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WD 2004/ 016899 PCT/ US2003/ 025749 1 HORI ZONTAL SPOOL
TREE WELLHEAD SYSTEM AND METHOD Field of the
wo neanidson This i nvention rel ates general |y torer/ssbmeeans749
wel | head systemfor use inthe 5 drilling and
conpletion of oil or gas wells at substantial depths
beneath the water surface and, nore particularly, to
a wel |l head systemwith a horizontal spool tree.
Background of the Invention Conventional well head
HORIZONTAILSPO GL EREEEWENDFHLAD SYSTEM AN METHOD
upper end of a subsurface casing string extending into
the well bore. Ariser and blowout preventer (BOP)
are then installed. During the drilling procedure, the
e ed above a wel | head housi ng (ca3| ng

o s et e ?%5{6133%%%1@0@5 Sitoseh asilhsad saiege orse in the
ST Y W S —
sﬁ%e' a?hdl M€ Bhﬁf&l‘ﬂaﬂy t8 Qﬁé I H%?st’eﬁ?ﬁﬁhrhsﬁﬁllicﬁﬁ?la%%@ tree.

the wel [ head"housi ng,” Wi th aving a va

enabl e the oil or gas to be produced and directed into

flom1I|nes for transportation to a desired facility.
92 HEPINMEANOR rel atively recent devel opnent in

e S R BB R B 25 n
h. .
w08 P REOHE. i Tk SRR o afe 3l boren g4 ser and
e
irfsellledRBooe s wrdlhehd hogsin (@sﬁi@‘lﬁ@ﬂ%@%@ﬁ@e g?&@ﬂl% o%]as casing
I ng, and

other within the boreo t he wel l'head hou

istinitatied, Hveitly eacH casingsiring hadingtd lemger ot isiupgesénd fug liuidmg ona
sup orted in the bore of the spool to suspend the

cvitbin the mqﬂélea,d hﬁuﬁngh &neasioneplstion afjthis Prasess, the BOP is

ST A AL BT Sh Baving i e e
b RPN A A .
U@%Oa%gggg, 8?§.$§g@yﬁiut})and delivery of WO 2004/ 016899

In accordance with a relatively recent development in this field, the
conventional casing and tubing heads making up the Christmas tree are replaced by a
horizontal tree which comprises a spool with a generally horizontal through port
mounted above and in axial alignment with a horizontal through port in the wellhead
housing. In this application, the.hangeré for the casing strings are supported one
above the other within the bore of the wellhead housing, and the tubing hanger for the
production or tubing 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 horizoﬁtal 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 de]ivery of
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2 production fluid to a suitable | ocation. A redundant
seal may be provided by a well <cap installed in the

wo c@a/oadsove t he tubi ng hanger, with the verti cedT/b81083/025749

aligned with that of the tabing hanger closed by a

wire line plug to permt vertical access to the

production tubing string upon renoval of the plug. 5

The conpletion of a well with a horizontal tree
conventional ly includes an isolation/orientation
siredyetianhfluid osa suitable losdtion.t A redundantiseal ey be iprovided by a well
order tQ isolate nd thus allow testing fromthe .. .
&apdnstafled in therfeeabove e Giing BAngHev: 1 the ¥pkticahherepligned with

t.he | head housi ng, and.spool . A partion of.the.

St Rl AR n R s S eipifePiicat access to the
' SYr L d : cooperate with a

o S R oAl SO (e tubing

hangerThétempletioni dfed wediswithanhaszdrital Ged evRVafioanlly idcludes an

shoul der in the bore of the spool. This technique ‘

dsolatienforizbiafionl dlepve whiehds itstalledt within thh éreb dogein eddeh to isolate

the side _port in the tree bore. A BOP stack then is

| adethag alpwdesting fipmdhe sxterion of paneigbssal hetreen the pdjacent ends of

Ehéﬁv%’%é@ Bihstni 364 AP ASopTinat SR At 8 opgvide wbe with
W A o R S R 30 10 PO ARG Bl th rabing

PHRIREF td 30AES (ROGIHIAS RaRBerdinteat désﬂeagﬁ)s Ladlt isNBwered onto a
spool-. A tree cap is then |lowered into a | anded

rshoutderin tHedddroof thg splobk HTThib eedBOR uemyorheti Ayl R stike side port in
permt installation of a cover on the top of the tree.

Mbe dapgen with|the bifle ponsingbenpieetboreiri | 1i ng and

conpl ﬁéi on_operat i i nvol ves 20 | owering a well head

housi ng BYPtseky g_ﬁs ivgerst oate thsprer sadfdha gpeel With a bore in

ot P B PR RE BlotiBintERBecCBRn Bt IO B mOP and
t ! . | 4 _ _

CRRO ] oof Bkl s ¢ o el Sl BAes et vt the e

t sirfiee pE deichithe Hangeititid 8 PréFsilatdcl sdsitgon\bh RisBatdn the bore of the
wel | bore by neans of a permanent base havi ng gui de

pipopd , A dssereppcia thers lowered divtop. tamded positions folicwiag Whieh the BOP
wel | head housing is |owered with the casing b% a
gAY Pa geoased Enperat (mstallatiopeofiagayer pa the fair ofethe teste. a
BOP e lower . end is connected..to the wellhead. o
nousi oDy PAESEDY thE cBRIISE L ndeBbieFs Aopmgion involves
bR&eRing a WeAh¥s hoigats BPHR! iper 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 housing at its upper end conventionally have
been lowered onto the ocean floor to suspend the production casing string 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 lower end is connected to the wellhead _

housing by means of a releasable connector, with the bores of the wellhead housing,
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WD 2004/ 016899 PCT/ US2003/ 025749 3 the BOP and dril |
pipe in axial alignnment. The BOP is nornmally of the

WO 200d0yge9 wel | known in the art and havi ng a BCBETK2003/025749
including at | east one pipedramand at |east one
blind ram The upper outer dianeter of the well head
housi ng may have grooves thereabout to receive teeth
of the releasable |atch of the connector. 5 An outer
casi ng hanger on the upper end of the casing may be

the Bt awl drill pipednaixiad abignment. SHea B OFis normhky bbibe rafn type well
the we] | head housing to suspend it within the

knpwRdg dhe Art andihayingng stack dnclpdme 7y lensk gae pine tagr andralleast one
. | owered into a | apded_  posjition,on.the outer casin
brifd it T8 sBh oftes Hhiuhier 25 b6 VLG AL 4R ey fare Erooves
Yo ENISY | ich they
e o B L 2y e Lot A0S et IR BREL T on™
runngutst chaifis Hahpeuah e eppdrstid GMhe BERInROk 0B8R e
bushi ng may th%n b% | ower e ltﬁhrrough tﬁg%ﬁ sergjeflrtl)délBO:’ ed for
lariding batodi stppulddrtih the boteovfethalvelthedd Wotbinghasugfentifiewithin the
casi ng hanger and extending upwardly within the bore
corguateie Caing.h A I sasgesanger tip tprmemagtbakawerod inteea landed
re of the wellhead housing durin

| at.th d
pofiPpci e Ot R8She Saneeite suiord SovEct WIRGHCHER CHORE BAthn the

o ; oot Y ¢ th
f:a%? |S ﬁ%lgag{ Fé ﬁl\ﬂh'kzg{] gs‘Mallto\%lgtrcH g]h%;)%.l‘g o tt%cf %ég?ﬁ?:; lowered
mtgég?/ nggh(glnfgueﬁw@igz;nd g ﬁghﬁ&%%ﬁ%ﬁ%él ?fg}’ﬁ é’l easabl y

| ockedreanbpdting neaycthbh be duiveredthamsteme riser bh@ BOP9SF Fanding
are sealed with respect to the bore of the well head

withdisborg aligned wiith thetaaféhe casinghbangeb andexignding upwardliy séthin th

by, i t abl i t ool , d 20 the BOP d :
bogg iBe pis/Ihgad fousin e s oot e easkeseal ortheMppapa: of the
B N R E e R et N
' l ed . to jt :
ot HEHRERCeS wiin MBTLAHE dr ARk ebef BARRE ARSI plsubngtend s
enlf€ed\pRE6VIABA t@%er&@ Scavat it@%@eg@ﬁﬁ.s iFaeh BY ﬂfé%%ﬁgg ﬁﬁng%erg and the

sl eeves ' | owered over the guide posts. The tr
weaebestingd greqoleasahily dockediin plicevmid thodudl diemetess o hangers
end, of the well| head_housi ng. Thus, the connector has

arq sepladawith gespest fogtheboreafithenwellheadwusing. t he upper

d ,of. .t he hoysi f | ocki th i th thei
ggr thigs aéqg Sé'vr&} ar l?l{SMn()gCrrfa?z%e rise E)?r avgugtab{e r%lmr:\jng‘tool, and

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

wellhead housing and raised to the surface to enable the spool of a horizontal tree to
7be loweréd ona running tool releasably connected to its uppef end. The tree may 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 theﬁ bores

aligned.
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WD 2004/ 016899 PCT/ US2003/ 025749 4 Upon | andi ng of

the horizontal tree on the well head housing, a | ower
wene4oicsan orientation sleeve in the tree NOVEET/URL003/025749

t he upper enlarged end of t4e casing hanger to forma

conti nuation of the bore therethrough. This | ower end

of the orientation sleeve carries a seal assenbly for

sealing between it and the upper enlarged bore of 5

the casing hanger. A .seal which. was |lowered with the

upper casing hanger seals off the annulus between the

-casUpon handirg ofitint hoelzontad tree bnuks wellhedadtenaings eddwer engl of an

s .carried by the tree to |land upon and forma seal
origptaion slegpe Hededtagrmeyes into theiwper eplarasdandqsy the easing hanger

er end of.the r.e of, the h

R R SN TR T R N—

slofy RS 23kal FlertBfy HARELATEORRNY el e 180y b bore of
the®IaSingdHa@geeA se AW HIOASY M loGReré S withWhE BEpM dalink b Seals off
to land on an’ internedi ate shoul der in the upper
theemnaiupehktheer tld cadheg hawger afdevelbborethmisingg Aasetab seal ring is
i nner diameter sonmewhat |ess than that of the bore of
carrigd byt the &ee & lansl ppew end fawara seal witk asleptred septionshe inner
ree bore re lowered into and rai

. of the as.tools ed

diafeter Qe RBPPT koL Souk, of Hig hettsine sagisdp DeirBergired fhe tree
. ' J: I ance with one of its
IS({(ﬁ'ﬁ%tlggr%é?ﬁ?#@Péﬁggx@%og%%%)gs the netal seal ring to

per i tF. '

Er oot ppBE: porfon St Bk ALY e Tt Dol ek b biirged to
receilectielshgatddeeat bslgiag Wohieh i€ dowefedt #sthwhehrée t@WRd on an

gui de surface on a tubing hanger to orient the tubing ‘
inttramsgbateishovldar vhethe npger extlatged bate qithe ticenThs wiear busshfl has an

| owered into the tree bore. Thus, for horizontal trees

inngF diameter; sameewhatdessdhppihat phthefhore of e tigetiang & preyent wear on
PR B BBt B P e e
ol el TR LR R e Erdioner na’or the

hanpesicdopdmcabpife ohé of ik Gendtidk, thRibede iddftes B2 BRI seal ring
that nmay contain another wire line plug is | owered :

to pertmt thedingiokedested firom thesotiside of the tnee. tInedditidig thReeve has
Is then renmpved and replaced by a protective cover

an ypyarily exteading guide syrdaredvhich coeperefesiveth y layerewidelsurface on

i.nto.,a position over .the upper. end.of the tree ” o
a tubing hanger fo Orient e {ubmg haﬁ)é)er info 4 desired Yotational 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 plug 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.
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WD 2004/ 016899 PCT/ US2003/ 025749 5 The conventi ona

procedure for installing a horizontal tree on a subsea
wordleasd i nvol ves the installation and the reroOwak2003/025749

and the subsequent reinstaldation, of the BOP stack.

U S. Patents 5,465, 794; 5, 544,707; 5,555, 935;

6, 062, 314 and 6,039, 119 disclose different equi pnent

for horizontal tree applications. Each such 5

installation is tinme consum ng and expensive. The

pr EEle icohPereiviria hrocediire efor cinstaltiieok bt ofte@lon a subsea

spool tree well héeéad system and nethod in which only
welbheadiinvolaes tieiinstaiatiomandibe remavkl, and thegubseienTienstallation,

di sadvant ages_of the prior art are overcaone

by th
of (RGN, StackioAT.SoRARE 51405 Bk & 5 HbT0 B oREaD. 9550@0662,314 and
6,034,419 &gsgiow@fﬁ?sgnibﬁﬁ‘@iﬁgﬁt BOfadtiEl 1Es Shplgiations. Each such
BOP stack. S f
msefa'ﬁ%%ven on Wg t&th lh'gema\t hoz g? |nvgnmtT?cr)¥ Oa

su bFl@@PMéﬁt inveffibn pesidedak ﬁ&ﬂpf(ﬁﬁeﬁ%orwohthl &p66P1rBd wellhead

installTed in the well bore and a wel |l head housi ng
systmviam@n:mﬂvml inhwhith difly boe sistajlationefiths BOR swclois fefgired. The
per end of the casing. The nmethod includes |owering
disay vaptages of the paer a6 arapvercemertyt the pressst inyientiprhanghimproved

horré’?@itﬂgspg%gsaw eEd o foﬁgaﬁ?%@vgsﬁfg@ﬁlh R 3%%&@ which
doc R P fepEs Bl esall4R it RERY o RO TRE "W 1

the BOP having a BOP bore aligned with a spool "bore
and the wel | head housing bore. 20 After a large
Surdhare b thdlventies been drilled with the tree and BOP
In place, a casing string carrying a casing hanger
rrayAb@)rldin@ﬂoethemtﬁtbo@ bf invention essubkea wellBORrilledand completed
pool tree and I tﬁ vvellhead housing and into the | arge
Wltguaa?ﬁém instalied in;the sxell beveeandga pd horging having a wellhead

hon i e i3s LR G nst o Bhreichig ol m@ﬁg%@civﬁqsﬂewermg
oo P S G T i

with te §5t] BhWingetspoobbatd Aidadt 164st 87 SR Biddigdit é;&encﬁag%dlauy
tree.” Therea ter a tubi ng hanger having a sid

fromxthe demid)qradAaBDs]P ey thenHee instailad oh dlngyap er@lnﬂrcﬁlthb aee, with

8 be | owered for WO 2004/ 016899 PCT/ U82003/ 025749 :
the BOP having a BOP bore aligned with a spool bore and the wellhead housing bore.

Aftera large diameter hole has been drilled with the tree and BOP in place, a casing
string carrying a casing hanger may be lowered through the bores of the BOP, the
spool tree and the wellhead housing and into the large diameter hole. At least one
production hole with a smaller diameter may then be drilled with the drill string
extending through the tree and the BOP on the wellhead. An orientation/isolation
sleeve may then be installed in the tree spool, with the sleeve having a predetermined
rotational orientation with the spool tree. Thereafter, a tubing hanger having a side

poft extending radially from the tubihg hanger central bore may be lowered for
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6 landing on the orientation sleeve and rotationally
oriented by the sleeve to align the tubing hanger
wakae/opesps Wi th the spool side port. Accordi ngP¢DUB1063/025749
system of the present invenmiion for drilling and
conpleting a subsea well, a horizontal spool tree
i ncl udes a spool bore and at | east one side port 5
extending radially fromthe spool bore. A BOP bore is
aligned with the spool bore and the wel |l head housi ng
laiiing onahé ogichasiongladveiand rostionplhy otientedrbyahe aksieng to align the
hanger fromthe bore within the well head housing. An
mlnin‘ggmngclr gide pbgewith g spaed gidsePort.nst al led with a

T PSR R
L0 T RS0 Sy 3 el por
exgefhgiél\ﬁg rRRBF froh® ol BAFLdA BOP Mre B A1BSHeAWHIR the spool bore

as di scussed above, so that its side port is
andrthe RiiThend Gidaking bére,and £eming stringtissuppatdd en decasing hanger
port. The significant feature of the invention is that
fromethsi are ofithimether mellhedst honsing. dAn|driemgatione slegvganay then be
~diameter hole_is not restricted by the.tree bore, _
ingfalled vrith 2 peedeiermiged rotafopg QAo Wil 1egReq] to Ahe spool tree;
hit at the end.of a.drill .stri

with haepenafionorRBave ot plsial SRR ERRnd QhaiY tamerer

of Sl AT B}, 2RI BBlEr s Akt on e

oriiftati AP kleBfe, a8 Hiddusbaratvvel B¢ tha@lits 8iledidro s Gi@r¥E propeely with
orientation sleeve may have an internal dianeter

resdpktlﬁft@ﬁiéq:idoysidequ.t han the cutting dianeter of the
rill bit used to drill the production hole;, since the
20 oFhesignificantsfeawe of she risyenticadisahak thegsize (afrigetdidl bit for

TS TN
oditqins ajteRd. 4 RN 2P Rd B il EFERIRS SR dfbydtithe BOP
ﬂfr@@%ﬁ'ﬂﬁ e r#ﬁ%élﬁié%ﬁ%bﬁﬁn'g?aﬂdﬁﬁo theFormation to drill the casing hole.

orientation/isol ation sleéve seals at its | ower end
AlD, thecsiged opthRbIgesedaodrill the gb@hlcti@ﬁdloll@n&dﬂhmtl’oe&esﬂihtesi by the

sl eeve preferably 25 includes an upper gui de surface

offientatioy sigeve nThewtientation slebyemal havgesn interopl dipmeter substantially
e e 2095 Bk U8 B ] Bcgton e, snce e
ol LA T NGB AL P OO 0. P10k -hapea
subsea tree bore protector may be provided within the bore of the tree while drilling
thé well, and mﬁy be removed prior tb inétalling the orientation/isolation srleevre. -

A further feature of the invention is that the orientation/isolation sleeve seals at
its lower end to a casing hanger and its upper end to the tree. This sleeve preferably
includes an upper guide surface for engagement with the tubing hangef to orient the
tubing hanger with 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.
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WO 2004/ 016899 PCT/ US2003/ 025749 7 The tubi ng hanger

preferably includes a fluid production port which
wezaognds99 | aterally fromthe central tubing hargrUShHOs/@25749

for producing fluids from ptroduction tubing extending

fromthe tubing hanger into the production well.

During conpletion, an internal tree cap nay be

positi oned above the production tubing hanger and 5

secured to the tree. One plug may be positioned within

a celhe aibinghengér prieterably ingdludbsia flmid peothiction poer whichgxtends

positioned within a central bore of the tree cap. The )
lagersllyi roraribe cenisalgpbing hanger barrityr praducissdlnidefrom production

B S s i,
P . I Y

2 BP0 88 a8 Be Rl pBl dib e, fbger and

s@urdd'® Hetfecddné Pg%‘@ﬂ? ‘g‘éﬁésﬂﬂ)ﬂeh%ﬂﬁh%@ faPBore of the tubing

sl eeve. A convent stack may thus be used

haigev,eaﬁmmdthaepluglp@sﬁicmed withih hetenal) Betesof the adeeroap.,

and advantages of the present invention wll becone
appaflbatcasimgnhanger fis prefarabdy dantdeidl el adhouldeptwitiiin the wellhead
wherein reference js made to the figures, in the .
halé%&«pthapﬁsn@pawsiﬁggsa Piescraplieqnt P19evign dae walhead housing

T AT T —
tH dplobl B?re 88@9'&%&5@&1@0%5'0 thg oéigﬁtafibﬁlqe%% W€onventional
StEps of the procedure re nunberad sequentiar v -Jb

BOMstaek mdy thu§ be akes aBovetheat al spool tree wel | head
system according to the present invention, with a

t r eeThesestnodvfurithrer ddgnts featness, and adivhetdgenofthegirel@adnvention
housing, and a BOP stack shown in dashed |lines

vl beeowa apparsad &romh ghe fadlowingdletedledidsaetiptiorsevherein reference is
cgnﬁggh? .S and the BOP stack are.thus illustrated in

FULCS 1N\ {lG ACCOTIRANYING ‘tree bore
protector lining an interior of the bore through the
tree. 25 Figure 2 illustrates an outer casing hanger

BrdP#RAciipidh &f MR DR Rousi ng, and an inner casing

hanger T'anded on the outer casing hanger, with both
hangFigurbeilng 4 [tlastratondd inprbved tphecedeatd e adcbalsscdgwith this
Each hanger supports a respective casing

invention for drilling and completing a well. In the figures, the steps of the procedure

are numbered sequentially.

Figure 1 illustrates a horizontal spool tree wellhead system according to the
present invention, with a tree as shown in dashed lines installed on a wellhead
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 a 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 hangers being
positioned within the wellhead housing. Each hanger supports a respective casing

which extends downward into the well.
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whi ch extends downward into the well. WO 2004/ 016899

PCT/ US2003/ 025749 8 Figure 3 illustrates an
wo@riogniadd on/ i sol ati on sl eeve install ed on thePCTN82003/025749

casing hanger, with the is®blation sleeve including a

t apered upper guide surface. Figure 4 shows a tubing

hanger | anded on the isolation sleeve and oriented

with respect to the tree by the upper guide surface on

the orientation/isolation sleeve. 5 Detailed

Des cFightd 3 llfrat¥seindiicpeationicalatibn skele GistAllel on the inner casing
~illustrates the first stage of operation with the
hanger,ovighl theyisoatioinrslecye doclidings tapetedtuppep gaidersurface.

invention, wherein_a horizontal tree 22 has been- )

gui dABHIE 4 s ddtubingshangenilardedon theriselativavaigeveransl oriented

w8 estBRC oy e b S e i s uaBs of v et R A Lo sloeve,

upper end of the wellhead housing 20 by a connector
26. A netal seal ring 24 carried in the |ower end of

Défatled DR cHipids of PedTeaed E@odithehfte upper end of the
housing 20, and 1s caused to seal with the tree 22

uponFigake plluttrartag thet fiest stageed aperatéodt with2be idprovalwystem in

in Figure 1, an outer casing 16 may be supported on
a%ﬁrdmc@ wignihe rpgemgmmgthu, Whmm lmmqmtal e Zashas bseriguidably

to t gwdeb nf| red for |an tree .
loyer ?16 Fﬁ%mﬁg It%cg (ng| q SPPeLEn! g ead housing 20.

Vg0 &0 tl%%ﬁ@ chi o#aeﬁ%%%?é#?h °é‘°i%1'%ﬁf§§ ﬂhﬁégi’ﬂ%%%!f end of the

WEHH@J& g'cBﬂné 14,68 u%ﬂ@ c P kﬂﬁéﬁ)wer end

14. Re rrlngS|II igure 1, n|n

ofoerbore tamdsdiponch & B@n%ﬁ@ﬁbper?éhd&& th@i‘noh@m@ Qm\éﬁﬂ 6l caused to
onto the upper end of the tree 22 for rel easable

seabmridcthiedree 22 epen endkeupehroighfthesubsear conmlectas 26l eAs shown in
connector. At this tinme, the sy stemls prepared for
Fignre 4%@%@?% bognay by WPPOFEd suBowsasEimusing 11, which

S P B e 20 e
SEE A s SRR PR AP S BRhpEE s

atioveg €divanibsil teBbelinggi 1c8|“mﬁylbé BEEER Lofw Sz ARERNURLRE tree 22
casing strings 18 and 19, as shown in Flgure 2, may

onthubke pridedraseéldd i nto a subsea.-formation with a

Referring still to Figure 1, the running tool has been removed and a BOP stack
28 has been lowered onto the upper end of the tree 22 for releasable connection
thereto by means of another releasable connector. At tﬁis time, the system is prepared
for drilling therefhrough, 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 receive 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 slightly less than the internal diameter
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- uselitp grispt @ﬁa GFNE

| arge dianeter bit 90 as shown in Figure 1 at the
| ower end of drill string 92. The bit 90 nmay have a
wa@ aaoionggodi anmet er which is only slightly | ess pPOEDNS100®025749
internal dianmeter WO 2004/ 016899 PCT/ US2003/ 025749 9
of the housing 20, since the bore through the tree 22
preferably is at |least as |large as the nost
restrictive bore through well head 20. After drilling
of the large dianeter hole, a casing hanger 38, as

-
of (BEN0lsinR 20, L e bR ABR G b8 2P REeRBRID S SbashEs Htgo as
thelhmﬁurém‘laﬁ)ve o thrdiphoeelllbadia®. the inner casing

string 19 may be | anded on the hanger 38, or

al tthMg/ of itlee haxggeliamatendapld, sandasimg ﬂllaagetra’ﬂ&eas g®wn in

and/& shoul der on housing 20. Wth the BOP an
Figpre P fonginnoskng 816 easing,stpmngcls mayhedrndedson ragshopm 39 in the

o BB S 5 o AR S e
o L o 1 S 5 g

sho@litbrionthpubing 200 'Withithd BOFwdsdrilting! Q}S efr sl irgﬁiﬁée a%r Bﬁshmg

the wear bushing may fit closely within and seal wt

(not sizoven) havjrg auhipmetee hebs diian theeslegypet0 mayg bsdowergiesn é’:iunmng
In this position, the wear bushing, |ike the protector

tookinsa e hote efdheitecctand lancéﬂsim therugmesr end ©fithe haregard?: for axial
extwlo%ﬁafr hl? oq%la F'?% a'éq U 81@&)@&6 gg :h%\ﬁ%g 200r t’Ig’he lower

TR —

0
theRf F%ﬂgg%i&gggﬁgédrxlﬁ{tlﬁlls r%dz?ﬁ@g rthé?\ﬁ%?%lﬂr@é'ﬁ'k@%é protector

sleeiel 40) cavesihd pdatiion §it66\iﬁ tlﬁ@left%ﬂé@ﬂthe'sﬁ@@l@ﬂ ahd £e upper
the bore of the tree 2 and oriented, |anded and

and lostes potisi2, 64 in e tightsidabbibe trégespoober casi ng hanger
sho n Figure 3. Og%lrlous mechanj sns may be 20

| use‘%oaif%wwg aofhsgd tq/vrétq@mee%ﬁ&ducfl@nm ingsgigng, the
WG%Z‘%“S“%% i B BB S B b T ek fcations: P, With
the?B‘(t) tﬁﬁngofé rtsriﬁlgi UE ﬁp gléﬁlgﬁg 1§615301?'§f€e’v§ 60 is then

arge per en € uppeéer “casl

low%&lidgﬂlto ﬁih borkidfehd fiee PP aed ofiefte@slaafied hed Sdcked %lo&li‘ﬁ'o&he tree
with the tree spool 23. In this position, the

abocrcutbmupmr@nsmgé@ngele@ ahshoweil Eigniah Vadowomeshapismsmay be

t,ree and vve housi ng to isgl at e metal seal
60 31 D fedecct o o tese oty @icdip an ericesagon key on

the sleeve that fits within a groove in the casing hanger 42. A lower extension 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 wiﬂx 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 axially secure the orientation

sleeve to the spool 23.
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or nore | ock down nechani snms 66 may be used to axially

secure the orientation sleeve to the spool 23. WO
wQo@4/0DB8899 PCT/ US2003/ 025749 10 The upper ebpdr/68200$/025749

the orientation sleeve 60 does not bl ock access to the

side ports 52, 54 in the tree bore, so that a

production tubi ng hanger 70, as shown in Figure 4,

may be | owered through the drilling riser and the BOP

28 to land on the upper end of the

or i The apparvndd cittheorishtative sk8ye 66 debonet blocka@esstodhe side
in_which position a key or 5 lug on the upper tubing
pottady et intrtres botsesa taba prpdygtien tehing herger 70oas shigevn in Figure

orientati sl e . So.t hat noves_into a

4, ey B ierpd digh s A inetive ane iFcB O 29 @ Ik on the tpper end
of @3t BopflsRE0Y FEayeBh R SRR B YRt aeRlich a key or
tog B e ety PollfiRng®; ol R R e il Sty 0 Gl aion

sleé¢ v 60i30 thhethekeetb@tdsdntd £ obmicaPlvckimesiet BOhaRikevB60. In this
the production well bore. More particularly, the

position,| 4 shpuddet ancthp (tehing hasgeit land$hos arsbavkled of the sdeave 60 and is
stage as_ discussed above in connection wth the prior
held dowi innibgtbosaof the e 22nove the BOP and drilling

e e A BB SO TBU S 308 g0 e
PO B DSl B4
Mdr# %}aﬁg:dl!ﬁ'lbg She dilidy &ﬂc‘f’c&ﬁgl%ﬁéhis%tﬁﬁl H‘Astljéacﬁéaa‘the %Bmk‘g?age as

tu hanger of the subsea tree’ Plugs 76 and /8 ar

distussedlabeve imcoirectiopevitlcthe pivt Bowithofit hhéng B esmove the BOP
t ubi ng hanger. The conpleted assenbly 10 is thus shown

anddl(’jillﬁlhgﬁﬁ@. 4. Thg r]itse{] agd BODf may thﬁn bebrem)ved,
0, .
hor 1o avell Beaelins peceompletasy i Aiscpfiahedis seme ves as assribed
- 1 ncl [ .
ST T PR X —
BOPAiEsfafleR 4 HeltrotAds OBoNOME A bRk St A IBIIEE atiened with
s shéwn and I be

functions to be perforned, a escr n

thatloStheRabipt haxger 6f Hredubida tréd.t Bluga t76\ualdy78 ark iesthll&@Ein the tree
may be constructed in accordance with one or nore of

caqt grskors lob e upner Abide bangdse dhecompdated assambly 10 is thus shown in
Fig%% %%fqig%r@]r ‘asl?cli !B%P rl\rlgty tggé gg ?érgggéd, %EEI itltlelz Epdper 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. Pa'fent No. 5,544,707. 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 Serial No. 10/155,482 filed May
24,2002, entitled “HORIZONTAL SPOOL TREE ASSEMBLY.” Thus, the tree 22

may have different conduit connections with its side port or ports. From the
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TREE, " filed May 25, 2001, and in utility application
Serial No. 10/155,482 filed May 24, 2002, entitled
WO RORIZEBHIIAL SPOOL TREE ASSEMBLY." Thus, the tPEPURR03/025749
may have different conduit 1gonnections with its side
port or ports. Fromthe WO 2004/ 016899
PCT/ US2003/ 025749 11 descriptions of the present
i nvention as di scussed above, its advantages are
attained regardless of the type of horizontal tree. A
desd i . . . )
e PR e A MiScU B by it 2 ihel g attained
regardlesssf thesypaofRodsorthletremst restrictive di ameter of '
the bore 5 through the wellhead. Accordingly, the
si z & Bgnifieant advgatagepithis inwealion iy thatthe poreabrovightteelhimizontal
si ze of the well head,. even thogtrgqh the tree is

Spéqq%égﬁé _%Pﬁ %Yatl"earlolﬁasﬁaﬁ FEIP ﬁ]é%\’al%h@ﬁﬂf]; Vel digigeteriod the bore
P, R I DR o Do s o
res®i@e@ by TR Bored$d WF tﬁé‘%ﬁgéad WReh Iﬁloﬂéﬁ tHE gﬂeg Es dﬁ]{lﬂ%éi@{ﬂg @gace on

art opération whereint BOP was rénove

thef weBheadWhdmd Rinkatisadrge didhetet welln ThBaRBE AR B JT¥Rdtree is
in the well. Another significant advantage of the

thysrségrdficantigmeates thanghe hate thhenghathe en¢ at more ¢asinigdtangers, which

. Sleeve need not be installed until _just prior to

is ppidke ﬁbe PHEr axfnegation whetein the RORavas regpeveds anst the tree first

. (1 h i f the hole  intended t [

inspdt 61 she 5Bk baeeRanett BrRg Iy BeWelbor e ¢ hr ough ¢ he
¢ . Y ety 5 . , ool ati 4
o1 ooviothdt? FiffRbdn B gl of R i, BBy ™ et me

oriehtatibfdsolBion §18EVE Akl be RN fed ﬁrftﬁf'%ﬁr rid? %o flrirding B wbing
operation is conplete, a highly re |61 g

strimgi ianthatwell)/andodftdri deilling eley portivn dfethedrde inibeddd @&SRRBEIve this
invention thus nmakes possible the drilling of a

tubing AidRg-onAseridingly, e diove thraugh fheotheet isonott mistriied by an

t .diameter used to drill

Stri.ng, cein the .hj the
origpghRBATIRE, PleoPS WIlle HespiPracien taas fegll cboRgrilled. By

B e A

oriBriati6 8/ laddLQ¥ev Ay be eV TH i i

Ref erri ngato Fi guresyz aﬁ% 3',1‘&%grrésglgt)gmqraﬁ}l%anrageﬁpossmle

thedirilling of a pboductiénsuelpfon deckiving thedsrotthctisn tubfe & indivaBrein the
. maybe passed through the tree 22 and.,througﬁ t he

bit dipanefgr weadde deilizbe prardnctionheoledisnpt restristest and imay beloalyeslightly

The tting. di ter .or,bit di ter BD of the bit 94
lesgﬂm@&ﬁmqma : & cy%yanger, and only slightly {ess 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 passed
through the tree 22 and through the casing hangers 38 and 42 to drill 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 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 before drilling the production hole.



10

15

20

25 thus be greater than the bore dianeter SD of the

orientation sleeve 60 as shown in Figure 3, which
W@Qg@H014839 not possible in the prior art techni POPUSINNE@25749

the orientation sleeve wad2installed with the tree

before drilling the production hole. WO 2004/016899

PCT/ US2003/ 025749 12 The orientation/isolation sl eeve

as di sclosed herein may be a single sleeve that

achi eves three purposes: (1) sealing between the

casi The beiBARKohASolAteN Yiekld@adidclag hdiBR hiyFse a §iﬁ§%e sleeve that

providing orientation for the tubing hanger so tha

a¢hievesithieeomrposes: (1 sealinghatgetmthparasing hangeeior yhe wellhead) and

oriented with respect to the side port in the spool,

therftee, £9) Broyadingaigniationofar dhe bing hangenso thet theeside pert of the
tu:bo resi st .verti cal for‘%ies, either u vvar,&l or _dovvnvvartf,
i DIRSPT 1S PRORSELY (nteniesl Witk reshech o the vide perg ji the spool, and (3)
i y . . . t f
S5 3He oRERAPhSIGSUTBRERLS 13U SRR, B e o
dbRnaard, oot @hd%febétigilpﬁivt% 9 thE FHARMGE SREPAT A Qs 8 spparate

the function of sealing between the casing hanger anh

corhponerse cottkd bensedappértatnn @ash of thee! funbgortte sOF@Ela®on of the
to 10 lock the sleeve to the tree, although in other
tuliig heanger sayld breachievadewith @l dg¢vine depetateifrom thetfenction of sealing

| | head housjng, or could be axially fixed between .
beliieeR 15 e ThE heicr PadRRILER Tt MBNKEPPHeAiPR oif Svillpedisirable to
lotggglﬁc% @gﬁ%ﬁ’gﬁg &%%,ﬁg@%ﬁgﬁ @i 3%1%,'@ g}&éﬁq%ﬁgnls ﬁle%?eséatve could be locked to

g : . . I _ .
AR LA 00 8 S5G 158 LOVMANR Ly PR ovod
theaveltealdhousingsindiible tdting hiuhgbribElesilibehe &Be.| BVRI0St dfblications,

the tree. Wile preferred enbodi nents of the prese

- ofhaw Emdtoms f\vibe lneientdtidndisolatipadléave atettaishpport the weight of the

ppaéent that nodifications and adaptations of the
mgﬂ@ PRged ABaIbus Heubmgwtringoard fo safebynwibstand e fuidhpressure

letvgg.arté. However, it is to be expressly understood
VD B4 ERCodi fi cations and adaptations are within

st TidepreRRR AR lente Ut IE BREBA Sl !5 8En Mustcated in
dedT/ V2R3t Bt hodtBc Miis and aﬁ%ﬁﬂaﬂ@ﬁ’s bfthe reférr@ﬁltepﬂﬁ)diments

of drilling and conpleting a subsea production we
will becur 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 claims.
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casing installed in the wellbore and a wel | head
housi ng having a wel | head housing bore installed on
wo b@40pgsey end of the casing, the nmethod conprPEI/N§2005025749
| owering a spool of a horiadntal tree into connection
with an upper end of the wellhead housing, the spool
havi ng 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 having with
What 8Chinferi§: al i gned with the spool bore and the
Wel Thead nousi ng bore; 10 drilling a first hole with a -
firlst biA nhakodof drillingind obroplegingdi spgibised ployduptiesiwell with a
the first bit through the BOP and the tree spool; and
casingviastaled in theswalbererandp welhgachousingbavigghangdhead housing

ort A B0 ol W0 A B
) G0 FSHES BB I oo

wellR48™ ir%é? &hé §ﬁ6619he§¢iﬁ% %gspbd@l okd B8d 3k 14K£88he %@801 side port
second hol® wWith a seco it having a second Cufting

extefidaietatiallyefont tharspbbEbdref st cutting di aneter by
passing the second bit through the BOP, the tree
spadnstallinga BIOR etthe wpeoend of thd spdnd, thaBOf mivinggith a BOP
thereafter installing an orientation/isolation sleeve

borg aligiachwithdhaspooldwe apd thewslhepdbensingbetsool , t he
P otiliBs et el Pt PSS & Bt ine Bimncede baine the
_ : o o T :
firs ] e e B R e e "ent ral bore
f onolvaffk caing RRiY EARiALI LastheE ﬁxﬁ%&%é@%a&fe%@!eé ¥%f the
y al'ign

oriented by the orientation/ i1solationh sleeve to

BOPhthetspbohget and ehe weldkeguidusiig dnd Rfto thehslpool si de
port. 3. A nmethod of drilling and conpleting the
subksea phoustodopl dellingend denipletng 2 Qilsean [Fodactiathavell as

defiigdie (JpiPhd: HRUESOBPSRIEA subsea tree boro pr of ect or
\an.o lta!ef‘{_e? 1&&&1}@ {tfe c%fsingé?riné, rd?ﬁlin\'\é1 gtqegsrt iolnle isg&ntdql%lg %‘iﬁ]nadsecond

bithaving 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; |

thereafter installihg an orientation/isolation sleeve between the wellhead
housing and the spool, the orientation/isolation sleeve having in a predetermined
rotational orientation with the spool of the tree; and

thereafter lowering a tubing hanger having a side port extending radially from
a tubing hahger central bore for landing on the orientation sleeve and rotationally
oriented by the orientation/ isolation sleeve to align the tubing hanger side port with
the spool side port. ‘

3. A method of drilling and completing the subsea production well as

defined in Claim 2, further comprising:
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4. A method of drilling and conpleting a production
well as defined in Caim3, further conprising: 5
WO 20mWidsg9 t he subsea tree bore protector beforBCT/US2003/025749

installing the orientationAisolation sleeve. 5. A

met hod of drilling and conpl eting a subsea production

well as defined in Caiml, further conprising:

sealing the orientation/isolation sleeve at its |ower

end to the casing hanger and 10 its upper end to the

or ocReesnd sk nafled st (PR R PRoLEE e i 265 of he
tr&d WwhBh al e0lc3bh@ okl €eve | ncI udes an upper gui de ‘

surface Tor- engagenent with the tubing hanger to

ori et thg rhefhodbhMBOHAE antiiddmplesRestp rb@udtﬁﬁl WEB&s dbFined in

7. A nethod of drilling and conpleti ng a subsea
C}atmcﬁ;tfmrtbermmhpnang defined in daim1, further

conprising:' fixing the orientation/isolation sleeve

to tIGEIQVIRS ttber ¢a v &yegi chpreanpratestar i defore fimstadling the

orientation/isolation sleeve. 8. A
oqéﬁﬁ%%ggpiaglr ?%ng and conpleting a subsea production
wel | 5 as [ t i:NQ..
hanger [ n“{;;ilolun aIchS Uil 'c'l % u %‘% gra{]s ?‘eﬁg’dﬂgu‘m well as
ddfﬁieﬁrlﬁldmlrﬁrlomﬁm cORfPristhg:t ubi ng hanger bore f or

produci ng fluids from productl on tubi ng extending

f r onsealing thecomenthdmgisoldtivnslédve ankd lowed endtoitk@sin®hanger and

drllllng and conpl eting a subsea production well as
ltSd@H’qii@@ itp thet &een 1, further conprising: 25 positioning

i pt er nal t ee cap ve the tubi.ng hanger and
sec ‘ed t drﬁ]g@g andneamplgiing Qjﬁllbﬂelan@foéﬁétmn well as

oI, ﬁ@@%@m@% T WA —

su?ﬁ@é%@ %&ﬁ@ﬂtgm eOﬁbLﬂfgger % &ﬁ&ﬁ&h@r’lﬁbﬁlguﬂanger with

W|th|nth entr al I ng ore
repesit td iy thge.anot her pI ug within a central bore of the
tree cap.
7. A method of drilling and completing a subsea production well as

defined in Claim 1, further comprising:

fixing the orientation/isolation sleeve to the tree to resist vertical and rotational
forces applied.to the orientation/isolation sleeve.

8. A method of drilling and completing a subsea production well as
defined in Claim 1, wherein the tubing hanger includes a fluid production port
extending laterally from the central tubing hanger bore for producing fluids from
production tubing exténding from the tubing hanger into the well.

9. A method of drilling and completing a subsea production well as
defined in Claim 1, further compnsmg

positioning an internal tree cap above the tubing hanger and secured to the tree.

10. A method of drilling and completing a subsea production well as

defined in Claim 9, further comprising:
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11. A nmethod of drilling and conpleting a subsea

production well as defined in Caim1l, wherein the
wa@asungsbangar i s | anded on a shoul der wit hi n POEUSE03/025749

wel | head housing. 12. A netihod of drilling and

conpl eting a subsea production well as defined in

Caim1, wherein the orientation sleeve extends from

within the well head housing into the spool bore of

the horizontal spool. 13. A nethod of drilling and

co i ‘ r C ;

G ooy oAtheZaE HASPonE! PR hIEn UR beffel SRHEHRECE bbirc, and
positibhing droehs e withie aekntrhhisorerofeh@iide tap.supported on

the orientation sleeve. 14. A systemfor drilling and

conplet i Agmethodof adrplinguand eomplatingwa tshbsea pesiusgion well as

Lnstalled in the wel] bore in a wel|head housin o
defiaggt Wgcia%h WEgEFIA cﬂa% CAYNE hgpgan idandecban canshq@degpwébm the

casing, the drilling operation including

Wegﬁ‘??ﬂl%%ﬁ & 15 hole with a drill bit having a cutting

di apgt er A L8n | B hB&h1n30F | I

o conhe et e R BN L OBt SHO praRflon well as
defiedsinQlaimt I evispeial the beienfadvh Rikede sRRAHS Mok withe® 8@ wellhead

bore and at | east one spool side port extending

howsinig stbythé spoolthvere ©f tiud hdrizomtalapB6P connected with the
upper end of the spool tree and having a BOP bore 20

al i §hed W inpthod of dllingoand gamplaiingne subsced pradiesiongwell as
or e casing stri u rted.on a.casjng_hanger
et ClafE TooPETon 'R STHIBE PRAS 15 RULDAG WAf e Spool bore of
' [ j [ en the wel | head
meg%%egﬁcgfsasglgb{;ﬁg& g%oloo‘?,oﬁ%‘ ﬁt‘éﬁS%?fetg&?at ion/isolation
sl egge hayg I &fnpIeEAL | ol dl | .
wCh her D Lo A e SR P/ R0 BRI with o
casifg installéchip thieawell &orofn & beelthehd hobbing Hveh@a twdlikad housing
hanger havi ng a side port extending radially froma
boxeipstaliedh an dea upresend of tlmaemgoﬂwdw%mg@mﬁmmcmdm drilling a

rientation sl eeve and rofationall oriented by the WO
bolg i 6 Hisubbit PeTingm Giana sameicr. fhe fystom compristhg:

ori ' isolsatio I e .;,0 align the . tubin ]

SR A L3O PSR P e B nead ovsin
the spool tree having a spool with a spool bore and at least one spool side port

extending radially from the spool bore;

a BOP connected with the upper end of the spool tree and having a BOP bore
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; ‘

an orientation/isolation sleeve between the wellhead housing énd the spool, the
orientation/isolation sleeve having a predetermined rotational orientation with the
spool 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
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15. A systemfor drilling and conpleting a subsea

production well as defined in Caim14, further
wa@oempniasdhng: 5 a sl eeve-shaped subsea tree borBCT/US2003/025749

protector within the bore df the tree while drilling

the hole. 16. A systemfor drilling and conpleting a

subsea production well as defined in Caim 14,

further conprising: a |lower seal for sealing between

the orientation/isolation sleeve and the casing 10

orfemngon/isaldioansiedeeto dial thbatbisgdlanggr Hige\wenwithehe spool side
orientation/isolation sleeve and the spool. 17. A
pastystem for drilling and conpleting a subsea production
well, as defined in Caim14, where the .
ori et at idrystsan o1 drilling apd Goreploleg aRubsspeprogustien well as

urfac%{lf.or gn agenent wi th the tubing hanger to
o

de ‘ﬁeér\? Ha eﬁgﬂl&lg}‘lswgrh 15 respect to the tree.

- 18. _ r i ] : b S .
o oY e suliea i SoRTErARTEL B0 o Bufeihe wee while
drnﬁﬁglth@h@]g; a connector for fixing the position of the
orientation/isolation sleeve to the tree to resist
vertlitcal Arsystent doi dndling andesoraplptingch subseheproduction well as
grientation/isolation sleeve. 20 19. A system for
df‘éiﬁeﬂlm@m@ﬁé%meéppﬁ@n@%bsea production well as

defined in ai m 14, erei n the tubi hanger i
ol s Realtit Sl eRts g e o entbPnBRIARGY Haews and e casing
h gpwéﬁlae central tubing hanger bore for producing
u’ds from production tubing extending fromthe

t ubi AgiRP &1 Forécalihb Beifed Wsd d')IE’églté(’tféﬂ/iso%@mnﬁle%Xé Eﬁcﬁ%e spool.

for dril'ling and conpleting a subsea production we
as PR dehigystbn foCldailing 4ndf corhpleting enmptibseanstodabtion well as
internal tree cap position above the tubing hanger and '
defimedrindlaim t1He wherssthe @ientatiagyisolativhsieeveiih¢lindes amdpper guide
conpl eting a subsea production well as  defined in )
SUBASE 10 6DERgeBRRl, WilbrpE: WD NaWBeD 60.Amipmibe tubing hanger with
S 025749 17 at |least one plug within the
reffekt KSR s

i'ng hanger bore; and
18. A system for drilling and completing a subsea production well as

defined in Claim 14, further comprising:

a connector for fixing the position of the orientation/isolation sleeve to the tree
to resist vertical and rotational forces applied to the orientation/isolation sleeve.

19. A system for drilling and completing' a subsea production well as
defined in Claim 14, wherein the tubing hanger iﬁcludes a fluid production port
extending laterally from the ceﬁtral tubing hanger bore for producing fluids from
production tubing extending from the tubing hanger into the production well.

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

an internal tree cap position above the tubing hanger and secured to the tree.

21. A system for drilling and completing a subsea production well as
defined in Claim 20, further comprising:
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an outer plug within a central bore of the tree cap.
22. A nethod of drilling and conpleting wells with a
waasungspnstal led in the wellbore and a wel | hremus2003/025749

housi ng having a wel | head hdusi ng bore installed on

the 5 upper end of the casing, the nmethod conpri sing:

| owering a spool of a horizontal tree into connection
with an upper end of the wellhead housing, the spool
havi ng a spool bore and at | east one spool side port

ext ' ' ~hhiRst.alhl i ng a
op i RRghE EhaR Wl P ceGat R RBlREr R, 0%,
BOP diotfrer pRigalitRinetcetittad bbieosieatechape and the

wel | head housing bore; drilling a first hole with a

fir<s22.bi tA meethodofdfillingtandwompletint wells erthhycapmgdnstglled in the
the first bit through the, BOP and the spool on the .
weltharp g, a wellbeadh jousiag hanipsst wedlhead boysing kore arstalded on the

h h b f th oP, thi | and
unpRE O of Mg e B et 1 st ot e 15

e RRs03 B5108 JBAR R AR EL RN o hfFer cnd of e
walBtadh Risind)ake RPoadl RHAARG §pUdlivige %ara%tlsést'cﬁééspghﬁ‘ 3fle port

the first cutting dianeter by passing the secon
extdnding radihiéy BOk #redspobtbosipool on the wel | head,
through the casing hanger and at |east a portion of
t he isstelling a BOP-at theouppen end aifttbe sposds the BOP laving a BOP bore

orientation/iso|ation sleeve between housing bore and
alighgd ﬂW@P%H@%ﬁ@ﬁt@’ﬁ@ﬁﬁi@Hﬁ@gihﬁﬁsl eeve havi ng

o RSB CRAE S0l A Ryl S50 PR lhitet B prging e
firdt sitggﬁoﬂghtm@pw%gg}egﬁmoﬁbhﬁé mmlg%&-ubl ng hanger

cent ore for on the orientdtion sleeve and

r ot dbinepidlg! & caihe Btk Balrryi%g 4 Basifg hantat iPoid1s RlebbR8 of the
sl eeve to align the tubing hanger Side port with the
BOPothe spodt ang thet welleadthomsingpandintol thd firsthoknd
compl et | ngqat he .subsea production well as defined in

d ailanging the casing hangsiansa shpuldes wisbiy theepdthead housing;

Pa’&fﬁﬁ%& ?é/s%gggcf' ﬁolelvvaxth a second bit having a second cutting diameter less

than the first cutting diameter by passing the second bit through the BOP and the
spool on the wellhead, through the casing hanger and at least a portion of the casing
string;

thereafter installing an orientation/isolation sleeve between housing bore and
the tree bore, the orientation/isolation sleeve having in a predetermined rotational
orientation with the spool of the tree; and |

lowering 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/isolation sleeve to align the tubing hanger side port with the spool side
port.

23. A method of drilling and compleﬁng the subsea production well as
defined in Claim 22, further comprising:



positioning a sl eeve-shaped subsea tree bore protector

within the bore of the tree when drilling the second
whetog/016349 A net hod of drilling and conpl eti ngP@r/US2003/025749

production well as definediBn C aim 23, further

conprising: 5 renoving the subsea tree bore protector

before installing the orientation/isolation sleeve.

25. A nmethod of drilling and conpleting a subsea

production well as defined in Claim22, further

Conprgog itiing §3c08-shiiGedibaBa frbb 80 HRAGAIORIBIFAKDore of the

at its lower end to the casing hanger™ an 10 1ts,

tigepehereddlling thegetorekehol26. A nethod of drilling and

conpl eting a subsea production well as defined in

C ai #é22, Awireathod of dellng and gompigting aroductishawelbas defined in
i,ncl . gui d f f t with
AR B it SRRt O ent ot ubi e Bageer i th
h 5 ' et fodrilli :
S Cerbiokhd " | Sfibsehd fle horl®l Bkl Shbtort "Hn8ifling  the

oHedtdoddsofadbhRR¥eveonpri sing: fixing the .
orientation/isolation sleeve to the tree to resi st

verti2Sal awdnethbdtofodellingf and edngipinged §ubstheroduction well as
orientation/isolation sl€eve. 28. A nethod of drilling -
dgfined dnpllaim A3, farthehsemppsivguct i on wel | as 20 defi ned

in Caiym?22, further copprisjng: positioning an

i nt eSRANg heoricyip @ﬂlﬁﬁ@s g% aldtsdawgeendindhe easinglapnger and

10 i{s‘%pi)g? ehd £ the tree.

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

defined in Claim 22, wherein the orientation/isolation sleeve includes an upper guide
surface for engagement with the tubing hanger to orient the tubing hanger with
respect to the tree. |
15 27. A method of drilling and completing. a subsea production well as
 defined in Claim 22, further comprising:
fixing the orientation/isolation sleeve to the tree to resist vertical and rotational
forces applied to the orientation/isolation sleeve.
28. A method of drilling and completing a subsea production well as
20  defined in Claim 22, further comprising:

positioning an internal tree cap above the tubing hanger and secured to the tree.



