1 WELLHEAD CONVERSION SYSTEM AND METHOD CROSS REFERENCE TO RELATED
APPLICATIONS This application claims priority to U.S. Patent Application Serial No.
12/399,050, 5filed March 6, 2009, which is incorporated herein by reference. BACKGROUND

The present invention relates to subsea wellhead orientation, and more particularly, in certain
embodiments, to methods and systems for aligning al Christmas tree with a tubing hanger. Tubing
hangers need a specific orientation with respect to the wellhead because tam numerous bores, which
require alignment with corré8EaAdRAIGONY BRESEIN ENSTHBYE ACGhYEITESHNY, there are two ways
to achieve orientation of a Christmas tree relative to a tubing hanger. The first uses a tubing spool
assembly, which latches to the wellhead vides landing and orientation features. The tubing spool

is very expensive and adds$RBHE REFERTAGE FOREA RERitdEHIC B @M hg spool is so heavy

that very few work class yegsgisicatioinstaid, iadicftfrensienibntempresins siiation by espessive
drilling vessels:. Furthermore, the drilling riser néist he remgpved to install the tubing spool. The

second ettty é‘i{%%ﬁtﬁ'@% PSR HSRYE 3 SlPobért Bﬁ%‘fehanger involves the use of -a blowout

preventer ("BOP") stack hydraulic pin and orientation, adapter joint. This method requires detailed
knowledge of the particular BOP stack in ordep i k@{ﬁ%install a hydraulically actuated pin, which
protrudes into the BOP stack bore." An orientation helix is attached above the tubing hanger running
tool, and, as the robing hBrRyeriRseifs, iivarionk Elyayes tHebEGIrmbeih HAEBHEHaEYs tHB%Ebing

bores to a defineddirechionAn s Mmethedbansies asewaadrwingsiel enB@Rstack.aleyations

and spacing between the main bore and the outlet flanges, which may require hours of surveying and
muItipIéQripé‘%@KFﬁgﬁﬁgﬁﬁeasurements. Tremendous room for error exists with this method, particularly
in older rigs. Thus, this nkibind reqpireasidnifipacitiopfomtiplamiihgeshdditio el lysBettihedresockdown

sleeve in thejueinead asnerallyysauitana g heeauag e Bafe musbiamait plags asai lerence
point for orientation of t enfurblng ﬁanger and corresponding lockdown sleeve. 2
Christmas trees. Conventionally, there are two ways to achieve orientation of a Christmas tree
relative to a tubing hanger. The first uses a tubing spool assembly, which latches to the wellhead
15 and provides landing and orientation features. The tubing spool is very expensive and adds
height to the overall stack-up. Additionally, the iubing spool is so heavy that very few work
class vessels can install it, and it frequently requires installation by expensive drilling vessels.
Furthermore, the drilling riser must be removed to install the tubing spool.
The second method of orienting a Christmas tree relative to a tubing hanger
20 involves the use of a blowout preventer (“BOP”) stack hydraulic pin and orientation adapter
joint. This method requires detailed knowledge of the particular BOP stack in order to
acourately install a hydraulically actuated pin, which protrudes into the BOP stack bore. An
orientation helix is attached above the tubing hanger running tool, and, as the tubing hanger
lands, the helix engages the hydraulic pin and orientates the tubing bores to a defined direction.
25  This method requires accurate drawings of the BOP stack elevations and spacing between the
main bore and the outlet flanges, which may require hours of surveying and multiple trips to
make measurements. Tremendous room for error exists with this method, particularly in older
rigs. Thus, this method requires significant up front planming. Additionally, setiing the
lockdown sleeve in the wellhead generally requires a rig because the BOP must remain in place

30  as areference point for orientation of the tubing hanger and corresponding lockdown sleeve.



SUMMARY The present invention relates to subsea wellhead orientation, and more
particularly, in certain embodiments, to methods and systems for aligning a Christmas tree with a
tubing hanger. One embodiment of the present invention provides a method of aligning
Christmas tree with a tubing hanger. The method comprises the step of providing a wellhead with an
orientation key on an outer surface and an opening on an inner surface. The method further comprises
the step of providing the Christmas tree attached to a guide tube having an orientation profile
configured to engage the orientation key and gutdéMlVeARRKistmas tree into a 1.0 desired orientation

relative to the wellnead. e rgetind hecomprsesdne sie QlamYAINg:a laskdown sieeve with a
r igure

mating profile on an inner surface, and a protuberance on an outer surface con dto engage the
opening on & ifHENBFaEE B mBodEmTER domRsRotiand skelownlerebigaing inGrdesire tiesrightation
relative to thgwugllhgad: The method further comprises providing the tubing hanger with a mating
profile on an outer surfac(ﬁégaonfi ured to engage the mating profile of the lockdown sleeve and guide
the tubh?g hanger into a ¢&%ir&H MBI iBh Y aBRseh) eI SN Ersetensthednobthbertstier
comprises nitiwisigntiedackilbwmileeveninte. eMgagenentesiibrine welkgads fheidhethodksifuther
comprises Ing. the tubing hanger into engagement with the lockdown sleeve. The.method further
comprises m%gﬁn%tﬁge%%gﬁg?s %e&éniﬁ?égér%r%cgmagéta\?vi?ﬁe{ﬁ%g\/\%Iﬁ%é%lgn%“t%?g'tu }}%én tf%foi%er.
20Another el aespriseovittesen of stavidingaligriiby ek tismisisdred withgaitebing hangernThe
system compyrisasiRVEIIeRAcitLRA wi&{gg%mg@m&@amﬁwg@@%@@m@&%g@g% gn inner
e

surface. The system further comprises th ristmas tree attached to a guide tube having an
orientatibn SIS RHRY RABKY B HiraAtaliBh e s i Hisrre mrsteeh e mies e i desired
orientation relattkddonhsewvelvend. higngysieht: fuithernamprses, arb alpekdesns egva with;a mating
profile on an_inper surface, and a protuberance .on an quter surface configured to engage the opening
on the inne[%rrl}{}1 ace o %ﬁlge\?\{eﬁ glg%a%\?her? the-Tockdown sleeve ic’élr% % élg%l}:lgdvgrﬁgﬁatat?}o%ﬁe ‘e?%?ive to
the wellheadockee sy stkerysuithiar olesprd eerignsatifising iiwsgter tithveeltheaihg phofirectndiivgiter
surface confighiaehio £AgREE e MatpeRafile.af halpckdoumesigeye And guide: thefubing hanger

into a dgsired orientation relative to the lockdown sleeve. .. The features and, advantages of the
presentinverKBA W TR BRI 5 e 1orkdogm shamse arduseide: e R aA Jeasskildel indgieart may
make numeroisatationgesisuchicarigesartenithiTlibenspisi ffthe tonpnikiennSBLIERBESERIPTION

OF THE DRAMINGS feigute L IIUSIRES 3,50

ure gdgei;;lio of asystem for aligning a. Christmas tree with
a tubing liner in accorda!{%c% with certain emgé)ocf?mentse(?fl the prese%rt nven |83n.r%l¥li%%%@ iftigtrates a

cross sectioh?8Ed W ageEfmaEchitatiedorkdrrarsdeavembbrimniing Birthes praweisesirmentiothe

Christmas tree into engagement with the wellhead and the tubing hanger.

20 Another embodiment provides a system for aligning a Christmas tree with a
tubing hanger. The system comprises a wellhead with an orientation key on an outer surface and
an opening on an inner surface. The system further comprises the Christmas tree attached 1o a
guide tube having an orientation profile configured to engage the orientation key and guide the
Christmas tree into a desired orientation relative to the wellhead. The system further comprises a
25 lockdown sleeve with a mating profile on an inner surface, and a protuberance on an outer
surface configured to engage the opening on the inner surface of the wellhead when the
lockdown sleeve is in a desired orientation relative to the wellhead. The system further
comprises the tubing hanger with a mating profile on an outer surface configured to engage the
mating profile of the lockdown sleeve and guide the tubing hanger into a desired orientation

30 relative to the lockdown sleeve.
The features and advantages of the present invention will be readily apparent to
those skilled in the art. While those skilled in the art may make numerous changes, such changes

are within the spirit of the invention.



Figure 3 illustrates a cross section of a Christmas tree in accordance with certain embodiments of the
present invention. Figure 4 illustrates a cross section of a lockdown sleeve in accordance with
¢ 10embodiments of the present invention. Figure 5 illustrates a cross section of a tubing hanger in
accordance with certain embodiments of the present invention. DETAILED DESCRIPTION OF THE
DRAWINGS 15Referring to Figure 1, various elements may assist in achieving proper alignment of
Christmas tree 110 on wellhead 112 and with lockdown sleeve 113 and tubing hanger 114. Referring
to Figure 2, wellhead 112 may hBRIBF&RESGRIKEYONLO B THEERAWANES 18 and opening 120 on
inner surface 122. Orientation key 116 on outer surface 118 of wellhead 112 may provide a visual
indication of the orientation of wellhead 112 on the installation. 20 Orientation key 116 may be male,
and protrude from welfigsd 1 1Bugsaitsstrerrsel stetiapeater visivilifpasiiting scChriatipming Chifstmas tree

110 (illustrated in Figum)ﬂ% iieTRatGbarREGRIRonKeYb o maY BedemalePiAialix, depending on

the particular conditions.. Opening 120 may have a fixed position on wellhead 112 relative to_
orientation key 116, stid#that VSRR H oPRMing 98 i€t Visbraditdparsersianeekmelincatsin
example, but not by wenteliizklisvtatio preogigmiRentidf). may radially align with orientation key 116.

Opening 120 may be a.roun Ic’} le, a square hole.. a rectangular hole, a.slot, or,.any other suitable
opening, as will be ap%lr%ucri%?e %}S/ﬁf%gss% §f<?ﬁséaeﬁl eogr .%lsmaﬁter%rlr?nag(:bn%\?v c?é F‘l"’é‘uré@cﬁ%?aﬁhide tube
124 may attach to a lowerodimebntst & iipisprasesttieeettidrhi any number of ways, including, for example, a

bolted connection. Guigg, theil24na Rays ariaplasien RERISA28-QR IANGE shrace A28, Quientation

profile 126 may be configured to engage orientation key 116 of wellhead 112 (not shown in Figure 3)
and thet®by guide Chi&MALFIS A TbE RIS HEYFEPBrientation relative to wellhead 112. Orientation

profile 126 may have &ifjxedpasitendelaivedadnarest af hnistraastrae stibhdsuehdhat preper 4
alignment of orientatioep m%%/afirlrge]%%% fr}gcessarjcl}/nresgcl)tf';‘, in proper alignment of Christmas tree 110.

. . . € presen ven .
Orientation profile 126 ma male, SUCR 8 876 0nd hole, a square hole, a rectangular hole, a slot,

or any other suitable opening, as will be appreciated by those skilled in the art. Alternatively,

orientation profile 126 may be giaje, fpaNorR LIOPHTER Wher B I BHAIPNKRY 116 5 is an opening, a

helix, or the like. In an embaodiment as illustrated, orientation profile 126 is a tapered slot through which
orientation key 116 may PESETRALOSTARRY BERiasleReahOHS A EHdb G AT B T isRmEA may
allow for a mar@irisfhers erew b eh @ligrifigariertakaonwikeyotddbanddieessios dershaidnaygdaanmy toward

o PRI S RORISE efloech o R URRIR A 18 R A R AP o't
opening 120 on inner surface 122. Orientation key 116 on outer surface 118 of wellhead 112
may provide a visual indication of the orientation of wellhead 112 on the installation.

20 Orientation key 116 may be male, and protrude from wellhead 112 as illustrated, for greater
visibility and/or use in aligning Christmas tree 110 (illustrated in Figure 1). Alternatively,
orientation key 116 may be female or a helix, depending on the particular conditions. Opening
120 may have a fixed position on wellhead 112 relative to orientation key 116, such that even
when opening 120 is not visible, its position is known. For example, but not by way of

25 limitation, opening 120 may radially align with orientation key 116. Opening 120 may be a
round hole, a square hole, a rectangular hole, a slot, or any other suitable opening, as will be
appreciated by those skilled in the art.

Referring now to Figure 3, guide tube 124 may attach to a lower end of Christmas
tree 110 in any number of ways, including, for example, a bolted connection. Guide tube 124

30 may have orientation profile 126 on inner surface 128, Orientation profile 126 may be
configured to engage orientation key 116 of wellhead 112 (not shown in Figure 3) and thereby
guide Christmas tree 110 into a desired orientation relative to wellthead 112. Orientation profile

126 may have a fixed position relative to the rest of Christmas tree 110, such that proper



10 orientation with wellhead 112. In addition to the tapered slot, the shape of guide tube 124 may also
allow for a margin of error when aligning with wellhead 112. Thus, guide tube 124 may be
funnel-shaped with a wider portion at a bottom end and a narrower portion closer to Christmas tree
110. Lockd.own sleeve 113 may fit within wellhead 112. Referring now to Figure. 4., 15 lockdown
sleeve 113 may have protuberance 132 on outer surface 134. Protuberance 132 may be a spring
loaded anti-rotation key, or any of a number of other projections capable of engaging opening 120 on
inner surfaceliganefimne reamchtibh et Sirowrdessidiyres4)iwhe prdpekdommesleel € i lsdrissfully and
properly engaged.in a desired ori tion..In some embodiments,,, multiple pro uﬁ)eranc 'S may be
used in varioi?}%)?ccg%%f anlge}g%ﬁrso%e?n% emmtﬁem%rﬁflpfé Sélﬁgr?ig n%]g.) Iﬁ%zltifnsei)ransécuégrﬁeb00 fen %%;dfl %a¥
protuberancésland siovueetiveyopberngisehiapiseiptcedyilzedamrsthiape dsuotsthektbnlyiotie erientation
is possible. Rafexamale AeHSe AL PES MR RERIURREARGER ARG AR ARAG LA 180,

with. onlg one orientation allowing en%jdgemen between lockdown sleeve 113 and wellhead 112.
Alternatively!Stifd BRIt HEr BE dES My AR SR eitErehe SHEPEY s hatstrsiononatts dRGpes of the

respective opgrisgsicDiiergonfigyiationsiel REgtUEFaRGesahcaresppBdnEaneningsfalwithin the

spirit of this inventjon. n additiop to protuberance 1.32 gn oyter surface 134, lockdown sleeve
e b 1 ggﬁ R F e %@

113 may have fia |eng ﬁro%ﬁe% on infier surface 198 for Iér%‘é' i Bﬁﬂ%%g’%a&%fﬁy(% wn in

F@gure 4). Intbgmger'ﬂtmjlhmmmaplmubmmae W3R mastivadihtstadigrireeitH tn sticigtiprofiiert8BnThe

Figures Showam@gfﬁsrqﬂ%ﬁ@%@eﬁsaa[a%?%@t@&bmt ahaslowerend of 19%9%@ %Jle%s%géﬂ

However, those skilled in the art will appreciate other suitable conf'gg;rations. profile 136 may have a

fixed pdSitioREriesyBHh vsidisgd 112 Jlnaddiiendoptisitsrahelot S, sapn eharideople dibRtation of
protuberancaidS2Becessatlysasitson wrepean aisniatipaiibe matinthS, piedieut3aMatingaprofile

136 may be a helix a Iuigi;(,\)ﬁaﬂprotu(?erance, oggrt]% other profile configured to mate with b,lrég?hanger

SHERRSHCH © 1957 BRI TRNIHE 5P’ RIBIGSRRRGGP £19 i, HBVE ¥ mating

114 in a desited ot
profile 140 otrepuitkl- surface 142 for engaging lockdown sleeve 113 (not shown in Figure 5). Mating

profile 140 5 may be a 'Uﬂo&&%!iﬁ(’sl%@vglﬁ@i%%%amh%%é_lﬁl%%ﬁ'?1%?”&9%9%%%&%@%%@8 Jnating

profile of lockdown sleeve 113 and guide the tubing hanger into a desired orientation. Figure 1

illustratés matfgPramiserss Bsmaan oy apratHbstRTg ot ofilen e s aiicy At dtfsHER ating Prbfile 140

is illustrated Bs Aspoiiethattachment@hiubingr-hangen kidbHorewer phnsasiilasaidbe-arhwill
appreciate other suitable canfigurations, |n this embodi t, as the tubing hanger 114 moyes 10 into
akdonn SIS et o Eh SRURE (e O I e R WAy TG HBRT: a
desired orierslation Within folkdowrrsipele de8eFhose skitied! inrihetaitwil lapprociatebinbtitns helix

could be on biagaRARKkhd: 2y Be lua Govleibe onleskdau Slepyekidwidpsiniagesuls. Using
the methods of certain embodiments of the present invention, installing
some embodiments, two protuberances and respective openings may be placed, sized, or shaped
such that only one orientation is possible. For example, an offset angle between two
protuberances may be an angle other than 180°, with only one orientation allowing engagement
between lockdown sleeve 113 and wellhead 112. Alternatively, two or more protuberances may
have different shapes that correspond to shapes of the respective openings. Other configurations
25  of protuberances and corresponding openings fall within the spirit of this invention.
In addition to protuberance 132 on outer surface 134, lockdown sleeve 113 may
have mating profile 136 on inner surface 138 for engaging tubing hanger 114 (not shown in
Figure 4). In some embodiments, protuberance 132 may radially align with mating profile 136.
The Figures show mating profile 136 as a bolted attachment at a lower end of lockdown sleeve
30 113. However, those skilled in the art will appreciate other suitable configurations. Mating

profile 136 may have a fixed position on lockdown sleeve 113 relative to protuberance 132, such

that proper orientation of protuberance 132 necessarily results in proper orientation of the mating



15 Christmas tree 110 on wellhead 112 in alignment with tubing hanger 114 may allow for automatic
alignment of Christmas tree 110 with tubing hanger 114. Referring again to Figure 1, wellhead 112
may move into position before lockdown sleeve 113. A workboat or diving vessel may lower lockdown
sleeve 113 into wellhead 112 and rotate or otherwise move lockdown sleeve 113 until protuberance
132 engages opening 120 of wellhead 112, and lockdown sleeve 70 113 is in desired engagement
with wellhead 112. Because the orientation of opening 120 may be known relative to orientation key
116, when ppeifikerasceMa e pgages dpenindpd 20naiie atasgn afirprgitteranseahs L maydbsiknown
relative to orlenxtglo ln%eng_ %1(%%%%%\{\1/113%[?%%?;{% oglgntatl n.of mating profile 136 may be known

. coniigure esired orientation. ; . .
relative to protuberance the orie marlltlng proftie i%é may be known relative to orientation

key 116. 25Tubing hang&etdnmagwiovdagnte f’ro@h&dogvhas@e\}Mlmayalmer@tat@iog othElvidé mmove until
mating prOﬂ'&%49&@&@?&@9‘0@%@%@1%&@9@9%5@@@@9 AR A36,945 _E%CJPMA_tﬁlg%Y&ii'elﬁ&oThe two

mating profiles 136 and 140 may then cause tubing hanger 114 to move into desire enga?ement with
lockdown sIé’%ﬁ)’ebifs“.‘@ééﬁl%eaﬂw‘é%‘ﬂé&ta’fiWﬁ?ﬁéﬂﬁéﬂﬁrﬁﬂﬁgﬁ@ MREPBEKHe W Fso8ff

orientation k?ymamwree]fb e g @&%&f&@mﬁmmﬁwéﬁ@r&i&t@omﬁbmih@@&%lm the
orientation of mating profjle 140 nown relative fo orientatjon.key 116. Thus, tyhing hanger
114 may halE R A G Ia A 75 BE- A CI rae G i i
tube 124 mgﬂmedmta bw@éﬁe@dchﬂx_@ﬁnﬂ tobate MMQWiséinwmerymdsemkﬁlaiihntmdtﬂWG
engages 0”%Bﬁ?éb%%%é‘r]sﬁ;t&%ﬁ%ﬁ}ﬂ%ﬁ}éﬁ%&1%1%% Qignnn: protile %%%Q“ﬁ%é‘éﬁ@l%%ﬁ%s

Christmas tree 110 to move into desired engagement with wellhead 112. Because the orientation of

tubing Kangdrte 1ockiaybedenewiisthelbite ergrere thpibpixtred rRuides1be Whins hraesmdithtiorniisy 116
and the oriepiafignigiailedgengageithecricniadies of ubinghanaeard id Maybekngprdelative to

Christmas tree 110, Thus, Christmas tree 110 may easily move into desired engagement jn a proper
orientation vﬁ‘tﬁt f&%il?%%é?l PiPh! %jﬁ%efﬂé?{)?@t ﬁtlélﬁociﬁ)\ipgt& if%ﬁr%%s(?ﬁﬁb%e%? gii}émigon
profile 126, $inpleotgbdtance 132, mating p_rofile 1_36, and mating profile 140 may be_t_Jsed to calculate
the orientation of tubing hanaey,L14. glawina Chstmas iee 4l Q foie oty BRsiione L,

Alternatively, one or more of Orientation keY1116, opening 120, orientafion profile 126, protuberance
T

132, méting phefifEaRgeard ettt prstte HLoimay Pepysitisheatite Hingt CHrsthasaiew 120 is
automaticallywpesiienegprepeshcinyetother iembadinenisharentaionr ik key 146: epeping 120,

orientation pro Iﬁ 1 rotuberance 132, mati ofile 136, and mating prafile 140 ma aIIQ radially
aligned Such LT CHHATAL TOG 115 1 U Ry BoSoH et ket Yorkbeet ek ilont o

tubing hangeray1bWecketdavs|stagee] 183 Weﬂhed&qaﬁgl Bhdn@hristimas ttbervsmeay beigetin a
desired 0“e@Eéék%”l‘{\dthﬁﬁ'it%&6@5&1&@%&%@&3@%&1@mﬁﬁ&f wellhead 112, and lockdown sleeve

20 113 is in desired engagement with wellhead 112. Because the orientation of opening 120 may be
known relative to orientation key 116, when protuberance 132 engages opening 120, orientation
of protuberance 132 may be known relative to orientation key 116. Likewise, because
orientation of mating profile 136 may be known relative to protuberance 132, the orientation of
mating profile 136 may be known relative to orientation key 116.

25 Tubing hanger 114 may move into lockdown sleeve 113 and rotate or otherwise
move until mating profile 140 on tubing hanger 114 engages mating profile 136 on lockdown
sleeve 113. The two mating profiles 136 and 140 may then cause tubing hanger 114 to move
into desired engagement with lockdown sleeve 113. Because the orientation of mating profile
136 may be known relative to orientation key 116, when mating profile 136 engages mating

30 profile 140 on tubing hanger 114, the orientation of mating profile 140 may be known relative to
orientation key 116. Thus, tubing hanger 114 may have a known orientation relative to wellhead
112.



20 devices. Rather, modifications of existing tubing hangers, lockdown sleeves, wellheads, and
Christmas trees may allow for an improved method of obtaining a desired alignment. For example, a
slim bore (13-1/2" nominal size) tubing hanger may be installed into a standard bore (18-3/4" nominal
size) welihead and achieve a defined orientation of all the tubing hanger through bores and downhole
control lines with respect to the wellhead. A lockdowa sleeve may 25 be installed prior to the tubing
hanger and provide a passive orientation helix which uses the weight of the production tubing to align
the tubing hanger prior tCHzstding rés Iidtedthlimwd; tile [BEkaewmsieevdomaliittade 1z sphingdeaded

key, which may,engage a=lokin hehome etikawelbesd, aad Akl key.om e uiside, oithe

wellhead may align and guide the Christmas tree into the correct orientation so that all the Christmas

tree stabs ehGagedtacoiBing HEABEr bifeBan Berréatiss rhsisHEeftsodihentE e HEIX K FN the
tublilrrllg hdang&fgé%’lf{;n%ﬂi%ﬂg@éi&ﬁéﬁeym tim;&&&é@d@l W/3:RE8QMEn wdmmﬁgix@%ﬁyémnaaaﬁ@m of thde
wellhead may all be aligned with gne another, allowing orientation o erified visually from outside
the sub3ea ’\%@ﬁﬁ%ﬁ%&? orientatiog Ve?ége “&%‘5 Sé)éﬁ%fﬁl%h%% Qé\/\?@f&%aoﬁ%afboﬁ%g{ﬁﬁ?h@énds and
advantagesecmeptiahedrastuviel af tiivise thajeald 4nhar baktheneirldive pditicsitaaserahbidiniBnts
disclosed abgve. are jllustrative onl | i ' e ifi i i
diferont b S B e P T chings
herein. For bsageiplé4 many of the features could be moved to different locations on respective parts

without departing from the,spisitaftbe drventian: fsUhermerepegiignitationsaraitended tople limited
to the details of construction or design herein shown, other t descr'bedsi the clairs below. It is

( n
hereioib evTRHRHAEANE paRRANEr Lol SHIOBATHB A T 0L dEeB S0y B HirelFor
modified andrizlitatich variabiapshareg«o hsigeribawvighiditherscopeandispiibofkOpthy presdémntedvention.

Moreover, t {ndfipie IUCIES o1 A5 1 the oAl ard Seegdetei i e one o

e element that It introduces. Also, the terms in the ave their plain, ordinary

meaning unhsesisisapiisEe iy raptlel dafly aefimatiosyrisdlsatéhtery hrurssitiprpdgsyiihdbas claimed
is: 1. A methog; ofalighing1s Ghiisimas e yithadybirgdignaaryGomprisings drvidingamelinead

with_ an Qrientation key qn an outer surface and an opening on an, inner surface; s viding the
Chiisirhis U158 A RGNS 12 QTS WA LS oPBBHERSBrte BB GR b BriA e
orientation keyfand4guicky thiebe haititihaslippedntolatoe dietirastiataricitationaeletviey toctiveonel head;
properly.
Thus, alignment of tubing hanger 114, lockdown sleeve 113, wellhead 112, and
Christmas tree 110 may be set in a desired orientation without the need for extraneous alignment
20 devices. Rather, modifications of existing tubing hangers, lockdown sleeves, wellheads, and
Christmas trees may allow for an improved method of obtaining a desired alignment. For
example, a slim bore (13-1/2” nominal size) tubing hanger may be installed into a standard bore
(18-3/4” nominal size) wellhead and achieve a defined orientation of all the tubing hanger
through bores and downhole control lines with respect to the wellhead. A lockdown sleeve may
25  be installed prior to the tubing hanger and provide a passive orientation helix which uses the
weight of the production tubing to align the tubing hanger prior to landing. As noted above, the
lockdown sleeve may have a spring-loaded key, which may engage a slot in the bore of the
wellhead, and a fixed key on the outside of the wellhead may align and guide the Christmas tree
into the correct orientation so that all the Christmas tree stabs engage the tubing hanger bores
30 correctly. In some embodiments, the helix key in the tubing hanger, the spring-loaded key in the
lockdown sleeve, and the fixed key on the outside of the wellhead may all be aligned with one

another, allowing orientation to be verified visually from outside the subsea wellhead.



providing a lockdown sleeve with a first mating profile on an inner surface, 10 and a protuberance on
an outer surface configured to engage the opening on the inner surface of the wellhead when the
lockdown sleeve is in a desired orientation relative to the wellhead; providing the tubing hanger with a
second mating profile on an. outer surface configured to engage the first mating profile and guide the
tubing 15hanger into a desired orientation relative t@ the lockdown sleeve; moving the lockdown sleeve
into engagement with the wellhead; after the lockdown sleeve is in engagement with the wellhead,
moving the tubing hanggiclrte-engagemantithishesdockdaun slesyesiamet afier the duhingdranger is in
engagement wijth the ,Iocégow sleeye, movérllgﬁzm e Christmas tree into eng glen%egt V\ﬁith the
wellhead FREPHESHISH G HAAY PO TGRS A ThE CHAbINEAY Hree 1§ PEHISH ARG MR &G hanger
once the Clixistmesithesrisvaoubd inthepgsge ineattivitthebwelitbiciand thetubing Hefrgert 252. The

ggtehrgg O allaning. A hsimas 8aH b LR RN ACH LA, MRS eniRiigR profile is a
5  herein. For example, many of the features could be moved to different locations on respective
parts without departing from the spirit of the invention. Furthermore, no limitations are intended
to be limited to the details of construction or design herein shown, other than as described in the
claims below. It is therefore evident that the particular illustrative embodiments disclosed above
may be altered or modified and all such variations are considered within the scope and spirit of
10 the present invention. Moreover, the indefinite articles “a” or “an”, as used in the claims, are
defined herein to mean one or more than one of the element that it introduces. Also, the terms in

the claims have their plain, ordinary meaning unless otherwise explicitly and clearly defined by

the patentee.



3. The method of aligning a Christmas tree with a tubing hanger of claim I. wherein the guide tube is
funnel-shaped. 4. The method of aligning a Christmas tree with a tubing hanger Qf claim 1, wherein
the 30protuberance is a spring-loaded key. MCSLLP 9 5. The method of aligning ¥ €histmas tree
with a tubing hanger of claim 1, wherein the orientation key is male and the orientation profile is
female. 6. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the first
mating profile is at a lower end of the lockdown sleevg. 57. The method of aligning a Christmas tree
with a tubing hanger of claim 1, wherein the first mating profile is a bolted attachment to the lockdown
sleeve. 8. The method of aligning a Christmas tree with a tubing hanger of claim I, wherein the first
mating profilgis@ @it dhe second mating profile is a lug. 9. A system aligning a Christmas tree
with a tubin%hanger, comfris_ing: 10a wellhead with an orientation key on an outer surface and an

opening on an NABFEAFkS é,hﬁﬂ“é”@ﬁr%ﬂﬂ%@ﬂ%@%fﬁ%é&@%@@i@&ﬁuﬁéﬂﬁiﬁ%@n orientation profile
configured to engage the grientation keipad gvide dhecdistnagiiesdnia 3 desisgefadial prgntation

relative to the wellhead,; opening on an inner surface:
5 providing the Christmas tree attached to a guide tube having an orientation
profile configured to engage the orientation key and guide the
Christmas tree into a desired radial orientation relative to the
wellhead;
providing a lockdown sleeve with a first mating profile on an inner surface,
10 and a protuberance on an outer surface configured to engage the
opening on the inner surface of the wellhead when the lockdown
sleeve is in a desired orientation relative to the wellhead;
providing the tubing hanger with a second mating profile on an outer surface
configured to engage the first mating profile and guide the tubing
15 hanger into a desired orientation relative to the lockdown sleeve;
moving the lockdown sleeve into engagement with the wellhead;
after the lockdown sleeve is in engagement with the wellhead, moving the
tubing hanger into engagement with the lockdown sleeve: and
after the tubing hanger is in engagement with the lockdown sleeve, moving
20 the Christmas tree into engagement with the wellhead and the tubing
hanger;
wherein the Christmas tree is radially aligned with the tubing hanger once
the Christmas tree is moved into engagement with the wellhead and
the tubing hanger.
25 2. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the
orientation profile is a tapered slot.
3. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the
guide tube is funnel-shaped.
4. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the

30 protuberance is a spring-loaded key.



15 a lockdown sleeve with a first mating profile on an inner surface, and a protuberance on an outer
surface configured to engage the opening on the inner surface of the wellhead when the lockdown
sleeve is in a desired orientation relative to the wellhead; and the tubing hanger with aﬁ{:/(;ﬁnd mating
profile on an outer surface 20configured to engage the first mating profile and guide the tu 1}18 hanger
into a desired orientation relative to the lockdown sleeve; wherein one or more of the orientation key,
the opening, the orientation profile, the protuberance gthe first mating profile, and the second mating
profile are configured so that the Christmas tree is radially 25 aligned with the tubing hanger once the
Christmas tree is engaged with the wellhead and wherein the opening on the inner surface of the

wellhead is mdialy Rlgnstovithdhe orieHatisnkaxonitie auslsurace Snayve lbeadi, ¢L0. The

system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the 30orientation profile
is a tapered sloftifitelen keyip malepnd e psirrfationgridedsdrmalfmas tree with a tubing hanger of

claim 9, whegeimtbeguide srhadsifinnehshansdrdewiine sysieamiasaligninga Chiisimasdree with a

tubing hanger of claim 9, Wr&%ein the protuberance is a spring-loaded key. 513. The system for

aligning a ChristA S AR AN Seelihg kargsrdrdibin ekdneraiisene

5 7. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the
first mating profile is a bolted attachment to the lockdown sleeve.
8. The method of aligning a Christmas tree with a tubing hanger of claim 1, wherein the
first mating profile is a helix and the second mating profile is a lug.
9. A system aligning a Christmas tree with a tubing hanger, comprising:

10 a wellhead with an orientation key on an outer surface and an opening on an

inner surface;

the Christmas tree attached to a guide tube having an orientation profile
configured to engage the orientation key and guide the Christmas
tree into a desired radial orientation relative to the wellhead;

15 a lockdown sleeve with a first mating profile on an inner surface, and a
protuberance on an outer surface configured to engage the opening
on the inner surface of the wellhead when the lockdown sleeve is in
a desired orientation relative to the wellhead; and

the tubing hanger with a second mating profile on an outer surface

20 configured to engage the first mating profile and guide the tubing

hanger into a desired orientation relative to the lockdown sleeve;
wherein one or more of the orientation key, the opening, the orientation

profile, the protuberance, the first mating profile, and the second

mating profile are configured so that the Christmas tree is radially

25 aligned with the tubing hanger once the Christmas tree is engaged
with the wellhead and wherein the opening on the inner surface of
the wellhead is radially aligned with the orientation key on the outer
surface of the wellhead.

10. The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the

30 orientation profile is a tapered slot.



orientation key is male and the orientation profile is female. 14. The system for aligning a Christmas
tree with a tubing hanger of claim 9, wherein the first mating profile is at a lower end of the lockdown
sleeve. 15. The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the
10first mating profile is a bolted attachment to the lockdown sleeve. 16. The system ¢ Hlighing a
Christmas tree with a tubing hanger of claim 9, wherein the first mating profile is a helix and the
second mating profile is a lug. 10

11. The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the
guide tube is funnel-shaped.

12. The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the
protuberance is a spring-loaded key.

5 13. The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the

orientation key is male and the orientation profile is female.

14. The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the
first mating profile is at a lower end of the lockdown sleeve.

15. The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the

10 first mating profile is a bolted attachment to the lockdown sleeve.
16. The system for aligning a Christmas tree with a tubing hanger of claim 9, wherein the

first mating profile is a helix and the second mating profile is a lug.



