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WO 2005/ 042906 PCT/ US2004/ 034021 SUBSEA COVPLETI ON
SYSTEM AND METHODS OF USI NG SAME BACKGROUND OF THE

WO DMERIIOGN 5 1. ' FI ELD OF THE | NVENTI ON The pPE&B®H1004/034021
invention is generally directed to subsea conpl etion
systens for oil and gas wells, and, nore
particularly, to, in one enbodi nent, a subsea system
conprising a top flow Christnas tree. 10 2.
DESCRI PTI ON OF THE RELATED ART A typi cal subsea well
conprises a high pressure wel | head housi ng whi ch
supports one ., nore casi ng hangers | ocated at the

ENS! E
SURSRA COMIPLR UI‘F@Y%T S M T O O asar o SAM
t hat supports a string of production tubi ng through
whi ch the oil and/or gas products will eventually be
produced. SUCMM' ?N Ii s a
production tr : hori zont al
or vertical Christmas tree, that contains one or more
1. prEAEIA OFTHF ENVENTION| ural ity of actuatable valves
to control the flow of fluids through the production
. trER presy anehtoald genevatllyl directeddd Isubsed ogepldtiosl systemus dor oil and .
bU|It up by establishing a well head 20 housing, and
gas VWI axﬁ Qedrk g‘aﬂﬂ:umﬂ?\’\’tcpliﬁ oRé eMBBlRenS t AGbséBSRlem comprising a top

'ing’down to produce the well hole
Je successively installing concentric casing
ﬂowﬁgpﬁﬁg'%fwhlch are cenmented at the | ower ends and
seal ed with nechani cal seal assenblies-at their upper
ends. In order to convert the cased well for
productlon a tubi ng strlno is run in through the BOP
JON € AITINARBNnded in the wel | head.
Thereafter the drllllng BOP stack is renbved WO
20Q %8164 30bseR G SRR OB highIpressure wellhead housing which supports one

or more casing hangers located at the upper ends of strings of casing that extend into the well.
The system further comprises a tubing hanger that supports a string of production tubing
through which the oil and/or gas products will eventually be produced. Such a system further
comprises a production tree or Christmas tree, e.g., a horizontal or vertical Christmas tree,
that contains one or more production bores and a plurality of actuatable valves to control the

flow of fluids through the production tree.

Conventiorially, wells in oil and gas fields are built up by establishing a wellhead
housing, and with a drilling blow out preventer stack (BOP) installed, drilling down to
produce the well hole while successively installing concentric casing strings, which are
cemented at the lower ends and sealed with mechanical seal assemblies at their upper ends. In
order to convert the cased well for production, a tubing string is run in through the BOP and a

hanger at its upper end landed in the wellhead. Thereafter the drilling BOP stack is removed
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2 and replaced by a Christnmas tree having one or nore
production bores containing actuatable valves and
we@zxaosoaiong vertically to respective |ateral prpdrosi004034021
fluid outlet ports in the wall of the Christnmas tree.
5 Such an arrangenent introduces many probl ens which
have, previously, been accepted as inevitable. For
exanpl e, any operations down2hol e have been limted to
tooling which can pass through the production bore,
and wplackd by auGhriithys nee yizg oeaer Mmioxeepriodetiondiosgreqoataining actuatable
unl ess the Christmas tree is first renoved and
valvéseRldasesdhiyg erieiy 3¢ afiective vesal protiiétioni fividbuket ports in the wall of
setting plugs or valves, which may be unreliable by
V] been used for a 10 long tinme, down hol e.
1heC%ﬁ%ﬂﬁ§T¢&§S in a vul nerabl e condi?ion whil e the
Christmas tree and BOP stack are bei ng exchanged and
neither one is in position, which is a |engthy
operation. Also, if it is necessary to pull the .
* cofpthetanoAtrangsasnk tNteLUceS éﬂ‘l‘l}yalplr‘a’l%‘fls t‘ﬁgl‘:;f‘ UlfVig previously, been
string on its hanger, the Christmas tree nust first )
accepied ras imanitdblanHor exainpde dinsyoparaBiors dews holethve hgsydimited to tooling
i nvol ves plugging and/or killing the well. 15
whioiC bire phsgthpshe theapiodaceuit barpnghitihds wanillyuso more than five inch
conmponents of a conpletion system for a subsea well

dianfef, BRe® ME Chridintdsi tfddl it RRGeibVBt &R/DEPHECBE bly@aSBOP Wk. However

vari ous conponents of a subsea conpl étion system

this lg)iygIVeg\‘g%hg §g1%s 09'{151%%3@@%1{ @%ﬁ’betlﬂml{b;%%e[:@}aﬂ@trhavﬁ{gcbeeﬂ used for a

In as flgura erelrn eac

of the varjo conponent s nu be .ori ent 20, r.el ative

longitime, @A ot e SR Uit TSR0l P ERB S5 P Chisigas S and BOP
the wel | head or a guide base., Such . orientatjon is )

stacl anglheingiexchanged wnd neithar angds impessiien. Mdhgibisenlengthy operation. Also,
properly interface with one another, and to insure

if it tif alecdskary o quiilic the cronmietidngwohsisteng essptimblyr ¢fytheti tnbingetiring on its
toward anot her

hanger, the Christmas tree must first be removed and replaced by a BOP stack. This usually

involves plugging and/or killing the well.

Achieving proper alignment among the various components of a completion system
for a subsea well can be a very difficult and time-consuming task. The various components
of a subsea completion system, e.g., wellhead, Christmas tree, tubing hanger, etc., are
arranged in a stacked configuration wherein each of the various components must be oriented
relative to one another or to a fixed reference point, e.g., the wellhead or a guide base. Such
orientation is required to insure that the various components properly interface with one
another, and to insure that the production outflow line is properly directed toward another
subsea component, e.g., a manifold, located on the sea floor. More specifically, proper

angular alignment is required to insure that various fluid flow bores and electrical and/or
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subsea conponent, e.g., a manifold, located on the sea
floor. More specifically, proper angular alignnment is
WO e@aiot®de t 0 i nsure that various fluid fl ow bore€rUszId4/034021
el ectrical and/or WO 2005/042906 PCT/ US2004/034021 3
hydraulic lines properly interface with one anot her
when the various conponents and energency di sconnect
devi ces are stacked up. A verdy high degree of
accuracy, e.g., 2 degrees, is required in orienting
hydranlic ines oproperbyrpniseiates with one amethichevheindhe gpreysy eomponents and
ot her subsea conponents. Such precise alignnment is
emengmep shscpnndct pleojres acostaeladd ops Aaveryt lnighelegteenefdaccuracy, e.g., +2
wi t hout danmage as the devices are lowered into

degRBE3YRIMIEd W bReRDR B8 VEASISs colificheRts 16 Bhahh@RePdeRiive to other
i s exacerbated in the case of subsea wells as the

r Vi . . ar j
subsR eRltRpoiE B8 HE s ot 8 BephARYHE phhel cPnfdtons are to be
upwar d from i de base. The post receptacles whjch
madg ST MEEF e H i A oS By ShsERa S e ther
into the funnel do so with appreciable clearance. This
cl earance inevitably introduces some uncertainty in
al i gnment and the aggregate m salignment when nultiple
deviikiesrientatict probéah i< axaceshatedaimcthet albd i Isabsge . wollssas the various
the exact orientation will depend upon the precise
devie@swhichAge ©fbel RKBOED SreQin KEWE oBfd Buil@poItEdd Aguigé!fih@el projecting
base and the guides on a particular running tool or

upwhtdry %Io?rﬁé Ig.ﬁﬂf%sﬁa ESthedst rei\égﬁtl){ct:léé Whidn d’éq&%&fn bh QW%LP%C posts or

t o anot nsequent IS prerera l'e to ens

e ) SUAE PR B 08 SRR P LR Sy 00ubel v

. be specially mpdified. for a particular we]lhead. )
intrqelyees EoMe VSRRt fglgélzmnhﬁn dhe pggregate msRlgmeng when multiple
whi ch t he guide base is bolted to the conductor

devigessim gtasked, lran el unaeceptablslargs. Alsmthefaxaeh arteatation will depend upon
foregoi ng, achieving proper orientation of the

the preiseymsitionpofiehd posthak kepsrpniss pardicslab gaile (Yasel aad ithd guides on a
system can be a very

particular running tool or BOP stack and these will vary significantly from one to another.

Consequently it is preferable to ensure that the same running tools or BOP stack are used for

the same wellhead, or a new tool or stack may have to be specially modified for a particular

wellhead. Further misalignments can arise from the manner in which the guide base is bolted

to the conductor casing of the wellhead. As is clear from the foregoing, achieving proper

orientation of the various components that comprise a subsea production system can be a very

difficult, expensive and time-consuming task.

" The present invention is directed to an apparatus and methods for solving, or at least

reducing the effects of, some or all of the aforementioned problems.
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20 difficult, expensive and tinme-consum ng task. The

present invention is directed to an apparatus and
woreiokoaoé or sol ving, or at |east reducing theCEUS®O1/634021

of, sone or all of the aforenmentioned problens. W

2005/ 042906 PCT/ US2004/ 034021 4 SUMVARY OF THE

I NVENTI ON The present invention is directed to various

enbodi ments of a subsea systdm In one illustrative
enbodi nent, the systemis adapted to be coupled to a
subsea wel | head SUMMARY OKEHFAINVENIJOMNnger adapt ed

to be positioned in the well head, the tubing hanger 5
COMRE pfdsirdt iavdtiow i9 BREitedtoevdriens empodinmnes dff osidsezasydtem. In one
at | east one eccentrically |located opening extending

illustr%ﬁxge:%%&]ﬁleh‘r‘ bihB % BRROS addph&l td! 1Bk NGbuPRARY aas%ﬁgaeargnhead and

not predisely orientéd with respect to a fixe
¢ Tt wh oo Do , .
comfS SRS BBl ERE0R, bt BREEEhRLD ot SUAERY 8o nanger

t he tubi_.ng hanger, wherein the ro uct{on tree is, .
compilyas EHOW e ITIE SHENEHG ey et 1S90 o1 SstsRinigplly located
illustrative enbodi ment, the systemis adapted to be .
opening pktentling throsghb Seatubing| Hahgerd thertubing hongereaslapted (piba grot precisely

hanger adapted to be positioned in the well head, the
oriefite® iwith rdipegeto £ dixedirsfangnea goimvwhee posiomed andiengellhead, and a
t heret hrough and at | east one eccentrically || ocated

prod;ﬁ S MRcCXdHRA 19 tehbpstahivdiecduplidned i &ﬁHSing_tlli’tﬁlj]lger, wherein the
u

I ng hangér adapted to be non 15 oriented wt

o8 it i SyBnkl 1A EARFRhDL: vher posi i oned i

roducti"on tree adapted to be
operatively coupled to the tubing hanger, wherein the
production tree is oriented relative to the tubing

hanger .
In another illustrative embodiment, the system is adapted to be coupled to a subsea

wellhead and comprises a tubing hanger adapted to be positioned in the wellhead, the tubing
hanger comprising a flow opening extending therethrough and at least one eccentrically
located opening extending through the tubing hanger, the tubing hanger adapted to be non;
oriented with respect to a fixed reference point when positioned in the wellhead, and a
production tree adapted to be operatively coupled to the tubing hanger, wherein the

production tree is oriented relative to the tubing hanger.

In yet another illustrative embodiment, the system is adapted to be coupled to a
subsea wellhead and comprises a tubing hanger adapted to be positioned in the wellhead, the
tubing hanger comprising a centrally located flow opening extending therethrough and at
least one eccentrically located opening extending through the tubing hanger, the tubing
hanger being adapted to be not precisely oriented with respect to the wellhead when

positioned therein, and a production tree comprising a flow bore extending therethrough and



10

15

20

In yet another illustrative enbodi ment, the systemis
adapted to be coupled to a 20 subsea wel |l head and
w@ommpsnides a tubi ng hanger adapted to be posit POTIES20041034021

the wel | head, the tubing hanger conprising a
centrally located fl ow openi ng extendi ng therethrough
and at | east one eccentrically |ocated opening
ext endi ng through the tubi ngshanger, the tubing
hanger bei ng adapted to be not precisely oriented with

a top emfet tthd praduetiow ltieh eddptathdn beposarativeiedotied &9 dhe &rhing hanger,
a production tree conprising a flow bore extending

whefehf iRt fro@utgidnanst HWQr2A0R) RIRI0 6o kel tYHRD Bl 23482 Iwhebeifl the flow
top outlet, the production tree adapted to be

borquecgé‘gﬁ'd’(ﬁllcﬁof aupliesh FRid B@mﬁiﬂmcgﬁorh ¥i@Sthe {100 %B@ﬂiﬂg i €he tubing
production tree is oriented relative to the tubing
hanger and wherein the flow bore in the production
F'ee is in fluid conmunication with the fl ow opening
in the tubing hanger. 5 In a further illustrative
enbodi ment, the systemis adapted to be coupled to a
subsea wel | head and conprises a tubin hanger adapt ed
t olibe ftiwr illwstretivé ambhdinwet,|the akten hea aplsidnlg bereougked to a subsea
conprising a centrally |ocated fl ow openi ng extendi ng
wellh&ar eidoaipgibescd thbidg hagsi adupeed 0 begvkitionad inytheongdiheat], the tubing
openi ng extendi ng through the tubing hanger, the
hange!! le‘ﬁgrlﬁﬁ% g.tecrenﬁﬁl}n theafdd FHRAPbEhi O eRBndIAY 'tlié%étﬁfbtugﬂ a‘ﬁﬂtal't" least one

respe tt he wel | head when positi oned thereln

e R SRS Jnd%ﬂgswh' P S ——

ad d to be operativ coupl ed t ubi n

o e b TR BRI RO 55t &t 1 webgd &%P.P@ﬁ?@&ed therein, and a
relative to the tublng hanger and wherein the flow

prodpeiien jtreet epanprisingdc flodh boreexiending therathyoughmand, eatppoﬁuﬂet the

with the fl ow opening in said tubing hanger.
production tree adapted to be operatively coupled to the tubing hanger, wherein the

han,

production tree is oriented relative to the tubing hanger and wherein the flow bore in the

production tree is in fluid communication with the flow opening in said tubing hanger.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which like reference numerals identify like

elements, and in which:

Figure 1 shows a cross-sectional view of one illustrative embodiment of a subsea

completion system in accordance with one aspect of the present invention;

Figure 2A is an enlarged cross-sectional view of a portion of the present invention;



15 BRI EF DESCRI PTI ON OF THE DRAW NGS The i nventi on nmay
be understood by reference to the foll ow ng
wa@le@sniné on taken in conjunction with the  PCT/US2004/034021
acconpanyi ng drawi ngs, in which |like reference
nunerals identify like elenents, and in which: 20
Figure 1 shows a cross-sectional view of one
illustrative enbodi nent of aésubsea conpletion system
i n accordance with one aspect of the present
i nvention; Figure 2A is an enlarged cross-sectiona
view of a portion of the present invention; WO

2089(R41906 B VidWsePL dbidRiber thafingybe eRildysd avithogne illustrative

view of a tubing hanger that may be enployed with one

emb&,g:illn&’?ttorf%%@sen RtiidIFnt of the present invention; 5

gure picts an 'l lustrative coarse, non-precise
orientation systemwherein the tubing hanger may be
non-precisely oriented with respect to a fixed
ref erence point; Figures 3A-3B depict various .
5 i | Figater ¢ idgpictrotiFEsie GRS, SOMPELICAHSPEIOR FYSigey wherein the

enpl oyi ng various aspects of the present invention;_ 10

tubingilguge Maysheovm-precisely odksted atithmasnest foay fixged| refprdnga @eingn
enbodi nent; Figure 5 shows a controls schematic for a
medi um functi on enbodi nent; and 15 Figure 6 shows a
controls schematic for a high-function enbodi nent.

V%F"gﬁrets Ra_t B VERE] $Ridus iIRKAEERE ib&difentd JF b @HlSsea completion system
modit i cations and alternative forns,
employing various aspects of the present invention;

10

Figure 4 shows a controls schematic for a low-function embodiment;
Figure 5 shows a controls schematic for a medium-function embodiment; and
15 Figure 6 shows a controls schematic for a high-function embodiment.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the drawings and are
herein described in detail. It should be understood, however, that the description herein of

20 specific embodiments is not intended to limit the invention to the particular forms disclosed,
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the invention as defined by the appended claims.
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speci fic enbodi nents thereof have been shown by way of

exanple in the drawi ngs and are herein described in
waledoaioh290d t shoul d be underst ood, however, thaPCT/082004/034021

description herein of 20 specific enbodinents is not

intended to limt the invention to the particul ar

forns disclosed, but on the contrary, the intention

is to cover all nodificationg, equivalents, and

alternatives falling within the spirit and scope of
the i nventDEﬁAﬂkmDEﬁgmmlméga’wamﬂp WO
2005/ 042906 PCT/ US2004/ 034021 7 DETAI LED DESCRI PTI ON

OF11iTEEati NVENDO GMehis! o theainvadichnheddsseribes] bélotvheln the interest of
i nvention are described below. In the interest of

. i t o1l ; .
clari : fef&ﬂ liyfeaflﬁgées dﬁ{l an d‘cﬁﬁis Hfsqggrg?%taﬁ&l g dé@érlﬁeﬁ'ﬁ%l i@tﬁ?gﬁ%&iﬂdﬁﬁon. It will

escr n thi fication. It w
of oGO BalsARRA 561 31 8 dNkool ot PR HPURHORIEN bmBhaiMUkt, numerous
. inplenentation-specific decisions st he dF to, .
implerapntatien-sprsififededivpns Bustshiomaff o gelipye thegdryglogers” specific goals,
conpliance with systemrel ated and business-rel ated )
suchcasnedmpliance  with isgsternirelated sand  bysinsss-telated roonstrants.awhish will vary
to another. Mreover, it wll be appreciated that such
fromPordeivgil @pentaier toeddothier. Mglbvdreitowibipbeappaedated that such a develop-
ti me-consum ng, but woul d neverthel ess be a routine

menfﬁ BEEH LA Bef Dmpl1B0 380 UmQESHsimig, Bt IWwoulld rebérttdldss be a routine
avi ng the benefit of this disclosure. 10 The present

Inyventd o i . [ | .
wndegBR RE ARt u Rl FEG R TRk bRt SER diRuffe
shoul d be understood and interpreted to have a neani ng
consistent with the understanding of those words and
phrases by those skilled in the relevant art. No
sp&be aresgrt inwentioswik new ther daseribgdhwiih geferenge fo ghe attached figures.
definition that is different fromthe 15 ordinary and
The esdsoaml yhrasea nised) harsinushdeldsheoauespoddharskingdpieteddo ihave a meaning
the art, is intended to be
consistent with the understanding of those words and phrases by those skilled in the relevant

art. No special definition of a term or phrase, ie., a definition that is different from the
ordinary and customary meaning as understo;)d by those skilled in the art, is intended to be
implied by consistent usage of the term or phrase herein. To the extent that a term or phrase
is intended to have a special meaning, i.e., a meaning other than that understood by skilled
artisans, such a special definition will be expressly set forth in the specification in a
definitional manner that directly and unequivocally provides the special definition for the

term or phrase.

Figure 1 depicts an illustrative subsea completion system 10 in accordance with one
illustrative embodiment of the present invention. As shown therein, in one illustrative

embodiment, the present invention comprises a conventional or vertical subsea production
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i mplied by consistent usage of the term or phrase
herein. To the extent that a termor phrase is
WO paosfodmoe t 0 have a special neaning, i.e., a nMREMURZY04/034021

ot her than that understood by skilled artisans, such
a special definition will be expressly set forth in
the specification in a definitional manner that
directly and unequi vocal ly pBovi des the speci al
definition for the 20 termor phrase. Figure 1

tree @&pisths tese) i16 larsled abovesn sibbsewclivapll 21 iTbe treg 46 axay e donnected to
accordance with one illustrative enbodi nent of the

the WAIBSEN 2 VAVER} diiilic Abs&ihedtBie?®@binany Gthensitable connection means.
illTustrative ~enbodi nent, the present invention

e GR35 GETNETA A i G v Bt it o
e kA B AT A oyl b e

hydraul i ¢ subsea connector 20 or any other. suitabl .

The dlomnbereilSndetign @ topTwdlet 3 be In one papiculaly UWusiragiye sgphodiment, the
18 that is adapted to allow for the production of oil

flowahook 08 is msrtipaldthye beref ¥& having awenterline 1% dhat defiresftheiep outlet 31.
path for injection of fluids or gases into the well. 5

The 86 16 @thdd @bmptiSesiaiel diafior® vabs,auich @t aJtoddctionmeaster valve (PMV)
particularly illustrative enbodinment, the flow bore

26 axglﬁ/g% ﬁgﬁl}y}ﬁ%ﬁ %evélllé’@w@sf)@@ Sor ARYLNeAGRMERULA AR ASwW bore 18.

ef1 nes top outl'et " 31. The tree 16 further

T (S B g P B A o P See ST 0P BnBhR b vt (asv) 52 for
(PW) 28, for controlling flowt Oughtheflowbor
ing 8 %

controdl thrqugh eﬁ.&g}ulgfs PBSSPEIAYg Fh FpSSRYer valve (%OV) 34 for
passageway 30, an annul us swab valve (ASV) 32 for 10

contndking 8pwi thrpuzh averossoveigprssagewan 0| ceangsiins 4he agulappassageway 30
and a crossover valve (XOV) 34 for controlling flow

and tHerwelt Bngules. 0986 ve mqra shageakbipjction dinae 24 intay alsebe provided, as is
annul us passageway 30 and the well annulus. One or

weugigloﬁxgpk}?%& att. | TheGtdeOTs ldbpieed 24 Pigvreali Sie ilastpriowi dfeshe type of
production tree 16 that may be employed with the present invention. As will be recognized
by those skilled in the art after a complete reading of the present application, the tree 16 may
take other forms or have other features. For example, the tree 16 may have a non-vertical,
e.g., horizontal, flow bore and outlet instead of the vertical flow bore 18 and top outlet 31

depicted in Figure 1. Thus, the present invention should not be considered as limited to the

illustrative configuration of the tree 16 depicted in the attached drawings.

A tubing hanger 14 is employed to suspend production tubing 15 within the well. The
tubing hanger 14 is positioned within the wellhead 12 below the tree 16. The tubing hanger
14 may be landed or positioned within the wellhead 12 using a variety of known techniques.

For example, the tubing hanger 14 may directly contact the wellhead 12 or may be landed in
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well known in the art. The tree 16 depicted in Figure
lis illustrative of one type of production tree 16
wo bas/omaye be enpl oyed with the present inventiBOT/US®04/034021

will be recognized 15 by those skilled in the art
after a conplete reading of the present application,
the tree 16 may take other fornms or have other
features. For exanple, the tpee 16 may have a
non-vertical, e.g., horizontal, flow bore and outl et

a proviwisyadstatiedt Ibekdosnt bushingf43dghdyor en i left dide @f Figwre &). Bigure 2A is
depicted in Figure 1. Thus, the present invention '

an eSHRUH YariBl vRe 6PMEI fsemdl (whret theduliing hbsger 14 is positioned within
ill'ustrative configuration of the tree 16 depicted in

a i t i i .
the vtéégpﬁlle%cg/ L%%gg%tﬂl;sg\gg ggz;?uggﬁlgﬁ?;. 4Riong eﬁ@@@i%{enﬂ‘l}ﬁé ﬁlbtlrhgehanger 14 has

tion tubing 15 wthin

well. The tubing hanger 14 is positioned within the
acerﬁ@hﬂ“ﬁéi‘d 12 bel ow the tree 16. The tubing hanger 14

may be | anded or positioned within the well head 12

using a variety of known techniques. For exanple, the

tubi ng hanger 14 may directly contact the wellhead 12

or Figaye BB i$ andse-s¢ciiondl, pba5yiow 29@@or@N o520 dhsuaigotubing hanger

9 a previously installed | ockdown bushing 43 (shown on
14 thdiemhebt esiplieyedf with gufibusl gmbbdigienss ¢X/the present anvieatiged As shown

partial view of the system 10 wherein the tubing

theré\?\n&{ﬁ%ecfne]iﬂuétﬁaﬁ’%@%Hﬂoﬁﬁﬁéht,‘"’ihtehc'hﬁ'in% tHaggdel4 iskd a flow opening 27

out use of the bushing 43. Tn one enbodi nent, the

o B8 DERSER P BB D553 e L PALE v

lon o
Jillustrative tubing hanger ..14 that _nay be. e oyed

tubing hangshdfio e S hpdiciieh o OB (ORR G ] B Cetgally located
shown therein, in one illustrative enbodi nent, the

withinyHieriybing igager1 k. c dhpsizse sumben ay lopetinmef the openings 21 may vary
depending on the particular application. For example, one of the openings 21 may provide
access to the well annulus, while other openings or penetrations 21 may be employed for
various chemical, hydraulic, electrical and/or optical lines. Metal-to-metal seals (not shown)
may be provided to seal various penetrations that extend into or through the tubing hanger 14.
Thus, the number, size, location and purpose of each of the openings 21 should not be
considered a limitation of the present invention. In one particularly illustrative embodiment,
the tubing hanger 14 may comprise eight of such eccentrically located openings 21. In
another very illustrative example of the present invention, the top outlet 31, the flow bore 18
in the tree 16, and the flow opening 27 in the tubing hanger 14 may all be axially aligned with
one another. In other embodiments, only the top outlet 31 may be coaxially aligned with the

centerline of the wellhead 12.
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and a plurality of eccentrically |ocated openings 21,
one or nore of which extend through the 10 tubing
wha0vgeu2906l. | n one particul ar enbodi ment, the PCDWS2004/034021

opening 27 is centrally located w thin the tubing
hanger 14. The size, nunber and |ocation of the
openi ngs 21 may vary depending on the particul ar
appl i cation. For exanple, on® of the openings 21 nay
provide access to the well annulus, while other . )
opEor regne deseeihed manpisrdstail balewy, inone ibystiptive erppodiment, the tubing
various chem cal, hydraulic, electrical and/or optica

hangb# DE g addpieako b@Féﬁﬂidﬁedm ddrgled mathiisthewrsllhé&d Hhyudbehat it is coarsely
provi ded to seal various penetrations that extend into

or ncg{-]zltggfsﬁlg%}i&l% fetivB 9o RRRART relétenceTHuiss, eldlethBuiBkad 12, a guide

cati1on and purpose of each of the openings 21

houl.d not bhe.. caonsider | tati t

base Tt o FBEACRRRE Gl Sl PR SR fting R BE RRERE hanger 14
enbodi nment, . the tupjn anger 14 nmy canprise, ei ght.

may §F POUHADL NG B IgERl Lo PSR RS SBTRteq Feshifofhis meant that
very illustrative exanple of the present invention,

the tobieg hepeen U#lie not3xientaddnithe sgnse pEPSidiEE prgcise grigptagon petween the
and the flow opening 27 in the tubing hanger 14 may

tubird Ranper BixarRl thy wellhguael®, b tshthe oase veittopri@rart dystenishelerein the tubing
enbodi ments, only the top outlet 31 nay be coaxially

hang@} 197%8s Witdled 8 theC QRUBLAA T8 (6 othbe fived bRt kaferdfle) with great
2005/ 042906 PCT/ US2004/ 034021 10 For reasons

descri bed, j re. ' - ' « it .

ool M B il SRS QB A b Eontraions
posjtioned oy |anded within the wellhead 12,.such that ..

That . et apfispelo e A gHish oL Bg O AR, Wby ¥ steved for
a fixed reference point, e.g., the wellhead %2, a

the neri-precisplyseriquist tubiranhgnges I ralativigtor %rfﬁ‘leatr@ qFRse point, e.g, the
shown), etc. In stating that the tubing hanger 14 5

wellhend e ipesddgrame dn vihehembodiments| $usbachohspregisgorientation means may
non-precisely oriented fashion, it is nmeant that the

have 4'RiaREn iR A8Rkackbfi2S OrfeEreds befiogs deperidig @ethsepplication. Such non-
providing precise orientation between the

precise orientation may be accomplished by, in one embodiment, various mechanical

mechanisms known to those skilled in the art, e.g., pin/slot arrangements, pin/helix
arrangements, etc. However, such mechanical means would not provide any higher degree of
orientation tolerance than +5 degrees. Such a non-precise orientation system would be
ineffective in providing the precise mechanical orientation required of prior art systems,
wherein the tubing hanger 14 is precisely oriented, e.g., within +2 degrees, relative to the

wellhead 12, or other fixed reference point.

In another illustrative embodiment, the tubing hanger 14 is adapted to be positioned in
the wellhead 12 such that it is not oriented with respect to any fixed reference point, e.g., the

wellhead 12, guide base, etc., by any mechanical means. That is, in this illustrative



10

15

20

tubi ng hanger 14 and the well head 12, as is the case
Wth prior art systens wherein the tubing hanger 14
wormsotivent ed to the wel |l head 12 (or ot her fi xedr/pstont/034021

of reference) with great precision, e.g., 2 degrees
usi ng various nechani cal neans, such as pin/slot
configurations. 10 That is, in this enbodi nent, the
maxi mum ori ent ati onal accurably that may be achieved
for the non-precisely oriented tubing hange

embodilnent, the tubizg hinged 14 ehayt bepesifonast in gleg?\’ell%leh@ without reference to
wel | head 12, is +5 degrees. |In other enbodi nents, such

any Sx8PRefBicf6d HEinfIilegNthatorientativans theayubitpalienger dXs nmdapendent with
accuracy of 10 degrees or nore, depending on the

resp@f B {h%%élﬁl'éad EE‘ Ch A mIBREERELP FAGNbAETT I RYmEM that there is no

acconplis in one embodi nent, various mechani cal

e it Mgll’ﬁfﬁ%ﬂeeﬁ@ﬁ o ficht the tubing

However, such chani c means woul d t an
hangeF ihERatisgp @dieA subsen GHbProR P eRtiadas phlpeg 12 aygulde base.
degrees. Such a non-precise orientation system would
be ineffective in providing the precise nechanica
orientation required of prior art systenms, wherein
t he@ht phidugtihanee 6 ivadaptefrte bespesatioelyamuplid te and precisely oriented
within 2 degrees, relative to the 20 wellhead 12, or

relat%h@ tthd b KREE" RNCOnROEdHpled! tB%&H&{ hRrfldvw buet I8aéfi the tree 16 is in
nbodi nent,” the tubing hanger 14 is adapted to be

ﬂuldO o Srnﬁ#ﬂ@&t?m{ Qitnt 1€ AN %)ggﬁlg%/ é? in4 @t&bhrg e& 5\l4n°l‘i1 one particular

h res ect IXG e poi nt

e oo B 0 e%%‘l?ev@%% hanger 14 ar

2005/ 042906 PCT/ US2004/ 034021 11 enbodj nment

coaxialbi alignedngdhe 1ap wilethdl Faa ﬁlserf‘?,de?%l%lWea%}eﬁh\é%{’a respect to the
wi t hout reference to any fixed reference point, i.e

centerline of itenwelilicad 18f Theeoricotiting bhtwrge thd tibing hangenth d@(hthe tree 16
with respect to the wellhead 12. In this enbodi nent,

is véRy prévie; ek, ent &@reck,! duestonBafiterfdvaig sl stabss prsjections and openings

on the tree 16 and tubing hanger 14 that operatively engage one another. The precise
orientation between the tree 16 and the tubing hanger 14 may be accomplished by a variety of
known mechanical techniques. For example, Figure 2C depicts one illustrative embodiment
wherein an orientation key 51 may be provided on the tubing hanger 14, and a downwardly
extending bushing 53 having an orientation slot 55 is provided on the bottom of the tree 16.
When the tree 16 engages the tubing hanger 14, e.g., when the tree 16 is landed on the
wellhead 12, the orientation slot 55 on the bushing 53 engages the orientation key 51 on the
tubing hanger ,14, and orients the tree 16 relative to the tubing hanger 14. In other
embodiments, the tree 16 may be oriented o the tubing hanger 14 using any other suitable

orientation means.
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mechani cal orientation neans, e.g., pin/slot,
pin/helix, etc., enployed to orient the tubing 5
wha0vgen2906l rel ative to a fixed subsea ref er encECpOSIIN4/034021
such as the well head 12 or a guide base. The
production tree 16 is adapted to be operatively
coupled to and precisely oriented relative to the
t ubi ng hanger 14. Once coupl &l together, the flow bore
18 of the tree 16 is in fluid conmunication with the
f | Gwsti erthergeraodiments eoft thpipresentinyentian . the iubing hanger 14 may be
particul ar 10 enbodi nent, the flow bore in the tree 16
coargélyl oriestell] oMneRgrichely oridnnel, trelbiing thdrgwellHedd d2eusing any suitable
coaxially aligned. The top outlet 31 may al so be
i o It n,
oriefRAS] B, 2! FRA 0 ol B e ST WikmBing hanger 14
._hanger.. and e tree 165 | nr.eci ,
using gy Shidele S pls5n bical o Por ol B REbBEpoctlth on aspect of the
roj ectjons and openin on the tree 16 and tubin
DresHRIGUFtON, PRERSe RO drepvenng D5 fuBiRe Bameth 04 ahdigpflxed reforence
preci se 15 orientation between the tree 16 and the . .
point, g nthehaeltsad 12 orgyidsebage de mpt Teghised. byrhat ivathe @rgeipen orientation
known nmechani cal techni ques. For exanple, Figure 2C
betwdepithé sulsing Hahgersi4 ahd \ike erebddi megptbe ediablshed avithout regard to the
orientation key 51 may be provided on the tubing

orieft3AGE bethien ARCtuBirBOABET T4 ¥nd 8¥ixeNdefefenbs pbinA k. &3the wellhead 12.
having an orientation slot 55 is provided on the

t . e e .
NevpiIAT B b GipiRadthe, WA bichhifc 1 FRORRCEHARS non-precise
. the 20 l.lLhead 12, .the orientation slot 5 the .

orlealen ﬁﬁp\lg’él%ﬁt?g‘ﬁ%@ the bR M geS L{ﬂ aRiy"l gie ﬁe(‘t?ﬁsace point, e.g, the
tubi ng hanger 14, and orients the tree 16 re|lative to

wellhead 13,07 mguidarhges: Hor expmply Hepay BerdedapisHiooriephiheibody of the tree
16 may be oriented to the tubing hanger 14 using any

16 (ohivhris selatieddy darge)rinendeatred genreed rirectivd @bSthauthe %edy of the tree 16
PCT/ US2004/ 034021 12 In still other enbodi nents of

doed i iMedERAVith sthenithrtured thet hiavieipagyituaigbeenlidstaibad drewill be installed

at a later time. Such coarse, non-precise orientation is not provided for purposes of aligning
various production outlets, stabs and openings where very high precision, e.g., +2 degrees, is
required in the orientation process. Such a coarse, non-precise orientation system would not
be capable of providing such a high degree of orientation accuracy. For example, such a
coarse, non-precise orientation system would not provide an orientation accuracy greater than
+5 degrees. The coarse, non-precise orientation between the tubing hanger 14 and the fixed

reference point, e.g., wellhead 12, may be provided by any of a variety of known mechanical

' techniques, e.g., a key/slot arrangement, a pin‘helix arrangement, a key/helix arrangement,

etc. Such coarse, non-precise orientation may also be provided by non-mechanical means,

such as a GPS-based system or the like.
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coarsely oriented, or non-precisely oriented, relative

to the well head 12 using any suitable orientation
wore@as429e0d the tree 16 nay be precisely ori enP@mus2004/034021

relative to the tubing hanger 14 using any suitable

orientation neans. For exanple, in accordance with one

aspect of the 5 present invention, precise orientation

bet ween the tubi ng hanger 1413and a fi xed reference

point, e.g., the wellhead 12 or guide base, is not

r edUlgvdihe jhihger 22, havivg peantirBnen3,ds cemestedda thetopwaadat 31 of the

the tubi ng hanger 14 and the tree 16 may be

flow Bk bf BRArY 161914 a fl6GHAE juripdr ennetdrelW, aitiich) ibehwembodiment,
the tubi ng hanger 14 and a fixed reference point,

engag%sgfl}ecg{;ﬁo?rfgru fkf@%g%ztgg I AldcN®d @FSthe ItReSRT® The flowline jumper

, sirable to provide coarse,

non-preci se 10.orientati o ility. bet .
conneiy A TR GEROTSF b e et ERe e il 33 ) Be of any desired
the wellhead 12 or, a guide base. For exanple, it nm
structise gud mes @y S HFIdRRIENBLD I} OFAARLE, LR ROW TR J(‘Wﬂeg f2 may be
is relatively large) in a desired general direction L
fabrisated friohatigidepbaditexable tchaduit, élemayp be goastrugtsd with attivelated joints, it
with other structures that have previously been
may | Bt babyaael @ pamihily Deoy4s! atd édmagt temirateetn tai herizdftethor vertical
coarse, non-precise orientation is not provided for
conrBHidi0S&S gegcri@k:& MYr FukPblady! B RVIRERhipRn 29 widyed:dend laterally to
stabs and openi ngs where very high precision, e.g., 2
egrees, 1S requjfed i rj iQn h
anotfFogTReL Rl chsor SN f SR, 3nREARE Rmedti or other
capabl e of providing such a_hi degree of orientation .
compe it digoserG) SORG ATBCE Soh g Uptsa Sapsion.red LE Afmatively
orientation systemwould not provide an ogrientation
the fiovdinedumpgr 2amay extead to 8 spragrte psodurtien fasility gnot shown) located on a
non- preci se orientati on between the tubing hanger 14
surfR8 dressoborf plattian?@r # lnhébesederadiction failgy, wel | head 12,
may be provided by any of a variety of known
mechani cal ' techniques, e.g., a key/slot
arrangenent, a pin/helix arrangement, a key/helix
arg KNE):! d@f)i%} vélf@?s fiRRfrattyve &g’ﬂécﬁfn%ﬁfssﬁ‘ a subsea system 10 in
ori ation may al so be provided by non-nechani ca

ans, .such.as a GPS-basgd system.or t.he |i/ke. . .
accordance with various aspecfss 0 fhe p}{esen mventiornt. Iﬁ general, in various

embodiments, the flowline jumper 22 may be operatively coupled to any of a variety of
different subsea components 40. The illustratively depicted component 40 may be any of a
variety of known subsea components employed in producing oil or gas from subsea wells, or
injecting fluids or gases into such wells. For example, the subsea component 40 may be a
sled, a manifold, a flowline connector, a subsea processing facility, a subsea separator, a
pump unit, etc. In the embodiment depicted in Figure 3A, the subsea component 40 is a sled.
Figure 3B depicts an alternative embodiment wherein the flowline jumper 22 is comprised of
a flexible conduit that is adapted to be coupled to a production facility (not shown) that may

be either land-based or located on a surface vessel or platform. If desired, such a flexible
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WO 2005/ 042906 PCT/ US2004/ 034021 13 A flow ine junper

22, having a centerline 23, is connected to the top
wonioses298d of the flow bore 18 of the tree 16P@T/ESE04/034021

flow ine junper connector 27, which, in one

enbodi nent, engages the flow bore 18 al ong the

centerline 19 of the tree 16. , The flowine junper

connector 27 may conprise a 8hvel joint. The flowine

junper 22 may be of any desired 5 structure and may be
subsaa yurdperi 22e0hay @ibsoi lgimap]%acd when agsvhgsl @ompanentf 4§ ¢ n@ manifold, is

junper 22 may be fabricated fromrigid pipe or
enqﬁh@athgioﬁﬂﬁmyymnHm.nay be constructed with

articulated joints, it nmay be buoyant or partially

buoyant, and it may termnate in a horizontal or

vertical connection. As described nore fully bel ow,

et AP SR E e ERR AP o S b3 Btidofand pogitioned n the
wellpad Shre Tt e 1 5 § e SRR BTGP o dyE DLl installed

Alternatively, the flowine junper 22 may extend to a ]
tubigg rangarel o vdwrin i mecise orientetior] mbsnmpinis) a¢hivygt cbrtwpery the tubing
surface vessel or platformor a | and-based production
hange2d#4lahdl Yhe tkéegl6. es 3A- 3B depict various illustrative
. enbodi ments of a subsea system 10 in 15 accordance
wi th various aspects of the present invention. In
general, in various enbodinents, the flowine junper

§|2 flggl)rfeeﬁﬁlsﬁﬁ e%yﬂi%eﬁod@gﬁ%oﬁoﬁ_%ﬂye Fih@ 168 r1!6\e/3eo¥n}9fses a vertical

subsea conpone e 117l ustrati
depi ¢t ed .component , 40_may be any.of ,a_ vari f
flow, ] BB 4D e PECHY BRI YT TouER thetop outlet 31
gas from subsea wells, or injecting fluids or gases,
of therfires Lo elangithe centerline 19, Ahsse ds nq Wingsonles an dhmizem £t This allows the
may be a 20 sled, a manifold, a flowine connector, a
systemddeta tersompBiechin fexeial vays. Birsutlgnmatepaf thieovingautlet reduces the
punp unit, etc. In the enbodi nent depicted in Figure
numdés of RElved BsRidred OMNS RediicindOthe Ssize, S¥efght, and complexity of the tree 16.
Second, because the flowline jumper connection 27 is along the tree centerline 19, there is no
longer a need to orient the tree 16 relative to the wellhead 12, or other fixed reference point,
because it is not necessary to “point” the production outlet in any particular direction. In
previous systems employing a horizontal production outlet, a Christmas tree had to be
oriented relative to a known reference (i.e. the wellhead). Because the tubing hanger was run
prior to the tree, the tubing hanger also had to be oriented relative to a known reference (i.e.
the wellhead), in order to ensure that the tubing hanger was aligned with the tree. With some
embodiments of the present invention, it is only necessary to orient the tree 16 to the tubing
hanger 14, regardless of the orientation of either component relative to the wellhead 12. Not

only does this reduce the complexity of the tree 16 and the tubing hanger 14, it also greatly

simplifies the installation procedure, because only the tree 16 must be precisely oriented
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Figure 3B depicts an alternative enbodi nent wherein
the flowine junper 22 is conprised of a flexible
wa@oendoi19oé hat i s adapted to be coupled to a prpdITs100#034021
facility (not shown) that may be either |and-based or
| ocated on a surface vessel or platform I|f desired,
such a flexible WO 2005/ 042906 PCT/ US2004/ 034021 14
subsea j unper 22 nay also belénployed when a subsea
conponent, 40, i s enployed as part
durige rHNEng jatieAd qureqlﬁﬁlbpﬁ@*rﬂngd)@&thettw@ 6 sidribe hebingehanger 14. This
may be run to the sea floor and positioned in the 5
creajgs| $ipmifidant xaviTige fentliceoperatbe Thivd, & cemyerlige location of the flowline
-operatively coupled to the previously installed
jumbebicogndetog €27 kdlowkefuphper pheBufetnedtd eot B8 iicahh@R"Biitier in the
I's achi eved between the tubing hanger 14 and the tree

mstﬂ:l@atlohrbr&&@s ' thi" SkARbIE Ve SRR MRRLS c%ﬁl%io c% F&eh rifro':nll \%ellhead 12,

1, the tree 16 conp |ses a vertica
| et d fl
witf g ou&%g%hgg%{t s e SRR B Tt Rion gl %%ifor jumper 22

Centerl there is no ng. outlet on the tree 16.
fabrkgion g S Sphie oG e st ond e Bk o g priosiared il Begimpers 22.
ways. First, elimnation of the wing outlet reduces
Anqtlm; adyamigsrofdhe oenopatsicrasguiction is thatitherteul® angl thbieg hanger 14 may
size, weight, and conplexity of the tree 16. Second,
be omoaet end he-idstaliedi inea jdiffgrent aivntriohi Whau dffecah® e H&fi‘gn of the
tree centerline 19, there is no 15 longer a need to
jumpdrizent the tree 16 relative to the wellhead 12, or
ot her fixed reference point, because it is not
necessary to "point" the production outlet in any
particular direction. In previous syst ens enploying a

ho zont ducti on outl istmas tree had t
o PERA T S oRch Bt S sefheln Tlor e e gadimont g6 The presant
IIhead) Because the tubi ng hanger was run prior to
m"eflﬁ%n fhat dvelye ingeasing Hegrersr ohremp &ﬂy tapd janefianghityetbr the system -

relative to a known reference (i.
disclosed herein. Referring to Figure 4, a relatlvely low—functlon low-cost embodiment of

the invention is shown schematically. In this embodiment, a control pod may be used to
control the production wing valve (PWV) 28, the production master valve (PMV) 26, the
surface controlled subsurface safety valve (SCSSV), the annulus wiring valve (AWV), and a
chemical injection valve. The annulus swab valve (ASV) 32 and the crossover valve (Xov)
34 may be operable by a remotely operated vehicle (ROV). Control of the subsea connector

may be provided via ROV hot stabs, in accordance with well known techniques.

Referring to Figure 5, a medium-function, medium-cost embodiment of the invention
is shown schematically. In this embodiment, a control pod may be used to control the same

components as the previous embodiment, as well as an additional chemical line, and an
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20 the well head), in order to ensure that the tubing
hanger was aligned with the tree. Wth sone
wenisaizvent s of the present invention, it is oPCHUS2004/034021

necessary to orient the tree 16 to the tubing hanger
14, regardless of the orientation of either conponent
relative to the well head 12. Not only does this
reduce the conplexity of thel@ree 16 and the tubing
hanger 14, it also greatly sinplifies the

additionsdl adohtol tine oo ted SC8S Vb e dalddionaln ROV thet tstabe m& hegqwrovided for
be precisely oriented WO 2005/ 042906 PCT/ US2004/ 034021

contfoigbAd & rhetAoMaholensitlingdleele palees. sel y orienting both
the tree 16 and the tubing hanger 14. This creates
significant savings for the operator. Third, the
centerline location of the flowine |junper connection

27 al.l ' t i . ]
in Rt%ﬁér%\l,\g ﬁ{% :@E‘?fét @gﬁ nglrraggegg Slflglﬁfgl%&gggane%&eo%%ge@f eBlnvention is
shoviy SROPRBCaLT 05 B EGALIRL PHE SBEOTRCEIALY | B b wsed to control

This allows nore tine for junper 22 fabrication, and
the salmer ebypanents s she peevioust erabatlimpnat, pnd heosangehefystab controls may be
associated with the junpers 22. Anot her advantage of
provid¥d £0RCEA pidviowodhesdiment. i SA ichelte tbdulermay b6 pasxdded between the
tubi ng hanger 14 nay be renoved and re-installed in a
ﬂowﬁhé ﬁ&ﬁ;ﬁéﬁbz%ﬂ% Sios@cothpdient 42kl ahd 18d/MRIBRBE@ReAbr/hub. The
the’ junmper 22. 10 Figures 4, 5 &nd 6 are contro
schemati c

cholienglg e m ¥ﬁé%1¥§é iaﬁ“édd?&%%ij igpc?dﬁtcﬁoﬂ) fva%egp%g[ﬁ)‘?% production choke

i hvol ve i ncreasi ng degree

onplexity and functiqnality for .the syst | scl ose
(PCY2aR4 gne gk rBoTe; Ghgigal ﬁfngﬁrr A gecopd, aggs] pet ;FPO% 35 w3 %be used o
| ow-function, |ow cost enbodi nent of the invention is
contee dhencosanoanets iof thel apoke modhles enbodi nent, a control pod
may be used to 15 control the production w ng valve
(PW/) 28, the production master valve (PW) 26, the

In one embodiment, the present invention comprises a conventional or vertical subsea
Christmas tree 16 landed above a subsea wellhead 12. A tubing hanger 14 is landed within
the wellhead 12 below the Christmas tree 16. The Christmas tree 16 includes a concentric
vertical flow bore 18 and one or more production bore valves for controlling flow
therethrough. A flowline jumper 22 is connected to the top of the flow bore 18 via a flowline
jumper connector, which engages the flow bore 18 along the centerline of the tree 16. The
flowline jumper 22 may extend laterally to a sled, manifold, flowline connector, or other
component disposed at some distance from the subsea completion system. Alternatively, the
flowline jumper 22 may extend to a separate production hub mounted on the subsea

completion system.



surface controll ed subsurface safety val ve (SCSSV),
the annulus wiring valve (AW), and a chem cal

WO 2goso#39061 val ve. The annul us swab val ve (ASV)PG@RUSZ4/034021
the crossover valve (XOV) 34 nay be operable by a
renotely operated vehicle (ROV). Control of the subsea
connector nmay be provided via ROV hot stabs, in
accordance with well known té&chni ques. 20 Referring to
Figure 5, a nediumfunction, medium cost enbodi nent of
t h&he rpaEtl'dulaIl remboshmérrtwdm&ﬂ?sedrabowlateylllulsfmatml enly, as the invention
enbodi nent, a control pod may be used to control the

may SRTBodiiedaAd pitcs cabint diffefhe Bitoe i wildi0 dhamaears, appsrenttol those skilled
as an additional chem cal |line, and an WD 2005/ 042906

in th@%@%%ﬁ%otﬁé P3dda br I&l@ i dhéé 1%96%1 Gop Eﬁeﬁﬁpll& | e pf&%sst f6ps set forth

I t1onal hot Stabs nay be provided

abov\%gﬁéyg L] E&g}eﬁﬁﬂgrdg errﬁllr(le d gpmglenp%xi%gﬂ(gll&ﬁltgﬁ&% are intended to the

gh- functlon enbodlnent of t i nventi on
detag%ﬁwmwwr PHER RFTeeTheum: Wg‘ﬁ’i thap ag fi‘?sg’fllb?,do‘ﬁtth?) Elaﬁaabelow It
(POD 1) may be used to control the same component s as
is theteforp eeideniubatethd paiticelat embpdintents disglesed @bow =By be altered or modi-
controls may be provided as in the previous
fied embogli gedH varfaioholege RoMkid@cdrawitthe the cuimteshd epivkeerf thbdnvention.
flowine junper 22 and the subsea conponent 40, e.g.,
480 £ J}hﬁl thé Bﬁhﬁs pagw! e nmay
ACC§IE§1% gﬁ’éa%% ggg?% %%Fﬂﬁg%gﬁé?. ono val ve (PSDV), a
production choke 10 (PCV) and one or nore chem ca
lines. A second control pod (PCD 2) may be used to
control the conponents of the choke nodule. In one
enbodi nent, the present invention conprises a
conventional or vertical subsea Christmas tree 16
| anded above a subsea well head 12. A tubing hanger 14
is landed within




15 the well head 12 below the Christmas tree 16. The
Christmas tree 16 includes a concentric vertical flow
wheoos/0dB®0@nd one or nore production bore val veBCT/082004/034021
controlling flow therethrough. A flowine junper 22
is connected to the top of the flow bore 18 via a
flowine junper connector, which engages the flow
bore 18 along the centerlinel®df the tree 16. The
flowine junper 22 may extend laterally to a sled,
mani fol d, flow i ne connectrAIMS ot her 20 conponent
di sposed at sone distance fromthe subsea conpletion
WHASISOLMMEDRat i vely, the flowine junper 22 nay
extend to a separate production hub nounted on the
subsea conpletion system WD 2005/042906 j
PCT/ USZOO4/ 034021 17 The particul ar enbodi nents

ndent on Ry i Rsh R RbPIE I e el %%Hﬂsme%m
5 he @bine, ot FRBPGCAcPY (OBRIOBL 1t wéﬁx' by g tibing. hanger

For exanple, the process steps set forth above may be

per f or medmprisiag diaf flewe rmpepinge extepdingh dharetheoughoand ~ at least one
limtations are intended to the 5 details of

const r uetdepttically diesitgd dpeniaignexsttinding tbtongh daithnulEiag hanger, said
described in the clains below It is therefore

evi dent ({38 Hhh rp&'ﬂﬁf)ﬂeg lﬂtbeﬁe ﬁ@@ﬁx‘ébﬁ@l@t &1&1&&?%%spect to a fixed
above may be altered or nodi- fied and all such

d
of the TSRS pABTSHARARH I Byd IRIBEREREC, SOught
10 20057308 HCTHBRSHOR DS FV R SEARLAS SkPipghanger, wherein

CLAI WD. - 3 . - - . .
said production tree is oriented relative to said tubing hanger.

2. The system of claim 1, wherein said tubing hanger is not oriented with respect

to said fixed reference point.

15
3. The system of claim 1, wherein said fixed reference point comprises said
subsea wellhead.
4. The system of claim 1, wherein said flow opening in said tubing hanger is
20 centrally located in said tubing hanger.

5. The system of claim 1, wherein said production tree comprises a top outlet.
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1. A system adapted to be coupled to a subsea

wel | head, conprising: 5 a tubing hanger adapted to be
w@oemshimned i n said wel | head, said tubi ng hangeeT/US2004/034021

conprising a fl ow openi ng extendi ng therethrough and

at least one eccentrically |ocated opening extendi ng

t hrough sai d tubi ng hanger, said tubing hanger

adapted to be not precisely &iented with respect to a

fixed reference point when positioned in said )

wel6l headheapstethOofaclaimot ivdieredm saif dep audglof dait drepds coaxially aligned

operatively coupled to said tubing hanger, wherein
withs@idwellieddct i on tree is oriented relative to said

tubi ng hanger. 2. The systemof claim1, wherein said

tubi ng hanger is not oriented with respect to said

fixed reference point. 15 3. The systemof claim]1,

wherein-said fi r -DQL Nt L.ses. sat . .

suBsen v el O cefincl SHEFeaR i p S Bleh RSB ubing banger is

sajd fl ow opepi i,n said.tubi hanger, is. 20 .
centilytlpgatedin Gehrbthe Kugd dif dGEpTR ahga res is #estisgdapppore, and

of claim 1, wherein said production tree conprises a
saidt vepticali flost borea®Dwib tree Mo omcpmricali? ouanted AGtn respept o said centrally

The system of claim5, wherein said top outlet of said
locatgdefiow speriaxinadaid/tublngdaager. Wi t h said wel | head. 7. The

systemof claim1l, wherein said flow opening in said

tubi ng hanger is 5 centrally located in said tubing

hanger, said flow bore of said tree is a vertical flow

borge, ang,e system of claim 5, further comprising a subsea jumper conduit adapted to

be operatively coupled to said top outlet of said tree and to an inlet of a subsea component.

9. The system of claim 8, wherein said component comprises at least one of a

manifold, a sled, a flow line connector, a subsea processing unit and a pump unit.

10.  The system of claim 1, wherein said at least one eccentric opening comprises
at least one of an annulus flow opening, an opening for an electrical component, and an

opening for a hydraulic connection.

11.  The system of claim 1, wherein said production tree comprises at least one

non-vertical production outlet.

12. A system adapted to be coupled to a subsea wellhead, comprising:
a tubing hanger adapted to be positioned in said wellhead, said tubing hanger

comprising a flow opening extending therethrough and at least one
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20

said vertical flow bore of said tree is concentrically

oriented wth respect to said centrally |located flow
we@p@siomyoé n sai d tubi ng hanger. 8. The system BET/TEENM034021

5, further conprising a subsea junper conduit adapted

to 10 be operatively coupled to said top outlet of

said tree and to an inlet of a subsea conponent. 9.

The syst em of claim8, wherei2o sai d conmponent

conprises at least one of a manifold, a sled, a flow

| i ne congrsentocgllya lenaksle appring wsandglguﬂlrouéh daid pﬂumg hanger, said

unit. 15 10. The systemof claim1l, wherein said at

| east ong@bieCleiigel adgRantd e GAWcaRE wih rbgast toneixel reference

an annul us fl ow openi ng, an opening for an electrical

¢ Onpone“ﬁomtasﬂﬂer?l%bsnﬁﬁ%&? i ehid %llﬁeaﬁ}’ﬁ{cﬁm i ¢ _connection.

11. The system claim1l, wherein said production
tree ¢ f s at_le non- v .
or CUBEEBOD s Qe 60T 42 %ﬁs%aﬁ?ﬁlzacgsﬁé“{)o% tubifg fagger, wherein
to a subse Ilhead in atu nger
adapt ed bﬁmtﬁ?ﬁéa{{? ‘251%“’\%? P%gaﬂgn&gwef ‘ubi ng
hanger conprising a flow openi ng extendi ng
t her et hrough and at | east one WO 2005/ 042906
PCT/ US2004/ 034021 20 eccentrically | ocated opening
ext Endi nbhd bystang lof sdaith 1 2Lbwhereinasuiid fixed aeftrenicalpoirg comprises said
hanger adapted to be non-oriented with respect to a
weliﬂe%i&d reference point when positioned in said
wel | head; and a production tree adapted to be
operatlvel y coupled to said tubing hanger, wherein 5

said production tree is oriented relative to said
er, 13, The em. of im1l12

g;,bidp]g i ERF syt of SEHBORS%SH{%Q‘% F?‘ge@ Vggpaﬁmg 5 said tublng hanger is

centrally located in said tubing hanger.
15.  The system of claim 12, wherein said production tree comprises a top outlet.

16.  The system of claim 15, wherein said top outlet of said tree is coaxially

aligned with said wellhead.

17.  The system of claim 12, wherein said flow opening in said tubing hanger is
centrally located in said tubing hanger, said flow bore of said tree is a vertical flow bore, and
said vertical flow bore of said tree is concentrically oriented with respect to said centrally

located flow opening in said tubing hanger.

18.  The system of claim 15, further comprising a subsea jumper conduit adapted

to be operatively coupled to said top outlet of said tree and to an inlet of a subsea component.



wel | head. 10 14. The system of claim 12, wherein said
fl ow opening in said tubing hanger is centrally
wo owanedoé n sai d tubi ng hanger. 15. The syst enP@f/Ustoas/m4021
12, wherein said production tree conprises a top
outlet. 15 16. The system of claim 15, wherein said
top outlet of said tree is coaxially aligned wth
said well head. 17. The systemlof claim 12, wherein
said flow opening in said tubing hanger is centrally
| ocated in said tubing hanger, said flow bore of said
tree is a vertical flow bore, and 20 said verti cal
f 1 oM. borEheodysteni Of tlagie 125 wherehe Biitipeaducyion ftice tbfbrived &t least one
respect to said centrally |located flow opening in

nonSekithal BRIGIGHSPAGRE. 18. The system of claim 15,
further conprising a subsea junper conduit adapted to

be operatively coupled to said top outlet of said tree

and to an inlet of a subsea conmponent. WO 2005/ 042906

PCT. U82004/0340§1 %1 19. Tgﬁ‘systen1of lajm12, .

‘whetlei n 4 SYetp adaRied [odbe dqupted io Aghbssa dvelipeqds gaipifiae:
non-vertical production outlet. 5 20. A system adapted

t 0 déubing glangert adaptasybs &g pesitionsddin sadpweldhead; said tubing hanger
t ubi ng hanger adapted to be positioned in said

wel | headtongaisthgt & lenmgalhahgeted fiomupesing gextendargt thetdthrough and at
| ocat ed fl ow openi ng extendi ng t herethrough and at

| east o0ngaspefeBEdehEally 16 QA GénPREXI AR hEARBhNGId tubing hanger,
t hrough said tubi ng hanger, said tubing hanger being

200013 4 BB Tt e SRR s e
said wellhead when positioned therein; and

a productibn tree comprising a flow bore extending therethrough and a top outlet, said

production tree adapted to be operatively coupled to said tubing hanger,

kwherein said production tree is oriented relative to said tubing hanger and

wherein said flow bore in said production tree is in fluid communication with

said flow opening in said tubing hanger.

21.  The system of claim 20, wherein said flow bore in said tree is a vertical flow

bore.

22.  The system of claim 21, wherein said vertical flow bore of said tree is

coaxially oriented with respect to said centrally located flow opening in said tubing hanger.

23.  The system of claim 21, wherein said top outlet of said tree is coaxially

aligned with said wellhead.



a production tree conprising a flow bore extending

therethrough and a top outlet, said production tree
wa@dapnedos o be operatively coupled to said tubP@mUS2004/034021

hanger, wherein said production tree is oriented

relative to said tubing hanger and wherein said flow

bore in said production tree is in fluid communication

with 15 said flow opening ir#2said tubi ng hanger. 21.

The system of claim 20, wherein said flow bore in said

tree is a vertical flow bore. 20 22. The system of

claim 21, wherein said vertical flow bore of said tree

i S 24coaxTld bystent iof piatd 24, twhereds paidt fléw opanidg de rshli‘dathbijng hanger is

| ocated flow opening in said tubing hanger. 23. The

cen@¥I$¥ Ridhtell i kAl ﬁﬁhb%ﬂg héMg%f Shidl AV BoteddT satdt tlrt?vs:t 1s vaeﬁﬁﬂafjﬂow bore, and
tree is coaxially —aligned with said well

sale?eg'ﬁ ﬁﬁ&g\%ﬁﬁ CI% thra QR /i ? %él%.%ﬁtﬂd%ﬁx%%fen{mew@ ?és@&tq]o said centrally

erel n sal I"ow
is.centr in said t ubi ng hanger

Iocated
S locﬁﬁiwﬂo‘?lol?ﬁ?lﬁgﬂ%saog% is a vertical flow bore,

and said vertical flow bore of said tree is

concentrically oriented wwth respect to said centrally

5 located fl ow opening in said tubing hanger. 25. The

sysiSem ofhecsyatem 21 clafmi 2 h&nrtheo opnpdsing assubsdagempprioqeluit adapted
conduit adapted to be operatively coupled to said top

to bewbbtivéll coapled 0 @& RPGutier cMaidtt&Rtandfto 8n SIBSHR subsea component.
component. .10 26. A system adapted to be coupled to a

subsea mellhead conprising: a tubing hanger adapted
to be positioned in said mellhead said t ubi ng - hanger

10 It ﬁlrlg g}ffﬁ aé?& oybeI c%%% eﬁ(%o b sabses ﬂhena% ‘Eé(rtnSr?ghQ g
a tubing hanger adapted to be positioned in said wellhead, said tubing hanger
comprising a centrally located flow opening extending therethrough and at
least one eccentrically located opening extending through said tubing hanger,
said tubing hanger being adapted to‘ be non-oriented with respect to said
15 wellhead when positioned therein; and
a production tree comprising a flow bore extending therethrough and a top outlet, said
production tree adapted to be operatively coupled to said tubing hanger,
wherein said production tree is oriented relative to said tubing hanger and

wherein said flow bore in said production tree is in fluid communication with

20 said flow opening in said tubing hanger.

27.  The system of claim 26, wherein said flow bore in said tree is a vertical flow

bore.
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| east one eccentrically | ocated openi ng extendi ng

t hrough sai d tubi ng hanger, said tubing hanger being
w@dapnedos o be non-oriented with respect to saPdr/uido4/034021

wel | head when positioned therein; and a production

tree conprising a fl ow bore extendi ng therethrough and

a top outlet, said production tree adapted to be

operatively coupled to said %bi ng hanger, mherein

sald production tree is oriented relative to sai

8ng Hegevstam Pl oiiier &n véreiny saisly vsBicel ﬂ@%bp@ of said tree is

productlon tree is in fluid comrunication with 20
coasaliylofi¢rsed withméspgctito saidicentrallyi lncatérthfigwropeing imbed tubing hanger.

system of claim 26, wherein said flow bore in said

tree is a vertical flow bore. W 2005/042906

PCT/ US2004/ 034021 23 28. The system of claim 27,

whegei n [ai grsi/e?ﬁt gcrﬁ'ém%bﬁv‘mgfeﬁl Q!udst%#) o&tfe?%f ' d tree is coaxially

coaX|aIIy oriente respect to safd centra
| ocat flo ning in sai d t ubi ng hanger. 29 The
align ](?ens W:e;ﬂgf’%fﬂ, wherein said top outlet of said
tree is coaxially 5 aligned with said well head. 30.
The system of claim 27, wherein said fl ow opening in
said tubing hanger is centrally located in said
t uBiOng Néregwystensaf daih @ bereims$aid dlogv ppedng & said tubing hanger is
vertical flow bore, and said vertical flow bore of
centglydotdte®in shid aibgiahgeakdiy flof Bt od syidttieei£5 pedical flow bore, and
said centrally 10 located flow opening in said tubing
said i flowd borbN§t S¥E H8ENOorfckbAtkilhI/ oribiEd Rt fe@é@:‘i kG SR8 centrally

a su sea junper conduit adapted to be opera

1oca§e%]tfﬁ{v§§?grgn%gbs%c{&gl %p %r of said tree and to an

sea CoO

31.  The system of claim 27, further comprising a subsea jumper conduit adapted

to be operatively coupled to said top outlet of said tree and to an inlet of a subsea component.



