WD 2005/ 042906 PCT/ US2004/ 034021 | SUBSEA COWPLETI ON SYSTEM AND METHODS OF
USI NG SAME BACKGROUND OF THE INVENTION 5 1. FIELD OF THE | NVENTI ON The
present invention is generally directed to subsea conpl etion systens for oi
and gas welW@2008p2906nore particularly, to, in one enbodipg®nisooposupiisea
system conprising a top flow Christmas tree. 10 2. DESCRI PTI ON OF THE
RELATED ART A typical subsea well conprises a high pressure well head housing
whi ch supports one or nore casing hangers | ocated at the upper ends of
strings of casing that extend into the vell. The systemfurther conprises a
t ubi ng hanger that supports a string of production tubing through which the
oil and/or gas products will eventually be produced. Such a system further
15 conprises a production:tree or Christnas tree, e.g., a horizontal or

verti cal CRUBSEASCOMPLETION SYSTEM, ANDNETHODSORUSINGSAMENd a
plurality of actuatable valves to control the flow of fluids through the
production tree. Conventionally, wells in oil and gas fields are built up by
establishing a well head 20 housing, and with a drilling bl ow out preventer

stack (BOP) installed, dribhg@ﬂéw ?)Fr’ﬁ@%ﬁf%ﬁ@el | hole while
successively installing c ; ch are cenented at

t he | ower lendsmwm cal seal assenblies at their upper
ends T In “orde wel | for production, a tubing string is
run in through_the BOP and a . hanger %grpits up%er end _ | anded in the

wel | head. ‘Ther d&f PEseRtRVEHIPR (S grgemt diedied tq Subsearompleting Ystems doanabend .
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gas wells, and, more particularly, to, in one embodiment, a subsea system comprising a top

flow Christmas tree.
10 2. DESCRIPTION OF THE RELATED ART

A typical subsea well comprises a high pressure 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

15 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.

Conventioﬁally, wells in oil and gas fields are built up by establishing a wellhead

20 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



and replaced by a Christrmas tree having one or nore production bores
contai ning actuatable valves and extending vertically to respective |ateral
producti on Bhy%ﬂygg&%et ports in the wall of the Christrmas tree. 5 Such an
arrangenent |t roddces many probl ens which have, previ ouBSYUSHAER4OU cept ed
as inevitable. For exanple, any operations down hole have been limted to
tooling which can pass through the production bore, which is usually no
nore than five inch dianeter, unless t Christmas tree is first removed
and replaced by a BOP stack. However this involves setting plugs or valves,
whi ch ma i j iy
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essenti al | gi .t he ﬁubi ng string on its. hanger, the Christmas tree nust
first be r PR YF-epl aced by a BOP stack. This usually invol ves

pl uggi ng and/or killing the well. 15 Achieving proper alignnment anong the
vari ous conponents of a conpletion system for a subsea well can be a very
difficult and time-consum ng task. The various conponents of a subsea
conpbetion systSwwh & grrangesienhdofiigduCts nmnpeprobleme, whishi hayeh preydouslyetteen ar e
arranged in a stacked configuration wherein each of the various conponents
must be orice¢ptebas’idevitbRl Futeiampls) anpopérhions downchote hdveetide diniteé B ®ofing Nt
e.g., the wellhead or a guide base. Such orientation is required to insure

that the VghithWan GASP AREREES tHe! fidlnction! BUrE! WhR 1% dshalRN8o AHR! &K fiveNilch O
insure that the production outflowline is properly directed toward anot her
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10 long time, down hole. The well is in a vulnerable condition while the Christmas tree and BOP
stack are being exchanged and neither one is in position, which is a lengthy operation. Also,
if it is necessary to pull the completion, consisting essentially of the tubing string on its
banger, the Christmas tree must first be removed and replaced by a BOP stack. This usually

involves plugging and/or killing the well.

15
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
20 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



3 hydraulic lines properly interface with one another when the various
conponents and energency di sconnect devices are stacked up. A very high
degree of accuracy, e.g., 2 degrees, is required in orienting the various
conponent s VO 28138486t her and relative to other subsea RIPBAYMBY2! Such
precise alignment is necessary if proper connections are to be 5 nade

wi t hout damage as the devices are |owered into engagenent with one anot her.
This orientation problemis exacerbated gn the case of subsea wells as the
vari ous devices which are to be stacked” up are run down onto gui de posts or

a guide f nrejectin Ly d 1 I ase. p [ pt acl es
whi ch ri d%vﬁlﬂlgo etgoﬁljtoﬁgdyg%%cgosté Oglrg] Wg‘g}én ?]% 6%#}’ 8 c?oﬁpgngxﬁg Flinnel
do so with appreciable clearance. This,clearance .inhevitably introducesg sone
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devi ces are stacked, ,can be unacceptably |large. Al so the exact orientation
wi |1 depen€feifssns reyired ineriguting dhg Yarigns Compancats 3o 9ng apptherapd rejative t9pthercul ar
gui de base and the guides on a particular running tool or BOP stack and
these wi | | supsgaycamppnents.c fivch yrécissralignmentols aneoessary . 1f pEOpED aemnpatéons| are ite bes
preferable to ensure that the sanme running tools or BOP stack are used for

t he $ame wmhdewilbhut damagerssithd deviceare ddveared imbyyerfgagemdnd wikh oapendthdrl y nodi fi ed
for a particular wellhead. Further msalignnments can arise fromthe nmanner

in which the guide base is bolted to the conductor casing of the well head.
As is clear fromthe foregoing, achieving proper orientation of the various
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PCT/ U820041/11())v§a%8§' ]ﬁ'onil a guide base. The post receptacles which ride down on to the guide posts or

10 the entry guide into the funnel do so with appreciable clearance. This clearance inevitably

introduces some uncertainty in alignment and the aggregate misalignment when multiple

devices are stacked, can be unacceptably large. Also the exact orientation will depend upon

the precise positions of the posts or keys on a particular guide base and the guides on a

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

15 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

20 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.



SUMMARY COF THE | NVENTI ON The present invention is directed to various

enbodi nents of a subsea system In one illustrative enbodi nent, the system
i s adapted led to a subsea wel | head and conprj i.ng hanger
adapted to %@”%%?ﬁ?%gned in the well head, the tubing han%@ﬁﬁgﬁ%@#%PFsing a
fl ow openi ng extendi ng therethrough and at | east one eccentrically |ocated
openi ng extendi ng through the tubing hanger, the tubing hanger adapted to be
not precisely oriented with respect to @ fixed reference point when
positioned in the well head, and a production tree adapted to be operatively

coupled to the tubing hangersumﬂngghnthgﬂ;@Hgggggqu tree is oriented
relative to the tubing hanger. n-another rllustrative enbodi ment, the
systemis adaptfifl drQeRCinfQHiBhEditQ1ed 18 YRIAR eﬂ%ﬂﬂﬁ?ﬁoﬁ‘ﬁbg&rﬁﬁﬂeﬁx.e%%né ubi ng

hanger adapted to 'be positioned in the well head, the tubing anger

conpri si ng.qqa_fl. I extendl ng. t g (N

eccentri cglluﬁf/tra ?%Vé ga%{%gg{d(}%% nqﬁ%]g&%l??eﬁd%bﬁgtgé Elr; goégﬁo“?%g 1{%u%iSnggaha‘(r’%ge ?d taﬂ%

t ubi ng hanger adapted tq be non 15 orjented w th respect tq a fixe

ref erence ﬁmise%/ﬁéﬁblﬁ%giaflgﬁn‘@gp‘iea e R%‘Feﬁol’i‘émgdn tg?]d&eiﬁeﬁ dh%&ql%ﬂf“?g@é
adapted to be operatively coupled to the tubing hanger, wherein the

proddct i oncHEISINEsa HewepReaing ettending thersthrongh: and agleastnepe: ccopmitially loageder
illustrative enbodi ment, the systemis adapted to be coupled to a 20 subsea
wel | head aopgningreptendisg througibthedubiag engen dbgtubihgthanper adepted ito he dot pre¢isedy
wel | head, the tubing hanger conprising a centrally | ocated fl ow openi ng

ext endi ng érivatedt Wit wespectnd @ tfixed eefdtencen poiat edet rpositibhed inothet welllepd; nandga
extendi ng through the tubing hanger, the tubing hanger being adapted to be
not preci sgbituclibh efdecdaptddn td @ Pesdrativelyt Beupld kdandl tibieg haBp&! tWiRRSS the
therein, and a production tree conprising a flow bore extendi ng therethrough

and WO 200;%%%89%3&%9&%@ P44R349 4% tubing hanger.

10

I

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;

15 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

20 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



5 a top outlet, the production tree adapted to be operatively coupled to the
tubi ng hanger, wherein the production tree is oriented relative to the

t ubi ng han 2065 rein the flow bore in the producti i.s..0n fluid
conmuni cat ?@g W t ﬁwfaﬁe fl ow opening in the tubing hangeﬁ%@zﬁ(ﬁ/dﬁoﬁtrt her
illustrative enbodinent, the systemis adapted to be coupled to a subsea
wel | head and conprises a tubing hanger adapted to be positioned in the
wel | head, the tubing hanger conprising @4 centrally |ocated flow opening
extendi ng therethrough and at |east one eccentrically |ocated opening

ext endi ng 4 tposidiet, tthe prddbtich fad a@ipted febd Bpiragvehnbagled & e dBingdappad t o
be non-oriented with respect to the well head when positioned therein, and a

product i ongidh&s %@aﬁ&ioﬁqxe% it 1391%@@ rQatel SN Abidd BAREP LAY SReRBAHR HoP

;
outlet, the pr Ion tree adapted to be operatively coupled to the tubing

hanger, rein.t . LO r.ae. | £Eien r [ the,tuhi.n
hanger am%ﬁemrgﬂe:b??%ugﬁ%?%% E)So{r}lehllug '%'Zm’%bcra gﬁ%?&?‘otﬁé ﬁog&ég? etsng}gnmf ﬁhﬁ :ﬁg’mgq
comuni cat,ion with the flow opening in said tubing hanger. 15 BRI EF
DESCRI PTI GRBE¥E: THE DRAW NGS The i nventi on may be understood by reference to
the follow ng description taken in conjunction with the acconpanying
drawwngs, in which like reference nunerals identify like elenments, and in
which: 20 Figure 1 shows a cross-sectional view of one illustrative

enbodi nent of dn gflthes illustativecembodiment: msystem deadagtedde baicohplehto aspmsea of
the present invention; Figure 2A is an enlarged cross-sectional view of a
portion ofwdllheadardsentprisesvetubingrijanger 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

10 adapted to be non-oriented with respect to the wellhead when positioned therein, and a

\ production tree comprising a flow bore extending therethrough and a top 01}1tlet, the

production tree adapted to be operatively coupled to the tubing hanger, wherein the
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.

15
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:
20

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;



WD 2005/ 042906 PCT/ US2004/ 034021 6 Figure 2B is a top view of a tubing

hanger that nay be enployed with one illustrative enbodinent of the present
invention; 5 Fi (gure 2C depicts an illustrative coarse, non-precise
ori ent ati onVOPE%Wherein the tubing hanger may be norPQIrespE@B42br i ent ed

with respect to a fixed reference point; Figures 3A-3B depict various
illustrative enbodi nents of a subsea conpletion system enploying various
aspects of the present invention; 10 Figure 4 shows a controls schematic for
a lowfunction enbodi nent; Figure 5 sho a controls schematic for a

medi um function enbodi nent; and 15 Figure 6 shows a controls schematic for
a high-function enbodinent. Wiile the invention is susceptible to various
nodi fications and alternative forns, . specific epbodi q%s,thereof have been
shown by way ofigEsedhpise tPPIVleWeOfd’rtaW%%‘Pg&ﬁHlabPéy fempioyeiwith ope disirghivéet ai | .
It should be understood, however, that the description herein of 20 specific
enmbodi nenewbedimeatiofithe presgabinventionri t t he i nvention to the particular forns
di scl osed, but on the contrary, the intention is to cover al

modi fi cati ons, equivalents, and alternatives falling within the spirit and
scope of the invention as defined by the appended clains. WD 2005/ 042906

PCT/3US2004/ 034Bighre 2C QEpiéts labGNG¥pS6R EddrédNn6irprcise lobWbHdrOB stdnh whkredd thée
enbodi nents of the invention are described below In the interest of

clarity, Abingahgdrditly betn rodtbAciak illleGiBNbalehel ritendonssd bed i n thi s

speci fication. of ‘course be appreciated that in the devel opment of
any such actual enbodi nent, numerous

Figures 3A-3B depict various illustrative embodiments of a subsea completion system
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.



5 i npl ement ati on-specific decisions nust be nmade to achi eve the devel opers’
specific goals, such as conpliance with systemrel ated and busi ness-rel at ed
constrai nt SyoWisfelizod | | vary fromone inplenentation tq, gy mﬁlrouog/lbreover,
it will be appreciated that such a devel op- nent effort mg e conpl ex and
ti me-consum ng, but would nevertheless be a routine wundertaking for those
of ordinary skill in the art having the benefit of this disclosure. 10 The
present invention will now be describeds,with reference to the attached
figures. The words and phrases used herein should be understood and

interpreted to have amg[_@_ﬂg’ DESCGREFHON OF THENTNVENEIGNandi ng of those
words and phrases by those skilled in the relevant art. speci al
definition of g keiNeOimiiHideRs of the inventitl i des@ibeliNRlow.S Iﬂ'tfli_%t@ﬂggt bf om
the 15 ordinary and customary neani ng as understood by those skilled 1n the
art, is i [ ' | : r se
ner ei n. T 10t CtefBros oFBY bt hpRARARNE B dISRAES Bl VpoliBEdioR) (DD,
meani ng, i .e. neani n her than that understopd by skilled artisans,
such s pebFatschsy Feeted B o e Selghitent BF GlPPE et GhopisS s Biberd B on
in a definitional manner that directly gnd unequiyocal |y provides the
sped al dé‘PPlﬁﬁnFIi“Bﬁ‘P’?&e".'%ﬁé}e%{?“f il maa? 0 é&l%feg%r«' deyelopest cpecifis, goals

illustrative subsea conpletion system 10 in accordance with one

i |1 ustrat isuch asneasaplinaer vath systempielateshand business-talptedagonstraings, tthiche il vary one
Il lustrative enbodinent, the present invention conprises a conventional or
vertical dwobse® impbehmentition tW\@noHOS/ MAke0E, POl H82Pprkeiaid0hit suh hrdeeelop-
(Christnmas tree) 16 | anded above a subsea well head 12. The tree 16 may be
connect ed nieat effbr® niight be@dmpRxvind timéryehsanilinge bat!beaR feRABEESRI be2@ rOnhtiRNY

ot her suitable connection neans. The tree 16 conprises a flow bore 18 that

i's adapt egindeRtaRing F¥Y the¥e JrldEiRerP il ik BB aftfhaPink (R BNEMit of this disclosure.

10
The present invention will now be described with reference to the attached figures.
The words and phrases used herein should be understood and interpreted to have a meaning
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
15 ordinary and customary meaning as under‘stdod 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

20 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



gas products fromthe well or provide a flow path for injection of fluids or
gases into the well. 5 The flow bore 18 defines a top outlet 31. In one
particul arl tive enbodinment, the flow bore 18 al flow
bore 18, hgz?zgkgﬁ%gﬁterllne 19, that defines the top o&#ﬁ“ﬁnéﬁk&kﬁhe tree
16 further conprises one or nore val ves, such as a production nmaster valve
(PW) 26 and/or production w ng val ve (PMW) 28, for controlling flow

t hrough the flow bore 18. The tree 16 gay al so i nclude an annul us
passageway 30, an annulus swab valve (ASV) 32 for 10 controlling flow

t hrough t lge InvhS tRReS FARBNGRYab3 Ve a AibeawalIHeSE DY, EThe/ide/R5 thay DA coddtedt&d to
control li ng | ow through a crossover passageway 35 connecting the annul us

passagewaype3 uh@miléga W&auﬁ@@hﬁs@?ronn%@r 2 o' B eomé?%@ﬁée cdrpk %gﬂ%n%) i nes

24 may also be provi as 1's known 1n t e art tree i cted

0 Figured b5 id Lystial pﬁsw%r 0 b Haffcq BIA0UCHE AR pg&ﬁl%&ér?%i‘ °”F‘ el

enpl oyed e presen nven be recognl

skilled in the art_ af teread e tion, the
tree 16 n&y ?%%fm@ﬂ%’r 8w39{h38r1p%p§ ?R%@ma%?r%’ﬁ% %g tree
16 may have non-vertj cal horlzontal fl Qqw_bore and outlet I nst ead
of the verhe élaw bare, 8 plsfies| t%eptiebaloda oae particulady ibystratiynempbogimenty theThus,
the present invention should not be considered as |limted to the

i 1 ustrat iflow booni8 igureerticah flow hoke18, haeing 6 cemtgrlive 48, that defisesthe taphadietid hwi ngs.
20 A tubing hanger 14 is enployed to suspend production tubing 15 within the
wel I'. The The tbé¢ b filithey eomprkes Sngosimbiecabds, wuthasa produstitinl hesesd vaRre lBMWY t he
tree 16. The tubi ng hanger 14 may be | anded or positioned within the

wel | head 28 ati@bhfrodudtidhiving vafve (PWV) 28 EditoftiSiting floW thestRRh& flowtRrd VI NY
hanger 14 may directly contact the wellhead 12 or may be |landed in WO

2005/ 0429%%855 14472904 BRARR hn aanﬁu@ﬁaggagw@ wa&ﬂhﬁs%%éb%mQA@vpyf Rng 43

(shown on t | eft side of Figure . Figure 2A
10 controlling flow through the annulus passageway 30, and a crossover valve (XOV) 34 for

controlling flow through a crossover passageway 35 connecting the annulus passageway 30
and the well annulus. One or more chemical injection lines 24 may also be provided, as is
well known in the art. The tree 16 depicted in Figure 1 is illustrative of one type of
production tree 16 that may be employed with the present invention. As will be recognized
15 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.
20 |
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



an enlarged partial view of the system 10 wherein the tubing hanger 14 is
positioned within the wellhead 12 w thout use of the bushing 43. In one
embodi ment wd BRshdabdend hanger 14 has a centerline 17. .54 o?mﬁﬁﬂ' s a
cross-sectional, plan view of a portion of an illustrative t I'nNg hanger
that may be enployed with various enbodi nents of the present invention. As
shown therein, in one illustrative enbodi nent, the tubing hanger 14
conprises a flow opening 27 and a plurality of eccentrically |ocated

openi ngs 21, one or nore of which extend through the 10 tubing hanger 14. In

one parti gplelousiyaeilieR ckddvae bishiiy BrEwwihnATe ieft SEISIRflrk 1).0FigiedA i t hi n
t he tubi ngwhange?h%4 The size, nunber and | ocation of t%t o%)enlg{r]tlgs 21 may

vary  depgngiingePartifiBalok 'ﬂ&é‘iy@tremaﬂpivh&éh'tﬂé‘tubﬁfgrhaﬁé@ﬂﬂ & poStiendd withe

openings 21 nmay provide access to the wel | annul"us, “whi | e "ot her openi ngs or

penetrati r l.ectrica
and/ or opti caeiizlﬂl mes‘gﬁk}g?}}% \sh'ga r(Pbl%'no S om)m?éwr'f%ﬂdggerpﬁo@?ded to
seal vari ou?ﬁt%@?eff ations that extend into or through the tubing hanger 14.
Thus, the? Si ze, location and purpose of each of the openings 21
shoul d not be <considered a limtation of the present invention. In one

par i cul ar y illustrative erbodi nent, the tubing hanger 14 may conprise

ei ght of such eccentrically | ocated openings 21. In another very
illustrative eRiguel28 isfa aross-spetioneh planryiem ol o portioh of eo fllustraties tubing hahgerf | ow
bore 18 20 in the tree 16, and the flow opening 27 in the tubing hanger 14
may all b#&4 &dtaﬂdyybeaémmnmﬂ with lvariouseerabuatithents of theopresant énsdeatiome Alssshownl y t he
top outlet 31 may be coaxially aligned with the centerline of the well head

12. WO 20fefei] 20 0fe Mlublraif00BdAZAER 1the Mobifpharge $4REmELASSd BN dpbnifiP P
detail below, in one illustrative enbodi nent, the tubing

and a plurality of eccentrically located openings 21, one or more of which extend through the

10 tubing hanger 14. In one particular embodiment, the flow opening 27 is centrally located
within the tubing hanger 14. The size, number and location of 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)

15 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 illustrativelembodiment,
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

20 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.



hanger 14 is adapted to be positioned or |anded wthin the wellhead 12 such
that it is coarsely or non-precisely oriented relative to a fixed reference
poi nt, €. gy ¢ head 12, a guide base (not shomm) illing tenplate
(not shomn) é@c n stating that the tubing hanger Ecﬁﬁg&ﬂﬂ“% i tioned
within the well head 12 in a non-precisely oriented fashlon it is nmeant that
t he tubing hanger 14 is not oriented in the sense of providing preci se
orientation between the tubing hanger 44 and the wel |l head 12, as is the
case with prior art systens wherein the tubing hanger 14 was oriented to

the wel | head Iy t@isonatdesdribkd kEMoRRaletiil telow, e Bhicillasyative mbadigrht, tHta6ihgi on,
e.g., 12 degrees using various nechanical; neans, such as p|n/slot

conf i gur angaSi4 id Qaahiklo S podifiorieliof LBAROH HRThe whilRad X SEHMA ﬁ%ﬁwgna'
accuracy that may b chleved for the non-precisely oriented tubing hanger

14 rel ati g Ol il RIARES Ok reindice SbIE o SoLENEA? 1! gl

degr ees. "0t i entation néan

have a curacy ff 10 e

appl i ca%‘w’@ﬁaﬁ E’tﬁgltglé‘ g @ﬂfé’i n‘;‘g%yh’o% tg‘tgc‘gﬁtp& 3{‘1&@% E@nge{ 14 one
enbodlnent vari ous nechanlcal 15 mechani sns known to those skilled in the
art 3 e. g. maypbspositinned withitherwigihead Ji2 in ﬁé‘PFvaf’C&Flb’é’ﬁ’@BWé fasiuongit ds megniihab |
such mechani cal means woul d not provi de an her degree of orientation
t ol er ancethe fihingBngerghieie s1ot Giavkedan tasnseps ps@vl ing precise iovantatient batwornthel be
ineffective in providing the precise nechanical orientation required of
prior ar ttubingthemger 14 aibthe iwellhéad 112y bs is ghehasgwith pdor &t gysteaissetieyein thedubiag,
e.g., within 2 degrees, relative to the 20 wellhead 12, or other fixed

r ef er encehapgéi4 wad opiemedas thd velilidadti2ver @iiiep dixe® Point tofeeferddcelowhnpget 14 is
adapted to be positioned in the wellhead 12 such that it is not oriented

with res pﬁ@&lsﬁ)ﬁ) éaényij uégréesr@hrgr@a%ﬁs ﬁfebﬁh&ucapmgans bdeg as%ﬁ/klﬁ?@&ﬁ%ﬁrah@hg de

base, etc. mechani cal neans. is, inthis ustrative WO

20q%/ 0429919& E)SCTlll H§Z g&ﬁé&fﬁ%ﬂ@ the rhaxunum orientational accuracy that may be achieved for

the non-precisely oriented tubing hanger 14 relative to a fixed reference point, e.g., the

wellhead 12, is +5 degrees. In other embodiments, such a non-precise orientation means may
have a maximum accuracy of £10 degrees or more, depending on the application. Such non-
precise orientation may be accomplished b}", in one embodiment, various mechanical
15 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

20 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



enbodi nent, the tubing hanger 14 may be positioned in the well head w t hout
reference to any fixed reference point, i.e., the orientation of the tubing

hanger 14 Wiogg@"g&gdent with respect to the well head %ﬁwg%ﬁ%‘%‘?ﬁl
, by i cal

enbodi nent non-oriented” it is meant that there is

orientation neans, e.g., pin/slot, pin/helix, etc., enployed to orient the
tubing 5 hanger 14 relative to a fixed subsea reference point, such as the
wel | head 12 or a guide base. The produgtion tree 16 is adapted to be
operatively coupled to and precisely oriented relative to the tubing hanger

14. Once &nbdiféht! &g&mﬁm% hafidee 1% |y Bopssitiohe@fin tHeewtllRad IBthobt efererdde b d
comuni cation with the flow opening 27 in the tubing hanger 14. In one

particul %y%éﬂ@ﬂ?@n@?%ﬁnt}#@ the QeRBHich ofhb Q@biﬁérﬁgn%%g 131d ix?c%?eﬁde%ﬁﬂeni ng

inthe t ng hanger are ‘coaxially aligned. p out 31 may al so
be coaxi a| i i r ct it Q. cent er.l i.ne, . head 12. The
ori ent at irg%'ﬁleﬁﬁovﬁé;ﬁ 8&? a'bﬁ]g‘?%e%bé)g}rﬁ%g bgnﬁo{lﬁék%tgcgel?%é Q@gﬂ@{eirhﬁl%dgggi se,
e.g., 2 degrees, due to the interfacing lines, stabs Q] ections d

openi ngs METARRY QTEBIAILR e 6t BBV BEYHERE ¢ COREY P By B JHbIAE one
anot her. The precise 15 orientation between the tree 16 and the, tubing
hander 14hapgsr Waelativeton fixed subssg refergngenoinf, syeh asdhe wellhgadH2:0r a guidedesti ques.
For exanple, Figure 2C depicts one illustrative enbodi nent wherein an
orientation key 51 may be provided on the tubing hanger 14, and a downwardly
ext endi ng bushing 53 having an orientation slot 55 is provided on the bottom
of the tree 16The pihductibheee 16ds ddaped gabespdritivelyudnuplypd haagd pretidely @rignted when
the tree 16 is |anded on the 20 wel |l head 12, the orientation slot 55 on the

bushi ng 5214808 a0®8 tibie: RinigenNiAat OfR detpledogethet, e fidw BbRA SheFEE el 16 isand
orients the tree 16 relative to the tubing hanger 14. In other enbodinents,

e o, AR TR S04 90 G AP ol 1. i 20
10 embodiment, the flow bore in the tree 16 and the flow opening in the tubing hanger 14 are
coaxially aligned. The top outlet 31 may also be coaxially aligned with respect to the
centerline of the wellhead 12. The orientation between the tubing hanger 14 and the tree 16
is very precise, e.g., £2 degre"es, due to the interfacing lines, stabs, projections and openings
on the tree 16 and tubing hanger 14 that operatively engage one another. The precise
15 orientation between the tree 16 and the tubing hangér 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
20 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 to the tubing hanger 14 using any other suitable

orientation means.



In still other enbodinents of the present invention, the tubing hanger 14
may be coarsely oriented, or non-precisely oriented, relative to the
wel | head 1g y suitable orientation nmeans, and may be
precisely orlenteﬁﬁ?elatlve to the tubing hanger 14 us%ﬂgU%%§&?é§Eable
orientation neans. For exanple, in accordance with one aspect of the 5
present invention, precise orientation between the tubing hanger 14 and a
fixed reference point, e.g., the wellhead 12 or guide base, is not
required. That is, the precision orientation between the tubing hanger 14

and the tree 1 4yother @sbotimeoed plegetit iheaaes the thbifg hatided rlmaxhhyo Be
bet ween the tubing hanger 14 and a fixed reference point, e. g t he wel | head

12. Neveé&ﬁ%if&femedn ?oegle pq&fehﬁasmlatﬁe B YhPReliRal "1ahly uﬁxmge

coarse, non-precise or| ntat on capabi ity between thé tu |n anger

and a fix r e or
el e, fienfgE EAE o8 Ul et oany b el gHEHE el o pibOMBe AR 11

rel ativel e a desi.red gener directjon ch that the bod f the
tree 16 %%ﬂ%% bl rieBRHOR AT, 1 SEPEIEy b BeSHiAtke Wi 810 FRFSE®s boon
installed or will be installed at _ a Iater time. Such coarse, non-precise
or i ént at i P§senk IySRLQH; (qu)sgooqegpatl% beeeR thy “’Qlf}gg}f’ﬂnlgﬁr 14 apd 2 fxed ssfesRnget i on
outlets, stabs and openings where very high precision, e.g., 2 degrees, is
requir ed point; be., dh wellkead 32 opiguisle dase, Surct requirodyr Jbat inthe prassioneorentaginnat i on
system woul d not be capable of providing such a high degree of orientation
accur acy. bdfweencthanmbiag hangdr B ambdrestee h@nnagyr be esteblished mtithbutoregard stoetive woul d
not provide an orientation accuracy greater than 5 degrees. The coarse,

non- pr eci &fenfitiof et deR thdXRbiMREHAndi el 4t ahbli afix ddrBfencd Hoinf k. & e feXBERIZD.
reference point, e.g., wellhead 12, may be provided by any of a variety of

known mecﬁ@%'rtﬁ ss, 1& SRR PitRatidhsJit: mBy HRY d&kirRble b HOYURIBE  arse 2 nbih- P{e@fib' X

arrangenent, ey/ eli x arrangenent etc. Such coarse, non-prec

A0 SR hAasR PR oL B . 2.

wellhead 12 or a guide base. For example, it may be desirable to orient the body of the tree

16 (which is relatively large) in a desired general direction such that the body of the tree 16

does not iﬁterfere with other structures that have previously been installed or will be installed

at a later time. Such coarse, non-precise orientation is not provided for purposes of aligning

15 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

20 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.



13 Aflowine junper 22, having a centerline 23, is connected to the top
outlet 31 of the flow bore 18 of the tree 16 via a flowine junper

connect or ' i n one enbodi nent, engages the fl al ong the
centerlineaﬁbﬂ%Q&?ﬂg tree 16. The flow i ne junper conngﬁbggﬁﬁﬁ&ﬁ%§ conpri se
a swvel joint. The flowline junper 22 may be of any desired 5 structure and
may be any desired configuration. For exanple, the flowine junper 22 may be
fabricated fromrigid pipe or flexiblej;gonduit, it nmay be constructed with
articulated joints, it nmay be buoyant or partially buoyant, and it may

termnate in a\ GHARORinRer 00, Neirgl Ci¥hnterlGRMIEf doffecteStodRS fop! JABE: TWsAKE Ul | Y
bel ow, the flowine junper 22 may extend laterally to anofher subsea

t @ i | ' - 10
conponent g0y 813 -of at?e t;réérfrgs Hl?asa?gﬁégfe]ﬂ% _ﬁl{)nr%@rt %An‘ﬂ\%tgpﬁ GARBEGh She efﬁfnocﬁ%ngﬁ'tr

conponent di spose e subsed congletion systent 10.

A Lernat gk ot W DO SRR A1, SRS
G R KA E IR o T e 2 R R 4 TR A T

the present invention. In general, in_various enbodinments, the flowine
j umPer 2 2stisiyrend spayr be any desired sopfiguration. fioy example.he flewinejumpgs 22 maybe
subsea conmponents 40. The illustratively depicted conponent 40 may be any of

a vari et fabudatddrfoonm rigidysipaocBeniola eondyiteripiayybedonstrysteddwith articdated gointgais f r om
subsea wells, or injecting fluids or gases into such wells. For exanple,

t he subseaay Gepnoenit stOpartixllpdueyanf) fidell, may nermidatd do aahbdintal e aptivagct or,
a subsea processing facility, a subsea separator, a punp unit, etc. In the

enbodi mendonfl@ibs! A deborftledWidte 3y Bdldv, IHO AERiROTERPREND Ky dxfend 18kRHy to Fi gure
3B depicts an alternative enbodi nent wherein the flowine junper 22 is

i i gt ' d it t
conpri sed,Qfer P}?éfg@gﬁlgﬁngﬁm')é% B3dled, Sa [ a ﬁoﬁfﬁn@%&%e%gr, Or I%ther

production faci hat  may e el ther [and-based or l'ocated on

a 3y fac econﬁ)%ggﬂt d?sﬁao&ld% Egﬂlghis{a]}lcgﬁ&jnrtﬁgSub§éﬁc&n?plétlo?1xsgfptle1% 10. Alternatively,

the flowline jumper 22 may extend to a separate production facility (not shown) located on a

surface vessel or platform or a land-based production facility.

Figures 3A-3B depict various illustrative embodiments of a subsea system 10 in
15 accordance with various aspects of the present invention. In 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
20 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



WO 2005/ 042906 PCT/ US2004/ 034021 14 subsea junper 22 may al so be enpl oyed
when a subsea conponent 40, e.g., a manifold, is enployed as part of the

system 10.wmgps?d%§{0ﬁcases, t he tubi ng hanger 14 nay be f;éélte}u%go}@gmgga fl oor

and positione e 5 wellhead 12. Thereafter, the tr

operatively coupled to the previously installed tubing hanger 14 wherein
precise orientation alignnent is achieved between the tubing hanger 14 and
the tree 16. In the illustrative enbodigent depicted in Figure 1, the tree
16 cohprises a vertical 10 flow bore 18 and a top outlet 31. Because

product i 0§hbfséac}1‘ﬁf{n%§102'}! fnaly MU erhpl6yddoRhedld bhidisea3domtneht 0, el £6a Aani®bl@Ng t he

centerline 19, ere is no wwng outlet on the tree 16. This allows the

system 10ehAlo IR &Ytk 19everal ways. First, elimnation of the w ng
out | et redu@%gﬁyﬁéﬁﬁnu e? J? val ves required, thus reducing the size,

wei ght, and conplexity of the tree 16. Second, because the flow ine junper
connection 27 is along the tree centerline 19, there is no 15 | onger a need

to orient the tree 16 rel ati,ve to t wel | head , _or,other fixed, reference
poi nt, becausk qier faschght MngRangsr 4om%{3? ﬁw-totjﬂfﬁeseaﬂ&aaeﬁ Bsitiomed @ e any
particular direction. In previous systens enploying a horizontal production
out 1%t , awelerd tldadherealien, the tres Kemay,be gparaivetescnplegdorthe prexiously instglied ence
(i.e. the well head). Because the tubing hanger was run prior to the tree,

t he tubi ntpbingnipngerall4 ovieaein tpyedise ori¢ntationdaligningni iscachievad kiretwieenr the enbing e
(i.e. 20 the wellhead), in order to ensure that the tubing hanger was

al i gned whdngei Headdriketree/¥6. h some  enbodi nents of the present invention, it
is only necessary to orient the tree 16 to the tubing hanger 14, regardless
of the orientation of either conmponent relative to the well head 12. Not

only does this reduce the conplexity of the tree 16 and the tubing hanger

o L A o a0, 6 b

10 flow bore 18 and a top outlet 31. Because production flow occurs through the top outlet 31
of the tree 16 along the centerline 19, there is no wing outlet on the tree 16. This allows the
system 10 to be simplified in several ways. First, elimination of the wing outlet reduces the
number of valves required, thus reducing the size, weight, ’and complexity of the tree 16.
Second, because the flowline jumper connection 27 is along the tree centerline 19, there is no

15 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.

20 the wellhead), in order to ensure that the tubing hanger was aligned with the tree. With some
embodiments of the present invention, it is qnly 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



WD 2005/ 042906 PCT/ US2004/ 034021 15 during running, instead of precisely
orienting both the tree 16 and the tubing hanger 14. This creates
significant savings for the operator. Third, the center]]i pon of the
fl ow i ne 'Yﬂﬁﬁ@W‘gﬁ%nection 27 al | ows j unper neasurene&#gﬂﬁ%&%@ghgge much
earlier in the installation process. For exanple, the neasurenents could be
taken fromthe wellhead 12, 5 with the future height of the tree 16
calculated in. This allows nore tine for junper 22 fabrication, and thereby
reduces the cost and the risk of delay associated with the junpers 22.

Anot her agdwaipirafiingfinsiédd TPReaBly drienfi butic theQrke 115 ahb Me thbRghheRr 14 ThHd
tubi ng hanger 14 may be renoved and re-installed in a dif%erent orientation

wi thout aftaed Lipginth AGREYPorOthe lp&ratok.u #2: cehrimlediot@tontof the FdWIfAe T €

control schematics of varrous enbodi nents of the present |nvention that

i nvol ve ipcreas] r . exj i i [ system
di scl osed ff%icﬁg%ﬁggerﬁ%%%%%% éie%%ﬁ:egﬂér?lg{ g?%eeﬁ{%%%o@i?%%ghfegﬁ? t%ﬁ?)w- cost
enbodi ment_ of. .the invention i own schenntic In.this e di t, a
control  pUREHEPEo G P Opeinle, s HrRBBRRULt P kS g, e T IBARE 28,

t he productjon master valve (PNWi 26, the surface controlled subsurface
saf &ty vaith thestuaneheight of theties) 6\%19111?\@3 vy Vidus allews maregtize formBimnen 22
injection valve. The annulus swab valve (ASV) 32 and the crossover valve
(XOV)  34fabriation, anddherehyeredyces thegostan yhegiskrofidelay netociated Witk junmiert 22|  of
t he subsea connector may be provided via ROV hot stabs, in accordance with
wel | knowAnothetdadivantage. of2he Ewmicentric ngnrectidni ig tirae the, tree Ii6emtid tubifg harigentd may

medi um cost enbodi nent of the invention is shown schematically. In this
embodi menbe réncedtane ! refd@allEdin he diffeaslt bier@Mitn’ Withédieaffedti®y the design of the

-
—

jumper 22.
10
Figures 4, 5 and 6 are control schematics of various embodiments of the present
invention that involve increasing degrees of complexity and functionality for the system
disclosed herein. Referring to Figure 4, a relatively low-function, low-cost embodiment of
the invention is shown schematically. In this embodiment, a control pod may be used to
15 control the production wing valve (PWV) 28, the production master valve (PMV) 26, the
surface controlled subsurface safety valve (SCSSV), the annulus wiring valve (AWYV), 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.
20
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



conponents as the previous enbodi nent, as well as an additional chem cal
line, and an WD 2005/ 042906 PCTI US2004/ 034021 16 additional control Iline
for the SCSSV. Aggtional ROV hot stabs may be provided for controlling one
or more dowshoP¥&% di ng sl eeve valves. Referring to Fi BuFESHO/402) ot vel y
hi gh-functi on enbodi nent of the invention is 5 shown schematically. In this
enbodi nent, a first control pod (POD 1) nay be used to control the sane
conponents as the previous enbodi ment, and the same hot stab controls may be
provi ded as in the previous enbodi nent. A choke nodul e may be provi ded

bet ween t ?@F}fﬂ%@ %\Andg?? lin}a' %ﬁ l'the_zl_ ﬁgQW t REAIBHEST §8O ¢ TR %ﬁ? Lraa be Ff)r%éded.t fie

sl ed/ mani tor choke nodul'e may i an “addi t i onal

production val.ve (PSD UGk %g%}% 0 (PCV) and one or nore
chem cal qnﬁggmgﬂggg%%ﬁﬁd%&ﬁ@&glﬁ%gg% eg(’maly be used to control the
conmponents of the choke nodule. In one enbodinent, the present invention

conpri ses a conventional or vertical subsea Christmas tree 16 | anded above
a subsea wel | head 12. A tubing hanger 14 is |landed within 15 the wel| head
12 bel ow t he dRefpringete Kigwe 6,62 ralpfavebhhighfipation, erebodgmentcof thesingentiondent ri ¢
vertical flow bore 18 and one or nore production bore valves for controlling
fl oW t heshownrsohayiaticallyf. |Iowhis pmabpdiment; a st centrod pedkGQIY 1) may be usedgo ofnttohe f | ow
bore 18 via a flowine junper connector, which engages the flow bore 18

al ong t hetheaaiercbimpénenfs dshibe tpreddoulembblinent, | andlthe) samel hiplestal? 2oy mxy dad
| aterally to a sled, manifold, flowine connector, or other 20 conponent

di sposed gloviiedas ¢ fedR&Rols @hbddigerstUb aeehoke Mildalel BBy B¥ PrSAlcd bdtRédnatht vel Y,
the flowline junmper 22 may extend to a separate production hub nounted on

the subseg,wfYTRhGE) D hrithid &ifsca®onmdiet: 46220 5inE SEaMReHIH QRtdr/hub. The

choke module may include an additional production valve (PSDV), a production choke
10 (PCV) and one or more chemical lines. A second control pod (POD 2) may -be used to

control the components of the choke module.

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

15 the wellhead 12 below the Christmas tree 16. The Christmas tree 16 includes a concentric
vertical flow bore 18 and one or more prdduction 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

20 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.



17 The particul ar enbodi nents discl osed above are illustrative only, as the
invention may be nodified and practiced in different but equival ent manners
apparent to th killed in the art having the benefit of the teachings
her ei n. ‘8’0@%‘%?4%?936 the process steps set forth abovePTHYSBUW B ormed in
a different order. Furthernore, no limtations are intended to the 5 details
of construction or design herein shown, other than as described in the
claims below It is therefore evident jthat the particular enbodinents

di scl osed above nay be altered or nodi- fied and all such variations are

Slﬁ’Sf‘eSt: on couierbaé eﬁ?ﬁe%?f’?ddﬂﬁ‘&as 552?*'Sﬁ%%etdﬁa‘bg&??ﬁé;“’éﬁtg%‘%?r%%T’?‘v‘sv?@%QWE&E%‘& o
i co 1. . . i si :
% ¢ ubi ng rnaavn_é‘ee%@@%@‘@?%% ataﬁ%egtlféodi’%r%%‘n@g?wﬂ%iﬁﬁﬁa%g%ﬁﬁgé%,em%i?@sr sl > ™
becont 11 dafiiear BEvinecie bORRt DL e SBG REFeith Fon GRAUBlf b BIseR SAERSE Lot o

t ubi ng hanger adapted to be not precisely oriented with respect to a fixed
r ef er enceabpes mey bpperfgrast in o differeny ordeni Hurhermensanp limitations deq intaaded tocthe
conprising at |east one valve and a top outlet that is coaxially aligned

wi t B sai dietails ofieastrustimnedr desighiadréio shawg othed thah esldesoribed io pler claimsdelowe dtipl ed
to said tubing hanger, wherein said production tree is angularly oriented
rel ative ik thedetbid evideht thet thepgticilartsinbodibets éisclbictnbovecanyibé hltarelhpiraedit o be
operatively coupled to said top outlet of said tree and to an inlet of a

subsea CORRIORRNEN sach TRPatidS bRt SHsidetedl Witkin b QESHeNaRPbplrit WP iRRR 1S

not oriented wth
Accordingly, the protection sought herein is as set forth in the claims below.



respect to said fixed reference point. 3. The systemof claim1l, wherein
said fixed reference point conprises said subsea wellhead. 4. The system of
claim1l1, wherein said flow opening in said tubing hanger is centrally

| ocated in said tubing hanger. 5. The systemof claim1, wherein said flow
opening in said tubing hanger is cenﬁéally | ocated in said tubing hanger, a
fl ow bore of said tree is a vertical ow bore, and said vertical flow bore
of said tree is concentrically oriented with respect to said centrally

| ocated f| ow opening in said tubing hanger. 6. The systemof claim1,
wher ei n sWh¥ iseaisdent conprises at |east one of a manifold, a sled, a flow
| ine connector, a subsea processing unit and a punp unit. 19 7. The system
of claim1l, wherein said at | east one eccentric opening conprises at |east
one of anl.annW systen adeptedenbegouphl topenbseg webheadncoshperisirg: cal conponent, and

an opening, for a hydraulic conpecti.on..,8. The systemof claim1, wherein
a0 br ocBbing RafbeE AStEBsp Py B8N Hime 8 i BUNGHGr A P e QAN S5 FORBER T out | ot
9. A system adaRive6pdnthgd&téndiigl tRéethRough SnPH9esV\eild deedtiricdll9Miatedl Ng: a tubing
hanger adapted to be positioned in said wellhead, said tubing hanger
conprising a 9prwng epending threughshiipbingehangern suidhuling hanger edaptedoioebe
eccentrically | t openi,ng..ext endi ngt hr ough sai d .t ubi ng _hanger, said
t ubi ng hanger ngggr% 1§%yt0688ed Vﬁ(t)hnéts)?ﬁrafejkot %gxgé felrgg?ré%r?eogft ‘?%ben U8 et er ence
poi nt when posaidivgihdad;n said well head; a production tree conprising at
| east one valve and a top . outlet that is coaxiall¥ al i gned )
a production tree comprising at least one valve and a top outlet that is coaxially aligned
with said wellhead, said production tree adapted to be operatively coupled to said
tubing hanger, wherein said production tree is angularly oriented relative to said
tubing hanger; and
a subsea jumper conduit adapted to be operatively coupled to said top outlet of said tree

and to an inlet of a subsea component.

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

respect to said fixed reference point.

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

centrally located in said tubing hanger.

5. The system of claim 1, wherein said flow opening in said tubing hanger is
centrally located in said tubing hanger, a 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.

6. The system of claim 1, wherein said component comprises at least one of a

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



with said well head, said production tree adapted to be operatively coupl ed
to said tubing hanger, wherein said production tree is angularly oriented
relative to said tubing hanger; and a subsea junper conduit adapted to be
operatively coupled to said top outlet of said tree and to an inlet of a
subsea conponent. 10. The systemof cl.aim9, wherein said fixed reference
poi nt conprises said wellhead. 11. TH systemof claim9, wherein said flow
opening in said tubing hanger is centrally located in said tubing hanger.

12. The systemof claim9, wherein said flow opening in said tubing hanger
is cent ril |y Thscwstem oiclaim & wh%wﬁgsaﬁiaaﬁd@st ORGPGCHITIOWPRIHIPS COMPEES AL tree i s

t
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concentrica oriented res

in said tqhmngfbamgﬁhmﬂﬁamnm%noﬁhe systen1of claim9, mhereln sai d
production tree conprises at |east one non- vertical production outlet. 14.
A system adapted to be coupled to a subsea wel |l head, conprising: a tubing

hanger adgpt edrﬁé)syfgfénp@tsaalhpme»dhéran%aid%rw@dchbﬁwée c&abﬁ'sés 4P iIdAGk HRMIRL
conprising a centrally located | ow openi ng extendi ng therethrough and at

| east oneVﬂ@@dQﬁﬂﬂﬁ@@HﬁWklocated openi ng extendi ng t hrough sai d tubing
hanger, said tubing hanger being adapted to be not precisely oriented with
respect to said wellhead when positioned therein; a production tree

conprising, at A@ﬁﬁémaa@twﬂo\b@,coﬁd\pléd i 85 veNlheatd coig plidigg.et hrough and a top
outlet that is coaxially alli with said vel | head, said production tree
a tubing hanger adapted to be positioned in said wellhead, said tubing hanger comprising
a flow opening extending therethrough and at least one eccentrically located
opening extending through said tubing hanger, said tubing hanger adapted to be
non-oriented with respect to a fixed reference point when positioned in said
wellhead;
a production tree comprising at least one valve and a top outlet that is coaxially aligned
with said wellhead, said production tree adapted to be operatively coupled to said
tubing hanger, wherein said production tree is angularly oriented relative to said
tubing hanger; and
a subsea jumper conduit adapted to be operatively coupled to said top outlet of said tree

and to an inlet of a subsea component.

10.  The system of claim 9, wherein said fixed reference point comprises said

wellhead.

11.  The system of claim 9, wherein said flow openiﬁg in said tubing hanger is

centrally located in said tubing hanger.

12.  The system of claim 9, 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.



adapted to be operatively coupled to said tubing hanger, wherein said
production tree is angularly oriented relative to said tubing hanger and
wherein said flow bore in said production tree is in fluid comunication
with said flow opening in said tubing hanger; and a subsea junper conduit
adapted to be operatively coupled to sgjd top outlet of said tree and to an
inlet of a subsea conponent. 15. The S?Qtenlof claim 14, wherein said flow
bore in said tree is a vertical flow bore. 16. The system of claim 15,
wherein sald vertical flow bore of said tree.is coaxially oriented with
respect tol%sai dieewttem afyelaimchehersin soid pedietien iree samerisenipt lkgstivanger: 17.

The syste <§ﬁa§é§ﬂﬁh&ﬁ@u erein said fl ow opening in said tubing hanger is
centrally ocat I'n sald tubing hanger, and said vertical flow bore of said
tree is concentrically oriented with respect to said centrally |ocated fl ow
opening in said tubin

hanger. 18 . A system adapted to.be coupled to a
subsea wel 1head® Sﬁmg‘?@feﬁdgﬁﬁc?‘iﬁ?%@ a egg?ﬁ%t EWRTBIE positioned in

sai d wel | hegging %@h%r &‘@‘t&&o%'ﬁgﬁﬁo%r{ﬁ%&%ﬂhea@ SENubRlg lwéng&%a PISIB%
openi ng extendin h t hrough and at | east one eccent |cal cat ed

openi ng ext endumnlrdrlbologatectﬁow 0perbngngxt¢raim@there§m@htamdlahlgastI@aﬂger bei ng
adapted to be nan- ct,. to |t| oned

Tl o OF o aRentlicafi 16l dnbn o RES e R Bef s HBRE ST il

ext endi ng t her efahg@ughgasfdpad tb R MY bteRtsellyNitfenied Wid1dspédt Yo @Jutigﬁ&ﬁeé/&l th said
wel | head, said production tree adapted to be operatively coupled to said

tubi ng hanger, W?@rpéﬁlﬁogeéitherﬁ’rn@ductl on

a production tree comprising at least one valve, a flow bore extending therethrough and a
top outlet that is coaxially aligned with said wellhead, said production tree
adapted to be operatively coupled to said tubing hanger, wherein said production
tree is angularly 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; and

a subsea jumper conduit adapted to be operatively coupled to said top outlet of said tree

and to an inlet of a subsea component.

15. The system of claim 14, wherein said flow bore in said tree is a vertical flow

bore.

16.  The system of claim 15, wherein said vertical flow bore of said tree is coaxially

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

17.  The system of claim 15, wherein said flow opening in said tubing hanger is
centrally located in said tubing hanger, and said vertical flow bore of said tree is
concentrically oriented with respect to said centrally located flow opening in said tubing

hanger.

18. 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 centrally located flow opening extending therethrough and at least one



tree is angularly oriented relative to said tubing hanger and wherein said
flow bore in said production tree is in fluid communication with said fl ow
opening in said tubing hanger; and a subsea junper conduit adapted to be
operatively coupled to said top outlet of said tree and to an inlet of a
subsea conmponent. 19. The system of claim 18, wherein said flow bore in said
tree is a vertical flow bore. 20. The sS3istem of claim 19, wherein said
vertical flow bore of said tree is coaxially oriented with respect to said
centrally located flow opening in said tubing hanger. 21. The system of

claim 19, whergidhgany 1béaa Qﬁ%mﬁn&tédai@%%uwl&hfagmiaﬁxggﬁf]%ér,s sai&%l}ix'i%ﬁ' ly
| ocated in said tubing hanger, and said vertical flowbore of said tree is
concent ri cal | yhangérebeingl adaptéd tedpewon-arentsdi wittc egsped| toysaid el lbendf wbem openi ng

'n said tubi n%os@%ggftrhérein;

a production tree comprising at least one valve, a flow bore extending therethrough and a
top outlet that is coaxially aligned with said wellhead, said production tree
adapted to be operatively coupled to said tubing hanger, wherein said production
tree is angularly 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; and

a subsea jumper conduit adapted to be operatively coupled to said top outlet of said tree

and to an inlet of a subsea component.
19.  The system of claim 18, wherein said flow bore in said tree is a vertical flow bore.

20.  The system of claim 19, wherein said vertical flow bore of said tree is coaxially

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

21.  The system of claim 19, wherein said flow opening in said tubing hanger is
centrally located in said tubing hanger, and said vertical flow bore of said tree is
concentrically oriented with respect to said centrally located flow opening in said tubing

hanger.



