TREE CAPWEDGE SEAL SYSTEM AND METHOD TO OPERATE THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] This invention relates in general to subsea sealystems and, in particular, to a metal

sealing system for subsea trees and tree capsmaethad to operate the same.

Brief Description of Related Art

[0002] The working environment for subsea equipment iseiasingly demanding as drilling at
deeper subsea locations subjects the subsea eduipmbigher temperature extremes, higher
working fluid pressures, and chemical attack. Eutrsubsea equipment, such as subsea trees used
to complete and produce from a subsea well, tylyicele elastomeric seals to seal bores of the
subsea equipment and to seal between componemisngpdifferent interacting subsea equipment
together. In situations where the subsea treeapped, for example with a subsea tree cap,
elastomeric seals are generally used to seal iseauree cap to a head of the subsea tree tapreve
seepage of wellbore fluids into the surroundingssabenvironment. Unfortunately, elastomeric
seals may not have sufficient durability or resitig to withstand the temperature and pressure
ranges as well as the fluid toxicity found in deepell installations. Thus, the elastomeric seals

may not be sufficiently reliable for use during tlequired lifespan of the subsea tree cap.

[0003] To overcome the limitations of elastomeric sea@B)estree caps use metal sealing systems to
create the seal between the tree cap and the subsed he metal seal systems may provide a seal
that will withstand the temperature, pressure, fand toxicity issues encountered in deeper well
installations. Metal seals are placed in aredsetsealed and energized to seal opposing surfaces.
Typically, energizing a metal seal requires siguaifit sealing stresses at the contact areas between
the seal and the opposing surfaces to createangdtuid tight seal. This may be true even atdow
fluid pressures. To create the sealing stresgbe @bntact areas, a high degree of interferahce f
i.e. sufficient overlap between the width of thalsend the width of the annulus, between the seal

and the annulus is required. The high degregeiffarence fit requires a significant external ltad
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fit the seal, typically applied with the static @kt of the part being sealed. However, a subsea tr
cap does not have sufficient mass to overcomeitjiedegree of interference fit with static weight
alone, this necessitates use of a device havitfigisnt force generating capability to energize the
seal. Alternatively, metal sealing systems mayausecondary mechanical device which generates
an internal load to push fit the seal into seatingtact with the annulus. In another alternative
system, the tree cap includes a secondary mechdeidee that creates sealing stresses after #he se

is positioned in the annular space.

[0004] The difficulty in latching different equipment tdger subsea to generate a reaction load
makes mechanically aided push fit of an interfeeditseal problematic for metal seals, Typically
where insufficient static weight is available tb senetal seal, the seal is not interferencefitaad,

the seal is energized once positioned in the anspice. In some designs, U-shaped metal seals are
typically energized using a hydraulic tool capaiflgenerating large forces that drive an energizing
ring between legs of the U-shaped seal, thus dyithe legs of the U-shaped seal radially outward
into sealing engagement with opposing surfacegs&tools add significant weight to the assembly,
require very tight tolerancing on parts and maybomplex; Consequently, these tools have an
inherent risk of failure that comes with that coexiy. U-shaped seals are pressure containing seal
that are generally formed of high strength mateaiadl require significant sealing stresses to
function. In addition, for small tree bores ofddhan five inches, U-shaped seals are generally
unreliable and difficult to make. Therefore, theshhped seal systems may be unsuitable for use
with subsea trees, specifically those with bordessd than five inches. Still further, the U-shcpe
seal systems require sealing surfaces on botrettieaad the opposing surfaces to be in excellent
condition for the seal to function. In particuldre seal and the subsea tree must have a goadesurf

finish having no scratches, no defects, and nagichs.

[0005] Subsea tree caps are often run subsea using repetated vehicles (ROVs). ROVs are
typically limited regarding the weight of the al&is the ROV can handle. This weight limit renders
many of the energizing mechanisms previously desdrimpractical. Therefore, there is a need for

a metal sealing system for sealing a tree capdobaea tree that is sufficiently simple yet still
generates the appropriate stresses or forcesltbedegeen the subsea tree cap and the subsea tree

that may be deployed by an ROV.



SUMMARY OF THE INVENTION

[0006] These and other problems are generally solvedamiented, and technical advantages are
generally achieved, by preferred embodiments gbtesent invention that provide a tree cap wedge

seal system and method to operate the same.

[0007] In accordance with an embodiment of the preseetition, a tree cap assembly for capping a
bore of a subsea wellhead assembly, the bore hawraxis is disclosed. The tree cap assembly
includes an annular cage member selectively ingderiato a bore formed in the wellhead assembly,
the annular cage having an interior. An annultua®n member depends from a lower end of the
cage member. The tree cap assembly also incluthes @lement having a portion positioned in the
interior of the cage member and axially movablehnwéspect to the cage member. The tree cap
assembly further includes an annular seal betweecadm element and an inner surface of the bore.
The cam element selectively energizes the annekrtsy compressing the annular seal axially
against the actuation member to form a pressureebar the bore. The tree cap assembly includes a
locking assembly including a dog that projects atigioutward through a sidewall of the cage
member into selective engagement with a groove dinetimscribes the bore, and an actuation
assembly coupled to the cam element so that whieatad, the actuation assembly moves the cam

element axially relative to the annular cage to pa@ss the seal against the actuation member.

[0008] In accordance with another embodiment of the ptaseention, a tree cap assembly for
capping a bore of a subsea wellhead assemblyatfeehiaving an axis is disclosed. The tree cap
assembly includes an annular cage member selgcinggrtable into a bore formed in the wellhead
assembly, the annular cage having an interior andegpending from a lower end of the cage
member. The assembly also includes a cam eleragintgha portion positioned in the interior of the
cage member and axially movable with respect taéige member, and an annular seal between the
cam element and an inner surface of the bore. cihreelement selectively energizes the annular
seal by compressing the annular seal axially agtiesactuation member to form a pressure barrier
in the bore. The tree cap assembly also includiesking assembly comprising a dog that projects
radially outward through a sidewall of the cage rheninto selective engagement with a groove that

circumscribes the bore. A housing having a caaitgt configured to receive and direct hydraulic



pressure is also included in the tree cap assemblyydraulic piston having an actuation surface
and a retrieval surface is positioned in a cavitthe housing and configured to move axially in
response to application of hydraulic fluid presgorthe actuation and retrieval surfaces. The cam
element couples to the hydraulic piston so thalarovement of the hydraulic piston moves the
cam element to compress the annular seal agamatthation member by moving the cam element
axially relative to the annular cage. The treeasgembly includes one or more valves actuable to
selectively permit application of hydraulic fluidgssure to the actuation and retrieval surfactseof
hydraulic piston. The tree cap assembly furthelugles an accumulator to store at least one of
hydraulic fluid pressure and gas pressure, andrgelvalve in communication with the accumulator
to selectively supply at least one of hydrauliedflpressure and gas pressure to the accumulator and
vent at least one of hydraulic fluid pressure aaglgressure from the accumulator. An accumulator
valve is positioned between the accumulator anétihgation assembly and is in communication
with the actuation surface of the hydraulic pistorselectively allow communication between the
accumulator and the actuation surface of the hyidrpiston. The accumulator, the charge valve,
and the accumulator valve are configured to selelgtapply at least one of hydraulic fluid pressure
and gas pressure to the actuation surface of ttheblc piston. The application of at least one of

hydraulic fluid pressure and gas pressure froracisamulator maintains the energization of the seal.

[0009] In accordance with yet another embodiment of tlesgmt invention, a method for capping
and sealing a subsea tree including a tree hdamteehaving an axis, and a locking groove formed
therein is disclosed. The method provides a subseacap having a cam element carrying an
annular metal seal having a wedge type profilee ddm element is moveable along the axis of the
bore. The method runs the subsea tree cap toltisea tree located proximate to the sea floor and
positions the cam element in the bore and lowerstibbsea tree cap to land on the subsea tree. The
method moves the cam element axially upward toreethe tree cap to the subsea tree and

deformingly engage the annular metal seal to sethlet tree cap and the bore of the subsea tree.

[0010] An advantage of a preferred embodiment is thabiigdes a subsea tree wedge seal system
that can be fitted and retrieved by an ROV. Tlseldsed embodiments are simple to use and have a
robust and reliable design. In addition, the disetl embodiments use a metal sealing system that

can function in an extreme temperature, pressue,caemical environment. Still further, the
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disclosed embodiments may seal to surfaces haeifegis or inclusions that may prevent formation
of an effective seal by other all metal sealingays. Moreover, the disclosed embodiments are

easily adaptable to any suitable tree bore diameter



BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the features, advasatage objects of the invention, as well as
others which will become apparent, are attained, @n be understood in more detail, more
particular description of the invention briefly somrarized above may be had by reference to the
embodiments thereof which are illustrated in theemled drawings that form a part of this
specification. It is to be noted, however, thatdnawings illustrate only a preferred embodimént o
the invention and are therefore not to be consdlargting of its scope as the invention may admit

to other equally effective embodiments.
[0012] Figure 1 is a schematic view of a tree cap landed subsea tree disposed on a subsea
wellhead or a seal floor in accordance with an esfithent.

[0013] Figure 2 is a schematic sectional view of the tae of Figure 1 in an un-energized

position in accordance with an embodiment.

[0014] Figure 3 is a schematic sectional view of a portbthe tree cap of Figure 2 in the un-

energized position in accordance with an embodiment

[0015] Figure 4 is a schematic sectional view of the ¢tageof Figure 1 in an energized position

in accordance with an embodiment.

[0016] Figure 5 is a schematic sectional view of a porbbrthe tree cap of Figure 4 in the

energized position in accordance with an embodiment

[0017]  Figure 6 is a schematic sectional view of the partf the tree cap of Figure 1 during

retrieval of the tree cap in accordance with ana@atithent.

[0018] Figure 7 is a schematic sectional view of an a#textree cap in an energized position in

accordance with an embodiment.

[0019] Figure 8 is a schematic sectional view of an adteritree cap in an un-energized position

in accordance with an embodiment.

[0020] Figure 9is a schematic sectional view of the a#itr tree cap of Figure 8 with the tree cap

locked to the subsea tree in accordance with arodimignt.



[0021] Figure 10 is a schematic sectional view of the alternate tree cap of Figure 8 in an energized

position in accordance with an embodiment.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0022] The present invention will now be described moiéy faereinafter with reference to the
accompanying drawings which illustrate embodimesftshe invention. This invention may,
however, be embodied in many different forms andukh not be construed as limited to the
illustrated embodiments set forth herein. Rathese embodiments are provided so that this
disclosure will be thorough and complete, and filly convey the scope of the invention to those

skilled in the art. Like numbers refer to likemlkents throughout.

[0023] In the following discussion, numerous specific dstare set forth to provide a thorough
understanding of the present invention. Howevevjli be obvious to those skilled in the art that
the present invention may be practiced without syerific details. Additionally, for the most part
details concerning rig operation, subsea assenabigections, subsea tree operation, and the like
have been omitted inasmuch as such details areamsidered necessary to obtain a complete
understanding of the present invention, and arsidered to be within the skills of persons skilled
in the relevant art. As used herein, terms suchbase and below are used to describe relative
position of components of the invention as illudaand are not intended to limit the disclosed

embodiments to a vertical or horizontal orientation

[0024] In the example illustrated in Figure 1, a tree tapnay be disposed on a tree head 13 of a
subsea tree 14. The subsea tree 14 may, in ®icisposed on a subsea wellhead 16 located on a
lined and cased wellbore 18 extending subsurface &rsea floor 20. A wireline or power umbilical
22 may extend to a vessel or platform 24 at agdace. A remotely operated vehicle (ROV) 26
may be disposed proximate to subsea tree 14 tst as$anding and setting tree cap 11. Both tree
cap 11 and ROV 26 may receive power, hydraulidemtac, from platform 24 and be operable from
the same. In the illustrated embodiment, subseal# is a vertical subsea tree. A person skitlled
the art will understand that other embodimentsuidelhorizontal subsea trees. Tree head 13 is an
outer portion of subsea tree 14 to which a subsea or other device may attach for flow of
production fluid from subsea wellhead 16 or for @ypof various subsea tools and subsea

communication equipment to subsea tree 14 and aswbskhead 16.



[0025] As shown in Figure 2, tree cap 11 is disposed glanwpartially inserted into tree head 13
of subsea tree 14 (Figure 1). Tree cap 11 incladiesusing 15 having a hydraulic cylinder 17
mounted to an upper portion of housing 15. A perskified in the art will understand that in
alternative embodiments hydraulic cylinder 17 maunt in any suitable location, such as within
housing 15. Hydraulic cylinder 17 may be any sé@aydraulically driven piston-type element
having a hydraulic cylinder piston 19 and a stemR§draulic power may be supplied to hydraulic
cylinder 17 through power umbilical 22 (Figure 1n.another embodiment, pressurized hydraulic
fluid may be supplied to hydraulic cylinder 17 fa¢ surface and locked into hydraulic cylinder 17.
Once tree cap 11 is disposed on three head 13sash= in more detail below, the pressurized
hydraulic fluid may be vented, removing the neegfawver umbilical 22. Hydraulic cylinder piston
19 is disposed in an interior of hydraulic cylindgrand has outer peripheries that may seal to the
interior walls of hydraulic cylinder 17. Hydraufiaid pressure may be supplied to oppositely fgcin
surfaces of hydraulic cylinder piston 19 to seledlyi move hydraulic cylinder piston 19 axially
through hydraulic cylinder 17. An end of stem 2tiwges to hydraulic cylinder piston 19 so that
hydraulic cylinder piston 19 and stem 21 may moseasingle body. Stem 21 extends from
hydraulic cylinder piston 19 in the interior of hgdlic cylinder 17 into a cavity 23 of housing 05 t
meet and mount to a spreader plate 25 positionezhvity 23. Spreader plate 25 may be a
substantially planar member as shown having a vedth that outer peripheries of spreader plate 25
may contact interior surfaces of cavity 23. Ireambodiment, the outer peripheries of spreader plate
25 may seal to the interior surfaces of cavity 2% end of stem 21 opposite hydraulic cylinder
piston 19 mounts to spreader plate 25 so that dergdate 25 may move in response to movement

of hydraulic cylinder piston 19 and stem 21.

[0026] As shown in the example of Figure 2, a mechaniwaigizer 27 is positioned in cavity 23 of
housing 15 and on a side of plate 25 opposite &enMechanical energizer 27 extends between an
interior surface 29 of cavity 23 proximate to thead 13 when tree cap 11 is positioned to cap tree
head 13 and a facing surface of spreader platel@3he illustrated embodiment, mechanical
energizer 27 may be a spring positioned so thatasier plate 25 may compress mechanical

energizer 27 when spreader plate 25 moves tow#edaon surface 29 of cavity 23. Mechanical



energizer 27 may exert a reactive force on spregldéz 25 urging spreader plate 25 away from

surface 29 in response to this compression.

[0027] One or more cam elements or capping pistons 33moayt to spreader plate 25 and extend
from spreader plate 25 through housing 15 at imtexurface 29. Capping piston 33 includes an
elongate stem portion 35, a conical cam portioreBd, a seal carrier portion 39. As shown, stem
portion 35 extends from spreader plate 25 througisimg 15 to an area below housing 15. Cam
portion 37 secures to an end of stem portion 3wsippspreader plate 25 and has a conical profile
having a narrower diameter at stem portion 35 amdlar diameter where cam portion 37 joins seal
carrier portion 39 opposite stem portion 35. mitlustrated embodiment, the housing 15 includes a
cage member or tubular cage 41 disposed below igpu&. Cage 41 has an end proximate to
housing 15 having a flange 43 with a substantjaliyar surface so that flange 43 may engage an
exterior surface of housing 15 opposite interiafaste 29. Cage 41 may secure to housing 15
through flange 43 in any suitable manner, sucthemugh fasteners, adhesives, or the like. As
shown and described herein, housing 15 and cageaylmove as a single body. The wider
diameter of cam portion 37 is smaller than an imli@meter of cage 41, allowing cam portion 37 to
move through cage 41. Cage 41 is a tubular metrdang an inner bore 45 through which cam
portion 37 and stem portion 35 may pass as showigime 2. An outer diameter of cage 41 may be

substantially equivalent to a bore 47 of tree Heslo that cage 41 may insert into bore 47 as shown

[0028] In the illustrated embodiment, seal carrier port8&hjoins cam portion 37 at the wider
portion of cam portion 37 and has a profile thatéases in outer diameter from the cam portion 37
to the diameter of bore 47 of tree head 13. Seake portion 39 has an upper cylindrical portian,
medial conical portion, and a lower conical porti@ving an outer portion at a steeper angle with
respect to an axis of bore 47 than an outer sudbite medial conical portion. A person skilled i
the art will understand that the profile of seaties portion 39 may be conical from cam portion 37
to an end of seal carrier portion 39, may be stép@ing no conical portions, or may have any
other suitable profile provided tree cap 11 mayafgeas described herein. Seal carrier portion 39

carries an annular seal 49 and an energizing ringn5an outer diameter 53 of the lower conical
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portion of seal carrier portion 39. An end 55ade 41 opposite flange 43 includes a profile adapte

to energize seal 49 as described in more detdil egpect to Figure 3.

[0029] Continuing to refer to Figure 2, tree head 13 idekl a locking groove 57 axially
circumscribing bore 47 into which a locking dogeasbly 59 may extend when actuated by cam
portion 37 as described in more detail below. Céhean carry locking dog assembly 59 so that
cam portion 37 may actuate locking dog assemblyl&®g energization of seal 49. In the
illustrated embodiment, camp portion 37 actuatekifg dog assembly 59 prior to energization of
seal 49. Tree cap 11 also includes a mechanic&l dssembly 61 mounted in housing 15.
Mechanical lock assembly 61 may actuate to limitvement of spreader plate 25 during
transportation of tree cap 11, allowing tree captd be fully assembled prior to shipping, but
avoiding the need for internal pressurization eetcap 11 during transportation and storage.
Mechanical locks 61 will be unlatched at the swefpdor to running tree cap 11 to the location
shown in Figure 2. Mechanical locks 61 may bestable mechanism that prevents movement of
spreader plate 25 during transportation and stooégyee cap 11. In the illustrated embodiment

mechanical locks 61 may be pins positioned to blnokement of spreader plate 25.

[0030] As shown in Figure 2, tree cap 11 may include @it capping pistons 33 and cages 41.
In an embodiment, tree cap 11 will include a cagiiston 33 and cage 41 for each bore 47 of tree
head 13 to be capped by tree cap 11, each mouotsgdréader plate 25. In the illustrated
embodiment, tree cap 11 may cap two bores 47, f4®head 13 and includes a capping piston 33’
and cage 41’ sized to fit a smaller bore 47’ oétinead 13. Capping piston 33’ and cage 41’ will
include the components of an operate as cappitgp&3 and cage 41 described herein. Tree cap
11 of Figure 2 may generally be considered to likerunset or unenergized position. Tree cap 11
may be lowered onto tree head 13 from the positfdfigure 2 so that a downward facing shoulder
of flange 43 opposite housing 15 contacts a topred head 13, preventing further downward

movement of tree cap 11.

[0031] Referring to Figure 3, outer diameter 53 of seaieaportion 39 has a conical profile having
a wider portion at a lower end of seal carrier iport39 and a narrower end extending upward

therefrom. Annular seal 49 has a wedge-type @essBonal profile and is positioned around the
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conical profile of seal carrier portion 39. An ernsurface 63 of annular seal 49 has an angle
matching the angle of the conical profile of seatier portion 39. A person skilled in the artlwil
understand that in alternative embodiments inndase 63 may be formed at a different angle than
the angle of the conical profile of the seal campiertion 39. An outer surface 65 of annular géal
may be substantially parallel to an axis 67 of bbre In an exemplary embodiment, the angle
formed between outer surface 65 and inner surfaceléss than 20 degrees and preferably between
3 and 10 degrees. A person skilled in the artredbgnize that the angle between inner surface 63
and outer surface 65 may be other suitable angleswular seal 49 may have a radial surface 69
extending between inner surface 63 and outer suB&c In the illustrated embodiment, radial
surface 69 is substantially perpendicular to ostenface 65 and axis 67. In the illustrated
embodiment, annular seal 49 may be formed of a tantpnetal. For example, annular seal 49
may be formed of lead, tin, silver, gold, alloysriof, or the like. A person skilled in the artlwi
understand that the listing of metals used hesamot intended to be exclusive and that other setal
having compliant characteristics may be used tmfannular seal 49. Annular seal 49 may be
manufactured in any suitable manner. In an embedinannular seal 49 may be formed from a
preformed solid ring that is cast or compressiotdenb into the appropriate shape. The ring may
then be annealed and in some embodiments finistaathimed to improve the surface finish and
geometry. Alternatively, annular seal 49 may benfed from solid wire positioned on outer
diameter 53 of seal carrier portion 39 and haviregend joints soldered, brazed, or welded to form a
continuous ring. In these embodiments, the ringlvei formed fully annealed and having a cross
section close to that illustrated herein. The rmay then be cold formed direction onto seal carrie
portion 39 using molding tools to do any additioslaaping. In still another embodiment, annular
seal 49 may be formed through a low-bond strengtiygprocess that coats outer surface 53 of seal
carrier portion 39 that allows annular seal 49 éfodm as described herein. In these processes,

annular seal 49 may not be bonded to seal cawitiop 39.

[0032] Energizing ring 51 has a substantially rectangeiass sectional profile and is positioned to
engage radial surface 69 of annular seal 49. Endffcage 41 has an actuation member 71
extending downward from end 55 along an outer diand cage 41. Actuation member 71 has a

substantially planar surface that engages eneggidimg 51 opposite annular seal 49 during
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energization of annular seal 49 described in metaidbelow. In the illustrated embodiment,

actuation member 71 has a length extending patallakis 67 so that when annular seal 49 is
energized, end 55 of cage 41 may be spaced apartsiurfaces of seal carrier portion 39. In this
manner, the compressing energization force on anragal 49 and energizing ring 51 may be

maintained as the systems adjust to thermal ars$yre conditions at the installation site.

[0033] Cage 41 also carries locking dog assembly 59. Bak&ing dog assembly 59 includes a dog
73 extending through a wall of cage 41. In an esithent, dog 73 is an annular member having a
split portion allowing for radial expansion and traction of dog 73. A person skilled in the arl wi
understand that dog 73 may be one or more membepgea to operate as described herein. As
shown, dog 73 has an interior conical cam surfé&cadapted to slidingly engage a conical cam
surface 77 of cam portion 37. A person skillethmart will recognize that conical cam surface 75
may be a portion of dog 73 as shown, or alternitizenical cam surface 75 may extend across the
entire interior portion of dog 73. In the illusied embodiment, the angle of mating cam surfaces 75
77 is between 5 and 15 degrees with respect tdaxisn an exemplary embodiment, the angle of
mating cam surfaces is 10 degrees with respectis®&. Dog 73 may be supported by cage 41 so
that dog 73 may move radially into locking grooveds described in more detail below. An outer
periphery of dog 73 may include bevels 79 as shown.some embodiments, such as those

illustrated in Figure 3, locking groove 57 includgesonical upper surface 81.

[0034] In operation, tree cap 11 may be run through opeamon a wireline or power umbilical 22
and brought proximate to tree head 13 by ROV 26&vslsechematically in Figure 2. ROV 26 may
position tree cap 11 so that seal carrier porti®ncam portion 37 and end 55 of cage 41 are
positioned with a respective bore 47 of tree heéad Tree cap 11 may be further lowered until a
downward facing shoulder of flange 43 contacts@mard facing surface of tree head 13, thereby
limiting further downward movement of tree cap 1lh. this position, cage 41 below flange 43,
locking dog assembly 59, cam portion 37 and seaakcgortion 39 of capping piston 33, and seal
49 are positioned in bore 47 of tree head 13. hasva in Figure 4, dog 73 may be radially adjacent
to locking groove 57 when flange 43 of cage 41 $amltree head 13. During the running operation,
hydraulic fluid is supplied or locked in to hydrautylinder 17 to maintain a downward force on

spreader plate 25 that compresses mechanical reej.
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[0035] As shown in Figure 4, hydraulic fluid pressure rbayremoved from hydraulic cylinder 17,
the mechanical energy of mechanical energizer 2i7as@rcome downward tending force on
spreader plate 25. In response, spreader plateag®nove toward surface 31 of cavity 23, pulling
the mounted capping piston 33 toward surface &hwaty 23. As capping piston 33 moves toward
surface 31, cam portion 37 actuates locking dogrably/ 59 until a portion of dogs 73 are
positioned within locking groove 57, the cappingtpn 33 continues to move until it forces the
energizing ring 51 into engagement with end 55gfec41 to energize annular seal 49 as described

below with respect to Figure 5.

[0036] Movement of capping piston 33 toward surface 3dawity 23 causes cam surface 77 of cam
portion 37 to slidingly engage cam surface 75 af @8, driving dog 73 radially outward into locking
groove 57 as cam surface 75 slides against therldigmeter portion of cam surface 77 of cam
portion 37. In this manner, tree cap 11 securée®head 13 to maintain tree cap 11 on tree head
13. In addition, actuation member 71 engagesfasiof energizing ring 51 opposite annular seal
49 and applies a downward force on energizing3thgThe downward force on energizing ring 51
drives energizing ring 51 into annular seal 49e dbwnward force on energizing ring 51 causes
energizing ring 51 to compress annular seal 4hagthe conical profile of outer diameter 53 ol sea
carrier portion 39. This forces inner surface 6&mnular seal 49 to slide relative to the conical
profile of outer diameter surface 53 on cam por8@ncausing radial displacement of annular seal
49. The radial displacement of annular seal 48f®annular seal 49 into sealing engagement with
bore 47 of tree head 13. In an exemplary embodiraenular seal 49 may be formed of a compliant
metal as described above so that energizing ringpb$es annular seal 49 to deform into sealing
engagement with bore 47 of tree head 13. Actuatiember 71 may energize annular seal 49 while
maintaining separation between cage 41 and cagmston 33. In this manner, the upward force
exerted by mechanical energizer 27 may accommaedatgion in the sealing area between seal 49
and bore 47 of tree head 13 caused by thermal sigpaand contraction, and creep and stress
relaxation of the material from which annular s&&is formed. The separation between cage 41 and
capping piston 33 allows movement of capping pis28rrelative to cage 41 that permits this
accommodation. A person skilled in the art willerstand that fluid pressure in bore 47 may exert

an upward force on seal carrier portion 39 and partion 37 to cause further sealing engagement of
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annular seal 49 into bore 47 of tree head 13.rdot®n between dog 73 and medial portion 37 of
capping piston 33 prevents inadvertent removakeftap 11 from bore 47. As the upward force of
fluid pressure in bore 47 tends to push both cappiston 33 and cage 41 out of bore 47, conical
surface 81 of locking groove 57 will tend to driegy 73 radially inward through sliding engagement
between conical surface 81 and bevel 79. Thelladisvard movement pushes dog 73 against the
vertical exterior surface of medial portion 37 apping piston 33, preventing removal of dog 73

from locking groove 57.

[0037] As shown in Figure 6, tree cap 11 may be pullechfieee head 13. Hydraulic fluid pressure
may be supplied to hydraulic cylinder 17 throughvpoumbilical 22 so that hydraulic cylinder
piston 19 moves axially downward. This drives apier plate 25 toward surface 29 and compresses
mechanical energizer 27 as shown in Figure 2ddiit@n, this releases the sealing forces on annula
metal seal 49 and the radial forces on dog 73@srsin Figure 6. An upward pull on housing 15
causes bevel 79 to slidingly engage conical uppdase 81. As a force produced by bevel 79
slidingly engages conical upper surface 81 driveg @3 radially out of locking groove 57,

permitting retrieval of tree cap 11 from tree h&&d

[0038] A person skilled in the art will understand tha thisclosed embodiments include sufficient
apparatus and assemblies to permit running, aotyaind retrieval of tree cap 11 by ROV 26. In
these embodiments, hydraulic fluid pressure masupplied by ROV 26 and power umbilical 22

may not extend with tree cap 11 to subsea tree 14.

[0039] Figure 7 illustrates a hydraulically actuated al&tive tree cap 82. Tree cap 82 may be
disposed on tree head 13 of subsea tree 14 in aanamilar to that of tree cap 11 of Figures 1-6.
Tree cap 82 includes a housing 83 adapted to colmyaraulic fluid pressure in an interior cavity 87
and direct hydraulic fluid pressure onto an actmgiiston 85. Housing 83 may be a domed body as
illustrated, a cuboid body similar to tree cap drlany other suitable shape such that housing 83
contains and directs hydraulic fluid pressure aideed herein. In the illustrated embodiment,
housing 83 has an open lower end opposite a dooridp91. Actuation piston 85 seals to cavity
87 with seals 89 so that hydraulic fluid pressuag mot pass around actuation piston 85. A pressure

cap 93 is coupled to a lower end of housing 83 sp@alomed portion 91. In the illustrated
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embodiment pressure cap 93 couples to housing B88fasteners 95 that pass through a wall of

housing 83 and secure within bores formed in anlanflange 97 of pressure cap 93.

[0040] A stem 99 mounts to actuation piston 85 and extémdsigh domed portion 91. Stem 99
has a fluid passage 100 formed therein for passfdgaraulic fluid from a three-way retrieval valve
101. Stem 99 passes through a manual retrievakajys 103 that mounts to an exterior surface of
domed portion 91 so that ROV 26 may place andenetriree cap 82. Stem 99 seals to housing 83
with seals 105 as stem 99 passes through domedrmp6dt. Fluid passage 100 extends from three
way retrieval valve 101 into a portion of cavity8&tween a retrieval surface 107 of actuation pisto
85 and domed portion 91 of housing 83. Hydradli@fmay selectively pass through three-way
valve 101, passage 100, and into cavity 87 to exeytiraulic force on retrieval surface 107 to move
actuation piston 85 to dis-engage from tree heaalsldescribed in more detail below. Three way

retrieval valve 101 may also allow fluid to verrin cavity 87 through passage 100.

[0041] Three way retrieval valve 101 may be in fluid conmication with a three way actuation
valve 109 through a fluid passage 111. In an ernnbaat, fluid may flow through fluid passage 111
to three way retrieval valve 101 and then into ga®v. Similarly, hydraulic fluid may flow from
cavity 87 through passage 100, three way retrialak 101 and into fluid passage 111. Three way
actuation valve 109 is in fluid communication withid passage 111 and cavity 87 between an
actuation surface 113 of actuation piston 85 aedsure cap 93. Hydraulic fluid pressure may be
supplied through three way actuation valve 109ctama actuation surface 113 to move actuation

piston 85 toward domed portion 91 of housing 83.

[0042] Tree cap 82 also includes an accumulator asserhblyAccumulator assembly 115 includes
a charge valve 117, an accumulator 119, and amadator valve 121. Accumulator 119 may be a
pressure vessel suitable for storage of hydralulid br gas pressure. Accumulator 119 may have a
volume of sufficient size to store the needed hylitdluid or gas pressure to maintain annular seal
49 in an energized condition as described in metailbelow. Accumulator valve 121 may be in
fluid communication with the stored hydraulic fllodgas pressure in accumulator 119 and further
in fluid communication with cavity 87 between adioa surface 113 and pressure cap 93.

Accumulator valve 121 may be selectively opengaetmnit the stored hydraulic fluid pressure or gas
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pressure in accumulator 119 passage to cavitZ8arge valve 117 is in fluid communication with
accumulator 119 and, in the illustrated embodimisrihe receptacle through which hydraulic fluid

or gas pressure may be supplied for storage imaaiator 119.

[0043] Tree cap 82 may also include capping pistons 33cages 41, 41’, annular seals 49, 49’
energizing rings 51, 51’ and locking dog assemi8ly3®’ of Figures 2-6. These members may

generally operate as described above with respdéagtires 2-6.

[0044] In operation, the area of cavity 87 between aatnagurface 113 and pressure cap 93 of tree
cap 82 may be filled with hydraulic fluid throudirée way actuation valve 109 while tree cap 82 is
located at platform 24. Three way actuation val@® may then be closed to prevent fluid
communication through three way actuation valve 18&umulator valve 121 may be closed and a
pre-charge may be applied to accumulator 119 throbgrge valve 117. In an embodiment, the pre-
charge comprises nitrogen gas pressure suppli@gtedetermined pressure that is determined in
part based on the total depth at which tree cap@2be deployed. Tree cap 82 may then be carried
to subsea tree 14 by ROV 26 and landed on treeX®ad shown in Figure 1. There, ROV 26 may
couple to three way actuation valve 109, open tiueeactuation valve 109 so that fluid pressure
may be supplied to cavity 87 between pressure Gapn@ actuation surface 113 of piston 85.
Hydraulic fluid pressure may be supplied to mowqgi 85 toward domed portion 91 of housing 83,
pulling upward on capping pistons 33, 33’ to eneggseals 49, 49’ and actuate locking dog
assemblies 59, 59’ as described above and illestiatFigure 7. Three way actuation valve 109
may then be closed and accumulator valve 121 opé&medlease the stored gas pressure in
accumulator 119 for communication with cavity 8he nitrogen gas pressure stored in accumulator
119 acts as a pneumatic spring to maintain a foncactuation surface 113 that will maintain seal
49, 49’ energized for the lifetime of the operatisge of tree cap 82, functioning much as mechanical
energizer 27 of Figure 2-6. In this manner, trge 82 may be a lighter apparatus than tree cap 11,

making tree cap 82 easier to deploy via ROV 26.

[0045] To retrieve tree cap 82, three way actuation vaB&and three way retrieval valve 101 are
actuated to allow flow of hydraulic fluid from tlaeea of cavity 87 proximate to actuation surface

113 to the area of cavity 87 proximate to retriematface 107 of actuation piston 85. As fluid
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pressure equalizes across piston 85, the forcéstomB5 decreases then reverses direction due to
the pressurized area on actuation surface 113 iBenadler than the pressurized area on retrieval
surface 107. This means the load energizing 48ak9’ will be reduced, allowing capping pistons
33, 33’ to de-energize and de-actuate seals 4@mblocking dog assemblies 59, 59’, respectively.
In addition, fluid pressure may be supplied to ¢hweay retrieval valve 101 by ROV 26 to exert
additional force on retrieval surface 107 of agtrapiston 85 while venting the nitrogen charge in
accumulator 119 to move piston 85 fully to a retaigosition that releases locking dog assemblies
59, 59'. In another embodiment, three way retlie@dve 101 may be opened to the surrounding
environment, allowing the ambient pressure at thtessa location to exert additional force on
retrieval surface 107 of actuation piston 85, agdiile venting the nitrogen charge in accumulator
119, to move piston 85 fully to a retrieval pogiticStill further, if application of hydraulic presre

is insufficient, ROV 26 may physically move actoatipiston 85 to the appropriate position by
applying a force to stem 99 to, in turn, move attuepiston 85 to the retrieval position. ROV 26
may then carry tree cap 82 to the surface and gubséoperations at wellbore 18 may be performed

through subsea tree 14.

[0046] As shown an alternative embodiment in Figure 8ea tap 123 is disposed above, and
partially inserted into tree head 13 of subsealtfe@-igure 1). Tree cap 123 includes a housiag 12
having a spreader plate 127 disposed therein. aBereplate 127 may be a substantially planar
member as shown having a width such that outeplperies of spreader plate 127 may contact
interior surfaces of a cavity 129 formed by housi@§. In an embodiment, the outer peripheries of

spreader plate 127 may seal to the interior susfateavity 129.

[0047] As shown in the example of Figure 8, a mechanivatgizer 131 is positioned in cavity 129
of housing 125 and on a side of spreader plate M&thanical energizer 131 extends between an
interior surface 133 of cavity 129 proximate tcethreead 13 when tree cap 123 is positioned to cap
tree head 13 and a facing surface of spreader Ji2ate In the illustrated embodiment, mechanical
energizer 131 may be a spring positioned so tha&asier plate 127 may compress mechanical
energizer 131 when spreader plate 127 moves tantaribr surface 133 of cavity 129. Mechanical
energizer 131 may exert a reactive force on sprgddes 127 urging spreader plate 127 away from

interior surface 133 in response to this compressio the illustrated embodiment, mechanical
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locks 135 are positioned to maintain compressiam@thanical energizer 131. Mechanical locks
135 may be disengaged from spreader plate 127 riaitpmechanical energizer 131 to move
spreader plate 127 away from interior surface 183erson skilled in the art will recognize that
mechanical locks 135 may be any suitable devidentlag inhibit or prevent undesired movement of
spreader plate 127 away from interior surface 1B8addition, a person skilled in the art will

recognize that mechanical locks 135 may be opefabén ROV.

[0048] Housing 125 includes an actuation portion 137 editenaway from housing 125 opposite
interior surface 133. In the illustrated emboditmewctuation portion 137 extends into bore 47 of
tree head 13. Actuation portion 137 may have deraliameter less than the diameter of housing
125.

[0049] One or more cam elements or capping pistons 139muant to spreader plate 127 and
extend from spreader plate 127 through housingil2erior surface 133. Capping piston 139 may
pass through an actuation portion cavity 141 foraieal medial portion of actuation portion 137.
Capping piston 139 includes an elongate stem poi#d and a seal carrier portion 145. As shown,
stem portion 143 extends from spreader plate 1@t housing 125 and actuation portion 137 to
an area below housing 125. In the illustrated affithent, actuation portion 137 includes a lower
portion 147 having a larger diameter than a madylw actuation portion 137. Lower portion 147
defines an upward facing shoulder 149. As shoawef portion 147 has an outer diameter such that
lower portion 147 may substantially fill the diamebdbf bore 47. Tree cap 123 includes a cage
member or tubular cage 151 disposed on upward gasioulder 149. Cage 151 has an end
proximate to housing 125 having a flange 153 wishilastantially planar surface so that flange 153
may engage an exterior surface of housing 125 djgposerior surface 133. Cage 151 is a tubular
member having an inner bore 155 through which @ictugortion 137 and stem portion 143 may
pass as shown in Figure 8. An outer diameter @& dd1 may be substantially equivalent to the

diameter of bore 47 of tree head 13 so that ca@ieridy insert into bore 47 as shown.

[0050Q] In the illustrated embodiment, seal carrier portidd joins stem 143 at an end of stem 143
opposite spreader plate 127 and has a profiléribegases in outer diameter from stem 143 to the

diameter of bore 47 of tree head 13. Seal cgooeion 145 has an upper conical portion and a
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lower conical portion having an outer portion @t@eper angle with respect to an axis of bore 47
than an outer surface of the upper conical portleperson skilled in the art will understand ttezt
profile of seal carrier portion 145 may be confcain stem 143 to an end of seal carrier portion 145
may be stepped having no conical portions, or naag lany other suitable profile provided tree cap
123 may operate as described herein. Seal cpaiton 145 carries annular seal 49 and energizing
ring 51 on an outer diameter surface 157 of theetawnical portion of seal carrier portion 145. A
person skilled in the art will recognize that seadrier portion 145 may be substantially similar to
seal carrier portion 39 of Figures 1-6 so that éammseal 49 and energizing ring 51 may function and
energize as described above with respect to Figlw&s An end 159 of lower portion 147 of
actuation portion 137 includes actuation membepf/Eigure 3 adapted to energize seal 49 as

described in above with respect to Figures 1-6.

[0051] Continuing to refer to Figure 8, tree head 13 idekilocking groove 57 as described above.
A locking dog assembly 161 may extend when actulyeaictuation portion 137 as described in
more detail below. Cage 151 can carry lockingakgembly 161 so that actuation portion 137 may
actuate locking dog assembly 161 during energinaiioseal 49. In the illustrated embodiment,

actuation portion 137 actuates locking dog asserhblyprior to energization of seal 49.

[0052] Cage 151 also carries locking dog assembly 1@th bcking dog assembly 161 includes a
dog 163 extending through a wall of cage 151. niembodiment, dog 163 is an annular member
having a split portion allowing for radial expansi&nd contraction of dog 163. A person skilled in
the art will understand that dog 163 may be onmare members adapted to operate as described
herein. As shown, dog 163 has an interior cordaah surface 165 adapted to slidingly engage a
conical cam surface 167 formed in an inwardly deljpgngroove 169 of actuation portion 137. A
person skilled in the art will recognize that cahicam surface 165 may be a portion of dog 163 as
shown, or alternatively, conical cam surface 169 exdend across the entire interior portion of dog
163. In the illustrated embodiment, the angle afing cam surfaces 165, 167 is between 5 and 15
degrees with respect to an axis 171 passing thrbogh 47 and stem 143. In an exemplary
embodiment, the angle of mating cam surfaces ¥bisl10 degrees with respect to axis 171. Dog
163 may be supported by cage 151 so that dog 1§3wose radially into locking groove 57 as

described in more detail below. An outer periplegigog 163 may include bevels 173 as shown. In
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some embodiments, such as those illustrated ir&uocking groove 57 includes a conical upper

surface 81.

[0053] In operation, tree cap 123 may be run through apmsan on a wireline and brought
proximate to tree head 13 by an ROV. The ROV masjtpn tree cap 123 so that seal carrier
portion 145 is positioned within bore 47 of treathd 3, actuation portion 137 is at least partially
positioned within bore 47 of tree head 13, andg&ab53 of cage 151 lands on an exterior surface of
tree head 13. A lower end of cage 153 may reapavard facing shoulder 149 of actuation portion
137. As shown in Figure 8, dog 163 may be radadijacent to locking groove 57 when flange 153
of cage 151 lands on tree head 13. While at asarbcation, spreader plate 127 may be moved
toward interior surface 133 of housing 125 to caspmechanical energizer 131. Mechanical locks
135 may then be inserted through openings in hgus® to prevent movement of spreader plate
127 and mechanical energizer 131 from the compdgsssition. During the running operation,
mechanical locks 135 maintain engagement with slergalate 127 to prevent premature actuation

of tree cap 123.

[0054] As shown in Figure 9, tree cap 123 may be loweueithér towards tree head 13, causing
actuation portion 137 to move further into bore 44ange 153 of cage 151 lands on an upper
portion of tree head 13 and prevents further moveimiecage 151 into bore 47. Further movement
of housing 125 toward tree head 13 causes actuagonber 137 to move along axis 171 relative to
cage 151. As actuation member 137 moves relativeage 151, conical cam surface 167 of
actuation portion 137 slidingly engages cam surfeg® of dog 163, driving dog 163 radially
outward into locking groove 57 as cam surface li@&sagainst the larger diameter portion of cam
surface 167 of actuation portion 137. In this mentree cap 123 secures to tree head 13 to nraintai
tree cap 123 on tree head 13. In the illustrateloloeliment, housing 125 includes an outer diameter
flange 175 on a lower portion of housing 125 preadieto interior surface 133. As actuation portion
137 is lowered further into bore 47, flange 175 roagtact and land on flange 153 of cage 151,
preventing further movement of actuation memberih8¥bore 47. As shown, flange 153 of cage
151 may include a groove 177 formed in a downwaaothfy surface of flange 153 and on an outer

diameter portion of flange 153. A mechanical ceufl79, such as the illustrated C-shaped coupler
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177 may be placed around flanges 153, 175, andjmotave 177, preventing separation of housing
125 and cage 151.

[0055] As shown in Figure 10, the ROV may disengage meachhiocks 135 from spreader plate
127 by pulling each mechanical lock away from ga¥R9 of housing 125, allowing the mechanical
energy of mechanical energizer 131 to move sprgader 127 away from interior surface 133 of
cavity 129, pulling the mounted capping piston i@ard from bore 47 and into engagement with
lower portion 147 of actuation member 137, enengizannular seal 49 as described above with

respect to Figure 5 and sealing bore 47.

[0056] Accordingly, the disclosed embodiments provide ntome advantages. For example, the
disclosed embodiments provide a subsea tree wedgsystem that can be fitted and retrieved by an
ROV. The disclosed embodiments are simple to nsehave a robust and reliable design. In
addition, the disclosed embodiments use a metdingesystem that can function in extreme
temperature, pressure, and chemical environm8titsfurther, the disclosed embodiments may seal
to surfaces having defects or inclusions that nraygnt formation of an effective seal by other
sealing systems. Moreover, the disclosed embodsaa easily adaptable to any suitable tree bore

diameter.

[0057] It is understood that the present invention maye takany forms and embodiments.
Accordingly, several variations may be made inftegoing without departing from the spirit or
scope of the invention. Having thus describedpttesent invention by reference to certain of its
preferred embodiments, it is noted that the embedisdisclosed are illustrative rather than lingitin

in nature and that a wide range of variations, fications, changes, and substitutions are
contemplated in the foregoing disclosure and, imeanstances, some features of the present
invention may be employed without a correspondswgaf the other features. Many such variations
and modifications may be considered obvious andlat#s by those skilled in the art based upon a
review of the foregoing description of preferredoaatiments. Accordingly, it is appropriate that the

appended claims be construed broadly and in a maonsistent with the scope of the invention.
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What is claimed is:

1. A tree cap assembly (11) for capping a bore (4@)safbsea wellhead assembly (16), the bore
(47) having an axis (67), the tree cap assemblydatprising:

an annular cage member (41) selectively inseriatide¢he bore (47) and having an interior (45);

a cam element (33) having a portion positionedheihterior (45) and axially movable with

respect to the cage member (41);
an annular actuation member (71) positioned bette=cage member (41) and the cam element
(33);

an annular seal (49) between the cam element (@Bbare (47), that is selectively energized
when axially compressed against the actuation me(i@hg by cam element (3) to form a pressure

barrier in the bore (47);

a locking assembly (59) comprising a dog (73) finajects radially outward through a sidewall
of the cage member (41) into selective engagemihtargroove (57) that circumscribes the bore
(47); and

an actuation assembly (11, 103, 123) coupled todheelement (33) so that when actuated, the
actuation assembly (11, 103, 123) moves the camezie(33) axially relative to the annular cage

member (41) to compress the seal (49) againstctivj@ton member (71).
2. The tree cap assembly (11) of Claim 1, whereirctima element (33) comprises:

a stem (35) extending from the bore (47) to theatain assembly (11, 103, 123) through the

interior (45) of the cage member (41);

a medial portion (37) mounted to the stem (35)leadng a conical surface (77) that selectively
engages the dog (73) to drive the dog (73) intaytbeve (57); and
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a seal carrier portion (39) mounted to the medatipn (37) opposite the stem (35) and
configured to carry the annular seal (49) and arerthe annular seal (49) in response to axial

movement of the cam element (33).
3. The tree cap assembly (11) of Claim 1, the actoagsembly (11, 103, 123) comprising:
a housing (15, 125) having a cavity (23, 129); and

an axially moveable spreader plate (25, 127) postil in the cavity (23, 129), the spreader plate
(25, 127) having a width substantially equivalerd width of the cavity (23, 129), the cam element
(33) coupled to the spreader plate (25, 127) setkial movement of the spreader plate (25, 127)
moves the cam element (33) to compress the ansedh(49) against the actuation member (71); an
actuation portion (137) depending from the hougit@p), through the cage member (151) and
having a lower portion (147) positioned betweeoveer end (159) of the cage member (151) and the

cam element (139); and
wherein the annular actuation member (71) depewds the actuation portion (137).

4. The tree cap assembly (11) of Claim 3, the actoatssembly (11, 123) further comprising a
mechanical energizer (27, 131) extending from d (&8, 133) of the housing (15, 125) disposed
proximate to a subsea tree (14) when the treelBd@3) lands on a tree head (13) of the subsea
tree (14) to the spreader plate (25, 127), the ar@chl energizer (27, 131) configured to exert an
axial force on the spreader plate (25, 127) toedtine spreader plate (25, 127) axially upward and

to maintain an axial force on the spreader plébe &3, 127) to maintain the annular seal (49) & th

energized position.

5. The tree cap assembly (11) of Claim 4, the actoagsembly (11) further comprising a
hydraulic actuator (17) positioned opposite themaaccal energizer (27) to move the spreader plate
(25) axially to compress the mechanical energizéy {o maintain the seal (49) in the unset position

during running and retrieval of the tree cap asdgifid).
6. The tree cap assembly (11) of Claim 1, whereimatttaation assembly (103) comprises:

a housing (83) having a cavity (87) and configuedeceive and direct hydraulic pressure;
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a hydraulic piston (85) having an actuation surfelcE3) and a retrieval surface (107), the
hydraulic piston (85) positioned in a cavity (87}tee housing (83) and configured to move axially
in response to application of hydraulic fluid pragsto the actuation and retrieval surfaces (113,
107);

the cam element (33) coupled to the hydraulic pig®b6) so that axial movement of the
hydraulic piston (85) moves the cam element (33)ampress the annular seal (49) against the

actuation member (71); and

one or more valves (101, 109) actuable to seldgtipermit application of hydraulic fluid

pressure to the actuation and retrieval surfack3, (l07) of the hydraulic piston (85).

7. The tree cap assembly (11) of Claim 6, wherein abiation assembly (103) further

comprises:
an accumulator (119) to store at least one of wdréluid pressure and gas pressure;

a charge valve (117) in communication with the azglator (119) to selectively supply at
least one of hydraulic fluid pressure and gas pres® the accumulator (119) and vent at least

one of hydraulic fluid pressure and gas pressma the accumulator (119);

an accumulator valve (121) positioned between toeimulator (119) and the actuation
assembly (103) and in communication with the actuagurface (113) of the hydraulic piston
(85) to selectively allow communication betweenabeumulator (119) and the actuation surface
(113) of the hydraulic piston (85);

wherein the accumulator (119), the charge valv&)ldnd the accumulator valve (121) are
configured to selectively apply at least one ofrawtic fluid pressure and gas pressure to the

actuation surface (113) of the hydraulic piston){&ad

wherein the application of at least one of hydaflliid pressure and gas pressure from the

accumulator (119) maintains the energization ofstred (49).
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8. A tree cap assembly (11) for capping a bore (4@)snfbsea wellhead assembly (16), the bore
(47) having an axis (67), the tree cap assemblydatprising:

an annular cage member (41) selectively insertaltethe bore (47) formed in the wellhead

assembly (16), the annular cage having an intétoy;
an annular actuation member (71) depending froowai end (55) of the cage member (41);

a cam element (33) having a portion positionetiénititerior (45) of the cage member (41) and

axially movable with respect to the cage membey; (41

an annular seal (49) between the cam element (@3minner surface of the bore (47), the cam
element (33) selectively energizing the annulak @& by compressing the annular seal (49) axially

against the actuation member (71) to form a predsarrier in the bore (47);

a locking assembly (59) comprising a dog (73) finajects radially outward through a sidewall
of the cage member (41) into selective engagemihtargroove (57) that circumscribes the bore
(47);

a housing (83) having a cavity (87) and configuredeceive and direct hydraulic pressure;

a hydraulic piston (85) having an actuation surfélcE3) and a retrieval surface (107), the
hydraulic piston (85) positioned in a cavity (23, 829) of the housing (15, 83, 125) and configured

to move axially in response to application of hydi@fluid pressure to the actuation and retrieval
surfaces (113, 107);

the cam element (33) coupled to the hydraulic pig®b) so that axial movement of the
hydraulic piston (85) moves the cam element (33)aimpress the annular seal (49) against the
actuation member (71) by moving the cam elemernjtg8illy relative to the annular cagemember
(41);

one or more valves (101, 109) actuable to seldgtipermit application of hydraulic fluid

pressure to the actuation and retrieval surfact3, (107) of the hydraulic piston (85).

an accumulator (119) to store at least one of widréluid pressure and gas pressure;

-26-



a charge valve (117) in communication with the awglator (119) to selectively supply at least
one of hydraulic fluid pressure and gas pressutbed@ccumulator (119) and vent at least one of

hydraulic fluid pressure and gas pressure fromatoemulator (119);

an accumulator valve (121) positioned betweendberaulator (119) and the actuation assembly
(103) and in communication with the actuation stefg113) of the hydraulic piston (85) to
selectively allow communication between the accuataul(119) and the actuation surface (113) of

the hydraulic piston (85);

wherein the accumulator (119), the charge valv&)14nd the accumulator valve (121) are
configured to selectively apply at least one ofrawic fluid pressure and gas pressure to the

actuation surface (113) of the hydraulic piston)(&ad

wherein the application of at least one of hyd&illiid pressure and gas pressure from the

accumulator (119) maintains the energization ofstwed (49).
9. The tree cap assembly (11) of Claim 8, whereirctima element (33) comprises:

a stem (35) extending from the bore (47) to theatain assembly (11, 103, 123) through the

interior (45) of the cage member (41);

a medial portion (37) mounted to the stem (35)redng a conical surface (77) that selectively
engages the dog (73) to drive the dog (73) intateve (57); and

a seal carrier portion (39) mounted to the medatipn (37) opposite the stem (35) and
configured to carry the annular seal (49) and emrerthe annular seal (49) in response to axial

movement of the cam element (33).

10. Thetree cap assembly (11) of Claim 9, whereirativeular seal (49) comprises a wedge-type

cross sectional profile.
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11. A method for capping and sealing a subsea treeirftiiding a tree head (13), a bore (47)

having an axis (67), and a locking groove (57) fedntherein, the method comprising:

(a) providing a subsea tree cap (11, 103, 123) havicgnaelement (33) carrying an annular
metal seal (49) having a wedge type profile, the element (33) moveable along the axis (67) of
the bore (47);

(b) running the subseatree cap (11, 103, 123) tauhees tree (14) located proximate to the sea
floor (20);

(c) positioning a portion of the cam element (33) ia biore (47) and lowering the subsea tree
(11, 103, 123) cap to land on the subsea tree &dl);

(d) moving the cam element (33) axially upward to se¢he subsea tree cap (11, 103, 123) to
the subsea tree (14) and deformingly engage thdammnetal seal (49) to seal to the subsea tree cap
(11, 103, 123) and the bore (47) of the subsea(ir4).

12. The method of Claim 11, wherein step (d) furthempases slidingly engaging a medial
portion (37) of the cam element (33) having a calnicofile (77) against a conical cam surface (75)
of an annular dog (73) carried by the subsea fapgXl, 103, 123) to expand the annular dog (73)
radially into the locking groove (57) of the bo#¥].

13.  The method of Claim 11, wherein step (d) furthenpdses compressing the annular metal
seal (49) between a lower conical portion (53heftcam element (33) and an actuation member (71)
depending from an outer diameter of a cage ofubsea tree cap (11, 103, 123) positioned in the
bore (47) of the subsea tree (14); and removingawit pressure from a hydraulic cylinder (17)
exerting a downward axial force on the cam eler{@3)t, thereby allowing a mechanical energizer

(27) coupled to the cam element (33) to exert amang axial force on the cam element (33).

14.  The method of Claim 11, wherein step (d) furthempdses supplying hydraulic fluid
pressure to a hydraulic piston (85) coupled toctima element (33) to move the cam element (33)
axially upward and releasing gas pressure storad smccumulator (119) of the subsea tree cap to
exert an upward axial force on the cam elementt{&3)maintains the engagement of the seal (49)
to the bore (47).
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15. The method of Claim 11, further comprising maintaining an upward axial force on the
hydraulic piston (85) to accommodate for thermal expansion and contraction of the subsea tree (14)

and creep and stress relaxation of the annular seal (49).
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