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61/093,799, entitled _how b-rome Internal Free Cap, hied Sep. 3, 2008; and also claim priority to
T_T.S. provisional patent application No. 61/047,342, entitled Low Profile Internal Tre-c-- Cap, flied_

_Apr. 23, 2008. The.- dis - closnres of both of these provisional patent applications are inc orp orated
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lased to aCC%ﬁ@*Eﬁéﬁﬂ%iﬁf@mm&ﬁgeg&a@ gff the trae spRokwin e also permitting
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seals is t,lanch e iEetap on. R e PaBLSECLE he el caR IIhe Tiek &1bel, &id then enersr.e
or set thésseﬂy‘s@thelseé&mﬁt@éeteamdiﬁqeﬁﬁée spéoivTihis Serasofsteps mayfengthen and

complicaté tEe ﬂ@&ﬂlﬁ%ﬂ]@{p@ﬁﬁ&lﬂl@&em be.heneficial to hold the seals i in a non- energi,ced
state and the‘h sinilp ksrretMs %@gﬁge%ﬁ@’eﬂebfcgﬁﬂhemésgeel a ﬁrél‘Fe ﬁe sealing

used to access t ore. A tre use
le-men tSihe tree dpe. st ation ol adrea-caRRtia o %%%HG%S@QQ 19&42: e ii It. 'lams, it
may be béieficlartg provideates dap tstiduésh ree_plirerapretic ﬁ@@@@’@l}o@éﬁtaﬂon to land in
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and secue-if a atrea.sRaeldhbe tee e&g;maycﬁers@ e@&e&,xoeqan 1o ﬁlammlrggtool and run to
the tree spooFthronglimatl ﬂage er V1Al gggm%@?&;@oﬁg #gtggﬁ)‘st% 71 %@@vane le

("1?-0°V" m.ayﬁ&usﬁ HOTE he free: gapdad et &egoszpﬁﬁllaﬂ ﬁlydnﬁm E@ tree cap and
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cn the securcd trec cap and the
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SPOO may lengthen and complicate
the installation proccess. Thus, it may bec bencficial to hold the
seals in a non-energized state a11d then simultancously secure
the tree cap to the tree spool and energize the sealing ele-
ments.

The installation of a tree cap on a subsea tree spool can be
difficult. Thus, it may be beneficial to provide a tree cap that
does not require a particular radial orientation to land in and
secure to a tree spool. The tree cap may be selectively con-
nected to a running tool and run to the tree spool through a
marine riser. In different applications, a remotely operated
vehicle (""ROV’) may be used to run the tree cap to the tree
spool and to remotely install the tree cap and set or energize
the sealing elements. It maw be beneficial to provide a tree cap
that could be installed attached to a running tool ran through
a marine riser or at open sea with an ROV,

An installed tree cap may project above the tree spool
presenting a potential obstruction to other wellhead equip-
ment. It may be beneficial to provide an internal tree cap
having alow profile when secured to a tree spool. An installed
tree cap on a tree spool creates a fluid barrier, which is ben-
eficial to prevent the flow of fluid up the wellbore due to
increases in well pressure. Increased well pressure may causce
the undesired upward movement ol well equipment, such as a1
tubing hangcr, alrcady installed in the trece spool. It wwould be
benelicial Lo provide a ree cap thal provides a collateral
beneficial locking mcecans for proventing undesired upward
movermenlt ol well equipment due Lo pressure. Various corn-



presenting a potential obstruct ion to other wellhead meat. It may be beneficial to provide an internal
tree cap Having a low profile when secured to a tree spool. An installed tree cap Oa a tree Sr)00
Creates a thaid Barrier, which is Beneficial to prevent the flow of Itutid lap the well bore rine to
increases in well press Lire. Increased well press tire in ay ealaSe the Linde sired 'upward movement
or well ecpripment, slaCh as a tubing hanger, already instnlled in the tree spool. It would be Beneficial
to - prowde‘%ﬁﬂéﬂfl H&P@%@%ﬁ;ﬁ%ﬁ&i@(@g t@ﬁfﬁﬁk?@gﬁ@fﬂﬁ@emmg undesired
itp-ward maVemeant.e eweglhﬁqmglnne@t](,@ cia.prassnrel vat M&geiylg&rﬁméwbmg hangers
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attachmentipermitting the lateradditionlof tha<Jocking meansie a tree dap aid twouldthbe beneficial to

provide a @Eeﬁ‘%@ﬁﬁ?@ﬁtﬁﬁm&%@bﬁi@?@ Sl Fule AR d AR Hbdfed in the tree

spool_ It mmetbe’sbehelfm«att&vpcomdeaathtee ea}@th?a ppitsethel reimonal onwatdetiapped.between

the tree C%w%ﬁ%uiﬁirﬁbgwﬁ%%wlﬁ Tﬁé@zﬁ’@?@;ﬂ@“‘é‘@%@ permits the
equallzatlcmreﬂ sirebprer Wodee removakefihe t#aee@apott Weillg alstr btbendfieial to provide a

tree cap thpi‘iﬁ@@ié’ @Téﬁ@lﬁtii@b‘@@é%eéé‘é,ﬁw@ﬁiﬁﬁf@ﬁf@fé"éiffc‘,‘Eﬁ%p!ﬁ@nt disc Ici sure is

directed toao\reﬁ:fommg Orat leastrdoecirtpthteeffectsrofoonderamerendithe issuadset forth above.

SILI PvI_N A AR e RS mbadiment ofthadnternalities capncludess-luyineerL Housing that ha s a
central opesidg rumingtmaghihteimally through the imer<sowsinge The wpper<end<ertie inner housing

includes a?&?&lng profile for engagement with a running, tool_ The lower end of the inner housing is
received in the cavity of a lower housingSth&YARdrhEIEing is movable with respect to the lower
housing betwesna siniagienupperposition.and-atowesardapded pasition oA thalewer or landed

T, 1 itudi 11
position th (HUTONE oY It eT HHO St e N e T e . e howsing

1nc,1udeb a latching proﬁle for engagement wilth a running
tool. The lower ecnd of the inner housing is reccecived in the
cavity of a lower housing . The inner housing is movable with
respect to the lower housing between a running or upper
position and a lower or landed position. In the lower or landed
position the bottom of the inner housing rests on the lower
housing.

The internal tree cap includes an inner body that is posi-
tioncd betweoecen a portion of the lower housing and the central
opening of the lower end of the inner housing and also
includes a split latch ring that is located between the upper
end of the lower housing and a first exterior shoulder of the



The internal tree cap includes an inner body that is positioned between a portion of the lower housing
and the central opening of the lower end of the inner 'LouS.111S and also includes a split latch ring
that is located between the upper end of the lower housing and a first exterior shoulder of the inner
housing. The split latch ring is on the exterior of the internal tree cap and is trioN/able between an
inner position and an outer position. The split latch ring is initially in the inner position rlti le the tree
cap is run tertht?tréew&%m th@mb\lem'réﬂtroﬁmelmnerl béTTSI totherdovvertor latched
position theiSh exter o, SIGalder TOvesthe SPAT meeit?mﬁﬁﬁ}e? ggé}fﬁélrﬁﬁﬁe outer position,

the split Iatc#ﬂﬁggepgagesl ﬂlgea%gr@ﬁ?elm e H@fggggmcg}ﬁe Etr‘éeecap to the tree
SPOOl.  tion HiBGIAIEBA et can, IRsherne. LRdes asUpper [ha-hatsideatad above the split

latch_ ring antt & alee pgsit qﬁaf’argg ‘Ehetﬁ;sgegﬂiﬂf) Oge*fﬁ apbthe ik mtm The support
ring suppor{s@e@ﬁ% $aal)1@a Hires ove the support rlng and §Is gelng positioned orritind the
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OS11t10O aroun

shoutlcier retain&ﬂwelmaﬁgﬂed xseakin pasmaﬂhaieﬂgvm&exiea@reswéaﬁe ofthadnner housing.

The bulk sq&iS ESIRICTS e AN frfare i £ Fel SpBArbraTITintER SeRIBENERN e tree spool and
the exterlormﬁthﬁﬁ@dﬁﬁll i’lie%&f:hes %mtamab&eeﬁanlaﬁohudélesmaaaﬁ@n plug located in

position. A sqa&nglﬁeposmene etwaenaaldam& Hbecaeupaa&leﬁhpmg; amdmedanﬂer body is

compresse@ WiEH SRR N DS SR é?’vp%%ﬁlcfﬂ?fﬁ'ﬁfﬁetﬁé’gﬁ}nﬁrréi Bl2Csec]. to MC-We

tie expansion plog=terits-upperpositian: Qul e andifabnsnning-ofithedrieraeol treercap the expansion

pIngis Seléﬁ@%@@ﬁ@ﬁfiﬁf@@m& @ﬁf&?@lﬁ@%ﬁ%%@@ﬁm@@ openings of a
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expansion mﬁgzwhﬂver melmmelalhoamﬂgsm irrthel ﬂaﬁnmgmmhmﬂrgertogmtmmm o fthe
expansion mg%rﬁit SIS pUE BB OR R Lpialls. c3Sing g 8kbansion pins to

retract. Th arel posiiorror- the exp ansion plug may retain the spllt Iatch rlng in its outer position,
Wthh SQCU{% (jﬁilllovelllellt 3)% 1e 1111161' lﬂ:‘L Fél 30 {ie ]ﬁlo e O OWﬁplnS |S nOW
permitted ct@eeteltlrvgolﬂﬂ Ve a?ﬁbnmleﬁﬁe% d%SP@ﬁ@I%‘TﬁE tow ét%wmlmme Niel= eta t or
he inner hogalﬁ,w ) (2 rﬁr Bxﬁ‘ﬁ&%gkﬂﬁﬁ;g‘f N3 ﬁ@i@g&ﬁg the split latch
ring to its case %hidr]ilén alfork U the hrde mﬂeﬁiﬂlﬁree cap to the
tree spool. ﬁg?;%@mﬁ r%evemﬁm @gfernﬁ Zestha b ISéaGI e ingthe exderidr, of the internal
tree cap witfraseargre EmﬁfgéﬁéﬁqﬂIQOngﬁﬁm capmy ;a@muagg a flow pal,: Sflg,
dare ugh t e Bae Capn HherldupAsSage My Bernais the-equalizationo el pressale above and below

the tree caﬁlﬁﬁefﬁgﬂi@%ﬁﬁearéé%p%wmeﬁmggfgﬁ srtinsihiolorbafdw tihd tlee cap ITpC31-1

move'the sp ring to or po

installation ehifﬂtegmﬁgna ltIS&e;CﬁBd]ﬂiQ adreasp e&emésiifg\&ieneﬁsbedﬁmay be flush or
be located b‘éfﬁN?ﬁé’uﬁ@gFl%ﬁ dorthesres %E)OF&EQ@@Q‘QH e ree B @) &fso provide a
collateral beﬂﬁ-‘fl&ai#ackln@meansﬁna tubmgahaﬂge&alfeady seemed -within the tree spool_ Ti.e

internal tfeqlcaﬁﬁ?qyﬁ@@@ggﬁ IGpEr P harseal gﬁﬁi@ﬁﬁ Ao, o S fMfng Hanger_ The
lower seal maythera esaﬁahﬂ&a;htﬂw& 6. Me Bk Io-NOakLSaw. eWtEBIBh& lﬁglhaﬂggr The internal

tree cap maZABGJE HISHEL eXfplSOI CUIERE G Tk IAWER1T2. S TINS Haf Fitfims a metal-

spool, the upper end of the inner body may be ﬂ11>11 or be
locatcd bceclow the uppcecr cnd of the trec spool. The landed
internal tree cap may also provide a collateral benelicial lock -
ing means for a tubing hanger already secured within the tree
spool. The internal tree cap may also include a lower seal that
seals against a portion ot the tubing hanger. 'Ilhe lower seal
may be a metal seal that forms a metal-to-metal seal with the
tubing hanger. The internal tree cap may include a lower
extension connected to the lower housing that forms a metal-



to-metal seal with the tubing, hanger. The- internal tree cap may form a nnetal-to-nnetal seal with the
tree spool in additio fl 1.0 the eheWEGed bulk sea - _AA terlaa tively, the billk seal naa y be replaced
with a metal-to-metal seal. "The internal tree cap may further i VIC lode a shagt,coaracctiza to the
lower housing, ofthe tree cup_ Upon lahams in the tree spool, a sealing element on the stinger may
create a seal within a sealing bore within the tithing hanger_  The internal tree cap may taclocie a
lower adapterihat=maya ciraineetied tothe lowerhgt:singbkhe lowenadapteemaydnclude at least

one scaling; el U ERARE b Ral YT thERTISIHART SERE ANy K B Y lthing hanger_

There seatinglelema Hegamprisedothardened plasticiorothel materalithat issacceptable for

sub sea n‘[}g‘g@ym @riﬁéﬁﬁgéjptﬁgﬁﬁﬁ@iﬁﬁpéﬁ HeRKSs Iﬂ@@m&ﬁpermlts the tree
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may be coN& e i bE Jwer adanipr . The stingamayinchide.meildip seakthat.ipon installation
of' the tre@ea;lgtonm:tlreel Spocllthelmetﬁdlplseaﬁg sitibrredicyvitlin Hfréamls errpiargfseal profile of
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ade o meplipsestsproviman restiors el The grofieotin ok asaper may be
configureuigprovide.a Iai}ara{@eﬂeﬁpﬁﬁic&mg@} GaBS 10 vanS.caniigittalipns p f tubing

Hangers pefﬂuﬂﬂtﬁeﬁg@%mm@s;f(@ggh@i@g%anm%?;m #Pt'etrffa*?r rr‘£ﬂ:‘aﬂree spool_
"The 0a | Genhudes. FEROE pidteGieE Rinting Toblinte A kG pidtidiar the intel-Th-11
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lad a Iatch%bp%ﬂ&ale hQIEQBM W pOSI i ijpzlétflé’er&pool with the

bore pro teblfggﬁﬁnﬂﬁ‘g;tgﬂ > Dine a%gﬁg&;lkgf gﬁggtrfﬁcg:&ﬁﬁll a‘lffl'h;qglﬂl‘@lmt'e‘r‘rf@l tree cap on top
of a tlthlnglhangﬂsdgat dsialraady compested-todhiadiae-spool P?Bezmﬁhacﬁmmeémludes dropping a
device, sr@ﬁn‘ég‘albﬂlllb’r‘édﬂ#ﬁ Hbﬁmﬁhetﬁrlﬂéfﬁﬁg‘bméld’éﬁcgﬂﬁﬁélbrfar tbtWameE piston of the
horn protect%mnih&g»ta&iﬂ'haﬁlrsé@ﬁ isstalChEMahdeiriFpe ligpsieasihie an intdhadrill string. The
method alSERgiftes jnLiEasinging bresSurewitireie ot j@p s hnbvihg fReiimer honsing of

ectorrunmng L] A 1TOCK 11T, Pro

the mternaietieemp: fro dxihes gy pasitionde alchingrposiiomaThe mevemenrt of the inner

housing Sﬁlﬁ*ﬂﬁ@%@@ﬂ%@@éﬁmﬁﬁgﬁﬁ&g@@&%&g@‘%ﬁt& 501 yred $pool and
energi7osvaliikbeaboftheintenaldreewcaping the ermﬁludﬁrei@smg the running

tool fl- malﬁ@ﬁ@%&@%ﬁ@?h@iﬁﬁmmﬁﬁﬁ@@é’mmﬁeﬁaﬂng the

running stepclhe:lb@rei toLimmBing ¢e0l andle osmine clieain Htiee capwwaayhke run through a

marine rlﬁ@éﬁg@%ﬁ@h RN A MO S TR it DG @S E Mithin the tree

spool belowithieiimtenzaldradlca -thetpresgurdnglsb el He mteilmailtreeoaptthmugg a flow circa it in

the internal e ¢80 @ﬁfﬁlﬁmﬁuﬂm@ £, (e SR ROnE AT AT 9 QW GLEREL n the internal
tree cap thaabtheheinbodinieniisa nﬂ@drfvpmal a¢af“ rrﬂemalrtreercapawﬁart$e spool that

ches the intern
int:Andes Vg ThERternal HEE EaTG S ude, ":ﬁl RRIIRI T HraseapinRilides an_ inner Hon
sing that |§rm?\fa%te betvveen a runnlnggosmon and a attit I|| ri osmo The it, tier liortsi rig, 2, f the

internal tree.cap FamaInaIAIRe Tt fig -pos A WhTE e iarT ﬁeﬁoaaepslslm%e,vaa’io the tree spool.
The th Cllatqhﬂ%mﬁmégﬂiégﬂnegghgeﬁﬁg@gﬁiepa T—ﬁ'l‘ﬁlh’@’hﬁ teotimected to the tree
spool andueraigly: a-Citalat .y Thednnas hansing.o! tedaiernahitea aapio.Alovestrona the running
position tq tHe Rtehifgposition ;fllh@mg&'/@% emeTY @Eﬁ%@%@@ﬂﬁﬁhg@ﬁmﬁaﬁ@nﬁ 2Fate lies the
internal tree.ca@ e ateg ﬁ&pﬁgﬁ le of evtreer&ﬂoﬁl ahdreergizesaab alk-seal-githednternal tree
cap. The MEficy: ﬁ?ﬂfd’elﬁfgiﬁg]a‘itzzﬁ’fmﬂb\‘iﬁl‘fﬁ’é‘ﬁéﬁ‘lg’r‘ﬂ‘é’e@&ﬁw{ﬁé‘ﬁ% spool.

<ria

nothe.r ern b@diﬁﬂﬂib@féhﬁp&&smiaﬁa lo:state in directed o -amintergal trae capa alihe tree cap can

comprise HITAPPRPIQRSTHGTTY DD 2P, attet BNl e fower Xl End & caratbtleltifig t bra ugh. the
upper Iac:puasmgd@&iaappl rensheanidayewatatehing piefileiforepgagemant xuith a ruirmi lag too |_

A. lower @ﬁ@ﬁ%ﬁm@@%ﬂ%@%ﬁ?ﬁ@mgi@aﬁﬁfuppef housing

can be mevable-withrespectiethelower Hohsing:betWeelina-turning posiionsanda landed position.

A set ring AT BRI ROPRLHE OWet SRS, e SELfs BT alfe kiween an tapper

position andtweiewar pesiticrad hesetring=canbeaifixed totherupperiouginginsuoha way that the set
ring and ngHELHRESHE BV In SYNE KU SRR f:0lHet | A QR rS TR g Fahbe positioned
around an exterior ofthaz.- internal tree cap. TiThe outer split latch ring can he movable between a first
inner position and a first titer position, wherein a downward movement of the set ring is capable of
plashing the outer split latch ring outward to its dtiter position as the tipper Ina LI sing moves to the
landed position. An inner split latch ring can be positioned between the upper Housing and the lower
housing__ The inner split la tc..-la ring can be movable bet weexa a second outer position and second
inner position_ '112e tree cap can also comprise a lock device positioned above the inner split latch
ring when the inner split latch ring is in the second outer position. The lock ilex-ice can be configured
to push the inner split latch ring inward to the second inner position when the -upper housing is in the
latching prisiticin. -File lock device can Be capable of exerting inward pros Sare, 011t0 the inner split

latch ring, thereby hcilaing, it in its inner position__ siapport ring can be positioned above the outer split
Iateh rina abhoitit the evtarior of the internal tree can A <ealind meance can he nocitinned <0 ac tn




F312.1-FVF 1-3ff.SC-12.1-FrflaCaT9 CIF -FT-Tff.1-3-R. AWITIC S  FlaCi. 1 shows a partial

Cutaway aziew of one embodiment of an internal tree cap in a harming-in position_ 2 shows a
partial Cll t wwz, y view of the low profile tree cap of VIC+. 1 in a landed or latched position.  FIG. 3
shows a cross-section view of an internal tree cap prior to landing in a tree spool.  FTC. shows a

cross-section view of an internal tree cap latched in the locking profile or a tree spool. FTC_ S
shows a cross-seetioir coihparsenview-ofondertibediment oharmternalliree g 600 with one half
an internal {8 BENOA PRI HINTING Tt A fPel Spool BntPshehaltSraRt ifitéiAAl tree cap 60013
illustrated as |astollethint ethedsitHunrgprofilelot the ¢sse8padhclosureAFGIG=shoy s at 1 rixploded
view of one @ritbdMERLSE arf Titerial trde caf s FGP 7SHOW S BHe Biib DBitER 9f Et system

OUSINg aving arn uppecoer OV er I a centra

titscad to instatram ptaiRahioe 0ap oppdieaspeehe . FhC udshews.a partiaha uthway view of one
enth od mg e boranntetilal free captariiciities ' loweratapter fafseds oMt exterior of the

o receive the Tower en T the ypper

VISINg, can

tapper neck oka :HBINgRHNGehor hlis$isROWaA partial cutaway Wewsordhp internal tree cap

of-FTC. 8 Witk the“imme'HousireothETtitternat trekerp maved 1o e fatched Ipositish.
posilion. A sel rinigy can be positioned around the lower hous-—
ing. the setring being movable between an upper position and
alower position. The setring can be fixed to the upper housing
in such a way that the setring and upper housing move in sync
with each other. An outer split latch ring can be positioned
around an exterior ofthe internal tree cap. The outer split latch
ring can be movable between a first inner position and a first
outer position, wherein a downward movement of the setring
is capable of pushing the outer split latch ring outward to its
outer position as the upper housing moves to the landed
position. An inner split latch ring can be positioned between
the upper housing and the lower housing. The inner split latch
ring can bc mowvablc boetwecen a sccond outer position and a
second inner position. The tree cap can also comprise a lock
device positioned above the inner split lawch ring when the
inner split latch ring is in the second outer position. The lock
device can be configured to push the inner split latch ring
inward to the second inner position when the upper housing is
in the latching position. The lock device can be capable of
exerting inward pressure onto the inner split latch ring,
thereby holding it in its inner position. A support ring can be
positioncd above the outer splitlatch ring about the exterior of
the internal tree cap. A sealing means can be positioned so as
to provide an effective seal between the lower housing and a
tree spool swhen the internal tree cap is positioned in the tree
spool.

TIRITLI PDOITLSCIRTPTICON O TTITE. IDIRAWING S

FIG. 1 shows a partial cutaway view of one embodiment of
an internal tree cap in a running-in position.

FIG. 2 shows a partial cutaway view of the low profile tree
cap of T'IC(r. 1T 1in a landed or latched position.

FIG. 3 shows a cross-section view of an internal tree cap
prior to landing in a tree spool.

FIG. 4 shows a cross-section view of an internal tree cap
latched in the locking profile ol a tree spool.

I"'I(5. S5 shows a cross-section comparison view of one
embodiment of an internal tree cap 600 with one half an
internal tree cap 600.A illustrated running into a tree spool and
one halfofan internal tree cap 6008 illustrated as latched into
the locking prolile of the tree spool.

FI(sr. 6 shows an exploded view of one embodiment of an
internal tree cap.

FIG. 7 shows one embodiment ofa system used to install an
internal tree cap on a tree spool.

FIG. 8 shows a partial cutaway view of one embodiment of
an internal tree cap that includes a lower adapter that seals on
the exterior of the upper neck of a tubing hanger.

FIG. 9 shows a partial cutaway view of the internal tree cap
of FIG. 8 with the inner housing of the internal trec cap moved
to the latched position.

1'IC5. 10 shows a partial cutaway view ot one embodiment
of an internal tree cap that includes a lower adapter that both



FIG. 10 shows a partial cutaway view of one embodiment of an internal tree cap that includes a lower
adapter that both seals on the wfterior or the upper neck- of a tubing Banger and provides a collateral
beneficial lockri rig, mechanism fir, r the tubing Banger.  FIG-. 11 shows a partial cutaway view of
one calbodinient of an internal tree cap latched within a tree spool, the internal tree cap including a
lower adapter that includes a collateral b enefic ia 1 lo ¢ king mocha ni sin for a tubing iia lager.

FICri. 12 shews a>partiatl extasva meW@Mhemnera’o&ktle@c‘ap@ﬂE‘f@ liamgletheﬂee cap in the
naming mﬁ@‘ﬁﬁesaﬁ:étlslﬁlm\fvméaa DATE aﬁ’j@u 'Fa Way View of Bieinfemai te& Cap 'of FTC-. 11 with

the tree Ca(PtlEll 111§*en12§ﬁ§§@@£;lat d A1 glarg reg@@mgile 111ten1§-§nb0dlment of an
internal tree<sap-tha udesasstrmgena aMﬂaiﬁfS&a{Hh edippen phig sealingpiaiile of a Mtn rig,

ItELI12,er be“i%%‘ SHOWS S HatRleulavR B o i e AT cap.of FICe. 14 with the

stinger insestedamid e -u gemg@ -lhe ufeaetu%nghangerrunﬁi@g i@%&wﬁ@ggis -section
close-up V.Legvigé(ﬁ ﬁtltr&ger wﬁgﬁ%dtﬁga %ﬁﬂﬁpﬁ{ﬂéqgiﬁé@iﬂg

Fi1G. 14 shows a partial cutaway view of one embodlment
of an internal tree cap that includes a stinger adapted to seal in
the upper plug sealing profile of a tubing hanger.

FICGr. 15 shows a partial cutaway view of the internal tree
cap of FIG. 14 with the stinger inserted into the upper neck of
a tubing hanger.

1'1C3. 16 shows a cross-section close-up view ot a stinger
being inserted into the upper neck of a tubing hanger.

FIG. 17 shows a cross-section close-up view of a stinger
being run into the upper neck of a tubing hanger.

1'1(5. 18 shows a cross-section close-up view of the stinger
landed in the upper neck of a tubing hanger providing a
metal-to-metal seal in the upper plug sealing profile of the
tubing hanger.

FIG. 19 shows a cross-section view of a portion of an
internal tree cap that may be used in connection with a gas 1lift
operation ol a well.

FIG. 20 shows a cross-scction vicew of an internal trec cap
that includes a sealing stinger that may be used in connection
with a gas lift operation of a well.

FI1G. 21 shows a cross-section close-up view of a portion of
an embodiment of an intermal tree cap that provides metal-to-
metal seals for use with a gas lift operation of a well.

FIG. 22 shows a cross-section close-up view of a portion of
an cmbodimcoent of a stingcer that provides for a bi-dircctional
metal-to-metal seal within the upper plug sealing prolile ol
the tubing hanger.

FIG. 23 shows a partial cross-section view of an internal
tree cap that includes a wireline plug profile in a running-in
position.

FI1(. 24 shows a partial cross-section view of an internal
tree cap that includes a wireline plug profile in a landed or
latched position.

FI1G. 25 shows a cross-section view of an internal tree cap
that includes a wireline plug profile landed in a tree.

FIG. 26 shows a cross-scction vicew of an internal trec cap
that includes a wireline plug prolfile in a running-in position
with the internal tree cap landed. but not locked 1n a tree.

FI1G. 27 shows a cross-section view of an internal tree cap
that includes a wireline plug profile being retrieved trom a
tree.

FIG. 28 shows a close-up view of one embodiment of an
internal tree cap sealing assemblies.

While the disclosure is susceptible to various modifica-
tions and alternative forms, specific embodiments have been
shown by way ol example in the drawings and will be
dcescribed in dcetail hercin. Howcoever, it should be undcerstood
that the disclosure is not intended to be limited to the particu-
lar forms disclosed. Rather, the intention is to cover all modi-
fications, equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended claims.

DESCRIPTION OF ILIL.USTRATIVE
EMBODIMENTS

ITlustrative embodiments of the disclosure are described
below as they might beemployvedinaninternal tree cap. In the



EICS 17 snows a cros s-see non close-up view of a stinger B eing ran into the up per nec It of a tubing
Banger.  FIG-. 18 shows a cross-section close-ap view of the stinger landed in the ripper neck a -ta
bins hanger p royi di rig a metal-to-metal seal in the upper plug sealing profile of the in-5111S
laz111Ser.  FTC-. 19 shows a cross-section view of a portion of an internal tree cap that may be
used in ¢ onnection with a gas lift operation of awell_  FTCL 20 shows a cross-section view of
internal treéebpriret inclelded oy seab létﬁmﬁrjgaﬁ Y- bexgsedincentectiom with<agas lift operation

of awell. 2ERCH 2i SHONS B 0S5 o140 A d:SI08a" Vi of-a BOrian O Ak eazbodiment of an
nteral res e hateroydes metal fo metat seals farisk W stgas M pReratifbef a vell

FIG-. 22 ShpWis. A SL0SS18RCHIODCIASErUpMEW Qha1nofinn ofa sdinentofa stager that provides
for a hi -direttiomdt imetd @Wﬁéméﬁwi@hg%wméaﬁﬂ rofite oM fubing Banger.
1r1C3-. 23 shngﬁtatgpaﬁlta ﬁo&sxgla)e{%nufg&ef {ﬁiﬁiﬁfn@éﬁr@&@gﬁ%ﬂﬁﬁd@&aﬁire line plnap
roBlcina rgﬁrifqllﬂﬁﬁ g@gﬂgﬁ;’eug%‘i’%?ﬁl%@;@p&rﬁal | efossdietion viewofan'iiternal tree cap

that includes alwm&lﬁlﬁerp alile mailan _r@ﬁ@ﬁéﬁpéﬁim@aﬁ&{ﬁg 25.shows a cross-section

view of an Iﬂt@i@?@@ﬁﬁgm‘é’Wﬁ@ ﬁf&?ﬁ@?ﬁgj@@é@éﬁﬁfﬁ’ﬁééﬂerFT (3-. 26 shows

escri
a Cross-sectionFview mrs&mdm&rmﬂweﬁﬁ&pﬁhaﬁamadmwmﬂap{ug@mme inceoratining-in
g ; i i i3 ousing 105 and a
posmon anﬁb?é@ﬁﬁ?ﬂtlég h T ’iglmmqgmgicludes a locking
profile 110 that may be adapted to engage a running tool 400
(shown in FIG. 7). One example of such as a running tool is a
bore protector running tool. The locking profile 110 is shown
for illustrative purposes only and may be adapted to engage
various running or setting tools as would be appreciated by
one of ordinary skill in the art having the benefit of this
disclosure. The inner housing 105 includes a central bore
running the length of the housing and also includes a first
exterior shoulder 170 and a second exterior shoulder175. The
inner housing 105 is movable between an upper Oor running,
position. as shown in FIG. 1. and a lower or latched position,
as shown in FIG. 2. The lower housing 120 is adapted to
receive the lower end of the inner housing 105 when it is
mowved into its lower or landed position.

A split latch ring 1S5S is positioned around the exterior of
the internal tree cap 100. The split latch ring 155 is movable
belween an inner position, as shown in FIG. 1, and an outler
position. as shovwn in FIG. 2. While in the inner position, the
first exterior shoulder 170 of the inner housing 105 rests on
the split latch ring 155. The downward movement of the first
exterior shoulder 170 as the inner housing 105 moves to the
latching position pushes the split latch ring 1S5S outward Lo its
outer position. A supportring 160 is positioned above the split
latch ring 155 about the exterior of the internal tree cap 105.
Above the supportring 160 is aa bulk seal 165 that is energized
by the dovwnward movement of the inner housing 105 as
discussed in more detail in regards to FIG. 2.

The internal tree cap 100 also includes an inner body 125
thatis positioned between the inner housing 10S and a central
projection from the bottom of the lowerhousing 120. A spring,
135 may bec compresscd betwecon a shoulder of the inner body
125 and a shoulder ol an expansion plug 130. The expansion
prlug 130 is movable between a lower position, shown in 171(5.
1. and an upper position., as shown in FIG. 2. The spring 135
is biased to move the expansion plug 130 to the upper posi-
tion., but ecxpansion pins 145 precvent the upward movemaoent of
the expansion plug 130 while the inner housing 105 is in its
running position.

A retainer ring 140 is connected to the top portion of the
inner body 125, The retainer ring 140 may be threaded to the
inner body 125 or various other means may be used to connect
together the two parts as would be appreciated by one of
ordinary skill im the art having the benefit of this disclosure.
The expansion pins 145 project inwards through openings
146 (shown in FIG. 6) in the retainer ring 140. A n expansion
ring 150 is positioncd betwececn the inner housing 105 and a
recess between the inner body 125 and the retainer ring, 140.
The expansion ring 150 prevents the ocoutward movement of
the expansion pins 145 ~while the inner housing 105 is in its
running position.



FT Ci. 27 shows a cross-section view or an ifft erna 1 tree cap that inc In des a wit-eh:tie plug profile
being retrieved fi-orn tree.  FIG-. 28 shows a close-tip view of one embodiment of an internal tree
cap scaling assetab lies. ~ Whi Ic- the di sclo sure is susceptible to van ons modifications and
alternative fortas specific embodiments have been shown by way of cpra nip le i fl the d ravvi flp,s and
will be described in detail herein_ | Towever, it should he understood that the disc los ure is not
intended to h& ivatheatothespanichihdatoansdiest|o Sed c-2iitherthelintdntiohssto cover all
modificatigs. eUVAISHI AN Meralliey Elind i, HE 5t and SCopd,of The,livention as defined
by the appemdéd-c SO 1H12 13 dr| P O - [0S B AR VA MRAY| FE03=81sNART-PTTS
llustrative gF B ALhe ot 10 I T & St tRBA el a3 haY B Bémiaiploy ea in an
internal treg%;g??qghe;imoesrgﬁ& g@rvgwﬁgﬂﬁ Wssgﬁrjl(arﬁqﬂw 'lg‘gl;ememgggn are described
in this speRificatBa - Ttwill onoRurse. 08 appiatiied Thatin Hadevelepmant:oiAny such actual
enabodairremrt; 411 P.ek- € mplemehtatiomspeey fedeprsion 5 2 4 Sebe made to achieve
the developets &p&¢I 813,51 35, GO Ph Bhe-a Mtk syslenp-felatad and hnsmess-related.
constraints%]r\fg’tiﬁﬁﬂli l\hllglf\'/%%zlfm bRE i%ﬁ@emeﬁt&ﬁbﬂ%i&ﬁefhaﬂﬂﬁ@mégshiﬂ#ﬁg% appreciated that

snob a de@g@n@m&ﬁ@ﬁu@g%gbzgﬁ %@fﬂﬁﬁéﬁ%ﬁﬁf@&oﬁg hewerheless be a routine

undertaking féx thdsecor prelihary Skift it e drthiavig e B @fﬁ%i?ﬁ%@;%ﬁ; Fit it her
aspects aﬂaEw%gﬁﬁ]yaMﬂﬁﬁ@mﬁﬁw&gﬁﬁ eﬁo;snfaoapparent fi-ona

i W b of the inner housing 105
considerti also téﬁf?g%iﬁ?@ﬁﬁﬁe@d;mted on the exterior of the

inner housing 10S as the upper adjacent portion of the inner
housing 105 has a larger outer diameter than the diameter of
the inner housing 105 at the initial position of the bulk seal
165. The support ring 160 and second exterior shoulder 175
help to ensure the bulk seal 165 i1s adequately energized and
help to secure the energized bulk seal 165 in place.

1'1¢5. 3 shows the internal tree cap 100 being lowered into a
tree spool 200 with the inner sleeve 105 in the running or
upper position. FIG. 4 shows the lower housing 120 of inter-
nal tree cap 100 landed on a tubing hanger 300 installed in the
tree spool 200. The inner sleeve 105 has been shifted to the
latching or lower position causing the outward movement of
the splitlatch ring 155 to engage the locking profile 205 ofthe
tree spool 200. The internal tree cap 100 secured to the tree
spool 200 may provide a collateral benelicial locking means
to prevent the upward movement ofthe tubing hanger 300 due
to well pressure. The bulk seal 165 has been energized and
provides a seal between the internal tree cap 100 and the tree
spooel 200.

FIG. S5 shows a cross-section comparison view of one
embodiment of an internal tree cap 600 with half of the
internal tree cap 600A being run into a tree spool 200 next to
anothcecr half of the internal trec cap 6008 latched into the trec
spool 200. The internal tree cap 600 may include a fluid
passage that permits the flushing of the internal tree cap 100
or permits the injection of an inhibitor into the well below the
internal tree cap 600. l'urther, the fluid passage may permit
the equalization of pressures abowve and below the internal
tree cap 600 prior to removal of the internal tree cap 600 from
the tree spool 200. The top of the internal tree cap 600 may be
flush with the top of the tree spool 200 when latched into place
as shown by internal tree cap 600B in FIG. S. This low profile
olfinternal tree cap 600 may be benelicial in preventing acci-
dents or collisions with other cquipmoent while working or
providing maintenance on the well.

FIG. 6 shows an exploded view of the various components
of one embodiment of an internal tree cap 600 and includes
additional sealing elements seal pack 107 and O -ring 108 to
provide seals between the inner body 125 and the inner hous-
ing 105 and the lower housing 120.

In one embodiment, a ROV may be used to run the internal
tree cap to the tree spool. Once the internal tree cap has landed
on the tree spool., the internal tree cap may be remotely
actualtled Lo move an inner housing [(rom the running position
to a latched position simultaneously securing the internal tree
cap to the tree spool and energizing a sealing element between
the exterior of the internal tree cap and the tree spool. While



P10. 1 shows one embodiment or an internal tree cap 100_ The internal tree cap 100 inc,Indes an
inner housing 105 and a lower lion sins -120_ "llie inner Ito usins 105 incl LI des a 10 cidtas profile 110
that may be adapted to engage a running tool 400 (shown in FIG. 7). One example- of such as a
running tool is a Bore protector running tool_ The locking profile -110 is shown for illustrative purposes
only and may Be adapted to engage various running or setting tools as would be appreciated by one
of ordlnarylsvklthﬁ th@tanhaymgsﬁheabenelmeoimmgolcserwccﬁihemraer hmss*’rrigiéoé i tic:irides a

central bof& fLANTG bfgfﬁ%”gfﬂ} Eoklﬂg;@@]ul I, Mg Rides Atirs _ﬁ, gioraidhider 170 and. a
second exmrmrmmaeﬁlﬂ%pﬁh@mn@q: RoUsgrR5Li SermmieaBet%ew thlpgexsor running

posit-loll, a5 SBRNEHR Tr-ie I ahd BIQHEE ol qh‘éﬁ@psﬁ ithaas. Sl 2T B 1aVEE lionsing 120 is
adapted torrettetve thehewerendtoftine FrmelaHg)ﬁfeliglE}%l WWW@MWIS‘BWGF or landed_

pOS|t|0n ﬂiéwsgﬁﬁgcé me in ectloal below the

EHQLOrIAS TEMalIRE cap 1100. "The

split latch tIS’ﬁ*rG\%@'eiﬁém%ﬁ?ﬂtb iffen positior2as ewh LgakA(ER ﬂera?rﬂlafﬁ other position,
as sliown ifh 25 Whils etﬁ{@e Em iﬁqﬁl{st,ﬁ%el% ]hrodk“]% 175 or the ifier housing 105
rests on the siéﬂt‘laﬁfh? mw’ehlfem‘er bxteriorsissulddr 170 as the

inner 1101als i gnt0b’ a&e&@‘iﬁs atehﬁﬁg‘?pif’siée PiSRES. "t’h‘a?sfﬁnﬂé‘fﬁﬁfa‘@gti%ﬁoutward to its

("mei- posmmhﬁfﬁ@goghggnt mm@ﬁgat Oncﬁ;é%gﬁﬂee ”‘ﬁ% ﬁ’%@l’ﬂ‘%’le exterior of the

internal treecaprka@QS esiugpormﬁg sﬁﬁllléa |$>erhe.£g+xed by the
downward ?ﬁﬁg%mﬁi?lﬁ{ﬁgfﬁﬁ%? @%ﬁam 111%15&%%&1 1< ree s a.;lels to 2. The
internal tl’eﬁleﬁla:&QQ alﬁomlagieseammger Amihati eﬁedcae ieemihesnner honsi ns

105 and a Gentitirit-gec 3 ﬂ;lﬁ@ﬂ%hetﬁﬁﬁorrﬁ};hﬁ% lewertior nfgﬁgfga;z'ghwn%ﬁﬁg 135 may be ¢
omen-es saﬁbetwggna sh@n ot dap e body d2bandrasheilldes osan expa.tasS ion phis 130.
The expangi, B10S T30} g TROVaC onétﬂe A IWREROSG SHEWIASE -FTCL, A an la pp er
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ring 150 isAGSiiNeH, FAOLSHEIUS A ATECRS AT islitsl body 125 and.
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-145 while i H0ET Cnb TSGR i udhingd PosTionar kg 25 ShoWsthe Tfé honsing | OS
moved_ into tﬁéﬁtcﬁef}m‘fowép (Bﬁ{GnaM#}ewﬂYeimneﬁwusmgIl@&{sﬁthbda&hed position a

recess 11@(3@‘@9%“?1‘5@9@1%‘ het SUrACE of i JADES mon SR B lignsifith the expansion

ring 150 pehﬂnmt-rr% RPEAFSIOIT LY aﬁ@@ggﬁﬂ@gg@etmﬁ@m@( F ag¥ntotthe recess 115. The
cartv.7ard amwﬁlmgsﬁ@@agagaﬁmi&wmuaﬁsgm 135 i0ds fﬁggewﬁlon plug 130
pushes the,6%gaRsion pimts Wl slaslematﬁ% ﬁ i:la%)l ﬁ lffts]pggg@ged to hold the
expansionpins 248kt ﬁeﬂflmartjlsm el gq%wlﬁﬁ]ex @tﬁi e O@@P@Ysmon retains the
split latch %ﬁiﬁm&&m&a&pwﬁﬂ&eﬁﬁgﬁn&é rtﬁleﬁ:sp umﬁ a running tool
depresses i ORI P 190 (et mﬂ@mg@é&e s tﬂmd ~éidgissect above, the
CLOW rk%@&ﬁtﬁg le ﬁ&tt %&m@&r g&QSfFaiees Tjr[mgﬂéS outwards a s

of the mneahw&mg a eleﬂe.rgui@ﬁdhe&ﬁi knseal éﬁéjlae-aﬁedlﬁmcﬂaw&t&ﬂﬂr ohthe inner housing

1 OS as the*tgheradiaceriporidiof the inner housing. 105 Has a larger outer digggter Ham the
diameter oétl&esnﬂm&eafslxagliﬁﬁaai 4na|aalqaﬁ)§ﬂ@a ﬂﬁtb&@uﬂ&&ﬁ&l@ﬁi e sugport ring 160 and

second ex@nP SHHREEY LTS Ndbfoersine e btk kearf 18515 add gllﬁr@fytﬁﬂé\fgfﬁed and help to
sec tire tHexenergi: @G&Ehku(eﬁeakﬂﬁﬁalfhplaﬁe thellgn S-shows thednternaktree €aprl00 being
lowered in{Pg T SBHOF200 WItH the AR SERSRSTOS in' the Wlmihg' Br Tt Positon_ FIG_ 4
shows the lower housing 120 of internal tree cap 100 landed on a tubing hanger 300 installed in the
tree spool 200. The inner sleeve 1105 has been_ shifted to the latching or lower position causing the
outward movement or the split latch ring 155 to Qngage the locking profile 205 ofthe’tree spcfol 200 _
The internal tree cap 100 secured to the tree spool 200 may provide a c ol lateral beneficial locking
means to prevent the ti p ward movement of the hibing hanger 300 dne to well g res. stir.= The balk
seal 165 has b eenene rgir.ed and provides a seal between the internal tree cap 100 and the tree
spool 200 _ S shows a cross-section comparison view ol- one canbedinnent or an internal tree
cap 600 with half of the internal tree cap 60 0.A. being run into a tree spool 200 _next to another
half-of-the internal tree cap 600FT latched into the tree spool 200. The internal tree cap 600 may

include a fluid passage that permits the flushing or the internal tree cap 100 or permits the injection of
an inhihitor into the well helow the internal tree can RNONO Earther the Rind naceane mav nermit the



In one embodiment, a-12.0NT may be used to rim the internal tree cap to the tree spool. Once the let
eraral | tree cap Has landed on the tree spool, the internal tree cap ma y be remotely act-nate d to flrl
OW a ft inner h oils iti g fro in the ruin ni rig po s iti 0 ii to latched position simult -MOO i sly sec tiring
the inter-mil tree cap to the tree spool and energi:cing a sealing element between the exterior of the
internal tree cap and the tree spool. While in the latched position, the internal tree cap may provide a
collateral ben@lae;lahimkmg m@aﬂsw @R rtrtheupwa degvémetmsa%twﬁ@thanger within the tree
spool_ -i-H3gReial vEe fatiag Y 48 i@@@i@%?qea 3eap tRal isAbShontiélow the top end
of the tree?ggg%vztﬁlleelﬂltyglateﬁe uresmﬁigttled mtelhaill'ere'élasa Mma gf}acilgsstéccglk-lcm Bypass or
pathway thg ReTLS e TR i Ao il D SO e MRS FEShiig afhag S8 tap: afdhe injection or
_fluid belowethe t'réfe?ca eTh}g@owapaWopggﬁwam ivehitieha vaive merahSdQUCH a s poppet
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FIG. 7 shaws Gre.emb diment:arasgystem that fnaagebeéassed/iﬁmﬁstauma intareal tree cap 100 onto a

tree spoolZQ03. acg’gﬁm YD gt aH3pott g R EHIHr tide S ToGnnected to a
Limning tooh4@:-to thedkeespo ok 200- iﬁheisanNTpEQ&mayéﬁemlelyzascHaﬁiame -1 11=111S
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the well A@@ﬁg@ SRaTTE HEs. Gonasred] 71@@‘@1{% 83,0 s@gcﬁ(jﬁg‘méﬁﬁé%gg is often also used
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particulated bYayi FarHabo tin T8 aETie Do LA tig Thiarhhy TeE 25 iR B Yibugh it _ These
partlcnlate'srm&yﬂm&t Yrachede t@m@miema#m @shﬁpbss*eﬂhfro hlmeﬂmarlne riser,
which may; Sate AUy, foulh the eReraing e st OLiRE. inthraal fige Gap 700 htirther once the
internal tree ¢dp 200 keinstallbborthe wehiRenth thelpaani Gnllllalféﬁn gftle out of the
column or i Wik %ﬁ%ﬂqgﬂ@@mn ggﬁma%@hﬁeg Ve SR A pre . i 112,
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embodimesiTHhe ey passiec spzer: Hement tads Bezpeniietinintne s 1111

nutnnt- |cahaﬁﬁsaﬂagir10pera&@\anﬂlﬁm’a&e€hﬁctus Iﬁ1 Asthg operatiose andworkings or these
elements Hagehusncdistugsetifl defafl nTewrdy R FeS K S THetmemat §&ETap 700 includes
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a unia passagwlS&ﬁmaﬁpermisﬂb&semawal&fmﬂsapp&d{w tl:t&amtemaweﬂ;eaaﬁoo while being

installed oﬂt&&ﬁéﬁ‘%ﬁ&oﬁ}‘s}ﬁ@g@f@ﬁéeab@; SoTate i by e ot iR KT e &it Having the
benefit of disclosarectheiuidpassagril 85-mayibedA sedpio-flashitree-cam camadie p MAS SAM=

or inject u@@@@\@ﬂﬁ@ﬁg}g@;@}@ A CRINE VTS 8 Mter 702, Renithmtigy inc hide openings
703 tlaa t will prevent the thadesired passage of par-lien la tes and/or mad into the dual pa ssagel_85
The openings 703 on the filter may be adapted to be positioned above the expected tan 0 1-117 t of
accuni Ifati 017 cc fp arti en late on the expansidfl ping 130 as shown in FTC_ 8_ 'Val-it-HAS types of
may be used to accomplish these purposes as would be appreciated by one of ordinary skill in the art
having the benefit of this disclosm- -fTCI. 8 shows the internal tree cap 700 in Mc- naming in
pO sition with the expansion plIAS -130 depressed in its lower position. fixpansion. pins 145, as
discussed above, may be used to selectively retain the expansion. plug 130 in its lower position
depressing the spring -135_ The ends of the expansion pins 145 may be shaped to engage with a
corresponding shape in the face or both the expansion plug 130 and the expansion_ ring 150. For

example, the end or the expansion pins may be conical with correspo rich rip, recesses withi fl the
ffraece nf evnancion nhiin and evnanc<ion rinAa t0 nrovide an adeaAdiriate int erla ce -betweean the hwo



luid passage 185_ The poppet valve 710 may include a nose 709, a first seating portion 711 (shown in
_I:IC1_9), an integral spring 712, and a second__ seating portion 713 (shown in FIG-. 9). The.- spring,
712 biases the -upper portion 0 fun:" poppet valve 7-10 so that the first seating portion 7-11 engages
the lower housing 120 creating a seal and pre-venting ninci flow from traveling throagn the fluid
passage 185 to below the internal tree cap 700_ The first seating portion 711 and the second_ seating
portion 71% 3gélada1ptedmbdreaﬁ?eﬂdme'talffd'i0metalseﬁ§ wiﬁpﬁk@ﬂewgﬂﬂw%&%@; _As shown in
FIC-i_ N, viieh, 108 e KRNI D & SIS T M5 IO SEsiin T RihES %iSE sl kEDose 709 of the
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valve is fobILIEA S TATLVE PItRaSES OO conventional RONRET ValVE Ot Xalidhs @iher unec hanisins,
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internal rdisa 700, Vatsote configuiations s7E matenaisimapused forsteeiemient 70L o Help
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se of prod&i&m%%iﬁu' g&*thfe)[seafm@tet; mgmrmay)he eem%hrt%ed@igar s%é Ipﬁ':)&ie "The
configuratigfi $EHHTE Seslifg 2 jumeRts 7907 TBOME SRR Sty A Ffticiu s
configuratienssane-mait gmiiﬁaiuﬁ GORslirSiRS $aa Lhnsalemeats@ayjb&é:bs&egdiepﬁnd - ins on the
app lic ati Woufa- ‘Bé‘ﬁﬁﬁaréh‘t‘.lﬂo thebrorditarlyskifirt theartTamiy thetbEnETit of this

isclosiure

disclosnre. TheHewena=gtapi ai20 sagy Seteativelyconnectedetotheilower Heauisips. If or example,

the lower GUERRITID Hial BE fitadey i e TuT NUSHS 30 TS ey petinit thie lower adapter
720 to be aééeﬁ@@amiﬁetmmmescapﬂae e&iginalﬁ@tﬁsﬁvatedwﬂhnuﬁﬁeébﬁ&ty to seal on the

o ti ter diafERF SR IHREE hELK, PhiEE MRS HAITeT /A Seei 7 Latia s b Hornice ted to the
interface betwiaes towen housipgall2Ghans the Ioweﬁadalgieb?fzaéoapr@wentathemeawanted

the
unthreadingZtE R WG CHmD ot b U AT el e R iect and secure
the lower adaptemé0 te=thedeivers Housingd 2G:cAlleinativelyy thetiowebatapteny20<and lower Hon

S C Y3 a ¥
sing 120 maY;E, O Hinala Sonsidetiin 2 Whlpnbe diird dated BY L RSN sKl in the art
having, the benefit of this dis elos lire _  "the internal tree cap 700 may Melia ae van at, s sealing
element s to prevent lima now between the interfaces of the components of the internal tree cap 700.
For example, a sea li las element 704, s rich as’dn o-ring, may be positioned to pr0\7ide a seal at the
interface between the expansion plug 130 and the retainer ring 140. _A sealing el ellaent 706, snob__
as an_ o-rins or metal lip seal, may he used to provide a seal at the interface Between the inner
lacittsins 105 and the inner Body 125 A sealing element 707, su cla as an o-rins or a metal lip seal,
may be used to provide a seal at the interlace between the inner body 125 and the lower housing 120.
Various configurations of scaling elements may be used to prevent fluid flow between the components
of the internal tree cap as would be appreciated by one or ordinary skill in the art haying, the benefit of
this disclosure.



triCri. 9 shows the internal tree cap 700 in the landed and latched position. The inner Housing 105 has
tpoyea down pitshins ont the split latch ring 155 to ensase a locking, profile in a tree spool_ The
movement to the latched position permits the upward movement or the expansion plus 130, which di s
exawt g, es 1lVllal the nose 709 of the poppet 7110 pernaittins the spring 712 of the poppet 710 to
force the first seating portion '7-11 of the poppet 710 against the lower housing -120 closing the fluid
passage 18sthvaugh thealni-emaiqeeleaf) FO0bkrior¢grehovakofthe ﬂﬁemame‘le‘te‘ap 700 from the
tree spool, R ERREIEe] a3 HENs qﬁ,@?%pregthe eXpansion <p s 150 pita' s the First
seating, portldﬁrﬁﬂ awelydrom Idwer hottsird, ¢@28-0pem Otﬂelnaﬂd dssaded 85thronsh the
internal treglggg?ﬁgﬁﬁﬁltlon fﬁg@ﬁﬁl &E@h@}@éﬁg Ovedéoﬁcmmg be ecipalixed
through therflmct@ 185! 'he Fﬁ@verg%hém ah%ﬂﬂﬂl&ebdfl#naﬂﬁoflme mternaltree cap 700 that
inc Irides ajowet Eiﬁﬁﬁﬁn@mﬁﬁﬁﬁiﬁg&eﬁmppgmﬁﬁﬁ@ talbins laa
xaser and ﬁePaslaIEI_%llﬁ F@ra}qu‘éﬂ‘eflemHBEGKﬂ %é&n%vm ﬂﬁeelqt@rﬁal Fcl%ettla% 700 has bee
seamed toffhe o spacl ke 3 TolieE Aanteb £ LEMAyURe dllT Tie .64 Ta1y 61.8p eMaass 735
ic, p ea-nttyX M %SH)S@B# toolgagtﬂfh'e 1%%%&%;@ e 3or 7 gegis gd<above, the lower
adapter 7301may bé seleciiiel: connectaddo the-l SHOIT6 sopeimitiha addition of the lower

adapter 73@@3“ @g‘?gﬁ%é%&%ﬂ’ Fﬁ% pressur%?g% hﬁ%{@lpgh th%onf|g|arat|on of
the lower a&pjtﬁﬁmayr%ezaﬁaet tmenrgage and seglra eﬁt;ﬁﬁr@hamggraascﬂlustrated by the
lower adageer;g3e %’ﬁﬁq@\g‘jstrg%cealg 800in FIG. 11, . FIG. 11 illustrates or one gmpodiment of an

internal trea;&apﬁ@@;s&wrﬁdlm & apeal206 3shedawas housivign azlslasedeado the latched

posiion pUSHAING SR 10 ORI RIGRUE ot prole el e e spool 200

The lower adﬁpneaS%mabee Lentgrprojet hit 00-834-th agiratztaas a collateral

beneficial [BEKINE ’E‘liaﬁle HgeERnfe dgﬁgﬁﬁf@f@aﬁgé @G e DENTATES cap 800 is sec
urea. to th@dﬁ@@:ﬁpﬂﬂﬂaﬁ@@r lae lowey a-dase-ter830-may-he-adapteritaengage-the-tobing hanger

300. ]ThGM@Q@B@ﬂ@?ﬁ“ﬁ@%@@@@&ﬁ@ﬁﬁﬂ@ﬁ?ﬁﬁé@ﬁ {0 no,/ past the

lower adaptas830whiletheairiternab irameap80eis instahted-intodke tfeeespe@i .téhe movement of

the inner HEESIREEI08 HaTITHA FE THE T b SR R O R e Rk Shior 200, set the

lattlk seal 165F-and-secondarilydock down e fi<thins:kangeir 300 i nfhedewerasdagrter 830 may ixac
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adapter 836@nddhe@9|aafer1eble3@5c@f1the;mbm e 300 th&he-sealimg>ddriama.s may Be one of

vario us seafitig k‘i’e‘%%iéﬁs,d%ii@ﬁa’fi aﬁ@“@ﬁﬁf@?@f?@é&ﬁ@f@%ﬁﬁ@@ed by one of
ordinary shkilkimthecartdraning @@IGsme whACils: iR2anchid ilirstrate the internal

tree cap SQGp rﬁ‘pbiffélé‘h%d Lfﬁau’fibf;& PO Y Bl 1 5hOuE Fed§emaTlee cap 800 in

the rumalnbapﬂgnmﬁﬁmetlﬁ3ﬂﬂ Mlmss&gb %@Wn@@ﬁ@ﬂu&%ﬂhe #icFriat tree cap 800 in
the latched pasi %ﬂgﬁﬁﬁg o beNe .05 tﬁgjﬁ’@éa%%ﬁgf@%ﬁrqqgﬁ the internal tree
cap ROO mo‘l’@lltflﬁéhtl h&fstiateme%ﬁn}?etﬁmtbﬂéll lmzemaltqr @@@Hﬂat txac ha des a
stinger 95G; GRENEcta0 J0.a ol dap it Qa0 iheiavend 8@@@{?&@% Y safgitively connec ted
to the Iowé%@mn%diazgga ﬂ?@e@@i&gg@ég?@rmlm#aélme Imeptagmé stinger 950 to
be cottneefé;i&@ﬁruatgﬂiélﬂr%e%paeﬂglﬁaﬂy mapLET el Ue, Zlnd@u{iﬁiésgl@gmgonents FIG-. 14
shows theli B re O¢p e@@@gﬁ%@agﬂ?}@wwﬁ@h fer |§adaﬂti§| to provide a
seal betwesD tp Slingenand o -UpRetlug saalk profle. shos(sh @mfrumt 35 imlkb@nd -17) in an

upper neckPSaE-6th byt Halige 39907 -alternatively in the, upper ping seal pr filg in a ttabing Hanger
crossover. ﬂh&;&?ﬁ%@r&5&mﬁm%ﬁ h tbgr%ie IS%RGUeleOih&-Ség mgapeﬂiﬂﬁgz aria a lower

guide sleeVeron3 TROGUIR SIgEVes 901 93 THay AITPIGEr drichtatiog pftrEestififer 950 during

insertion mt@&hﬁélcppe;sneﬁknsa&m &gtﬂ@%eeme&aaay em&atpg sed:ofiaizul_ table material

for construetitprREs sYP Icd romponene sttt asOPTEETRTS Hat may he adapted to mini mire
potential demagaisdhadithing-hanger neck oke &mdﬁlslee&es&ﬂal;l%aemaydaeiwa% slots 904 to
permit i M s e e S0 W e iR 9B IS MR NN, Ol hanger 300,
15 shows thevstirgerRaoinserts o within the rpper weols 305 efdthe dithingharge3@0..  Inanalt
erfla ti Net SHIB G-I i <& PUREEREt B00,8 U8 T ME gt G ST BIG- 14, can be
ontighred to seal igainst the Tubing hanger 300. In an embodlment an additional seal, shell as a

sealing ring (not shown), can be inch:Lac-a at position 905 to help provide the desired seal.
12



FIG. 16 shows a cross-section view of a close-up of the stinger 950 first being inserted into the tipper
neck 305. The stinger 950 includes a sealing portion 902 positioned belAveen a lower snide sleeve
903 and an upper snide sleeve 90-1 | Tpon in into the upper neck 305, the lower snide sleeve 903
will first contact a first guidance profile 306 in the -upper neck 305. The diameter or the first guidance
profile 306 is adapted to help vertically orient and staid.= the stinger 950 into the thbing hanger_

The uppermoek 305ircliades aspeordgeidanes @rofileddfdhat i lpcateddbelew tha first guidance

profile 3067 FThES5EGaNAS SRS 6, fidfis ST AERR{SmBNE e diaRisee] fhar A first guidance
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tipper ping:SeaL Prafie 3 XS ehatda At Lh- e Sealhgaleniant 915 Lamy be A metal lip seal
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750 that preverts ki flowsthrsogh thednteskraldes8-0ap b wilhmetai-doitenetatseals provided

by the popRERTIQ eRit, @@%ﬂ@" 502@?{?%@1@?92@%@@@1@@5&‘@%%%% the various

otaxponentsef thainternakiret caprbOr Inpatticdidrpscafing slement 175 nid leakage

Between tmﬁﬁﬁlﬁﬁiﬁﬁi@ﬁg@@‘mmﬁ% JoteRRET i eE CAn Ay itac hide radial

flow ports ¥6@hssidowa i FG. EI‘WhI irthettemevahokirapee fluidasdhe-mternal tree cap
e tna et e st SR G rough and

around theltpe%ﬁvptil?helsnh il<9§0@m rréfhlelesa:melallse eventrfluid leakage

between the5{rig ﬁ@ﬁiﬁ’ﬁ@ﬁgﬁﬁﬁﬁﬁﬁﬁi&%ﬁ ﬁ'mﬁéf‘é HayihEtide a hi-directional
sealing elmﬁ%ﬁwbpdlﬁecﬁmatéﬁa Hemart |seﬂﬁ)sme¢all#pi$eallng elements
916, 817 (A PGS AT A St U AT BT, P 8o STR0IE 310 of the
tubing han%erasgh@\manzv@eﬂil to -FiES R 3271 lusttiictbrre eratisoamiom oithé present
disclosttre tﬁeﬁnaﬁ@e £ap-LA00.that tochicles aicavityn 1010 Having.a pramtile-te.accept a wirelixae
ping. 1- 7I0b?3‘3’mﬂstéilert}3w§€h9nl© Iﬂ&\/w %ﬁgfgﬁgfﬂ%?%‘p?m‘a run fli rig
position_ Theantarak i aaucam Lo ie MOES s uppRLBanSTag LU20.and IoMaT Taising 1030_
'11ae tipperttousis lad%bl%l‘l‘c}ekﬁ RO DO%CF tHA Phay e ted'toggage a running
tool, snclaﬁ&ﬂier?b%lmf@?ﬁ?ﬁdwe o tle g@iﬂiﬁéﬁ&iﬁg%@ﬁﬁ%&ﬁ& fOr illitstrative

pi-tr.-pose$dn m ! aran feH’n il %Wlmpﬂﬁfnggﬁrgaﬂn el S‘ase\ﬁe ould be
appreciate gg?j: ),agg alt_tLavmg:ab& Eéa&ﬁ&ettﬁ@%t esiddia-dhe ripper

housing 1@@31%%@@%@ Fﬁﬁ@ﬁ;’tﬁb 13 gg?q gﬁrf’elf)grféL t%‘é:ﬁ@é?‘ﬂf)‘usmg 1020 is
movable between an upper or runnlng position, as shown in 1710. 23, *and a lower or latched
position, as shown in FTC_ 24_ The lower housing 1030 is adapted to receive the lower end of the
ripper l-ions:nag -1020 when it is moved into its1dwer position. A set ring 1050, posmoned around the
lower laonsing 1030, is 1210 VU11) le between an upper position, as shown in FIG. 23, and a lower
position, as shown in FTC_ 24 The set ring 1050 is fixed to the upper housing 1020 in such a way
that the set ring 1050 and ILI pp ex- ho ii sing 1020 move bet ween respec live ILI pper a tad lower
positions in sync with each other as shown in FIGS. 23 and 24.  Aft outer split latch. ring 1060 is
positioned around the exterior ofthe internal tree cap 1000_ The outer split latch ring 1060 is movable
between an inner position, a s slain-via in FIG. 23, and art oat ex- position, as show lain FIC3_ 24

While the outer split latch ring 1060 is in the inner position, the set ring 1050 rests on the outer split
Iateh rina 10R0 '11te downward inovvemein of cet rina 1050 ac the rinner hoticina 1020 movece to the



A lock device 1080 and inner split latch_ ring 1090 are located inside an annular cavity between the
tipper bon sing 1020 and lower housing 1030_ A. Bottom edge of the inner split latch ring 1090 abuts
an inward-facing lip of the upper hortsing 1020 _ The inner split latch ring is movable between an outer
position, as shown in FTC_ 23, and an inner position, as shown ita FIG. 24. As slaown in FIG. 23,
while the inner split latch ring 1090 is in the enter position, the lock device 1080 rests on the inner split
latch ring 190l hE Usher itbasing $020M4' M ﬂ'i'etl‘afegfhﬁgjﬁglé’ﬂ@ (g!/ﬁkr‘aﬁfnnwe mem on
the lock: daviee 1080 pushes tﬁ;e |tuter split latch ring 1090 inward to its |nner posmon While the lock

device 1080 JgHfgTe A PRET DEDGREL CORIOT 38 SO [N RIS 2 e IpE IEgic @ 1080

exerts inward-prassureaiitodh eumarcsphhlatﬁht&mga.ﬁ éh:u:s Dgﬁéﬁl #s-drnahposition. In its

inner posifiom; ThyVreal @@%@%&ﬂ@@i@@ﬁ%ﬁ@&@ed 13090, miterface with

correspondmg;:amwar acmgfgrﬁwe&aﬁdﬂ onthe:lowetddansingno30aWabiesthe inner split

latch ring 1090 IOYvES ang L@@muldmﬁﬁﬁ’sﬁiﬁa@’@éﬁ‘ (L. i70KEs & so

interconnectedzanel medackedﬁvfse:leﬁ@dﬁmmmltmwenﬁeﬁﬁ@n dhe-irnep spibidatch ring 1090

cannot be b ARGSH Y b R e I RRSTHCINAD. M e ide Dibyets he tpper

housing 1828-fta 1m0aﬁsmer&dntke atiente-thedower Alousimg=-103013Vhile #ke upper Housing

1020 is th{fy; W@ﬁ@om@%mﬁﬁmt@@@ﬁg%ﬂmi@ T B fiit cnnza into its

tipper posittimd, Whith Etiraysreventstike oiliter<sp it farchedrng106 A flemwo nto its inner p si

non_ ﬂ@ﬁﬁjﬁﬂmﬁﬁb‘%ﬁﬁﬁeﬁoﬁmﬂﬁéﬂ@i@ﬁ@ T 3080 R4 he exterior of the

internal treecaap 1060 vAbove the SLpps=ing L @1eis amtemarscalingiassembiyide0  The internal

tree cap 199@5@@3@@@%@@%@@%@1@%5%&’@? pOdifUied 8Potind Tie lower housing

1030 HEGG 22 3hawsidlcronssectior: \dewlob therintermal firdescap 4080 iriastree spool 1120

with the uSBETHATSTHY, A0, 103 SEvRCNEY Doadn AT I Tadk ‘@wt@@é’dﬁ a lower or

locked poaﬁmssdmusse&abw&ﬂﬁdethetbck@bmwl@@ﬁ g Imk%edipomgas the tipper

housing - 120 ARBat hEEUST B I 50t P& 8 WORE HHSRAR ﬁﬁiﬁs’éﬁ@fﬁf&tch ring 1060
from be|ng%mmmsm%mmﬁgh®wﬂrr§$€r@§pné%e@ s=r£$agﬁtatlng profile,

around. afg LA LERBASEN kB 400G SO AR Mg LY e mﬁgm@mndmg ridges
and groovesﬂor and Ml%eﬁlew&m Hﬁefrlstsaﬂaﬁee/eﬁhelﬁre@ 20swhichsprevent s

removal of ernfetnst Hee ld can. 1000 HoMn IS e Spanldd ﬂﬂ@ﬁ?gﬁﬁﬁfﬁagfﬁge cap 1000 is
latched mtb‘a?tl'éers beliEEe, thegutdr ‘SG&ICaSSEHIFb %r@@créﬁmﬂsﬁ#rpéomacmtkﬁhe tree spool

1120 lnnegﬁﬁiﬁqeg B A Y At rase-Recian \h‘éﬁ Jhevoleraal fiée-capr 1000 in a tree
spool 112® ﬁtﬁelu@éreﬂg?g@q %2@;@n%$£§ ésmeﬁnﬁés S mSFIG 26, with
the locic d&% 1580itn ﬁﬁﬂp{%&i Qélfitjémtst heJaner spli atghl 80 Ts3blE womeve to its tinter

position, vﬂﬁtfﬁw‘&(la@ﬁsjhneiﬁ er n 09 S;gz)wn upg?(%i%oﬁ%@“ﬁp@@?outer split latch

ring 1060 jocha duts. |B@Q€I@@Sﬁi@ﬂn Eremoval of flvasiotésnakises «apr4000 from the
tree spool 12RG* I;f’c;;jslzgshgggg{érés?é’eqpﬁ%ﬂev&’@ftth’é% allﬂé'e’cﬁgﬁ!%egemg retrieved
from a treecs{aﬂ ﬁ%@ﬂl cﬁn@usmgéﬂz?ﬂ ohthediee m@&ﬁ@@mn@mﬁpetgr runni rig
positioxa. 1< 260;31ged in Ifl(f‘kla%?; 27, 1he infernal tree sa ap 1000 ing brides a yire p lug cavity 1010

ch fring
In run cid &S(ﬁel’ﬂ](ﬁC(SftMﬂi mﬂahﬁdylfeéaeaﬁutgdlppehmmﬁtéﬂagﬁmdmm Hierdower body -1 40

=t
The wirelidg)Siorpen e tiols oy hiteli Uey AR A TR W Hich Kuldre-line ping may
be seatedgf.&sha.mmunwﬁl@- 8o ihe-outerisealing assemblydd0ihe set ring 1050
rests on the outer split latch ring 1060. The downward move-
ment of the set ring 1050 as the upper housing 1020 moves to
the lower or latched position pushes the outer split latch ring
1060 outward to its outer position.
A lock device 1080 and inner split latch ring 1090 are
located insidc an annular cavity bcectwecocn the uppcoer housing
1020 andlower housing 1030. A bottom edge ol the inner split
latch ring 1090 abuts an inward-facing lip of thc uppcr hous-
ing 1020. The inner split latch ring is mowvable between an
outer position, as shown in FIG. 23, and an inner position., as
shown in FIG. 24. As shown in FIG. 23, while the inner split
latch ring 1090 is in the outer position. the lock device 1080
rests on the inner split latch ring 1090. While the upper
housing 1020 is in the latching position., a downward move-
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ompris es an otiter seal 1 -150 and. an inner seal 1160. When the internal tree cap 1000 is set. inside
a tree spool -1-120, the seal 1150 contacts and seals against an inner surface of the tree spool 1120.
The seal 1160 contacts a seal expansion piece 1190 The seal expansion piece 1190 has an ripper
position and. a lower position, corresponding to the tipper and lower positions of the upper housing
1020. An inner seal assembly 1110 outer seal 1170 contacts an opposite surface of the seal
expansion gﬁg@&ﬂ@@%ﬂ%@g&ﬁémmemﬁe?@w_ ]gﬁ%pmf@tssﬁn outer surface
of the lowef Bol5itg T30, A% S0l GaR T 128,108 SEAT £X5,aision Pircs Bas twa grooves 1200,
each corre%gﬂﬁgﬁ@g@%ﬁ%mw{% opt ﬁiﬁg%@@%gmﬁfiﬂglﬁ position, the seal
expansion Bica 1190 15 S0 i Al RF LRGSIL WhETSHTS ARSI G L0 8ré psitioned within the
grooves 1%9%&@%%%@%1@@@%9%@9%@% lﬁgﬂit%gdownward
movementé%fﬁazer Wehst housinGL020, aw%}fé‘ifé@, f@ﬁ@em‘%&a@ﬂl‘tﬁ@‘g@fves 1200, which
pushes eadtrsealrasstAbly 10044 G aaytrons theseal expansionp 1902Fhus, as the upper
Py I e it d e R s S il
lower positjéi; causing | lt)fbﬁ@gsédriévgaslggﬁbli T100voexpandeeoutvart: whletrresults in a tighter

Sing relation to the

seal againsianinngr susface oking itieeispoal-Fl20 1AL tha samedine movementoLine seal
expansion PREET1 GO 3 Iopeepisition carres meinhkrsgghassembhp el 1@ R %ontract inward,

iNnto 1ts upper positlon, w

which resulis-ica tighier.seat againsi thewdten-sugaadeidhalowehnousing 10308, As will be
appreciatedByIngse ot brdinary, kil jn the art, other sealing means may be jsed that would still fall
within the seepe alab® preseni discloswe: ri Althaughe/amaus.emboadim haweoaeen shown and

described, {NEFISEIS3TeEROIST IS ART Qi e dhaRistod i e Ede gt Fodifications and
variations as=woulg besapparant toone skilledinthelant-AVhat isclaimedishibuAndpternal tree cap,

tEe treﬁ Cﬁﬁ@ﬁ%@% Es%o%%bgpog%ﬁ%@%a%;%pgf%g¢’ f}ll%’l‘l%%?'lgcénga%_cﬁmrm opening |
through thetinmer Homsingethe uppen @mbhaving a ing<prafileferengagement with a running tool;
a lower hOﬁ?ﬂﬁ’ﬂéﬁﬁﬁZ&i@ﬁﬁ%ﬂ@’ﬁﬁﬂ@gﬁéﬁﬁ&g@@%ﬁﬁgfﬁgﬁﬁﬁ@ﬁé receive the

lower end gfels®inaennos singlsevherewithednerchousikg isomovable e2th kespecito the lower fion

: he ugHg iso: :
sing betwe R} ARRATD FoXBORIT AR HostBar Ghnst Bidy. 16ie dHBBL Fodillocated between

a _portion ehthevlower hoysing & drike=gentral o peningrefthelwenendobtherinneshousing;

around an outer edge of the outer split latch ring 1060 inter-
face with corresponding ridges and grooves, or a mating
profile., on an inner surface of the tree spool 1120, which
prevents remowval of the internal tree cap 1000 from the tree
spool 1120. While the internal tree cap 1000 is latched into a
tree spool 1120, the outer seal assembly 1100 remains in
contact with the tree spool 1120 inner surface.

FIC(Gr. 26 depicts a cross-section view of the internal tree cap
1000 in a tree spool 1120 with the upper housing 1020 in an
upper or running position. As shovwn in FIG. 26, with the lock
device 1080 in its upper position, the inner split latch ring
1090 is able o move L0 ils ouler position, which allows the
upper housing 1020 to be in its upper position., causing the
outer split latch ring 1060 to be in its inner position, which
allows for removal of thhe intermnal tree cap 1000 trom the tree
spool 1120.

FIG. 27 shows a cross-section view ol the internal tree cap
1000 being retrieved from a tree spool 1120 with the upper
housing 1020 of the tree cap 1000 in its upper Or running
position.

As depicted in FIGS. 23-27. the internal tree cap 1000
includes a wireline plugz cavity 1010 [ormmed as arecess within
the wireline plug upper receptor 1130 and an inner lower
body 1140. The wireline plug receptor 1130 includes an inter-
nal cavity 1010 into which a wireline plug may be secated.

As shown in FIG. 28, the outer sealing assembly 1100
comprises an outer seal 1150 and an inner seal 1160. When
the internal tree cap 1000 is set inside a tree spool 1120, the
seal 1150 contacts and seals against an inner surface of the
treespool 1120 The seal 1160 contacts aseal expansion piece
1190. The scal cxpansion piccce 1190 has an uppcr position
and a lower position, corresponding to the upper and lower
positions ot the upper housing 1020. An inner seal assembly
1110 outer seal 1170 contacts an opposite surface of the seal
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a split latch ring located betWeela the tapper end of the lower Hon sing and a first exterior shoulder of
the inner Honsnag, the split latch ring being movable bervveen an inner position and an outer position,
-.7wherein in the Olt ter r)0 SitiOla the split latch ring elaSaSeS a locking profile in a tree spool; a
support ring located above the split latch ring and positioned around the first exterior sho nlder oAT
tlae inner braising; a lanlk seal located above the support ring and being positioned around the first
0,c-tea-torsshoaldercot theanrel HBWsing ranexpansion [Jlﬂ@lbcafethﬁ thessentrebdpening of the inner

lion sing, Mgﬁl B ggg%;fﬁv@ff Bs At ﬁposmon a spring
positioned RefWeaN 4 5 gi%?ﬂgst%n’g‘%a@p@@iﬁigﬂaz dy, the spri 118,

hallS, biased ioppeve Hhaei UG doitheabppaspositipnsadst@anendngsonnected to the
inner bod;ewnnlmnmereeni@st@pbhﬁhg ofthedsnnen Hm?ﬂeﬁﬁ@s;udeatsbme\@qﬁmr@n pin, the
expansior’} ﬁlﬁeﬁg‘?\ﬂ@i\l?-"& IR Pt FPoLfBE tivgh an opening iii

the retalnqg,g ﬁa 3.6 ansmnﬁﬁf,ﬁm owere ) to lts We@fﬁ@l&etamer ring and the
central opeauﬂgoIjhmnrlermmsqumhemlaﬂiecﬁxpaasgbmwmmohevahjeast one expansion

pin |n the mnéhmsmenlwh@mheaﬁﬂenhtms]ngqgmlﬂelmnn pfoﬁtqw \ﬂh@reﬂ:ﬁhhen the i inner

housing, thg RXPRISIARPINMOVRS t@dﬁ%@“i%@ﬁ%@ﬁ” Siil Qr{‘gOYﬁ% épagé@p plug to the upper

position, the fieshexteriarishoulder egvas thetsplitlatchrking totheroutes pasitiam and the support ring
energizes thal Bk seal agaitnta 3econacaxtetidr sikvonldErofttive innercHobidiA a’ﬁtl a seal profile of
the tree SF} same time, movement of the seal expansion piece 119

nito its lower position causes the inner seal assembly 1110 to

contract inward, which results in a tighter seal against the

outer surface of the lower housing 1030. As will be appreci-

ated by those of ordinary skill in the art, other sealing means

may be used that would still fall within the scope of the

present disclosure.

Although wvarious embodiments have been shown and

described, the disclosure is not so limited and will be under-

stood to include all such modifications and wvariations as

would be apparent to one skilled in the art.
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2. The internal tree cap of claim 1 further comprising a flow passage, wherein_ the flow passage
permits pressure equaliza- tion, flushing, or inhibitor injection. ~ A_ The internal tree cap of claim 1,
wherein in the landed position the upper end of the inner housing is flush with a top end of the tree
spool. 4. The internal tree cap of claim 1, wherein the inner housing being in the landed position and
split latch ring being in the outer position provide a collateral beneficial' locking means to secure a
tubing hangef irrthestretadpoeict 1s5. The internal tree cap of claim 1 further comprising a lower

&g
adapter CoRNEGIEH 13 THe, lOWETAGVSTigas. ba G BlaRal iTEe. CRRO LTINS, wherein the lower
adapter is adag%ﬂ?ﬁ%r@vjég%&%ﬁmg@@ﬁeim aﬁgtdgicmm yingthanger in the
tree spool.  Aethe IAteInal free cap'or claim S Turfher compnsing at least one seaifg element
connected to treMewdradaptes Wwhereiet Plea’ﬂloﬁ@%%'e elémrertis é{;ﬁ%ﬂto seal on an

exterior surface o S URIBG haRge v B LInG eI aLires Cap,oQlaum Sruheteemprising a stinger
connected to th%@ﬁlefﬁmsgg ;&yﬁhﬁgﬁ?@%ﬁﬁ@@%n@ﬁmc@%%@gen wherein the
sealing elemaitis-adapiedJ0 phavidea sasluilhinai.upaes plug seadl Argfilgion or

the lower housing and the central opening of the lower
end of the inner housing;

a split latch ring located between the upper end of the lower
housing and a first exterior shoulder of the inner hous-
ing. the split latch ring being movable between an inner
position and an outer position, wherein in the outer
position the split latch ring engages a locking prolfile in
a tree spool;

a support ring located above the split latch ring and posi-
tioned around the first exterior shoulder of the inner
housing:

a bulk seal located above the support ring and being posi-
tioned around the first exterior shoulder of the inner
housing:

an expansion plug located in the central opening of the
inner housing., the expansion plug being mowvable
bcectweoecn a lower position and an uppcocr position:

a spring positioncd betvwecocn a shoulder of the ecxpansion
prlug and a shoulder of the inner body, the spring being
biased to move the expansion plug to the upper position;

a retainer ring connected to the inner body within the
central opening of the inner housing;

at least one expansion pin, the expansion pin being mowv-
able from an inner position and an outer position through
an opening in the retainer ring;:

an expansion ring located between an exterior surface of
the retainer ring and the central opening of the inner
housing. wherein the expansion ring retains the at least

one expansion pin in the inner position when the inner
housing is in the running position;

wherein when the inner housing moves to the landed posi-

tion the expansion ring expands into an interior recess of
the inner housing, the expansion pin moves to the outer
position, spring moves the expansion plug to the upper
position, the first exterior shoulder moves the split latch
ring to the outer position, and the support ring energizes
the bulk seal against a second exterior shoulder of the
inner housing and a seal profile of the tree spool.

2. The internal tree cap of claim 1 further comprising a flow
passage., wherein the flow passage permits pressure equaliza-
tion, flushing. or inhibitor injection.

3. The internal tree cap of claim 1, wherein in the landed
position the upper end of the inner housing is flush with a top
end of the tree spool.

4. The internal tree cap of claim 1., wherein the inner
housing being in the landed position and split latch ring being
in the outer position provide a collateral beneficial locking
means to secure a tubing hanger in the tree spool.



9. The internal tree cap of claim 8, wherein the at least one sealing element provides a hi-direction
seal within the upper plug seal profile.

5. The internal tree cap of claim 1 further comprising a
lower adapter connected to the lower housing.

6. The internal tree cap of claim 5, wherein the lower
adapter is adapted to provide a collateral beneficial locking
means to secure a tubing hanger in the tree spool.

7. The internal tree cap of claim 5 further comprising at
least one sealing element connected to the lower adapter,
wherein the at least one sealing element is adapted to seal on
an exterior surface of a tubing hanger.

8. The internal tree cap of claim 5 further comprising a
stinger connected to the lower housing and at least one sealing
element connected to the stinger, wherein the sealing element
is adapted to provide a seal within an upper plug seal profile.

9. The internal tree cap of claim 8, wherein the at least one
sealing element provides a bi-direction seal within the upper
plug seal profile.



