CROSS REFERENCE TO RELATED APPLI CATI ON [o000i] This

application clains the benefit of U S. Provisional
WGO\R@S/12371 60/ 852, 024 entitled "SUBSEA ROV RETRPEVBBI0B7/081523

TREE CAP," filed on Cct. 16, 2006, by Davi d Baskett,

which is incorporated in its entirety herein.

BACKGROUND OF THE | NVENTION Field of the Invention

[ 0002] The ' tio r relate a

et evant SRS RefRERCUELoRREENT R e iy
“conventional" or "vertical" subsea tree. The tree ca

ey bThisi sppligaticad claivas ithet berafie PfudiSagPravisionslt dpp. No. 60/852,024
operated vehicle (ROV). The tree cap may include

entitled tRIYBREA NRO®T RETRIEVABIAS TREK dCAP L filedman Oet.de&r 2H®E by David
t he subnerged weight o f the tree cap. The buoyant

Baskettn@'hfeh'1§inc%)6ral@e(ﬁnQBré§1h&'t'§ R0 orient the tree cap in
a vertical position when subnmerged. The tree cap nay

Itgmt lrjg(nesgol;?l ?ﬁ(taﬁt(lgee cggjﬁﬁ'ﬁiF@m€Eﬁ6}}ggdt?g et

nove the handle froma vertl cal position to a

hori zontal position af ttd¢ldiofghe lwgntien, nas been

installed into the subsea tree. The tree cap may

ional udbe prévont sivaitiompectrdly tdatts the R@OLvAbly trenmoapefor use on a
fromthe tree cap after installation of the tree cap.

concenti@p3¢ “IhBchfi@Rl’capP “Dayicdl” subaded. | The tbbeap ANGEBE linstalled and
bore of a subsea tree and | ocked in place before

retrieveﬁ%ﬁgneg ¥etnhtﬁe %?é}]a‘édv%hﬁ'lé] K(E@ ).0ghE ¢ dre@‘ c%} %ﬁl 1'nfsl¥1d9 foP?/yant material,

sea ree cap may use i cal
such as SNléta;?tt e@taglgaa{i]enc%el&%% Bq%os&ﬁ%rgeﬁ]v%%glbt of %t(i‘r%el garfou g]gtlfetfu&yant material
applly fluid pressure to the tree cap to first engage
may befqopggured dR iORGNBE HERSi ik ¢ \walied Ppyidpy wheswubmergeded he tree cap
cap to the subsea tree and to then the pressure may b
may in@dudesedldablskndbr themeaybz esed hyl the RO Y yo whnspediltise tnect diipn The ROV
the bore of the subsea tree. A second | ocking
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.
woo3]  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 locking
mechanism to selectively lock the tree cap to the subsea tree and to then the pressure may be
used to set or energize a plurality of seals within the bore of the subsea tree. A second locking

mechanism may be used to selectively secure a seal carrier in a lower position wherein the

plurality of seals isolate the production and annulus bores of the subsea tree.



mechanismmay b e used to selectively secure a sea

carrier in a |ower position wherein the plurality of
w@em@Bd2i33pl ate t he producti on and annul us bor eBCDUS100®081523

subsea tree.[0004] The tree cap may further include

means for injecting a corrosion inhibitor within a

cavity o f the tree cap. The tree cap may include a

e 1 BBt T R i bR o it
trapped between the tree cap and the subsea tree. The

a cavityt ¢fete trapcamy Tl tses dapanaydiaclads  dawpratih andheglversyctbasea p-trap vent or
used to pressure test the seals on the seal carrier.

one-way RRedkr edve aphidtayerhi thdapicd] dOwper tupped Hetwsdn the st v@p and the
means to engage a profile of the subsea tree

subsea fr&€9atil t?éescaﬁfméyheﬁsJ adiak aqokﬁ%‘itﬁﬁﬂa@ Hla9fbetu|§@d ol f€sstest the seals
Description of the Related Art [oo005] A well head

assembl v, ~such as that, enpl on._the bed for
on the AP SRl JRE e Ao ahd Y SIS g S TS 100 Flgpy tgyemevee «
i pclude a "conventional” or "vertical" subsea tree
profile pistag sybyea tepirgaidiiss fethe radipleoricnfidios g &EAr€@R i ncl udes
a bore that may b e sealed off or isolated using a
tree cap. Typi cal Dyscripgionwf skaRelagas] Ancl udes a
production bore as well as an annulus bore that nmay b
Rook]S O At eithaat] tabscintiy | UK 1k i cafpl@ et fopethe 3pabeBrfbObffshore drilling
tree caps generally require the specific radial

and proﬂhét%r@%}atﬁilﬁ,téﬁg}b fr&Pinc e ian‘_lcﬁfel&ie%]ﬁoﬁﬁ” Br 8vdfISA? L@lcARe used to

secured Int sea tree. al rgnnent of the tree

i cul di By b di.f fi.cul )
e B DT AR A3 PR o e i

b e beneficial to provide a tree_cag that may b e

tree cap. ndypicplbythenubser tssspiaekdes @;@rqﬁuc‘g(ﬂy prgchsavell as an annulus bore that
orientation. [o0006] Wile installing a tree cap in a

may besisdisted witletheanserpat efititae qapoiremties cdpsraerienalyt fequire the specific
seals during the installation process. The seals are

radial dli@BmkRY ol MRPBRERp nOoidBe td be8neARd 98d iskcirsd MR sidRka tree. The
to prevent damage to the seals during the installation

i B SE RSy VPP R A R o e e
cap Witlsleaclg{)%q IIt %vo%lds ?1% % bte{leeﬁecial to provide a tree cap that may be installed into a
subsea tree at any radial orientation.

oos]  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 be
beneficial to provide a tree cap that may be installed and selectively secured to a subsea tree
before the seals are set.

o071 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 light weight tree cap to



before the seals are set. [0007] The installation of a
tree cap on a subsea tree spool can b e difficult. A
wooMsireRs7b e used to install the tree cap. It mMOIUS2007/081523
thus b e beneficial to provide a |light weight tree cap
tofacilitate the installation of the tree cap by a
ROV. The tree cap may have integral buoyancy to
... regul at r have .i nt egra
facilitatg a@%tﬁ aliey %@%%ﬁ éamﬁta éﬁ%&eﬁ%ﬁﬁ%ﬁ% P2y djavt flcgtpleuoyancy to
cap. It may b e also beneficial to have integral
regulathwelanight. t Hag tréescapomty faveidtage! buppmey tid éeltprtge updgywirter transport
an upright position when submerged. [0008] Fluid nay
of the theaap®e It mappedissl idacficihine ey idtygrof bidyandy that Bajonfiburke to orient
the tree cap is installed onto a tree spool. This nmay
the treclRof iPAPBYEIRbbGi&PInen Livalthol gt tree cap as the

may prevent the tree cap fron1proper|y Iandlng

of'r 0§1°0n "6
and subsea tree system such as the VX asket .
mstalleﬂt@m%ﬁ Heesneehef hisiny Reorrpblsiitie forsalmaht msigty dice gap ﬁ@the fluid may
trapped fluid fromwithin the cavity of the tree cap.
preventRhe tttesrgapi fromourbperty Einbegedni dicatred fpachi Furdhanghalveder may cause
allowed for the injection of a corrosion inhibitor

corrosioM dNidind bEtHer iQfrEA Partl 00Y trécdp ghtt sudsed fee f@t@YQIEYas the VX
it would b e desirable to provide a tree cap that may

gasket. bItewlegt@é b&richl 3o PPRGEN Hchfis B R14Qfing tt%?Bé@ @lugd' ﬁ%n@@vlthm the

any ra orlentatlon of the tree cap

enefl i, d with i r
cavity o BFCorn: o' PoghdePo A vE st 4T i Iaﬁ%nsgtsotaﬁhl@%te?é%f the injection
cap. It wuld b e beneficial to provide a tree cap
OfaCOWQﬁﬁnWﬂ%@“@feﬂg@ﬂb%ﬂP@eﬂy secured to a subsea tree
prior to setting the seals to isolate the production
aned | boliglti drthd toregoing, iveolld e desbeblefto pratidd o trpe osp thet may be
atree cap that may b e first |ocked to the subsea

mstauea i€ cBicchfie RRPlF aatibed tRE dnysly aldidl Griph@EsHM bEthRNELctdABN It would
may set the seals to isolation the production and

also be %@gé'ﬁd‘r'efil C%?c?\ﬁd@é( Y %Fﬁ %{J P%@tal %B@dn%?% PO the submclagecd weight

pressure. enetri Cli a to provi

E)OOS] Elul({ ma, 5[1%8%16 gFBItr)e%%ihv%lrt 1tn etE% grfwgal of, tﬁa e Cﬁpe whllg the tree cap is

of the tree cap. Itcv%)ulh bctbencﬁmal to provide a tree cap that may be selectively secured to a
subsea tree prior to setting the seals to isolate the production and isolation bore. It would be
beneficial to provide a tree cap that may be first locked 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 beneficial to provide a tree cap that permits the pressure testing of the seals of the seal

carrier.



orients itself in an upright position when subnerged.
It would b e beneficial that provides a tree cap that
w@eoosilts7t he renoval of water trapped between PEEUS200®B081523
cap and the subsea tree. It would also b e beneficial
to provide a tree cap that permts the pressure
testing of the seals of the seal carrier.[oo0io] The
prese invention is directed to overcom ng

asict %ea@éfﬂ%ﬂﬁ%@%ﬂ% SispeoB o ORHEOBIEngE & Ispstipdicing the effects
I ssues set forth above. SUMVARY OF THE | NVENTI ON

of, one pomiorq of theisesjseet forth abénes. pr esent di scl osure is to
provide a tree cap for a subsea tree having an annul us
bore and a prods$KMMARWOF THR INMENIEON St al | ed and
retrieved using an ROV. In one enbodinent, the tree

g ' ﬁrﬁé WBREt 8f G fra]l%gé’ﬂt GRlcIRARY 1st R3agrobaR aaﬂeéJ EQF fore0Qubsca tree
| ower end. e cy i ndrical body includes

having ?,Iil ulgraxtlﬁdtﬁre 3‘&% grq(fgl\%é?n ?(?re R ttgga%tbbeold tgltl]%ivall ggr&f gvec? Bsmg an ROV.
incluydes a cap that is connected to the upper end

In one @rﬁgocggﬂeptn &S té% cq@ola9ludqsn% cxlgﬁichﬁlclpqufe@atal?ﬁscﬁgémpﬁ@ end and a lower
t hrough which a retaining sl eeve may be positioned. A

end. Thodyligdipms ibbip medudeh raologpitudieal ritvaipaihngosd gevieodynithving an upper
extends into the cylindrical body. The upper portion

fluid pof add@lovad frixd paes Tabeve chhirctialps akdp MRY id®nds@ed tdthe upper end
deternine when the seal carrier, discussed below is

of the Jy‘ﬂﬁ bb@y | e c%yvﬁfchﬁfes 3f %B&gng‘ﬂﬁbﬁ$ @/hlcﬂhaere@a‘?ﬁ g’g}’eeve may be

I'nc e at” | east one radial "por ongl t udi na

psioff A 0 o i Prelbis G PRGN indrica

The tree cap includes a plate connected to the
body. 'Elq ppper ipegiongddle sashexd s abeye thegamapd mecheeeset do dpgrmine when

pl ate. The syntactic foam may include an upper portion
the scaloammecdisdissal tchev tio pocafedtimés pdvatrer apabne posivien. poe tadomay include
connected to the bottomof the plate. [o00i 2] The tree

at leastg(?i@t ﬂﬁgﬁllr ggﬂsa Jorfp tnA R FloivSp Al ARI@ th¢ Qo & NAAGE pAraPO¥dnt @R 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.

o121  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 subsea tree. The lower

locking mechanism is movable between an inner position, which prevents the downward



camis positioned within the cylindrical body. A
spring is positioned around the rod applying a
waelovmmarsdi f orce on the cam The spring i s bi asedr/82007/081523

nove the cam and the rod from an upper position to a
| ower position. A lower |ocking nechanism such as a
| ocking dog, retains the camand rod in the upper
posi t on whi | he tree cap.is inserted

movem§iialdhe yaand fodb ' sharcer ae%l%t%%amsgbﬁ H%W%%féiﬁp%vement of the
bet ween an inner position, which prevents the

cam andowhwaseitweries setledfvebhistaiamtha ieverdecking mgehapisnein its inner position
position that permts the dowward novenent of the cam

until se@tity thedtrecAcapesdalsciar the ors ef edliscy eley. Médrddussconfigulativ®y and actual
| ocki ng mechanismin its inner position until setting

lockingt&ink He8 &a@seaef@ls@leét{bewfetm K Qfm SMPRRANt 1fsetﬁ)pey ﬁMlQé‘r?as would

conflguratlons and actdal | ocking neans nay be used
be appr% %tegi)g\éreléﬁf O tt}%ﬁ %képapp ecﬁlglgle (rgocg t)enef $3 81; PP cgsclosure
skill _in the art having the beneflt of th|
W1ac| dagfee Cﬁﬁ)é}oé‘}defrﬁe“e?]r edrierhat olidepbdy aorg@aqed to the cylindrical
carrier that is slideably connected to the cylindrica
body. BbdyscalTtrerisenicludas ri eppimedalided aalowgppes] adatheand earrier may be
| oner seal and the seal carrier may b e selectively
selectivBBV@dvaiebavaesn a firkt pésit@siid 9Rechd sBREOMThd@Fict la@f lower seals
The upper and | ower seals nmay be netal -to-netal seals.

may be B&aﬁ%e&@ Ea{l?r Trﬁ@ysegll %létnﬁllay %‘Fsoaﬁlcfuﬁé‘% 1&8€one elastomeric seal

e astoneric seal a Jacent to each he upper and

adjacent B EHohSSTHE wpblaird g E%alﬁeﬁa@ﬁ%ﬁm RIS T carbr retains the

p03|t|on In the second position, the seal carrier

lower lockirgaaieshantian [Moike Fneh RYIHEN it Hig ieerndaprsitione thepisal carrier releases
seal and | ower seal of the seal carrier are positioned

the lowtnlockiok ateehétism and theugppoo sl hndlovten scgh o6 thecterlorartiorage positioned
[o0i 4] The tree cap includes a sleeve and a housi ng

to isolaRrtBe Ashulidebost AEMELE pRALEINEG Boreavi ty between the sleeve
and the hou5|ng The sl eeve includes an upper sealing

ﬁ&lﬂ Meife 0%% L&Yﬁfes 26fel@ gn§3 'a%ﬁﬁ&hé ?tfbglalh $he %l'e%\?eatgbé‘ung a cavity

connect e e upper end rica
betweelb pmﬁ%‘agzg\éﬁd gkg%ilo nel ud,& a%ri%eg]létﬁgr eﬁgalnl uﬁ%gr gqagegtglem and a lower
sealing element and is slideably connected to the upper end of the cylindrical body. The sleeve
may include an outer sealing element that provides a seal against the housing. The sleeve may
be moved between a first position, a second position, and a third position. In the first position
and the second position, the upper and lower sealing elements of the sleeve hydraulically isolate
the upper fluid port of the cylindrical body. In the third position, the upper sealing element of
the sleeve moves below the upper fluid port of the cylindrical body permitting fluid

communication between the cavity and the upper fluid port.



be noved between a first position, a second position,
and a third position. In the first position and the
w@ewenar3posi ti on, the upper and | ower sealing PCEIBIUDF081523
of the sleeve hydraulically isolate the upper fluid
port of the cylindrical body. In the third position,
the upper sealing elenent of the sleeve noves bel ow
the upper fluid port of the cylindrical bod :
¥FIni i HGe PRt FHRBSE 15K SaPRRAIS T QU e f yocking dog, that
the upper fluid port.[o0i5] The tree cap includes an
may beuyglsetivdlp eravied bebedearinsmersesitioasing anguiérmpsidioy, Theaupper locking
may b e selectively noved between an i nner position
mechanasidl isbiagydt @ ritpdaet pasitionThel isppleptel ac khgugereplodild Bimhie Subsea tree
biased to its inner position and is adapted to engage
when nfdvRd &f itd SutbpdsitfonS URSRAs bo SRS ARY 88udiQodiliSe Eﬂéﬁl?srmay be used

position. Various configurations and actual |ocking
to selecﬁﬁeglgzérdge}g; aablfl‘gﬁiésllel %et s(%{tl)?eial tgecet a{svv%l}fcég:g a?%gciatﬁﬁi)ﬁéh%]%f I01pdinary skill

ee as Wo e appr
) ordinary skill in. the art having the benefit of this
in the agfhex|hgal Benff thpepclpBEki hBc MR A0akeln Meghapiser may be adapted to

adapted to sel ectively engage the profile in the
selectivslybereage theepmoélgamdihe sgbssh trehecgadicsd obthicendiat poentetfon of the tree
the tree cap. This may elimnate the need for the ROV
cap. Thid m@f aligirafdthal iegth fohctROV toaptatdadd SPEC tHel tedk cap to a specified
orientation prior to installation into the subsea

orientatﬁcfn‘;[ﬁ'ior[tg %@llag&?intt(g e sﬁﬁ%a itl%g.l udes a hot stab injector
th my b e I

sel ectively connected to the plate. The

hot stab injector is in fluid co ni catio ith the
050 © D EhsEn Egena 81 b HHenBHORER e Spyely tolfected to the
fressure may b'e'aﬁpjied t hrough the hot stab injector .

plate. The hehataly icctar deiretlpidgonmeni¢gtion twigihdictqawtly befvicge the housing and
second position. In the second position, the sleeve

the sleevor €asd phwsswippely Heopiplied) thidageht the hbsstaingectasimaowerthe sleeve from
engaging the profile to selectively lock the tree cap

the first Podifien S0 BELGechbi®@Positibali dnRhEeSSdHNE FMRtioR, ErcCOBEVicNdalck the upper
applied through the hot stab injector to nove the

lockingztfggﬁ?{ gta Bgﬁegﬁgnﬂ{i&g%%g%% iél? rlg\féﬁg t? Fallr%gt\{\ge ’ %olag ]J%Ftﬁeger cap to the subsea
tree. F%éﬁgg%%%y g%m&fl | @‘9"@5&1‘1{&! tgllrogggaﬁegﬁur ‘bt 1‘1)1j eecpotr% n{or\]fg the sleeve
to a third position, which moves the upper sealing element past the upper fluid port of the
cylindrical body allowing fluid pressure to enter the upper fluid port. The fluid pressure may
then be applied to the seal carrier from the lower fluid port causing the seal carrier to move to its
second position. In the second position, the upper and lower seals are positioned in the seal bore
of the subsea tree to hydraulically isolate the production and annulus bores. The movement of
the seal carrier to the second position permits the outward movement of the lower locking dogs,

which permits the downward movement of the cam and rod to selectively retain the seal carrier

in its second position. The hot stab injector may be used to inject a corrosion inhibitor into the



then b e applied to the seal carrier fromthe | ower

fluid port causing the seal carrier to nove to its
wa@ewsnarsposi tion. In the second position, the P@EPEs20a7081523

| oner seals are positioned in the seal bore of the

subsea tree to hydraulically isolate the production

and annul us bores. The novenent of the seaI carrier to

cavity l%qrt}\geqsng Irt]r%p gce)n)s( Ipt %qgo%}gge%sec Lﬂt?e]?% tl§3¥ h% u Cytgp]gve the hot stab
movenent of the camand rod to selectively retain the
injectorggigt theaseelicarriar has besngeesddo go s¢aond ar lowes phsitiost ab
injector may b e used to inject a corrosion inhibitor
lo1tj0 The ey ichy nbkgt eeincllie 4 caeraliag @ndedidietosthbd@&om of the seal
tree. The ROV may b e used to renove the hot stab
carrier. | Th@ﬁ&@ﬁaﬁiﬂlﬁ? indilife asﬁﬁldl&ﬁ‘lﬁf isecronﬂ&%e(pt%ecﬁe ABYEEnk Qf! 'tltlescyhndrlcal

second | ower position. [oo0i 7] The tree cap nay al so
entrallzer npec to the t
body. L REEERGRMRLS FRle SBERTRAS FohCirl BT HEATEhph 1 @ lover
is connected to the upper end of the cylindrical bodg.
horizon{g) gosppn ﬁ%@r the sealydane beenst to isplaterthe produgtianang gnnulus bores.
upright vertical position to a | ower horizontal
posi t Aonthaf embodineens eah drdeacsp foe enstalltion anissglbatae trehighat has an
production and annul us bores. [0018] Another
annuluseb@dindeNprddsctiort beR. Chle tre¢ chstidddestd edp, iancydindtbsleody that is
tree that has an annulus bore and a production bore.

connecttl 8o {hEEa %Bd'@?l%ﬁ%@él altfidled "fhe%}{éa E(F’ds' 'l&ﬁ{felgqgé’klﬁg e cylindrical

I'S conne ‘ed t p, and ydr ct uated

neans ely .l ocki ric
body 105 3o i et HEp2 U B sHESREM Lorcﬂglgr e PGP body may
Iockln the cylindrical body may include |ocking dogs,
includedpehing §ogss splletey Jragderdst mans. spiit singsj orgollass, ep rurlsapther equivalent
or any other equivalent structure that may b e used to
structurs eh@ciiy bk yuseh ¢ragdeaivehyotndage asprablel @b Wwoelddppamoeadted by one of
by one of ordinary skill in the art having the benefit
ordinar@skillNihShélaf AaOigr Be bliditloTelis GaRlRLRO TRCheep dsdarludes a seal
carrier that is slideably connected to the cylindrica

carrier %@Xs sime%bgg BbnePleh B th liRdRc6aY PEAVEER Brrie rnayh be moved

non- act uat position and”an act uat d pOSI t1on.

betwee B SiaF B 8Bioaf & e ratruS o B agposiion. seals on the

producti on bore of the subsea tree. )
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.



The tree cap includes neans for hydraulically noving
the seal carrier to the actuated position after
wo o@Rilzr37t he cylindrical body to the profile. HGEUSI00®B081523

cap may include neans for selectively |ocking the sea
carrier in the actuated position. Mans for
sel ectively locking the seal carrier in the actuated
position may inglude |ocking dogs, cqllets, sprin
'Y%deAnpihAE ,eﬂgbﬁﬁwenﬁ ilﬁgasn&trh%?q%a\nétaﬂ% %tﬁVeo&H’ePg a subsea tree
equi val ent structure as would b e appreciated by one

includingf moviaigribe freg kan fo tha subssa dree Widva ngmethly dpsraedd vehadle and inserting
thi s disclosure.[o00i9] Another enbodinent is a method

the treef @p ihdsd Bbieiinghasdbsee treap Tha nectisadbineladey golying Ifudd p@ssure to the
noving the tree cap to the subsea tree with a renotely

tree capPRER 8hEOstMeHi &k saRei{dly 8biideP@d td e tfeB af &R io@fﬂ‘ﬂﬁ Fhe tree cap into
bore in the Subsea tree. The nethod includes applying

the subjatect, HRGEHE S Fab b hEITER stb R iBer Pe Ry inglyces seting the
| ocking the tree cap jnto the subsea tree, After the

seals ofythg &reg §pp [osisplgtadhe Prestuetien anfhauulysihoses qfifbe phspptfee. The method
i ncludes setting the seals of the tree cap to isolate

may indlinds ipjeoting ¢ comosaordinhibitot thsowhrtbs hoff stathiajestaydieta atoawigy between the
The nmethod may include injecting a corrosion inhibitor

tree capt ddotig Bubsbe oot Thé alethod) et ko indtidle aelﬁaﬁhg Y@ ttinpped between the
the tree cap and the subsea tree. The nethod may al so

tree cap BEd Hi%esu'ﬁ%anﬂéen gaAYat 8t ﬁlé%%@%ge(p% WRED al @ dler §EhERRe cap from a
and the subsea tree. An my b e used to nove a
. ‘handle o the tree .ca oma vertical., position to a
verticaligaiioR 4 ot ESaRand fo it el S BT S S
injector. [0020] One enbodinent is a tree cap for use
W2ih Q@ne GRYedimang s hiEes G far exsivdhe srksep e having a cppeentric bore.
cap includes a cylindrical body having a top end and a
The trebodpt maiudnda aylthdaicelalp dydranegtatdp teod he a tbogomredd ahd lvep connected
cylindrical body. The tree cap includes a seal carrier

to the foPpaindi & @k icgaaRical GeapnectRtréOcdhmchabs ameeneurfitr tHaeis slideably
cylindrical body. The seal carrier is novable between

connect%ﬁ tY ﬁ’cheBot iehh Q S‘Eﬁétq Eylﬂldlrlg‘ﬂelgocﬁo STIII . oL %Qﬁiileir E&ﬁlélﬂge?tﬁe Petween an

urality of sea at are adapted to sea
bore of th ea tre

upper PGP 8P POV BOBB™ HO DR WP UBOLY Bl BHI® THGHEAdepted to sal 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



cap includes a first |ocking neans that is connected
to the cylindrical body. The first | ocking neans is
wa@daptierd7t o sel ectively engage a profile w thi PCT/082007/081523
concentric bore of the subsea tree. The first | ocking
nmeans nmay engage the profile regardless of the radi al
orientation of the cylindrical body of the tree cap.
etre a cl.udes a seco d, . ockj ns that is

means %ﬁﬁ%%&egah lgrot”lﬂ‘e fluid ragpmrecp 5%&9 o GTREY MO fhgpeal carrier
means is adapted to selectively retain the sea

to its loweer pogition.n The sedopddeckpigsingansrmayT then theased tpsdlertiveldastain the seal
hot stab injector. Fluid pressure may b e applied from

carrier it eheh@bves tpabitibhr Sl the Idvearepdsitionf ithies plukditKiof et afsthe seal carrier
engage the profile. After the first |ockingmeans has

hydraul?d&ﬁ?%@at&htﬁe BoRIehirf: bofré Hf‘tﬂe RikssHee applied fromthe
stab may nove the seal carrier to its | ower

p05|t|on e used
to selecti vgﬁﬁfm%id@ﬁ?ﬁwwﬁﬁi | ower
p03|t|on | t the | ower position, the plurality of
wed| sFisurg hehavea Cr@ésrfrch?n Figdrofng @&bpg}lm% P%.% fse gapeinserted into
concentric bore of the subsea tree. BRI EF DESCRI PTI ON
a subscOFcTHE DRAW NGS [ 0021] Figure 1 shows a cross-section
vi ew of one enbodi nent of a tree cap inserted into a

puhs e BigdufEP shdvdPdbsFicgHb1E viAwWSITONE cmbodidsht SELirbOsup.
vi ew of one enbodi nent of a tree cap. [0023] Figure 3

RRGUS F%‘ f td Y& i}é'cﬁ% &ifew%@%ng ERBGAiTRAL of9f r& dapee

cap I gure bott om perspective view

enb a tree.ca ur e
Gegor Eisdle s oMo Hagtopt B?{épeéﬂﬁ%ﬁae}#ﬁ%nsiﬁm@ i S5 1 Eap.
partially inserted into a subsea tree. [0026] Figure 6
BRIws Fegre Sthpwper BarRactive Vigvew! ome giebosdindi dfethfreefcap partially
tree cap without any syntactic foamattached to the
inserted iof ofubséretréa ee cap. [0027] Figure 7 shows a
cross-section view of a portion of one enbodi nent of a

fok261€ EfAre 6 shows so a top perspective view of one embodiment of a tree cap without

any syntactic foam attached to the top of the tree cap.

w0271  Figure 7 shows a cross-section view of a portion of one embodiment of a tree cap
depicting the attachment of syntactic foam to the upper and lower portion of the tree cap plate.

0028]  Figure 8 shows a cross-section view of one embodiment of a tree cap before the
tree cap is locked into the subsea tree.

00291  Figure 9 shows a cross-section view of one embodiment of a tree cap locked into
the subsea tree and the seal carrier in its upper position.

o30]  Figure 10 shows a cross-section view of one embodiment of a tree cap locked into
the subsea tree and the seal carrier in its lower position sealing the production and annulus bores

of the subsea tree.



depicting the attachnment of syntactic foamto the
upper and | ower portion of the tree cap plate. [0028]
wo-2@ane73d1 shows a cross-section view of one enmpOOUARENT/081523
of a tree cap before the tree cap is locked into the
subsea tree. [0029] Figure 9 shows a cross-section
view of one enbodi ment of a tree cap |ocked into the
subsea.tre d the seal .carrier (inits
BBYi ¢ Figre FM@@W i BUPRECHEC JHOWST &ner%%@%gﬁat It Picg\gap with a
o f one enbodinent o f a tree cap |ocked into the
rotatablg hpedla faldebdaymitor heortzeatal pesitiorer in its | ower position
seal ing the production and annul us bores of the subsea
oésge. FO3 J12 Khgusea tlossbendnaviper send ic@odinent of sonec cap that
enbodi nent of a tree cap with a rotatable handle
includef f%&lﬁs}w%mg thiBugh Qeéﬂta%a%mql%e chgn. [0032] Figure 12

sh oms a cross- section view of one enbodlnent of a tree

ree’ca e 1 nv r'on

suscepti bl e to varjous nndlflcatlons and alternat|ve

specific f‘éliﬁr%hm%rﬁ% B Recr byt Ptk oh gt mie #hths WEwrn By andayilidte described
exanple in the drawings and will b e described in

in detaddrcadin. Héowéver, Hohewldrhe imdessiond thab tee imdetnsrt aodott inggnded to be
the invention is not intended to b elimted to the

limited Parthé @uitidtlaf G6iEs @iss6scds eRathBattheintedth isnbeddlveonll irsodifications,
to cover all nodifications, equival ents and

equlvaléﬂtg ghd Ql'{érﬂa@cﬁfeg alil 1f(1jé1?/1tﬂ411t Ak @pﬁrllf‘ &nd E’do@bgf ﬂfédm§&ﬁﬁ)ﬁ Rfdefined by the

he i nvention as i ned t he app clai ns.

dE(fslcrlptlon of IIIustratlve Enbodlnents [ 0034]

PPNCYT St at i ve enbodi nents of the invention are
descri bed below as they mght b e enployed in tree cap
that may b e Deseriptigyollasiratipe Emhodimertshsea tree by
a ROV. In the interest of clarity, not all features of
ansacilimtrativepérebehmants arf the envdeser afpedbscmbedhhedow as they might be
speci fication.

employed in tree cap that may be installed and removed on a subsea tree by a ROV. In the

0 3?] 1le tﬂe 1nvdg’[S two, f l 5 QSI‘IOLIS m 1ca 10%% rgm altemgtlve forms,
B h p- {00331

interest of clarity, not all features of an actual implementation are described in this specification.
It will of course be appreciated that in the development of any such actual embodiment,
numerous implementation-specific decisions must be made to achieve the developers’ specific
goals, such as compliance with system-related and business-related constraints, which will vary
from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking
for those of ordinary skill in the art having the benefit of this disclosure.

wo3s]  Further aspects and advantages of the various embodiments of the invention will

become apparent from consideration of the following description and drawings.
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It wll of course b e appreciated that in the
devel opnent o f any such actual enbodi nent, nunerous
WO pBawBnt at i on- specific deci sions nmust b e NAOPUSN0O7/081523
achi eve the devel opers’' specific goals, such as
conpliance wwth systemrel ated and busi ness-rel at ed
constraints, which will vary fromone inplenentation
to angt her reover, it . wll b_e appregiated,_.that
8%i¢h lg&&/asgb AP etonmyigHKof |png ee@ﬂév%%@t gha tree cap 1 inserted
ti me-consum ng, but would nevertheless b e a routine
into thayheterafak swlzycd diee t Hos Ehopulsed itigarly wkiudes & predustian tbore 18 and an
havi ng the benefit of this disclosure. [0035] Further
annulusalspe¢b s Thndulbydy art dgasclodestangaMsdre 68 $n eixaddihsBedls obihe tree cap 1
the invention wll beconme apparent from consideration
may hyﬁfauflélﬁlyf 1%15@%@&oqﬁétﬁn' Al AR RO ot 3 NYSTRDOOREap 1 as deplcted in

|gure shows cross-section view of one enbodi ment

Figure fls lgcl%_eg w1.1i.lhn‘ril EPhe sé%%ea eeelql \Tnh POI%C éféog %4 q6 & t&} e% EY lock profile

{Fee 'pPro aue
and an annulus bore 16. The subsea tree 14 |nclude

12 of tbae @@é?a Bes &4 5Eigusesyhidgpictsrbe skt of apcal warrier d@ rogpioned Within the

may hydraulically isolate the production and annul us
subsea roe d4 toehydtBilicTihe isotaee theaproduetmndept deshd the Ringulue bore 16. The
is locked within the subsea tree 14 with | ocking dogs

various 28mpdfer@XirrinshRehtiontod tid th@Cdep Arill HelidedsRl it Betal bbipea
tree 14. Figures 1 depicts the seals of a seal carrier

&87 poﬁigﬁﬂf@@ F‘gmk%\é 1 BloBs-5 B0k YRIESE bife %ﬁlﬁl@nt of a tree cag 1. The tree

raulT cal I solate the production bore
qu The varjious cQ ent s d op
cap 1 by Gy fl?%éwézaﬁo RN EoRieETas RS Wmo B st m%ﬁ%wdy 10. The
[0Q37] Figure 2 shows a cross-section view of one
majority of i spsHrongts tthee@eecw h mayphe WS%B mefpd sugh as stainless steel
cylindrical body 10 and a cap 79 connected to the top
and 80 bfi [tA® The seading climdntdyayl be cdinprisedjodmitrije whlst Herotatable handle 36
conponents of the tree cap 1 may b e conprised of

may beTB3ndkctSdGH 1S cs aH Irass c§11ﬁ&icaﬁBGc38QOkSThd-H§1dlér B6 may be rotated
sealing elements may b e conprised of nitrile seals. A

vt S R Bty YLV, O (9 e 1
which %gfl%/\eggtﬁ.? %ro%l% g{]hg es()ezht ﬁ I‘r%&c%&] P fﬁléI rn?ayzziecrease the risk of
equipment snagging on the installed tree cap 1. The cap 79 includes an opening through which a
retainer sleeve 83 may be positioned. A rod 80 may be positioned within a longitudinal bore of
the retaining sleeve 83. The rod 80 includes at least one radial port 92 and a longitudinal port 90
that may 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 from flowing
down the longitudinal port 90. Alternatively, other devices the allow fluid to flow through it in
only one direction, such as a check valve, may be used at the end of the longitudinal port 90 as

would be appreciated by one of ordinary skill in the art having the benefit of this disclosure. A
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whi ch reduces the profile of the tree cap 1. The

reduced profile may decrease the risk of equi pnent
wG@er@gaegi on the installed tree cap 1. The capP@RUS2007/081523

i ncl udes an opening through which a retainer sleeve 83

may b e positioned. Arod 80 nmay b e positioned within

a | ongi tudi nal bore of the retaining sl eeve 83. The

: od 80.inc|udes. at | Sne r adi ort. 92 and :
spring t{?oﬁgt%leprﬁarmt}%ﬁi fhegtod vdbofetﬁ% S0ng s C@%@tecﬁtgt%rretamed by
trapped between the tree cap 1 and the subsea tree 14.
the retaiiiag wmeee 88ndllef othiee chdwgithaidinmng 8pongaces a eroh desThe cam 84 is
p-trap vent 94 to prevent fluid fromflow ng down the
movablt Gagidetdi fidt opopicr POsitidh ard aakcoral o, loathpssiday iRigse Chéepicts the
allow fluid to flow through it in only one direction,

cam 84SHCHe A8 cEhdCHERKveY HoVifion MW hie ehdleff @@t istRBiRAGn0hist ﬁ%t or upper
Iongltudlnal port 90 as would b e appreC|ated by one

posmott Lhe spam% ?Fogu?mpre’&seg tgert]\ge ar,&le Q%‘éos' |(g he gtglrené %%eeve 83 and thus,
rod 80. One end of the spring is connected to or

exerts & davgivad Torge oRdhs eam i dgckingdoas 86 SStmay be r«réfrd ®riglegtively retain
the spring 82 engages a cam 84. The cam 84 is novabl e

the canb &4 wegn fiastfdr ruppeopositppesongusssirigothe andna 823 @s shewwrin Figure 8. The
| ower position. Figure 2 depicts the cam84 in the

lockingSi®g9B6l, S¥ mhpb&EorpHSdct ioBM0S5 WLl AS t Nige St dfshd BEkinp@dgs 86, 88
in this first or upper position the spring 82 is

with resg)QE'ERB@&S%% RELNP B0 ai B GAM RbiARdbk he retaining sl eeve

exerts a downward force on the cam 84.

BRE o A 85 R RpanrdfE e %@%E?C%@%nyte B Vq%‘ghgyﬁt%gc foam 28

the spring 82 as shown in Figure The I ocking d

connectgg to 8‘@ AR Pf Breeplats Aeranddeves SYMUR §<i>ant/3@ comppstedge rﬂ%ﬁ b%)m of the
of the | ocking dogs 86, 88 with respect to the cam 84

plate 32 [The by®adicstoasismaly iprDVtitm laidyabel owhe t2038p 1Acphang ti®@2submerged
I's connected to the cylindrical body 10 with upper

weight 85 tHeafdei cap floareZ o fig @SS bethetsntabec foah @by bRE ppdvAlEthat the tree
32 and Iomer syntactic foam 30 connect ed to t he bottom

cap 1 ogfentsw?sem it ﬁgrl%h-{gje sﬁXRt\@fe'h' bh%%@dtnﬁzhegf %Yl&é%fswglght and upright

uoyancy to t cap 1 uc
ati on of

orlentaté%%’] t}:te %e }cglg tv{/]lﬁs: %r%@%ﬂ&ﬁ%f I’}% Ié]?eu{rﬂgp?ggg)n othtﬁe tree cap 1 by

an ROV to the location of a subsea tree 14.

0039] A seal carrier 19 having a plurality of seals is slideably connected to the
cylindrical body 10. The seal carrier 19 includes an upper seal 52 and a lower seal 54 that are
used to hydraulically isolate the production and annulus bores 16, 18 of the subsea tree 14. The
upper and lower seals 52, 54 may be metal-to-metal seals. The tree cap 1 may include
clastomeric seals 50, 56, such as o-rings, located adjacent to the upper and lower seals 52, 54.
The elastomeric seals may provide a secondary seal to the upper and lower seals 52, 54. The

seal carrier 19 may include an upper outer diameter seal 58 and a lower outer diameter seal 60 to
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cap 1 orients itself in an upright position when
subnerged. The reduced wei ght and upright orientation
w@booshe7svree cap 1 whil e subnmerged nay aid i n PEIEUS2007/081523
transportation o f the tree cap 1 by an ROV to the
| ocati on of a subsea tree 14. [0039] A seal carrier 19
having a plurality of seals is indeany connected to
the cylindrical bod : r|er 19 i ncl udes
prowdea%seab%f‘éwe%@ﬁ S5 A SOl fiﬂ bpshid 0Tk fSes oppr diameter
hydraulically isolate the productlon and annul us bores
seal 58 ped th@loyfer tdimmeserhseeh 6@ nwey tedvaribe elasiporcrigrigals oswsh as an o-ring, as
seals 52, 54 may b e netal-to-netal seals. The tree
would agppiecivistd bynendusfordinast skitbin the a8 absingthe Ebefisofxhisa$sclosure. The
o-rings, |ocated adjacent to the upper and |ower seals
scal ca®r 194s nlf\&bR! B&VeaRLA leﬁ@ta&sﬁf&?%oﬁﬁgﬂ a8 a3o9RE P Q@cro\ﬁd position

seal to the upper and omer sea s 52, 54. The seal

along the cayhn?iflg %oﬁ%ﬁ & v&&Hdoe (f C}IS 2{1 n(g%% ?Staﬁéb\eloave eh cenﬁlrflhzer 100 may
b tween the seal carrier 19 and the cyllndrlcal body

be Cona@tedﬂ?eth?pb%léor% P dhe gralnerdsr $24p help sepict H trepusep A within the
diameter seal 60 may b e various el astoneric seals,

productganciorad8 ahthe-snbseg fread4woul d b e appreci ated by one of
ordinary skill in the art having the benefit of this
@haiCl DREIItRe ddpe 1 Siaalud€ak 6vabld pissorMRU afs@ioned VIBeN cavity located
upper or first position and a | ower or second posi tion

tweeRlaORh hER YDA BRE IkALy RGO RS 10M Ih 8L hayMncl
beW@enDrgﬂ%e?EF% bel og/&%k%entrglﬁi r q%o ﬁg§ fr%ﬁneca nelude a
ot t om S carf i en

scating efeatetf 3R % s IR nlahfonS Bhky 55 ot Bbs B u%%he T@d BE R 32 Prosure
subsea tree 14. [0040] The.tree cap 1.includes a

may berapphed to the<cewity Sonppbpt stah Bdcdter 3¢ pesitiangd throyglaghe upper syntactic
bet ween a dog housing 22 and the cylindrical body 10.

foam 2§hd'hddyt kabsnegto? 24 mayn iflocl cwemanisgain wgh ehepenty 38wean the dog
seal the interface between the dog housing 22 and the

housing??2 241 182 cyM@RRAVERIYTY TheardPabiladay Mchide ad3didulic hb@MO adjacent
a hot sta% i njector 34 positioned through the upper

to the h??’ %}%ngﬁﬁéc%rfﬂlamdzlﬁ co%ﬁnﬁ@tlﬂﬁm th@héz“& OrPrg’s%ulleStnéfbe applied to the

onmmuni cation wt e cavity between thed

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.

o411 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

13



housi ng 22 and the cylindrical body 10. The tree cap 1

may i nclude a hydraulic port 40 adjacent to the hot
wat@b/123yect or 34 and in comruni cati on with t heCT/ES200Y081523

Pressure may b e applied to the cavity to nove the

pi ston 20 downwards al ong the cylindrical body 10. The

downwar d novenent of the piston 20 noves | ocki ng dogs

4, 26 out s i.ntq the | ckln profile 12 o h .
engage éi?déf@glet‘r”é%%jo%‘%% gt |aaéﬁﬁ%ot%vqtbeelswpfoﬁquards until
the subsea tree 14. [004i] The piston 20 includes an
upper infspecal Hrevels @abt the upprd hydraplie poit dierermigtang dy Baulivagommunication
may b e positioned to isolate an upper hydraulic port
with a 8Wer Rydrbgiccydrt 92I(shoah ib&iyurd 8) 6f nck hisdrivgtibedyl 1€ A locking piston
pressure within the cavity. The piston 20 may i ncl ude
valve 3%ha F’Q)@%rsed)fétl@ék &%%Létm2@ﬁrﬁf7%@ﬁlnéao§snﬁj4 Q6|119Ylferloélééﬂ%51tlon
sea |ng el enent 44 to seal the Tnterface betmeen
B b, SRR 28 TS BRI ,  con 1 v
pi st on 20 and the ndr|cal body 10. The pressure
mcludem ceialigets d60 vrptlrﬁ%‘dt ke thaageal ycarréerné%e Thi cpntealigpr 160 may be
to firstengage the profile with the | ocking dogs 24,
compri@ cdradmatesal thet may &clpheeyring damagOtodbemvedudgonhercl as the tree cap is
upper inner seal 46 travels past the upper hydraulic
insertedXich ad UHMWHit DEIRE phasde aliniudpeosortitn 68dyneidtividam 28 is connected to
| ower hydraulic port 99 (shown in Figure 8) o f the

| e Vv - -
the platggb \Qfﬁghl Ry H’L%)é: t%?%%%]érgeg#\gﬂghp%@&?ﬁaé’ g%)gg %}oﬁrgtéb _k?rﬂgctor 34 is

dlsposes ap élbe(mk a‘%lggs 2&; %E{? 42]%%41%% cf S@ﬁ)rogr%vc\f'%%gut %fpthi tree cap 1 and

that includes a centralizer 100 connected to the sea

may becysed jte visypolly micaie ficrpgsitioarofithe spalyeagia 1donrn-gap) ventf94 may be
a material that nay help prevent damage to the

attachegptootiaend ofithoopé 8asnd haytheesed mppresent flset flew dewol lasgitudinal bore
UHMWV or Delrin plastic. An upper portion of syntactic

in the ré®80N BigBrd $ sEN1BE redtabR Haheleaihen3prighhpssitidi@Which may be used
reduce the subnerged melght of the tree cap 1. A hot

by an R%\ak?o hRE ‘i % Rl%sﬁegl es T upt%)éﬁ%@glﬁbvcoff tﬁ@@eggap 1 being

portion o od 8 protru e tree ca

1nsertedé1fn?q ﬁlg geapf & glihsgagpgg y@ll_r% ?(5' Q%}I%s?ﬁla %%&It)%gyg B]legv op 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 Figure 5) indicates that
the seals of the seal carrier 19 have been set within the seal bore 55 of the subsea tree 14.

00431  Figure 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
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attached to the end of the rod 80 and may b e used to
prevent fluid fl ow down a | ongitudinal bore in the rod
w@0oshAe3ar e 3 shows the rotatable handl e 36 i nP@MUS2007/081523
upri ght position, which may b e used by an ROV to
handl e the tree cap 1. Figure 5 shows a perspective
view of the tree cap 1 being inserted into t he bore of
subsea.tree 14, Figure 11 shows a e ive vie

may beGpn{igacq iePrebjpation WB Hcatp PR PG 40KE OEiB 80 ﬁ*?leé)rﬂt the tree cap 1
The handl e 36 has been folded into a horizontal

in an ppwidi pesitied wdiang sutivecrgeder aFigupr gf isln@f&)fa choss-sectioncaigw of one
1. The reduction of the profile decreases the

embodipicabei fakteyert l0atang GrdcRe®ell usey tdecarehsugggeand rwer syntactic foam
caught on the installed tree cap 1. The shorter length

28, 30 t@fa ﬂl@cg 380 FRARE b YR WGa hERMRADE viheasT thaRed cdpM mhrtﬁesﬁ)ﬁf& syntactic

to Figure I ndi cates that the seals of the seal

arriern .19 hav e bore 55 of
foam 2 {glalvE fol *thFé’?atigf ‘f)% @?err% Bmlteo%l@i‘i‘m% a bottom
perspective view of one enbqodi nent of a tree cap
leet eRiguEe § 6BOws pgrosTRCtionacHRY oBe emageal%ogtél&}fee cap 1 before
t he upper syntactic foam2 8 to the plate 32. The
the tred osperd agritcgstsclecfivdynlGtkedaty thelspbsos tdecteadecking dogs 24, 26 are
subrmerged wei ght of the tree cap 1 andmay b e

retracte@ QB fthedt! tr@@r b fiesd FokiFiah iagi havd Rott i cHPNRE tBY Mckidgl rofile 12 of the

foam2 8 to help orient the tree cap 1 in an upward
bsca BRS114T OPh MG SR IBIIL dombtILldestdt SJ%R%e 8h 84 and the retai
subsea B2 e ot Mo %%%W oD G R S
cke secur t e u r an

sleeve y%ttg% ower %c m %8 %’8 rgveﬂt 03@1\3%& éxmygmgnt %&%caén 84. The
pers ectlve view of the tree cap 1 with the up

scal cargigh{ 4 st Rositop s DIt BUPRSHEY BEpt PPHHR pod preyes i lawer locking dogs 86,
fasteners 102, 104, 106, 108. [0044] Figure 8 shows a

88 frong remesdisgatuit\wrdvtbemAeaie dme:aenﬁédiﬁressmeomayl’me appbed ¢mm 4 hot stab
before the tree cap 1 has been selectively locked to

injectort JtoSHO®EAC histsh I dov® el FYUnahie@s bddy 1@ 6 sWlectivelyriaet @d trec cap 1
to their inner or first position and have not yet

toﬂms§¥£§9€glﬁhe | ocking profile 12 of the subsea tree 14.

spring 82 is in a conpressed state betmeen t he cam

84 and the retaine l.eev 3 .as.the Io
e 8. PTew UG vBRLCT AR A bR i gl Shagpined o the

84. 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 Figure 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 Figure 10. At this point, the
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seal carrier 19 is positioned in its upper or first
position and prevents the | ower |ocking dogs 86, 88
wo e@snesrendi ng outward to rel ease the cam 84. PEr/ESENT/@81523
may b e applied froma hot stab injector 34 to nove
the piston 20 down the cylindrical body 10 to
sel ectively lock the tree cap 1 to the subsea tree 14.
[ 0045] As pressure is appll d fromt st
hydraulf P@é%“é? el be CPRmunLafed fhe dotet hefgrapﬂé p@&ﬁ? yhrough the upper
bet ween the dog housi ng 22 and the cylindrical body 10
hydraulggspase4l] snddlengiqudingl boteelt®e t he upper hydraulic port 47
of the cylindrical body 10. As the piston 20 noves
gaynwargdsurt fionugrelowed bikdmglicdpgs @4wilRbe apsicdabaké scal carrier 19
out wards and engage the | ocking profile 12 of the

rnovmgStH@ S&R cAteLdIn Bsd§ Ql%ﬂ@ tHd by in@HER bBdy 1610MRY BowniviGis rnovernent of

seal s 46, 48 nay st|I solate he upper hydraulic por
ogKi ag
the seafl SCIEIGIh g9p\Fv§P IpFOéaeil o& C%a G d %lspr A s 825 ﬁgél ﬁg 5t ﬁlg seaf carrier 19 to

|ed t hrough the hot stab injector 34 to nove
hydraulgﬁa Y éiplaso ﬂtfd?m%ﬁtleg aaﬁﬂwatm&oaﬁéplér 18 nhee dewnyan reovement of the
noves past the upper hydraulic port 47 as shown in
scal carficy P avill GlsoArermiithe puiward ntovemyalrefithe covprdedunge degs §6, 188, which
e communi cated to the | ower hydraulic port 99 through
permitst fhe sppREra2nydpadtl the @ t34dahdarsdl ROnWnUthenallindges @y 10. The
[0046] Pressure fromthe |ower hydraulic port 99 wll

downwg’rdqn@\%%e'n? Gr @ b @O Wldeccf@és% 't leill h'HM d8|©e[h§te1ﬁ‘l)trudes from the

carrier downwards ong rical y 10

top of (PSRl yPisGOHERR ikt RS Bmﬁ%ﬂogahajf?& Tt o rggapcarier 19
carrier 19 to hydraullcall i solate the Eroductlon and

have bees getayiti tsorbscatee g, ThhgowswiHdaRettinp 9eHememot4 dlppeprevents the
seal carrier 19 wll also permt the outward novemnent

inward ofoveiment @iwbe ldwaklodgngdgss 86, 888 8vhickhineh bpeised tessddvtively lock the
spring 82 to push the cam 84 and rod 80 down the

scal ca@iek i1190ini thallowadyr 8. podifien AN e HRRYE Fee hiscPithd bRl cddlier 19 and
80 will decrease the length o f the rod 80 that

1@nmwfﬂﬁgﬁgﬁgﬁﬁlﬁg qhggﬁmgggeoﬂlthe cap 79. The change in

rovi des an |nd|cat|on that the seals of the

[Sm%a]l ‘fﬁé rc!cn ral }ongltudlnal 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 0.

wo48] Figure 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.
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have been set within the subsea tree 14. The downward
position of the cam 84 al so prevents the i nward
worens eyl of the | ower | ocking dogs 86, 88, whPChURBNY7/81523
e used to selectively lock the seal carrier 19 in the
| ower or set position until it is desired to unset the
seal carrier 19 and renove the tree cap 1 fromthe
subs tr e 14. [0 The entra Ion i tudin b
The treg Gapp0} fRelydsd o 3% oBgule W%{ﬂ?gl&l Paérﬁﬁ\}@a?%ét 2 through the
trapped between the tree cap 1 and the subsea tree 14.
rod 380ThEher fonst BOgitmbihaldath 31 isemsomoneication Atlopahe sg chmicr 19 and may
comuni cation with the | ongitudinal bore 90. As
be used @ peskn teqlbdow ake issal pranfdedl 9. ntThet seeord Emgitadindl pathrdg2 is in
the hot stab injector 34, trapped water may travel up

commuﬁﬁ@tlétp RGht 2 dhN& b&HAr RIS Qllét sc@f cartigr Rot I R Yeﬁfﬁl bore 383 in
. The p-trap vent 94 is used to prevent water from

cornblnatloc}lesrglgﬂ %ﬁ%%@?fgﬁl Eo% 1tucglnn]gpatl?g§f m%glcb];eglgsggiégg It 8 e geiste élvle &@al carrier
an_enbodi nent of a tree cap 301 installed into a
seals S&,i7a04, o9 deat 1987 et @ritilF i Proshol e gnudspboses 16, 18 of the
al so permts the selectively | ocking of the tree cap
subsea 804 1#.n Tihhdres b 841 tindedes 4 dpeingr3®@0gbattis nged tocactsdd thegbd 380 in a
the seal carrier 19.The tree cap 301 includes a rod

downw@@Gdshiah. iThel speies 3000s poxnircd dboad theabh S86 8dtherdB2n around the rod
through the rod 380. The first longitudinal path 381

shown instél'e% ARG GRIF QR el PyY %I{Z‘leofstﬁélro& 380 Hrﬁ'iud%g s@a{igl%g@é’ments 384,

sed to pressure test el ow the seal carrier

second 382 | i n commruni cati on
385 uset 8 SPGen e 48R R R AR seat oarr i er 10
The radi al bore 383 in conbjination wth the second
espigi PlthPwel vasious cobodimgptyhaye heey sheyvm ppd decabed dhe invention is
the seal carrier seals 50, 52, 54, 56 that nay b e set
not so limit¢dsaidtvel bbengarstdad ta imnlu&iﬂ dtllaﬂunlm mesliflicatiess 48l vakBitiohs as would
t he subsea tree 14. The tree cap 301 includes a spring
eappa&Q@td b skiilfedus €leb 49 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 enbodi nent
of Figure 2 . The end of the rod 380 includes sealing
el ements 384,
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385 used to seal between the rod 380 and the sea
carrier 19. [0049] Although various enbodi nents have
whe@s/131301/wmn and descri bed, the invention i s noPCBHUS2007/081523

limted and will b e understood to include all such

nodi fications and variations as would b e apparent to

one skilled in the art. WHAT IS CLAIMED IS: 1. Atree

p.fo bsea tree having an annul us bore and a

VVHATES&H&%@4€R%gbre, the tree cap conprising: a

cylindrical body having an upper end and a | ower end,
1. AHeceapbifercy subada teedhpvingvdnragnalus bprseandfal prpdlicpion borenthe tree cap

communi cation with a lower fluid port; a cap connected
compridimg:t he upper end of the cylindrical body, the cap

i ncluding an openi ng through the cap; a rod positioned

b RyGHERat ltlﬁiy%@ﬁﬂtgrbg UpBelt 88 a‘ﬁg R loWwBeendOhe Q?Mhdlﬂ:a?ﬂ%dy having an

upper end above the cap and | ower end positione

within the cyl.indrical body:,a,cameconnected to the

Foc ey i ppitah B0 Bl 08 ¥iind 500 ABRDRE' posi i oned

about the rod between the cap and the cam the spring .
BERMEPIRE P the uppRrent 196 themlindbial Badyy tirerergpdiding an pgening
a lower position; a |l ower |ocking dog novabl e bet ween

an thromgh theoript i on and an outer position, wherein in

the inner position the | ower | ocking dog retains the

6 @b paditidned tirpesh HedShEdiA in e 888 thEaHa®ingShiugppatdnd above the
connected to the cylindrical body, the seal carrier

beiaag aﬁgh@&%r\éﬁhﬁ)ogﬁlg@% BitRe & indrifd1baly;posi tion and

a second positio avi ng an ‘upper seal and a | ower
n.the seal carrier

?ggrlgicﬂﬁl@et%?\egi tfr)] 6@9&&?@@% h%tcéf ﬁg r:lgr?ll B?%y’i nner position

and in the second position the seal carrier ) ) )

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
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rel eases the | ower |ocking dog and the upper seal and

| oner seal of the seal carrier isolate the annul us
weoos/12130m t he production bore; a sl eeve havi nBCENS2007/081523

upper seal and a | ower seal and being slideably

connected to the upper end of the cylindrical body,

the sl eeve bei ng novabl e between a first position a

second. position, nd hird positi

fi r@@mﬁgéltct YRR cdQgmapdiths Q?FVFW@S Eearl yslé%lﬁte the upper

and the | ower seal of the sl eeve hydraulically isolate

t hdlwgpert of theicylipdniqal bédst he cyl i ndrical body; a

housi ng connected around the sl eeve, the housing

& headinghgorcetad hioyind efewbere tthe hshstev@caing 4 daeithduisicag the slecve

an upper | ocking dog selectively novabl e between an

|nqgﬁtp9§hgh%n and an outer position, the upper

Iocklng dog bei ng bi ased to |ts |nner position,

alagtzRer gockl &a&og Pergta \éﬁlf osovta‘tl)lg e esetd 618 Ergnre{ p%m%( o) gnqd 6&9 utec’r
connect ed to t he cyllndrlcal body; .syntacti.c foam
corfeiticBthe gppq{éocéql%g gog léel%plaquatg its HISE Poition, wherein in its outer
sel ectively connected to the plate and being in fluid

c omwsttion dltd eppendackinghieg enadapiedsapagenprofite ihdusiubgeaatngt;

the sleeve, wherein fluid pressure applied through the

hetatstcahettvd acthokylimitRel 6dis; sl eeve fromthe first
position to the second position moving the upper

Eﬁﬁé@tl@%ﬂﬁgoﬁ&cﬁh‘ct%r OL}gétepos' tion; wherein fluid

pressure app I e h the hot stab i nj ector noves

eeve ntth second, po the t
BS SHERS AT RD FHRERcL BERe plef i Paciflpjpatif Fomppunication
port.  of the c Ilndrlcal body, the upper. flui d, port
beiWigh the cayigy %etwewhlﬁ inenting andaibe leeve vhsigin tlutsienrm@ﬁ: applied
the sl eeve and the housing; and
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.

2. The tree cap of claim 1, wherein a corrosion inhibitor is applied through the hot stab
injector.
3. The tree cap of claim 1 further comprising a centralizer connected to the seal carrier.
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wherein fluid pressure applied through the hot stab
i njector passes through the upper fluid port to the
wo ewen2f3rui d port and noves the seal carrier tBCT/082007/081523

second position releasing the | ower |ocking dog to

nove to its outer position. 2. The tree cap of claim

1 wherein a corrosion inhibitor is applied through

e hot tor 3. The tree cap of claim .

4. ?%rﬁ%Papc%ﬁ i eée“& istnar el an@&ﬂws%%eébﬁtge Pibcups are

carrier. 4. The tree cap of claim1, wherein the upper
metal-te-gwtal seads.| ower seal of the seal carrier are

netal -to-netal seals. 5. The tree cap of claim4
5. fThe trbecapcamaidimsd fugthanconpp®linged mgipenelastomsdakeahdjjacmnthe upper

t he upper netal -to-netal seal and a | ower elastoneric
metal- to°' Bfkal 3126 Qtloxxzé}eeleis%rlc@%ﬁladdja{cgnﬂﬁ& flwes tal- t@ meti&eal.

tree cap of claim1 further conpr|S|ng a handl e
6. cJ%n Qﬁeg%:ai) ar ¢l olgllnh g ) erBPr%p{;ls%%,]athan(li}B¥ nhetc{ed%o khe ué)lpgf end of the
position to a |l ower horizontal position. 7. The tree
Cyhndﬂ@éldmé% &r apnle b?lag Deeable Sram 1 ppraehs VeI RasHionde ateve
within the rod, wherein the |ongitudinal bore may be
hoﬂﬂnméedﬁﬁ@npressure test below the seal carrier. 8. The
tree cap of claim1 further conprising a | ongitudina

7. aE aeybdpvfitidinel fiefet Cong@iBMEY RARIt@finMboke withiadh@tod, wherein the
bore through the seal carrier, wherein the

longltuéhﬁ{ﬂgdo'iré"lql' ?@E upé?irtg PREYu R ey %@Bwttﬁe %a?é&ﬁ%le test the

seal s of seal "carrier. 9. tree cap of claim1l,

s {PEhS P SRl 38 e t&%‘#ﬂ'&f 1o B ES R in

cap . of claim9, wherein the renDter operated vehicl e
commuﬁaﬁ9th1bwgb @ r@ch@l heoss thfg(@% the, Pe@é egFicr mherein fie largitudinal bore may be
carrier is noved to the second position.
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:

a cap;

20



11. The tree cap of claim1l, wherein the tree cap nmay
be installed in the subsea tree at any radia

w@eisntsri on. 12. The tree cap of claiml, wheP€i/nS100®081523
di stance of the upper end of the rod above the cap
i ndi cates the position of the seal carrier. 13. Atree
cap for installation in a subsea tree having an
annul ore and a prod on bore, the tree cap
EBWﬁFﬂ§? yémggﬁmgg ‘f L?%%T body bei ng connect ed
to the cap, means for selectively |ocking the
oyhinigr baledtivbbdgclting thepybhdiical bodst teer prafilean tha sadsea tree, wherein
wherein the | ocking neans is hydraulically actuated; a
seahe hakingencash isdsabdWicelonagedte] to the cylindrical
body, the seal carrier being novable between a
298 @%ﬂéﬁﬁlﬁ@aﬁg%bﬁﬁ&%datﬂ Qh@&lﬁ\ﬁﬁ%tb%gyﬁﬁé bdal @fdrier being movable

wherein the seal carrier adapted to hydraullcally

| SOl Al Sl fagcg#atedsg%a{oglcat%a G iR REBAHER vvheée%%he {eal carricr is
for hydraulically npving the seal carrier to

actadapted t%’@éqreulwﬁllmwﬁe the ARIWYS beys agg FhermPiiltCéan Betgyof the
to the profile. 14. The tree cap of claim13 further
corspbscgitreg imtwrestutnd positioutdndel y | ocki ng the sea
carrier in the actuated position. 15. The tree cap of

flcahdol Byaeli il nidvend the 8cal aprri¥Rlo e attnstealpbsiton Bt@ locking the
the subsea tree at any radial orientation. 16. The

lif@RcPbod) B A pdiLr t her conprising nmeans for
|nJ ctlng a corroston inhibitor into a cavity between

14. tI"He tred cap $ oft cﬁ’almnld}» fturtﬁer cokr)nsp%slng means for selectively locking 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. 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.
17. The tree cap of claim 16 further comprising means for removing water trapped between
the tree cap and the subsea tree.
18. A method for installing a tree cap on a subsea tree, the method comprising:

moving the tree cap to the subsea tree with a remotely 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;

locking the tree cap into the subsea tree; and
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17. The tree cap of claim 16 further conprising neans
for renoving water trapped between the tree cap and
wo b@sgaetsgea tree. 18. A nethod for installing BCT/US®07/081523
cap on a subsea tree, the method conprising: noving
the tree cap to the subsea tree with a renotely
oper ated vehi cl e; inserting the tree cap into a bore

in.the subsea tree; I fluid sure fo.t
pitng %eégs Qhithetreg %tto ﬁ%gaég Al rgglthbsrbogg prgﬁfriogréqtgpn bore of the subsea
connected to the tree cap; locking the tree cap into
t heresulybergin the scalnard settaficntpckimglthe wée ¢dpantortbe swupn tree.
i sol ate an annul us bore and production bore of the

19.  Subsethodrefelaimh@riaithcridopsigiak Snjactehgsetormfsionrinhidiidd thepugh the hot
the tree cap into the subsea tree. 19. The net hod of

stab injEdt&! 1molagca{vl1’tktb|3§%eﬁ@l@ﬁéeséa@gmh MhEGHENGr@, COorrosion

|nh|b|tor t rough the hot "stab 1 njector |nto a caV|ty
20. ?[‘ %Hrlo [ f a1rn @fﬁratﬁ ?Ctgﬁlé)il:‘lgi%gﬁ%r}l?\gﬁ%g walel rtrrgwed be\‘%i:en the tree cap

t rapped betmeen the tree cap and the subsea tree. 21.
andﬂw?ﬁ@”ﬁ@?ﬁod of claimof claim18 further conprising
noving a handle of the tree cap with the renotely
21.  dperathed of ehiimlo clarro rh8 duntleartcomatisipg siviigne handée of the tree cap with
hori zontal position. 22. The nethod of claim 18

the rembtelyt HyRSrat6d MEHILIS ifidgn & eEMIVAITDsitBE th@hoSidalipaki€iehor W th
the renotely operated vehicle. 23. The nethod of claim

22, Ffe MRS Stﬁﬁﬁer% ?@ﬂlg Qﬁgbgﬁg ticaitht dab ?Iﬁ¥ct51agitﬁ khe

orlentatlon into the bor of "t sea tree.

remotelt rﬁ @Q% use mrth a subsea tree having a
38@83% fore, the tree cap conprising: a

I|ndr|cal bod having a top end and a bottom end;
23. T e method of claim 18, wherein the tree cap may be inserted at any radial orientation

into the bore of the subsea tree.
24. A tree cap for use with a subsea tree having a concentric bore, the tree cap 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;
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25.

a cap connected to the top end of the cylindrica
body; a seal carrier slideably connected to the bottom

wen@so273rhe cylindrical body novabl e between aPCT/ppm07/081523

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 ans

AOFIKL 86k Mo SapnPTieh fohs et hagyy the stotng daglg moans
means being adapted to selectively engage a profile in

t hécowreslepied ite sthentioclyfretaineths aerd earrier sethe Wvegrgiopitiphieand

first locking nmeans is adapted to engage the profile

ahot d1gh mfpvar Nl héreinkfhuie pfessurafiynr thdihat staly fisnaatatedntheffirst locking
the cylindrical body;a second | ocking means connected

10 hhgs G4 tHRAMGRS (RN calil® (8 8RBVl Rk oRIWABRASthe second
bei ng adapted to selectively retain the seal carrier

in I [ .t ;on;. .an ot .stab..injector.

wnd Pt PG RERLLT et Shoe iR Bt Ao £ Gsition.

actuates t first locking peans and then noves the

d ﬁ%\rre% &Y Q ecfaltno?"t EherRAmDTISHG & Plats conpretes t ﬂi‘%‘é’@@ﬁ% dody, an
| ocki ng means sel ectively retains the seal carrier in

upper pptiwn|adwertagipsioaineanng®ed tThe uppereporiagn of the pltaradia lower portion of

further conprising a plate connected to the

syntactieYbdrmdehricdbe dYowa@pouipest theplateon of syntactic foam

connected to an upper portion of the plate, and a
| ower portion of syntactic foam connected to a | ower
portion of the plate.
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