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HORI ZONTAL SPOOL TREE WELLHEAD SYSTEM AND METHOD
Field of the Invention This invention relates
generally to a subsea wel | head systemfor use in the

- WORONIEEP i ng and conpl etion of oil or gas VREOTVES2408/025749

substanti al depths beneath the water surface and,
nore particularly, to a wellhead systemwith a
hori zontal spool tree. Background of the Invention
Conventional well head systemincludes a well head
housi ng nounted on the 10 upper end of a subsurface
HOBIZONTALSPQOITREER WELRHEAIN SYSEMAND METHOB:
and bl owout preventer (BOP) are then install ed.
During the drilling procedure, the BOP is installed

Fielagfﬁfeﬁvgﬂ#ead housi ng (casing head) to provide
- T pressure ct

rol as casing is installed, with each
C aThiydingéntl onOrelany | i
_landing on a ﬁ%ﬂﬁ&ggﬁiﬂ%ﬁ? %sgb?%ew%#ﬁgg%mﬁggg?%@ the
drilliggandcompletiomof ofl origas welle aesbstahitial RPRisitendsh the water
epl aced by a Christmas tree:installed above the
SULgeq ﬁe%’l‘%mp rly.dp ervellisad system withiahgrizontal speot wee.
enable the oil or gas to be produced and directed into
flowlines for transportation to a desired facility.

Back#osfd 6f fRT6GeMdnh a relatively recent devel opment in
this fielrd, the conventional casing and tubing heads

makongentionahwellivad sysws itdledesar welllRal doadn®hadnteddn the
hori zontal tree which conprises a spool with a
uppefesnshoff 3 subsaripomeasing string exfrngiog intodimwell twbov A rved and
i in_the

ol BB el 50 s RS

0 O ST B B

is inbtalled) SvitteddgR Cading st havlh® 8 U deP B R | | A3 biSa -
supported in t heg bor g of the sgpool t gﬁ%g&%ﬁ%‘lﬁc{gﬂg oiPa
shoulder within the welthead housing. Upon completion of this process, the BOP is

replaced by a Christmas tree installed above the wellhead housing, with the tree

having a valve to enable the oil or gas tobe produced and directed into flow lines for

transportation to a desired facility.

In accordance with a relatively recent development in this field, the
conventional casing and tubing heads making up the Christmas tree aré, replaced by a
horizontal ree which comprises a spool with a’ generally horizontal through port
mounted aBon and in axial alignment with a horizontal through port in the wellhead

| housingr In this apﬁlicaﬁon, the hétngersu for the éasing stnngs are supported one
- above the other within the bore of the wellhead housing, and the tubing hanger for the

production or tui:_»ing string is supported in the bore of the spool to suspend the
production string within the casing strings.

The vertical bore through the tubing hanger of a hoﬁzoﬁtal tree may be closed
by a wire line tool to direct production fluid through aligned side ports (generally
horizontal through ports) in the hanger and spool for recovery and deliverj of
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25 production string within the casing strings!4fReruary 2007
vertical bore through the tubing hanger of a

hori zontal tree may be closed by a wire line tool to
di rect production fluid through aligned side ports

WO ReEHEPAl |y horizontal through ports) in RERUSI00392E749

and spool for recovery ahd delivery of 14 February
2007 WD 2004/ 016899 PCT/ US2003/ 025749 2 production
fluid to a suitable location. A redundant seal may be
provided by a well cap installed in the tree above

ot e S sBobeel S0SER g e

chPREIIEY tn 8/l GBOYARE Hbing Baredf wifl AENEICAG AR witn
thae bl the tubing HaGgdradsred byla Wie 4B YRIH toGR A )(rcfli&ﬁi 4263 Bhhe
i solation/orientation sleeve which is |nsta led within

productiowbing seringupnndemoral dfsbe plug. and thus al | ow

t-est fro t he_ex of a netal seal bhetween the

adj at&nton E%Pf atW?Z{V@LIaWOH e gonveatienaily inclndes an
th

i§ohRAlab S ATH SRS, B3aBBA Wi et Bl dFeftd otace

afPOBRS hBb® tayuhg fiond ﬂhﬂ eﬁfénbf‘@f 4 Hi3td Geal BethRBI A ?acéﬁte%@ of

the tubi ng hanger into a desired position as I

tHeovaithedd bonsingandspaoll degorfion dhthe bleevs o dahizs apaile tube with
This techni que, aytomatically aligns the side port in
2} W Hrahontotre et frsusfage ppd tqurto ph@perat@mtb@ﬂeg omﬂxlmbmg

0. TS R B
sﬂdﬁﬁie? BRMGR! c[»fttgﬁrbobp ‘ﬁp@@cﬁﬁﬁﬁﬁﬁﬂ?%\%g% gz:{ggrﬁrdth? %156 portin

into e Spoo ug on

M&maggérwmﬂ@r@deqmmﬂntthetrb@bml de surface to orient the
hanger_i'nto a proper |anded position'on a seat in the

bor eAdIOP Is@cksﬂmlas Jowered entodhp uppertendrof Ittmmeﬂwﬂhtad)cme in
ande tion ich the BOP = nmay
T WA SR b, o VA Bness then loxrend Brongh hedipP and

i tHePobl tiffe. A lug on the lower end of the hanger cooperates with the guide

surface to orient the hanger into a proper landed position on a seat in the bore of the

spool. A tree cap is then Jowered into a Ianded position, following which the BOP
may be removed to permit installation of a cover on the top of the tree.

More particularly, the complete drilling and completion operation involves
lowering a wellhead housing at the upper end of a production casing string onto an

outer housing at the upper end of a conductor casing surrounding the production

casing string. The conductor casing and housiﬁg atits upper end convenﬁéna]ly have

- been lowered onto the ocean floor to suspend the production casing strmg within a

well bore by means of a permanent base having guide posts,using cables extending to -
the surface.

The wellhead housing is lowered with the casing by a running tool on a drill

pipe into the upper end of a BOP whose Idwer_ end is connected to the wellhead .

housing by means of a releasable connector, with the bores of the wellhead housing,
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More particularly, the conplete drilling and 14 February2007
conpl eti on operation involves 20 |owering a well head
housi ng at the upper end of a production casing string
onto an outer housing at the upper end of a conductor

WO 20846016899 sur r oundi ng t he production casi ngecIrwS2003/025F4ve
conduct or casing and housing at its upper end
conventionally have. been | owered onto the ocean fl oor
to suspend the production casing string within a well
bore by nmeans of a permanent base havi ng gui de posts,.

| es,extending to_ 25 the surface. The

the BESI %&%?H’@Eéﬂ% o gPﬁWé;_ @&qﬁ@ﬁistmgﬁmfft@em@e fwe]l
oY 8y ol B BB
] T W, S o 5 e M e

there200ut/t0 13858 & HAthS2600RIZHA 0B thelddan®ed}. and dri | |
pipe in axial_ alignment. The BOP is normally of the

r & PYIBE CHiEng illﬂligﬁbm thenupriee ead of ﬁaﬁcbahﬁag:nmy be ktvabd for
tancipB Rt Y it 5 b b FeuhSabaing o svpeait miginhe
condiip Laind AR 02 Mihee! BEGRTREN hel BiRE iS5 R
positimmsintye bategeasinghahfie: t Bi§Jen® Wiﬁ%ﬁfhﬁ?ﬁﬁﬁgﬁgﬂg@% i the

.lowered for |anding onto a shoul der
casingh eThahangers and thestrings vo vhigpibieylare movintedintayt thes be lowered

into (58 el ot sstias Aipubihie s anddpOBRORhe. out o ca, ng

: . Suor . e

1 RO bR R APk R e PR O o,

B e o e Bnd e i il iR e

bore ofthh meHhershhoubing sias topreveatwedonuidsehha fd ﬂi}?kr BoYe oBEe
a

for_ landing, with its .bore aligned with th of the

- wellhead howsingdwing dilling of thecpduationavall. yThe Iowien pottion of this

bore is aligned with the bore of the upper casing hanger, while the upper end is
enlarged to provide a tapered seat at its lower end. Bach of the casing hangers and the
wear bushings are releaéably locked in place and the outer diameters of the hangers
are sealed with respect to the bore of the welthead housing.

At this stage, the wear bushing may be raised by,a suitable running tool, and

the BOP and connector at ifs lower end are released from the upper end of the

‘ we]lheaq housing and raised to the surface to enable the spool of a horizontal tree to

beloweredona running tool releasably connected to its uppef end. The tree méy then

be guidably lowered onto the upper end of the wellhead housing by means of sleeves
lowered over the guide posts. The tree may be releasably connected at its lower end
to the upper end of the wellhead housing. Thus, the connector has latches on its lower
end which move over the upper end of the housing for locking thereto with ﬂnei; bores
aligned.
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bore of the wellhead housing so as to prevent WbEFPregy 2007

the seal at the upper bore of the wellhead housing
during drilling of the production well. The | ower
portion of this 15 bore is aligned with the bore of
WO t0go1epPper casi ng hanger, while the upper momUS2003/025749
enlarged to provide a tapered seat at its | ower end.
Each of the casing hangers and the wear bushings are
rel easably | ocked in place and the outer dianeters of
the hangers are sealed with respect to the bore of
the wel |l head housing. At this stage, the wear bushing

ma(%J be raised bg, .a suitable runni ncghtopl, and 20 the
Bopairdendizgeictbe berigantal tige pa therwalihdadirausing) sleststlerd afmn

orenifm 7% B %k it BB B g o RamEiebir
o 548 SRRRUEASE g BN Rl ooyl LRSI RO

sleeve oweice d sealtasdnlisdy s aligisbtater i end\@lchippatelfesd Boredf

- nmeans of sleeves Iowered over the guide posts. The
the casinghanger. e sead whiehawhs/loweraderitietie appintcasing henges schlPGE

o e SRES eSS 1 b LTB Bh
a5 o0 PS5 it (0 UL B L LS50
diameiePdf #14 G589 eRabf HRARSHORe lﬁé@s solRH bk BAGLNAD 9f e

_horizontal tree on the well head housing, a”lower en
is comrfected to threi wsiugibyr sdneester.i n the tree noves into the
upper enlarged end of the casing hanger to forma

c dAETRReHAASHOT PL s borsoheough dicchanizonightreermay be enkargadiia
reoci g ol i P e B35 S8R Y
B8 RO S, IECE TN,

upper casing hanger

 innerciiemhetey soamgdnt lesckhuettat Sfalebdie Ubihe tree bo RoPreveRBkedrioRd

is carried by the tree to |and upon and form a seal
the segl swrfaces apthecieeshare 2 fpolsase lowesed mto and raised from the well

bore during dn]]mg of the hole te receive the tubing.

In accordance with one of its functions, the sleeve isolates the metal seal ring .
to permit the ring to be tested from the outside of the tree. In addition, the sleeve has
an upwardly extending gnide surface which cooperates with a lower gnide snrface on
a tubing hanger to orient the tubing hanger into a desired rotational position as it is

lowered into the tree bore. Thus, for horizontal trees of this type, a side port in the

- tubing hanger is aligned with side port in the tree to direct production fluid to a flow

line.

In accordance with horizontal tree practices, a first plog is lowered on a wire
line and locked within the upper end of the hanger bore above its side port, and a tree
cap that may contain another wire line plug is lowered into and locked within the bore

of the tree. The BOP is then removed and replaced by a protective cover which is

axially aligned and rotationally oriented into a position over the upper end of the tree.




di ameter of the upper end of the bore of the h¥hEgkigary 2007
so as to be energized as the tree is connected to the
~housing by a connector. 10 The upper portion of the

bore through the horizontal tree nay be enlarged to
recei ve an el ongated wear bushing which is | owered

with the tree to land on an internedi ate shoulder in

t he upper enlarged bore of the tree. The wear bushi ng

has an inner dianmeter sofewhat |ess than that of the

boryg cgﬁveﬁtlfb%alt §r§c%d1§9 f(ﬁlsinsrtaq’h rENG R NG AL oﬁ ) suﬁs@z? wiliRha

. surfaces of the tree bore S tOO{)S ar_e owered i nto
involygs dhe imptaliagion pashihe remayel, pnd the sehsequertupinsiglation. lof e P

stack! b% Palefls 565 80584 bHE st94B bR 6 J6B 3£ G BaRcAoMidsoNne
its functlons the sl eeve isolates the netal sea

of
differpt ygauipgnt, &g CtﬂZ?lﬁaé trgen gppligatiges. (Faeh acly insiellation is Mg de
consulfing 4n@ etgeive. | N addi tion, the sleeve has an upwardly

extendi n ui.de surface whic coo rates with a | ower
fﬁ*aewgeagwg Homprovidesap mfavﬂgw aaoalrﬁre@ﬁ‘fe¥1b%é BB ng

and meeind) & whith @nlyoond é:sitall @thnTod tha BOPH&ck Basduired Thadisddbantages? 0
ree bare..Thus, t al

of thel(_}gl\{)\fﬁrF are overcomeg)y Sfllt_ned%'es&%t 1{1vef1%ont ﬁréi IUPWBF‘ESJJ Z Spoo &r £es
wellhell i sysieal aud methsd de lpodidaftemditdied whieh tdoestihat e@juire repeated

instauﬁ%o:ﬁi‘%i{& %H%UaloHﬂEQOE’gta flow line. In accordance with

tree practices, a first plug is | owered on
awre line and |locked within the upper end of the

hanger bore above its side port, and a tree 25 cap
Sﬂmgﬁﬁggﬁﬁﬂ§ﬂ¥¥$&ajn another wire line plug is |owered
into and | ocked within the bore of the tree. The BOP
rotective cov

B R R S T R AR A
methbd’]d)fo:lrﬂilqg@ﬂﬁ t:d»xm;rletmg arsubiskeprofipedn eeltwith a thamgtitisefled thdhe
w3 0 e £V Pl BB o
end qfrthmttams, dnh eleihnttbﬁd:dmlmogt lawating hesppd o adiorizaurdl tredinto

BRSO A0 LAl BBt B
least gnepool1sidy reitsatendiag radially from the spool bore; installing a BOP at the
upper end of the spool, the BOP having with a BOP bore aligned with the spool bore and
the wellhead housing bore; drilling a first hole with a first bit having first cutting diameter
by passing the first bit through the BOP and the tree spool; lowering a casing string
carrying a casing hanger through the bores of the BOP and the spool tree and landing the
casing hanger in the wellhead housing; after lowering the casing string, drifting at least one
second note with a second bit having a second cutting diameter less than the first cutting
diameter by passing the second bit through the BOP, the tree spool, and at least a portion of
~ the casing string; and thereafter installing an orientation sleeve between the wellhead
housing and the spool, the orientation sleeve having a predetermined rotational orientation

with the spool of the tree.




di fferent equi pment for horizontal tree appli cht Fefryary 2007
Each such installation is tinme consum ng and
expensi ve. The present invention provides an inproved
hori zontal spool tree well head system and nmethod in
whi ch only one installation of the BOP stack is

requi red. The di sadvantages of the prior art are
overcome by the present invention, and inproved

hori zontal spool tree6 well head system and nethod are
herei nafter discl osed which does not require repeated
installation and renoval of the BOP stack. Summary of
t hi 3oqQrdance aith [anscennd gerfainefethevbrepenh inventier, thespéscrrovfied the

syst@ﬁlegr@rntdn'llﬁ\éegﬁd %mpkheg’ & 's%bééﬁ OMlofREoR wdlBted Ofcasin
letin ﬁ a subsea production well wt

msté“eéa% Fhﬁ g’ell ﬁ%fﬁ 3114 pelihgad housing kaving g vsllbged hopsing bprs dastplled

on 1@ uppen am(ﬂﬂ\ﬂheﬂﬁsﬂg W dutp@dphakisi 1ﬁ@ucﬁl%rcﬁlllhlrg%tlﬁlel Wth Ol
buh End ofhthe casi n t he, net hod
‘b% Hing dIFTARHeEy the GYSIETL FURITISHE: & W&Pﬁltilosﬁ?%hm? cemese o

w1t]ﬁ: mmp@atdnd) Bf thé twhllRd hblaﬁ@g‘, tiengodd tred Mng/@sbch)ﬁﬁiﬂh heies] Bk

t
andf Fr RA0 o o SR R #9 e bt OB oS
thh thsumet emigpf sheBEFR! ate atnﬂdaavmg)BGP ber dh@i‘ed witk ttepp@l bort s
' e OP. h th b
o B8 ek ) 8BRS R0 ALLAPEE 1, b PR 8
the wiellizadyhduising;t anfyirientitio | Shagvef letveden ¢het wallhepd diousingt apd thempool
the Qﬁéﬁa‘tl&g SIB&Q hg\}n{ px@éle‘:f:r&lﬁt:cpH)%tgioﬁff1 %m&gﬁoé Qﬂh M&%g&qu Q&% an

[ owerin a casi ng st rlngl ying a C
mteﬁ'ﬂhb@?etftrllﬁssﬂl} ﬁ@tmﬁ&ra@@teoﬁf they lmmuhlmasgﬁmbawmgaee

SIdeEH(‘H ek@ﬁlﬁﬂg‘?%ﬁl%on&aﬁhﬂghe{ﬁg&@@ﬁml Bord RE1UEL Jﬁetﬁ’éjonentatlon

ou3|n% after lowerin € casli ng strlng, dr ng at
sleeye ang rofHenally edeied hﬂd’ﬂ%owntaﬁmasls%re dhalizpithe whipg h@lgar side

mxﬁﬁ&ﬁmﬂm&ﬂgﬁhﬁgtdlaneter l ess than the first cutting
gh met er by p; SSIﬂ%ithe second bit through the BOP,
t

AfOplangs Wit 2 Hped ehde oY BHom fher Heprevided g
meth‘bﬂ roif Rigillin@ REld tcbiBpledizt@dlls | witht 2lchdidpOin@aled ik At REILOR and a
| I.head ho si ng and thgafgool

ve. b tmeen tElIe
el R Fing e e e ipusRE T A D i BPSHLE Do cosing
the nietliod tcbmprésingoloivetiigad sposl of Whrkohthlares PAO bonbéctibh@ith fre€pperl 4
end ofqgje wgfhgad?housmg, the spool having a spool bore and at least one spool side port
extending radially from the spool bore; installing a BOP at the upper end of the spool, the

BOP having a BOP bore aligned with the spool bore and the wellhead housing bore;




6 In accordance with a second aspect of the prtsBeRruary 2007
invention, there is provided a systemfor drilling

and conpl eting a subsea production well with a casing
installed in the well bore and a well head housi ng

having a wel | head housing bore installed on the upper

end of the casing, the drilling operation including
drilling a hole with a drill bit having a cutting

di aneter, the system denprising: a horizontal spoo

drillih% & Sirkt %@l@?ﬁghezg ﬁrsmn'f Ha :Jﬁﬁg? Lutf dd181fletﬁ(r p@% nghﬁ@grs bit

usi ng, e Spo avi ng
throygh e BQhghdzhe $peelsim tbmwelﬁp@b Ilw@m@a groing steing emrdfmggi casing

hange@@icdkd e f)&&"ﬂf hi%(?sc%p aRl sp&)@ﬁﬁ th@w@ﬁ?e:)ad%ﬂ&?gcﬁlﬁ%e fﬁ‘stthlale

t he upper end hé spool tree and havin

landigg thgiredpadiorgsr tnh@e s@a@eq wiji e #gihead hmmwdrlﬂ@a@ SW@%M@

with BiO¥e€ond Bit qaah Y ssebid ABingURRHL s Aan theGRS dagmg aRERfer by
within the bore of _the wellhead housing

passig s, peognd iy Epug e BUE FRdcthe $38) Rt Melihgath Jireieh dhecgazine
hangbh@d SPRES a portiBe oOtht CitinglstrRP; Hér@A¥CinRAULdSh GHientation sleeve

det.erm ned, rotatjonal orientation, with the 00}
berwBRSRSE ol B0, ¢ hfter e SfcaBloT Heh® B digt eennined
rotaihhd REtedtion vith ke sfiddl lof thbirke; atdhdwaridehbife hapgdavibay sitkg

t . extendin a.tubi hanger
port S’étﬁlfdln§| ta 18[ fr i a g g?]nger ﬁen{;ﬂ%og: {?)g]h glpg SA rlgesi)réegggon
sleevamald mmlaiallmmdnteyl by theenitigatiob yletvaeo digh @rttattinghmngdr eidw port 0

. [ ubi ng hanger side port with the spool side
Wﬂhﬁks 1%&ﬁhgcordance with a third aspect of the present

I nmeﬁ&drmce mﬁraefoﬁrﬁl Qs!b@é{'o@'% ﬁeseﬁelhmgotpfthegé' is' ]Lrbxﬁ&-daéf‘d
npl eting Il's with a casing instal

metbeéh 9t W5 lliae arﬁbcoalplew P Febaer meﬂygmgﬂqliavr%wamwsmﬂéia@ the

wellB&H Shd@wheRl Aoisih@hdvad wINhdal %oﬁéﬁﬁ%reﬁﬁ‘é?allga oﬁ DR uppks et
met hod conprising. |owering a ool of

of ﬂf?o‘i‘"*?‘% iesnethgdompHsing: lostReag f spae! e\i eeafﬁtowﬁ&&cmnew&l )i
uppériead we hlehiead hdisiug, ltmgspoblhﬁws@@ Soohtidyd d1gheBbubRARAIyIRaRial

nd at ool ort extendi ra aI
tensf Gt et SR aY Bowingdt PG s S ARt B g
upp@fend beths p@ol, thet Brap hﬁﬁﬁ ehB@P rbgreah@@ with reie: @loblgjmﬁijandll theh

well&eag rha as?nmbﬁszoc}r?lhandﬁlts fote mtﬂa h%rs(gj bit gavmgrfg‘st {tmg d1ameter by

passing the first bit through the BOP and the spool; lowering a casing string carrying a

ﬁ

casing hanger through the bores of the BOP and the spool tree and landing the casing
hanger in the bore of the wellhead housing; drilling a second note with a second bit having
a second cutting diameter less than the first cutting diameter by passing the second W
through the BOP, the tree spool, and at least a portion of the casing string; and lowering a
tubing string carrying a tubing hanger through the bore of the BOP, and landing the tubing

hanger in the bore of the spool.

In accordance with a fifth aspect of the present invention, there is provided a system

for drilling and completing a subsea production well with a casing installed in the well bore

~ and a wellhead housing having a wellhead housing bore installed on the upper end of the
casing, the system comprising: a spool of a tree connected with an upper end of the
wellhead housing, the spool having a spool bore along substantially its axial length greater

~ than the welthead housing bore below the spool;




drilling a first hole with a first bit having ¥4 Febrgary 2007
cutting dianeter by passing the first bit through the
BOP and the spool on the well head; |owering a casing
string carrying a casing hanger through the bores of

the BOP, the spool and the well head housing into the

first hole; landing the casing hanger on a shoul der
within the well head housing; drilling a second hol e

with a second bit havigbg a second cutting dianeter

R e
spogkebarhenddhe wrboudhvusitiebasegifing casingrtring samrtai o] efisst casing
harfg& lﬁﬂdgd"o@j shtn!ﬂ@er Q@I‘tﬁfn'ﬂg: ot df B welRBl & sﬁg &g& @z{hinh Bgnan

orientation _sleeve between housing tre

supgefed ontariecaf icasineengsh laaged opdhefing %gmg hangerpyigdrethe bere 9€d

thevliRdall Q8 RlngO4ndantshd Qﬂngv\ﬂuh};brtta@ 6n 8 RPHg Hhget NEdddaRin HO
| oweri ng a tubing hanger having a su% port extendi ng

sPopLfel |y from a tubing hanger central bore for |anding

oy " BBl EMADET aeaE 5L E; FUEpT B BohES Brlstes o ot

is neg |r¢$mcpd by thewrdetbotehohislhory bs itdefulp bork .of the vetibad diareeanple

embgﬂlﬁl&tsaa d.gﬁj éﬁ Qt e Qn%hotf a%ny %}lg% insge% Gl ur% %’ Qa?duﬁh El% rtrge

and ‘s'@llbs@éwpqutgd grshinto theerkriatiqn tp Hrilhthe a@mggmlen«slssa lteestte pftht bie

usedW.'Sl dﬂ*ﬁ%@ %t@m%lel {ﬂs@@%opﬁ’é" s!?igteg% 'tﬂfg g%@tag&? %Qeve The

housi ng bore I nst al on t e up

orienizien HlEEve R hanstan drtered digmicst s\@stantremelmsrt@enahes@@mg digetgr
of thta GEebit Hc@ 1 CRINGE f)ﬂo@lﬂ:u&’l fidfe, &fce thHPRFNtaBHL1L0E:s WallideAE:

housi ng, the spool having a spool_ bore al ong

drillgg, e paeioptin) ‘yﬁllr fisslogxs-dpped| sgbigt Heggbasaprofecton sy b grovided

withivelhd HaRad tHeqies Wi &Qﬁr% tREV Wb rdd ey TR 0@hoved & ihdtA1Bngdhe
of the spool, the BOP having a

t. th

Onenl‘:aﬁ@”%%l?téo“g}e%‘ﬁggrwetnh t he spool bor e and the well head
b s dr

o H AL A Gicitls kBBt A U it iepd e

casing |htmgbrmnd utg luppen encB@%am Thie slsep)'e pfefereibdm\mclualag ag uYRSs gunge

surfa§f{11’611 agehed, wlﬁghequb@%ﬁ%p ee R gagﬁa%gﬁ I8 ré)sgéc?é, o2

€ Spo

tree. |banyientation stehee &h@n@preﬁerablhéxmb Iﬂh@ad tdmuglvcrgcal alrd rbﬂailcmgl a:
force§§;ﬁa9&ﬂo ﬁ{&toﬁefﬁétioﬂhs%laﬁ #4g. bit having a second cutting

di'aneter less than the first cutting dianmeter by

passi ng the second W through the BOP, the tree spool,
and at | east a portion of the casing string; and

| owering a




tubi ng string carrying a tubing hanger throughl4 hebruary 2007

bore of the BOP, and | anding the tubing hanger in the

bore of the spool. In accordance with a fifth aspect
of the present invention, there is provided a system
for drilling and conpleting a subsea production well

Wth a casing installed in the well bore and a
wel | head housi ng having a wel | head housi ng bore
install ed on the upper end7of the casing, the system

Co'ﬂ@ ' t§1511ﬁhg har%ers F}Qf%tabgrf m@lu&ers & ﬂﬁ nﬁg&}c @1 ﬁ@rt thi%ﬂ HERE

housi ng, e spool having a spool
latetatw &0@%@% bﬂsbtlzgrhap@r lbgre |f@rspreéuprag flpign fom roedeetioa tubing
extehéﬁﬁ@ﬁ'&tb%ev'tﬁﬂ)ﬂ;émger Ry &e HebdBQIoR v}%ﬁl ]91Yﬁ %Q@m Qtﬁﬁl an 1tlrérnal

February 200 a BOP connect ed er end

tree Ggp tlwebeéla%?ne%m‘fﬁ@e Preguctiepiubige éanaﬁr. agﬁ ERFURgA tOH ¢ g One
plugsﬁk9P|be ti)@flﬁ‘on@dﬂ @rithiaea \dﬁt.‘ttjat th&Q oh]?liésfu?ﬁg bnﬁt'ig%r aﬁ% fahdthdr plug
casi,ng, strin orted on a first casing hanger
poal%ﬁﬂ@%m$ﬁcgﬁ%h Hﬁﬁ@PtWFFWrn the bore of the well head
hoUké ging hat@aﬁl ﬁﬂgeﬁ‘ahgzl lﬁtgleﬁ bl b Bigbul dBIUPHLH ﬂﬁﬁveﬂlﬁba&h&ﬁﬁ@ nd
nded qn.the .fir anger. W t
The S B8 Hrert BN Elen Dt Sl G wiRed Wt R ot
boregi plpdrckiechtad tre@ whildibe guHm‘grigeger liseyegieicnedi veithinthé bpbol tmm)ﬁﬂ
the tEe% raﬁ? 18 sﬂp&r%éﬁmll ﬁ]ﬁ%&ﬁ&nmfé%é A ct:olaeen a? {38%’ sttaa(e tlhus be

arge
usedrapeyerthediteed by the tree bore mhlch nay be the fuI

b Of'}&;‘esé) gndt ﬂﬂﬁhe‘f\@éa upt% aﬁg Galnﬁgé‘sn&l e§ang§€§t§§ddﬁéﬁtssmﬁ %eﬁorlﬂel !

at the end tring roug
apPaB@Iif?lh Fb@ e?gjhw%ée@ﬂeééescamnmhqrhe@&rm1§ image to ghedigimgs o

me&g§mﬁﬁwﬂgﬁm@ sto drill the casing hole. Al so, the size
he Dbit used to drill the production hole need not

be restrlcted by the orientation sleeve. The
may have an internal dianeter
Bnﬁﬂﬁs éﬁb ﬁk’ 2 than the cutting dianeter of the
drhiguresp 1 llms@&: theingwrdvied probeslugsrin decotdeme Wit teis insentior farhe
: n l.eqv t I
drillif hEH &oé’ﬂpteﬁﬂ%\g VR éh ﬂgﬂ%& Ee! ?c%gacrf mgerdht]e é;gmﬁd%?ed

pr oduct I on B3 tree bore
Seqllfﬁtl@b’ector may be prOV|ded mnthln the bore of the tree

d mulstl'dte@ 9 hbf2ntBdpbol (2B thellB¥d Q@teﬁleffg&Yﬁgg Brtfle%regeﬁ)c

|ns alling
invention, w1l:h a tree as shown in dashed lines installed on a welthead housing, and a BOP

stack shown in dashed lines positioned above the tree. Conventional tree components and

the BOP stack are thus illustrated in dashed lines, with & drill-through tree bore protector
lining an interior of the bore through the tree.

Figure 2 illustrates an outer casing hanger landed in the wellhead housing, and an

inner casing hanger landed on the outer casing hanger, with both hangérs being positioned

" within the wellhead housing. Bach hanger supports a respective casing which extends

downward into the well.
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orientation/isolation sleeve. In exanpl e enbodihEghryary 2007

the orientation/isolation sleeve seals at its |ower
end to a casing hanger and its upper end to the tree.
This sl eeve preferably includes an upper guide
wo Bu/flesve for engagenent Wi th the tubing hargers200/025749
orient ne tubing hanger 8Mth respect to the tree. The
orientation sleeve also is preferably fixed to the
tree to resist vertical and rotational forces applied
to the orientation/isolation sleeve. 14 February 2007
7 The tubing hanger preferably includes a fluid
pr &igmee 3 illusirates amdrienitationtisslaion dledve iastdlled bn die ibher casing
. central tubing hanger bore for producing fluids from
hanggreoWith thessolation slgevedneludimgagaparedhupnee guidbiswigaceanger
in th roduct.i.on, wel | Ling, conpl.etion,-an, .
| Pt B SBiBE ey danded of o BTGk oy 82 oriented
; [ j 10
R e ) A AL a SR bl AR BBy ERR.
tubi ng hanger, and another plug positioned within a
entral bore of the tree cap. The casing hanger is
e B gmeater within the wel | head

housi ng. . Thor'et 'on | eeve preferaply extends .
{ v BIRGT | PTEIRS D firsh stage b QRFARON iy the Bugtoyed. SYR dn

BRSO Rt AL S AR RO ORRLn L

low@e@ b et tob@ofho®a) ahloPhe SIREMAI of theSRAIRAG heRe 20:

BOP stack may thus be used abdve the tree. These an
Whense Hewered athertess, 22aiscreledpatily agemectet] witiathy epper end of the
inments will becone apparent fromthe foll ow ng-

nbod

woll A gt 20y copResHor Ao Igeial s} wrg b earried indhe laveer e
o o 848 B Bpor B RTBEAE Sod EPL Rn b s st
sl N O ) SRS 7 Lot XS
Figurt é, ant ayer casing 16 ipydesdppeateion motharcasing housing 11, which
in turn is fixed to the guide base 14 configured for landing the tree 22 onto the guide
base. The inmer casing 12 is supported on the inner casing housing 20 discussed
above. Conventional tether lines 18 may be used for lowering and landing the tree 22
onto the guide base 14.

Referring still to Figure 1, the running tool has been removeﬁ and a BOP stack
28 has been Jowered onto the upper end of the tree 22 for releasable connection

the;;eto by means of another releasable connector. At this time, the system is prepared

~ for drilling therethrough, with the outer casing 10 and the inner casing 12 suspended

within the well bore. For this purpose, the bore at the upper end of the tree is
preferably protected by a protector sleeve 40 landed and held down on a shoulder of
the tree. The large diameter hole which subsequently may réceive the casing strings
18 and 19, as shown in Figure 2, may thus be drilled into a subsea formation with a
large diameter bit 90 as shown in Figure 1 at the lower end of drill string 92. The bit
90 may have a cutting diameter which is only stightly less than the internal diameter
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sequentially. Figure 1 illustrates a horizont al4 Epygary 2007

tree wel |l head system according to the present
invention, with a tree as shown in dashed |ines
installed on a well head housi ng, and a BOP stack
wO 3mmassee N dashed |ines positioned above theusemso2s74o
Conventional tree conporsents and the BOP stack are

thus illustrated in dashed lines, with a drill-through
tree bore protector 1lining an interior of the bore
through the tree. Figure 2 illustrates an outer casing

hanger | anded in the well head housing, and an i nner

of thectarising 2026106 the BOEAHIRBH ity lar}
bot hm%angers bei ng pos?ltll oneég%%reiﬁﬁwﬁgh%ﬁ%ﬁ largé%‘
the mpefusstrigtiveRtsrd thvaughewelthepd 86t s a respective casing
extends  downward into the well. 14 February
géﬁ?f axngoriaihe 1ewgs oitgmeeter halo o 8asus hanges 38FRyshawiBin

Figurd 2P kit le QL ST LAbL 3070 S?aﬁalﬁnf?ﬂﬁﬁr'r SIS e

bore df'”tEé H6lisiiE 20, hAPE hather BPfr (84nHE Sk @ orh& b 6o fanded

shows a tubi ng hanger | anded on the |s eeve

on thaahanger B& o alternativdly thedpegdr 40andsHiand ba ehdlyanigbe3 3 aisr a

surface gn the orientationtisolation sleeve. 5

shoulg toa OBHIEEY, cWﬂb(th@B Ofrnpdeilugriser sitinglace  wearbyshing 1
ot b 0 AP ek i
tool ngg:fﬁ‘é‘%r@ Bf. %ee gﬁzﬂgﬂ :obﬁﬁ(ﬁl]@er %tﬁ(f ﬁf ﬁl% }{Aﬁgﬂl}%‘%& r gxial
extendite thipupsr the boredf tditeewall ihie att baedsf tAghaikingsh. VR0

| owered, the tree 22 is rel easably connected wth't

end oﬁbp aea@mhmg mdyeit closelyivethin sl sealvgittPbe bylarged appeaehd bf

h gsl “ﬁﬁllg 24 carried in the |ower end of
& “HR‘?’é %%'?E’e Pogifen. Bp weaat bushieg, lwdhe proteeor

sleeve W 85445 thQ pr@dﬁgﬁbﬁp&r?ﬁ fitnd Rt side of the spool 23, and the upper

~and lower poxts 52, 54 in the right side of the tree spool. -

_ Following drilling of another hole to receive a producﬁon tubing string, the
wear bushing and the ﬁrote_ctor sleeve 40 are removed, as shown in Figure 3. With
the BOP and drilling riser still in place, an.oxientation!isolation sleeve 60 is then
lowered into the bore of the tree 22 and oriented, landed and locked down to the tree

above the upper casing hanger 42, as shown in Figure 3. Various mechanisms may be

" used to orient the sleeve 60 with respect to the tree 22, including an orientation key on

| the sleeve that fits within a groove in the casing hanger 42. A lower extensioﬂ 62 of

the sleeve 60 extends into and is locked to the enlarged upper end of the upper casing
hanger 42, while the upper end 64 of the sleeve seals with the tree spool 23. In this
position, the orientation sleeve 60 thus seals with the bores of the tree and wellhead

housing to isolate the metal seal ring 24 and thus provide two pressure barriers. One

‘or more lock down mechanisms 66 may be-used to ama]ly secure the orientation

sleeve to the spool 23.
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above, Ajlfeg Cap

seal with the tree 22 upon makeup through the $hb8ryary 2007

connector 26. As shown in Figure 1, an outer casing
16 may be supported on an outer casing housing 11,
which 15 in turn is fixed to the gui de base 14

wO ofisgger ed for |anding the tree 22 onto truE/gReee2s749
base. The inner casing 12 is supported on the inner
casi ng housi ng 20 di scussed above. Conventiona
tether lines 18 maybe used for |owering and | anding
the tree 22 onto the guide base 14. Referring stil
to Figure 1, the running tool has been renpbved and a
Bdibe yppetend o of thetosientatensibaudilaivennotdlodkaccssptrthe side

ree 22 for, rel egsabl e connection thereto by

POftS?féagn@%aﬁe erohasR 0 fhat a prodgetiontyhing benger 70as el injHigire

4 ma ISRl B Bt R isSing by BT b TR P B cnc
of thebotERERdRAsolid kv B6, 248hdwiR] Figuﬂé_er, iﬂﬁﬁiﬁi? Eék’i eytol®
bore at the upper end of the trée i$ preterably
lng opthetuppertdbing hanger engagesthe tipered guidl stdaddd oa e diightition
d on a shoul der of 25 the tree. The | arge di aneter
sleevh P sofinithe kepoeuerdnio 3 vertical lecking dotindhesesviedOs dn ihig s
o h in Fi 2, . th drilled
poish £ b PR B S e e e

held &SwiS OB btk §fitidHrs: 42 at the lower end of drill string
92. The bit 90 may %ave a cutting dianeter which is

ol prodhetip fupingessl hitabe Bﬁ%ﬂéﬁdﬂﬂrﬁ\@ théli Bingéd70 and
February 2007 WO 2004/ 016899 PCT/ US2003/ 025749 9 of
passed flerongly Hiermgientationfiselasionisteeno 6@ andintesis prodactiorwel ore.

MorefaEicRfEf Yhe e b Simloua DGmtBasacathed B samesiagn gs

ool S QA BSHR DO 0h o AR LR pRpR

" and deflieideanded on a shoulder 39 in the 5 bore of the

housi ng 20, and a hanger 42 for the inner casing

siThe mepllmapdlynstiee tompleidddn esstwﬁhllﬂhyl@?sa&&, wﬁ@y ﬁs described

alternatiyely the h er 42 na and on the hanger 38
%F, 2t shown 1n 1%ure 4, %as bgen lowered through the r?ser and

BOP and‘insta]led in the tree bore above the tubing hanger, with its bore aligned with

- that of the tubing hanger of the subsea tree. Plugs 76 and 78 are installed in the tree

cap and bore of the upper tubing hanger. The completed assembly 10 is thus shown in
Figure 4. The riser and BOP may then be removed, and the upper end of the bore of
the subsea horizontal tree 22 closed by the protective cover. |

The tree 22 and spool 23 may include one or more side ports leading to various

conduits and controlled by valves to permit various workover tests and other functions

to be performed, as shown and described in U.S, Patent No. 5,544,7 07. Alternatively,
the tree may be constructed in accordance with one or more of those shown and
described in pfovisional application Serial No. 60/295,857, entitled “HORIZONTAL
TREE,” filed May 25, 2001, and in utility application Setial No. 10/155 ,482 filed May
24, 2002, entitled “HORIZONTAL SPOOL, TREE ASSEMBLY.” Thus, the tree 22

may have different conduit comnections with its side port or ports. From the
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shoul der on housing 20. Wth the BOP and dri | | 1hgebruary 2007

riser still in place, a wear bushing (not shown)

having a dianeter |ess than the sl eeve 40 nay be

| onered on a running tool into the bore of.the.tree
WO 2a0d1489nded on t he upper end of the hangerc#@siooso2smns al

- 10 extension through th&l bore of the tree and into the

bore of the housing 20. The |lower end of the wear

bushing may fit closely within and seal with the

enl arged upper end of the upper casing hanger 42. In

this position, the wear bushing, |ike the protector
descriptioems ef 412, presentinsertion agdisdussed abovepits adh@niaped € altathbd

sjde of the spool 23, and the upper and |ower ports
regargless gisthe fypeioé hprigmtaldfege of the tree spool. 15

PALBER B o4 roreg O s FeneRds ekele b o hrkpriopetal

. Ln Fi 3.
spoofThS G nEhe et A AOSEHES ekl L e
through itkewailhemt. | det@tingly, sheeire di0hé 3 BQﬁamétWeﬁgiside

the bore of the tree 22 and oriented, |anded an

restripigg ki thedwimsizaniithewellkaad, evsohough tha treds aloasly ingplaenger
the whesd upen A ine in et Giatetea ol L he e sigash bois of e raede
oy ' ' ' t he, sl t hat
thus sfgnifiAhly Wanl o2 AR MU Bl & rork A, i
is unkkd mgjym aboRkationh@herbRete Fdp 305% ?&ﬂévéd”&:&l 8% deSrirst

. | ock to the enl arged upper en t he upper casi ng
instaltedredter theZasing hamgerdwereimag iefe well.of the sl eeve seal s
wi,th the tree spool 23. In this position,-the :
of ¥0eHheR i e gdvantagen of thealpesant Hoventioboiseghatf thde
i solate the, netal seal

T e AT NN

string¥h ORI Akariio WRIRRCRE BoAITD G ERYGFeHTar o 8oL Bl Y

secure.the orienta € Spoo

tubing etringar \AR0AnglY\OhB 0Ptk OthefiRg METHSS200 RRTAY 3@? Afe
. ugper end 64 of the orientation sleeve 60 does no
orienigigp/jsolagion sleeye While the groduction tbing well is being drilled. By

running the sleeve in after the drilling operation is complete, a highly reliable

orientation/isolation sleeve may be used. The present invention thus makes possible
the dn]]mg of a production well for receiving the production tubing string wherein the
bit diameter used to drill the production hole is not restricted, and may be only slightly

 less than the diameter of the casing hanger, and only slightly less than the diameter of

a protector sleeve provided within the spool 23. Referring to Figures 2 and 3, for
example, Figure 2 depicts a bit 94 suspended on a drill string ‘96 which may be pa-ssed
through the tree 22 and throngh the casing hangers 38 and 42 to dxill a production
hole. The cutting diameter or bit diameter BD of the bit 94 as shown in Figure 2 may
thus be greater than the bore diameter SD of the orentation sleeve 60 as shown in

Figure 3, which again is not possible in the prior art technique since the orientation

* sleeve was installed with the tree before drilling the production hole.
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ports 52, 54 in the tree bore, so that a produ#4 Fepruary 2007

t ubi ng hanger 70, as shown in Figure 4, nmay be
| onered through the drilling riser and the BOP 28 to
| and on the upper end of the orientation/isolation

WO 2lo¢/ens9960, as shown in Figure 4, in whi chrqioss2bi3oes7&
key or 5 lug on the uppe2 tubi ng hanger engages the
tapered guide surface 72 on the orientation sleeve
60, so that the key noves into a vertical |ocking sl ot
in the sleeve 60. In this position, a shoulder on the
t ubi ng hanger | ands on a shoul der of the sleeve 60 and
i s Theatritnthtion/isolationeldeve as difclosed Littehandbe #simglogdestcton
t ubi wi Il thus be suspended fromthe tubing hanger

achigyes firee pusposssddisealing befiveemde sasing hoamgeidor theavelthead) and

e TR A LB A Bt a8 it
tllbc onn eg%i 1%) gﬁ)vpm% tﬂg%%l%%@% ﬁz%fres rt tst\%ﬁ‘%%g? ﬁﬁgﬁ%fge %P %°1r %nr%@g

secuting BERricatation slekve tothe inseto reblyevavital foRs [dWMsr Bfvard or
conpleted in essentially the same way as descri bed 15

dovenywird, that mayebe ipparied tasthe sisntation Blegus.e T desiresd, bepmnate
ugh .t he d. .BOP and installed in

conPERE oA 0 GelthE ol o euartions QRS ioBonthe
OBRIAIES g i LRI D
betwmeh the casing hdrger aEbibe uﬁ@.bﬂiﬂaﬁﬁi@ﬁ&aﬁolﬁﬁ‘ﬁ;r ﬁrﬂf"ﬁé &sidble o

assenbly 10 is thus shown in ‘Fi'gure 4. e riser an
loclgihe sleaye totiberiress altbomghériotharapplibationp fiesleenscanlld bdieckde
of .. 20 .t he subsea horizontal tree 22 closed by the
the &F%@&h@@nsowuliﬁrwﬁam bgipes fhsotasing hangerilodicdde

the R0 HERR e B o0 DE DR Mol R AEERS o Rilions,

" othdrefah &t R bf Whé) Bfiedtbiil/is@RBon Elee%?arg %g ﬁ%ﬁﬁget_hge\?eiéﬂod’ﬂhe

and described in U'S Patent No.
tubing thengeataind ¢hugs, the tibing steing eyl theafenwithyigide®e iid pressure
I ccordance with one or nore of those shown and 2]%
v $HBE% in provisional application Serial No.

60 it hed " HORI ZONT TREE," fjled My 25,
200 erered Bobb s e nuchonhayg becholusbted i
detall] it @ hplylident that modifications and adaptations of the preferred embodiments
will occur to those skilled in the_ art. However, it is to be expressly understood that
such modifications and adaptations are within the spirit and scope of the present

invention as set forth in the following clairns.




24, 2002, entitled "HORI ZONTAL SPOOL TREE ASSEMBtepruary 2007
Thus, the tree 22 may have different conduit
connections with its side port or ports. Fromthe 14
February 2007 WO 2004/016599 PCT/ US20031025749 11
descriptions of the present invention as discussed
above, its advantages are attained regardless of the
type of horizontal tree. A significant advantage of
this invention is that the bore through the horizontal
spool of the tree may be at |east as |large as the nost
restrictive dianeter of the bore 5 through the
wel | head. Accordingly, the size of the |arge di aneter
wellis only restricted-¥ the bore size of the
wel | head, even though the tree is already in place on

Eléiﬁihe wel | head when drilling this large diameter well.
Trne ARH00 1 99 96 complethas syliseaprgyctionMel withe gasing

bR AR SR oo P S goaR

onth oG LSS, 5o AR, S 12,
g, o 38800 6 3 Bt 684 e ROSHERY W ol EREE e

ot ng e B 50 ot o ok e

radially fRSM '%Bm&%ohﬂe hol e intended to receive this tubing
w'strgﬁg. Accordingly, the bore through the tree is not

SIS B AR R S

t he production ing we

aﬁgnﬂmé@ﬁ)ﬁl%ﬂnﬂ%@w&%ﬁéhﬁ%ﬁwri Iling operation is

conplete, a highly relia ori éntation/isolation

dritirgea stk With Afiechit HhbRg Ristaftig dishises %sfsﬁy gﬁfﬁmﬁ

possible the drilling of a production

through the®@OR/ambtht lvee ppetuct i on t ubi ng string wherein the
bit dianeter used to drill the production hole is not

lovietinga casing string damyingecasinghargdr $bdoh tRObores 6f théBOPtRG
di anet er of "the casing hanger, and only slightly |ess
the spoo} fieg-andHanding:the casinghanger In the wellhead housing;

after lowering the casing string, drilling at loast one second hole with a second bit
having & second cutting diameter less than the first cutting diameter by passing the second
bit ti_jrough the BOP, the tree spool, and at least a portion of the casing string; and

thereafter Instéllhg an orientation sleeve between the wellhead housing and the
spool, the orientation sleeve having a predetermined rotational orientation with the spool of

the tree,




a protector sleeve provided within the spool 2Bt February2007

Referring to Figures 2 and 3, for - exanple, Figure 2
depicts a bit 94 suspended on a drill string 96 which
maybe passed through the tree 22 and through the
casi ng hangers 38 and 42 to drill a production hole.
The cutting dianmeter or bit dianmeter BD of the bit 94
as shown in Figure 2 may 25 thus be greater than the
bore dianmeter SD of the orientation sleeve 60 as shown
in Figure 3, which again is not possible in the prior
. art technique since the orientation sleeve was

installed with the tree efore drilling the production
hole. -- ----------- ebruary 2007 WD 2004/ 016899
CT/ gﬁﬁg |

ZZS d# ose IY" a In m@ﬁ%g@ gesglb ngl'e chg@\/\gél{%ﬁeﬁhgﬁhe

; aﬁﬂh e purposes (1) sealing between the
_C'a'm1ca5|n a?trqg " (or the vvellhead) and the tree, (2)

tmreaﬁé#uaeerﬁ Iaerm. haﬁher ‘Puﬁvrﬁ% | e fEHAMG radifiy ik a

the side port of t ubi er Is properly

tubing h@ggé?&bﬁ@hl Bérk For ra@.amg sh ﬂrébrreheuar a@eve aﬁd rotafiondh@osdnisd by

(3) 5 securing the orientation sleeve to the tree
the orieitatidresieéve t afighithé@tubing haRger shieldoftiwith BiPépaoliide gsmnwar d,
that may be inparted to the orientation sleeve. If
desired, separate conponents could be used to perform
each of these functions. Orientation of the tubing
3hangk mettmdofidiingand torpleting thésubsdeprodectionwell a defhedin
the function of sealing between the casing hanger and.
Claim 2t faghenrceemprising:nany applications, it will be desirable
to 10 lock the sleeve to the tree, although in other
papitivninga sleeve-shhpedsubseatraschdrel piotectopwithinithe dore di the spool
wel | head housing, or could be axially fixed between
when driliing aié@ist@emiﬂyeﬁrsuhcum theyseqond holel | head housi ng and
t he 't ubi ng hanger |ocked to the tree. In nost
applications, other functions of the
‘orientationlisolation sleeve are to support the weight
4of tAmetiodiof dpllingand spmpleting ha@dvmnmlbaﬁge@ﬁﬂ infefainy A
fuﬂheroomp%gi];rgzl y withstand the fluid pressure

removing the subsea tree bore protector before installing the orientation sleeve,

5. A method of drilling and completing a subsea production well as defined in
Claim 1, further comprising:
sealing the orientation sleeve at its lower end to the casing hanger and at its upper

end to the spoof.




15 levels in the tree. Wile preferred enbodi nthtebragry 2007
the present invention have been illustrated in
detail, it is apparent that nodifications and
adaptations of the preferred enbodinments wll occur
to those skilled in the art. However, it is to be
expressly understood that such nodifications and
adaptations are within the spirit and scope of the
present 20 invention as set forth in the foll ow ng
clainms. 14 February 2007 -13 Cains 1. A nethod of
drilling and conpleting a subsea production well wth
a casing installed in the wellbore and a well head
housi ng having a wel |418ad housing bore Installed on
t he upper end of the casing, the nethod of conprising:
6. oweh mefodofdpilling andicomplttingiasubrealpraductioniwell s definedint i on
wi th an upper, end of the well head housing, the spool

Claim 1 herainthg odentpn sleave inglydes:an upperguide surfacs djengaoerenor t

) t endi n radially fromthe spoal bore; installing a

with the S Tangei o qiBehe g bnOpiiD S50GR o PRESBCP havi ng. i ¢ h
a BOP bore aligned with the spool bore and the
wel | head housing bore; drilling a first hole with a
firgt L ii [ ' ' {:Ng the
751 ¢ 2y of Bt cbibedid s L BloB R et o B

Claim1|f9ﬁﬂﬁfb6iﬁ)rﬁn >asing sting carrying a casing
hanger t rou%h the bores of the BOP and the spool tree

fidfifthé: Siitalish didete RS RS 1d 1B értidalarid ietatitilal fieahppialsi ng;
after lowering the casing string, drilling at | east

to the oientticreslesve, hole with a second bit having a second
cutting dianeter less than the first cutting dianeter
by passing the second bit through the BOP, the tree
spool, and at |east a portion of the casing string;
Band A methagf ddlingland completing asubsea prductich well s$ defived in
bet ween the wel | head housi ng and the

Claim 1, wherein the tubing hanger includes a fiuid production
port extending laterally from the central tubing hanger bore for producing fluids from

production tubing extending from the tubing hanger into the well.

9. A method of driling and completing a subsea production well as defined in
Claim 1, further comprising:
positioning an internal tree cap above the tubing hanger and secured 1o the tree,

10. A method of drilling and completing a subsea production well as defined in
_ Claim 9, further comprising:

positioning at least one plug within the central tubing hangef bore, and pesitioning
anolﬁer plug within a central bore of the iree. cap. | |




spool, the orientation sleeve having a predet el#4Fagary 2007
rotational orientation with the spool of the tree. 14
February 2007 -14 2. A nethod of drilling and

conpl eting a subsea production well as defined in
Caim1l. further conprising: 3 thereafter lowering a
tubi ng hanger having a side port extending radially
froma tubing hanger central bore for |anding on the
orientation sleeve and rotationally oriented by the
orientation sleeve to align the tubing hanger side
port with the spool side port. 3. A nethod of drilling
and conpleting the subsfp production well as defined
in Caim2, further conprising: positioning a

$‘Lee\ﬁn6lh6d’6wrmihl§§ﬁﬁodrﬂ|ﬁ&in§Qﬁaﬁbéé%%&ﬁkﬁdﬁrwé(ﬁab 'abrhdahﬁ

bore of the spoo when drilling at |east one

Clalm 1, whekeidmhb eaghitthdnbér IS RAGIhNNPIRUIdEr withif b twanheaé housing

dr|II|ng and conpl eting a production well as definéed
in daim3, further conprising: renoving the subsea
tree bore protector before installing the orientation

H. eeianethel ofAlrifiing arabiconipleting b bulrga praliuciomvied bk defired in
. subsea production well as defined in Cdaim1, further
Claim kwhgremﬁwenmm slegyetehtends framwithin the vedikenddoasing into the
| oner end to the casi n%ehanger and at its upper end
SPW'bPGQfﬁ@@B%W“‘a“UDPETW low-the spool side pott. Febr uary 2007
15 6. A nethod of drilling and conpleting a subsea
production well as defined in

13. A method of driling and completing a subsea production well as defined in

Claim 1, wherein the tubing hanger is positioned within the spool bore of the tree and is
supported on the orientation sleave.

14. A system for drilling and completing a subsea praduction well with a casing
installed in the well bore and a welthead housing having a wellhead housing bore instafled
on the upper end of the casing, the drilling operation including drilling a hole with a drill bit
having a cutting diameter, the system mmpﬁsing:

a horizontal spool tree connected with anlupper end of the welthead housing, the
spool tree having a spool with a spool bore and at least one spool side port extending
radially from the spool bore; |

~ aBOP connected with the uipper end of the spool tree and having BOP bora aligned
with the spool bore and the wellhead housing bore;

a casing string supported on a casing hanger within_ the bore of the wellhead

_ housing;




LI

daim1, wherein the orientation sleeve incl udésFepruary 2007
upper gui de surface for engagenent wth the tubing
hanger to orient the tubing hanger with respect to the
tree. 7. A nethod of drilling and conpleting a subsea
production well as defined in Caim1, further
conprising: fixing the orientation sleeve to the tree

t6 resist vertical and rotational forces applied to

the orientation sleeve. 8 A nethod of drilling and

conpl eting a subsea production well as defined in
Caiml1l. wherein the tubing hanger includes a fluid
production port extending laterally fromthe central
tubi ng hanger bore for4producing fluids from

-production tubing extending fromthe tubing hanger "

lan bAentdtien Viedve befdes A drdld ing
a subsea producti orﬁthﬁ‘rh%ahs%ﬁ érﬁgl(shﬁpﬂma@ g:&%ﬂ%hﬁ{
sleevef havin er predetemined nGtatidhaB biieh@Bb Gttt the! $Po8I B arf HiRfaf 2 ‘
. above the tubi ng hanger and secured to the tree. 10.
- diameter Inssithandhe éuttihgididmietey oftheldrididngt | Ng a subsea
' production well as defined In Cdaim9, further
2 81bjra ihangeq havingsai sidegait axferadinglradiaiiy from @ tybingchandelr béntrat he
bore, and positioning another

central tubjng_ hanger

WWf%PE@’AM"Mﬁ qrentationsleveiand miasionslly eriented bythe ariaptaticbélesve

e e ED ry 2007, -1& 11. A nethod of drilling and

to align fic fubing farigecside poswith Bieshert SBROMEl | as def Lned i n
Claim1, wherein the casing hangar |Is |anded on a
shoul der within the well head housing.  12. A nethod

5., N SR B B Sl el

Claim ﬁz(ﬁmamﬁﬁlﬁmpw thin the wel |l head housing into the
: e o

spool bor t‘he spool with an upper end bel ow t he

am@smmsMéémﬁmp&wﬁmﬁnﬂébﬁ bgd%é%gﬁﬁlggcqnﬁ

conpl eting a subsea production we

the spool tree while drilling the hole.,

18. A system for drilling and compleling a subsex production well as defined In
Claim 14, further comprising: |

a lower seal for sealing between the orientation sleeve and the casing hanger; and

an upper seal for sealing between the orientation sleeve and the spool.

17.  Asystem for drilling and completing a subsea production well as defined in

Claim 14, where the orientation sleeve includes an upper guide surface for engagement

- with the tubing hanger to orient the tubing hanger with respect to the tree.




Claim 1, wherein the tubing hanger is position&dFebruary 2007
Wi thin the spool bore of the tree and I's supported on
the orientation sleeve. 14. A systemfor drilling and
conpl eting a subsea production well with a casing
installed in the well bore and a well head housi ng
havi ng a wel | head housing bore installed on the upper
end of the casing, the drilling operation including
drilling a hole with a drill bit having a cutting

di anmeter, the system conprising: a horizontal spoo
tree connected with an upper end of the well head

housi ng, the spool treg,having a spool with a spoo
bore and at |east one §§%ol si de port extending

di gl 1 ; ' he
158 peR s lah S BlA5 0P fner 40 B oo B SRIRRA £ dbnht
Claim ﬁ'fu%%ﬁﬁél .the spool bore and the wel | head housing
bore; a casing string supported on a casing hanger
o dreciot BF ARAY bR e DA RT SUSDR e e e
vertical ShERRORA FOHBA adplied Wahé bAg#aoAYeEvy and the spool, the
orientation sleeve having a predeterm ned rotational
orientation wwth the spool and an internal ' dianeter
| ess than the cutting dianeter of the drill bit and a
18U bi A gysitem fpe driliay armbcompleting agatisea prddacibngell axdefihéd/in
froma tubing hanger central bore for |anding on the
Claim 14, whantia theciubinp bangerdniides tafuidqreductioropore attenidiiny lateradly
orientation sleeve to align the tubing hanger side -
from thenentraliwbing hangerhoomtor pioduction fitidglffom prodyative tatfing extending
drilling and conpleting a subsea production well as
from theftbing bangenintadhgipradugtionrwelt her conpri si ng:

20. A system for drilling and completing a subsea production well as defined in
Claim 14, further comprising:;

an intarnal tree cap positioned above the tubing hanger and secured to the tree.

21. A system for drilling and completing a subsea praduction well as defined in

Clalm 20, further comprising:

\
at least one plug within the central tubing hanger bore; and

another plug within a central bore of the tree cap.

22. A method of drilling and completing wells with a casing installed in the
wellbore and a welihead housing having a wellhead housing bore instalted on the upper

end of the casing, the method comprising:




a sl eeve-shaped subsea tree bore protector witH helrhary 2007
bore of the tree for protecting the spool tree while
drilling the hole. 16. A systemfor drilling and
conpl eting a subsea production well as defined in
G aim14, further conprising: a |ower seal for sealing
bet ween the orientation sleeve and the casi ng hanger,
and an upper seal for sealing between the orientation
sl eeve and the spool. 17. A systemfor drilling and
conpl eting a subsea production well as defined in
Gl aim 14, where the orientation sleeve includes an
upper gui de surface for engagenment wth the tubing
hanger to orient the ttfhi ng hanger with respect to the
tree. 14 February 2007 -1& 18. A systemfor drilling °
lawering shgroek 9f rgherizentddeea inde cehnedtion withveinl upper ahafof e | n
ezﬁlaiml4, further cqg?rising: a connector for fixing
wellhegdihausings the sroe! having a spast hoss and at least enespoal sidenartieatendiags t o
.o esi st vertical and rotational forces applied to the-
radially f15m %PPP@’H’%I eeve. 19. A systemfor drilling and

GRS B oS P R g R ko b

mmﬁgﬁﬁgkiaﬂﬂuﬁ%e&he%ﬁﬁgﬁg&?r laterally fromthe central

hanger bore duction fluids from

SO it B Rl il g oA B by e R
throughasBORBRY thé sptdl 6h eBaM@adr oduction wel | as defined in

Claim14, further conprising; an internal tree cap

Ipveesing & cazing swih@aRrying @ casitignBheNBROSH the Bo1Es SRIBHBGS teo t he

tree. 21. A systemfor drilling and conpleting a
spool and the wellhpadithusing into the first tef; def i ned in. d ai m 20,
further conprising: at |east one plug within the
landing thel casinghangeiarayshoutiierwithin theavellhead housing;
drilling a second hole with a second bit ha\.;ing asecond cutting diameter less than
the first cutting diameter by passing the second bit through the BOP and the spool on the
welihead, through the casing hanger and at least a portion of the casing string;
mereafter installing an orientation sleeve between housing bore and the tree hore,
the orientation sleeve having in a predetermined rotational orientation with the spoolofthe
tree; and
lowering a tubing hanger having a side port extending radiatlly from a tubing hanger
central bore f_or landing on the orientation sleeve and rofatlonally oriented by the orientation
.sleeye to align the tubing hanger side port with the spool side port.




another plug within a central bore of the treel4&gpruary 2007
22. A nethod of drilling and conpleting wells with a
casing installed in the wellbore and a well head
housi ng having a wel | head housing bore Installed on
the upper end of the casing, the nmethod conpri sing:
14 February 2007 -19 lowering a spool of a horizontal
tree into connection with an upper end of the

wel | head housi ng, the -spool having a spool bore and at
| east one spool side port extending radially fromthe
spool bore; installing a BOP at the upper end of the
spool , the BOP havi ng BOP bore aligned with the
spool bore and the wel Iféad housing bore; drilling a

% b phe B i bl o kb Siypttrpe AR .

c|aﬁn2§mnﬁé}%}“ he wel | head; |owering a casing string

carrying RIS ng hangerthrough the bores of the BOP,

HeTRonip Qe ihopelFeulfod SR BURERP W e chf S e,

when diiR thebédaRdAoiBOUSi Ng; drilling a second hole with a

second bit having a second cutting dianeter |ess than
the first cutting dianmeter by passi-ng the second bit
t hrough the BOP and the spool on the well head,

24hr oligylathiol of driting agd dompiting apfbdétioh Wekhs defined iniCHIm B,
the casing string; thereafter installing an

further corvipeisinget i on sl eeve bet ween housing bore and the tree

bore, the orientation sleeve having in a

remexing the aubseal treebare ipcotedtordieforeninatttingntheioribntation sigeve) of
the tree; and |owering a tubing hanger having a side
port extending radially froma tubing ‘hanger centra
bore for |anding on the orientation sleeve and

. 2Pot ot methad efdriing @nd cemplotingen sibseapradictinn well eedefined in
Chinglgl:l&grwnﬁ}pém%gg ng hanger side port with the spool side

- sealing the orientation sleave at its lower end to the casing hanger and its upper end

1o the free,

26. A method of drilling and completing a subsea production well as defined in

Claim 22, wherein the orientation sleeve includes an upper guide surface for engagement

with the tubing hanger to orient the tubing hanger with respect to the free.

27. A method of drilling and compleling a subsea production well as defined in

Claim 22, further comprising;

fixing the orientation sleeve to the tree to resist verticat and rotational forces applied

to the crientation sleeve.




--------------- 14 February 2007 -20 23. A nefhbebrggary 2007
drilling and conpleting the subsea production well as
defined in Caim22, further conprising: positioning
a sl eeve-shaped subsea tree bore protector within the
bore of the tree when drilling the second hole. 24. A
nmet hod of drilling and conpleting a production well as
defined in Caim23, further conprising: renoving the
subsea tree bore protector before installing the
orientation sleeve. 25. A nethod of drilling and
conpl eting a subsea production well as defined in
Claim22, further conprising: sealing the orientation
sleeve at its lower add-to the casing hanger and its
fo.the tree, 26. A nethod of drilling and

d
3o e A otanlnaang.coppisthisc subbeaRucting vl o5 fefaed i

. .m 22 wherein the orientation sleeve includes an
c'a'nglp@@erﬁwrﬁ'@m%urface for engagenent w th the tubing

oo i o 5% e i P ot el B €k s oo
production well as defined in Caim22, further
conprising: fixing the orientation sleeve to the tree

2R s 0 o ) i |
instaliedin theadlibofe sid b Welingsd Adiding mwé%hma RousHE 6ARinelafident | On
well as defined in Carm22, further Tonprising:
the upper end of the casing, the method comprising:
lowering a spoo! of a tree into connection with an upper end the welihead housing,
the spool having a spool bore along substantially its axial length greater than the wellhead
housing bore below the spoal; ]
installing a BOP at the upper end of the spool, the BOP having a BOP bore aligned
with the spool bore and the wellhead housing hore;
drilling a first hoie with a first bit having first cutting diameter by passing the first bit
through the BOP and the spool; ‘
lowering a easing string carrying a casing hanger through the bores of the BOP and
the spool tree and landing the casing hanger in the bore of the wellhead housing;
drilling a second hale with a second bit having a second cutting diameter less tﬁan
the first cutting diameter by passing the second bit throi.lgh the BOP, the tree spool, and al
least & portion of the casing lstring; and
_ lowering a tubing string camrying a tubing hanger through the bore of the BOP, and
landing the tubing hanger in the bore of the spool. |




positioning an internal tree cap above the tubilfh§ebruary 2007

hanger and secured to the free. 29. A nethod of
drilling and conpleting a subsea production well wth
a casing installed in the wellbore and a well head
housi ng havi ng wel | head housing bore installed on the
upper end of the casing, the nmethod conprising:

| owering a spool of a tree into connection with an
upper and the wel |l head housing, the spool having a
spool bore along substantially its axial |ength
greater than the well head housing bore bel ow the
spool ; installing a SOP _at the upper end of the spool,
the SOP having a SOP bth%e aligned wth the spool bore

8, o B S bl gl

C|3W2Pqﬁlﬂ£%oﬁ1§ﬁi|{g“3t bit through the BOP and the spool ;.
‘ower 1 ng casing string carrying a casing hanger
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hanger.,cutting di anmeter by passing the second bit through the
SOP, the tree spool, and at |east a portion of the
casing string; and lowering a tubing string carrying a
t ubi ng hanger through the bore of the SOP, and
31.anthegneting of aillingGand abplktiigh dubSedbductibn WilRasHBfRd in 14
February 2007 "‘2% 30. heﬂdr?et hod of drilling and

Claim 2; durfileecomggisimgs ubsea production wel |l as defined in
_Caim?29, further conprising: lowering a second casing
instaiting g sieave bétweenathe selinsidheatingaibthgepodtramdgh t he
bores of the BOP and the spool tree, and | anding the

lagdiog the tubisg bapgesstguruppar endef thesleeye. hanger . -

32.  The method of drilling and complefing a subsea production well as defined in
Claim 29, further comprising: |
_ positioning a sleeve-shaped subsea tree bore protector within the bore of the spool
when drilling ona of the first hole and the sacond hole.

33. A method of drilling and completing a subsea production well as defined in
Claim 29, wherein the casing hanger is landed on a shoulder within the wellhead housing.

34. A system for drilling and completing a subsea production well with a casing

| installed in the: well bore and a wellhead housing having a wellhead housing bore installed

on the upper end of the casing, the system comprising:




31. The nethod of drilling and conpleting a sulfsEepruary 2007
production well as defined in Caim?29, further
conprising: installing a sleeve between the well head
housi ng and the spool; and |anding the tubing hanger
at an upper end of the sleeve. 32. The nethod of
drilling and conpleting a subsea production well as
defined in Caim29, further conprising: positioning
a sl eeve-shaped subsea tree bore protector within the
bore of the spool when drilling one of the fast hole
and the second hole. 33. A nethod of drilling and
conpl eting a subsea production well as defined in
Cl aim29, wherein the-23asi ng hanger is |landed on a
shoul der within the well head housing. 34. A system
& gpooknt altiep genngeted withasl upperendaf the welieag hausing the spogk | |

i a casing installed in the well bore and a

. Wth talled .
having § gnacHesealpes ibsiantilinits agalength greaterdhandbswelheaddwusing

_ nsjalled on the upper end of the casing, the system
bo:ebehy -?%”Ic’ﬂg: 14 February 2007 -23 a spool of a tree

{0 Bl e Y et BB 4 pop anaeimg BOR BB aRINE ¢
ﬂ«,esm@)(g,',gl a“hmg%diggﬁ@atgpean the wel | head housing bore

ow the sp connected with the upper end of
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bore a trﬁg%@ﬁﬂ@gﬂ oﬂ%ﬁ"@%ﬂr e, aoﬁéibtmd a&ﬁg

the boresdfthd \GeliRbdRudifg On a first casing hanger landed on a
shoul der within the bore of the well head housing; a

aseCorbasing ity Sippbrit@ onWNRRbAEESAR handeP BARE dhakd fat
hanger | anded on the first casing hanger within the

casing Haoger withintirecboredfiteavetihdudbousing; andnd a t ubi ng string
supported on a tubing hanger |anded wi thin the spool
ahehing string supported on a tubing hanger landed within the spool bore.

35. A system for drilling and compleﬁng a subsea production well as defined in
Claim 34, further comprising:
a sleeve extending upward from the second ecasing hanger, the tubing hanger

landed within the spool bore at an upper end of the sleave.

36. A system for drilling and completing a subsea production well as defined In
Claim 34, further comprising: |
" a sleeve-shaped subsea bore protector within the bore of the spocl prior to
positioning the tubing hanger within the spool bore.




35. A systemfor drilling and conpleting a subbklebruary 2007
production well as defined in Caim34. further

conprising: a sleeve extending upward fromthe second
casi ng hanger, the tubing hanger |anded within the
spool bore at an upper and of the sleeve. 36. A system
for drilling and conpleting a subsea production well
as defined In Caim34, further conprising: a
sl eeve- shaped subsea bore protector within the bore of
the spool prior to positioning the tubing hanger
Wi thin the spool bore. 14 February 2007 -24 37. A
systemfor drilling and conpl eting a subsea production
wel | as defined in O apgn 34, further conprising: an
internal tree cap positioned above the tubing hanger
Ind seystemdordilling and mﬂdlsnngé suB$Ha producESiviel adefifled i
system for drilling and conpl eting a subsea productlon
Claim 3Acfurthercomhpfisined in claim 37, further conprising: at
| east one plug wthin the central tubing hanger bore;
- avigtemahisaecap positionesi abbventhe tubingthaagerand eecired tothé spoo.
cap. 39. A systemfor drilling and conpleting a subsea
production well as defined in claim 34, further
conprising: an orientation sleeve between the well head
housi ng and the spool, the orientation sleeve having
a predeterm ned rotational-orientation with the spoo
and an internal dianmeter less than the cutting
di ameter of the drill bit; and a tubing hanger having
a side port extending radlally froma tublng hanger
central bore




for landing on the orientation sleeve and rot aflf§abuRgy 2007
oriented by the orientation sleeve to align the
t ubi ng hanger side port with the spool side port. 40.
A system for drilling and conpleting a subsea
production wel |l as defined in claim 34, wherein the
orientation sleeve includes an upper guide surface for
. engagenent with the tubi hanger to orient the
- tubing hanger with respect“to the tree.
38. A system for drilling and completing a subsea production well as defined in claim
37, further comprising:
at least one plug within the central tubing hanger bore; and

another plug within a central bore of the tree cap.

39. A system for drilling and completing a subsea production well as defined in claim
34, further comprising:

an orientation sleeve between the wellhead housing and the spool, the orientation sleeve

- :having- a--predﬁieﬂnined rotational-orientation-with-the-spoel-and-an-internal-diameter-less-than
the cutting diameter of the drill bit; and

a tubing hanger having a side port extending radially from a tubing hanger central bore
for landing on the orientation sleeve and rotationally oriented by the orientation sleeve to align

the tubing hanger side port with the spool side port.

- 40. A system for drilling and completing a subsea production well as defined in claim
34, wherein the orientation sleeve includes an upper guide surface for engagement with the

tubing hanger to orient the tubing hanger with respect to the tree.




