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provi sional application 60/425,377, filed Novenber
12, 2002. 5 Background of the Invention Subsea field
devel opnent wells are often drilled in a pattern that
spaces the wells apart from each other. Sone wells,
particularly those in deeper water have production
trees that copn f ' roj.u t ext end
al ong the s@@&M@ﬁ&MMO
mani f ol ds and/or to other subsea production trees. The
10 flow i ne connector for, each tree is often

Retenence tp Related Applicafian 5 one side of the
tree. Wen developing the field, the operator orients
the trees LRGN M philigty ! BbisdRaCAPIREERT 80/435877, filed
operator typically precisely nmeasures the various
dNstvembersl2, £062n connect or to connector and
prefabricates the junpers. Sonetines after sone of 15

t [1s h drilled, plans change. The
r &% 11(’\{Eelf)ne‘%tlnenwellsto be drilled may not

be the sane as originally anticipated. A change in
pl ans Sapseacfipld develomaan fwedld ragel oftenrdeitled iroa pattedn thiitespaces the

revi sed pl acenment of ifolds. A typical subsea
waetln eRart fie r?a?ly oFgE ng%megwe%: @@gtmu@%ﬁhpfﬁeaaﬁmg Wagpr have
g gﬂﬂﬁe (G trbdd Bal DB RS SHERYEH j @rsggét{féﬁ(@&ldaﬂ%lg the sea floor.

cured to casing that extends i'nt e well.”
o heflosvlma ginmperh deagep sndnafiobilsiandfoh éo hihghsybsesspuordaction trees. The

| | head h [ h j h bei t t .
R ipeprairant e BB et REO el BHERT Bhe sice of
theywgl | . A string of tubing extends through the
casing for conveying production fluids. A Christnas

Or pr ogjigdy Qé’veﬁc%n‘?f% PRURLIE, IR JeeutoPBRENtE ML Rbed RLalign with the
wel | head housing Tor controll'ing the well fluid.

Oflewlipp eowdectars e The opeaiontypiadly [peetisebiomeamré¢sahe variys distances

"vertical" as t bores hr qu .t, one,of which. is

¢ MM psetor B CanbPBoni TrnbBi e it hsSheir e Some of
AHHNy IS hACARES dAAEE pldl chm%%. tHRE-eRtivivBEdtt@a between wells to be
assenbly, the tubing hanger 1Tands in the high

pdedsdimaywet b &xransusionginaifiantupitag Nethgage aplansay require
B i T L v T S T S e

the tuth hrefmupe wiiieBTRRRATY AR alBERg R ABsekenyh housing
t B@ppodiel 78 a a6 WrékSure Swellhead housing and secured to casing that extends into

the well. One or more casing hangers land in the high pressure wellhead housing,

each casing hanger being located at the upper end of a string of casing that extends
into the well. A string of tubing extends through the casing for conveying production
fluids. A Christmas or production tree mounts to the upper end of the wellhead

housing for controlling the well fluid.

One type of tree, sometimes called “conventional” or “vertical”, has two bores
through it, one of which is the production bore and the other being the tubing annulus
access bore. In this type of wellhead assembly, the tubing hanger lands in the high
pressure wellhead housing. The tubing hanger has two passages through it, one being



necessary, both to nonitor and bl eed down pressure
during production and to circulate fluids down the

w@e@doetsson t ubi ng and up t hrough the tubing aPOTIUER03/036010
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or vice 5 versa, to either kill the well or circul ate
out heavy fluid during conpletion. The tree has

i sol ation tubes that stab into engagenent with the
passages in the tubing hanger when the tree |ands on

t he wel ] head housing, The tubi.ng hanger for a

cam@ GGl PRTAG AAIb thepking PRRY ap FHINS paspge dhat communicates
n

el A PR BRI Rl diREnE G dibink” AgeS: L8R, Bbing annulus is

walebdssagts batle tm anomitdreatrtdebleeckeddver pmsslﬂ'ﬂt dirirgn pigluction and to

T R UL A

baggsat RAithed !tﬂpﬂfet\ﬁelt BECItRMP eSSk e MRl hieadcepsiidiy The tree
The flow ine connector is |ocated on the guide base

arbas figokasign; thbes thalr stale inta engrigement with theneasgees i Serfubipg hanger
t. The tubi h
haélegﬁhééﬁf%ein%@%&%e% eé“‘i% Sengages (he | nternal 15
t BOP t t ubi ) )
Panoer e o Btas? ot 8 coneioRal bk Mot 0t bUGHEL ip,p desired

b)dlﬁaﬂl&ﬁbéf&%sth% Qfecdb e IR iVt dieelMeaY a@dfmbYy, the low and high
oriented tubing hanger, providing one t ol er ance pat h

f rpmssumewjlhﬁ@l@tﬁés sot arjeatedhRatbayorisntation dphandied byupiugs the BOP

\M?Fl% mjgliequlg tagsee légﬂqgﬁllh%hg% tﬂ?tb&%%t% e ]§8 ‘Bree%;de base that

CCOUI’] n ano

t rs&@por&&ﬁ@ldwrpﬁesﬁm etihéad dougant ahe flbwiee cdﬂinecter {s90cated on the
only single bore in the tree, this being

p@gm&a,s%ﬁn §§§%§éa pqqﬁl@ulgbg]p‘e%mﬁa@@@(p% ﬁ§§m|b}y hasyag orientation
U GE witdhd TthE %lﬁ% h&\%% Eé Ul teﬁl%ﬁféﬁqn&ﬁﬂ)érnﬁﬁ%ngages the internal

housi ng. er t OW pressure
wekiehiation heusiengf trecBOP Itcenmm theTtubirtgrimagers 'Ehel teetie dlsasoarsely

it is |lowere n the .. hi essure, we| | head usi.n
BTG WBroALY B ERAEnES 5t BHERMEOVITh (e PP URY duesd twbing

Ol f ,af)foce/mm% bys tél&raﬁé& & Srod! (i %uﬁﬁ&lﬁ%é GHa @1%@@13 &thek to the
the tree as it is installed. FlexiBility within the

i ghing hangepnangf another dipar tiel gusdsbessatose treen Whick mvtst be accounted
romAlne junpers and nmanifolds) is desired for
; entlng trees in systens that |ocate the tubing

hanger _i n t h pressure.wellh housi n For )

oanoe] an by i oblES SBREHES oAl e pRAEH iy dhere is only a

f |sﬁ1§‘lé lBlc?re GR "tl![heﬁé@ thi® bbﬁ@tﬂ% ﬁ&ﬂu&foh%faséa%@ Rl t‘ubiﬁ%shaﬁg@rrlands in
l ed and cased, but before running the i ng

hélrr@‘arce r@hé\x\iﬁ@omﬂh@zmgssrem wsltoed/lo86040 N@&lm@e;lngh nor the

the | nventi o n,this inventi

e SRS R A e FROH R0 Tt e ¥Rl i Lo¥ered on e

high pressure wellhead housing. The tubing hanger has a lateral port that requires

orientation, thus it engages an orientation member in the tree as it is installed.

Flexibility within the installation of the overall subsea system (i.e. tree,
flowline jumpers and manifolds) is desired for orienting trees in systems that locate
the tubing hanger in the high pressure wellhead housing. For example, it would be
useful to be able to change flowline connector orientation after the well has been

drilled and cased, but before running the tubing hanger.



tubing is run through the well head, wth the tubing
hanger landing in the wellhead housing in a desired

WO edoamie@l orientation. Al so, the tubing hangeeT/H8®05086010
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orientation 5 nenber on an upper end. A production
tree with an orientation nenber on a |lower end | ands
on the wel | head housi ng, thereby engaging the
orientation nenber of the tubing hanger to rotate the
tree to a desired orientation. Preferably, the
wSHIHBRY ofdhe IRyentionys in a supporting wel | head, the
supporting wel | head bei ng previously oriented in

d & thisiaverticsn thetw dhis dridieh and srgeciiirough aewllheﬁ%lwusmg A string of
oc[ﬁb?{l%gstﬁﬁnt he vé%'uﬁ ad, RS Bk all?t}ﬁig rlaﬁcg %%Eﬂe“&enhead

t he ng, orien aflon Spoo mere nt o
t heused Inhedshided ustatignal bHentBdR. Qk]se,rthatubmg sanget has an orientation
havi ng an ori ent%tg{ on nmepber withi.n. The t

ubi n
AT OR DR F. BRPTOBRRER st U WpToTaRY e @ lower
Wigh lzInIEl ﬁrt £ Wb LA SRR thekdb téh%a 0 b&HialdnORember of the

spool he BOP orientatl 6h spool en renpved and

tlumbmg Mgbnmtmtalt@ﬂhe(meetd}&desiﬁdmbmthmm housi ng. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fi gures 1A and 1B conpri se

a vert iPeetbrablyct henalelli¢adwhotisiag Viehdsheada as@pmbing wellhead, the
construycted_jin _accordance w t.h t%t S invention,

2 SHP ORI B HPRRGE PHERPHARILY OTigRein & dpY asimstiop A faving an
W%Heﬂﬁ?@r@ SEEHP enfer. 2sd; i BLERSIL ARG Hmitd e tubmga a BOP

sectional plane being different than in Figures 1
1BrientEiiguspod is dovaered mntor gledwslaa@acﬂ dnnmmgu thov BOP @rlentatlon spool

f h 1A.a
[ Bovied gareicr ot Reng: KaFhoortd Btine (e Bro8 BRP{atofpe BOP

oforibhgt M spo athdasS@RP kNthOthe dJricataties rﬂéin@éidmltﬁe BOP orientation

shown in sane sectional plane as in Figure 2t

i Isperdt r Bhe BOP 2Bentghivm gpem s |then vemaredi %1dathélt€ﬁ§eﬂls'faﬂed on the
posh%ﬁ@ﬂwu$_ ure 5 is an enlarged sectional view of

t R& nulus val ve of Figure 4, shown in an

SPESUE? on °”Jﬂ@%§ﬂ&%@%ﬁ¥eﬁn‘§§§9@%ﬁ&%@%3ghéhe

Figure 6 is ed sect| ew.of th

au o, B and pBRRERE S atal sefia Pisab i setbglposembly
Wabh&rudtel YR hAGrIABYRAth RIS RivRAL ROl IS being connected

to the tubing hanger. Figure 7 is a sectional view of

the tubinge RN YFarked Y& tiB5al SRAVEE 4 PorfibYE BreBvellhead assembly of
Figures 1A and 1B, the sectional plane being different than in Figures 1A and 1B.

Figure 3 is an enlarged sectional view of a portion of the wellhead assembly of

Figures 1A and 1B.

Figure 4 is an another sectional view of a portion of the wellhead assembly of
Figures 1A and 1B, but shown in same sectional plane as in Figure 2 to illustrate a

tubing annulus valve in a closed position.

Figure 5 is an enlarged sectional view of the tubing annulus valve of Figure 4,
shown in an open position and engaged by an engaging member of the production

tree.



5 but shown in an open position. Figure 8 is a
sectional view of the well head housing of the well head

wasmeoipizgs of Figures |A and 1B after runni ng BEBEURZH03/036010
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and in the process of receiving a BOP orientation

spool. Figure 9 is a schematic horizontal sectional

view of the well head housing of 10 Figure 8, the

dotted |ines showing a flowine connector arm bei ng

rotated. Figure 10 is rspecti vi.ew of the .

vel | hoBiEuess & a %nl%sedﬁf-‘@g? View ofrfhe e tupang gppls Yol ggdsure 4,

Osrtléoe tf’ﬁtét Qs it fwﬁ'légh'”uﬁn% Réssel tob] &Lﬁeﬁagléolﬁlécted to
ICc V sectional view of the well head

athseiihy haiger.Fi gur es 1A and 1B, show ng an ROV

depl oyed plug tool nmounted on the tree. 15 Figure 12

IS a SER@rdY iisa sdctienilivesw of thiehebipg ugmilenyaled adshguwmen Figure 6,
11, with a plug setting attachment. Figure 13 is a
sbitshawnén 8 epFRRSIIon ew of a pl ug ret rieving

attachment for the plug tool of Figure 11, shown in

d| sengBige post sqctanakividw ef e ieplihpa qsaxgeﬁ t W?W@ead assembly

éhggﬁég: ﬂgsa&%zl% Fkt N ﬂn da§ Iag@lrlﬁgtﬂgﬁfd Esdof %‘CCGIV ng a BOP

Fblgéﬁt@cw}ﬁg,poghom in an engaged position. Figure 15 is
a schematic view of a drilling platformin engagenent

wi th oﬁ%uregy% g &cNBhdtieRmlizasa P sHRtivnal Widw ©f thd Wélthead MBusing of

on the atformis in engagenent with another subsea
wElgueddhadateddings sixsviRg g dflowling cpmnegtoy exm peiap rotated.

sectional view of an alternate enbodi nent of the

port i oRignfe 1Oés b pespedtiveiview ef thibAvellivtad Bssehwbly obRigsrassl A and

to_the inner._well head ho 71is a

péB sy thsBOF Bl 101351%0%#}91%@:&{!:%%3%%13, of Figures

A and 1B, with a tree inst IIedthereorfl 4 d blv of
2004/ OHigyes 1 pds semmadicossirebsectipprldew o the yrlhead assembly o

e?&% o%h B %%F{NYI% i Weﬁﬁrﬂl@d FRBAGA HMun®d ¢k the tree.

I'né junper for connecting to the tree of Figure

1. Fi 9 er]'?%l]ﬁ?%% }%era?_lgesﬁfel \yg\ﬁ%fmaﬁﬁ %‘(ﬁ Jflﬁﬁﬂrlb 2\% %v%th a plug

j unper ure Ehemat i ¢

t b&tihg Medchirni. unper of Fl gure 18, shown 5 being
| owered into the sea. Figure 21 is a schematic view of

the fl ewirde3 jsuRdenafic Fcibhig vidv o5HPWR retrieving attachment for the
plug tool of Figure 11, shown in a disengaged position with a plug illustrated by the

dotted lines.

Figure 14 is a more detailed sectional view of the plug retrieving attachment

of Figure 13, shown in an engaged position.

Figure 15 is a schematic view of a drilling platform in engagement with one
subsea wellhead assembly, while a lift line on the platform is in engagement with

another subsea wellhead assembly.

Figure 16 is a vertical sectional view of an alternate embodiment of the

portion of the tree of Figures 1A and 1B that connects to the inner wellhead housing.

Figure 17 is a perspective view of the wellhead assembly of Figures 1A and

1B, with a tree installed thereon.



bei ng stabbed into the tree flowine connector. Figure
22 is a schematic view of the flowine junper of

wo-2@unet3t8, showing a renote operated vehi cl ePCTIUS1063/036010
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process of connecting to the flowine junper. 10

Figure 23 is a schematic view of the flowine junper

of Figure 18, showing the ROV | anded on a subsea

mani fol d and connected by a pull line to the flowine
junper._.Figure.24 is a schematic view of the flowine .
J unper TSR 15y e gBlatid RS e VISt P PR EOBRECIRg of @ flowline
rﬁﬁlhﬁﬁifgpcgﬂlegﬁ}%tg%u@r@@ii@geqhe second connector of

t ; .

e 15 flowine junper into alignment with the
mani f ol hgu j : ' '
f1ow i r@gﬁ“grlng E%?P%?P éﬁﬁ‘é@?%%ﬁ%@ﬁﬁ%@fﬁ%&ﬁ%ﬁ 4%
connector of,the :Ne. | ' onnec
the. suBieu® At ihlal Siit SBEke 26k FARRFHELE 1 show
t IbeirfellowhkicdentoWigpen. of Figure 18, showing the renote
oper ated vehicle connecting the couplings of the
flow i nggirdmels Abchehidfic v&ly bF @& HEWEAS huRpdieds. Fikin@UI® shown
27 is a_schematic view of the flow ine junper of
FibgineestabBed sHotherftpe flomding gemneciost i on conpl eted and t he
ROV being retrieved. Figure 28 is a schematic view of
an al t digiae @2dsrbochemetic vifw af thedlawline jujnperpefiFig®s 18, showing a

DETAI LED CRl PTlI OF THE LNVENTI. ral.l .

STTORE PPEGR HisLet ePeReagT ARG ol Pl vpper

Fi gure 1B, |.ower_ portion of | | head assenl :
el UadEin 23daarh R e HEvdt PHERd dyETiRg b1 showing
t g ROAE 8IREd O 4 AbsSLAahirAQ anB Mk tIEEH A §RII 1BeVP the flowline
2004/ 044368 PCT/ US2003/ 036010 to a string of |arge

diwemetrer conductor pipe 15 that extends into the well.

In this enbodinent, a first string of casing 17 is
suspendighrer24as lassbemaivdvieow afithe flowding eaper dfdtiginegl 81 3howing
by a h er.19. However, casi 17 and hanger 19 are

0t BRI DG FERHOE PV ot 1 kG Yo YT MacF REathoUgiRGT of the
1%o%mﬁle%ﬁpa%nﬁlaignﬂaﬁtev@itﬁmpwoﬁ@se& 5 An inner or

hi gh préssure wel lhead housing 21 lands in and is

Suppor t st ROFiEwQF R FSG1AE b AEAbAAESENS, showi
13. |nrlf§$“&/e |1Eé‘a§f‘ﬂ§%s?ﬁngl ?shl oclat é%tﬁgt thgﬁgppérs owing
ettiek sefomd sdmiectgr off the Aswlige RBapehbeing xomwreded ththewgbsea manifold.
casing 17 to a greater depth. Inner wellhead housing

21 has Fagurere i2a schéhatit viewasftthe flewdias jugpdrasfddpurd 18, showing

the remote operated vehicle connecting the couplings of the flowline jumper and the

tree to each other.

Figure 27 is a schematic view of the flowline jumper of Figure 18, showing

the installation completed and the ROV being retrieved.

Figure 28 is a schematic view of an alternate embodiment of a flowline

jumper.
DETAILED DESCRIPTION OF THE INVENTION
Overall Structure of Subsea Wellhead Assembly

Referring to Figure 1B, a lower portion of a wellhead assembly 11 includes an

outer or low pressure wellhead housing 13 that locates on the sea floor and is secured



| ocated therein. Casing hanger 27 is sealed within
bore 25 and secured to the upper 10 end of a string of

wa@amiog3g® t hat extends through casing 23 to aPQr/esi0es/036010
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dept h. Casing hanger 27 has a | oad shoul der 28

| ocated within its bore or bow. In this enbodi ment, a
tubi ng hanger 31 is | anded, | ocked, and sealed within

the bore of casing hanger 27. Referring to Figure 2,

tubi ng hanger 31 _has a | ower end _that | ands. on | oad )
sHBWA tfeipe 23 large dapnetanoQdipier pienk Haf I%teég% &xe gpe yell. In this
t Ui NaRIL first 3Bl oRBESIAE7 RS, Rl £ 8T h My B

above foa ’sﬁgulde%028.libsplit%focﬁ ??ngg%4 m)vgét%rweuhead
f rhowsiagr e bact behgsodidt i Bloweueti abdiyg AUt awdr blartger [18cdre not always

e 2P0 et 1 BBt oo coee
he hi h ' : _ .
| ocat cduh AT gh Haus Y BlisaldonpnE | e e sag, is supported

WREIPhi T RYEShra %k eﬁ&ywélm&fﬁs&m%eg% r F%gfgglﬁfe@h ho@sifs 2 R heated at

as pushes lock 20 ring 34 to position:
Tuhe mgpéraemgleof 3 kiring ofecagsing3 that ketengspthrowghdcasingal 7 to a greater

tri of pr t,ion tubin 3. bi . nger 31 .ha
5 dsbfll b Rl o Sias WS aliore 28 Pt G e SR hanger 27
33ocdref @fdingChsng hanee 23 is baanar witkin 3eads hRY sédigeddRr the upper
25 has a | ower portion 25a that has a snaller

dicafef erstingef wapipe R port exisndotbougiivesidg £8 é9 egteatar depth. Casing
di e | Leal. general | v upward

¢ R e oA BB, B PR RISt P eS

bet wee rtiqgns. 25a and.25p. Well head .hpysi.ng boye e s
upper 383{?%5 oeﬁ%é’éﬁnwg’sa gl%ubgr g%\%ﬁ%ﬂ%?ﬁ“ﬁ%‘g Eoi%d{feg’r ?desealed within
t higs BdB oRbNE: hatRbND. "REWRMId Fidth®b] tuBind hahSer'394RE 8dower end
a short distance below rim37, which is the upper end

ofthat densts opdpadheoyldend®i Agseah30 ml%bmpﬁm the Pxigriewof tabing hanger
! by C _
ORI 80 BEORUELAR0A 2307, D08 U0 DAL bR e 54

t mewveSdrdms fetpctedynisition patiagritwdrd wXlekdibigg tHangetohl to an
an outlet port 4la extending laterall

RGP LPRO i (5250 Rtseh 6 st B0 310 JeR610 (he bbre of the high
Pg?&k'&%i}%ﬁsﬁl%aeﬁ, & alﬁaa%_a?f%r o QM %éa@kgl ﬁuﬁg h‘i%h %{:E%Eure housing. A
d and stabs

pends downward fromits | ower en
sekevan§bywhert mopeddxielly dowpwsslageergzeofeal 3biasgvdibagpushes lock

31. l.ower. end of roduction tree 39 extends into .
o8 oo S PR bonirop Rt AnephaT 1 3555k S Gopor ehd Of a string
t bapRdut@eh @Bzl 18N EBfg(aher 33)has 2 pRRIuBHSA PRsAYBNKAGs coaxial
Figure 3, an orientation sleeve 44°is a part of and

extiBrigBingdgwar d from tubi ng hanger 31. Orientation
sl eeve 44 is nonrotatably nounted to the exterior of
t he bodefafing thFigyren® rgrer wBllhe @ homsingthioom2 Shasevlewdd portion 25a

h?l‘?at ehars] eaI is1%a lercc?lgrtngtlé{ than upper portion 25b. The difference in diameters
results in a conical generally upward facing transition portion or shoulder 25¢ located
between portions 25a and 25b. Wellhead housing bore upper portion 25b has a
grooved profile 35 formed therein above tubing hanger 31. Profile 35 is located a

short distance below rim 37, which is the upper end of inner wellhead housing 21.

As shown in Figure 1A, a Christmas or production tree 39 has a lower portion
that inserts into wellhead housing 21. Production tree 39 has a production passage 41

extending through it that has an outlet port 4la extending laterally outward.

6



formed on its upper edge. A mating orientation sleeve
46 with a helical contour on its |ower edge is

waeadnedet o the | ower end of production tree 3BCT/VEEN3/036010
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tree 39 is lowered 10 into wel |l head housi ng 21,
orientation sleeve 46 engages the helical contour of
orientation sleeve 46 to rotate production tree 39 and
finally orient it in the desired direction relative

to tubi ng hanger 31. The capture ran f the helica
i Brasluetiuptree)? ]ée@tqn);scg@tfogctp ¢ %@aﬁ@q@%&s gg}wrfvyfgd om 1its 1ower end

O ' i 400 3 JHeiiize nidtRr of f €8¢ 10¥er end of
AR <Rl et prodicfit oleeded 32 dRiFENMIRE 51, FAE 1d¥er end o
pp@dattiamn éde V3% eatesdsp pite neme &5y of Snwee celtliced | housing 21 to bore
register, via.,the.structural sub-frame 133. This is

alf Sé%’dsqcﬁoﬁﬂg @égrés manner, typified by a pin to

funnel _arrangenent, _as that descrj be? | at ir. for

regi st Befagns agmn (O F1e8Es 3.0 Signigtionslesye 44 ap part of and extends

LB 0T AL LAy o s i
s extarionef tht bbdy vetubiedanpendl. nQriddiatiorPdecFheét4dwandelionl contour
asseml y .i ncl udes a,connector dy, 45 t. has.. )

TR ol i QPR o n A RIS SREnER S1eaHaS St AtiiSy contour on its
CE cheE ist@ed B the 16w & el bf Biddaciirirdend. WEigen3Bee I is lowered

seal 49 seal s between rim 37 and shoul der 47. _
Corimewelbreadh dibysing 2, seriatationdgecvgodpmvangagdsnthe hadicehegefour of
housi ng 21. A ki . i ; -
BB Eheo CRAbRA PhEE % 37 HASRLAL P e dosived

3Girediikicngivel te nebihg Iibngaud d Tie edptire 2angeaot ethy ledical interface
types. In this enbodinent, |ockin
Cc

I t 51 . .
BirptlvseiEeeds e deieht Shiterorieniagon bRkr. HASIY thaeiifgize the offect of
L
| arkhargeat lregstat, vid theastiuatural smbtfivena 19 ePhis npeddevsy ia the same

cam sl eeve_55. Cam sl eeve 55 noves axially.and js .
PSP BT P CIBAF FRTERER G o 1] SeeCuipl o eh frgegistering
Pt @ireet/oricdiatioh € 2 BOF QékntaRARGesled to externally 30
nmounted hydraulic cylinders. 7 2004/ 044368

PCT/ US%QQ@AM%%dm%sﬁgm%@ CogseRfbl y has an

extended or retal ner portion 59 that extends downward

fromc ﬁ?%?ﬁf @%ml*a&dé{ gci&%egtgg Eﬁgﬁbgfﬁ}? gécﬁﬁgé iit Ot%e?l'ﬂgﬁfjhousing 21.

portio OoCa ve an ecure
OMherbatdcisr Bkarhle idduded L odinectotBodys 45 hhadded doviwad facing

s 4G BHOME D iR d GGUn oy o i BBHBC B Desbdyee 39. A
1551, P RSP SRR g o cxns
c dswnwaidnihowsyelibesdchdneingr2dvi Addclfing elelmentidYss lagated at the lower
ggﬂ&gg%@%g’gg ﬁ?égf,ia qr}%ng%:%ilﬁggr%%l@ 95 .t Lgacil?ggelgrrﬁgntcﬁ Icoa}lrld be of a
variety of types. In this embodiment, locking element 51 comprises an outer split ring
that has a mating profile to groove 35. A plurality of dogs 53 located on the inner
diameter of locking element 51 push locking element 51 radially outward when
moved by a cam sleeve 55. Cam sleeve 55 moves axially and is hydraulically driven

by hydraulic fluid supplied to a piston 57, or else by rods connected to externally

mounted hydraulic cylinders.



wi th connector body 45. Referring to Figure 1A, a
control fluid passage 61 extends through tree 39 to

wdaooan44388 eri or side portion for supplying conP€DIS2003/036010

10

15

20

25

30

fluid. Al though not shown, there are a nunber of

t hese passages, and they lead to connector tubes on

the lower end of tree 39. The connector tubes stab

into mati ng passages on the upper end of tubing hanger

31. These passages lead to hydraulic and/or electrica

c 0 nt r oiThe jcaaBeckds aﬁsseéli*kéy kgt a8 ieaigded o rebiprRPTRRN o that extends

eseﬂgg‘lr %121“{ F ol %t ﬁleglgs Inbg&% {C:)It gﬁ@e&{&#@r}%gtlon 53 is

I Ebdahﬁ gHok e ngd Gécmttbtmgné}ﬁatlﬁuﬂée\a%% Ad«muah oDds ?.hfeaxieﬁ to the

val ve and downhol e pressur nd tenper t.ure noni
d6VIcE SEmeigr qiEHandeh BOPRRE 108 TeiBIMEACiBE ﬁ}e&m&%? d%ogs 53
t t 40l f

erig R Rnr e PR S Vichitos 53 hid UL AR ieGgeREcHle 35 and
s Warflingadlerment68 droittad.eth ihat pasedwuintlpwa cgldésl;)agnéowded ﬁr the dOgS n

f is.. t
2t O S A PR B S0 ey e
| SviBh@WRectfHod9a563 and 65 may be either
hydraullcally actuated or nechanically actuated

( t ypl C e Fi
tree 3 E %t fee B %_g(é)lﬁ@?lgﬁgg%%?éegénl é)?%igcﬁ thdugh tree 39 to

p lantextmdes 51dp parton ivesighpdhing gornteol tﬂ)upi cAlthgughi né ¢héwn, there are a
receiving.a connector r nnect i on a sngal

dPEefer? h|e§egpﬂs§%e§rﬁnd tﬁ%yelreag &, g?pnggtoF ﬁ}%eg gpggef Lower end of tree
wabkawe rcom?e'_étdi’ WiRQ SRS infYBASIR paBdhgad 60thRNPBEEErdAIEbing hanger
met hods of intervention. Tubing Annul us Access Figure

4 311 Thsserpassagenlend b hgiramieundior slestisgecongol lipgsdhatiage not shown
e{k% BE]BV\F ‘ugﬂlr gg'rB3 Pr 8%%\? 8{:}@}&%601{61*}?&&\91'03 nfﬂl’ﬁhgsﬁ These

sSage In a erent

S@@ﬁttdlnﬁﬂles Rhane ddvaﬂnotehequ@havmm theFétejtig ef fuBingnd3,3such as a
Tubi ng annul us_pass 3 extends 30 verticall . .

t ﬁPWﬂgﬂeﬁ%ﬁﬂYn‘gﬂ ‘f%ﬁf‘il&éi% olePEFFUHR 2B &é!ilpeé%regaﬁ/ itogingdgvices.

a lower end, where it 8 WD 2004/ 044368

PCT/ US200esbasniaive saneriedtetedyglion tige 89phepraioing &uid flow.

%b%ﬁ'l g}gr%f’gﬁ% Qeglbtoﬁﬁ'ﬁ&g tﬁg ézal-wse mlgﬂﬂg fa ﬁﬁsq? VAl 63 %F@é s®hb valve

annu us passaq e slight radi a
0f6f5816éatéd anpedadtiont fresagead . Afmﬁany lslmtEffgmh& i 1sAlnounted to port

annul ar voi.d space 87 rro nds, i s
D dhe sl peRatangs S LAY e RAN A o315 SRy alves 63 and

' %‘ﬁﬁﬁae@{hfel@lfer %ﬁﬁﬁﬂfégﬂ ? ctintbd By ﬂgctﬁﬂfwhy §ctﬂﬁédf &y@%alil}ﬁ%y ROV).

nount n tubl ng annu us passage 83 t0 bl ock

annul u 0 t t
oL SESEAET% KA 100k BT M 4P A e
89Prdtaslea L@h@fd.baMen&&l lSﬂ]a:ts iypicaky wized fmy rebeieingdsa @8nhewtor for

connection to a small diameter, lightweight riser, such as for certain workover

purposes. Mandrel 81 also enables other methods of intervention.
Tubing Annulus Access

Figure 4 illustrates a tubing annulus passage 83, which is not shown in Figures
1B or 3 because tubing annulus passage 83 is located in a different vertical sectional
plane than that shown in Figures 1B and 3. Tubing annulus passage 83 extends

vertically through tubing hanger 31 from an upper end portion to a lower end, where it



tubi ng annul us passage 83. A stem 95 extends upward
fromstem base 91 along the axis of tubing annul us

weamgagse83. An enl arged val ve head 97 forns tPET/Up®ES/036010
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end of 10 stem 95. Val ve head 97 has a secondary
resilient seal as well as a primary lip seal 99 nade
of nmetal in this enbodinent. A shuttle sleeve 101 is
reciprocally carried in tubing annul us passage 83.

Wiile in the er .cl ose osition,_sh in Fi 4
b S0P S SRS B2 o B TR v
di | rdil : '

5 LB PSP R Py BB I, oo,
Fishewe sn Bigared!. 7An shmdarevold dpacs 8V surmoundeesolgtionitahedd between the

relativ val ve head 97 | eeve, 101 a reduced

d{"BREtS ﬁo&ﬁ,}hﬂn%t}ang ari3he e gnd P'ﬁtr?eth@?i nterior.

Seat 103 is sealingly engaged by |ip seal 99 as wel |

2. the A Bgig EwalsSave S VEPUEShE-b G2 ARAi s Passasy &3 to block

10%.0s | i : ol _
L5 USRS, BERL 0T AMENARES IR i
2Fig0d Snmbing angulup pelve &9chas Sptam baser®y th@iss kesirad by threads 93 to

d ward tapered pe urface and a |l aower surfac
© RS e st eeh D el DS R s B e sERLb 5 B4 alone the
Ofax{s W itdin ARl asi@s 839 AnShlarfed Wllvd kol 99 F¥EnsLhé u'Eﬁer end of
engaged gy split ring 105 while sleeve 101 is in the

6

usisatr 95.cVelye depb®7 hasohsecoplary rasilisgt scobassyielbas  peigary lip seal 99
groove 107 .0pe ' a detent or retainer to
pPgbsﬁﬁnléﬂﬁ%§§%§@%3%ﬁ§§t of sleeve 101. 25 Figure 5

shows agn aqgi hg taool. or .ne r 109 .extending into

the " uppustaa HgFe 7B s et e g SR fplls bassage 83
e VWRUSHEAE uphdritldsBe pbaReH siffeh RfFisheeY @nd Glthe JPPERGIAGS sleeve
menber 109 1s a downward extendi ng conponent of tree

3907 i gshorgistanep belew g spergmdmeviiangoisiieiag danger 3y oifhile in the
RSl REh ARG SO AT 8 ), 3860801 90 Bl posin

gure
ma¢latiecotvalve Heud 87 N§led0e 1 Obhasld fedussddiismetetiport vbédag 103 formed
hanger 31. Engaging nenber 109 has. a Ijp 113 on its .
| GnEP ey 958 IORNSSCAPER engeeed Mdinasep %ﬁgW@li pothegppilient seal

SRkt | 1 i 2004/ 044368
P%‘kr%%g%sdsglo“i%ﬂ&g\% é?lién%rqﬁiﬁ?é’@%‘?@? ring 105 to

contracgt j . e I t . \Y

To1 o eRiAY bR RaR 0 3R o e BHED gihleihh sleeve
may1 beasitPhppedlend.y Sefit rilBell 08 4bd b dowashel Gpered upperaduefice and a
bet ween stem base 91 and the | ower_end of sl eeve. 1

. 1.
shveigurteee thahéslogpied ve 219)30¢ BerpAlIGEdP BF GET fibitig annulus
g%ﬁésﬁ O3, Matﬂ{geé%Weeléﬁls%%%g?g%?%gn@? whsl @S isREve 101 is in

ring 155 in noving sleeve osed
p s wpipen .cldSndporithen. n¥pibeing 109 shapssriogreaiet 197t beeritmgess a detent

© %9 re aflingr ) %%etvlégtt (%rvvn:\Lz}aZd mV(\)Q!ar%Qntl of sleeve 101.

Figure 5 shows an engaging tool or member 109 extending into the upper end
of tubing annulus passage 83 into engagement with the upper end of sleeve 101.
Engaging member 109 is a downward extending component of tree 39 (Fig. 1A) and
is used for moving sleeve 101 from the upper to the lower position. A second
identical engaging member 109°, shown in Figures 6 and 7, is mounted to a running
tool 111 used to run tubing hanger 31. Engaging member 109 has a lip 113 on its
lower end that mates with the upward facing taper on split ring 105. Lip 113 slides

9



nounted in tree 39. Actuator 117 is a hollow, tubular
menber with open ends reciprocally carried in a

WO miwifogzesinul us passage 118 in tree 39 (Fig. 3pCT/US2003/036010
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Actuator 117 has a piston portion on its exterior

side wall that is selectively supplied with hydraulic

10 fluid for noving actuator 117 between upper and

| ower positions. Tubing annulus passage 118 extends
through tree 39 to an exterior side portiaon of tree 39

f gver Asneraees Wit £B8al Qoulsi sRRITAGH GRAIngj sHgagipg menghsy d 09 to push
typLcald.y L § I i d :
SR EEl Qb e R ERABR b Bt Repfl 1Ty bOB pluraliy of
d@eevitit waxtices)ds loaxied lbetivden stehebaspPdrandrible tifwer reaé 089leeve 101.
15 Wen_ actuator 117 is noved to the.|ower positiaon

eﬁgggg ﬁbS H’@ﬁﬁ%lPe‘fo]é)_l te ﬁ}éealgg@r %l]ﬁﬁedrﬂf?ﬁ]@g‘ RFESSYFfIn passage 83
f %ﬁlgf %@mﬁ%ﬁ)ﬁgq SB%MO'VH{% s@vi D61 PREO RO pdsitbn. Fi gur es
6 an show I

simlar actuator 117" that forns a part
of runnj - I i g
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Pinsfuated motréd 6A. t Aatuaios 1dAr isi @ dhollow atubythr anbmberf Wwith copen ends

chanber for c¢ausing, the upward and, - .20 d

- r
miReERresally; qqn}e@slﬁ@ntglglng&nﬂ‘glaf Bassage lplﬁégg{ﬁe g\ﬁm(gggs 3& géctuator 117
118: Jigﬁ’%"%dgfh RXEREHQ sidARAl thQPfstsbl@E‘tiV%ﬁy Suppiba lG/ith hydraulic

t oo 11 for Ivering and receiving tubing annul us
f fluiddfor Rooving getinator 117 betveesnopperemd ower posidipns. edubipg annulus

runnin bi ng .h er. 31 pncl udi ng .settin se

B0 LRSS b NELHT DS R B e 39 o
heugieBor2do adBbibEianulty linRuRdilegisttggicalllfo haabsalmakfold or an
menber 119 that 1s radially and outwardly expansible

i nbilicahthat serves Bevieser oF whiBie ERNUYS PIrsage) Brtraspliay does not extend
e&%ﬁ?idl]%%gg V& d PRl 59.” of tubing hanger 31. Lock
ménbe

cures running tool 111 to tubing hanger

31 whi tubing 33.1s_ being.l ed intq.th L1

Cock e oy 117 35, BRYP8 o HE I Bl Fydte, member 109
MeAREs akd piashed sldedd, 1 OMTdhh thescléded Qokiyioh adithe@pbh Yosdlon. Figures
driven. Running tool 111 has a sleeve 123 that s]jdes

s éanidrigthpwi meigiilnactyape LB that fores ywenrp obamoingsges! 111 and works
P %T/th%sga%gef’ ﬁ'lgﬁl?eqla% ac %ﬁg&g?ﬂpurﬂgeeﬁctﬁtor ?i’?e%ﬁla%(ﬁ'sl 17’ Shas a piston

i Sol'at &s the upper e I'ng annul us passage 8
f portionr hetidd catiepansadedanli¢ Fuid cymber farbéanginpahgepward and

31. Oientation Referrin o Figure 8 adrin , 1S
TaNEEE Bt B RS0 f0 e BreF s PoSreRE S ads to an
ﬁ g)sctegbl(sjlgpa{ee?g&rti%ﬁ%f tn?rnlﬁﬁg Rof PIORE Ol verRY Sl FeceRiMdtubg annulus

ndi ng funne
fluid.

Running tool 111 has conventional features for running tubing hanger 31,
including setting a seal between tubing hanger 31 and bore 25 of wellhead housing 21
(Fig. 4). Running tool 111 has a lock member 119 that is radially and outwardly
expansible into a mating groove formed in an interior upward extending sleeve
portion of tubing hanger 31. Lock member 119 secures running tool 111 to tubing
hanger 31 while tubing 33 is being lowered into the well. Lock member 119 is
energized and released by a lock member actuator 121, which is also hydraulically

driven. Running tool 111 has a sleeve 123 that slides sealingly into the bore 32 of

10



127 and is selectively rotatable on outer well head
housing 13 for orienting tubing hanger 31 and tree 39

W@ Bog/o44358 i N a desired position relative to otPer/uUS2003/036010
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subsea wells and equipnent. A lock pin or screw 129
will selectively lock ring 125 in the desired
position. An arm bracket 131 is nounted to ring 125
for rotation therewith. Arm 10 bracket 131 cantil ever

a8 Bt SR sBIS e Ui e huails Fossoee 53

nqma todabtid R2XBiG. Ny MlthMAE BangdepBar d from arm
133, depl cte a@%@tyélée{j by agpl ng€Ij Ring 125 is

nor mal lpy4n%isal | ed on outer well head housing 13 at the
surface Dbefore outer wellhead housing 13 is | owered
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® 1371700 spleeiV e OB PRI poAuar dedbie Rt ] figonging tubing
arl‘lgnééi’ r3ladhﬁ‘t13e'é%’9 . 3) N Efd@é'neeﬁ osftioh SQL A d ﬁnother s
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( Ishromoent. prelosistian or sdegvt é29 1‘39 Sﬁbc@@l}ﬁ@p@hﬂn@ 1P Hvire rtlee desired

re haus 1. BOP .
o PatPAr ron S SEreesE h B EREHE 1 B afe PuBmP Gy, Am
3bra(ch191313éanlt1@év@f byokte aﬂfdﬁz&ﬁt@ll?l BRn@ih @bk at330 nAan Q9B has an
139 is preferably | owered on a ft line after the

wepyarkiscipgspcket pp it guies and a3l nglshan gecharcal regigien 184, protrudes
oP, will h

gg‘ﬁg{dei#ﬁ%lg flgg%&ﬁjhcé@du%qw%%bﬁp %I 1ﬁner WIWel I hg\allg

h BOP t 39

P 0 USSP Sl

My fobeodienweyed Wotding 1% isBEWed Gntd itedea. Wl B will be attached to
subject to rlgﬂhandl ing limtations. BOP orientation

spebbracket hHsbeloytheias flcwe et at1thg serage. Adterrpuiat wallhasd housing

It t

R AS PR ot e SeePRGE i e B AL ROV B2 Sl fer in the

13190saa;saoslbt$udtmngp]naienl@ BﬁEe ofg eiSatndnos picml 13339t00\aet11fferent

i nner. wel | he?ﬂi] ousi n ocket 143 will orient BOP
36TIGRAROT Ay ey SRwaTds § e da°°ﬁ‘8§‘it’t°ind’r‘fuﬂepend| ng upon

the orientation of arm 133 and 11 WO 2004/ 044368

PCT/ US20BePd8kovayt preyonte adamtsr f 3948 bsmewhywilewerpdover inner or

gufggl Fr&sRREind M1 IB 6P SHihaddibsddd Sﬂ 136 G148 ($'bibht tubing hanger

prn orirentation
pBﬂJI(EJIgl B)/retzftlvddxgsmiélﬁ% t BaP cﬂreﬁtahyﬁl Blmﬂl i1891lid yreferably lowered on a

B A0S gt ) Rt LR Sl it
h@igerS @fIng x‘vﬁﬁ’tth§ IFUW,) wiNhveSBétn #ehfovR Forh Gh® UpBerlehdPbf inner
wellhead housing 21 prior to lowering BOP orientation spool 139 in place.
Alternatively, the BOP orientation spool may be deployed with the BOP and riser
system, subject to rig handling limitations. BOP orientation spool 139 has a guide
socket 143 that is mounted to its exterior at a point for aligning with pin 137. A
funnel 141 on the lower end of BOP orientation spool 139 assists in guiding BOP
orientation spool 139 over inner wellhead housing 21. Socket 143 will orient BOP

orientation spool 139 to a position depending upon the orientation of arm 133 and pin

11



wel | head housing 21. A helical orienting slot 147 is

| ocated within the bore of BOP orientation spool 139.
Wk@/044868 i s positioned to be engaged by a mat PEMURLNN3/036010

or lug on running tool 111 (Fig. 6) for tubing hanger

31. This engagenent causes running tool 111 to orient

tubing hanger 31 in a desired orientation relative to

the orientation of 10 arm 133. Alternatively, a

B ORI A5 BT s v

Sllﬁlpj'ﬁtl on spool , that engages with a helix on
bi ng hanger running tool. One exanple of why
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rrser Sys

0 IWlﬂlnzi ﬁélluo Bn S]ﬁmmﬂbln:gfi&ngaﬁ‘:ruﬁmmg ndé&ldOht lekmgplearfaeiy Bis alternative

1B the well will typically be perforat d.an .,

mﬂa e geh ke b fheri ofie “diny' eibiNE hapger éypa'ffrllyew 5/8

e 4 ) 29

o?"% DIF e 1 HBERHICH OOUEBAE wfviftr 3P hoh Thdl the®hreach” of
15 3%he @is/lshofrhe tubikg bangesruiding hebl tBuldbeenB thdsidge ther&p
funnel 148 that slides over inner wellhead housing 21
as it iFgdrandiswperdpeetisabiet\shohitic@OP vebmetid/spobl 13%i@ position
39 i.s connect to a flow line | pop 149 tha | eads
- oBURRET Y elihe @S‘q%l@g fo owieh Henat éh%&ﬂrbﬁgfseﬁ%heqaﬁ%e it is located
ORRASH Hife ﬁbl@%f@O?W@ﬁtdﬂBn 5?901':13@” B()’kBongﬂtS’cY&nl éﬂ@)%l 139 has an

connector 151 w | connect line 15
t yppaaitl Wltteanhsndlrel Maratiefdsiliidngrises ad B@Ppwdb@@sccn go the external

20 S3e Ra ser B A0RsR0 BB sebiopsBort s Eet Pgrapeted to inner

Vefeih6 hidinde2 P iuf1es HEBMOP SkicAtafiordt ol $¢ @dployedtv@a the BOP and
gui de funnel 135 to orient to tree 39. C her types of

conpesystieans to flow |ine connector 151 could also be
enpl oyed. Consequently, tree is oriented so that its

flow i Smce ROR otiantatiGilspeil 139 hasgirintad twhing hahgari 31rEig. 1B), the

1%v3ell will typically be perforated and tested. Tubing hanger 31 must be oriented
25  relative to the arm 133 because orientation sleeve 44 (Fig. 3) of tubing hanger 31

provides final orientation to tree 39, as shown in Figures 1A and 1B. Tree 39 has a

tree funnel 148 that slides over inner wellhead housing 21 as it is landing.

The safety shutoff valve 67 of tree 39 is connected to a flow line loop 149 that

leads around tree 39 to a flow line connector 151 on the opposite side as shown in

30 Figure 1B. Flow line comnector 151 will connect to a flow line 153 that typically

leads to a manifold or subsea processing equipment. In this embodiment, flow line
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5 Plug Retrieval and Installation After tree 39 is
installed, a plug 159 (Fig. 12) nust be renpoved froma

w@baog/044360f i | e 157 | ocated within tubi ng hangePCBLS$208%036010
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shown in Figure 11. Plug 159 nmintains pressure that
iIs wthin tubing 33 after BOP orientation spool 139

(Fig. 10) is renoved and prior to installing tree 39
(Fig. 1A). Plug 159 is conventional and has 10 one or

ol SE DY B el E g PR 1 bt AP cofiade fmnel 135
| Q6 lokiBgt 81tRRIEIY DB ISR c¥hrlctiomMve A lia I:dfnr@b'&)i‘\@ﬂjcould also

between a retracted and an extended position. Locking
elberamnleyetls 3Cersyagmtly, treq isyientpdowvibiat its fewling eomsgtor 151 will
Pref.er than utilizing wireline inside a
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&g}l 65. S i Z@g Pl ug tool 165 does not have
a rlse U %ﬁﬂ?ﬁﬁz gl “?urface rather it is
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n | 5
taf;l%g%?! ﬁf&gﬁgg@ﬂ%@?ﬁ?glé hdrSr Aq gt §howit - mAFlg\?@ 11 Plug 159

engages’ a pocket in el
8h1a3ﬁtatr1s q:eeSS@re thtam wa'ﬂnptrptwbaxg 38 after B3R avbntetiqar mhﬁw (Fig. 10)
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T8 VP SR A8 RairDEdEe gp (Fieck g e &% Grvgttionsl and has
CRne %Qtrﬁére]sgﬂcls 31 tﬁ@t :{eﬁI Wﬁﬁﬁleﬂ‘oﬁﬁctfb}ﬁdﬂa@bﬂ bCllp(Sfeﬁlﬁiﬁ@ehanger 31.
or mechani cal novenent supplied from RO\/ 169. Plu

ug
t ddig 16% haas pluradity af lgckingy elbmentst o thzawilhaoviesradially outward

e gt SollbE PR PR fehRuf 163 speage 2 matine

ongrédie in plofllener. end of stem 173 for retrieving plug
159. Simlarly, a setting tool 177 may be attached to

st em 113efbpiblys ehthbBaP bitikzid® Yidelind BRidR\eRbrkelerdiser, as is typical,
wor kover that” requires renoval of tree 39. Settin

t @0l R@Y7depdgyadeplog taoly K5 @tgtllmedt yiug teeldlG5ofdoes not%lave a riser

CiseliplErog nit Taltby 37O RpreCor BONE 1R PR qh16S has

han\yeraaﬁg ag ﬁiécbﬁ;rﬁéal Isab 11537 foﬁéngagwaéld bpyLRd)Vorﬁ%tmng 1063 165 lands
causes shear pin 79 to shear, |eaving 15
ploRClep off3t TROTB0GS) §h43‘éaﬂe¢e"ﬁa@§>§o@3v1@@é@cﬂol &R@taag%%/ﬁ mgcket in

t%lndileﬁmf o by Fi t%@?@%ﬁydﬁa%%gdé?sen%ﬁe?p méhanical

variety of conventiona hi's e
r etavieenenh drono ROV 7B% as canbetdy 178 iwillhengage nsewdrsl 81 of tree 39.

C Ry beortincof o TToihe P ot oty PSR Frespgigofpp cohanical

t%«emalpiupbﬁs@ﬁbﬁqt@vh%a. A collet 187 is located

Plug tool 165 has an axially movable stem 173 that is operated by hydraulic
pressure supplied to a hydraulic stab 174. A retrieving tool 175 is located on the
lower end of stem 173 for retrieving plug 159. Similarly, a setting tool 177 may be
attached to stem 173 for setting plug 159 in the event of a workover that requires
removal of tree 39. Setting tool 177 may be of a variety of types and for illustration
of the principle, is shown connected by shear pin 179 to plug 159. Once locking
elements 163 have engaged profile 157, an upward pull on stem 173 causes shear pin

179 to shear, leaving plug 159 in place.
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5 wthin [ ocator sleeve 185 and protrudes bel ow a
sel ected di stance. Wen | ocator sleeve 185 has | anded
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with a groove 189 within the plug 159. Collet 187 and

sl eeve 185 are joined to a piston 191. Piston 191 is
supplied wth hydraulic fluid from ROV 169 (Fig. 10)

via one of the stabs 174. A spring 193 is 10

conpressed whil e retr eving_tool 175 is int

r el eas &FUFIEIE 1ogh 17 KB f Fﬁuﬁ%ré%@%ﬁw Soylpyof a variety of

U GRnRbiE Wpckd 1T 8@ crbbindARSickricdihe MBPN7HYAL AUy 151 that

pressure Is’relieve at passage 192 spring 193 w |
C aussEs lpaxi';ally&ntd ] mmp@dﬁp\l\&?r dn tpdug AES. poﬁllbcar!m slh@wml85 on the

et et e 190wl i R FTof Baffidly Thvey BBF 157s located

CQlithet 1dBior MRY RS 1 1916{1‘11@58 Heddw T el 8REABE. NOWhen locator
fromprofile 15 189. Once retrieving tool 175 is

asleachE® has lpndeg onsle rir@§ plueol 34, colled BT il be aigret wiglha groove
h tab hani cal interf 174 t
s%{gén%f%‘?t(hfs‘q 21-1 s?% mechani cal interfaces 0 cause

to nove upward. Collet 187 causes

dogs 1 to iall retrac e duri thi s rd ..
Gogs L1yt P AR 8, LB B
ahetenydtfeic REY BoRR OV (Figal 9)eriHond@thOstabd PRIEA spring 193 is
enabli'ng the entire assenbly of plug tool 165 to be

r eomprogzed whride reriqving toak 1 A inithereleapedt positione shqwremdFlgure 13.

R RTINS W

p btllﬁa%batgfe)/l 90f singsIOB ywill pawse bode 18 h eathoas sgwdtiite shelpbsition shown
This method is . partic ularl%/useful in w%é{er th
BO

it Fiare ) yingisposiion. o uall BOTPBeAOR AT BN 1r Wik b apirectly
MisfiatReidrd Iof %guetpi?ﬁ g)?{)\)@hﬂi?é cUfidt! 180erEtR! RiA gﬁ?ﬁig Iffbm profile

posi ti"on over various conventiona
mt&ds Orsacéiriasing toalslt7éris atbachm‘bm plugsLS9PREM boGwild Bethate one of

W th dr f drill .
S SRR LTRSS Lo et B B o move
19pwadasochas ps7deddstd H&gsrlﬁefo BOtadidIBt réctapR! Ry tﬁi%rupward
drilling and casing the wells. Drilling riser 20

shmmnm@nmﬁephsdli9olstd1@mg¢geéss©n@ PlogsiSAgs 2bowst trgo V@lmé 65, tree

p M I%]lyg ﬁs g?g}';%%%s%dh enabh{[l)é ltlllel ézﬁ%&%%%ﬁ yéo?é{)é!ggga&)ofl 1 é% O etrieved

PEI{hYS2a3 Wb 1id linen t he particul ar operation shown,

a string of drill pipe 205 is shown extending through
riser ZQdgipvveobhewel | . Platform 195 al so preferably
has a crane or 1ift line winch 207 for deploying a

lift | isng,298. schéﬂ‘léuchny ﬁh?s&zteg 3 gdr%ﬁg&%éaw foPevabsiBe a field
of plat orm 195 wh derrick

having a plurality of closely spaced wellhead assemblies 11. This method is
particularly useful in water that is sufficiently deep such that a floating platform 195
must be utilized. Platform 195 will be maintained in position over the wells by
various conventional means, such as thrusters or moorings. Platform 195 has a
derrick 197 with a drawworks 199 for drilling and performing certain operations on
the wells. Platform 195 also has a drilling riser 201 that is employed for drilling and
casing the wells. Drilling riser 201 is shown connected to high pressure housing 21 of

one wellhead assembly 11. Drilling riser 201 has a blowout preventer 203 within it.
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5is normally located in the center. Optionally, lift
line winch 207 could be | ocated on anot her vessel that

wo y4oai3ky woul d not have a derrick 197. I n Fipor/esids3/036010

10

15

20

25

30

atree 39 is shown being lowered on lift Iine 209.
Drilling and Conpletion Operation In operation
referring to Figure 8, outer housing 13 along with
ring 125 and 10 arm 133 are |lowered into the sea

housi 13 is located at th er
ot P B amrchni BB #olinisd HEDBST R Loshegptrexiending
t Iﬂﬁoﬁéﬂﬁgerggi tlﬂtglfheq{,eﬁ he well. As conductor 15 nears

he seabed, the entire assenbly and arm 133 will be
set in .
sel ect gg"ﬂ . arls% r?%ﬁdb&%y 4 C1 es%rlq Iilglé ?%10%1'30'7 f@ledeploylng a

d éitelienz9. |Imftrle@azm it tocate ercarnvid side oftplatfohdsS whils darrick 197

processin nt and the l.ike. Onc ndugct or

5 H e dn e Babe PG (R Lnd Biepiich JDeodegeated on
CORSthEUGdsEQ rihat Q?ﬁ%l%oﬁl@ QPR QlrifRY9T. SRS e RCH tree 39 is
pins 129 and ate'ring 125 to position arm 133 in a
dsh¢wwbﬂmgan@ﬂdamhﬁmme?HPS subsequent repositioning

of arm 133 is perfornmed as necessary or as field

devel opméhhg neé dempleainog Opeatiopt i m ze connecti on points

for the well flowine junpers. 20 The operator then

drill s bferagdd, refRringdeefigliret Puter AbGsind$3 aldng v(zlashﬁg 125 and

117, if such casi n% is being utilized. Casing 11
VAT 138 e hOHeTEd 1A hty et Ppier hﬁléﬂ%ﬁaé% at lﬂcateflﬁléﬁhe upper end of

\‘?\gin}\du%t ! 23%2%1 %}%ﬂ% a8 %axltﬁ"é\‘?? 'fﬁ& &%ﬁnér%f’thter\?ell As

hi g pressure we ousi ng
abendruatoro]rﬁ oears thepsepbsecbmlmb emilrerasmhblyl apdi aua. 13Rowill be set in the

orientati eeded f i nner | | head o sing, 21 ...
S Gos R, T R E o e b i csted ae LBt oy g Field i to be
fj weve% efd%%%ﬁrélté%ﬁ[& vo@nh I ﬁaﬁﬁ’ol&@ REBIch Ip%ueaseng B&uipment and the

form 195 (Fig. 15). The oper at or
C blme @tnse cqusielptoz 5 | héSFbegn 3616)1 inte plasa end Veddriin élaﬂdsuhsﬂmongmctlon
%%anggge’r Io:plefaﬁotérﬂnﬁa?yﬁs foc[é iﬁ%ﬁlgigo r\% oL a!g 13? Qo position arm

SUPP O & diffdsnteeishiago a’ﬂ@@ subséqudnd r@ﬂ@iﬁoﬁ@gﬁ amﬁlrl 33 is performed
addi ti onal strigﬁ-of casing would 30 be installed
WiA$ HeqoREArer BS B rfbw%ippmplétdle%s ehngs EnoRfiraire epnRRsHeT points for

1 MO 2A044:04 %ﬁéthT/ US2003/ 036010 The operator is

en In p05|t 0 install tubing hanger 31 (Fig.

1B) onn Lid ]

20h (R e BRGHAN SR AERI SEh R, At bhf PR s 17,1
Skelsh @kingdh bting adliasls elding LY. wille: @penekddn ﬂh@weln s TBéJBperator
orlentatlon spool 139 on Ilift |ine 209 over inn

I8 tAGudseny depth apd lpweisseriagdd e the giste Gpsingy¥nand high
t Bfesﬁlrg Weilhead housing 21 are run on drill pipe and cemented in place. No
orientation is needed for inner wellhead housing 21. The operator may then perform

the same steps for two or three adjacent wells by repositioning the drilling platform
195 (Fig. 15).

The operator connects riser 201 (Fig. 15) to inner wellhead housing 21 and
drills through riser 201 to the total depth. The operator then installs casing 29, which
is supported by casing hanger 27. In some cases, an additional string of casing would

be installed with the well being drilled to an even greater depth.
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5 an ROV, socket 143 is positioned to align with pin
137. BOP orientation spool 139 is |ocked and seal ed

wo eoodiomsss wel | head housing 21. BOP ori ent at i onPE€PUS1003/036010
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139 may have been previously installed on an adjacent
well left tenporarily abandoned. The operator then
attaches drilling riser 201, including BOP 203, (Fig.
15) to mandrel 146 (Fig. 10) of BOP orientation spoo

139. The operatqr |owers.tubin 10 .and t ybin )
nanger e PRI 6R A P04 iyt G 4By First, he

ef(a{:drghsc@}mecw&‘ﬂﬂn $is&t ﬁ(ﬁcﬁ'@? 159 afid BaP D3 Qﬁd]gl?sggnds it off to

ru nlng strln IS a sha di ameter riser
r wnaisidg of &@Illhdmlassesnldwiﬂue dhedperetor dyvang BREmyentagion spool 139 on

ot 2055Vt Pt Ryt 2L a8 Sy b Fien P caljine o of

1G4 ROV, dRK& 1d9WePeYitbned Bo 8liGPRNAB plBMBER Bﬁbﬂt&lon spool 139 is
passage 83 for upward and downward 15 fl ow.  Runnin

t derked pnd mesdedatorimner avellherdehquring 2 o B Gherigryationzpool 1 39 may have
g;ﬂg € C%reVF’ g:)ly 1$Jtél?elat Al Qa'ajat%glg[%ellg]%ftqgneédr%ily]a%%c%@e@

rotate

rer ﬁgﬁlﬁﬁ%ﬁt&'}h@ ﬁﬁf%ffh%@rﬂfaém sty A AR BRE s frig. 19) 10

SMdrélq4aqugat1 8HoPBORGYich@tieh lﬁ&ﬁ 18he Theipbatdrangers tubing 33
running tool. 20 After tubing hanger 31 has been set,

tmad spsnghangendy threugh drﬂbn&ﬁﬁ@;rmé osnaﬂuwng gepl gy 1 (Fig. 6), which is
R T

Spiuiigg obd 1pL ﬁt&b&nﬁd’cﬁﬁﬁ&uﬁlﬁg hitger 3¢, aopyedr 1470 ﬁsqdeferably stroked
position. In this pOSILI n, valv head sea
bd0 SPYSPHEGSTBBGEbE KO 1 nvnr%c FISHY fRBWRS 1§ “tQP tSif‘@Ve 101 to

U B PRIy H q‘ﬂ‘f@%ﬁg t@dl%ﬁr i Qég‘alglee&ﬂ for tug%aﬂpﬁﬁf downward

posi ti on, tent S e engages groove
1@w. pr Rvmmng rigolahyl dxawmcwhctubiﬁs rpant(nothim\m) ethat engages BOP

then a Iles qu d ass 118" wthin

- arinREGR oo vt BRI g sheeoBSRe 1 ot eer 31 10 the
blagyrddtp o@,ftﬁ)ﬁ%@mqandsmn@l{m bbglﬁghzfﬂg&em %Qﬂen%v&nemem{ﬂoumed on
dlaneter ri ser above running tool 111. The upger end

ofthBOPagpeentat®m speoninasivateddry Rpchthwgagn theatbigdiaager running

smgr?rllgundl ng the small dianeter riser below the 30
bI'd

ut preventer |n drilling riser 201. This annular
space i s Q tion th one of he cho
and Ki ﬁf“ifutﬁ%l il ﬂ}aﬁ&en Syt c?i’em’i‘ﬁén a“nulus valve

0 4366
P L R e

ad@la@slgovagm Figtlresﬂ Sying 116 pusigsisieeve { tgtort 6“@@@@@#’?@ position.
E%t[ 1§ BosS 1011 a/% aci Ee%%w"h B e gawsﬁge'v'egg%gwgﬂﬁo&{lﬁ% flow in

it ne et her
heaBerSthe aljﬁ/aird? ak devgnward dlrectlon. While in the upper position, detent split

ring 105 engages groove 107, preventing any downward movement.

The operator then applies fluid pressure to passage 118’ within running tool
111. This may be done by closing the blowout preventer in drilling riser 201 on the
small diameter riser above running tool 111. The upper end of passage 118’
communicates with an annular space surrounding the small diameter riser below the
blowout preventer in drilling riser 201. This annular space is also in communication

with one of the choke and kill lines of drilling riser 201. The operator pumps fluid

16



The well may then be perforated and conpleted in a
conventional manner. In 5 one technique, this is done

W@er0i0a/044368 i nstal ling tree 39 by |owering a perPOr/asio03036010
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gun (not shown) through the small dianeter riser in
the drilling riser 201 (Fig. 15) and through tubing
33. The smaller dianeter riser may optionally include
a subsea test tree that extends through the drilling

50 B ey B BN PR b B L aainst siove
peerflorS@ht fiﬂg 103y &Véﬁié/ s S988 091 $ReNNBYin glél@iw'ﬂgfard allowing the
annul us valve 89 by stroking actuator 11

ergagitargo detetieine ndether otwniaeals 9o uglvebeadeiase lepbirg.
rel eases split ring 105 from groove 107 and pushes
sl eeve mmmmmm Hepetrfoeataban @ogilttedm a otﬁmféhgmzé manner. In

A ort such as idin slee not
ecsamiy B g pator € nsialGuh PP AL By bR Mepgratng gun
gﬁotbilf%%wthrﬁﬁ?‘}/ et &hall Hlaﬂfe'téﬂris@ﬂnf th%QIrllﬂngl- r1's§r 2610@?5 15) and
around’ t he tubing hanger runni ng string.

optbnoaglm rcuhmgf 3% rmglsmaéleﬂ \Amete aiseumay mgtlolsatlbf mgluénd subsea test

o S R IRLMIBGERL 1 5Pch 1

I ul ation coul al s

e Zr 5@&2{5% gORERIR By gl %%u@&@}%?ﬁvé RpRftied n the well

p'Uéﬂ)ré?@rf&lEh 1’&%); maf bRfdeht be opr g Gt an;n],t])us 'Vﬂlv% lgblbg&trokmg
ubi

hanger produ 'ion paSsage 32. ng annul us val ve
| gctuar ¢ L dsand engagingmemdier lQﬂq dgwnwagh rEngagini ynamhyes R DA greleases

1 51
SO, 0 S B IO 5 0y T e osin
t @@Fightd 70A pd’rEsuchlaB aisfigingtstdeng (1‘Io|ﬂ Eledigt) at e 16Wwerend of tubing 33

preventer. and drllllng riser 201. The downhol e  safety
vat genyeptipnallyoepened gnd (kg Rlpweyt psevgnisy én drding riser 201 is closed

p%ﬁxﬂxﬁ%ﬁé B lgaxﬂg%ér%ﬁ{lﬁé Et?fﬂg &de?a?@drg&%l u‘i’é% ﬂSwﬁ the running

first pressure rrier |ng
prstthgcdndanbiag 3Passthghe Fdworeawnidg mg tabiag canmduw Bésxstu rdeilling riser

3L &6 ip 4 R0 gaaﬁqﬂﬁ s, Rpvse v ltias g glsa oé pgflormed.

second (tenporary) rrier in additjion to the

mar;
barr i erﬁsﬁwexwaﬂ%ﬁ fseidag theopepgigrswilbst plygilpe (Mg, 12) ih profile

c | -
PSSRSO o OB RS AR 9 i
r etdseéwmamnlmgoﬁ]ﬁghreﬂﬂzy (sFEolgng Gytuator t1HE Bmda.rkl causing spring

ter r. erato releases drilli
T3R5 Siore Shavalel it JREEBE Iy SR B CR MopBIg 9ala 1 on the
(l%mgnngB);trﬁ throﬁ'g_lﬁ 'tl%’@l%w%@f’ RVLRH ald &Fﬂhﬁ%%lsr 339 FRe downhole
lift I|ne ) or 17 WD 2004/ 044368

PEAEYS2UES /(0 pwn) d@ pulwg 3Bae ahove rﬁh@pexﬁwab@@oandl@gpreferably

0 ] oper.at. or Vot he
L W ST —

ppaisagemm Préviding anecdndngrtisaresbamiém Tubing annulus 85 normally would
have no pressure, and tubing annulus valve 89 provides a second (temporary) barrier
in addition to the primary barriers to wellbore pressure, these being the production

tubing itself and the production packer in the tubing completion system.

The operator then retrieves running tool 111 (Fig. 6) on the small diameter
riser. The operator releases drilling riser 201 and BOP 203 from BOP orientation
spool 139 (Fig. 8) and retrieves BOP orientation spool 139 on lift line 209 (Fig. 15) or

17



BOP orientation spool 139 and drilling riser 201 for a
different well. Once tubing 29 has been run and

w@eooiossted on a particular well, there is no POT/ESINEEB6010
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for drilling 5 riser 201 or derrick 197 (Fig. 15) at
that | ocation. Even though platform 195 may have

ski dded out of alignnent with the particular well (as
an exanple, to continue operations on an adjacent

wel | |l ocation), an ROV can guide lift Lﬁlﬁ 209 dovvntg :
eflgalges BOP Siehistionspon 13908t aniasaceRt Wellie d ¢ BPRTARPRY then skid

agfé@f\éﬁﬁn 95 gf(f%éﬁ{}\ﬁﬂﬁﬁo% R itﬁer v@fé%@rf&iﬂlrﬁﬂ@r ﬁée}ﬁé Rf{ctions with

j acent “we i n working proximt
oB@Pabmntatmnrspmoli 13 9pemgi drilldimg lflmr ZOUlﬁcm m@lﬂbrwemg é&mce tubing 29

b bes o e Rsoned Ab ettt e dhER i 8P irg heed for drllng

Oh%@xnimnsr a4¥REPanS (Fib. qspl 314@121( chguon’i) Evahﬂfoug@sbnattfo@msws may
tree connector 151 in alignnent wt flowine

c bavresltidded188, of| a‘llgsm@ht Wil the p@“ﬂdl}'labé’éﬂ (pher gxfmple, & continue

in_al ock 27. Fl.
C8H?f§€?nc§r ony 83 ag%ﬁ? gl \i\(d?]chleif) %{Q%er i (?W} Jrutnlﬁ 1RO flown. to
ﬁ’%gé BAP, oridhtdida hspeal h3®hin otdee o ebbleerctdvery WhBuiface or else
h pressure wel| head housing 21. As tree 39
| mygmient et #nosher Rdigesnh ella withingvorking Presimityi | | nove
into bore 25 of wellhead housing 21, and isolation
t ube 4Fhojoperator Ahnovitin pesiien & ToAnipadea gl @plilsfine 209 (Fig. 15).

?9 ?P?{lneg 3 to ghe X&irleg tp%? 38 Q}P ﬁ%r ﬁgal 4%{%3“%&}1&& &n he orienting

ngages orien I on eeve proper

0 hi@iﬂerst 1eendAer @ atl)y eThio pbsitibigirba ogaiectdt .15 Dﬂﬁ e111 gnment with
| anded, the 20 operator supplles hydraulic fl

pilesdige someectosnh 53} detrehdnd aligady hefnipgalied Gt aeaéh in alignment
pos&t Jbgk@tl Bhe rlilov%%mf Eér%gcl%%: 159 c&hﬁ vRULSin&NgRY %jstallatlon of tree

lon Withpro Wi ne connector
( BDgor thiByh edrlier, eseid Defokd gmsrumnng off |hogtd pm:esua:@ mﬁheadrhousmg 21.

153, t.ubi nul us_passage hown) .i.n

¢ Aoutr355% Lands i vdoed Boupiaal i f¥Gr SBS muRiRgRe b bore 25 of
f %'llhéi&/holgﬁlfgeilr EA L] 1§dlathngtd16§313 uﬂllﬁab hﬁo %r&fu@ﬁ@ﬁ E@éiage 32 of
technique, wth lift line 209 (Fig. 1 and t

asshing hangsr o1 Rﬂmlqb@ng ﬂWrg@@r@p@tlo@ @mﬁmétqr §14Fﬂn.gggqsdmentatlon

r enoyves 159 [
nanges “6 15 Rropfy crenebes 37 serEk Sefedingdr i, " gheP 1idea, e
Cbperatdr e hydrad BO flufl Bo@Me: ot canPbleget 330 kadsiily ddps 33eto push
retrieved and a tree cap installed, pically usi 5g _
Ripwkigoelemenics 13@1& r?adpdh%@ut@@a@gagﬁfbpoisg@awm mpfile 35, Flowline

R :
SRR DB B o 00180 N Al 19, nd e i
t yndad lbassdgel(dotcshem)‘ mrtreatdfiis corinected rea pragsldroe airelated facility.
tubi ng annulus 85. |If tubing annulus valve 89 is

cl osed Refdrrifi@io Pipuegeneds tih apyfdricdtedhniqiel ®Kihngft line 209 (Fig.
actuator 18 WD 2004/044368 PCT/ US2003/036010 117

( kpY and)the pssitance3ef B AY-dihe pRprHpTe saitieats iplpgitpol 165 to tree

t plRe 304k lfémgéesip?iug 159 in tubing hanger 31 with retrieval tool 175. Tree

valve 65 is closed once plug 159 is above it. Plug tool 165 may be retrieved and a tree

cap installed, typically using ROV 169. Tree 39 should be ready for production.

Referring to Figure 5, during production, tubing annulus valve 89 may remain
closed, but is typically held open for monitoring the pressure in tubing annulus 85. If

tubing annulus valve 89 is closed, it can be opened at any time by stroking actuator
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conmuni cat ed t hrough tubi ng annul us passage 118 in
tree 39 and to a nonitoring and bleedoff facility.

W@-0004@44868 kover operation that does not invol veCpub10031086010
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tubing 33, a light 5 weight riser with bl owout
preventer may be secured to tree mandrel 81. An
unbilical line would typically connect the tubing
annul us passage on tree 39 to the surface vessel.
Wreljne s may _ be Iomeied through the riser

| ) .
pééza@ég N ) ghdreeud? figWnsAard. THEnYPETS W@WE@M@%%@ us 85 is
gﬂllfﬁlﬂlgca?éattﬂﬁﬁgﬁ tﬂ’cﬁﬂ% Leilullys ﬁu g@ WSV led $b élﬁietgea Igg;mtormg and

I ng annul us val ve tion can be
p bigeidoff fabolwy. t he ri ser, 10 t hrough tubing 33, and from
a lower port in tubing 33 to tubing annulus 85. The

fluid Roetauwoskovbr epghtidrithangioannut isyopaspultieg &ablﬁgum a light
passage. 118 in tree 39 to the unbilical 1ine.
WOt EisCIoWih RWsHE PraNgRter BAY,PS ECHER P e MBIFR 8i>,3 An umbilical

t rlrgnﬁtvs&lgﬁ?ﬁlcﬁ c&ﬁfg&\’ﬁg ttlﬁlggl Ml eackhoWsI (A& 34 to '%he surface

er woul not required i f 15 tub
hamgsek Plixeging 5&pl§ Fiay. be]lﬁyvelred thxemglu thertiser,phrasf pdssagtm a;n‘d tubing

t uhi h 3 ol
ggl lae %v% & ﬂbgv%“heﬂ; By C)S%Pf(]ilgsacé??(ﬁ f:1|7g§F11g| %)ngo%\@ard to open
( ’t_'lh‘tﬁng a%ﬁﬁlu@%lv%% 16@ircufdtién dadbé Snﬁiet B¢ ashplits ab@m the riser,

173 and retrieval tool 177 and |owered 1nto profil

1 8roughn i 2otk and) feedriomics paw & fuhing33; tattebipg eRmyles &55 7The fluid
Va 00l T o2
ool B Ringl ekt £, SR8 ERsnd s R 5y vt

beinel osed durlng this operation. Tree 39 is retrieved
on lift line 209 wth the assistance of ROV 169.

Then, gk |WoREvdri sRkatfd thitl ﬂaguﬂré)pulllﬁngl amiead3] mte® 39 must be
engagenent with inner well he housi n he’

ops@ma‘fe@ir fremat veldhead houping §133Aa]h$htW91§h‘f EE%WPIHQ not be requlred if

)R 58PS 0, 29 B0 9% S a1 i

f plug o6l 163 emgall)c dmw@e@dtomﬁﬁalmpmg tobl 6% ﬁ@@g AfiQine 209 (Fig.
Tree 210 is the same_as but for it

cdahaBd iRV nkhak lerﬂ59rweétta<=§9<b oy glemmy 145 @flémewvelf tool 177 and
deGered Jhat{)gﬁgﬁf@)‘fﬁ r a(gﬁc%l fo)fklh V@élﬂerﬁ@q@’ Liﬁt’éﬁrlﬁtob \ﬁ‘fee@ﬂ, the

retracte extende p03|t| ns. Dogs 211 engag
i m¢televedltoqdrlfiis eel@k&d fromaplegl 159 The doWilﬂBle ea‘fetyOfalve in tubing 33

| I.Lhead haqusi 214, A 215 d
C i i e el g 3T P cliPady 4t 5 SEVRRY it line 209
190K 0R4AAL3EBCR BITA 65528084, ARARAD 1is&a10120R | ) is lowered into

secured to a plurality of rods 21 Rods 2 7 1 ead
alngagsnent with inner wellhead housing 21. The operator retrieves tubmg 33 and

performs the workover in a conventional manner.
Alternate Embodiment

Figure 16 shows an alternate embodiment for the internal connector portions
of atree 210. Tree 210 is the same as tree 39, but for its connecting mechanism. Tree
210 has a plurality of dogs 211 that move radially inward and outward between
retracted and extended positions. Dogs 211 engage an internal profile 213 located
within the bore of wellhead housing 214. A cam 215, when moved axially upward,

causes dogs 211 to move radially outward.
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pi ston 219. or else a plurality of hydraulic cylinders
externally nounted. Piston 219 has a |ock chanber 22

WO ba/oecseses it to nove upward when supplied wWeTUS2003/036010
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hydraulic fluid pressure, noving cam 215 to the upper
position. Piston 219 also has an 5 unl ocki ng chanber
223. \Wen supplied with hydraulic fluid pressure, the
pressure in unlocking chanber 223 forces piston 219

TR RN T G YL —
SQidHP015. MRS pitidity DOy GHRUR SANMRESehlallPYAS @I, CPiston 219

pressure fai i ne Juni pers 10 Figure 17 shows

t rhee adocki ekamalier @, thatreagsed gt toymioee by aidawherysupptieh withl hydraulic

assenbl 225 npbunt ed it for contralling.variQus

o RGL Pt B SR A o bpEShdsRiont AR 21 yso has an
t hgleRitelcBhmBér 2236 Wakh Qipplivaivtl hydryilib Bultpfeisast, e pressure in
control center separate fromtree 39. The val ves

c aqckingt ¢hantbep 23 f fopqeg i rsomi2d B dovemerrd o rffqer degsadll to retract.

it ReleD G B2 Wl Bttt ghet 185 btk 1 PRI b TR g pan 215
v aviilebymote tiypawaidihydtauiy wedshetfailc| anp, flange or
other types. Flowine coupling 153 is nounted to one

end of FoblimeMumerd unper 226. Tree flow ine connector
151 will have been previously oriented in a desired

di r ect iFF\’%;lré‘37 sHOWE HES 89l insthlle@NIARCIY BPicHlly Iﬁaﬁhg WRAtrSl assembly
and 9. ndrel 155 extends fromflow ine coupling 153

f @25 meewysed énitvior isprireliag eariomoval 8%, (nvhslarven) mesnted to the tree.
POS| L. | .ow i ing 153 in_ alignment with tre

CONTHRIP. ek oF T o st e PRl bt b center
f eparith €ropu rb@ge. THSvAhGWonabSshe iflow &f Qutide within andfrogetree 39.

mechani sm 227 connects. fl owine, coupli n% 153 and .
narIviEe eauplingy 153 gy gliged yRpRasitiopg to g eWill dienreyaling 151.

2 : f ' j : i Hi

ZES ! S5 TBRL SESpL Oy RN g e R AT or ot
| itypes.. Flawlideecodblicg hfie tstredupebiot orergnd ad wpllowlineljfitipes226. Tree
9Q, rel ative to ndr. 155. Hinge chani sm 227 L
pdloBing guifscity T Wi{ bl Sesn ISt SHEHBDM Adirpired dirction as
hign@esse® fheinsMogdkith PRIREISsA3 9a clevis and a pair of

pins 229 that rotate within holes in the clevis.

Ref err iyag,qtg 1%:5%'5&&% ?IionI g&%}lé‘ 9?}%)%@ 953 %60 r&%tgo%ewﬂhin socket

single integral con r a nunper “of sectl
séahir ddartdogjet Ivepqgsitsuns Hloadinkeycouplirgn tis3 irf hlagmpesht evithstrectoupling
be, of carbon steel

3 |.di ng. FlI L.ne junmper 226 :
e cHingen afib i Tosterel e T 168y o8 Ju suiie A Sain also in
amshued 1 9E hinh SNdchGsth WD Qonrietss 1BV &ﬁlfhﬁg 198 BRE ndndrel 155
| east 20 WD 2004/ 044368 PCT/ US2003/ 036010
to flowline jumper 226. Hinge mechanism 227 allows flowline jumper 226 to move
to a position parallel to mandrel 155, as illustrated by the dotted lines. In the
connected position, coupling 153 is 90° relative to mandrel 155. Hinge mechanism
227 may be of a variety of types, and in this embodiment, hinge mechanism 226

comprises a clevis and a pair of pins 229 that rotate within holes in the clevis.

Referring to Figure 19, flowline jumper 226 may be a single integral conduit
or a number of sections secured together, such as by threads, flanged ends, or
welding. Flowline jumper 226 may be of carbon steel along with a number of other

alloys such as titanium and chrome. Flowline jumper 226 may also be formed at least
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partially of conposite materials such as fiber in a
resin. Flowline junper 226 nay be pre-bent into an

wae@datseronfiguration or it may be suffici entPgT/US2003/036010

10

15

20

25

30

flexibly to curve into the arcuate configuration when
| owered. Furthernore, flowine junper 226 could be
formed of flexible pipes that are made of nultiple
articul ated conponents that flex 5 rel ative to each

ot her Fl_.ow i ne junper have a. SI passage
t BAERYK of Po%‘POSlPﬁHl%"P‘b‘@lé S'ffg-ﬁn%é%m TS 1] Rfgyampep 330 may be
alp30pHASnRL ar ;?r@iﬂte @?ﬁ%ﬁ}dﬁ%ﬁ Jrl'iﬁltna%%e QHM&I& ﬂe&ﬂﬂ? 't§ gurve into

errbodl nment, a plurality of short buoyant segnents
attle srevaie ednfimeatidn whin lowergduripethegr@e, ﬂmvhmmglmper 226 could be

byoyant jacket. .As shown in nt s
noeet B60Eknings BRCHS shitel b Fiolr i SR Retpis that flx

228 atiVROMEHEH otdn e FiNaie jmpat ZIWmap Uhid £ bﬁgtel péséa%e through it or

cause the arcuate central section to fl oat

varuliiplgipagiegese. | f not pre- bent into an arcuate

shape, the length of flowine junper 226 relative to

its di deviere jwipdr 224usleo dapat tleash at porfibexthatnisobwoyant. In this

PR, BRI e bR nowin

f ianbdrme6] foiee ZARyhS J jdkef. eA@éloxvnlin Festirk i19] RBfneht® 231 need not
avoi d any E rmanent deformati on due to the buoyancy of

b@waﬂtthe tangtip 9f flomlinepisgnen c326s hddowewse Hsygehepdd extend
Zg%fﬁmﬁe\ﬁkl %0 M@%Xr&ﬁﬁﬁ Eg{;ﬁi ?Ee%lﬁﬁﬁ gor gggc: % Jal #féﬂg ?ff not pre-

gdsnt 18&)gail’emttcﬁate ABdperehe 1sggiv of ﬂSwﬂlﬁB (jlmﬁﬁartm%ﬁflse tooits diameter
prevent excessive _bending of the condui flowjne

| G srussreportion o {ex e & arch#p shansyd uﬁé@%}l%yanax Syt dhe conduit
t

IB? ﬂg?gng?.@?ﬁér 86 ;r;é)ﬂﬂgsgé;e:l %hg%?bbd%%?ﬁﬁﬂﬂk sééi 2%@ Gs preferably
[ msﬁﬁaidnatto cavoid Goynecharen? 3dformatien clonnecther buky3dncynmay buoyant

be of i f f1 owl
et 8 LT b bR e Bl BR A G e areuate

b@oRRni AGithpdr 228Gvhethep Gillbd %h%anﬂyd%gca&mmq«ﬁa bi %a! Segments
connector 233 will be vertical. Buoyant menber s

cadbenasheerzeray dwnp gestiicarsae) preeent axeessivediendmsnelcthe rcondult of
2%%ﬁl%e$%oﬁ&(}?gpvvard vv! thin a ver.tl cal plane. The
0

conmbi na t he hori zont al portion and arcuate

Pany iy dtiea spinecBE S & idrdRGon 10 eamigty sprnecor 153,

C QRS bR D 3Bedddhes a@sﬁf@ﬁm&y hdodtiQely iRBARNMr ease in installation.
conmponent, which in this case is a subsea manifold

2 ghmauier 3xidikeeeamaecton3s auadbe ef useatiehnef EmseaeWher flowline
gﬂg{%éeg'zgp he igls{aﬁe@ t &%ﬂloﬁlu&§ %?m%?@@nq %Sﬁ%eﬁg)r 345 IQmﬁl%e ?oazo%ltal and

rocéssi h conpaone
cayodtiad Sﬁei‘jxﬁngrm)hh @Erucﬂlconnector 233 will be vertical. Buoyant members

231 cause the curved portion adjacent vertical connector 233 to extend upward within
a vertical plane. The combination of the horizontal portion and arcuate portion over

the length of jumper 226 may be termed a lazy wave.

Figures 20-27 illustrate one method for connecting wellhead assembly 11 to a
second component, which in this case is a subsea manifold 235. The same method
could be used for connecting manifold 235 to other subsea components, such as a

subsea fluid processing unit. The second component 235 could also be another
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WO 2004/ 044368 PCT/ US2003/ 036010 flow ine, or a daisy
chain to another well. Manifold 235 receives flow from

wa20mmobsss of subsea wells and routes that fl oRCT/0S2003/036010

10

15

20

25

30

further processing equi pnent. The second conponent

235 coul d include such equi prent normally nmounted to

tree 39 (Fig. A, such as a choke,

production/injection flow isolation valve, nulti-phase

flom1neters 0sSi on n|t CcOrrosion

PR i %F&@@P athgrpel. Mﬁ’gi‘faWé TResAY S flovhgom a number

TI3¢ sHRA&EHLI1s OO fés‘%li\ét'ﬂtﬁvlt&%%{ Socb@ns UBSBRent. Th d
F E asggﬁb i 11 coul d occurerggyefﬁ%g %??e?n ¢ secon

r umnnpmgemmﬁ ovnlg nmﬂmier&ucklveqmpmant Itwmallylglollﬁtedw gee 39 (Fig. 1A),

th of t th t
P Uit & cht DRI C ey et HoSbisblA0 Fa R P SF glow meters,
Z%Ebsmﬁhﬁoﬁfé&hﬂg RBAbsib€ Rbnitotifg abd Eké{‘sblﬁ'etanﬁ émpdi&turel Bronitoring.

| azy wave conf gg)uratl on shown in ures 19 and 27,
h&"\h@\ﬁéﬁnﬁtcﬁéﬂy@lf ndige a@np@rg?@ﬁatpusuhseanfepﬂﬂlﬁ@ asgemblyollagould occur

| %H?ilﬁqe Ueiel HH*B?I{ o%%?w g)}[ﬁ%gur%. llgga l‘}ﬂ)lumrﬂg rlgzont al

ance 1s no Crl ance et ween

Coul 0 BeRABArY s’ 2nrt Beterothyl e Seipunal oRBge bevveen

aSyeHAYAT Asembly PNBARMSNifAS 285, SHHRWHditfonki &HF@ id Quftlcidnt for the
line 209 is secured to one of the ends of ow i ne

j lagyewayo seonfiguration ahyatiireligurest 1Psashoih Beweierdtheoprecise
S%&?ﬁ' r&%}q%& Qe %é%(gblgﬁe@ qe?ﬁﬁ% ai'u}(n%ep Yoy ad]\z%}/ tﬁ’g aéﬁlﬁlshonzontal
eldeVaﬁicB G not dslamahny“hetdimncembémem o;fel]lmmtpmerﬂﬁyalﬂ arid manifold
Is_being | owered. t he negative__buoyancy has
c&ds é%aynﬁ%raraénd et b, tml‘f?élcx B0 5 3P TS AP dpng as several
pqm@llnle wth 20 flowine junper 226. Flow ine junper
26 1S essentl ally straight and vertical in the

p05| ti F F e

(P g THBendhdhiE o8 e fue 200 i} Shbaid pyBEHaTaat 8P flowline
| jdrhpdri22e. Zﬁ&hﬂs&n&ioﬂirﬂlenatlt acdhedn sB’an‘ed e> sord asanwetyr B83. The

used for guidin ndrel f Lnto socket 135.
REFEALVE OV%)UCM% 18t %ﬂe‘%ﬁﬂ‘i 2 PROGRUSebIL; ta @5%%‘“@2%(]50‘1’%? elevation

SHlan! ahEbiHeF ortlcfﬁn o? 21% 2845 i isS Béﬁ’i@ IQQEI‘eQ n aMsY) the negative

attachi'ng a to vertical “connector
Abuo3salmoyvrha|s malﬁsfgiu man@fel IROMo2BBiTige eakis tco)um qmtﬂtatiomnparallel with

nd .| ands fold 237, Lift e 20

OnTF A EPT o2t T e i3 @26 evsn(AlB gt 2hd vertial in the
gbﬁﬁb@gdmgmesﬁygglre 23. Then, as shown in Figure
24, ROV 237 reels in pull line 239, causing second

connectoR 421 %Qiﬁﬁél%h(ﬁ% ni7h o ehotRPstabMitd) 1ﬂt@ts@t{k%{ 53 5 while

gui dance wher e necessar H nge mechani sm 2
18ft lalel Ysisfstitlsttachedn é&mmme maﬁeram maa h@orseql tor gyfiding mandrel 155
i zont al

Flu ﬁ 5QC r]% 1%# g@gtreﬁ%%(i@ %o?g%n%é% e‘%}lu %%ow i jumper 2R s% 11 vertical, an

ROV 237 is shown optionally attaching a pull line 239 to vertical connector 233. As
shown in Figure 23, ROV 237 reels out pull line 239 and lands on manifold 237. Lift
line 209 still maintains flowline jumper 226 in the vertical orientation in Figure 23.
Then, as shown in Figure 24, ROV 237 reels in pull line 239, causing second
connector 233 to approach manifold 235, with lateral guidance where necessary.
Hinge mechanism 227 (Fig. 18) allows first connector 153 and a portion of flowline

jumper 226 to move to a horizontal position. Figure 25 shows ROV 237 connecting
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22 WD 2004/ 044368 PCT/ US2003/ 036010 second connect or
233 to a suitable mandrel on mani fold 235.

wemgegsent | y, as shown in Figure 26, ROV 237POMDVUERI03/036010
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20

over into engagenent with first connector 153. ROV

237 perfornms the actuation to cause first connector

153 to sealingly engage and secure to tree coupling

151 (Fig 1A). 5 Figure 27 illustrates flowine junper

226 in the desired position, with lift line 209

r seAndcroanerteisd 3o paniiahly mandrsl eveminifeld R3%s Suisequently, as shown

4Rk TTRENS 72 B e M) USRI 2. vV

D|Bﬂ®eﬂ“ohﬁ§ theiab®ib@ér @tdaﬁma firsticdnectenmasdb Bealinghf exfglagel mgd secure
flowine junper 241 may be constructed in 10 the

séﬁgeﬁﬁﬁlﬁéﬁlgéé R?’thﬁ)ne junper 226 (Fig 19). It may
contai n a buoyant jacket (not shown) over all of its
| engt h Togura 2dcHestetes fRatlinedumneci2éris thedesired pogitien, with lift line
Y [ C F
Coned YR BB B0 R b Bt b s o1 e
cays esusehie slrcngle @ottionust fovadmnfjugipeelon flet in eatrtical plane after
vertical plane after installation. 15 The invention
hdstaadiont i cant advant ages. The orientation system
al l ows the erator to change the direction of the _
flow i A8 ted ﬁmgedlmenwf ¥igux ﬁlﬂvrltneuwapelt%é mey; fhierpgnstructed in
h f 0

¢ a8 Shant Fogherc, AP BREB 2 (IE 15) MG CGRRTE bdygnt jucker

t r(ﬁotﬁiHBw@y bedttall 6fdts Ispnblor wﬂomcmut}swtﬁtcbmﬁctoys 243,245 dr®vertical
the new direction. This assures that the tubin

hAReFEsuGh 19 comnedor3dkits 19 Coessmantly éledqw&qya% flowline jumper
W§4|1ec£1ﬂ@s 'tﬁé’ %?1 naéag.ﬁe Q:%ﬁﬁ SHEN th "GR! h & f&f%ﬂeglf ip}]ane after

its forns, app rent to those ski

thﬂstdiettlonhat it is not solimted but is susceptible

to various changes w thout departing fromthe scope

of the Th&viawtﬂtmn ha? 3igWBic2004dAAthge8 PRETOXSRE N 36l Allows the
d ai ns: tho of, dril nd conpleting a )
s@@g@aorv@ ‘fhan%f‘oFPﬁr TESCHgR of & 1} @awﬁeéﬁp%ecgorm o fhgpoint that the

r5't lﬁﬁ gg'%l r Vel Re a4 ﬁ%ﬁhg% lar%rlfté» a?:t 16 24\ diR2Hon may be

n a supporting wel as an
exbgh]uyaioner Oan¢ attated) the BO®rorigntatioh epad] ywill pstoalatieally orient to the
d%%{?vr Sgec%rolnen tsI fssires that the tubing hanger will also orient to the new

direction.

While the invention has been shown in only a few of its forms, it should be
apparent to those skilled in the art that it is not so limited but is susceptible to various

changes without departing from the scope of the invention.
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(b) drilling and casing a well through the well head
housi ng; (c) disconnecting the drilling riser fromthe

wowdloesds housi ng after casing has been i nst aPtBUS2008036010
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(d) landing a BOP orientation spool on the well head
housi ng, the BOP orientation spool having an externa
orientation nenber that registers it to the externa
ori entation nenber on the supporting well head, the BOP
orientation spool having an internal orientation
e8RS (e) connecting the drilling riser to the BOP
orientation spool; and 15 (f) providing a tubing
hanger with an orientation nenber, connecting the

t ubirnmethad g€ drilling and tomplgting a suliseagedmdnmnsingng t he
tubi ng hanger through the drilling riser and BOP

orientatjon spool and orientin he .tubi.n nger via

Che T nita) FEIFEBIEh AL ing Re b el FEOHeR e [0 elihoad
spool ;  ( GhowkiVinti §ppdrtgOtéiieh®hat heCanbktbmAlorientation member
orientation nmenber on a [ower end, and (h)

renovi ng preioBely instaltedtinpidesiraslswishtatiomm t he wel | head

housi ng, lowering the production tree onto the

wel | hedt) tolisgnagd casntg ®wgh dirngglt the wetlheaditombingn nmenber

of the production tree with the orientation nmenber of

t he tulitndisb@mgetingt the deitlaigarideh Grotr the wellh@add@sisinghfter casing has
orientation. 25 2. The nethod according to claiml,

wher ei n t Reenipgialleds | owered onto the wellhead with a

lift line. 24 WD 2004/ 044368 PCT/ US2003/ 036010 3. The

met hod (4t bodiaigny BQP comgntation spaof Har theomistheddyjousing, the BOP
connecti ng. Lr Vi - L.oe..d . -
e oA B 5ot bl SRR s s et it
havi ng a fher é&itenaMoiintaticil meatber @nf thg Wupporting Wwelthead, the BOP
buoyancy causing the curved configuration portionto

float in SIYEMAINSRPOINIAYHIE aripiernal pdenigtiommebers 4. A

met hod of drilling and conpleting a subsea well,

conpri kh g@nn@@r}naofg@dnﬂmﬁglsawodm gmeem@éa@ sprsisindg

with an external |ocator nmenber and installing the

out er W6l previkingheusbing lengen withpar odenfatddn mewdier, emnaecting the

ith the ocat or nenber._in desired orieptation: (b
}Mandi ng an‘lb?'f@EPg%e*Plahsi‘a%gl H%@‘EH%‘I“P ﬁ“?rﬂ%é gﬁ? gLfblmgnha“(gel) through
wel | head teuglimgg risk® #4nd) BOPI biiémigicanshaddSinddotidigingethe tubing

t hrough the i nner well head housi ng; ) ) i
hanger via the internal orientation member in the BOP orientation spool,

(g) providing a production tree with an orientation member on a lower end;

and

(h) removing the BOP orientation spool from the wellhead housing, lowering
the production tree onto the wellhead housing, and engaging the
orientation member of the production tree with the orientation member of

the tubing hanger to rotate the tree to a desired orientation.

2. The method according to claim 1, wherein the tree is lowered onto the wellhead

with a lift line.
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(d) then, if desired, re-orienting the |ocator nenber
on the outer well head housing; (e) providing a BOP

w@eoog/0i4t$ on spool that has an external orientBtT/082003/036010
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menber and an internal orientation nmenber; 15 (f)

| owering the BOP orientation spool onto the inner

wel | head housi ng and engagi ng the external

orientation menber with the | ocator nenber to rotate

and orient the BOP orientation spool. then (g)

cohrly Wﬁlalﬁ’daaca?ﬁdil}gtﬁ@lwge T ¢HEPIEEEE or i ent at i on

spool ; (h) providing a tubing hanger with an

or i ent alohRsktRB MREre®Dial 4 SoWRREfunfRH o adttidna BitGa E@ﬁpment, the
tubi ng hanger "t hrough the BOP orientation spool, the .

i rilesylmgl jumper kaving p portivonpith a caovsid rgniigeatiorhithe besagey causing

t ot rient £ 1 uhi ngerelan I..N

t i QP fe BB R b ey ol R by TR i
orientation spool and the drilling riser fromthe

I ey methbd bé drdlling uad ngmpktitg 2 Sut{spd wpll,onthrizthga

production tree with an orientation nenber on a | ower

end, lowering the produgcti tree onto the inner

wel | hedd) RSETRRaT Al Efaeediinysinn o 10 et grodipember and
of the pr ﬁﬂﬁgiﬂ(%‘:tﬁe bheewlliidad hBsinga ARppAOHIAUF43641 and with the
PCT/ US2003/ 036010 orientation nenber of the tubing

hanger t olocaionmembieint & dasiredorendadivng ed ori ent ati on

5. The nmethod according to claim4, further

conpr i $bhndimgantinmeg wellhtalilousiag dothe @ated wedlhpgididusing;

the outer well head housing, the 5 support orienting

in a dgs) delingahe bisiid 18 wiell tbioagh tha)innerdliheqtthaising;
flowine connector on the tree, which is oriented in

al i gnngay theht If ddshed, SteRpRbting heS iR Btof imembeaNsH 18 Suter wellhead
flowine junper on the support; and subsequently

connect i ngoUsHE; f | ow i ne connector to the flowine

junper after 10 step (j). 6. The nethod according to

cl ai m 4¢) pozidanga BOFpor{anjation speol fticat ieslan bxtewghoridngation member
drilling riser, and.t nmet hod further conprises

di sconnectt ad11pheg1a&|9p[sl{1]t§wé\1p?@ ™ before installi ng

he B [ ' | .
the O:()ﬂofolweerrlltngtthg %Osl’ogr?entation spool onto the inner wellhead housing and

engaging the external orientation member with the locator member to

rotate and orient the BOP orientation spool; then
(g) connecting a drilling riser to the BOP orientation spool;

(h) providing a tubing hanger with an orientation member on its upper end,
running the tubing hanger through the BOP orientation spool, the internal
orientation member causing the tubing hanger to rotate and orient as the

tubing hanger lands in the wellhead housing; then

(1) disconnecting the BOP orientation spool and the drilling riser from the

inner wellhead housing; and

() providing a production tree with an orientation member on a lower end,
lowering the production tree onto the inner wellhead housing, and

engaging the orientation member of the production tree with the
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7. A subsea well assenbly, conprising: 15 a well head
housi ng; a BOP orientation spool nounted on the

wowdloesds housing in a desired orientation, tPer/B&003/036010
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orientation spool having an internal orientation

menber; a tubing hanger |anded in the well head

housi ng, the tubing hanger being oriented in a

desired orientation by the internal orientation nmenber

of the BOP_ 20 orientation spool while |anding; an _
ori ent at | @ienigsivbemenbeinel thedubBg dingppkr radg tg? tiegeo a desired
tubi ng ha .. and a tree having an orientati on nenber

on a Iomeé}%gl%alo?lhat engages the orientation nenber of
the tubing hanger while the tree is landing on the

wes| Themdthold ausirdig te alaim Agfutrther dongeising: rotate to a
desired orientation. 25 8. The assenbly according to

claim7, wherein the orientation rs _conprj.se .

| nomERURE gy CHEREHT AUPHEF TR ARe GRGE QHUtER! housing, the
C QU SrienBBie YO, 094 OAid3680PETdgFaR03/ 036010 9. The
assenbly according to claim7, further conprising a

flowi AREE HoHline WBHMRA oh d &, Whidh i Oficfitedl &1 ASment with
with tﬁgouglreg to t]ﬁlg desi reg orienfatl onl. 18. A subsez:len W
wethd suapare ibbtyp (Gonpri sing: a | ow pressure wel | head

housi ng at an upper end of a well; 5 a | ocator nenber

and a fldmimg nBowlippjuniperon theadppot;tahé | ow pressure

wel | head housing; a high pressure wellhead housing

| anded sifsetihtilyQRonidcaing dicsiovidcheagectdias sha WswitneBGper after
orientation spool that nounts on an upper end of the

histgh (or essure 10 wel | head housi ng; an ext er nal

orientation nmenber and an internal orientation nmenber

0 | i POALreirt d through the drilli
o SRF meid LBl B A0 AR 15, GF el through the drilling
regestand dre erndladd dintlef ¢dneprBEP discommdcting othe sqpdbihg riser before
while . th or.i entation spool |ands on the high
pﬁ%%gm%aﬁé%%gﬁﬁmﬁ%qpﬁﬁl; 15 a tubi ng hanger having

an orientation menber on its upper end; a tubing

han aesibsddvdiNgséhBly, éniaaied to the tubing hanger,

t he tubi ng hanger "running tool engaging the internal

orientation nenber of the BOP orientation spool to
a wellhead housing;

a BOP orientation spool mounted on the wellhead housing in a desired

orientation, the BOP orientation spool having an internal orientation member;

a tubing hanger landed in the wellhead housing, the tubing hanger being
oriented in a desired orientation by the internal orientation member of the BOP

orientation spool while landing;
an orientation member connected to an upper end of the tubing hanger; and

a tree having an orientation member on a lower end that engages the
orientation member of the tubing hanger while the tree is landing on the wellhead

housing, causing the tree to rotate to a desired orientation.

8. The assembly according to claim 7, wherein the orientation members comprise

mating sleeves having matching helical or tapered contours.
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cause the tubing hanger to rotate and orient while

| anding in the high pressure wellhead housing; and a
w@e@doetsson tree having a flow i ne connect or apdr/as2088036010

orientation nmenber on a |lower end for engaging the

orientation nenber of the tubing hanger to rotate the

tree and the flowine connector to a desired

orientation in alignment with the flow ine support.

11. The subsea wel | assenbly according to claim 10,

f Qr tHsr 256mBh 8reagding to; Feithdw dtiglert epmaprisingw Pewhing cennector

hRUS! ' . [gﬁrge and

}AﬁlléA%?éc’?\C}\Aoi ne %ﬁ%ﬁ%@?@‘@w@%ﬁ?&%?ﬁ?ﬁ?ﬁﬁO se e?g1 ive

rotation of the |ocator nenber and fl ow i ne support

r éDaAisubsenovellhassdnobly proegsisme: wel | head housi ng. 27

a low pressure wellhead housing at an upper end of a well;

5 a locator member and a flowline support mounted to the low pressure

wellhead housing;

a high pressure wellhead housing landed in the low pressure wellhead

housing;

a BOP orientation spool that mounts on an upper end of the high pressure

10  wellhead housing;

an external orientation member and an internal orientation member on the

BOP orientation spool, the external orientation member engaging the locator member

to register orientation of the BOP orientation spool while the BOP orientation spool

lands on the high pressure wellhead housing;

15 a tubing hanger having an orientation member on its upper end;

a tubing hanger running tool connected to the tubing hanger, the tubing hanger

running tool engaging the internal orientation member of the BOP orientation spool to

cause the tubing hanger to rotate and orient while landing in the high pressure

wellhead housing; and a production tree having a flowline connector and an

20  orientation member on a lower end for engaging the orientation member of the tubing

hanger to rotate the tree and the flowline comnector to a desired orientation in

alignment with the flowline support.

11. The subsea well assembly according to claim 10, further comprising:

a ring mounted to the low pressure wellhead housing to which the locator

25 member and the flowline support are mounted enabling selective rotation of the

locator member and flowline support relative to the low pressure wellhead housing.
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