MULTIPLEX TUBING HANGER BACKGROUND 1. Field of Invention [0001] The invention relates
generally to a subsea wellhead assembly and a method of forming a subsea wellhead assembly. More
specifically, the present invention relates generally to a method of forming a subsea wellhead, and a
subsea wellhead, that provides fluid communication through an annular member landed within a
housing or spool. 2. Description of Prior Art [0002] Subsea wellbores are formed from the seafloor into
subterranean formations lying underneath. Systems for producing oil and gas from subsea wellbores

typically include a subsea wellhead embl opening to the wellbore. Subsea wellheads
usually include a high pressure Wellmbﬂggggé%%%W§%er pressure wellhead housing and
secured to conductor casing that extends downward past the wellbore opening. Wells are generally
lined with one or more casing strings coaxiagya\' ﬁgﬁggdﬁl\‘ ugh, and significantly deeper than, the
conductor casing. The casing strings are typically Suspended from casing hangers landed in the
wellhead housing. One or more tubing strings are usually provided within the innermost casing string;
that am?jfg oth%riﬁ[ﬁrlgqlwgn%ﬂd for conveying well fluid produced from the underlying formations.

e

The produced well fluid'is typically controlled by a production tree mounted on the upper end of the
wellhead housing. The production tree is typically a large, heavy assembly, having a number of valves
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hangers in wellheads are ensuring correct ofientation to prevent damaging the couplers and seals
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systems have been previously employed to achieve orientation, which consume valuable rig
reSOurcest forming a subsea wellhead, and a subsea welltileatprovides fluid communication through

an annular member landed within a housing or spool.
2. Description of Prior Art

[0002] Subsea wellbores are formed from the seafloor Bubterranean formations lying
underneath. Systems for producing oil and gas Bobsea wellbores typically include a subsea
wellhead assembly set over an opening to the wellb8ubsea wellheads usually include a high
pressure wellhead housing supported in a lowerspreswellhead housing and secured to
conductor casing that extends downward past thébarel opening. Wells are generally lined
with one or more casing strings coaxially insertiebugh, and significantly deeper than, the
conductor casing. The casing strings are typicallypended from casing hangers landed in the
wellhead housing. One or more tubing strings axeally provided within the innermost casing
string; that among other things are used for comgewell fluid produced from the underlying
formations. The produced well fluid is typicallgrdrolled by a production tree mounted on the
upper end of the wellhead housing. The productiea is typically a large, heavy assembly,
having a number of valves and controls mountedetitrer One of the largest challenges when

running and installing tubing hangers in wellheads ensuring correct orientation to prevent



[0003] Some subsea wellhead assemblies include a tubing hanger spool that lands on an upper end of
the high pressure housing. The tubing hanger is supported within the tubing hanger spool, and can be
landed therein prior to or after the production tree mounts to the upper end of the tubing hanger spool.
Difficulties are typically encountered when landing the tubing hanger in the tubing spool and ensuring
the tubing hanger is properly oriented so that axial passages in the tubing hanger and production are
aligned. [0004] SUMMARY OF THE INVENTION [0005] Disclosed herein is an example of a subsea

lhead bly. | le embodiment the sub llhead bly includ lhead
housing AAHSBSGY 5n HRURIHE: GRE. ARELRRRAP B 108 SRFi ARG I nEFORF sgbENha o

ring, that can rotate, is disposed an the annular member, The ring has a.contoured upper. surface. A
product IO TP T e AL Sodd e TR ST acieve
engagedowgp]tgﬁoﬁpg\ﬁ{k?ﬁggﬁg %éh\%fb%lérﬂ I;%stgﬂr %glof the ring also has a contour, where the

contour corresponds to the contoured upper strface of thé ring, thus when the production tree is
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included xtends vertically through the ring, a ere Ing IS In the passage that
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surface is a series of pockets along the CTircumference of the ring, and wherein an upper énd of the
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the lower end of the production tree each are a series of pockets with angled lateral sides that form an

interferegei vy eahie BRICTDIRit@RdS RRSKipRed weanRrEd WA TRaidionieadsaty Rairfprmuth.
Vertical bores may optionally be included in the annular member along with axial passages in the ring
and flexifie tubing Hpalopyianendiging eiethib ey tieal dprtpe Ay fiid 8 35SREE SualsaEsagR_drMal
passages in the production tree. In this example, when the production tree is landed while positioned
at an azitobihgofitsedéramdhs cstraigoatac adignetn, the axial passages in the ring azimuthally move with
respect to the vertical bores and the flexible tubing bends in response to the movement of the axial
passagef0iothsSungMIARY eaitiie |INMEXSTI@BEI bores and axial passages in the production tree come
into communication when the production tree lands onto the spool and remain in communication when
the ring 00t t&dsAoskdn her enayid eaop ttxaatiyl e abfi de dsthias exx tevelbeesmtumbiyr e ntial lgral exgi@eupper
surface of the annular member so that the ring rotates in the channel. In one alternate example, the
azimuth entbedbnenidhierstieseremealihe 3t lassemally inmusiadieesdileobsing it eds ot amiigiapper
member can be a tubing hanger and the spool can be a tubing hanger spool. [0006] Also disclosed
herein is&DhetABPONIANING BRRS| IR A¥daimine subsraden ANAchRBSampRYinklatieaprelaimgs
ring that has an axial passage, where the ring is mountable onto an annular member having a vertical
bore. fleﬂﬁ@%&ﬁn@"&%mﬁ@ﬁﬂééﬁ‘ﬁ%-aﬂ%?ﬂﬁ&ﬁ@é BeEHLIDeRICHTRFE: ThPrAdusdaralsee is
includes providing an upper member with a vertical passage and a lower surface that mates with a
profile oM & ABR sBRAHPEF Bl plgthentPoskitBRi TR PP U MR RS G R g Wiln AR d

orientation. The ulpger member is lowered onto the rliﬁ?égtwhen the ring is mounted on the annular
r
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upper member can be a production tree._and,optionally, the ular member comprises, a tubi
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The metho rientingthe upper member betore being e ring at
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through the axial passages o upper member and ring, exible tubing, and the vertical

[0007] BRIRERESSRIFLLON %MWe circumteref the ring, and wherein an upper end of

the passage terminates in a pocket. Alternativeky,contoured upper surface of the ring and

contour of the lower end of the production treeheace a series of pockets with angled lateral



[0008] Some of the features and benefits of the present invention having been stated, others will
become apparent as the description proceeds when taken in conjunction with the accompanying
drawings, in which: [0009] FIG. 1 is a side sectional perspective view of an example embodiment of a
wellhead assembly in accordance with the present invention. [0010] FIG. 2 is a detailed view of the
example embodiment of FIG. 1. [0011] FIGS. 3A and 3B are side views of a lower end of a production
tree landing within a tubing hanger spool in accordance with the present invention. [0012] FIG. 4 is a
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accordance with SBht Inven
axial passages in the ring and axial passagesipribduction tree. In this example, when the

production tree is landed while positioned at amath offset from the designated azimuth, the
axial passages in the ring azimuthally move witspeet to the vertical bores and the flexible
tubing bends in response to the movement of thal @eissages in the ring. In an example, the
vertical bores and axial passages in the produdtiee come into communication when the
production tree lands onto the spool and remaicommunication when the ring is rotated. A
channel may be optionally included that extendsuciferentially along the upper surface of the
annular member so that the ring rotates in thermélanin one alternate example, the azimuth of
the production tree remains substantially the satmée being landed. The annular member can
be a tubing hanger and the spool can be a tubimgenapool.

[0006] Also disclosed herein is a method of forming a hedld assembly subsea, that in an
example includes providing a ring that has an gp@alsage, where the ring is mountable onto an
annular member having a vertical bore. Flexiblarig extends between the axial passage and
the vertical bore. The method also includes priogicn upper member with a vertical passage
and a lower surface that mates with a profile omgper surface of the ring, and positioning the
ring and upper member into a designated orientatibhe upper member is lowered onto the
ring when the ring is mounted on the annular mendret the vertical passage in the upper
member communicates with the vertical bore by emgpthe respective profiles on the upper
member and the ring to azimuthally rotate the ring the designated orientation that aligns the

vertical passages in the ring and the upper memblee. upper member can be a production tree



[0016] While the invention will be described in connection with the preferred embodiments, it will be
understood that it is not intended to limit the invention to that embodiment. On the contrary, it is
intended to cover all alternatives, modifications, and equivalents, as may be included within the spirit
and scope of the invention as defined by the appended claims. DETAILED DESCRIPTION OF
INVENTION [0017] The method and system of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown. The
method and system of the present disclosure may be in many different forms and should not b
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illustrative embodiments and Ific terms are employe y are tsed In a generic and
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described are therefore t0 be limited only by the scope of the appended claims. [0019] Shown in

Figure 1% assilessaiiRnapparsnacies sienlahemsrprgmbedimentata wefihiead assembly 20

that includes a tubing hanger spool 22 mounted on a wellhead housing 24. The tubing hanger spool 22

of Figurgdois7p mrNetatz somy it ofmbedrRxipgNassnner radius that transitions inward to define a
ledge 23; the wall thickness of the hanger spool 22 increases below the ledge 23. In the example of

Figure 1]tbesyeliiradheistagidfels gl msassorenugiieadtiasisingvanyie shevicerdiads will
circumscribed by an outer lower pressure wellhead housing 25. Landed within the ledge 23 of the
tubing spc?Rdpialing dtge d26opiptivnigiree s vk lneh AR I sbowitiextenditg tpanyiagd
into a wellbore (not shown) over which the wellhead assembly 20 is disposed. Tubing 28 defines an
annulus @eivétgsen whict:the inner radius of the wellhead housing 24. [0020] A series of vertical
bores 30 are shown in dashed outline extending through a side wall of the tubing hanger 26. lllustrated
disposed QR nFdGe dbfitha Fds axprsiGais frrsipdetivbivie 82 dfazangsel cxvat adich pndjottingvizitoetae:
annulus 29 and an upper end coupled within an annular ring 34. The ring 34 of Figure 1 is shown set
flush witlRissgshlp peaecerdinge withnig e aregaéweratiam groove 36 that is formed along the entire
circumference of the upper end of the tubing hanger 26. Further illustrated in the embodiment of

Figure 1[8¢ sdfred i$ potiieitcdyiRmneddne expapperesubr@ie®itie. ing 34. The lower end of the

pockets 38 of Figure 1 are intersected by the upper terminal ends of the passages 30. o
[0011] FIGS. 3A and 3B are side views of a lower end @ir@duction tree landing within a

tubing hanger spool in accordance with the pressention.

[0012] FIG. 4 is a side view of a production tree beinggdeed subsea from a work vessel in
accordance with the present invention.

[0013] FIG. 5 is a side sectional view of an example enthedt of a tubing hanger being

landed in a wellhead assembly in accordance wétptbsent invention.

[0014] FIGS. 6 and 7 are side partial sectional views pfaluction tree landing on a wellhead
assembly in accordance with the present invention.

[0015] FIG. 8 is an overhead view of the wellhead assembllylG. 6 in accordance with the

present invention.



[0021] Further depicted in the embodiment of Figure 1 is a production tree 40 being landed onto an
upper end of the tubing hanger spool 22; wherein a lower portion of a tree body 42 coaxially extends
within the upper open end of the tubing spool 22. A series of pockets 44 are shown in the lower
terminal end of the tree body 42, and like the pockets 38 on the upper surface of the ring 34, the
pockets 44 extend substantially along the circumference of the lower end of the tree body 42. It should
be pointed out, however, that embodiments exist wherein pockets 38, 44 are selectively provided in

strategic locations along the ring 34 tree body 42. Further, each of the ring 34 and tree body.42
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exist where each of the ring 34 and tree bo 2 include.a single pocket 38, 44. Vertical passages 46
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one another so that when landed, the ring 34 will need to rotate about its axis so that the pockets 38,
44 align e e eBasEStrSEErigiRteR fRYEREYHNPM a torque tool on a remotely operated vehicle
(not shown), a diver, or hydraulic action from a control pod (not shown). The pockets 38, 44 can mesh
when the production tree 40 is being landed, an example of which is illustrated side view in Figures 3A

and 3B. [adig exanakaibe Eae Rhyete s angusdyaisaistRisuRedriio rataskagHbeih fofemllieed to

rotate, or be rotated, into a designated azimuth. Specifically referring now to Figure 3A, the shape and

location gt Famanekalrr RiYiBedcmEclaHas ATIHef dhgsiT VBRI ARIRinR RIS MR thas
project downward and towards the ring 34. The protrusions 50 are strategically formed to set within the
lowermosgigndiiparkil syksteenpsickeipassent this¢lppereshiigcraah yhaiffirgradovhendhe siegulpdytdskis
landed on the ring 34 and/or the tubing hanger 26. Similarly, the position and shape of the pockets 38
on the uppessuddcesdirtiteding S didisteatesecias ofl ipeatts foBtithhé aEn; axtbed wpastosanbopliaents
portion 52 of the pockets 44 on the lower surface of the tool body 42. Moreover, the peaks have
angled |aterghsidiee G4 oriivahithshdidolosuendidf ieethaitasio o bip e, land wihié iuligckensy &8 ite4 are
offset from one another. The respective mass of the tree body 42 as compared to the mass of the ring
34 will resaapehio times84kitbainiha eotatinkethe mbefaztadikhee[morotichd0giides down the lateral
side 54. [0023] Figure 3B illustrates a side view of the tree body 42 lowered onto the ring 34 and the
protrusio®9EY) Bemipses idheeuddeisiasst putidiescopenelpisient 3Bsolestiscissset lunieed vk the
tree body 42 engages the ring 34 at a time when the ring 34 and tree 42 are angularly offset from one
another, @G Sig USSP RARSH B, RPN reXp6 gieaRadige RbPraliRywr and degsalreb as
profiles created by the pockets 38, 44. As the flexible tubing 32 is coupled to the ring 34 and extends
through fREPASAURRS aad AnivaERoINY %@@P%&%%%Ws%@v&ﬁ%@ﬁd dP Shre M RS RRWith

rotation of the ring 34. The bending of the tubing 32 is illustrated in Figure 3B where the tubing 34 is

set at anSRAGIEGRRILTREET RVRDERN BISHe R HUsERRPRdINsH 42ds ANRLgRnERESHIcIASS
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coupler 6 may be co y inserted within one to provide communication from the

passage g4 ip. (e RasAYS 36 and fﬁ&%ﬁ&tgqmrﬁz% Fh2 MR INIRIIMAAY (15,8 %ﬁﬁ 38,

44 the tree body 42 may be in an orientation with réspect to the tubing hanger 26 to facilitate flui

commuMGLIQELIREPHENGRPELES BPRIG-RANEST 3G 3hEgi BRMhEMMTRRVRG Hififksi9aaIge that

orientation may be achieved without the need for orientation devices that take up or consume tktle
limited ragipkfRraceivIEe thodribaadrRrseshhe (RBRAEYS DOWE HaribEXpEHI Dffoisakis dsldipea
wellhead assembly 20 is shown in a side view wherein the production tree 40 is illustrated being
landed onto the wellhead housing 24. The wellhead housing 24 is shown set over the wellbore 58. A
wireline 60 is coupled on an upper end of the production tree 40 and a surface vessel 62 is used for
controlling lowering of the production tree 40. A remotely operated vehicle (not shown) may be used to
pre-orient the production tree 40 as it is lowered and landed onto the wellhead housing 24. [0026]
Referring now to Figure 5, a side partial sectional view is shown of an alternate embodiment of a
tubing hanger 26A being landed in a wellhead housing 24A. In this example the tubing hanger 26A is
shown attached to a running tool 70 that is mounted on a lower end of a drill string 72. The tubing

hanger 26A is being inserted through a bore 73 axially formed through a blow out preventer (BOP) 74
chown moiinted on an 1inner end of the wellhead hoticina 24A An rimbilical 78 i€ alen illiietrated that



[0027] Figure 6 illustrates a side partial sectional view of the tubing hanger 26A landed in the wellhead
housing 24A and a production tree 40A landing on the housing 24A above the tubing hanger 26A. An
annular connector 84 depends axially downward from a lower end of the production tree 40A. A
tubular production stab 85 also depends axially downward from the lower end of the production tree
40A and coaxial within the connector 84. The production stab 85 provides fluid communication
between bores 86, 87 provided respectively through the production tree 40A and tubing hanger 26A. A

disk 88 is sh t b8 th d 88 tt ble about th tb85
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generally axially alon width ofI dsk 88. The or ion of the slot 90 idth that i 2
oo Yt R HARBr A fa%unméﬁ{%.ngg R bt oy oo ot ,w%h%-

twbing hangel 264 Theqi el b sioh i 193163 SYPESRINEL s Aodon AuoBeRG By

larger th upper en gnmen pin ouplers nona ower sur

Siriace O G P DO L R e O R WA AR

COUP'efsagéer%%y%%ta@bngH’ Wﬁ%%é"&'éfﬂ@%ﬂﬁﬁa%é%é’ﬁ themy QHHQHHB#FQ@.&%@HQ
tubing hanger 26A. Tubing 98 extends from an upper surface of the disk 88 to the production tree 40A

to prowd\ﬁ,ém{gggyﬁ\&@lﬁg petween couplers 94 and passages 46A. [0028] As shown in the side partial
sectional view in Figure 7, the production tree 40A is lowered onto the wellhead housing 24A and the

lower enthopda RIBIC B RIABIIRIEES HOTheRPTE Sosiiie iR arbE6M a digeaanmsent

slot and pin 90, 92 are strategically located so that when the pin 92 inserts into the slot 90, couplers 94
are allgnmém@wﬁﬁg@ﬁﬁ@mdm@m@ﬂa@gm@m whetetesislyS< soloyvaesiblénttiemexample
of Figure 7, couplers 94 insert within couplers 96, alternate embodiments exist wherein couplers 96
inter intoreaimdess|Ode Refermprgjbaikgontoctkxamplgusf Répareppbedna ¢aupletisaithircarangiulsith
the slot 90. As noted above the opening to the slot 90 is enlarged, which allows some tolerance for
misalignnrenBahdiméaridmng4he Bigki@4l lis ehevexaetiiegtha tierappercardrahtie upkhioguttangeri26 7 of
angular offset between the pin 92 and slot 90. Guide posts or a guide line less system (not shown) can
be used fmdorneatjigahe péothattisriareed@odgrihg Emidgmunidrrenadrthes uifset eed\afaheHealsiog 90
and pin 92, the disk 88 is rotated by the pin 92 entering the lower width portion of the slot 90. The
tubing 9&anbrRIin. dnerdedriipkinatéshindtdrembadiniddtiouatt it assidesohintkeim3tsformed in
configuration of Figure 6 with rotation of the disk 88. [0029] Figure 8 is an overhead view of the
wellheadPROiRNSG SWhaaAdPfdhecin@iBihg hhAdewesAntIeiRcakels esfd-Bureryare ataispried by
example, both electric/optical couplers 96A and hydraulic couplers 96B are shown on the tubing
hanger 268. L‘@Wﬁﬂéﬂﬂ’“@ﬁb@ﬂﬂ%@ﬁf@%ﬁﬁmﬁpsome of the couplers 94 on the production tree 40A
(Figure 7) are_electric/optical and some are hydraulic. An overhead view of the alignment pin 92 is
shown, WHREAIE Hﬁ@%h?%‘dﬁ%‘?@df‘&f‘ﬁusmé@'ﬁé%”é@eﬁ@#&ﬁ’y%%%?%ﬁ&%ﬁﬁdﬂﬁﬁt%l@”ﬂﬁdaﬁﬂtﬂus
vent 100 is further depicted on the u per end of the tubing hanger 26A, that in one example ma
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complexdeRlingdRAbfBvided in strategic locations alohg ting 34 and tree body 42. Further, each of
the ring 34 and tree body 42 may have substanfefer pockets 38, 44 than those illustrated in

Figure 1. Example embodiments exist where eacth®fring 34 and tree body 42 include a



susceptible to tolerance problems. Superimposing the hardware that orients the hanger 26 saves
space within the tree body 42. [0031] The present invention described herein, therefore, is well
adapted to carry out the objects and attain the ends and advantages mentioned, as well as others
inherent therein. While a presently preferred embodiment of the invention has been given for purposes
of disclosure, numerous changes exist in the details of procedures for accomplishing the desired
results. These and other similar modifications will readily suggest themselves to those skilled in the art,
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housing and terminate in a space between adjacent pocKetmtlonally, flanges 48 may be provided
on the tree body, tubing hanger spool 22, and watlhousing 24 for attachment to one another.
Optionally, threaded fittings or wells may be usadattaching these members.

[0022] Referring now to Figure 2, a detailed perspectiesnis shown of the tree body 42 being
landed onto the ring 34. The respective pockeisA88are oriented offset from one another so
that when landed, the ring 34 will need to rotdiew its axis so that the pockets 38, 44 align
and can mesh, where rotation can occur from a étgal on a remotely operated vehicle (not
shown), a diver, or hydraulic action from a contpold (not shown). The pockets 38, 44 can
mesh when the production tree 40 is being lande@xample of which is illustrated side view in
Figures 3A and 3B. In this example the tree bod@yigtangularly offset from a designated
azimuth and will need to rotate, or be rotatedy mtdesignated azimuth. Specifically referring
now to Figure 3A, the shape and location of thekptsc44 provided on the lower end of the tree
body 42 define protrusions 50 that project downwamd towards the ring 34. The protrusions
50 are strategically formed to set within the lowest portion 51 of the pockets 38 on the upper
surface of the ring 34 when the tree body 42 idéainon the ring 34 and/or the tubing hanger 26.
Similarly, the position and shape of the pocketB88&he upper surface of the ring 34 define a
series of peaks 53 that can extend up into an uppeion 52 of the pockets 44 on the lower
surface of the tool body 42. Moreover, the pealgehangled lateral sides 54 on which the lower
end of the protrusions 50 can land when pockets438are offset from one another. The
respective mass of the tree body 42 as compartbe tmass of the ring 34 will rotate the ring 34

rather than rotating the tree 42 as the protrusiaslides down the lateral side 54.



26tubing hanger 28tubing 29annulus 30bore 32tubing 34ring 35passages 36channel

[0023] Figure 3B illustrates a side view of the tree bd@ylowered onto the ring 34 and the
protrusions 50 being set into the lowermost porédnof the pocket 38. As discussed above,
when the tree body 42 engages the ring 34 at awihen the ring 34 and tree 42 are angularly
offset from one another, the ring 34 is rotatedudlits axis in response to the strategic forming
of the respective profiles created by the pock8ts43. As the flexible tubing 32 is coupled to
the ring 34 and extends through the passages Binhwite tubing hanger 26, the tubing 32 will
bend or otherwise deform with rotation of the rB®y The bending of the tubing 32 is illustrated
in Figure 3B where the tubing 34 is set at an angflective of the rotation of the ring 34 as the
tree body 42 is landed thereon. In one examptiesired indexing or communication between
passages 35, 42 can be confirmed by flowing flordugh a dummy flow loop of two or more
lines, through the hanger 26, and back to a comoal (not shown). Monitoring the fluid
flowing back to the control pod can confirm thas thdexing of the passages 35, 42 is correct.
[0024] In one alternate embodiment, the passages 30A &avgpper end that flares radially
outward to accommodate the bending and reducesstrasithin the tubing 32. Also optionally
provided are a male coupler 55 in the lower enthefpocket 38 that engages a female coupler
56 (shown in dashed outline) that is set withinspge 46 and in the protrusion 50. The couplers
55, 56 may be coaxially inserted within one anotbgsrovide communication from the passage
46 to the passage 35 and into the tubing 32. Ak, strategically forming the pockets 38, 44
the tree body 42 may be in an orientation with eespo the tubing hanger 26 to facilitate fluid
communication through both the tubing hanger 26 taeel body 42. Moreover, the designated
orientation may be achieved without the need f@ration devices that take up or consume the

limited radial space within the wellhead assembly.



38pockets 40tree 42tree body 44pockets 46passages 48flanges 50protrusion 51lowermost portion

[0025] In Figure 4, an example of forming a subsea wetlhessembly 20 is shown in a side
view wherein the production tree 40 is illustrateging landed onto the wellhead housing 24.
The wellhead housing 24 is shown set over the wadlib8. A wireline 60 is coupled on an
upper end of the production tree 40 and a surfaseel 62 is used for controlling lowering of the
production tree 40. A remotely operated vehiclet (shown) may be used to pre-orient the
production tree 40 as it is lowered and landed tmtovellhead housing 24.

[0026] Referring now to Figure 5, a side partial sectiomedw is shown of an alternate
embodiment of a tubing hanger 26A being landed wellhead housing 24A. In this example
the tubing hanger 26A is shown attached to a ruyntaol 70 that is mounted on a lower end of a
drill string 72. The tubing hanger 26A is beingened through a bore 73 axially formed
through a blow out preventer (BOP) 74 shown mouotedn upper end of the wellhead housing
24A. An umbilical 76 is also illustrated that imetexample of Figure 5 includes lines 78, such as
electrical and hydraulic, that extend into the tete and project through the tubing hanger 26A.
In the example of Figure 5, sensors 80 are providéth the tubing hanger 26A that
communicate with sensors 82 in the BOP 74. Themsr80, 82 are strategically located on the
tubing hanger 26A and BOP 74 and generate a resptbasis dependent on the relative position
of a communicating sensor. By monitoring a sigiasignals from one or more of the sensors
80, 82 as the tubing hanger 26A is being landezlptientation of the tubing hanger 26A can be
monitored and adjusted to a desired azimuth.

[0027] Figure 6 illustrates a side partial sectional viefnthe tubing hanger 26A landed in the
wellhead housing 24A and a production tree 40Ailagan the housing 24A above the tubing
hanger 26A. An annular connector 84 depends sxddwnward from a lower end of the

production tree 40A. A tubular production stab @50 depends axially downward from the
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lower end of the production tree 40A and coaxiahimi the connector 84. The production stab
85 provides fluid communication between bores 8B, gBovided respectively through the
production tree 40A and tubing hanger 26A. A d8kis shown circumscribing the production
stab 85, where the disk 88 rotatable about the&%abAn alignment slot 90 is shown formed in
a portion of an outer periphery of the disk 88 #sgends generally axially along the width of the
disk 88. The upper portion of the slot 90 has dthvithat is approximately equal to the width of
an alignment pin 92 shown projecting axially upwamin the tubing hanger 26A. The width of
the slot 90 flares outward so that its lower partfor opening) is larger than the upper end of the
alignment pin 92. Couplers 94 are shown on a losueface of the disk 88, that as will be
described in more detail below, engage couplerprd@ided on an upper surface of the tubing
hanger 26A when the production tree 40A lands ¢méowellhead housing 24A. Couplers 94,
96 respectively communicate with passages 46A, BO#&e production tree 40A and tubing
hanger 26A. Tubing 98 extends from an upper sartddhe disk 88 to the production tree 40A
to provide communication between couplers 94 arsdgqges 46A.

[0028] As shown in the side partial sectional view in Fegu, the production tree 40A is
lowered onto the wellhead housing 24A and the logvet of the production stab 85 inserts into
the bore 86 in the tubing hanger 26A. The alignnséot and pin 90, 92 are strategically located
so that when the pin 92 inserts into the slot @dpters 94 are aligned with couplers 96 and can
engage one another when the disk 84 is loweredhdmexample of Figure 7, couplers 94 insert
within couplers 96, alternate embodiments exist r@imecouplers 96 inter into couplers 94.
Referring back to the example of Figure 6, the3#inis offset at an angle with the slot 90. As
noted above the opening to the slot 90 is enlargekich allows some tolerance for

misalignment when landing the disk 84. In one gxamthe tolerance can range up to around
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+/- 7° of angular offset between the pin 92 and @b Guide posts or a guide line less system
(not shown) can be used for orienting the productiree 40A during landing. When there is
offset between the slot 90 and pin 92, the disks86tated by the pin 92 entering the lower
width portion of the slot 90. The tubing 98, whichone example is formed from an elastic
material, has deformed from its configuration ajif¥e 6 with rotation of the disk 88.

[0029] Figure 8 is an overhead view of the wellhead hap&#A and landed tubing hanger 26A
taken along lines 8-8 of Figure 6. In this exampieth electric/optical couplers 96A and
hydraulic couplers 96B are shown on the tubing bar®5A. Similarly, embodiments exist
wherein some of the couplers 94 on the productiee 40A (Figure 7) are electric/optical and
some are hydraulic. An overhead view of the alignmpin 92 is shown, which in the
embodiment of Figure 8 has a generally circulaepgbnfiguration. An annulus vent 100 is
further depicted on the upper end of the tubinggea26A, that in one example may be formed
to receive a coupler 94 (Figure 7) therein.

[0030] Optionally, the production tree 40 can be landedangtazimuth which is an advantage of
implementing the present disclosure. In this eXanthe castellated protrusions 50 and pockets
38 obtain an unknown index position. Using thetipléxing methods described above, desired
passages 35, 46 can be aligned and communicationgtn the wellhead assembly 40 of a
specific line can be confirmed. In an example,gheduction tree 40 is landed within +/- 15° of
the designated aligned azimuth, which can be Jiguabnfirmed/performed. This rough
alignment, in conjunction with the castellated pustons 50 and pockets 38, positions the tree
40 within a tolerance band of the castellation pipkzone. This removes the need for orienting

the hanger 26 while it is being landed, thus elating the need for complex tooling that is
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susceptible to tolerance problems. Superimposiadhaardware that orients the hanger 26 saves
space within the tree body 42.

[0031] The present invention described herein, therefereell adapted to carry out the objects
and attain the ends and advantages mentioned, lasasvethers inherent therein. While a
presently preferred embodiment of the invention hasn given for purposes of disclosure,
numerous changes exist in the details of procedoresccomplishing the desired results. These
and other similar modifications will readily sugg#semselves to those skilled in the art, and are
intended to be encompassed within the spirit ofgiesent invention disclosed herein and the

scope of the appended claims.
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100 main bore CLAIMS What is claimed is. 1. A subsea wellhead assembly (20) comprising: a
wellhead housing (24); a spool on an upper end of the wellhead housing (24); an annular member
landed in the spool; and characterized by,  aring (34) rotatably disposed on the annular member
and having a contoured upper surface; a production tree (40) landed on an upper end of the spool
having a lower end engaged with an upper surface of the ring (34), the lower end having a contour
corresponding to the contoured upper surface of the ring (34), so that when the production tree (40) is
lowered %no thﬁenhne% é%gfgé rtnkej(Fyring (34) rotates into a designated azimuth.

22 tubing hanger spool
23 ledge

24 wellhead housing

26 tubing hanger

28 tubing

29 annulus
30 bore

32 tubing

34 ring

35 passages
36 channel

38 pockets
40 tree

42 tree body
44 pockets

46 passages

48 flanges

50 protrusion

51 lowermost portion

52 upper most portion
53 peak

54 lateral sides

55 male coupler

56 female coupler

58 wellbore

60 wireline
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2. The assembly of claim 1, further characterized by a passage (46) vertically provided through the
ring (34) having flexible tubing that extends into a bore (30) vertically formed through the annular
member. 3. The assembly of claim 2, characterized in that the contoured upper surface comprises a
series of pockets (44) along the circumference of the ring (34), and wherein an upper end of the
passage (46) terminates in a pocket (44). 4. The assembly of claim 1, characterized in that the
contoured upper surface of the ring (34) and contour of the lower end of the production tree (40) each
comprise a series of pockets (44) with angled lateral sides that form an interference when the
production tree (40) is positioned at an azimuth offset from the designated azimuth. 5. The assembly
of claim 4, further characterized by vertical bores (30) in the annular member, axial passages (46) in
the ring (34), flexible tubing extending between the vertical bores (30) and axial passages (46) in the
ring (34), and axial passages (46) in the production tree (40), wherein when the production tree (40) is
landed wiille posititavedvatael azimuth offset from the designated azimuth, the axial passages (46) in
the ring (7?61) azim i I){daove with respect to the vertical bores (30) and the flexible tubing bends in
response to the movement of the axial passages (46) in the ring (34). 6. The assembly of claim 5,
charactefized irfitheRipRe vertical bores (30) and axial passages (46) in the production tree (40) come
into comgunicatigpipdgn the production tree (40) lands onto the spool and remain in communication
when the7 (rsing (BB%IiDs rotated.

78 hydraulic lines
80 sensor

82 sensor

84 connector

86 stab
88 disk
90 slot
92 pin

94 coupler
96 coupler
98 tubing
100  main bore
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7. The assembly of any of claims 1-6, further characterized by a channel 36 extending
circumferentially along the upper surface of the annular member, wherein the ring (34) is rotationally
disposed in the channel 36. 8. The assembly of any of claims 1-7, characterized in that the azimuth of
the production tree (40) remains substantially the same while being landed. 9. The assembly any of
claims 1-8, characterized in that the annular member comprises a tubing hanger (26). 10. The
assembly of any of claims 1-9, characterized in that the spool comprises a tubing hanger spool (22).
11.A method of forming a wellhead assembly (2 ea comprising: a. providing a ring (34) having
an axial passage (46) that is mountable onto an member having a vertical bore (30) and has
flexible tubing extendable between the axial passage (46) and the vertical bore (30);

What is claimed is.
1. A subsea wellhead assembly (20) comprising:
a wellhead housing (24);
a spool on an upper end of the wellhead housiag (2
an annular member landed in the spool; and
characterized by,

a ring (34) rotatably disposed on the annular nenmdnd having a contoured upper

surface;

a production tree (40) landed on an upper end efsfgfool having a lower end engaged
with an upper surface of the ring (34), the lowed &aving a contour corresponding to
the contoured upper surface of the ring (34), s tvhen the production tree (40) is

lowered onto the ring (34), the ring (34) rotate® ia designated azimuth.

2. The assembly of claim 1, further characterized byaasage (46) vertically provided
through the ring (34) having flexible tubing thattends into a bore (30) vertically formed
through the annular member.

3. The assembly of claim 2, characterized in thatdtwtoured upper surface comprises a
series of pockets (44) along the circumferencénefring (34), and wherein an upper end of the

passage (46) terminates in a pocket (44).
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characterized by, b. providing an upper member with a vertical passage (46) and a lower surface
having a profile configured to mate with a profile on an upper surface of the ring (34) and positioning
the ring (34) and upper member into a designated orientation; c. lowering (34) the upper member onto
the ring (34) when the ring (34) is mounted on the annular member; and d. communicating the vertical
passage (46) in the upper member with the vertical bore (30) by engaging the respective profiles on
the upper member and the ring (34) to azimuthally rotate the ring (34) into the designated orientation

b ey e (S U Rl et 2 e I 5
(34) and contour of the lower end of the producti@e (40) each comprise a series of pockets
(44) with angled lateral sides that form an intexfee when the production tree (40) is
positioned at an azimuth offset from the designatadhuth.

5. The assembly of claim 4, further characterized bytizal bores (30) in the annular
member, axial passages (46) in the ring (34), flexiubing extending between the vertical bores
(30) and axial passages (46) in the ring (34), andl passages (46) in the production tree (40),
wherein when the production tree (40) is landedlevpositioned at an azimuth offset from the
designated azimuth, the axial passages (46) innlgg34) azimuthally move with respect to the
vertical bores (30) and the flexible tubing bendsrésponse to the movement of the axial
passages (46) in the ring (34).

6. The assembly of claim 5, characterized in thatvigréical bores (30) and axial passages
(46) in the production tree (40) come into commatiean when the production tree (40) lands
onto the spool and remain in communication wherritige(34) is rotated.

7. The assembly of any of claims 1-6, further charazse by a channel 36 extending
circumferentially along the upper surface of thewdar member, wherein the ring (34) is
rotationally disposed in the channel 36.

8. The assembly of any of claims 1-7, characterizethat the azimuth of the production
tree (40) remains substantially the same whiledp&inded.

9. The assembly any of claims 1-8, characterized & the annular member comprises a
tubing hanger (26).

10. The assembly of any of claims 1-9, characterizethat the spool comprises a tubing

hanger spool (22).
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13.The method of claim 11, characterized in that the annular member comprises a tubing hanger (26).
14.The method of any of claims 11-13, further characterized by landing the annular member in a
wellhead housing (24). 15. The method of any of claims 11-14, characterized in that the annular
member comprises a tubing hanger (26) and the wellhead housing (24) comprises a tubing hanger
spool (22). 16. The method of any of claims 11-15, further characterized by orienting the upper
member before being landed onto the ring (34) at an angular range of around (20) from a designated

azimuth._ 17. The method of any of claims 11-16, further racterized by flowing fluid through the
xial pacbhiges ARF U ISER HEBIA DD AN SRR RS and the vertical bore (30).
a. providing a ring (34) having an axial passage 6} is mountable onto an annular

member having a vertical bore (30) and has flexibkeng extendable between the

axial passage (46) and the vertical bore (30);
characterized by,

b. providing an upper member with a vertical passd@¢ &nd a lower surface having a
profile configured to mate with a profile on an epgsurface of the ring (34) and
positioning the ring (34) and upper member int@sighated orientation;

c. lowering (34) the upper member onto the ring (3ewthe ring (34) is mounted on
the annular member; and

d. communicating the vertical passage (46) in the uppember with the vertical bore
(30) by engaging the respective profiles on theeappember and the ring (34) to
azimuthally rotate the ring (34) into the desigdabeientation that aligns the vertical

passages in the ring (34) and the upper member.

12. The method of claim 11, characterized in that thpen member comprises a production
tree (40).

13. The method of claim 11, characterized in that theugar member comprises a tubing
hanger (26).

14.  The method of any of claims 11-13, further chandzte by landing the annular member

in a wellhead housing (24).
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18. A wellhead assembly (20) comprising: a production tree (40A) having passages (46) formed
therein;  an annular production stab (86) mounted in the production tree (40A); characterized by,

a disk (88) coaxially mounted on the production stab 86 with an alignment slot (90) formed on an outer
periphery, couplings (94) provided on a side facing away from the production tree (40A) and tubing 98
having an end attached to the production tree (40A) that is in communication with the couplings (94)
on the disk (88); a wellhead housing (24); and a tubing hanger (26A) landable in the wellhead

housing (24A) gs 96 n an face that co unlcat with pass 30A) that
extond skl TR GIFRRCSD .ﬁa R b aaiGT A €5 rtﬂéeuﬂoa% TS
when th bln hange landed in the wellh hausing (24A) and the ali t pin (92)
engages L G AHEN 280 P e fé%?g%'ﬂ TR MR TRNeST RTIERL per
surface gfghe tﬁ‘é‘%ﬁ%ﬂ %%)OV%" ol GAURENAREY QL AGEI S BHORAE tHEBhper member
before being landed onto the ring (34) at an amguage of around (20)° from a designated
azimuth.
17.  The method of any of claims 11-16, further chandotel by flowing fluid through the
axial passages (46) of the upper member and rihg (Be flexible tubing, and the vertical bore
(30).

18. A wellhead assembly (20) comprising:

a production tree (40A) having passages (46) fdrtherein;

an annular production stab (86) mounted in thelpcton tree (40A);
characterized by,

a disk (88) coaxially mounted on the productioabs86 with an alignment slot (90)
formed on an outer periphery, couplings (94) predidn a side facing away from the production
tree (40A) and tubing 98 having an end attachedhto production tree (40A) that is in

communication with the couplings (94) on the di8R){
a wellhead housing (24); and

a tubing hanger (26A) landable in the wellheadsiay (24A) having couplings (96) on
an upper surface that communicate with passages) (8@t extend axially through the tubing

hanger (26A), and an alignment pin (92) on the upeface, so that when the tubing hanger
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19. The wellhead assembly (20) of claim 18, characterized in that a width of the alignment slot (90)
decreases with distance away from the alignment pin (92). 20. The wellhead assembly (20) of claim
19, characterized in that the tubing 98 is in communication with the passages (46A) in the production
tree (40A).

(26A) is landed in the wellhead housing (24A) anel alignment pin (92) engages the alignment
slot (90), the disk (88) is oriented to align tleuplings (96) on the upper surface of the tubing

hanger (26A) with the couplings (94) on the sidéhef disk (88).

19. The wellhead assembly (20) of claim 18, characerim that a width of the alignment

slot (90) decreases with distance away from tignaient pin (92).
20. The wellhead assembly (20) of claim 19, charaaterim that the tubing 98 is in

communication with the passages (46A) in the prtdndree (40A).
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