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WO 2006/042031 PCT/US2005/036017 Universal Connection Interface
for Subsea Completion Systems This application is based on U.S.
Provisional Patent Application No. 60/616,289, which was filed on

BeEWEP 82004, Background of the Invention 5 The present frivERiGH036017
relates to completion systems for subsea orI and gas wells More

connectigns| B\ELW%&M%%%@@B%@@%&R&F'ﬂ%&%‘@!ﬁ%ﬁt%ﬁ%ﬂ

and the tools are used during installation and testing of the

oM 81D, whidhwan g R AiBeab 8PP fetion systems comprise a
nuARRerRinarMmae enbhtibgtalled components, such as a wellhead, a

tubing hanger, a tree, a tree ¢ adaflo ne ju [« QUGS e
usuallyjﬁh?opc[%?ﬁﬁ |§1e§' EdithlY Z%g? {6018 nlé'ﬁ%a% r’r:}%%‘ ?ém%o%% BiFan
dgeingyéfistalfatiorspediiealtinghefitventampridtas tsyetewerﬁ@setﬁsfaeerﬁaﬁtem

'%Hﬂs BolMEREEISE HRRFKEY b BRI s RBARSHERRGA %@@ﬁqn@m system
package ("EDP"), a blowout preventor ("BOP"), and atubrngE R@‘@n

ra@dithptosts WPrﬁiTﬁy’%ﬁﬁHé’rﬁ%H%%Ha‘fQ&%d BRInI IR

cgyrg@ﬁents and tools are stacked atop and connected to each other ina

partoulsy spalgatan. Tuiely SICHRPes ROl 361 8L Metnsad,

the tree comprises a hub having a specific
emmmmmomesmmaammlh@dowmw AnGEh ol Bfe drEeeHRP

EDR iRt ;H?ﬁﬁ&?wtma@aeﬁmemmé% t%#:ﬁ@é@é'hﬂmp@ﬂ@ols

with a hydraulic connector for selectrve eng the e rnal lo

VIR O O EIGARRERY GBI EAL L AT Gra . o GP GG BT

tr@wheaebewmmslm Em:luﬁemwwﬁrlmmpau@gm&ﬂaﬂihgalnaﬂgergency
e AR B0 BRI S HRE PO IR AN Rbnger

IS a tree cap urrng the assemb

tersrmgmgatmlpira@i&ﬁdn Bnaggwraﬁ@tgrrbdﬁﬁm@r %‘%§&Fﬂ§9§%‘m“§'%
VRHRKR ROMP A8 MEHRSrataRledd b paRisWishisler &i6hch other in a

particular configuration.
Typically, the upper end of each of the wellhead, the tree, the EDP and the

LRP comprises a hub having a specific external locking profile. In addition, the
lower end of each of the tree, the EDP, the LRP, the flowline jumper and the BOP
are normally equipped with a hydraulic connector for selectively engaging the
external locking profile of another particular component. Furthermore, the upper
end of the wellhead may include an internal profile in which the tubing hanger is
landed. Moreover, in some systems the tree may include an internal profile
which is adapted to receive the tree cap.

During the assembly, testing, and production phases of most common
subsea systems, the various components are stacked in a particular order, such
that each lower connector portion engages the upper hub portion of another
particular component. Since each hub/connector interface can be designed
independently, each interface is typically optimized for size, strength, and weight.
Thus, the various hubs are often incompatible with all but the one connector they
are specifically designed to mate with. The design of the tubing hanger/wellhead

interface and the tree/iree cap interface are usually similarly customized. The



that each lower connector portion engages the upper hub portion of
another 30 particular component. Since each hub/connector interface can
be designed independently, each interface is typically optimized for size,
strength, and weight. Thus, the various hubs are often incompatible with
resudd| lutithedotigncohitectpiithe araiehspecificdyibiésigne cthto insetBanitin 2Rt gest
rOgle ui n of the tubing hanger/wellhead interface and the tree/tree cap
PrOTSterace are usually similarly customized. The 1 result of this design
Sumhidgsoptiy iswmtiwherent inflexibility in the installation and test
Progeauies: RHEEMAYLANMRARYENHRR I 2 fShREPE LN EMMYRRIAN ystem
there is provided a subsea completion system which includes: a wellhead
whighitsisiedp sitivistiBiead tidighpisr R ioned \ié o P BfTdc b Mprses h gt and
cortRRGS connectippdntesfaceiiantrarawhich is positioned abeveithacweabbeadhe
and comprises a second upper connection.interface; and LR&(";\(NCQ iﬁ .
el ARV e tTSE AN BB B A RGBS cBBraR Whieh i
posiiatéacesadubingrpangecwhields pasiionggin thenvelieacatie; a tubing
comprises.a fourth upper connection, interface; a BOP..and a THRT; :
o Rl o AL P S SS Aa LP e QU By rampgsier
intdifatds opératively erigégEabbemithrthel firsthse dond@Rdethvinehispperfirst fower
15ciq interfaces. ARE NG THRRL LOMPUSES ASREONGIBWELnd third uppe
Conglggﬁg%gfgﬁrﬁ%r@%é th%%l% op(}araltﬁ%c_agl%/ engageab?e with the s_ec%.nd,uthi?gpelw
corgwetfouimtetpprsr eohtectibiihtervess Wvs@A Mg estistatécepce that
is sgésééa'@éwr&@g t SidhseA grMplstiensysten heBQRs: connesiadiifeaes;
e

wellhead an THRT is connected to the tubing hanger; and wherein
wherisithgUi8e dofitristise of imstalialioth Bt itk uhHe ST IRt GH I REIR Hid" IS
coff@ercwithihebiRRcomieset IR the epiberedl hcamiegtenterthad wherein

wellhead and both the BOP.and the THRT are connected to the L RP. In
U R0 TR EAOGR N BT THE T GHTBH Gich GF e, vt e
LRihcougbctéduttihuppeticoarfe ctiominisethcethcoralriseisaad doiking oHsfifeand the

TPﬁ?ld each of tp%fjr%a? P'second lower connection interfaces comprises a

are copnectea 10 1ne L. . . . .

ockring that is engageable with the locking profile. In another
emblodinrerdasktheifventiom walchast the thestnseaidnd, wal of the first through

fourth upper connection interfaces comprises a locking profile and each of the first and

second lower connection interfaces comprises a lock ring that is engageable with the
locking profile. In another embodiment of the invention, each of the first, second, and
third connection interfaces comprises an external tocking profile and the first connection
interface comprises an external connector which includes a lock ring that is engageable

with the locking profile.



third connection interfaces comprises an external locking profile and the

first connection interface comprises an external connector which includes

a lock ring that is engageable with the locking profile. 2 In accordance

with another embodiment of the invention each of the first through fourth

uppier woangationititeHaibes comptisest affitist sealingswoathoe hadhrofibheigh

first and second lower.connection inter C ri secand.seall
o R PO G, R R B S RERG and
secouhimeon seatethanotiveResmbvotimenta saembiehensetoridething tdfirst and

secdRHTRARPNEAHOD, INeUACES ARy iISeS ARbadlistion 995&@@%{9&.@%@9&0;]

~lower connection interface comprises a production stab which is
of thp gergasbiBIgiER P FOHUEEEHBOFEC TR SSEUBRAHSES PP B tHRRVEN fiRph the

sectR@rRisProvided & methacfasApRsltucing e riiPser aMRIBtioNSEIRWith
which comprises: installing a wellhead at the upper end of a well bore, the

the RROtRISHEHFprising a first upper connection interface: providing a tree

withja seeend wpprer compdationinerface]soannekiing malddFdodhaitopiok a

the tree, the LRP comprising a third upper,connection interface; providi
SUbSER ARY FARGSP SR & YU UBper cOMGLLBH MTTSEe: Limabling & °' °
weBBRdotthertdthofdhemeiifiead; foohnpptingrartEE{RT {otthadebimgvidinger free

- landi i in; el thro dis NGy
ML e s e
LR{igioninsibiRe ok crrfitc ei8@ipoiithe res; Bivdiddkne dihibp gheafred tyith 2

foullie Wsiiheads charmcterizedin thatthe,BOP sampiisesa fifst dPWRE wellhead;

connection interface thatis o eratiyely engakgéeable,with the first, second
congiieihird UPPRf doniEctBrmtdRecEs AaHBsHaCT MR T BMERsER H8atorad
thriRWieEicopoectipR iniedace thatioppeiativelwshgageablewitl the BOP to the

second, third .nq?fo th upper caonnection interfaces. In a third aspect of
b IR LAY ThAHE 4 B SUIR & dOGE BeHBIEAo <5 s i e re 0
theinalibest; ahuedtheddtdvinichaistpo Sitidhethat e opper iendrofaaneetldvongerface
tha??sdo e 1§Ql§fee%\/§aﬁ£%£)%pv?ﬁﬂ AR t Is%@d{rl]éearltl%ctﬁirg Eg)ergl%r\’\ém%:&é%on interfaces,

positioned above the wellhead and’comprises a second upper connection
andntéefabERAN LRMWASICH ispositioledr atsove thentribeakdccdmpriseeparatively
endRIS HRRGTCOBRECHAN infer TAGei A HRIRGNANGRENN G dBraces.

In a third aspect of the invention, there is provided a subsea completion system
which includes: a wellhead which is positioned at the upper end of a well bore and
comprises a first upper connection interface; a tree which is positioned above the
wellhead and comprises a second upper connection interface; an LRP which is positioned
above the tree and comprises a third upper connection interface; a tubing hanger which is
positioned in the wellhead and comprises a fourth upper connection interface:
characterized in that the subsea completion system further includes a SID which
comprises a fifth upper connection interface and a first lower connection interface that is
operatively engageable with the first, second and third upper connection interfaces; and a

THRT which comprises a second lower connection interface that is operatively

2a



positioned in the wellhead and comprises a fourth upper connection
interface; characterized in that the subsea completion system further
includes a SID which ‘comprises a fifth upper connection interface and a
first lower connection interface that is operatively engageable with the

engfitstibRecomdiand dhikd tpRereoettighintesfacessandaatERIhaiehduring

com risesas%iond |OV}ée C nection]mterface that is ratively 2a
i s

a figH iansa e W HE & Yifs = tals ?gﬁptﬁ}(fﬁ%}ér%% BelioRomnesteede. e

rfaces;
welthedeindindng iR Tidstcstageted instatlattongdf shecftow compistichusystesecond
saf2SSIDmsenNecteddg e ellhead and the, [HBT isoAnasioninge i«
ubing %anger, and wherein guang a second stage Finstallation of the
thesuipsgacon pletiomsysieriv thiee traelvoith the LIRP dbanediedntd thise bk T are
colherest. is.cqnnected to the wellhead and both the SID and the THRT are
connected to the LRP. Embodiments of the present invention may be
utiliZEaLPIEB AN GO WRIF N AREEP HT s iSe AT olietion Sysieafsighgvith a
vari@sialfatieemethosidncuding these disHese thdmbisS iRalen-ARPICatiomsed
) P{uplication No. 2005/0098321, both oquhjcfh %%rg yerﬁb% infco(rﬁo ated by
N herein @y Fefdliad o nUPEFABBRIMENt Gt thE preseRPRVENIOR EoHpISE D
incarpuhseaieemplstienaystem in which the interfaces between several of

the \ﬁ\lrious Eo Is and com onent% have been standardized in a U‘n{versal _
us %m ogiments of th pr?ﬁen 1:}\!@ t1on ¢ mdmse a supsea compietion system
configuration. Conséquently, these tools and components may be

in wfehtmlynmz_fak&dhﬂ\amctesm @Frdk@r mr?cbc@mrﬁigg r_attbnosﬁmbmﬁsbeen
staggénﬁz ﬁws@tw gg?é%h%@ﬂ&wcg?r&%%%&&%?ﬁ!?gu%mstgﬁdsc%%%ﬂ@n@; may

installation and testing procedures, thus providing opportunities for
be switatjsly coatlednth time dThiesk aildrothdr epbeudimientstapepdiments of the
inRAMBRIRIRIRE theRresentinventioniwilkbe madeappatgnt from the
following detailed description, with reference to the accompanying
drawings. In the drawings, the same reference numbers may be used to

denote similar components in the various embodiments. Brief Description
of the Drawings



Figure 1 is a schematic representation of several components of an

exemplary subsea completion system which each comprise a universal

connection interface of the present invention; Figure 2 is a longitudinal

cross sectional view of an exemplary embodiment of a subsea completion
instayiatem haviegisg vesatdompanenisowidicls eaphreenipsiser saviigsrsatosts and
Img‘onnection interface of the present invention; Figure 3 is a longitudinal

cross sectional view of a second exemplary embodiment of a subsea

completioansysiben RMEAGHREALS RIS StaRatRINtha s aEvaYantion will be

ma§OMpeReAts which |achotempriseiauiniversalepnnectiamninterfagadef the the

resent invention; Figure 4 is an enlarged view. of the portion of th

s SRS o I S Gh el o HE T By AT TR g ©
denSitis samidamlergedview ioflie portio ArofeliEncoiapletion system of Figure 3
RIS jdsntified: by dhe,latter "B"; Figure 6 is a longitudinal cross

sectional view of the completion system o Fi\gur 3 shown in ,

subSeEHiEnt S1pEeBr PRASITEREFONA 9'1S A 8hHBRaT v o esremplar
subpertiompfdhiencompie tidn sy stem whfigsre: Ginmkichl isddertifedibyghes of the
prelgﬁg{ﬁ;ga;fﬁ%}gure 8is an erllla.rged.v_iew of the portion of the completion

system of Figure 6 which is identified by the letter "D"; Figure 9 is an

enlaFBtioviell HIAE HEMFEPHRe RPN %{xéfbﬁ%‘?ﬁ%@ﬁr‘“é@%ﬁ?@ﬂ“i@f a
subslentifiagibyotheviatiar iiin Figure 1 QGisnadoagitudinel erobsceagtional viewersal
o, completion sysiem.of Flaire,6 shown in a subsequent stage of

Installation; Figure 1 I'is an enlarge&l\new of the portion of the completion

systéiatet Riguréoneiiydiiehorosa spgiffeid by theolettasognd grplary embodiment
of 2008404203} P SRARBI0FE0L iriguresieds e longituglioal Geasss several

sectional viﬁ,vv of the completion system qf L
components which each comprise a universal connection interface of the present

invention:

Figure 4 is an enlarged view of the portion of the completion system of Figure 3
which is identified by the letter “A™;

Figure 5 is an enlarged view of the portion of the completion system of Figure 3
which is identified by the letter “B™;

Figure 6 is a longitudinal cross sectional view of the completion system of Figure
3 shown in 2 subsequent stage of mstallation;

Figure 7 is an enlarged view of the portion of the completion system of Figure 6
which is identified by the letter “C™;

Figure § is an enlarged view of the portion of the completion system of Figure 6
which is identified by the letter D7,

Figure 9 is an enlarged view of the portion of the completion system of Figure 6
which is identified by the letter “E”;

Figure 10 is a longitudinal cross sectional view of the completion system of
Figure 6 shown in a subsequent stage of installation;

Figure 11 is an enlarged view of the portion of the completion system of Figure

10 which ts identified by the letter “F”;
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Figure 10 shown in a subsequent stage of installation; Figure 13 is an
enlarged view of the portion of the completion system of Figure 12 which
is identified by the letter "G"; 5 Figure 14 is a longitudinal cross sectional
WewBsHetEbmpletion system of Figure 12 shown in a subS&dfiiertetaged”
of installation; and Figure 15 is an enlarged view of the portion of the
EomF_’l'engbﬁé/S@m @iiﬁbﬁﬂéwmefh&imm@hﬁﬂ% testepldttn system of
tailed Pescription of the Preferred Embodiments 10 In accordance with
el e g,

Sgnents ofa subsea completion
system FigutedEhlly el snidrgedoliswbicherriguist the sastalebier) tesehef

pg@g}gti@wg@@io%&ig@&tgsp[ggi@@@,vv@n;a universal connection

intérface_on either their upper ends, their | ds, or both thej
o B ARG ATY) s R L SRSl o

cerjirsted snshinstalledtszqambetiaitoné thitethwioseaisiof a particular
subsea wel, apg {he TWMBEERLI80I3, WL Hb RIS GRECCHIRdRYIEH et

1gU
the compgnents can be mimmized. According e present invention

‘pFogides! 4 which dadeofifiesibyityealgi®iost -savings in the design and

installatio het SHRRGAS IRietRk SYSteRRBdimaAtexemplary embodiment
of the invention, at least two components go compris&a universz,E\I quwer

connectBRHTEAARES I AN RBEFIAR Y R EE R T ers: yubsea

prise a universa
uppeTphstivresyistarn entteallyichsistbertgumdnichrarpremited/tr install and test
C‘i’rﬁ‘é‘%ﬁ?ﬁ‘ %ﬁf%%?e %@5@4@8@%&% firsh MR SPERRABERLS FRBrRRe
connec e% ?O ‘elt ero the secpn two components. In. another exemplary

e eiiipeinesT URBaneBARORSH: R ARSI RNRRIH SRl R SR lower ends.
C%BHQ@&@?%% Mw@aliMJﬁm@im&@mmmeamdoah@aeatm installed
components comprise a universa r connection,jinterface which is
OBl 16 1S TR oo AR Subsea Wl Erafe iRt ools
mayiitie s aitiee ith érstalband tﬁstﬁmqamp@mnmm minfeizemhtext
O%Q&Pﬁﬁ)\wtt Ve GSRERh FRIMBUDSHALYMeANS Mkt UHYeisa

connec nterfaces are capable of 30 being operatively engaged with

eseNingsen KiscHesiopyRpaiingtabairtrisubrpgrcompletion systems.

In an exemplary embodiment of the invention, at least two components

comprise a universal lower connection interface and at least two components
comprise a universal upper connection interface which is complementary to the
lower connection interface. Accordingly, each of the first two components can be
connected to either of the second two components. In another exemplary
embodiment of the invention, at least one installation or test tool comprises a
universal lower connection interface and at least two components comprise a
universal upper connection interface which is complementary to the lower
connection interface. As a result, the tool may be used with either or both of
these two components. In the context of the present invention, the term
complimentary means that the universal connection interfaces are capable of
being operatively engaged with each other, such as by being connected and/or
sealed to each other.

Figure 1 is illustrative of the flexibility which the universal connection
interfaces of the present invention afford in the design and instaliation of subsea
completion systems. The top half of Figure 1 depicts a number of subsea

4
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sealed to each other. Figure 1 is illustrative of the flexibility which the
universal connection interfaces of the present invention afford in the
des%n and installation of subsea completion systems. The top half of
ééfﬁgf)‘lcts a number of subsea 4 WO 2006/042031 PCT/US2005/036017
PCT/US2005/036017 completion system components which each
counpistica apdlerssblvpenreotinbichorpiitafaeer i, aauaitREs BORYRT half

%1 S ch derisiR & ke e b‘iﬂ%&ﬁwpm@ém FYSLRNBLS AARAIRIASE

ich each comp rise a universal upper connection interface 12, In

aBiPREA, %@Pi%ﬂﬂé\r%%ﬁ& CURREREBS ‘f‘ihé‘f%é’é&“lﬁ%‘B’E?Srﬁp‘fé}ﬁ%fﬁ%wﬁ%e"
ea@lin@f:tm upeea@@naeahmafmmierfamkﬂ tRbusweachrofatt®n interfaces 10 is

OORarR S shawninhe | ‘;P‘E;Erl% U ?‘E.gur“%&?wcm £290 Aftne

the om onems SREWN |nt ttom ha r example, the
Ecmmmmi@ gheveméel tba @weaffwé Rigreh¢ambereenpegied treach of the

m%eﬁl% gﬂ&%ﬁ W%Ye%ﬁb?ﬁ%l}’ﬂzﬁf eitherethe R{f}leﬁdﬁa@ge{hy@gm&ay be
reover, several of the ¢ nts, shown i
CIRHAIEAE FUBSE T IR 15 REILE o SUTIRE A o areT ey be

coBa¢ etitnaiherfdoe tlibismtangenj\ibesat e ppeheamitction interface 12. As
a result, cach SHch CAMPaRE! Eg’lﬂggﬁ (ARniA #@Lﬁgwofsl?mae@ﬁé%e

the subsea completion system. It be noted that, in the context of

tk@ﬁﬁé@éﬁw@ﬁm&ﬁmﬁ@%ﬁﬁi% WHKRSPSh IS SRnREtinadataasR AR and 2
idgHitisAlaRaher ciihhectionsidenade UBversal, rwieQsaecEochitarigessnt can

hould hav mber of il h
5 R D D\ APLEIBH RS 3 PRES e B SO other
componkﬂhoﬁmmmm figuiie thefoppicinpl¢hehwesemirinsentieotithe term
IN{RHAcSS 484Kt Exf%@saﬂ@meéme&mgre%gew%' BRYEYRI 20

hese connectlon interfaces comprise a sufficient number of similar

fetiversab t%&@@ﬁ@%ﬁ%%@%&%ﬁﬁ% PEVURNER MBI R strdar

tregs AR MR Riil Bhasidhreuntvassatdaway epnagetine ienesrs 1Rdeace of
the com onents shown in th? u&?ef] half ofll_.:ii ur'ée1l om rlset(ée%aln

sifhi ig?ﬁ ane Qe camponen own In , for examp e lower

connection interfaces 10 for the EDP and the free cap are not identical;, however,
these connection interfaces comprise a sufficient number of similar features to
enable the EDP and the tree cap to be connected to both the tree and the LRP.

Thus, the universal lower connection interfaces 10 for the components
shown in the upper half of Figure 1 comprise certain similar features which
enable each of these component to be connected to any of the components
shown in the lower half of Figure 1. Likewise, the universal upper connection
interfaces 12 for the components shown in the lower half of Figure 1 comprise
certain similar features which enabie each of these components to be connected
to any of the components shown in the upper half of Figure 1.

in particular, the lower connection interface 10 for each of the tree and the
I RP includes an external connector 14 and a production stab 16, the lower
gonnection interface for each of the EDP and the jumper includes an external
connector 14 and a production bore 18, the lower connection interface for the
THRT includes a production stab 16 and a latching mechanism 20, and the lower
connection interface for the tree cap includes a latching mechanism 20. Alsg, the



enable each of these component to be connected to any of the

components 25 shown in the lower half of Figure 1. Likewise, the

universal upper connection interfaces 12 for the components shown in the

lower half of Figure 1 comprise certain similar features which enable each
upper @&ﬁh@smﬁﬂml@ﬁ?e@tﬁzad@%g@mmet@dwwma@oftmbet@@rrmm@etmhqmdnes an

t er.ha Figure 1. In particular, the lower connectign interface .10
et e i (B EHD oAl b A g s ueper
conneciie inpdelriionesteb aieihthéing hargshetroirsatarddedomiadicbigreboth an

internak itcAiRg thRHENDET IGHCes aneyiespRl PNRECIRAH @A TRIRCERN and a
bore 18, the lower connection interface for the THRT .includes a

ProduglSifitiorPStAIT R & SHARY SFCRIKG SR S5 EAd the lower

connection interface for the tree cap includes a latching mechanism 20.

Thus, WROVHEI%2:URBRLER H@C%%emteﬂa@&%fqr cach of thewelhead, theyariety of

tree and the LRP includes an external hub profile 22 which is eng?ageable

configyaiRRSe kiR FEREEIHER 188, AR E TR AND IRTEEHRTIREIRaE RS aCa Mt the
produdiothersibiachaagas the jreeuanentbereRB snchidemipgthamgenigignakhe LRP can
latching, profile,24 which is ageable by the latching. hanism 20 an
e R o o LT LS e ook o AR et 10
engagngube thedagtnistssmpd abatb shibwiupiEigaroe i etesn e ekditipnathe EDP
and ﬁh\éafiiﬁwqrg j&ﬁ?@ggﬁ%@?ﬂ %@fiﬁﬁéé@%dﬂﬂ%ﬂ&%? &R0 %'ﬁ@#ﬁ&aé%ﬂm@%@@ or the
onto the wellhead, wi e production st ngaging t rodyction
LRP. R B RG PAER NS GO U B TEh GRd G, (e vee
or the kB éthercties, el TétTorah ddreesdvithitistaproctustipitstabbi®) bagegingt also
the trelS Y AYUCkeN bore 26 of either the tubing hanger or the tree. In addition,
th

e EDP and the flowline jumper can each be landed and locked onto the
wellhead, the tree, or the LRP. Furthermore, the tree cap can be landed

Referraftdroskedranie cithae thewealth esdniitidreateardbesLiR hdVimeseneinibeation may
.THRT can.be used to jnstall not only the tubin 1ger, but also, the tr
oo g S PR N S o VB b RS 0 6 Bmor

subsemaafaretoss seigres8ntimientite RRynseantlifdt 38 aie foREwiRy at the surface,
run sUPRHICHIRH Y-S BR QSnG SHl AHEN NDEOGRAEE F-AR Sxaimidarys SHRsRitively,

the treg % égf&%%ﬁ%ﬁ”&%%'aﬁ 288 30302 8R HRR AR A Made P Al embly
then run subsea, in which event the BOP would be disconnected once the assembly is wet
parked near the wellhead 34. Next, the BOP 36 is landed on the wellhead 34, and a tubing
hanger 38 is installed in the wellhead through the BOP using a THRT 40. The THRT 40 is
then retracted into the BOP 36 and the BOP is disconnected from the wellhead 34 and
reconnected fo the LRP 32. The BOP/ARP/iree assembly is then ianded on the wellhead 34
and the tree 30 is connected to the wellnead. The THRT 40 is then lowered from the BOP 36
and secured to the LRP 32. This is the configuration of the subsea completion system 28
which is shown in Fig. 2.

The flow compiletion system 28 may now be flow tested. Of particular significance, the LRP
32 provides the necessary barriers for the production bore, and the BOP 36 provides the
necessary barriers for the annulus. Thus, no need
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run subsea on a cable or drill string and then wet parked near a wellhead
34. Alternatively, the tree 30 and the LRP 32 can be made up to a BOP
36 at the surface and this assembly then run subsea, in which event the

BB be disconnected once the assembly is wet parke&d e o017
wellhead 34. Next, the BOP 36 is landed on the wellhead 34, and a tubing
hextigge f@Boithinrstatielsiatiesy v (3SR ongin e B@Ptes ing & MEERINA M

The MRt ngQ,;iﬁggh nieitagiad;into the BOP 36 and the BOP is

isconnected from the wellhead 34 and reconnected to the LRP 32. The

BOP/LRPYHEE 5y & tieHIardde s inpieRtAnSSe RN ceiPtRs ree
3kisneNBRETSROSPRANRIIBRASTTD TIRE d6niptizes lowensdifonnttion

BOP 36 and secured to the LRP 32. This is the canfiguratian. of .
suces g S G i s ARG ARSI Figure 3,
campibtidrissjatiomdzsineal/ B B4 ownimsiediTigsaetie skhssg fRRANexing all
e LRP s R PIaMides R 88 G ISR RIS RS dhRRWIHHIAR P BFEs s riser

the BOP 36 provides the necessary barriers for the annulus. Th%l no
NS00 sse b SE k6007 A GBI Lt obea
tesh e (T THRTaIZOREDW i eigisRh resuliing iisesigndieadtthavimips it and

COS| %l%%}:'m%v;reli{né%% t‘P1 Enlgu.res 3 through 15, the |nstallqt|on sequence
for'an exemplary flow completion system 110 which comprises universal

connectiéreBawre Maresnadeerageerpite highinassw siskibeemprises

SiattRg N JHBHR dneRiripResHisaiainaric s Cotplbdbatihighdsiniversal
similar to a subsea BOP having all bLét heigeﬂ)ra]ms removed,.is
6ret s

IGRBREGIIAHRNOTRREE DA 22 MG 1P RPIIRRIATLIRE Tace
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installed in‘the wellhea [ shown more clearly in Figure™, the high
pessseationéiteTaceotfpralea caRTFasal VRS SeHh SERIGh mﬁ’ef%@esygab'e

rh@é%ﬁ%fsﬁg?@r'ﬁﬁ‘lﬁgtéw%ﬁs“@t%%ﬁ%%fﬂmﬁﬂ anwweﬂzzm?m is
e . e lower connection iprerirace a comprises an externa
NOUASTRS Lo GIBP 39S SEISE o LARDG IR, SUPPOTS & radiafly GUMard

facing ring seal 134.

The upper connection interface 12a includes an external locking profile
136, such as a conventional M4 hub profile, which is engaged by the lock ring
126 when the connector 122 is actuated to thereby secure the high pressure riser
114 to the SID 112. The upper connection interface 12a also comprises an upper
seal groove 138 for the gasket 130, which forms a pressure tight seal between
the high pressure riser 114 and the SID 112 when these components are secured
together, and a sealing surface 140 for the ring seal 134.

As shown more clearly in Figure 5, the SID 112 also comprises a universal
lower connection interface 10b which is complementary to a universal upper
connection interface 12b on the wellhead 116. The lower connection intetface
10b comprises several features which are similar to those of the fower connection
interface 10a. Thus, the lower connection interface 10b comprises an external
hydraulic connector 122 which includes an actuator 124 and a lock ring 126, such
as the Torus 1V connector manufactured by FMC Technologies, inc. of Houston,
Texas. In addition, the lower connection interface 10b comprises a lower seal
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15 tieback connector, which includes an actuator 124 and a lock ring 126.
The lower connection interface 10a also comprises a lower seal groove
128 for a suitable gasket 130, such as a VX gasket, and an isolation

ALY BShing 132 which is attached to the high pressuref§déySE4%/aieg17

which supports a radially outward facing ring seal 134. 20 The upper
CORIOBLIIB ifﬂea‘aoﬁe{b?@ dackustesarsaxtessa lorkipg frofled KGssatbras

a con tional H flle t éggt
K%erb cor%‘]ngclor 1 ?E‘l Actuat Iﬁ(? % ﬁ%%:%@%éﬁdgﬂﬁgﬂ& ssure
rlwatl\mlm\fmé Bingringrsrelipper connection interface 12a also

COF"D”%%H@P&S nRBBHSRGRNEASS 1o Wifﬂé%t dafdrhich fergngrich are
pressure tight seal between 25 the hlﬁ ge%ssuri%lsejmjm nd the SID
i 5 dis

1"1‘?"0% &f A SR EHrRectR BG&the? AIG Surface
lééntarctionrimigréasd 134.iddhuslaavan moeenaldadying Biglite 53&heusiiles &2

also [%HBH&%%&% GLif, ng'i %@? ﬁntﬁ'@aﬁ%téﬁhf"‘ﬁrﬁﬁmvﬁen the

complementary to a nlversa ection Interface I2b on the

m@ﬂf@&émi@?ﬁéqw*ﬁ%mﬁ%ﬁﬁ%f%ﬁé%@@dﬂ%é?rfﬁﬁé’é‘%@@@gré‘ﬁ In
fQRISRM WRICO & %@ml@rct@mﬁﬁﬁf@&m@a@hﬁﬂ@@@@mrmaméawgrbaae 138

Thus, the lower connec interface 10b t li
R e BRSe R P e s e
aththedlrasi 111 6o.mnmmemmfwueees lByeFsaCuTet hegstiesnda@ @feaimg

ngg “ J(? ition 4 the lower connection interface 10b
comprises a ower seal 7 WO 2006/042031 PCT/US20051036017 groove

128 for Refarimeshix&ique, Suibn ARV G4ERECUA LA PBBHHA Universal
aﬂﬁ@?b@%ﬁé&ﬂ@nlﬁfeWW1 m@hed dortipeehibnisly mnal winishsalipposts

di tward f Th f
S BRAeBarArdtL TR P o el B TRt S eces..
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which is engaged by the lock ring 126 when the
interface 10c includes a production stab 148 which is secured to the THRT 120

and which includes an annuiar sealing lip 150 that is formed on its lower end.

The upper connection interface 12¢c comprises an internal locking profile
152 which is engaged by the lock ring 146 when the latching mechanism 142 is
actuated to thereby secure the THRT 120 to the tubing hanger 118. The upper
connection interface 12¢ also includes a sealing surface 154 which is engaged by
the sealing lip 150 to form a pressure tight seal between the tubing hanger
production bore 156 and the THRT production bore 158.

Referring now to Figure 6, after the tubing hanger 118 is installed in the

_ welthead 116, the THRT 120 is retracted into the SID 112 and the SiD is

disconnected from the wellhead. The SID 112 is then connected to an LRP 160
which, as in the previous embodiment, has previously been connected to a tree
162 at the surface and then wet parked next to the welthead. The SID 112, the
LRP 160 and the tree 162 are subsequently lifted as a unit and landed on the
wellhead 116, and the tree is then secured to the welihead.

As shown more clearly in Figure 7, the LRP 160 comprises a universal

upper connection interface 12d which is complimentary to the universal lower



10

15

20

25

30

connector 122 is actuated to thereby secure the SID 112 to the wellhead
116. In addition, the upper connection interface 12b comprises an upper
seal groove 138 10 for the gasket 130, which forms a pressure tight seal
BEdeePtHEISID 112 and the wellhead 116 when these corfpafSatesdas0t”
secured together, and a sealing surface 140 for the ring seal 134.
Rﬁf&ﬂéngoﬁstiiht@rﬁkgm@ﬁ ohend ISRT 1120 | 'ﬁfmowmtaccnmptise mterfver Sad
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the | t f |
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ring 146 w en the tching mechanism 142 is actuated to thereby secure
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12q @0 s kisleseaiseding surface 154 which is engaged by the sealing

lip 150 forma pressure tight se betwe n the tubin
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the wellhead. The SID 112 is then connected to an LRP 160 which, as in
tHRITRYI8H8s7 Bb I ERRSR SR GHONSR e ERse ClemigEihe fyinadiagger 8.

atﬁhaag‘uéiym anhd ﬂp@@wwhpadﬁed mmﬁméhmwebhmeﬁmﬁarhwm@g
d the tree 162 a | dlan
SICLea‘c'm 'S e%g[%%e ?e%]lésrén %Et\c’)" 8 \t/blelft o iﬂqeeqé%%sm
mma a@amatnd:ug@nerebmemp t_’E@OTdr&Rffph%@émﬂumivB%éﬁQ}pbéaddltion the
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2006/042031 PCT/US2005/036017
engaged by the sealing lip 150 to form a pressure tight seal between the THRT

production bore 158 and the LRP production bore 164.

Referring to Figure 8, the LRP 160 also comprises a universal lower
connection interface 10d which is complementary to a universal upper connection
interface 12e on the tree 162. The lower connection interface 10d comprises
several features which are similar to those of the lower connection interfaces 10a,
10b for the high pressure riser 114 and the SID 112. Thus, the lower connection
interface 10d comprises an external hydraulic connector 122, such as a Torus IV
connector, which includes an actuator 124 and a lock ring 126. In addition, the
lower connection interface 10d comprises a lower seal groove 128 for a suitable
gasket 130, such as a VX gasket, and an isolation adapter bushing 132 which
supports a radially outward facing ring seal 134. Also, in the embodiment of the
invention shown in Figure 8, the lower connection interface 12d comprises a
production stab 148 which is secured to the LRP 160 and which includes an
annular sealing lip 150 on its lower end.

The upper connection interface 12e comprises several features which are
similar to those of the upper connection interfaces 12a through 12d discussed
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connection interface 10b on the SID 112. The upper connection interface
12d comprises several features which are similar to those of the upper
connection interfaces 12a and 12b discussed above. Thus, the upper

BuhHefdHHhterface 12d includes an external locking profil& G BESE e8¢
a conventional H4 hub 5 profile, which is engaged by the lock ring 126

vatevéh el bonnibetoph2dsracidine dnierfdnerd By sedudestan Sidetriad ochieg
LR ErifebPad N, AP BECMREHRAANRITRGE plgﬁh@'mm@aﬁségaéa 'tb?ﬁﬁé lock

seal groove 138 for the gasket 130, which forms a pressure tight seal
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LRP 160 l the | low
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upper connection Interface 12d com |se an internal lockin ﬁ)roflle

19D IGhIR I IIRORFA UG SERIMSHP: PRI RG AR afiasn the
14Rsmetiatash tboiket6B)andatetitbe ﬂ?bﬂ%ﬁt&ﬂﬂim@h‘eﬁBRP 160. In

g wninBfaeB SR ephen Mincenheth B RES %??Hg%gﬁb‘é?a%

154 Whlé]“l IS ‘engag e 50.to form a pressure tight seal

g li
beme@ﬁlmsmm@mp%@mnoﬁla@ﬁéciw@ﬁd@t@@b%ﬁﬁﬁt@f%&%whwh is
18nif RefRiEineri;& igrperoiieekiin ﬂr@&@é@scmmmem umiveisal

lower connection interface | Qd whic C mentary to a,univeysa
RO EAB L R QG DU SO TREI N ALFMEERERning
|nieﬁaaiacl(ﬁdseompd$e$hswmabfammm$f/\ﬂmehraee‘i§I2rb|mattmdhcrs@df70 if

g e RSB PR RCP R JOR IR DHEDIARE B dddbrer

ower connection 25 interface 10d comgnses

aﬁ@h@maﬁﬁyaam@ eoitRsLtoTEdanlien bus RingAGS uscHinu AP e WRRS!
inghadestRm Aakiaies 124 antha teek1820d B dBaptisitionstbeatiowgengage

o LR TP S R E P A R O e REP Bshing 152

which stipphuaaradiatheaditwaFdptaei 9y thadgreed GIB3doAlEisaR heniversal

e%&%g igaﬁ%ggi&nqnterface 10e which is complementary to the universal upper
connection interfaces 12b, 12¢ on the wellhead 116 and the tubing hanger 118,
respectively. The lower connection interface 10e comprises several features
which are similar to those of the lower connection interfaces 10a through 10d
discussed above. Thus, the lower connection interface 10e comprises an
external hydraulic connector 122 which includes a lock ring 126 that engages the
locking profile 136 on the wellhead 116 to thereby secure the tree 160 to the
wellhead. In addition, the lower connection interface 10e comprises a lower seal
groove 128 for the gasket 130 and an isolation adapter bushing 132 which
supports a radially outward facing ring seal 134. Furthermore, the lower
connection interface 12e comprises a production stab 148 which is secured to the
tree 162 and which includes an annular sealing lip 150 that sealingly engages the
seal surface 154 to thereby provide a fluid tight seal between the tubing hanger
production bore 156 and the tree production bore 166.

10



30 invention shown in Figure 8, the lower connection interface 12d

comprises a production stab 148 which is secured to the LRP 160 and

which includes an annular sealing lip 150 on its lower end. The upper

connection interface 12e comprises several features which are similar to
ReferrifpsewithEigireercanaeciiopdniempeapd g diaugt i2diissussecifVEm 112
and thgqi?%% rlegngyTe/ §rx2c0\,9:%0§§@ﬁp 198‘6%@1%”%?‘25 tHBR%&%B??H%’EDP 170

interface 12e’includes an external locking profile , such as a
is run eomepRin Akt Hsay Prefivgioihiciedsranied) el tbe tHeRouvlkh rfag e6wilaen speed
lock ciie.cpnnector 122 is actuated to thereby secure the LRP 162 to the tree

162. In addition, the upper connection interface 12e comprises an upper 5

seal groove 138 for the gasket 130, which forms a pressure tight seal
As shbetweesi tlallRP Eg@ntithbdré®R6Y landrapsisaling wuviersal 1d@<dortihesciion

interfal09 GERhLA%s &9%%99@%@8 HRPGhiGORAeEHRR IRIRHACE T A CRTMRNIEES on the
a sealing surface 154 which Is eErggged t(?/ the sealing lip 150 to form a

LRP 15PeAeiRoviRihiise MRstirist then 1T Bre d o BEres 82 et fRRiuieswhich are

similarpfedieisen diofiee 16t Ocinasdesioisnraaled HIRE 170dgrcanmacaidsuted above.

ree 162, the upper _connection interface 12e may alsq inclu n internal
Ao S R T e B o L B e difnecior
122, siinbrégcedivpcanal 12@are thisuehbeaimestohanehenabdas ckinglprofild 26 that

engage84e foEmes mBraeadapisriuiching=468 YGRS Seouethio TR INBET The lower
diameter of the tree 162 l?y a lock rlngbl70. If 15 no n%ed exists to connect

conne(gPTIBIeN2Es0 ) REY5 14D, AoRKoe THeUBYRol BuShily H88"Fay oo "
providesnittetksEhes didapter=bostiegrlts thi® allchb¢HEDRpéercimsectvan components

are sdARHACRIGRL! e diagid02dAea0RRIGRL GReTRINEN-ERUAGR OB ace 10f

components of the flow completion system 110, if needed. As shown most
compriggarky IAYEEHRY PIREIG L 8 69" B pliacsiaktverskpt by Bwdhich in turn seals

againgemesiiensiniesiate hewdrchdsppenpiemestaryittethesinMersatiedpRP 160.
connection interfaces 12b, 12c¢ on the wellhead 116 and the tubing hanger

118, respectively. The lower connection interface 10e comprises several
After fegflpescompletion system 110 has been successfully flow tested, it is ready to be

placed into production. Referring to Figure 12, this is accomplished by retrieving the EDP
170 and the LRP 160 and securing, e.g., a subsea centerline jumper 182 to the tree, 162.

As shown in Figure 13, the jumper 182 comprises a universal lower connection interface 10g
which is complementary to the universal upper connection interface 12e of the tree 162, in
addifion, the iower connection interface 10g comprises several features which are similar {o
those of the lower connaction interfaces 10a through 10§ discussed above. Thus, the lower
connection interface 10g comprises a connector 122 which inciudes a lock ring 126 that
engages the locking profile 136 on the tree 162, a lower seal groove 128 for the gasket 130,
and a lower seal profile 176 for the intermediate gasket 178. In contrast to-the lower
connection interfaces discussed above, however, the lower connection interface 10g aiso
inciudes a number of locking pins 184.

in addition to the features describaed above, the upper connection interface 12e for the tree
162 includes a lock groove 186 which is engaged by the locking

11
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which are similar to those of the lower connection interfaces 10a through
10d discussed above. Thus, the lower connection interface 10e

comprises an 25 external hydraulic connector 122 which includes a lock
WRPI¥OHEE engages the locking profile 136 on the wellhe&§ W VB§5/036017
thereby secure the tree 160 to the wellhead. In addition, the lower
cpmieininiaHacsetia: thajpraas d davetise akbgnddveld 28ddiothahe lower

gasket 130 an isolation, a er, | whi S
o R RSN, 1 N B daptor
cbnsliptictbhterthecthae dmatyisesheproaucinaiaipi e farAgs. This
sgrursadndhieotes phsandivhiaibinsliednstas anmslabapalingiptbhadbabe

sealingly enga%es the seal surface_‘flj%4 to thereb%ogrovideaﬂug ti ht f
S PEARRRBAH O RIBRRT RARAR BRI FOR TS 1155 SRTHRRRGPELOT the Tow
peothysittonberetdiGol 110 Referring now to Figure 10, the subsea

comple%Hﬁﬁl@%@g&gﬁgl@&W&M}W% e Wéqt{?'?e Eb‘l%galg%]?tgrline

removed a an EDP 170 connected to the LRP 160. The EDP
iSYmPeN1SR epRhevaBMed IYTeMRcRINb A FeR E38 RS EDBSAMNSor

e 3R\ aRPEEthe Atk £43NBMTIALIA SRR MeskaleRtly sRdvaureridure 14.
the EDP. 17 com%rises a u&iverfF_saI Iowe;or ag)nnection %t rface 1 Of which
PEONT

is (:ompf%‘cl’ﬁ5 'i'ﬁgfﬁﬁ{i e'%a[%ﬁsg onn(tergﬁo%aﬁ]ter ace 2§ Ohhe
L Rifve6a! Mereovern dodidovréedacad Stiomhicie ifaceBfrcentanseshe varegrsal

f i \ ' i ,
tﬁ%ﬂé‘?%%md@tiﬁf?m?ﬁg% e ohihe {8yerrrNBReiR N RAAtsAace is

ough be discussed above. Accordingly, the lower connection interface
1@%&%?@5%‘8\*(%)&6%@%9%&&%% fiecyssed abrygsia Hgftaagerises
r?ﬂ?ﬁ%ﬁ@ﬂéd?{rwtﬂﬁidﬁréﬁbdgéwdﬂmm Kogid@erdtae eSyagkereby
the locki rofile 13 thereby secure,the EDP 170.to the LRP 160, ,
RS BT RR e B R o RO Rt R EeP IO 2
thHemzsken180 aghjthr pustidgs! 6% retker tagiisecioenterintss drpeter of

a tngéf%lwhen these two components are secured together. In
addition to these features, the lower connection interface 10f comprises a

lower seHrolie UnigstehronferiRuiate tRase! 478 Qiivh RRERAR! daggtion

agHeet 2greppeesest furiienl 8doddteaNIpgs avtedtiyiniad aostdlRdion of

STUEBCUTRINBSRTE S LS oSS HleabalidnFop andior

ST BRI
bottom ends of several components of the completion system and the teols which
are used to install and test the completion system, the order in which the
components are connected and installed can be tailored to the needs of a
particutar subsea well. In addition, the number of tools which are required to
install and test these components can be minimized.

it should be recognized that, while the present invention has been described in
relation to the preferred embodiments thereof, those skilled in the art may develop a
wide variation of structural and operational details without departing from the
principles of the invention. For example, the various elements shown in the different
embodiments may be combined in a manner not illustrated above. Therefore, the
appended claims are to be construed to cover all equivalents falling within the true

scope and spirit of the invention.

12



placed into production. Referring to Figure 12, this is accomplished by

retrieving the EDP 170 and the LRP 160 and securing, e.g., a subsea

centerline jumper 182 to the tree, 162. As shown in Figure 13, the jumper

182 comprises a universal lower connection interface 10g which is
Claim$omplementary to the universal upper connection interface 12e of the tree

162. In addition, the lower connection interface 10g comprises several

features which are similar to those of the lower connection interfaces 10a
1. threugied Gbdiptiirsesyaleovehithuscitiuetower connection interface 10g

comprises a connector 122 which includes a lock ring 126 that engages X

BT A T L TR e, LB T28 P css o frs
upper gashettbBOntamate; lower seal profile 176 for the intermediate gasket 178.

Inc th iQn.nt [ : ver,

e T e B e aueer
connediBA inieasRicintd the features described above, the upper connection

inferiage JRARA0L hEiBRed CR I WiCE &:IQF W&ﬁﬁﬁs%@%%fﬁm er connection
. engaged by the locking 11 WO 2006/042031 PCT/11S2005/036017 pins
interfagyy to further secure the jumper 182 to the tree 162. In addition, the lower

sealipgredteckSRtrnthe pigrmediategaskabed isHorehethg fourth upper

adapter bushing 168, rather than directly on the inner diameter of the tree
conneqos WigdagRaracteristic of the present invention allows the upper

comtgetiondinterface 12e 5 to be adapted if necessary to operatively

en other components of the flow completion system 110. When it is

desired'to temporarily abandon the well, the subsea centerline jumper

18Racemebieadmalvad and replaced with a tree cap 188. This is the

cpnfi t] . letion. ich i W

s & e O o T A0 HELSE B Brgageoe
with theydtistisegcantiriversarfournesormeetsanntiedeeesoannibh [EHRT comprises a

secondAMRIE BARREGIP HISBL BIsAl UBRERGERNSLINL IR (Rae heQ AdRE third and

tree 162. The lower connection interface is similar to the lower connection
fourth ypafmERNPERIAsEIIgE@EPEbove in that it comprises an internal lock ring

14Ramich e RGP essa B e Iahionldnarpsptile $0BstuthekaMMion system the BOP
is connecied to the welthead and the THRT is connected to the tubing hanger; and
wherein during a second stage of instaliation of the subsea compietion sysiem the
tree, with the LRP connected to the {op thereof, is connecied o the wellhead and both the
BOP and the THRT are connected to the LRP.

2. The subsea compietion system of claim 1, wherein each of the first through fourth
upper connection interfaces comprises a locking profile and each of the first and second

lower connection interfaces comprises a lock ring that is engageable with the locking profile.

3. The subsea compietion system of claim 1, wherein each of the first, second, and
third upper connection interfaces comprises an external locking profile and the first iower
connection interface comprises an external connector which includes a lock ring that is

engageable with the Jocking profile.



15 secure the tree cap 188 to the tree 162. In this regard, the locking

profile 152 is formed on the adapter bushing 168, rather than directly on

the inner diameter of the tree 162. Thus, the universal connection

interfaces 10, 12 of the present invention afford a great deal of flexibility

and cost savings in the design and installation of 20 subsea completion

stems. By providing these interfaces on the top and/or bottom ends o

4 \Per%H RS6 SOMEHEE St HEEBhPIStRIT s@rs‘fé}ﬁrﬁ‘ﬂdaﬁ‘%‘t85@%vﬂréhfhﬂé'gh fourth
upper U%&IW&M&%&MlWF&ﬁDWE@@U&E&Qréebfﬂ”ldf\lméfﬂthteand second
| com gonent §F connected and install a be tailored to ttgﬁ nfersgj%né econd
OWer A IREHAR SIS e fO TP AR DT e s é“rgo?‘ﬁo%% which'3te g d
sealinde@ftstaltaadytesidbessy compomentesian be minimized. It should be

recognized that, while the present invention has been described in

relation to the preferred embodiments thereof, those skilled in the art may
5.  dewelopracavicenpieltoavstatudtalaimand wheritiorrii eftine wigrand, third and
fourtn 4ERRMIBGHBEANG nRIAFIBLCS S hedE v UGB ERI-CEBIBPLAd IR aUBLShA ower

elements shown in the different 30 embodiments may be combined in a
connegaReieaeeI GaiFRIEPaISoROIPREPEBIRD MBICAP I ARIM Y ks BEPduction
hore CoONstrued to cover all equivalents falling within the true scope and spirit of

the invention. 12 Claims: 1 A subsea completion system which includes:

a wellhead which is positioned at the upper end of a well bore and

comprises a first upper connection interface; a tree which is positioned

above the wellhead and comprises a second upper connection interface;

and an LRP which is positioned above the tree and comprises a third

upper connection interface ; a tubing hanger which is positioned in the

wellhead and comprises a fourth upper connection interface;



a BOP; and a THRT; characterized in that the BOP comprises a first
lower connection interface that is operatively engageable with the first,
second and third upper connection interfaces, and the THRT comprises a
second lower connection interface that is operatively engageable with the

8. %@‘Fﬁ’é&ﬁoﬂéﬁ pi‘i?ﬂtrt&{#iﬂ@ é'BQ@&&QB&%ﬁ?@ﬁ%@_&ﬁ@ﬁ?ﬁi%ﬂ%&%%‘émg a
first stage of installation of the subsea completion system the BOP is

dBRRERR A HRRE A Rh BT RRETRBNH R MR RRiRedisus iRAtLBRRPrising a first
upper bangeticaeiwheigin during a second stage of installation of the subsea

completion S}/stem the tree,’ with the LRP connected to the top thereof, is

c%rﬁPgé*é’Eéc?té TR e Ah RSt HNO BB A8 THRT are

cenneetédctoathd RRPtc2 tichecgulb$ethearapletion sRRemvobokiig L third upper
conned i%gr%&g'gaac%h of the first through fourth upper connection interfaces

comprises a locking profile and each of the first and second lower

comneitoa nterfabasgsomithisdoutiookrngonaeidienghgeatse with the

l%%ﬁﬁ'&:ﬁ'@fg%o% %%é@?@ﬂﬁé’%lﬁg%‘, system of claim 1, wherein each

f d thi

of the first, second, and third upper connection interfaces comprises an
eSRBNSAHTSCRING Profénaridiig firiid®iver connection interface comprises

aRIte il cennesiphuhichingufrsadock ghemthatis, engageable with
ing profile. 13 4. The subsea completion system of claim 1,

the lockin
\/\‘ii‘l%ﬁ‘é’i‘l‘?%i‘@ﬁ Bra RO S BN EIRRS: upper connection interfaces

ceshpdsaspaty gopaiingsisiaeetRackrf e fist orrd sesantetowane top of the
connection interfaces comprises a second sealing surface, and the first

tree: a0y second sealing surfaces are engageable by a common seal. 5. The
sutrsescthomptetioa wystemetihetalm 1, wherein each of the second, third

an darfaoCLgrth ucg)Petrh%?nnectlon interfaces comprises a production bore and

the Second Tower  connection interface comprises a production stab which
isten§aXtabiernéts thdigtodweticonbettion 8xerface that is operatively engageable

with the first, second and third upper connection interfaces, and the THRT comprises a
second lower connection interface that is operatively engageable with the second, third and

fourth upper connection interfaces.

7. The method of claim 8, wherein each of the first fhrough fourth upper connection
interfaces is provided with a iocking profile and each of the first and second lower conneciion

interfaces is provided with a lock ring that is engageabie with the iocking profile.

8. The method of claim 8, wherein each of the first, second and third upper connection
interfaces is provided with an external locking profile and the first lower connection interface
is provided with an external connector which inciudes a lock ring that is engageabie with the

tocking profile.

14



6. A method for constructing a subsea completion system which

comprises: installing a wellhead at the upper end of a well bore , the

wellhead comprising a first upper connection interface; providing a tree

with a second upper connection interface; connecting an LRP to the top of
9. thﬁegﬁ%tﬁhé leRBac_aﬂnmfriﬁmm 8 thisdrppeie qﬁa@pwm@'f tntetkacippevidingsction
, a tubing hanger with a fourth upper connection interface; .connecting a
interfagss A 8 the wERheaa S Eak i PR T 1he (bR nareae lover
conneddodingefiectisbin grloaigear witthe weltneastthnogghthesB@R; ttisdiostineadingcond
CC)P from the wellhead; connectin%gpe BOP to the top of the LRP,

__the
Seam%fﬁ?&gsl_ﬁ?’ 'ﬁ‘?:%@har'Cr’eeé‘tet d ﬁ’@otrgﬂq SF the tree; and connecting the tree to
the wellhead; characterized in that the BOP comprises a first lower

[an.intesf hat i rati e a | ir
1O e oAb ton T et e (e THES homufSee s’ Sgar poer
connegbweirienaeastithArmydadaeriia e P BserdeRPEh §a8 d8BlesIRAHRMSE ceection
interfaldrd %ME&QHr%’hH@?F&Q&HSH%QH%%Q@%@%@%H}?WW BECRIR Biion bore.
wherein each of the first through fourth upper connection interfaces is
provided with a locking profile and each of the first and second lower
connection interfaces is provided with a lock ring that is engageable with
the locking profile. 8. The method of claim 6, wherein each of the first,
second and third upper connection interfaces is provided with an external
locking profile and the first lower connection interface is provided with an
external connector which includes a lock ring that is engageable with the
locking profile. 14 9. The method of claim 6, wherein each of the first
through fourth upper connection interfaces is provided with a first sealing
surface, each of the first and second lower



connection interfaces is provided with a second sealing surface, and the
first and second sealing surfaces are engageable by a common seal. 10.
The method of claim 6, wherein each of the second, third and fourth upper
connection interfaces is provided with a production bore and the second
11, lowesenneainaiditefien ismsavidadivth a production stab which is
engageable with the production bore. 15 11. A ubse? comgle ion s%ﬁtem .
VTR TIRAt EUC, 16 BRRERERAIMEANG PORF ST LANEL 50ET 8Ra GRraRiess @ first
upper befeafidrcpragEses a first upper connection interface; a tree which is
postitione above thetwell eag andtﬁomg%ﬁgesg sggog{c}l Ué) el caons%%cti N ner
ifterface: an LRPARHICH TS p%sﬂ\l/gne abovethe fee af omprises % third PP
connecippeintafatection interface; a tubing hanger which is positioned in the
V%}%'Eﬁ@\&ﬂ%\%%%ﬁ%ﬁe% fgb'&pe I{HQ%feé: WS&%HE f@@ﬁ'tr upper connection
characterized in that the subsea completion system further includes a SID
interfagghich comprises a fifth upper connection interface and a first lower
CQQHS&%OHA%@FW%W?_& IScQRBFRAIY VS0 ARIRRAIE AL SPRAh upper
and third upper connection interfaces; and a THRT which comprises a
connegiie HiEBaREF connection interface that is operatively engageable with the

seeancidhitdiane fpurth upper connection interfaces; 16 wherein during a

first stage of installation of the flow completion system the SID is ]

BB ST R e MR TR P 5 HRTTGRRRG 2 fth ueper
connebagigereaidevieeiniistringer senontitiagatefiiatation opthetiselseagageable
with th%oré]r éqéetlon sc}/s%e%tip tree, with thte LR%%nnecteg to the top thereof, is

oMb EPRS Wi ERRFL S5 e SIT> 2rd

and ?ﬁe THRT are connected
tetieiRRAHED Thesidesea senypietionsystemeofictainietfackirtiiet is operatively

engagk2BIRRIAGHE 8?@&:?8?&&%&%&%%3%@% sk dwer

connection interrace t
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operatively engageable with the first, second, third and fifth upper
connection interfaces; wherein during a third stage of installation of the
subsea completion system the high pressure riser is connected to the
SID. 13. The subsea completion system of claim 11, further comprising:
an EDP which comprises a fourth lower connection interface that is

tively ble with_the first, , third and fifth .
Rt b Ao A 1 PR RS 1B e e B RSt daR e e S1D
connesebdsedheoniledmhasystes THIR TSHDCcdamerteay edtae tLithegERRyE camhected

t%@%&ﬁé’u;%g he ol St%ﬂ%o%lﬂ'r?él%ﬁa%@e%ﬁé %L%@eélcgﬁﬁl‘ bn system the
comprising: a ubséa centerline jumper wnich comprises a i ower
tree, witbnihectisR ienerededhatiie tpetbaively engayeatse Wwithehedfilsadersheth the

SiD a&gi{ﬁeaﬂqgﬁftgrg%gﬁﬁg&gg%tﬁq@ ipterfaces; wherein during a fifth stage of
, A .

Installation of the subsea completion system the SID and LRP are
removed and the jumper is connected to the tree. 17

12.  The subsea completion system of claim 11, further comprising:
a high pressure riser which comprises a third lower connection interface that is
operatively engageable with the first, second, third and fifth upper connection interfaces;
wherein during a third stage of installation of the subsea completion system the high

pressure riser is connected to the SID.

13. The subsea compietion system of claim 11, further comprising:

an EDP which comprises a fourth lower connection interface that is operatively
engageable with the first, second, third and fifth upper connection interfaces;

wherein during a fourth stage of installation of the subsea completion system the SID

is removed and the EDP is connected {o the LRP.

14. The subsea completion system of claim 11, further comprising:
a subsea centeriine jumper which comprises a fifth lower connection interface that is
operatively engageable with the first, second, third and fifth upper connection interfaces;
wherein during a fifth stage of instaliation of the subsea completion system the SID

and LRP are removed and the jumper is connected {o the tree.
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