpéeidandtratidedsubibearee | Teadubisgmbly;
where the housing has an end with an opening that is intersected by a chamber formed in the housing.
A tractorhangefastivelgretk oy fitoemni seithivhtble ik oyicall yhantih g mi stta dheah@ther effectan Hipe plug is
selectively coupled with the end effector, so that when the tractor is deployed from within the housing,
the end effereliheachdistethe pleanoerties tiubimg anger.| endsin ekernysénehe bogsing forther sackeides a
reel mounted on the housing, a control line spooled on the reel that has an end attached to the tractor
and is inrsansetive asaivrimieadlonaihece pesaBibly o dubthydiarger displayrsadsigher Rapaaspishal hot
stab can be mounted on the housing for connecting to the remotely operated vehicle. In one optional
example2R-RORH HFPESIERisHPY VR HmBRiPtHeenPasege hseanGRINAE Y thdsemu ol Hes tthinBousing
is coupled with the subsea wellhead assembly. The tractor in one example includes wheel members
that proj&DesHiSHPS A SNy ESEr G CORMERTIR Biving SRR EBLIE EhdPEB EBPWIE the

tractor is in the housing and into urging contact with a main bore in the subsea wellhead assembly
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to the Wqu %%@R}ya%pﬁ ége[ﬁépﬁ%} BadRAY hesdispassd.subsea. A control cable may optionally

be included that provides power and control signals to the plug tooling assembly. In an example, the
control cable has an end coupled with the plug tooling assembly and is in communication with a
remotely operated vehicle disposed subsea. In an example embodiment, the control cable extends
along a passage formed through the closed end and wherein packoffs in the passage define a
pressure barrier between the cavity and ambient to the housing. Proximity sensors may optionally be
set in the housing and the plug for determining a location of the plug in the housing. [0007] Yet further
provided herein is a method of handling a plug in a tubing hanger of a subsea wellhead assembly. In
one example the method includes enclosing a tractor with an attached end effector in a housing,
mounting the housing onto the wellhead assembly so that an upper end of the housing is submerged
subsea, deploying the tractor and end effector from the housing into a main bore in the wellhead
assembly, and handling the plug in the tubing hanger with the end effector. In one optional example of
the method, the step of deploying the tractor involves engaging wheels on the tractor with an inner
surface of the housing and an inner surface of the main bore. The method may further include
deploying a remotely operated vehicle subsea, engaging a connector on the housing with the remotely
operated vehicle, and controlling the tractor and end effector from the remotely operated vehicle
through the connector.
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BRIEF DESCRIPTION OF DRAWINGS [0008] Some of the features and benefits of the present
invention having been stated, others will become apparent as the description proceeds when taken in
conjunction with the accompanying drawings, in which: [0009] FIG. 1 is a side partial sectional view of
an example of a plug installation package in accordance with the present invention. [0010] FIG. 2 is a
side partial sectional view of an example of the plug installation package of FIG. 1 being set onto a
wellhead assembly in accordance with the present disclosure. [0011] FIGS. 3 and 4 are side partial
sectional views of an example of the plug installation package installing a plug in a tubing hanger of a
wellhead assembly in accordance Wil ideA\BE SRt Tihie hidENODI2NWhile the invention will be
described in connection with the preferred embodiments, it will be understood that it is not intended to
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like elemgnjz fBHOHERCHithin the housing that has an attached end effector. The plug is selectively
coupled with the end effector, so that when the tractor is deployed from within the housing, the
end effector handles the plug in the tubing hanger. In one example, the system further includes a
reel mounted on the housing, a control line spooled on the red that has an end attached to the
tractor and is in selective communication with a remotely operated vehicle deployed subsea. An
optiona hot stab can be mounted on the housing for connecting to the remotely operated vehicle.
In one optional example, the chamber registers with a main bore in the subsea wellhead assembly
when the housing is coupled with the subsea wellhead assembly. The tractor in one example
includes wheel members that project radially outward and into urging contact with an inner
surface of the chamber when the tractor is in the housing and into urging contact with a main
bore in the subsea wellhead assembly when the tractor is deployed from within the housing. An
upper end of the chamber may optionally be subsea. In one embodiment, a sedl is defined aong

an interface between the housing and the wellhead assembly.

[0006] Also provided herein is an example of a system for plugging a tubing hanger in a subsea
wellhead assembly that in an embodiment includes a housing with an open end. In this example,
the housing further includes a base at the open end that is sealingly attachable to the wellhead
assembly and a closed end opposite the open end. A chamber in the wellhead assembly

intersects the open end. A plug tooling assembly is selectively deployable from within the
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[0014] It is to be further understood that the scope of the present disclosure is not limited to the exact
details of construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art. In the drawings and
specification, there have been disclosed illustrative embodiments and, although specific terms are
employed, they are used in a generic and descriptive sense only and not for the purpose of limitation.
Accordingly, the improvements herein described are therefore to be limited only by the scope of the
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the tractor 22."An end éffector 26 mounts on a lower end of the tractor 22 of Figure 1 and is shown
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with tractor 22. [0016] An optional control cable 30 is shown extending through a passage 32, where
the passaggnpreisripinipsatRaEaialy 2xifdbituioldhe £19e8she ek ted Eraiplered Hagacamrol
cable 30 include a wireline, slickline, cable, and other elements for deploying devices subsea and/or
for conveyiing nigaalpdbieedin@mipashiaakniie 8frasquitusinate Baree dadavitpianthaniseseae 32
that extend from grooves in the wall of the passage 32 radially inward into the annular space defined
betweenttiee lenrirg. cablexpdiandsudrcesaof dpe pasisage 32 limome exaripde afopesapleiy, foe control
cable 30 slides axially within the packsoffs 34, while the packoffs 34 provide a pressure barrier
betweend#terofiaimdpa i dldteomba tba mngh retietbdirigousing 12, so that when the wellhead plug tooling
package 10 is disposed subsea, seawater is prevented from entering the chamber 18 while yet the
control cable 30 is able to axially move within the passage 32. [0017] A reel assembly 36 mounts on
the houstAgPTD HEeURPC RS QUIFEH BEIS IS AIMEIE OLNeREiNg 8 PRI LAY B RERISE Q518 3BFshown
rolled up on the spool 38 and the spool is supparted on g frame 40. Hot stabs 42, 44 are shown set on
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plug 28. In the example of Figure 1, the plug 28 is adjacent the lower terminal end of passage 50 so

that proxigHbyisRNFAES S Sn MATBEPRABS A{aRHE QIEANEINRE HALYNG RASIHATNNAE RPRtoBrahEhe plug
28 can be sensed by interaction of the proximity sensors 52, 54 that in turn creates a signal through
the signahline eIt BHaithERHGE SrpaiiiHes Ptas s BigH] e Riicp tRBIGEE DEREPXIEE¥EENSOrS
that sense the presence of one another. [0018] A cable 56 is shown mounted on the closed end 15,
that in or@RiAIYMecehResREPNREMddeadaride pHeyraadhgysibiared Pikacteolng eatlkadaglthérom
above the sea surface, such as from a vessel or platform (not shown). Further, the ROV 45 can be
used to pravtistexglishans fostap porhWikaerdetel 9 \ipg ditel welitleabrpligh thetiognperckage 10 on the cable
56. In this example, actuator arms 60 on the ROV 45 may grapple the wellhead plug tooling package
10 during deployment. Also, the ROV 45 can be controlled from surface by an attached control line 62.




[0019] Referring now to Figure 2, an example of the wellhead plug tooling package 10 is shown landed
on an upper end of a wellhead assembly 64 that is subsea. The wellhead assembly 64 is mounted into
a subsea formation 66, which is intersected by a wellbore 67 that is in fluid communication with the
wellhead assembly 64. A production tree 68 is included on an upper end of the wellhead assembly 64
and shown mounted onto a wellhead housing 70; where a lower end of the wellhead housing 70
anchors in the formation 66. A main bore 72 in the wellhead assembly 64 (and tree 68) registers with
the wellbore 67 to provide communication between the wellbare 67 and wellhead assembly 64. Valves
73 are illustrated in the main bo%@é@@aﬁ%ﬁ%@&ﬂﬁ%@m&%m bore 72. A tubing hanger 74
is shown landed within the wellhead housing 70; a length of tubing 76 depends downward from the
tubing hdPge] Zpanedirte fieatwed BadddaTef Sholiha arefeat ineepbenididd Neheearestiatesld dibersing 70
beneath the tubing hanger 74, is a casing hanger 78 that circumscribes the tubing 76. A length of
casing 8begemerrpeAe v Hie drseh BHert RAeLAANGER 1akamotRenerBeradth (haieteeyeanying
circumscribes the tubing 76. Shown extending radially outward from the main bore 72 and through the

producti&ﬁ%@@@é%@@?jroduction line 82 and auxiliary line 84. [0020] Referring now to Figure 3, the
plug tooling assembly 20 is shown having been deployed downward from the housing 12 and into the
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wheels %@%é&WﬁMﬁ@%@géhﬁﬁ/@lﬁ‘&?r 82 and main bore 72 downwardly urge the plug tooling

assembly 20 into the wellhead assembly 64. Further, in the example of Figure 3, valves 73 are
actuated to an open position thereby allowing passage there through of the plug tooling assembly 20.
Further if0fi€]ekn2lesaf S ipuperBaltisechiugl 28 ew sianvresahplivhttieeptubimgtbidatger Fatleans of a
position for plugging the wellhead assembly 64. Setting the plug 28 in the tubing hanger 74 as shown
defines d&flowl baing:paivnhin atvechngind vesenity Fuadserddnesnattittie hesrepr disohisukgznsors 52, 54 are
axially spaced apart from one another, so that by monitoring signals from proximity sensor 52 as

describe ve, it.can be confirmed that the plug 28 has deployed from wjthin the housing 12. [0021]
Forther 0TI (leah Bio SPF BRI ot S G B FRAHRR e 6 MGG ab 42
thereby creating communication from.the RQV 45 into the plug toolin mbly 20. Communication
potween B Sl Hld Bk e ool s W SIS e I o)

in hot st é@n W/(Q{H (not shown) in arm 60, and communication through control cable 30. Examples
of operation exist wherein the plug tooling assembly 20 is gravity deployed from the housing 12 and
into the wellhead assembly 64 instead of, or in addition to, activation of the wheels 24 on tractor 22.
[0022] Figaae2)AWihistr e $riventid evpiduitebstde sectrooainaetothattirabtopr2izaed @nobeifeetts; 26 have
been retracted within housing 12 leaving plug 28 within tubing hanger 74. In the example of Figure 4,
latches 86ilhrivestradersiext tuke dtr &l iadtyi otetwerd@tidnvvithan iaverdifde 88 theb\achbdddmenm. inDertbarface of
the tubing hanger 74. In one example, the latches 86 are deployed via mechanical operation of the
end effectntzéy, Alh Exénigidedftancore effe ettarnai vestaiediti caizans eroih euiVakefitsras imay. DePatent
No. 7,121,344 issued October 17, 2006, and assigned to the assignee of the present application. U.S.
Patent Nociudeztivathindhgseirpcradeadys eéfeadnventiorsas defired hirt dopemtglelass. In another
example, the plug 28 of Figure 4 can be retrieved from within tubing hanger 74 by reversing the above
described process, that is landing the housing 12 with enclosed tractor 22 and end effector 26,
deploying the tractor 22, and end effector 26 into tubing hanger 74, retracting the latches 86 from
within the grooves 88, and coupling the end effector 26 with plug 28. Once attached to the end effector
26, the plug can be removed from within tubing hanger 74 by drawing the tractor 22 and end effector
26 back into the housing 22. The position of the plug within the housing 12 may be confirmed when
proximity sensor 52, 54 are appropriately positioned thereby providing a signal through signal line 48,
which may optionally be monitored by ROV 45 via its optional connection to hot stab 44 (Figure 1). In
one example, after confirming the plug 28 is within housing 12, the housing 12 can be detached from
the wellhead assembly 64 and removed therefrom so that production from the wellbore 67 can be
initiated. [0023] Advantages of the system and method described herein include retrieving a plug from
a




tubing hanger without the need for a riser extending to the surface. Because a riser is unnecessary, a
production tree can be efficiently removed on a lift wire(not shown). An example of this is provided in in
U.S. Patent No. 6,968,902 issued November 29th, 2005, and assigned to the assignee of the present
application. U.S. Patent No. 6,968,902 is incorporated by reference herein in its entirety for all
purposes. Moreover, because installing and/or removing the plug can be accomplished by use of an
ROV 45, an umbilical to the surface for the plug tool is unnecessary. [0024] The present invention
described herein, therefore, is well adapted to carry out the objects and attain the ends and
advantages mentioned, as wdlEBAJthE3 hBEHRItRHEMOWhN BIdidS#Mtly preferred embodiment of
the invention has been given for purposes of disclosure, numerous changes exist in the details of

procedur complishing the desired results. For example, the tool may be additionally used to
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tubing system. These and other similar modifications will readily suggest themselves,to those skilled in
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construed as limited to the illustrated embodiments set forth herein; rather, these embodiments
are provided so that this disclosure will be thorough and complete, and will fully convey its

scope to those skilled in the art. Like numbers refer to like elements throughout.

[0014] It is to be further understood that the scope of the present disclosure is not limited to the
exact details of construction, operation, exact materials, or embodi ments shown and described, as
modifications and equivaents will be apparent to one skilled in the art. In the drawings and
specification, there have been disclosed illustrative embodiments and, athough specific terms
are employed, they are used in a generic and descriptive sense only and not for the purpose of
limitation. Accordingly, the improvements herein described are therefore to be limited only by

the scope of the appended claims.

[0015] An example of a wellhead plug tooling package 10 is shown in a partial side sectiona
view in Figure 1; which includes a housing 12 shown made up of a shroud 14 with a
substantially cylindrical outer surface and a closed end 15 on its upper end. Opposite the closed
end 15 is a connector 16 that aso has a substantially cylindrical outer surface and an outer
diameter extending radially outward past an outer diameter of the shroud 14. In one example,
connector 16 is a type conventionaly used in subsea applications. A chamber 18 is shown
extending axialy through the shroud 14 and connector 16 which intersects an open end 19

disposed on a lower end of the connector 16. Stowed within the chamber 18 is a plug tooling



15closed end 16base 18chamber 190pen end 20plug tooling assembly 22tractor 24wheels 26end
effector 28plug

assembly 20; which in the example of Figure 1 includes a tractor 22 having wheels 24 that
selectively extend radialy outward from an axis of the tractor 22. An end effector 26 mounts on
alower end of the tractor 22 of Figure 1 and is shown having a plug 28 is set on its lower end

and on a side opposite where the end effector 26 connects with tractor 22.

[0016] An optional control cable 30 is shown extending through a passage 32, where the passage
32 is formed substantially axially through the closed end 15. Examples of the control cable 30
include a wireline, dlickline, cable, and other elements for deploying devices subsea and/or for
conveying signals therein. Optional packoffs 34 are illustrated set coaxial within the passage 32
that extend from grooves in the wall of the passage 32 radially inward into the annular space
defined between the control cable 30 and surfaces of the passage 32. In one example of
operation, the control cable 30 dlides axially within the packsoffs 34, while the packoffs 34
provide a pressure barrier between the chamber 18 and area ambient to the housing 12, so that
when the wellhead plug tooling package 10 is disposed subsea, seawater is prevented from
entering the chamber 18 while yet the control cable 30 is able to axialy move within the passage

32.

[0017] A redl assembly 36 mounts on the housing 12 over the closed end 15 and includes a spool
38. A length of control cable 30 is shown rolled up on the spool 38 and the spool is supported on
aframe 40. Hot stabs 42, 44 are shown set on the frame 40 and are configurable to be engaged
by a remotely operated vehicle (ROV) 45 shown disposed adjacent the wellhead plug tooling
package 10. A spindle 46 is included with the frame that extends laterally between vertical
members 47 that have lower ends that mount axially onto an upper surface of the closed end 15.
A signal line 48 is shown having an upper end terminating into and connecting with hot stab 44;

the signal line 48 is disposed in a passage 50 shown extending axially a distance through the
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30line 32passage 34packoffs 36reel assembly 38spool 40frame 42hot stab 44hot stab 45 ROV

shroud 12 and into the connector 16, then running radialy inward within connector 16 and
intersect with an inner surface of the chamber 18. Proximity sensor 52 is shown provided in the
end of the passage 50 distal from hot stab 44, and proximity sensor 54 is illustrated in plug 28.
In the example of Figure 1, the plug 28 is adjacent the lower terminal end of passage 50 so that
proximity sensors 52, 54 are disposed facing one another. In this position, the position of the
plug 28 can be sensed by interaction of the proximity sensors 52, 54 that in turn creates a signal
through the signal line 48. It is within the capabilities of those skilled in the art to implement

proximity sensors that sense the presence of one another.

[0018] A cable 56 is shown mounted on the closed end 15, that in one example of operation
provides for deploying the wellhead plug tooling package 10 from above the sea surface, such as
from a vessdl or platform (not shown). Further, the ROV 45 can be used to provide guidance
support when deploying the wellhead plug tooling package 10 on the cable 56. In this example,
actuator arms 60 on the ROV 45 may grapple the wellhead plug tooling package 10 during

deployment. Also, the ROV 45 can be controlled from surface by an attached control line 62.

[0019] Referring now to Figure 2, an example of the wellhead plug tooling package 10 is shown
landed on an upper end of a wellhead assembly 64 that is subsea. The wellhead assembly 64 is
mounted into a subsea formation 66, which is intersected by a wellbore 67 that is in fluid
communication with the wellhead assembly 64. A production tree 68 is included on an upper
end of the wellhead assembly 64 and shown mounted onto a wellhead housing 70; where alower
end of the wellhead housing 70 anchors in the formation 66. A main bore 72 in the wellhead
assembly 64 (and tree 68) registers with the wellbore 67 to provide communication between the
wellbore 67 and wellhead assembly 64. Vaves 73 are illustrated in the main bore 72 for

controlling flow through the main bore 72. A tubing hanger 74 is shown landed within the
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46spindle 47vertical members 48signal line 50passage 52proximity sensor 54proximity sensor
56cable 60arms

wellhead housing 70; a length of tubing 76 depends downward from the tubing hanger 74 and
into the wellbore 67. Shown landed in a portion of the wellhead housing 70 beneath the tubing
hanger 74, is a casing hanger 78 that circumscribes the tubing 76. A length of casing 80 depends
downward from the casing hanger 78 into the wellbore 67, which also circumscribes the tubing
76. Shown extending radially outward from the main bore 72 and through the production tree 68

areaproduction line 82 and auxiliary line 84.

[0020] Referring now to Figure 3, the plug tooling assembly 20 is shown having been deployed
downward from the housing 12 and into the main bore 72. In one example, deploying the plug
tooling assembly 20 is accomplished by activating a motor (not shown) within the tractor 22 that
in turn drives the wheels 24. Contacting the rotating wheels 24 against the walls of the chamber
82 and main bore 72 downwardly urge the plug tooling assembly 20 into the wellhead assembly
64. Further, in the example of Figure 3, valves 73 are actuated to an open position thereby
allowing passage there through of the plug tooling assembly 20. Further in the example of
Figure 3, the plug 28 is shown set within the tubing hanger 74 and in a position for plugging the
wellhead assembly 64. Setting the plug 28 in the tubing hanger 74 as shown defines a flow
barrier within the main bore 72. Further illustrated is how proximity sensors 52, 54 are axially
spaced apart from one another, so that by monitoring signals from proximity sensor 52 as

described above, it can be confirmed that the plug 28 has deployed from within the housing 12.

[0021] Further illustrated in the example of Figure 3, that that arm 60 of the ROV 45 is engaging
hot stab 42 thereby creating communication from the ROV 45 into the plug tooling assembly 20.
Communication between ROV 45 and plug tooling assembly 20 is via a connection between a
receptacle (not shown) in hot stab 42 and plug (not shown) in arm 60, and communication

through control cable 30. Examples of operation exist wherein the plug tooling assembly 20 is
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62control line 64wellhead assembly 66formation 67wellbore 68production tree 70wellhead housing
72main bore 73valve 74tubing hanger

gravity deployed from the housing 12 and into the wellhead assembly 64 instead of, or in

addition to, activation of the wheels 24 on tractor 22.

[0022] Figure 4 illustrates in a side partia side sectional view that tractor 22 and end effector 26
have been retracted within housing 12 leaving plug 28 within tubing hanger 74. In the example
of Figure 4, latches 86 are shown extended radially outward and within a profile 88 provided on
an inner surface of the tubing hanger 74. In one example, the latches 86 are deployed via
mechanical operation of the end effector 26. An example of an end effector 22 suitable for use
herein can be found in U.S. Patent No. 7,121,344 issued October 17, 2006, and assigned to the
assignee of the present application. U.S. Patent No. 7,121,344 is incorporated by reference
herein in its entirety for al purposes. In another example, the plug 28 of Figure 4 can be
retrieved from within tubing hanger 74 by reversing the above described process, that is landing
the housing 12 with enclosed tractor 22 and end effector 26, deploying the tractor 22, and end
effector 26 into tubing hanger 74, retracting the latches 86 from within the grooves 88, and
coupling the end effector 26 with plug 28. Once attached to the end effector 26, the plug can be
removed from within tubing hanger 74 by drawing the tractor 22 and end effector 26 back into
the housing 22. The position of the plug within the housing 12 may be confirmed when
proximity sensor 52, 54 are appropriately positioned thereby providing a signal through signal
line 48, which may optionally be monitored by ROV 45 viaits optional connection to hot stab 44
(Figure 1). In one example, after confirming the plug 28 is within housing 12, the housing 12
can be detached from the wellhead assembly 64 and removed therefrom so that production from

the wellbore 67 can be initiated.

[0023] Advantages of the system and method described herein include retrieving a plug from a

tubing hanger without the need for a riser extending to the surface. Because a riser is
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76tubing 78casing hanger 80casing 82production line 84auxilliary line 86latch/dog 88profile/groove
CLAIMS

unnecessary, a production tree can be efficiently removed on alift wire(not shown). An example
of thisis provided in in U.S. Patent No. 6,968,902 issued November 29", 2005, and assigned to
the assignee of the present application. U.S. Patent No. 6,968,902 is incorporated by reference
hereininits entirety for all purposes. Moreover, because installing and/or removing the plug can
be accomplished by use of an ROV 45, an umbilical to the surface for the plug tool is

unnecessary.

[0024] The present invention described herein, therefore, is well adapted to carry out the objects
and attain the ends and advantages mentioned, as well as others inherent therein. While a
presently preferred embodiment of the invention has been given for purposes of disclosure,
numerous changes exist in the details of procedures for accomplishing the desired results. For
example, the tool may be additionally used to instal/retrieve at least another plug set below the
tubing hanger at a lower depth within the production tubing system. These and other similar
modifications will readily suggest themselves to those skilled in the art, and are intended to be
encompassed within the spirit of the present invention disclosed herein and the scope of the

appended claims.
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What is claimed is. 1. A system for maneuvering a plug in and out of a tubing hanger that is disposed
in a subsea wellhead assembly, the system comprising: a housing selectively coupled with the subsea
wellhead assembly and that comprises an end with an opening; a chamber in the housing intersecting
the opening; a tractor selectively deployed from within the housing; and an end effector mounted to the
tractor and selectively coupled with the plug, so that when the tractor is deployed from within the
housing, the end effector handles the plug in the tubing hanger. 2. The system of claim 1, further
comprisiB[%%:I[ﬁlaT unted on the housing, a control cable spooled on the reel that has an end
attached to'the r and is in selective communication with a remotely operated vehicle deployed
subsea

10 WH plug tooling package

12 housing
14 shroud

15 closed end
16 base

18 chamber

19 open end

20 plug tooling assembly
22 tractor

24 wheels

26 end effector

28 plug

30 line

32 passage
34 packoffs

36 reel assembly

38 spool
40 frame
42 hot stab
44 hot stab
45 ROV
46 spindle

47 vertical members
48 signd line
50 passage

52 proximity sensor
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3. The system of claim 2, further comprising at least one hot stab mounted on the housing for
connecting to the remotely operated vehicle. 4. The system of claim 1, wherein the chamber registers
with a main bore in the subsea wellhead assembly when the housing is coupled with the subsea
wellhead assembly. 5. The system of claim 1, wherein the tractor comprises wheel members that
project radially outward and into urging contact with an inner surface of the chamber when the tractor
is in the housing and into urging contact with a main bore in the subsea wellhead assembly when the

tractor is epI ed from within the housing. 6. The system of claim 1, wherein an upper end of the
chamber @é'm' ty sensor

cable
60 arms
62 control line
64 wellhead assembly
66 formation
67 wellbore
68 production tree
70 wellhead housing
72 main bore
73 valve
74 tubing hanger
76 tubing
78 casing hanger
80 casing
82 production line
84 auxilliary line
86 latch/dog
88 profile/groove
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7. The system of claim 1, wherein an upper end of the chamber is enclosed and isolates the internal
bore of the housing from the subsea environment. 8. The system of claim 1, wherein a seal is defined
along an interface between the housing and the wellhead assembly. 9. A system for plugging a tubing
hanger in a subsea wellhead assembly comprising: a housing comprising an open end, a connector at
the open end that is sealingly attachable to the wellhead assembly, a closed end opposite the open
end, and a chamber that intersects the open end; and a plug tooling assembly selectively deployable
from within the chamber, the plug tooling assembly comprising a tractor, an end effector mounted on
the tractor, and a plug releasably connected to GleAddiS®ffector. 10. The system of claim 9, wherein
when the open end of the housing attaches to the wellhead assembly the closed end is disposed
subsea. 11. The system of claim 9, wherein when the open end of the housing attaches to the
WG”hG&C)&é@é%%R/ﬁ?} 'Tlosed end isolates the internal bore of the housing from the subsea
environment. 12. The system of claim 9, further comprising a control cable for providing control

signals tq, A system for maneuvering a plug in and out of a tubing hanger that is disposed in a

subsea wellhead assembly, the system comprising:

a housing selectively coupled with the subsea wellhead assembly and that comprises an

end with an opening;
achamber in the housing intersecting the opening;
atractor selectively deployed from within the housing; and

an end effector mounted to the tractor and selectively coupled with the plug, so that when
the tractor is deployed from within the housing, the end effector handles the plug in the

tubing hanger.

2. The system of claim 1, further comprising a reel mounted on the housing, a control cable
spooled on the redl that has an end attached to the tractor and is in selective communication with

aremotely operated vehicle deployed subsea

3. The system of claim 2, further comprising at least one hot stab mounted on the housing

for connecting to the remotely operated vehicle.

4. The system of clam 1, wherein the chamber registers with a main bore in the subsea

wellhead assembly when the housing is coupled with the subsea wellhead assembly.

5. The system of claim 1, wherein the tractor comprises wheel members that project radially

outward and into urging contact with an inner surface of the chamber when the tractor is in the
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the plug tooling assembly, the control cable having an end coupled with the plug tooling assembly and
being in communication with a remotely operated vehicle disposed subsea. 13. The system of claim
11, wherein the control cable extends along a passage formed through the closed end and wherein
packoffs in the passage define a pressure barrier between the cavity and ambient to the housing. 14.
The system of claim 9, further comprising proximity sensors in the housing and the plug for
determining a location of the plug in the housing. 15. A method of handling a plug in a tubing hanger

eioctor LA oL A8 oS S e EEn ) AT e

housing {?agt'”(')tr)rig%@)?gygg?rsoerﬁl\/vlthl n the housing.
6. The system of claim 1, wherein an upper end of the chamber is subsea.

7. The system of clam 1, wherein an upper end of the chamber is enclosed and isolates the

internal bore of the housing from the subsea environment.

8. The system of claim 1, wherein a seal is defined along an interface between the housing

and the wellhead assembly.
9. A system for plugging a tubing hanger in a subsea wellhead assembly comprising:

ahousing comprising an open end, a connector at the open end that is sealingly attachable
to the wellhead assembly, a closed end opposite the open end, and a chamber that

intersects the open end; and

a plug tooling assembly selectively deployable from within the chamber, the plug tooling
assembly comprising a tractor, an end effector mounted on the tractor, and a plug

releasably connected to the end effector.

10.  The system of clam 9, wherein when the open end of the housing attaches to the

wellhead assembly the closed end is disposed subsea.

11.  The system of clam 9, wherein when the open end of the housing attaches to the
wellhead assembly, the closed end isolates the internal bore of the housing from the subsea

environment.
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deploying the tractor and end effector from the housing into a main bore in the wellhead assembly; and
handling the plug in the tubing hanger with the end effector. 16. The method of claim 15, wherein the
step of deploying the tractor comprises engaging wheels on the tractor with an inner surface of the
housing and an inner surface of the main bore. 17.The method of claim 15, further comprising
deploying a remotely operated vehicle subsea, engaging a connector on the housing with the remotely
operated vehicle, and controlling the tractor and end effector from the remotely operated vehicle

through the conpector. _ . .- :
g {12 nﬂwe system of claim 9, further comprising a control cable for providing control signals to

the plug tooling assembly, the control cable having an end coupled with the plug tooling

assembly and being in communication with aremotely operated vehicle disposed subsea.

13.  The system of clam 11, wherein the control cable extends along a passage formed
through the closed end and wherein packoffs in the passage define a pressure barrier between the

cavity and ambient to the housing.

14.  The system of claim 9, further comprising proximity sensors in the housing and the plug

for determining alocation of the plug in the housing.

15. A method of handling a plug in a tubing hanger of a subsea wellhead assembly, the

method comprising:
enclosing atractor with an attached end effector in a housing;

mounting the housing onto the wellhead assembly so that an upper end of the housing is

submerged subses;

deploying the tractor and end effector from the housing into a main bore in the wellhead

assembly; and
handling the plug in the tubing hanger with the end effector.

16.  The method of claim 15, wherein the step of deploying the tractor comprises engaging

wheels on the tractor with an inner surface of the housing and an inner surface of the main bore.
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17.  The method of clam 15, further comprising deploying a remotely operated vehicle
subsea, engaging a connector on the housing with the remotely operated vehicle, and controlling

the tractor and end effector from the remotely operated vehicle through the connector.
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