SUBSEA TREE CAP AND METHOD FOR | NSTALLI NG THE SUBSEA
TREE CAP CROSS REFERENCE TO RELATED APPLI CATION 'Il1s
application clains the benefit of U S. Provisional

App. No. 60/852,024 entitled "SUBSEA ROV RETRI EVABLE
"TREE CAP," filed on Cct. 16, 2006, by David Baskett,
which is incorporated in its entirety herein.
BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention generally relates to a
retrievable tree cap for use on a concentric bore
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materi al, such as syntactic foam to decrease the
subrmerged wei ght of the tree cap. The buoyant nateri al
may be configured to orient the tree cap in a vertical
CROSStR EFERHENCE $ORELAEED AR ICAGEONap may i ncl ude a
fol dabl e handl e that may be used by the ROV to
transport the tree cap. The ROV nay be used to nove
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention generally relates to a retrievable tree cap for use on a concentric
bore "conventional" or "vertical" subsea tree. The tree cap may be installed and
retrieved using a remote operated vehicle (ROV). The tree cap may include buoyant
material, such as syntactic foam, to decrease the submerged weight of the tree cap. The
buoyant material may be configured to orient the tree cap in a vertical position when
submerged. The tree cap may include a foldable handle that may be used by the ROV to
transport the tree cap. The ROV may be used to move the handle from a vertical
position to a horizontal position after the tree cap has been installed into the subsea tree.
The tree cap may include a hot stab injector that the ROV may remove from the tree cap

after installation of the tree cap.

The tree cap may be landed into the concentric bore of a subsea tree and locked in place
before setting the seals within the bore. A plurality of seals of the tree cap may be used
to hydraulically isolate the annulus bore from the production bore of the tree spool. A

hot stab injector may be used to apply fluid pressure to the tree cap to first engage a first

1 °



The tree cap may be | anded into the concentric bore of

a subsea tree and | ocked in place before setting the
seals within the bore. A plurality of seals of the

tree cap may be used to hydraulically isolate the
annul us bore fromthe production bore of the tree

spool. A hot stab injector may be used to apply fluid
pressure to the tree cap to first engage a first

| ocki ng mechanismto selectively lock the tree cap to
the subsea tree and to then the pressure nay be used
lackingehechrniemeo gélz@ivalypllouk ttlei tree @b teebd subatat tnéenartdnte then the

atree. A second.| ocki. hani
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The tree cap may include a flow path and val ve, such

as a p- trap vent or one-way check val ve, mhich permts

water tra the t ap _and.
Thhgrel SHRLRY, Blpd®ibfiel PRBRE Sy "ReFE o SO Rrip C e iRy il o
copaty hof t}tbateermy e teedp htwyihdsdl Bow @ath dhb&alse aduSh @da p-trap
t he seal The tree cap nay be adap ted t
ViR RRORe-RaY ¢ {1%4( ROEKVRIGh REEHS 1 resmyabe \gatarrw% befveen the
trE@@atpSaH@%?easu%eﬁ%reé eﬂfértga'e Q&S maY aksh %cﬁtﬁ@'a@iow%dt}?ma@ﬁlhyﬂe used
of the tree ;w% Description of the Related Ar
tonRiessheeaigstabe 91 theusedl carierHBhe werptapyraey bmaddp@dste ai@enut a
I r p C e n
e B L e B sP B BC R PRI g BB recia
ommmﬂmusédwnmeaqgess the wel | bore. The subsea tree
i ncludes a bore that nay be sealed off or isol ated
using a tree cap. Typically the subsea tree includes a
2 IQekmionT ot gatdsawel | as an annul us bore that may be
isolated with the insertion of a tree cap. Prior tree
caps generally reqU|re the specific radial alignment
e e red. i
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aIb?‘B’é‘Ih@rﬁoir% ﬂ'@éwﬂ’ﬁgsq fied @t the insertion of a tree cap. Prior tree caps

generally require the specific radial alignment of the tree cap in order to be inserted and
secured in the subsea tree. The alignment of the tree cap to a particular radial alignment
may be difficult when installing the tree cap with a ROV. It would thus be beneficial to

provide a tree cap that may be installed into a subsea tree at any radial orientation.

While installing a tree cap in a subsea tree one potential problem is damaging the seals
during the installation process. The seals are the key component to the tree cap so it is

important to prevent damage to the seals during the installation process. It would thus
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during the installation process. The seals are the key
conponent to the tree cap so it is inportant to
prevent damage to the seals during the installation
process. It would thus be beneficial to provide a
tree cap that may be installed and sel ectively secured
to a subsea tree before the seals are set. The
installation of a tree cap on a subsea tree spool can
be difficult. A ROV may be used to install the tree
cap. It would thus be beneficial to provide a |ight
bevbegtticial teerovaje & ved eapi thit @by bt hestdlled taatl [salectirlyofectrhe to a
tree c by ..a . The tree cap nay have integra
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i ntegral buoyancy to hel p the underwater transport of
the tree cgg. It may be al so beneficial to have
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buoyancy to reduce the subnmerged weight of the tree
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i solation bore. It would be beneficial to provide a

tree c that may.be first |ocked to the subsea tree
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to the subsea tree by the application of hydraulic pressure and then may set the seals to
isolation the production and annulus bores by the continual application of hydraulic
pressure. It would be beneficial to provide a tree cap that orients itself in an upright
position when submerged. It would be beneficial that provides a tree cap that permits

the removal of water trapped between the tree cap and the subsea tree. It would also be
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beneficial to provide a tree cap that permts the
pressure testing of the seals of the seal carrier. The
present invention is directed to overcom ng, or at

| east reducing the effects of, one or nore of the

i ssues set forth above. SUMVARY OF THE | NVENTI ON The

obj ect of the present disclosure is to provide a tree
cap for a subsea tree having an annul us bore and a
production bore that may be installed and retrieved
usi ng an ROY. In one enbodinment, the tree cap includes
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| ower fluid port. The tree cap includes a cap that is
connected to the upper end of the cylindrical body
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Insgngteaodigndnp dhg Gesrtap ducdeles o cylmuirmaldxoéy theih bassgmitpget dng and a

t
P LTSI 0, RRSE, PO TSRSy B
atbopeo ﬂu'mlfpdrtf@dml latver fluib @ottr Biee tedcap hedluddes cap danistchadected
o RRBisa obfetAdtiral bt R Feraeliyn kg THgogTmich &
reR@sihg ‘sl@ék%dma%r Runsitfongd. Ao dap pytidiad %hrg\Q%flﬁ Werdhihia §l%e\%rhnd

the cam The spring is biased to nove cam an
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retalns the cam an € upper position wh

lotee ot s@end apsiiien. iTihs end edhyiintlodd dtdeast one radial port, a longitudinal

flow path along the rod, and a p-trap vent or one-way check valve at the top end of the

longitudinal flow path. The tree cap includes a plate connected to the cylindrical body

and syntactic foam connected to the plate. The syntactic foam may include an upper

portion connected to the top of the plate and a lower portion connected to the bottom of

the plate.

The tree cap includes a cam that is adapted to engage a portion of the rod. The cam is
positioned within the cylindrical body. A spring is positioned around the rod applying a
downward force on the cam. The spring is biased to move the cam and the rod from an
upper position to a lower position. A lower locking mechanism, such as a locking dog,

retains the cam and rod in the upper position while the tree cap is inserted into the

4 o



subsea tree. The | ower | ocking nechanismis novable
bet ween an i nner position, which prevents the downward
novenent of the camand rod, to an outer position that
permts the downward novenent of the camand rod. A
seal carrier selectively retains the | ower | ocking
mechanismin its inner position until setting the tree
cap seals in the bore of subsea tree. Various
configurations and actual |ocking neans nay be used to
selectively retain the camand rod in its upper
sqhs@i ttdeo’ﬁhabwmldckﬁng encaliiec isat@dbleybeovren eﬁ 1rm|edpcrsaroy1, which
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pdiRiéeni hg-sedl hﬁrrﬁelr QY ReIRY 158 BUS %Eﬂﬁﬁsﬂa ahd thE Sbper seal and
position, a second position, an hird position.
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pid «LEWEL sealing el ements of the sleeve hydraulically
PPsolat e the upper fluid port of the cylindrical body.
In the third position, the upper sealing el enent of

t he sl eeve ves bel ow er fl rt of the
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angrtheeurtpat fleid poft. t he tree cap. This may eliminate the
need for the ROV to rotate and align the tree cap to a
specified orientation prior to installation into the
subsea tree. The tree cap includes a hot stab injector
that may be sel ectively conhected to the pl ate. The
hot stab injector is in fluid communication with the
cavity between the housing and the sleeve. Fluid
pressure nay be applied through the hot stab injector
to nove the sleeve fromthe first position to the
second position. In the second position, the sleeve
forces the upper |ocking dog to its outer position
engaging the profile to selectively lock the tree cap
to the subsea tree. Fluid pressure may be continually



The tree cap may al so include a centralizer connected
to the bottomof the seal carrier. The tree cap may
include a handle that is connected to the upper end of
the cylindrical body. The ROV nay be able to nove the
handl e from an upright vertical position to a | ower
hori zontal position after the seals have been set to
i sol ate the production and annul us bores. Anot her
enbodinment is a tree cap for installation in a subsea
tree that has an annul us bore and a production bore.
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oD PSPg debiteh B8 G pe Rty M e R ibeaf i By fosking
mclpi@hi & 8iakdd ohe isdePpeAtidn £@.is MRPRE td Sgased pokilevighde subsea
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production bore of the subsea tree. The tree cap
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fluid pressure to the tree cap with a hot stab
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the tree cap and the subsea tree. The nmethod nmay al so .
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bk@%@ghg{. One enbodinent is a tree cap for use with a
su atree having a concentric bore. The tree cap
i ncludes a cylindrical body having a top end and a
bottom end and a cap connecfed to the top end of the
cylindrical body. The tree cap includes a seal carrier
that is slideably connected to the bottom end of the
cylindrical body. The seal carrier is novable between
an upper position and a | ower position and includes a
plurality of seals that are adapted to seal the
concentric bore of the subsea tree when the sea
carrier is located in its |lower position. The tree cap

includes a first locking means that is connected to



BRI EF DESCRI PTION OF TIM DRAWNGS FIG 1 shows a
cross-section view of one enbodi nent of a tree cap
inserted into a subsea tree. FIG 2 shows a
cross-section view of one enbodi nent of a tree cap.

FIG 3 shows a perspective view of one enbodi nent of a
tree cap. FIG 4 shows a bottom perspective view of

one enbodi nent of a tree cap. FIG 5 shows a

per spective view of one enbodi nent of a tree cap
partially inserted into a subsea tree. FIG 6 shows so
Tae trop cqpemnsypealsd incRide iaeentddlizenenaedaiornenbotain af the aeal carpier.

TW? Lrgg gaé)lt O}'naerll)y in%%gg %%tall‘l e fth%fal;rs] caotngéac(t:e%etg t}tleougpre]re ergdo gf t% C}t/hr}l%rical
body. The ROV may be able to move the handle from an upright vertical position to a
lower horizontal position after the seals have been set to isolate the production and

annulus bores.

Another embodiment is a tree cap for installation in a subsea tree that has an annulus
bore and a production bore. The tree cap includes a cap, a cylindrical body that is
connected to the cap, and hydraulically actuated means for selectively locking the
cylindrical body to a profile in the subsea tree. Means for selectively locking the
cylindrical body may include locking dogs, collets, spring loaded pins, split rings or
collars, or any other equivalent structure that may be used to selectively engage a
profile as would be appreciated by one of ordinary skill in the art having the benefit of
this disclosure. The tree cap also includes a seal carrier that is slideably connected to the
cylindrical body. The seal carrier may be moved between a non-actuated position and
an actuated position. In the actuated position, seals on the seal carrier hydraulically
isolate the annulus bore and the production bore of the subsea tree. The tree cap
includes means for hydraulically moving the seal carrier to the actuated position after
locking the cylindrical body to the profile. The tree cap may include means for
selectively locking the seal carrier in the actuated position. Means for selectively
locking the seal carrier in the actuated position may include locking dogs, collets, spring
loaded pins, split rings or collars, or any other equivalent structure as would be

appreciated by one of ordinary skill in the art having the benefit of this disclosure.

Another embodiment is a method for installing a tree cap on a subsea tree including
moving the tree cap to the subsea tree with a remotely operated vehicle and inserting the
tree cap into a bore in the subsea tree. The method includes applying fluid pressure to
the tree cap with a hot stab injector selectively connected to the tree cap and locking the

tree cap into the subsea tree. After the tree cap is locked to the subsea tree, the method
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FIG 7 shows a cross-section view of a portion of one
enbodi nent of a tree cap depicting the attachnent of
syntactic foamto the upper and | ower portion of the
tree cap plate. FIG 8 shows a cross-section view of

one enbodiment or a tree cap before the tree cap is

| ocked into the subsea tree. FIG 9 shows a
cross-section view of one enbodiment of a tree cap

| ocked into the subsea tree and the seal carrier in

its upper position. FIG 10 shows a cross-section
inclwsles edfttimgnthe ecdixooki the ke odp @ isolate tlmea]proﬁlmtibmdnd nﬂimnhl:sl’t@res of

tr .
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I ncl udes two ow paths through a center
podiigon andéo teave the hot stab injector.

One embodiment is a tree cap for use with a subsea tree having a concentric bore. The
tree cap includes a cylindrical body having a top end and a bottom end and a cap
connected to the top end of the cylindrical body. The tree cap includes a seal carrier that
is slideably connected to the bottom end of the cylindrical body. The seal carrier is
movable between an upper position and a lower position and includes a plurality of
seals that are adapted to seal the concentric bore of the subsea tree when the seal carrier
is located in its lower position. The tree cap includes a first locking means that is
connected to the cylindrical body. The first locking means is adapted to selectively
engage a profile within the concentric bore of the subsea tree. The first locking means
may engage the profile regardless of the radial orientation of the cylindrical body of the
tree cap. The tree cap includes a second locking means that is connected to the
cylindrical body. The second locking means is adapted to selectively retain the seal
carrier in its lower position. The tree cap includes a hot stab injector. Fluid pressure
may be applied from the hot stab first to have the first locking means engage the profile.
After the first locking means has engaged the profile, fluid pressure applied from the
hot stab may move the seal carrier to its lower position. The second locking means may
then be used to selectively retain the seal carrier in the lower position. In the lower
position, the plurality of seals of the seal carrier hydraulically isolates the concentric

bore of the subsea tree.



Wiile the invention is susceptible to various
nodi fi cations and alternative fornms, specific
enbodi ments have been shown by way of exanple in the
drawi ngs and wil|l be described in detail herein.
However, it should he understood that the invention is
not intended to be limted to the particular forns
di scl osed. Rather, the intention is to cover al
nodi fi cati ons, equivalents and alternatives falling
within the spirit and scope of the invention as
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| LLUSTRATI VE EMBODI MENTS || I ustrative enbodi nents of
the invention are described bel ow as they m ght be
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on a subsea tree by a ROV. In the interest of clarity,
$2 4% features of an actual inplenentation are
descrlbed in this specification. It will of course be
a preciated that in the devel opnent of any such actua
Pweacrospsaetioviswiofpheembedmemef g preetdp. ¢ deci si ons
nust be made to achi eve the devel opers' specific
goal s, such as conpliance with systemrel ated and
FluSi shews a pedspdceide Cionsi bad ethbodimbitoawed tapvary from one
i npl emrentation to another. Moreover, it will be
appreci ated that such a devel opnent effort m ght be
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a routine undertaking for those of ordinary skill in
the art having the benefit of this disclosure.
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aswned wker ati on of the follow ng description and
drawi ngs. FIG 1 shows a cross-section view of one
enbodi mrent of a tree cap 1 inserted into the bore of a
FEMIS@RwWsIs6@ thf per g&n%’ RESRot SReerlbdink BE8S$red cap without any
production bore 18 and an annul us bore 16. The subsea
synfagtic fopm #tarkpdds the teeal thh@geec®s i n which the seal s of
the tree cap | may hydraulically isolate the
production and annul us bores 16, 18. The tree cap 1 as
Fidepi ch@ws arcrédsGectibni @'eWOcﬁke@owimh@ﬁwondwembmrbmela off edret4cap

Wit h cki d 24, 26 .extended into a | ock
adfidrde Gl dpER AT pAlis RS opefifh Bre i dihe Fegeor
plateseal carrier 19 positioned within the subsea tree 14
to hydraulically isolate the production bore 18 and
t he annul us bore 16. The various conponents and
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detai |l bel ow ows Cross-section view of one
1Sénﬁo@umeﬁBSdheaut¢ee cap 1. The tree cap 1 has a
cylindrical body 10 and a cap 79 connected to the top
of the cylindrical body 10. The majority of the
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léUCh as gtalnless steel and 80, ksi LAS. The sealing
P8 cY&AESHFIISIPREIOSHIOBr | | e seal s. A
rot at abl e handle 36 nmay be connected to the cap 79 or
the cylindrical body 10. The handl e 36 may be rotated
bet ween an upright position (showmn in FIG 2) to a
hori zontal position (shown in FIG 11), which reduces
the profile of the tree cap 1. The reduced profile my
decrease the risk of equi pment snaggi ng on the
installed tree cap |I. The cgp 79 includes an opening
t hrough which a retainer sleeve 83 nay be positioned.
A rod 80 may be positioned within a |ongitudinal bore
of the retaining sleeve 83. The rod 80 includes at
| east one radial port 92 and a | ongitudi nal port 90
that nmay be used to expel water trapped between the
tree cap 1 and the subsea tree 14. The upper end of
the longitudinal port 90 includes a p-trap vent 94 to
prevent fluid fromflow ng down the |ongitudinal port



this disclosure. A spring 82 is positioned around the
rod 80. One end of the spring is connected to or

retai ned by the retaining sleeve 83. The other end of
the spring 82 engages a cam 84. The cam 84 is novabl e
between a first or upper position and a second or

| ower position. FIG 2 depicts the cam84 in the

second or | ower position. Wile the cam84 is retained
in this first or upper position the spring 82 is
conpressed between the cam 84 and the retaining sleeve
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88 may be conprised of 105 ksi LAS. The operation of
the | ocking dogs 86, 88 with respect to the cam 84
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el astoneric seals 50, 56, such as o-rings, |ocated
adj acent to the upper and | ower seals 52, 54. The
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tree 14. The tree cap 1 inclu pi ston 20
wopdd ineyasihel$ss be arapsing mydert@loag & these\oé erdmrwl eigll o thsianicghaving
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element 38 to seal the interface

bet ween the dog hou5|ng 22 and the plate 32. Pressure

may be applied to the cavitV)fron1a hot stab injector

34 positioned through the upper syntactic foam 28. The

hot stab injector 34 is in fluid comuni cation with

the cavity between the dog housing 22 and the

cylindrical body 10. The tree cap 1 may include a

hydraulic port 40 adjacent to the hot stab injector 34

and in comunication with the cavity. Pressure may be

applied to the cavity to nove the piston 20 downwar ds
along the cylindrical body 10. The downward novenent



The piston 20 includes an upper inner seal 46 and a

| ower inner seal 48 that may be positioned to isolate

an upper hydraulic port 47 in the cylindrical body 10
fromthe hydraulic pressure within the cavity. The

pi ston 20 may i nclude an upper outer sealing el enent

42 and a |l ower outer sealing elenent 44 to seal the

i nterface between the piston 20 and the dog housi ng

22. The piston 20 may al so include an upper barrier

seal 62 between the piston 20 and the cylindrical body
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syntactic foam 28 renoved fromthe plate 32 and
fasteners 102, 104, 106, 108.



FIG 8 shows a cross-section view of one enbodi nent of
the tree cap 1 before the tree cap 1 has been
selectively | ocked to the subsea tree 14. Locki ng dogs
24, 26 are retracted to their inner or first position
and have not yet engaged the |ocking profile 12 of the
subsea tree 14. The spring 82 is in a conpressed state
bet ween the cam 84 and the retai ner sleeve 83 as the

| ower | ocking dogs 86, 88 prevent the downward

novenent of the cam 84. The seal carrier 19 is
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conmuni cation with the |ongitudinal bore 90. As .
corrosion inhibitor is pu d into the tree cap 1 from
the hot stab injector 34, trapped water may travel up
the | ongitudi nal bore 90 and out of the p-trap vent
94. The p-trap vent 94 is used to prevent water from
entering the |ongitudinal bore 90 fromthe top of the
rod 80. FIG 12 shows a cross-section view of an
enbodi mrent of a tree cap 301 installed into a subsea
tree 14. This enbodi nent of the tree cap 301 al so
permts the selectively | ocking of the tree cap 301 in



enbodi nrent of FIG 2. The end of the rod 380 includes
sealing elenents 384, 385 used to seal between the rod
380 and the seal carrier 19. Although various

enbodi nents have been shown and descri bed, the

invention is not so limted and will be understood to

i nclude all such nodifications and variations as woul d
be apparent to one skilled in the art. CLAIMS Wiat is
clainmed is: 1. Atree cap for a subsea tree having an
annul us bore and a production bore, the tree cap

mag e vagousglastomeric seals, such as an o-ring, as would be appreciated by one of

ordinary skill in the art having the benefit of this disclosure. The seal carrier 19 is
movable between an upper or first position and a lower or second position along the
cylindrical body 10 as will be discussed in more detail below. A centralizer 100 may be
connected to the bottom of the seal carrier 19 to help center the tree cap 1 within the

production bore 18 of the subsea tree 14.

The tree cap 1 includes a movable piston 20 positioned in a cavity located between a
dog housing 22 and the cylindrical body 10. The dog housing 22 may include a sealing
element 38 to seal the interface between the dog housing 22 and the plate 32. Pressure
may be applied to the cavity from a hot stab injector 34 positioned through the upper
syntactic foam 28. The hot stab injector 34 is in fluid communication with the cavity
between the dog housing 22 and the cylindrical body 10. The tree cap 1 may include a
hydraulic port 40 adjacent to the hot stab injector 34 and in communication with the
cavity. Pressure may be applied to the cavity to move the piston 20 downwards along
the cylindrical body 10. The downward movement of the piston 20 moves locking dogs
24, 26 outwards into the locking profile 12 of the subsea tree 14 selectively locking the

tree cap 1 to the subsea tree 14.

The piston 20 includes an upper inner seal 46 and a lower inner seal 48 that may be
positioned to isolate an upper hydraulic port 47 in the cylindrical body 10 from the
hydraulic pressure within the cavity. The piston 20 may include an upper outer sealing
element 42 and a lower outer sealing element 44 to seal the interface between the piston
20 and the dog housing 22. The piston 20 may also include an upper barrier seal 62
between the piston 20 and the cylindrical body 10. The pressure may increased within
the cavity to move the piston 20 to first engage the profile with the locking dogs 24, 26
and then to move the piston 20 downwards until upper inner seal 46 travels past the

upper hydraulic port 47 permitting hydraulic communication with a lower hydraulic

13 °



a cylindrical body having an upper end and a | ower

end, the cylindrical body having an upper fluid port

in communication with a lower fluid port; a cap
connected to the upper end of the cylindrical body,

the cap including an opening through the cap; a rod
posi ti oned through the opening in the cap, the rod
havi ng an upper end above the cap and a | ower end
positioned within the cylindrical body; a cam

connected to the rod within the cylindrical body; a
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seal carrler 19. A p-trap vent 94 may be attached to the end of the rod 80 and may be
used to prevent fluid flow down a longitudinal bore in the rod 80. FIG. 3 shows the
rotatable handle 36 in an upright position, which may be used by an ROV to handle the
tree cap 1. FIG. 5 shows a perspective view of the tree cap 1 being inserted into the bore
of a subsea tree 14. FIG. 11 shows a perspective view of the tree cap 1 inserted into the
subsea tree 14. The handle 36 has been folded into a horizontal position reducing the
overall profile of the tree cap 1. The reduction of the profile decreases the probability
that equipment may become snagged or caught on the installed tree cap 1. The shorter
length of rod 80 protruding from the tree cap 1 (with respect to FIG. 5) indicates that the

seals of the seal carrier 19 have been set within the seal bore 55 of the subsea tree 14.

FIG. 4 shows a bottom perspective view of one embodiment of a tree cap 1. Fasteners
102, 104, 106, 108 may be used to secure the upper syntactic foam 28 to the plate 32.
The lower syntactic foam 30 may help to decrease the submerged weight of the tree cap
1 and may be configured in combination with the upper syntactic foam 28 to help orient
the tree cap 1 in an upward position when submerged. FIG. 7 shows a cross-section
view of one embodiment of a fastener 102 and bracket 103 used to secure the upper and

lower syntactic foam 28, 30 to a plate 32. FIG. 6 shows a perspective view of the tree



a sl eeve having an upper seal and a | ower seal and
bei ng slideably connected to the upper end of the
cylindrical body, the sleeve being novabl e between a
first position, a second position, and a third
position, wherein in the first position and the second
position the upper seal and the | ower seal of the
sl eeve hydraulically isolate the upper fluid port of
the cylindrical body; a housing connected around the
sl eeve, the housing creating a cavity between the
capl etk thtrdppchayhautisi fogn 28 remppel frbmakd plgtedi®gand fasteners 102,
léﬁl@gHigely novabl e between an i nner position and an
1 & 8 sition, the upper | ocking dog being biased to
its inner position, wherein in its outer position the
iﬁper | ocki ng dog is adapted engage a profile in the
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the upper locking dog to its outer position;
the cam &4. The seal carrier 19 is positioned in its upper or first position and prevents
the lower locking dogs 86, 88 from extending outward to release the cam 84. Pressure
may be applied from a hot stab injector 34 to move the piston 20 down the cylindrical

body 10 to selectively lock the tree cap 1 to the subsea tree 14.

As pressure is applied from the hot stab injector it is initially contained to the cavity
between the dog housing 22 and the cylindrical body 10 as seals 46, 48 isolate the upper
hydraulic port 47 of the cylindrical body 10. As the piston 20 moves downwards the
upper locking dogs 24, 26 are forced outwards and engage the locking profile 12 of the
subsea tree 14 as shown in FIG. 9. However, the seals 46,48 may still isolate the upper
hydraulic port 47 even when the upper locking dogs 24, 26 engage the locking profile
12. Additional pressure may be applied through the hot stab injector 34 to move the
piston 20 downwards until the upper inner seal 46 moves past the upper hydraulic port
47 as shown in FIG. 10. At this point, the hydraulic pressure will be communicated to
the lower hydraulic port 99 through the upper hydraulic port 47 and longitudinal bore
98.

Pressure from the lower hydraulic port 99 will be applied to the seal carrier 19 moving
the seal carrier downwards along the cylindrical body 10. The downwards movement of
the seal carrier 19 will properly position the seals 50, 52, 54, 56 of the seal carrier 19 to

hydraulically isolate the production and isolation bores 16, 18. The downward
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wherein fluid pressure applied through the hot stab
i njector noves the sleeve fromthe second position to
the third position noving the upper seal past the
upper fluid port of the cylindrical body, the upper
fluid port being in fluid conmuni cation with the
cavity between the sl eeve and the housing; and wherein
fluid pressure applied through the hot stab injector
passes through the upper fluid port to the lower fluid
port and noves the seal carrier to the second position
moet¢reas iofighd feal tavier 19 odkbikg pdmgt the ondward tnaovietsntoaft the lower
Sition e tree c wher ej
BB SoPoRe Bt Bich oF s B e hrsdy e Hordgpdgo down
tHeT&JyEﬁerEll bo%ly 16end doR@waePmeterfdntbMhd rddgd REL rdecrease the length
conprising a centralizer connected to the seal

olcthe F3de0 that pratredes fram thatopef the eap P 1Thaghangsiin lopgd nigyidss an
1@3‘?{1 1@91% HRWRA s %? e sggl %H?e{_%@arlavg @&!n' &l Efﬁ the subjea tree 14,

to- neta tree cap of claim
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lower or set position until it is desued to unset the seal carrier 19 and remove the tree

cap 1 from the subsea tree 14.

The central longitudinal bore 90 of the rod may be used to flush or remove water
trapped between the tree cap 1 and the subsea tree 14. The rod 80 includes at least one
radial port 92 in communication with the longitudinal bore 90. As corrosion inhibitor is
pumped into the tree cap 1 from the hot stab injector 34, trapped water may travel up
the longitudinal bore 90 and out of the p-trap vent 94. The p-trap vent 94 is used to

prevent water from entering the longitudinal bore 90 from the top of the rod 80.

FIG. 12 shows a cross-section view of an embodiment of a tree cap 301 installed into a
subsea tree 14. This embodiment of the tree cap 301 also permits the selectively locking
of the tree cap 301 in the subsea tree 14 before setting the seals of the seal carrier 19.
The tree cap 301 includes a rod 380 that includes two longitudinal paths 381, 382
through the rod 380. The first longitudinal path 381 is in communication below the seal
carrier 19 and may be used to pressure test below the seal carrier 19. The second
longitudinal path 382 is in communication with a radial bore 383 through the seal
carrier 19. The radial bore 383 in combination with the second longitudinal path 382
may be used to pressure test the seal carrier seals 50, 52, 54, 56 that may be set to
isolate the production and annulus bores 16, 18 of the subsea tree 14. The tree cap 301
includes a spring 390 that is used to actuate the rod 380 in a downward position. The

spring 390 is positioned above the rod 380 rather than around the rod shown in the
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6. The tree cap of claiml| further conprising a handle
connected to the upper end of the cylindrical body,

t he handl e bei ng novable from an upright vertica
position to a | ower horizontal position. 7. The tree

cap of claim11 further conprising a |ongitudinal bore
within the rod, wherein the |ongitudinal bore may be
used to pressure test below the seal carrier. 8. The
tree cap of claim1 further conprising a |ongitudina
bore within the rod in communication with a radia
elnbodmettrad d@. 2.Mithesadbf tharod 88Q inclidesdicalitgdements 384, 385 used

| o udi na e used to pressure test the
“§§§ﬂ§agﬁnﬁﬁgoggg§a%§%F?%4Cmﬁer#%e tree cap of claimi,
wherein the tree cap may be installed in the subsea
tree wth a renotely operated vehicle. 10. The tree

Abthprghfvagipey emipdimprds Bavs begreshosmoind| dpsasibed. dhetrvendion dg ot so
[iR¥d B RN Boet J}x%e%f&)d $ ﬁ@luh@hﬁeg& rm(%ﬁc%ﬁoﬂ%d% thIlS as would
carrier 1I's nove & second posi tion. tree
b@anmuhtthﬂwnkﬂmdmhbﬁaﬂn the tree cap may be |nstalled
in the subsea tree at any radial orientation. 12. The
tree cap of claiml, wherein the distance of the upper
end of the rod above the cap indicates the position of
the seal carrier
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13. Atree cap for installation in a subsea tree
havi ng an annul us bore and a production bore, the tree
cap conprising: a cap; a cylindrical body being
connected to the cap; neans for selectively I ocking
the cylindrical body to a profile in the subsea tree,
wherein the |locking neans is hydraulically actuated; a
seal carrier slideably connected to the cylindrica
body, the seal carrier being novable between a

non- actuated position and an actuated position,
CMMMS n the seal carrier is adapted to hydraulically

i sol ate the annul us bore and the production bore of
the subsea tree in the actuated position; neans for
WhatisaWwimedist y noving the seal carrier to the actuated
position after | ocking the cylindrical body to the
profile; and

1. A tree cap for a subsea tree having an annulus bore and a production bore, the tree
cap comprising:

a cylindrical body having an upper end and a lower end, the cylindrical body having
an upper fluid port in communication with a lower fluid port;

a cap connected to the upper end of the cylindrical body, the cap including an
opening through the cap;

a rod positioned through the opening in the cap, the rod having an upper end above
the cap and a lower end positioned within the cylindrical body;

a cam connected to the rod within the cylindrical body;

a spring positioned about the rod between the cap and the cam, the spring being
biased to move the cam from an upper position to a lower position;

a lower locking dog movable between an inner position and an outer position,
wherein in the inner position the lower locking dog retains the cam in its upper
position;

a seal carrier slideably connected to the cylindrical body, the seal carrier being
selectively movable between a first position and a second position and having an
upper seal and a lower seal, wherein in the first position the seal carrier retains
the lower locking dog in its inner position and in the second position the seal
carrier releases the lower locking dog and the upper seal and lower seal of the
seal carrier isolate the annulus bore from the production bore;

a sleeve having an upper seal and a lower seal and being slideably connected to the
upper end of the cylindrical body, the sleeve being movable between a first
position, a second position, and a third position, wherein in the first position and
the second position the upper seal and the lower seal of the sleeve hydraulically

isolate the upper fluid port of the cylindrical body;
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hydraul ic injection nmeans, wherein the neans for
hydraulically noving the seal carrier is configured to
come into fluid conmunication with the hydraulic
injection nmeans only after the | ocking neans is
hydraulically actuated. 14. The tree cap of claim 13
further conprising neans for selectively | ocking the
seal carrier in the actuated position. 15. The tree
cap of claim 13 wherein the tree cap may be installed
into the subsea tree at any radial orientation. 16.
Theehdusiee comypecefl arbwidnthd Sleéwe; theehousinpprdasngg caeignbetfvesn the
injeqtin% § c;rrosLon inhibitor into a cavity between
the 1YR&BAPLW e subsea tree. 17. The tree cap of

Claai uppdiblotkih A6 s€ledtReiyShBehbIERMSednOdn MABDYIsRBNVAL &h outer
trapped. between the tree cap and the subsea tree. 18.

The PesEEncHs vpperdpeiing 4o bajeebiased te He imppupesifiane wherein in its
i nj egl:i ' i3 (=Y
Tl GERaTRAR: i Bkt MRS S PR PR st
act uatees the | ocki ng neans and then noves the sea

¢ %rprl:ailtée Eontn(e)ct'égl & A€ Eﬁ%td?lgal Ro& | ;t on.

syntactic foam connected to the plate;

a hot stab injector selectively connected to the plate and being in fluid
communication with the cavity between the housing and the sleeve, wherein
fluid pressure applied through the hot stab injector moves the sleeve from the
first position to the second position moving the upper locking dog to its outer
position;

wherein fluid pressure applied through the hot stab injector moves the sleeve from
the second position to the third position moving the upper seal past the upper
fluid port of the cylindrical body, the upper fluid port being in fluid
communication with the cavity between the sleeve and the housing; and

wherein fluid pressure applied through the hot stab injector passes through the upper
fluid port to the lower fluid port and moves the seal carrier to the second

position releasing the lower locking dog to move to its outer position.

. The tree cap of claim 1, wherein a corrosion inhibitor is applied through the hot stab

injector.
. The tree cap of claim 1 further comprising a centralizer connected to the seal carrier.

. The tree cap of claim 1, wherein the upper seal and lower seal of the seal carrier are

metal-to-metal seals.
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19. A nethod for installing a tree cap on a subsea

tree, the nmethod conprising: noving the tree cap to

the subsea tree with a renotely operated vehicle;
inserting the tree cap into a bore in the subsea tree;
applying fluid pressure to the tree cap with a hot

stab injector selectively connected to the tree cap;

| ocking the tree cap into the subsea tree, wherein

| ocki ng dogs are engaged by the fluid pressure from

the hot stab injector; and setting seals of the tree
scapetteeicaplodtirimd farther csnpdBing angppr dakti@héransedbsidaceht the
t he subs ea tre %hereln the seals are set after

| JOREF E He ot ot e Pripwen Hestau g digent Ji (Oygpmetal-to-
mpkdidepf claim 19 further conprising injecting a
corrosion inhibitor through the hot stab injector into

a cavity between the tree cap and the subsea tree. 21.

(T . . .
o154 10 0L AR HSEOSE SORE L ST e o
t nlﬁﬁcyllﬁdrlcaThmimﬂtehxaddleibeing aiaveil® fiour anhgrightovepidat pasgion to a

V|n a ha dle,.of the tree cap with the renotely
nE@WE HZW5 iPPEO%r om a vertical position to a
hori zontal position.

7. The tree cap of claim 1 further comprising a longitudinal bore within the rod,

wherein the longitudinal bore may be used to pressure test below the seal carrier.

8. The tree cap of claim 1 further comprising a longitudinal bore within the rod in
communication with a radial bore through the seal carrier, wherein the longitudinal

bore may be used to pressure test the seals of the seal carrier.

9. The tree cap of claim 1, wherein the tree cap may be installed in the subsea tree with

a remotely operated vehicle.

10. The tree cap of claim 9, wherein the remotely operated vehicle may remove the hot

stab injector after the seal carrier is moved to the second position.

11. The tree cap of claim 1, wherein the tree cap may be installed in the subsea tree at

any radial orientation.

12. The tree cap of claim 1, wherein the distance of the upper end of the rod above the

cap indicates the position of the seal carrier.

13. A tree cap for installation in a subsea tree having an annulus bore and a production

bore, the tree cap comprising:



23. The nmethod of claim 19 further conprising renoving
the hot stab injector with the renotely operated
vehicle. 24. The nethod of' claim 19, wherein the tree
cap may be inserted at any radial orientation into the
bore of the subsea tree. 25. The nethod of claim 19,
wherein fluid pressure fromthe hot stab injector sets
the seals of the tree cap. 26. Atree cap for use
with a subsea tree having a concentric bore, the tree
cap conprising: a cylindrical body having a top end
anctap, bottom end; a cap connected to the top end of

t he ﬁ&hin rical. bod

14.

15.

16.

17.

18.

acy ica bod():/%emg cer;lected to the cap;

means for selectively locking the cylindrical body to a profile in the subsea tree,
wherein the locking means is hydraulically actuated;

a seal carrier slideably connected to the cylindrical body, the seal carrier being
movable between a non-actuated position and an actuated position, wherein the
seal carrier is adapted to hydraulically isolate the annulus bore and the
production bore of the subsea tree in the actuated position;

means for hydraulically moving the seal carrier to the actuated position after locking
the cylindrical body to the profile; and

hydraulic injection means, wherein the means for hydraulically moving the seal
carrier is configured to come into fluid communication with the hydraulic

injection means only after the locking means is hydraulically actuated.

The tree cap of claim 13 further comprising means for selectively locking the seal

carrier in the actuated position.

The tree cap of claim 13 wherein the tree cap may be installed into the subsea tree at

any radial orientation.

The tree cap of claim 13 further comprising means for injecting a corrosion inhibitor

into a cavity between the tree cap and the subsea tree.

The tree cap of claim 16 further comprising means for removing water trapped

between the tree cap and the subsea tree.

The tree cap of claim 13, wherein the hydraulic injection means is a hot stab
injector, and wherein fluid pressure from the hot stab injector first actuates the

locking means and then moves the seal carrier to the actuated position.
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a seal carrier slideably connected to the bottom end

of the cylindrical body novabl e between an upper
position and a | ower position, the seal carrier
including a plurality of seals adapted to seal the
concentric bore of the subsea tree in the | ower

position of the seal carrier a first |ocking neans
connected to the cylindrical body, the first |ocking
nmeans bei ng adapted to selectively engage a profile in
the concentric bore of the subsea tree, wherein the

19.1 A stetHod i ingaliiegn sre¢ sapachegubskattiee ahgagthot bempisidg: | e

of the concentric bore for any radjial orientation of
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t AndehhgCité treslEapGitb aREin thd@bsagRed | ocki ng means

bei ng adapted to selectively retain the seal carrier

i repphéng e proseise ta e reapp Withahokstghinjasjos selegtively connected
mherghﬁeagﬁ&g.pressure fromthe hot stab first

actuates the'tirst |ocking means and then noves the
sdatkimtheiter cop irtth¢hed ohera tpesvhérom, lovthey dogs arhengeeabmdthe
| ockiyng nmeans .sel ectively retains the seal carrier in
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cylindrical body, an upper portiaon of syntactic¢ foam

conntheridireco WARTep 8 sed Atei Shalltr lpekdngothgtise camintg the subsea
| owepeportion of syntactic foamconnected to a | ower
portion of the plate.

20. The method of claim 19 further comprising injecting a corrosion inhibitor through

the hot stab injector into a cavity between the tree cap and the subsea tree.

21. The method of claim 20 further comprising removing water trapped between the

tree cap and the subsea tree.

22. The method of claim 19 further comprising moving a handle of the tree cap with the

remotely operated vehicle from a vertical position to a horizontal position.

23. The method of claim 19 further comprising removing the hot stab injector with the

remotely operated vehicle.

24. The method of claim 19, wherein the tree cap may be inserted at any radial

orientation into the bore of the subsea tree.

25. The method of claim 19, wherein fluid pressure from the hot stab injector sets the

seals of the tree cap.



26. A tree cap for use with a subsea tree having a concentric bore, the tree cap

27.

comprising:

a cylindrical body having a top end and a bottom end;

a cap connected to the top end of the cylindrical body;

a seal carrier slideably connected to the bottom end of the cylindrical body movable
between an upper position and a lower position, the seal carrier including a
plurality of seals adapted to seal the concentric bore of the subsea tree in the
lower position of the seal carrier

a first locking means connected to the cylindrical body, the first locking means
being adapted to selectively engage a profile in the concentric bore of the subsea
tree,

wherein the first locking means is adapted to engage the profile of the concentric
bore for any radial orientation of the cylindrical body;

a second locking means connected to the cylindrical body, the second locking
means being adapted to selectively retain the seal carrier in the lower position;
and

a hot stab injector, wherein fluid pressure from the hot stab first actuates the first
locking means and then moves the seal carrier to the lower position, wherein the

second locking means selectively retains the seal carrier in the lower position.
The tree cap of claim 26 further comprising a plate connected to the cylindrical

body, an upper portion of syntactic foam connected to an upper portion of the plate,

and a lower portion of syntactic foam connected to a lower portion of the plate.
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