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VELLHEAD ASSEMBLY The present invention relates to a

wel | head assenbly, for exanple a well head conpl etion
was®smomi2gz and to a horizontal tree (al so ref ePCEHABR@7/003149

as a Spool Tree(tm) for use in such an assenbly. The

invention is particularly concerned wth assenblies

for use in subsea well headlinstallations. It is well

known in the art of oil and gas exploration and

production for weMWELLHEAD /6355&”%\3 suspended from a

wel | head housing. Once the well has been conpl eted and

production is to begin, it is conventional practice to

The pisaht ineeptioridlatbsGbra wehimsad assendly! foe ewalriphe advellhead
the Christmgs tree havin

h :
completeASFATA: BRCIP A qrﬁ@ﬂt@éﬁreea(ﬁﬁiotrﬁ?ore tas erepool
Tre%h 'fgfuéé GdfaelskefbS). A d f #ﬁ/@ﬁtlo%‘ﬁéﬂkh%ﬂ?doﬁcef

ee 'S provi one or nobre vértica
withh agsssmbliescies sisedn shbse®vellnbad nstalatiGhsi st mas tree is
in place is provided by the one or nore vertica
bores. However, the access for downhole tools to enter

It lst\néll l@ﬁ(‘)\}vn ir$ tHd ﬁﬂtfo‘F@n %dtdé% siAdratieh aAt ﬂrBéuMﬁiﬁ foR @lells to

ore or bores in Christmas tree. In the past, this

be hasedsamd/ euswchedﬁaqnmra veliseadhaysing. ﬂn_caibﬂrw@l as been

corf BRI hASBelcRlATI 1 Bl ARt Bel et 15 h R a5
can@aqh’qmﬁma@ftre“eo@wm wenBéad heesihgniae Cﬁﬂﬂﬁstﬁfasetﬁed haeing a
and wel | head assenblies were overco

borerberetueupbin epmmnucatishwilh the @I@"@fndsfbrwh WB'CQHMS
frorﬁ ﬁ[@g (\:Nerlllﬁrg rb‘?ggﬁéédz oegnﬁl/eﬁtf&%ﬂ %QWéchrésftPéé % rb@uﬁé@

or & of tree port extendi
with aheroalnharetvsriica borde Ace@ssrml the vﬁib\uhtﬂe Her6hHsioms tree is
required to the well durin r.oducti on, tools

b
in %@%es@cprpwﬂsddw thgeONSPf IS Beitical hYPSe HAWRVE fﬁugyoﬁfﬁsa
for agmﬁa@ 38R tobérﬂépme \Délﬁéqrﬂﬁ@éd 6;8@% dlapeetbed P Jeticaf
the horizontal tree. to the relatively |arger
bordi cmtmres irofhet Glristoras ’tme t lethieqprast, dhisdhas seywed @sc i@l
constralmo the Hownﬂole operations that may be performed with the

Christmas tree in place on the wellhead housing.

These and other problems of conventionally designed Christmas trees and
wellhead assemblies were overcome by the introduction of a horizontal tree or
so-called Spool Tree. In the horizontal tree, production fluids leave the central
bore of the tree through a port extending laterally through the tree wall.

Should access be required to the well during production, tools may be passed
through the central bore, for example through a conventional blowout
preventer (BOP) located on top of the horizontal tree. Due to the relatively
larger diameter of the bore of the horizontal tree, access to the well through
the tree is significantly improved, compared with the conventional vertical tree
design. This obviates the need to remove the tree when downhole operations

are required, a dangerous task, in particular when dealing with subsea
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the tree is significantly inproved, conpared with the

conventional vertical tree design. This obviates the
woewd/ k32 enove the tree when downhol e oper at i BOIEGBR@7/003149

required, a dangerous task, in particular when dealing

wi th subseawel | head install ations which may be a

consi der abl e di stance bel oW the surface of sea and,

hence, fromthe rig or platformservicing them

weltheatpinstallgtions wiich ey henal caesiipeabie distanas belowdthe

suf ol e e ahagie SpiatBis g et <o) oses

a subsea production system having a Christnmas tree.
The tree conprises a vertical bore wth a hub at its

Exgpplas drignowst wee apd reliead assembies are disclaseddanhect ed
I . US
2009043154 S RTER0E 05, SEAT0Bb Spl B AT
| andi ng a tubing hanger in the bore of a production

usHAEE GLatfig HRERdRs S btaaiih oo beai'a Cnrsimas
tre€0 frﬂ@qi]gée%brgﬁhses“a REHIica bbuat \gfug YRSt ity s%;p%ﬁﬁdied,

Sone o i are internal he tree an ers of

Proghiction and antudusvalves drec comranted ta thet thee by eeedns ofy of

0 or_.no al ve bl ocks. A wellhead tree with a
segé‘%q\éaé{yebgqc Sand i nt egral connector hub is disclosed

in US 6,547,008. .The tree is provided with production

and annul us valves that are external to the tree and
US b8 6% sliselesesa danding pdapter fier saftlandingsa hibirg hanger in

e BIE O b 8o WBuEad el Rl Aty USH salRet,
diseldeesbageliisadtese Aavihglant intsyrainsbnnectitre adbags plupality of
The wel | head descri bed conprises a wel| head housin

valy®s g BYPVidashsome piotinich 6 inieEabo e fieaRadGthars of which
arcCORYRTH bﬁfi%onﬁ@@fé@ctf)%e ﬁ%%eﬁémvé(Y oFEﬁe%Pﬂ%ret\fa?\Fe b@c@.
genment,

a general 'y vertical arran aving a centra
| ongi tudi nal bore therethrough of relatively |arge

A ﬂél@%‘%&‘ﬂée vAvitR rao\;jeurﬁct;all%%rg %ﬁ']‘td in etg(reeﬂ %%nlnggt%rr %lupfs fdlrs%‘gstegeln
US 6,547,008. The tree is provided with production and annulus valves that
are external to the tree and bolted fo the outer wall of the tree. A similar

arrangement is shown in US 5,544,707.

Further, EP 0 719 905 and EP 0 989 283 both describe a particularly
advantageous horizontal tree and wellhead assembly. The wellhead
described comprises a wellhead housing, to which a spool tree is connected
by means of a conventional connector assembly. The spool tree is of a
generally vertical arrangement, having a central longitudinal bore therethrough
of relatively large diameter. A production port extends laterally from the
central bore through the wall of the spool tree. A production valve block,
typically including a production wing valve, is bolted to the side of the spool
tree body so as to communicate with the production port. The upper end of
the spool tree body terminates in a vertical intervention hub, to which may be



10

15

20

25

30

central bore through the wall of the spool tree. A
production val ve bl ock, typically including a

w@e@donzson wi ng valve, is bolted to the side PET/GB2007/003149

spool tree body so as to communicate with the
production port. The upper end of the spool tree body
terminates in a vertical i#&tervention hub, to which
may beconnected a BOP using a conventional drillin
con@ente@ica BIOP nsivgta epnvantiionakdiling eanredon | A et oharryldg

v R RSN e BT B85 BB o286 A0 .

con@hbﬁﬁdt@ghtﬂ Btign Q\{itrl;ntélﬁeﬁé@@f aﬁir’liuigs borty extehding through the
comruni cat i the centra ore of the tree. Mire
quoétf@mbody\aém@mfewm@nsw thoibrcentrab Poranel thertresont al
tree disclosed in EP 0 719 and EP 0 989 283 are
d_escri bed | n US 6, 050, 339. The horizontal tree
Mofl ekens ddvéloptdsnés %memcep’mfrtheémriaon’al trieealisglosed in

P Gt ara LD Se0LEt s SeribRy i Useo oROGAd, ofs Rgrizame!

treéﬁH%@fofséElqn s bleol wgfcétﬁEMSésSafv@rﬂt%qty %?leﬁte%DlEbﬁgﬁ@dlhapf

or connectl on to BOP and % rrser or
certtiag bbrekeThatrmead @onnecte;j@tttsé&weh@@d toaa efveal eadihausingh

t he bod
The,Hgericeiooh! (i Uee PESY s Brpst aecior PR e dohoay
corfn‘é"ctlSﬁ‘Pé aBOPHhD Q@rlfhhg\tois@f oPtHEliG. | Aprodudtidn gorbextehes
Simlarly, annulus gorts extend through the tre

latewaldwthrougim ﬂmh@@\aotetmetf% amthe cestiel apreodr\@rmtmeva ve

exter| c
s SHBPREe IS IE BRI BB s A5 f et s
frofdSh& vl 0, @iﬁﬁlaﬂgsahmﬂas parts eixteral threwgtatie tred bngy Itmnger
system The subsea tree is of the horiz

Coramuat?g?é@r@ﬁfwe%th%@ef&@} Bots 804 HGE SXiGBRT oy obss iRgprporated
mtcf fieSire %bgﬁg\e@ h&8) tggtﬂ%ﬂ\ﬂ&f fuid tﬁr%hgh tRé AAHGIsPOrROT t

the tree to production val ve
bolted ont o the exterlor of the tree body. More

recentl , U 2004/0 a ho t
USEE 60 B atsKipEsr R HPERCRANE] B MORTGR WRETEr Jbe
tgs@g%é %sotethté‘?fotn%ﬁtél térr‘ahpémeﬁti lﬁﬁ/mg alvekaf oﬁbﬁtetdr ee’
IS connected at ower end to a well
ceﬂtrajixonsg, fravhiwhich extends a lateral production port through the body of

the tree to a production valve bolted onto the exterior of the tree body.

More recently, US 2004/0112604 discloses a horizontal spool tree with
improved porting. Again, the tree comprises a vertically oriented central bore.
The tree body is connected at its lower end to a wellhead housing, while its
upper end forms a connector or hub for connection to a riser, BOP stack or
the like. A lateral production port extends from the central bore through the

_tree body. A production flow valve is included in the tree body to control the

flow of production fluids. However, a second production valve for controlling
the production fluid flow is housed in a block bolted to the exterior of the tree

body. Similarly, annulus ports are prdvided through the tree body, with an
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upper end fornms a connector or hub for connection to a

riser, BOP stack or the like. A lateral production
w@oros/ozesends fromthe central bore through theCT/G82007/003149

body. A production flow valve is included in the tree

body to control the flow of production fluids.

However, a second productidn valve for controlling the

production fluid flowis housed in a block bolted to
integvel ftow walver Rawevas, asesond @pnulgsflavayalye islasgteskin a

I QWi [ tree body, with
blogﬁ:’b?ﬁ%@ﬁﬁ%?%(%ﬁ@lg?ff/@eQ%zgé ,oa seconé a\rl1mnul us flow
valve is located in a block bolted to the exterior of
the tree body. Since their inception in the ri,
Singgdbeis ,lryc&pgpém thecaarly hendera éfge}#&aninF}iaerP? Beutantal
trogE fify @ ieh LB nd TRt in pertieller i shiied AeMBRFS o
instaiiationd, fay a cailt dfttke @oivartagesithty offet darl the moaveptiongl.

However, a nunber of problens_remgin with.horizontal
verfipaldice SR SIPWAYS<S NHBINES o PLPD e demayrs wih Helizontal
tredsth a central, vertically arranged tree body, through

i ch extends the central bore. A horizontal
production port and various annulus ports are provided

' bod I
As R Rale Joraaa hege are TomRltegh o SRl i, fdhoed
tred®lodh egtilolighiwhits. extéedsiteeteritral bote.t Aendrizeatdl paydiction
invari ably forned as a connector or vertical

poit anervasious annklus, Parts ale RiAVisisaHB dbe Sieetkody. Bdie lowesjend
of @:@‘ﬁ%ﬁ g{)g% o, Bgfome?i a4 & |rﬁggrtaﬁ1 Bolth&Gof ﬂfr‘%%ggf’iné tda

rm’assennl i es Used YO service su
weWedddpadsing! Maetupper kedyofrthe deet liodyds fiovarat ywiarmedras a

CoBMRERT SR EAATEIOTHEIR 5 ALY CNEGIRERL? HPBSEAns
risel G thBikePen GIEN 815’@1%- wide @ngé?g 'ngg’arfd'}ﬁaﬁé?ﬁﬁ{ a@beMblies used

orizontal tree I's a massivV onent, the size of
to gdvivide dubsenavellneadb] thiettyea bodwnokaede tabe férored withan upper

col B0t of SRS RIS bR i RS e vriey
of E5RRSTtiBK JesksMAst Rayld émPlbyed. As a result, the body of a
horizontal tree is a massive component, the size of which limits the ability to
machine and form other features or components. Accordingly, the need to
provide the necessary production, annulus and cross-over valves as bolt-on
components arises. The massive size of the tree body also limits the extent to
which other features may be incorporated into the tree body, such as certain

flowloops or cross-over lines.

The inability to include the aforementioned features into the horizontal tree
body may detract from the integrity of the tree. This is particularly the case if
the production flow path of the known horizontal tree designs is considered.
As noted above, it has been the case that the valves necessary to control the
production fluid flow cannot necessarily be accommodated within the tree
body. Thus, production flow valves have been incorporated using bolt-on
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conponents arises. The massive size of the tree body
also limts the extent to which other features may be

w0 p@eoprsat ed i nto the tree body, such as certBCTIGB2007/003149
fl owl oops or cross-over lines. The inability to
i nclude the aforenmentioned features into the
hori zontal tree body may détract fromthe |ntegr|ty of
the tree. This is particularly the case if the

valge egaembbias.f This festlis bt a prtentisbiimidHeak paii af evangdoint of

5019025 SRS L 56 iR BBl BB i 0o

veryraght fitidosrebbuied dricduntsrad ¢t tieepresisiation floWwepath, in WhICh
accommpdated within the tree bod Thus, product|

fil & HowNg e UH Avad piessHERIIPISoRACEINABR IRt eve
|nu%t°é?egnldn snsTgf tTﬁe I@%Wfrf ﬁ%r* ibbn@?ﬂ%ee@éé@ﬁ n‘%bb\}vg th alhe

at e t-on as I es
hlgheét%mtegﬂty bbtheahcbmzonﬂalltm(bmdy extends alang ty\emeg;ihraat t he

longfiutiod] RgiatbbpBas HotAlaRg 0 Piocl Gtiot Rt ile this is
of écwéntéi‘ﬁé Hgﬁﬁ@%l%Wn%o@&é’é@hbﬁ@Wﬁe?@ chfig to el | '|§ﬂequ:red

eed, an analysis of the known horizontal

hrou@ethmse@tmi heireveLahheneratienhpeeLyt onlyi Betry Nyiner p@w@n of

e AR G S BRPD U el RS B e boin

spERAGHE tHeoRell iropwd@t;ow\hndcﬁa thcaardmgw‘ tﬁ@lmae\j@mgenfdw ng

downhol e operations where entry e wel |
opedions sendueteddhraugs a:wmlhgad Qw@nbyuwth am'apnt%gree will

BB BGRB8 i
mdreé petdrtiahfuitideak pathsh the vveII i n production node.

Accordingly, the majority of the operations conducted
through a wel |l head assenbly with a horizontal tree

Thdtd is réof%é’&i x&‘r é@ééﬁ nf Wethdad 'a%@ﬁ\bg/ Ay ﬁHEifbﬁtQF‘tree that
assenbly t hat

rises one or nore potential fluid
incogadratest s imﬁrh:aed integdtyrindle floid ﬂo\mwhg rhhr@UgWethe reed
assenbly and horizontal tree that incorporates an
improved integrity in the fluid flowpaths through the

Ac&ér%l@n% e Wé-’i'd@s%ebpoﬁhé'ﬁrééerﬁﬁlﬁ’\%ﬁtloﬁfthéféelsﬂireﬁﬂéﬂ an
I nvention there is provided

assembly for use in a wellhead, the assembly comprising a tree body having
an internal bore arranged in use to be aligned with the bore of a welihead
housing; the tree body comprising a lateral bore extending through the tree
body from the internal bore; the tree body further comprising means for
connecting to a connector so as to align the internal bore of the tree body with
an internal bore in the connector, in use the tree body and the connector

together forming a horizontal tree.

In use, the tree body of the assembly and the connector are separate
components, which when combined, form a horizontal tree that may be used
in the same manner as the known horizontal trees described hereinbefore.
However, a number of significant advantages arise from the use of a tree

body and separate connector, such as a tree re-entry connection.
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assenbly for use in a well head, the assenbly
conprising a tree body having an internal bore

wa@eeoanees2 i n use to be aligned with the bore oPCEGB2007/003149
wel | head housing; the tree body conprising a | ateral
bore extending through the tree body fromthe internal
bore; the tree body furtheré6conprising neans for
connecting to a connector so as to align the internal
bore of the tree body with an internal bore in the

PGB R eaiP R FanaRet o BRpapcinall subseacment fodes

uskddy defvnhbR: @ssra n '
Sconponer?t S, Whi cg@h\/\%gﬁﬂggﬁ‘ﬁfg%gga %F%H@Lagf ﬁ'f;eg%{rgfe%tor

m3y ke at i, esagciBly adme ieentnehsbfier conmestiondo tIRORstaek.

i t.al e scri bed herei nbef.ore. ,However,
THETE SO oo 11 el A neb ol AU ts e co-poBy g
to bettaitgred dolyhearstiurepfirate of (HAYIG o PlatforMaB RSused, rtﬁ@foc{m of

-entry conpection. First, the connector is arrange
BYI3 assemhcanthip st Wetather laatiresshthe wellbead sssembly, for

i i cul .
oxSOmOPeLL i AR IS by Bl oo
of avlarietyr ofcdifierent conneciors, BOMest #tk prebise RIRHeRents of the

. ntion allo the connector, in particular the tree
installafian ant herator

be tailored to the requirenents of the
rig or platformto be used, the formof BOP assenbly
and to suit the other features of the well head

Seggrdniberees bedyexaytieemanefaited o dise Enduskr’s fegiivenents

andsPBaERo o AERy ST df the Gohbeeop A Ruwdul i fostherhige
comfiedtbenéadingtd Béispciiiad. apfs ?Fé%artly iRGe888s tHdffkichBy of the

body may be manufactured to tThe énd user's

overal Assembit constwctipe @ndirmarufastirendependent Iy of the
connector and wi thout the form of the connector
needing to be specified. This greatly increases the

Fuethér, thee ooynestort Wit rt dyead Ubj@stae b FiMide08eéH bi§'hiy§fbc@ﬂ§’ons
cture. Further, the connector will not be

profiipd diogh e welly Rshers dufing U @patationsias instafiation and
workover of the well, the connector is exposed to drilling muds and completion
fluids. In addition, the connector will be exposed to such fluids for short
durations and, in many cases at pressures below full production pressure of
the well. Accordingly, it is possible to reduce the specification of the
connector. In comparison with the horizontal trees of the prior art, where the
connector portion of the tree body is manufactured to the full specification of
the tree body as a whole, this may significantly reduce the size, weight and

manufacturing costs of the connector.

As the connector will not be part of the production flowpath of the wellhead
installation, the production fluid leaving the wellhead housing, passing through
the internal bore of the tree body into the lateral production bore, the joint

“between the connector and the tree body will not be subjected to production

fluid under production conditions and does not present a potential leak path
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produced fromthe well. Rather, during such operations
as installation and workover of the well, the

w@owsez2s2r i s exposed to drilling nmuds and conpdEGBRIV7/003149

fluids. In addition, the connector will be exposed to
such fluids for short durations and, in nmany cases at
pressures below full produ@tion pressure of the well.
Accordingly, it is possible to reduce the

for fipiedidrndhae walhead irtstaltatione Cthis in funn adowatihe cannectar tchize
hor i zontd%#e trees, of

forpes fich V?%W?%@'%%&Pgrtl?%%& s D oesidhe T ftes
spe%?ﬁ%‘n;)hcq{}'n'l R iR hﬂﬁstttbf’(ﬁe %GWnah?or?zo‘Mﬁﬂtl%e ddyignsTay which

significantly re uce the size, weight and

theraminé freeumisighe fosged ﬁ‘brft asingle hisskaf a sipglersatesighect or
wi Il not be part of the production flowpath of the
wel | head installation, the production fluid |eaving

Stut hRrther! thBappahaien Gfthe RBAREEGY FrorOt@tréd Boty signifidantly
bore of the tree body |ntothelateral roduct i

redbices pothhthe gzeang aveightofithe tresrhrdit gllowing it Fﬂeb% ?%rsed and
magp Rt i Shiohals RiBBHA to B e bdyber
contelt to dieferjuiremend of convertionattiésigas reéaqustiag sach on.

This in turn al] th t t f d f
comppreR(sip bedrarsAby ey REagalienaiRnbolen PhtasspmEles. In
e
i RV, ol PSR o e Al o BB o FRAGH A 12
bodly Besigmisitamity ihoregeedf rom a single bl ock of a single

material. Still further, the separation of the
connector fromthe tree body significantly reduces

Thé%fé Ecgtgyr ﬁgg%oﬁgﬁlswcﬂm oPhlllohthd pees bﬁd)(lal\@sl requingd far

manuf actured wi th many

thet:iﬁlﬂgm@eaﬂw ofthegvellhead insiallatiane s, in Pﬁe(%ﬂl??‘?ﬁ\e“lt dhe
e re I {
vob gk A I S SORLEIN P A3 QRS A

thrBQ{;gﬂﬁ]la‘iéM prRstRIEAON Bore.| It i$ hlrequwamehhef welthresid

instalations dhatdiy Fredurtgn iaveiaie Psiah io4st 448 MdapendRgE Means
for |§§é rﬁ@ﬁﬂ% é{gydcﬁgn POIERGM RAEwAl. hBBeROH isSa AdLilethefthat
the wellhead installation should comprise at least two independent means for
isolating any hydrocarbon flow from the environment, sometimes referred to
as ‘double barrier isolation’. Preferably, the tree body comprises both a
primary production valve, also known as a production master valve (PMV),
and a secondary production valve, also known as a production wing valve
(PWM) or outer master valve (OMV), each of which independently controls the

flow of fluid along the production flowpath.

In a further embodiment, the tree body comprises a laterally extending bore
through the tree body to provide a cross-over flow path. In conventional
horizontal tree designs, the cross-over flow path is provided by a separate
cross-over assembly mounted on the side of the tree body. By having the
cross-over bore formed through the tree body, the integrity of the cross-over
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the full operation of the wellhead installation. Thus,

in one enbodi nent, the tree body conprises at | east
wop@swal2se to control the flow of production fPai/GB2007/003149

t hrough the | ateral production bore. It is a

requi renment of well head installations that the

production fl owpath has at 8l east two i ndependent neans

for isolating the production path fromthe well.
flow pateis, in¢reased aesulfingrie reducedhzatential fapfluiddeaks.

Profahy. ol LBE SRADI B Elien A5 BIRTRROOT

witleiAVthé PrREEIYdy teatritionte fiel of flaid dlongshe dmsblm/eb fiowpath.
isolation'. Preferably, the tree body conprises both a

primary productlon val ve, also known as a production
R RN 0 R e SinaNe e b8y St
boresHre discidseel, fdﬂ‘dk)am;ﬂecﬂn USE 5814 07 ankk pendsed to/provide a

paif gL AETO §1 TRSahBPrechib g B 4B at1Rg BT to an
anﬁlﬂ%’ bbRAPtR fu gtr@f ﬁéﬂgéreXia%& tﬁ%d?\‘?rroq?tﬁé‘ﬂ&ldgﬁ flfethis R

to provide a cross-over

at
_ thecanmudurg passsigesanay batrapunteddo mpg&gﬂe ohfé!edrefsbordwas

S AR B Ry RO, By s

8, oifs@\eagg IhhEpfessd ertodiaent diahatrleddritangdntione tie #€e body
dy, the integrity of the cross-overflow path is

is nrnwd@dy@m oneelimara gnnlusdlpye passraesms rownin thedd

BB, 545 o 8 B o HRTB e G

fluidantough theanhulu fisw phssabesl dh'@ ;irbiernacb&spmv&ie the tree
ro ath. It . is known to for rizontal trees w

bodpih bt aSHiEaR SPUS Ve SIEn knoWadsan ShRas fatsle
valflé’r(/ﬁlﬁ\ﬁt’ﬁ/g"mr) uéegoﬁ %%l&@@aﬁ@d?éb%n%ﬁxdaé Qn@nﬂ\ﬁltﬁe a

the internal bore of the tree .
aceﬂssv\ahaa (ARV n(otmaertyeknawen aa themarkevearelabie)t &g integyiahg
han

comRBRGH. s JelhyBORE She oMl bt b s gy
ey SOR3eDEE [RSEA oS o s oo

It is a particular feature of the tree body of the present invention that the
forming and machining of the various bores, ports and passages extending
through the tree body is significantly easier than with the known designs of
horizontal tree. In general, the upper connector portion of the known
horizontal trees restricts access to the internal bore of the tree, in turn making
it difficult to bore and machine the various ports and passages. In the
assembly of the present invention, the manufacturer of the tree body has
significantly improved access to the entire length of the internal bore, allowing
all the necessary bores and passages through the tree body to be formed with

greater ease and increased accuracy.
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6, 050,339. In a preferred enbodi nent of the present
invention, the tree body is provided with one or nore
waealoeie3f | ow passages as known in the art. PredBEGRRI0Y/003149
the tree body incorporates at | east one valve to
control the flow of fluid through the annulus flow
passages. It is preferred ©o provide the tree body
with both a primary annul us val ve, also known as an
In thernalseof msizental tiees, it iIBNgquinentend donopkznation tinatl twe

g BT AR e R SR DE e T e it
theGREIPBORN RefefEiedin thidi respeers Aesdd, Her SrHpbIes td RN ER0R
h an increased int egrlt%&and reduces the potenti al

W t
Stangard Commpe Kesiuiresrants for Juhsea Christras eetSyaiems, U-CR-

004 o bPEFBy 04 LT RPNy Bhyrhofud GRS ol Rk o Bhn

plugsdinprstadaswislirengliugs. Gurveatiohdiehdrizeatd)ode designs
. significant|ly easier thapn with the known desi gns of
incagraraigreng ot %@é‘!"ol'ﬂd%&%’[ ,'SQWHJW@FS M Hepinternal

j f ' b L et ess
oo 8 g 81 B SR8 ke i o0t
invenfidn, duistan advantageatiht o indepandent solatiosn means neaydbe

. ssages. . I n the ass |,y of the present.inventiaqp, .
incfREaaR tee o8y GRstHBhodhe spRy e <SisRme B N5 i
turth w&gqﬁ? RBRRSSOF freb I0f irBErdl RdiARHt Melhs ! BRIthBleSEoRtion
bore, allowmng all the necessary bores and passages
meahs dorgihclusiont indke bed\bady dre iftlernaldrasd capsyarGninelina piigs.

and i ncreased accuracy.In the case of horizontal
trees, it is a requirenent for operation that two

In bt @R frdeHodySe bAbhtd W e RtemAI Bared@sharbiyniartithie with
tree to seal "and isolate the well bore. Reference in

thetmpans Ermennectionigibie eannesiaimppermoest. + Flee jgwyeygrnd of the
it B(ticHe s SBREEAGHEY 4 BERL rpanS tq BT SREsE o PRfhe
wthblF@hg.d §uitplerdm1nebtie@ ggemfs for h’mulmiting o therwellhead

articular wreline plugs. ventional horizonta .
hmfsf'@@aa%gn@wa- iThese _Sébg?%fﬁ@Cgm?%Q{éﬁY Rimfed during
the' RJiAY aAB MEARACIhE ot dfurbN eiRatively, for ease of

manufacture, transport and assembly, the means for conneéting to the

wellhead housing are preferably separate from the tree body.

In a further aspect, the present invention provides a wellhead assembly

comprising an assembly as hereinbefore described.

As noted above, the present invention enables a horizontal tree to be
prepared having an integral production flow path with significantly lower
potential for fluid leaks from the production fluid flow. Accordingly, in a further
aspect, the present invention provides an assembly for use in a wellhead, the
assembly comprising a tree body having an internal bore arranged.in use to
be aligned with the bore of a wellhead housing; the tree body comprising a
lateral bore extending through the tree body from the internal bore; the tree
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bore extendi ng through the connector portion of the
tree. In the present invention, it is an advantage

wao b@s/o2a2e2 | ndependent isol ati on neans may be iPCT/G8ew@7/003149

in the tree body, thus fulfilling the operation
requirements. This in turn | eaves the connector free
of internal isolation nmeand. Suitable isolation nmeans
for inclusion in the tree body are internal tree caps
bodyrfdriher ebinpesingugsans foreesinghe ptackistion dyaster valve andd

ith the int . b I ical, w.th
profusRn WIS YRR BN et ee AR Isartfe the S, il blfRg the
Iatéré’l?’}?dreend of the internal bore is connected by

sui t_abl e means to the exposed end of the well head
housi ng. Suitabl e connection nmeans for nmounting to the

[ h j k c
In qiFeEBrafavy i rAe LAY 16 BE Woeg RF AR U eg IR the,
proBBEERRGW MY flohPaRAHinaldre thalighehy latboal beas eullyf
manuf act ure, trans&g&t and assenbly, the rreansb{sgr

integsanuith theytree bork (hat Iseetdelitiney extemalikadias
corfFRRLALS S B R ha B hmetiar Ry e hERorapRed i de

sepRaw tarhpondit, tirstesd bydpsahiagenedes tr eontent to Hedcomector.
not ed above, the present, invention enahl es

ThsPBRRPB AR rabISHIPEP & CRAUPAGT N RARHR"R hub.
sucg'[) ?éjﬁcrél %yf H%f@@%&ﬁﬁ’éc&ien $b ABOPRAE! i ¢stWRhtional manner.

entral for ui eaks fromthe production fluid
flow Accordingly, in a further aspect, the present

In oRleT KaREnNS S eRr PrE TR i SRyBaf, e PedBoller na
coragri QARG shfy Valfed B EontAdl itige aowvafigrodlietidrofiid diroagh

ead housing; the tree body conprising a |ateral

thetieteeale.mtﬁdndtimgborﬁ, dheyMalvee beindsforpgy integraltynuith Heireg)
org. 1 tr . .S
bodipu ErstrEbHh B8 der et el Tt o Bplieass pldtior valve

(PWVRENnYal pRduictith Wirdieale ¢PVDE hotroofwhichalontriobthe faw of

fluid along the lateral bore. In order to allow the
fluidradeng g/ piagustion Hpweathand nanufact ured with the

The tree body may be formed with some or all of the other ports and valves
required for the full operation of the wellhead installation. Thus, in one
embodiment, the tree body comprises a laterally extending bore through the
tree body to provide a cross-over flow path. In conventional horizontal tree
designs, the cross-over flow path is provided by a separate cross-over
assembly mounted on the side of the tree body. By having the cross-over
bore formed through the tree body, the integrity of the cross-over flow path is
increased, resulting in reduced potential for fluid leaks or damage to otherwise
protruding flow loops and the like. Preferably, the tree body is formed to
comprise a cross-over valve (XOV) to control the flow of fluid along the cross-

over flowpath.



10

15

20

25

30

production flow path fromthe internal bore through
the lateral bore fully integral with the tree body

W@ 2dvan2ai232 not rel i ant upon external |y attachedPCT/GB2007/003149
conponents), it is preferred that the connector of the
horizontal tree is a separate conponent, the tree body
havi ng neans to connect tollt he connector. The
connector may be any required form of connector, in

In Ppreferell ambodimbnt sfthb presentrieventiony theutree body is provided

wntéggg%ﬁrﬁg&%\% B%wﬂq{asgggéqna%%é@g% g‘hgart@re%rabw, the
tred \ophgﬁdt RS a Igsﬁttérf\fvéwél’o ORI tEFIoW6F MAE BHDAGH

ocontro ow of production fluid through
thetdreulug Bowlpassages:t it inpleferced tohpravide/the thee hgdy vHtheepth

an BBay eSS eL KB AN Fibdaah i ALEESr P AR,
intédtdl &o bSﬁ’éWcB' ARyali, "t&s‘{:ﬁbVlaeé W\X/)annbl%fflo&f pathi wikh an

control the flow of fluid alon e production .
incfeasmodntegrifihand r@duqe@dbe peeria forfh#&%kﬁﬁr%ﬁ@sé’laﬂbl |
of the other ports and valves required for the full
operation of the wellhead installation. Thus, in one

Pre&fERAN, TRtindépehdent esdistibn means fordsolating ties alell\bore are
extendlng bore through the tree bo

inchxisgondne ire BSRyp I N 1NTG BFROGIENS A CRBITSAGRTap of infermal
lsoggﬁgqgégﬁ he, fL98SsA4Esn lE{JDeI%‘Hs%F *?\cluﬁ,lcm FPM'h@QFbé)Mo@/ are

Ss-over asse nmount on the side o
mtéﬂhal tréﬁ@aﬁ@@y\d vﬁy%imdevp!ngs 1 Adddmabsokaélpnme@nS @M@b@s an
rou the tree bo the integrity, .of,the ver
inteTaMTBA AP And WerlsBlg. ey s fllydel f ot 68 EERET o
de%lpéd ftbgiréva %h?ergéné&gaﬁeﬁnttrqe%wmm of lerweli.ng f1ow

referab the tree body is
forrred to conprise a cross-over valve (XO\/) to control

n bgé.ftg%aqw qug[ylog: a3 ocggntbﬁﬁe ﬁtgﬁnga;ﬁ}% é ﬁ%‘lebﬁzaﬁ with
thd ﬁ%%n@qab/cérﬁnd%ltlewt@lﬁ% BbiifeEuSermust. a‘heubwer ehoof the
passages as known in the art. Preferably %é] glt rf?tl‘iee

intbu) bore: isrqsmnectes! by suitable meansig)the exgos

wellhead ougnld' dsdlgrb?éjggnnectlon means for mounting to the wellhead

housing are known. These may be formed integrally with the tree body during
the forging and manufacturing procedu}'e. Alternatively, for ease of
manufacture, transport and assembly, the means for connecting to the

wellhead housing are preferably separate from the tree body.

In a further aspect, the present invention provides a wellhead assembly
comprising an assembly comprising a tree body having an internal bore
arranged in use to be aligned with the bore of a wellhead housing; the tree

body comprising a lateral bore extending through the tree body from the

internal bore; the tree body further comprising a primary production valve and
a secondary production valve within the tree body to control the flow of fluid

along the lateral bore.
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the annulus flow passages. It is preferred to provide
the tree body with both an annul us naster valve (AW)
wa@pasarn2annul us access val ve (AAV) as i ntegral PCT/GB2007/003149
conponents. Again, this provides the annulus flow path
with an increased integrity and reduces the potenti al
for fluid |eaks fromthis path. Preferably, two
i ndependent isolation neans for isolating the well
In generahsebsea wellbdad instéilatione eobydtise aroheke vialvaassemply in

| he . ~ . ' ' '
thegioALEIS" G0 RE TorEtanataviigh 'Y ecteies 7 Rgssiie PERRS
proRBYoRFiBid ol KR wélr SrésS@istoad kvel thel cas bel hgfilled by the

Additional isolation neans, such as an internal tree
dowagtrea productioreintaligtionmalt in sonyrntignalipracticn do include such

1 . :
@ SERENRbE AT el Tt Bl iy HVBRERY, i chole valve
as&ablyiis neurRed eliferlly dowhstréatharfied phuhwetigavengivaive. In

vertical, wth the nmeans for connection to the
knewn hegizental eeasssmbligndqth s p&ﬁﬁ”&ipnt‘/ﬂeg Vatverary the

. . |

o Fls® SRR S B R o e St
meangnifisuftable higk preddune adnhectikingg Ibisearkadvantage of thenay

o grian Wk atdart e PeL st B4 iyt fratea

ns for con Ing to thé well head housing are
copirelf gy thihe inkep o tteectfokemnialvreassamblyody. In a further
aspect, the present invention provides a well head
assembly conprising an assenbly conprising a tree body
Aceémm@%,a@ fiirfe@T el cber the Pre gargamvériongerotideb e wliiysert
with the bore of a wellhead housing; the tree bod
asg@gp% 1 partigulasecsulisepovalineRdAsSERIPIY oIS IRg 8 wéllhead
0 I SN :
oSS T, bl b PO 1RE Eroddle A GRcifapi i adcil, the
hoBEOetaf ire@msyembly vorhprising lzetrée bedy bdyingarcimtemal boriee

alignest vith b estn! Bace o T weltaApraag WETRREYal v

coﬁ?p?f:smﬁ ¥ 14tBral bore extending from the internal bore through the tree
body to provide a production fluid flowpath having an inlet in communication

a vflnéei@e%ﬂsé‘ss%fm ,g@tB@rabg %ﬁ’infﬁg@ﬂ%ﬁﬁﬂhctﬁfmﬂlﬁaﬁma‘m witheflow

with the internal bore of the wellhead housing and an outlet; the tree body
comprising integral flow control means for controlling the flow of production
fluid through the production flowpath between the inlet and outlet; and a
choke valve assembly having an inlet in direct communication with the outlet
of the production fluid flowpath; the arrangement providing in use an integral
flowpath for production fluid from the internal bore of the wellhead housing to

the inlet of the choke valve assembly.

As noted above, known designs of horizontal tree require an external
assembly connected to the exterior of the tree body to provide the required
cross-over path. As also noted, it is an advantage of the present invention
that a horizontal tree is provided that has an integral cross-over flowpath
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the production line, the function of which is to
reduce the pressure of the production fluid to bel ow

wowrdoB/opressure to a |l evel that can be handl ed PgT/GB2007/003149

_ downstream production installation. It is conventiona
practice to include such a choke val ve assenbly in the
wel | head assenbly. Typically, the choke valve assenbly
is mounted directly downstream of the production w ng

extéatirg. throudinipertrdwbodyp nAad:orﬁrmgw arsae‘uttheeaspénjt thetpresent
producti on wi ng val ve ve ass ly are

iy 1:and t he F‘ *
eBHpd REMdeSBY ﬁ‘ﬁ‘é%lmg%’t of HaP I“i/at"@ f’?@dt NEeaSSMP¥ans of
coﬁlﬁ'n%.ﬁg'a?tr@é %%d?rr%%m &n REmesbbRNSrrahded b @b RONAAT d@%ﬁ

resent’inv jon that a horizontal tree
withghe |bove déd wdilaead hoesingn Hteatrée oty cammlalngeadateral bore

SR 4 o BB Pt oo
coﬁ{é‘ﬁgﬁﬁ VAR saneR BBl exeheMgdafahly throligh tHetrea bioeigt  of

esent invention provides a wellhead assenmbly, in
partlcular a subsea wel | head assenbly, conprising a

Th\l\ﬁ‘hl%? fo%g% %Ersqsg%\)%g ¥ E@nﬁ% ﬂr@ﬁ@[—zq‘e akﬂ%(/@a]ﬁl?% St

hori zon

thraGgR e YrodueEbh pigedine etrfdemdlﬂﬂb’ pl‘p&vneg Imaddlhrbar thes! cross-
bore aligned with the internal gore t he wel ] hea

ovebberierdjlowsHibetnresswidy the apRilys Agwpa o depOigRlBd Wit the
pr&FOM ﬂ’% eﬁFoB[]bt'i é\ﬂéglrhn"# urg%p'eth%mreg%véh@onter igfhs@@%

0 provi a proaduction flu 1 owpat h havi ng an 1 nl et
cirtulatofiuid betabena workbvehtest striegreadd therannsug redurn path, for
wel | head ho %Lg and an tI et; the tree

exBGHRIA Toiah T Becies: Bhatdeht SR Auids, pyshyas
dripiﬁgmrgg%' Rinliguist fnaruéll ui d through the production

etween the inlet and outlet; and a choke
val ve assenbly having an inlet in di rect comuni cati on

Wi | et t he ! ;
Thig e sE e sEo0tbe FSFORER W soufo b b RE S mdsr
cr@srsogx%‘rt\}a%sf | IH'éjpféf@rfﬂé(B Bfrahpemienal thb dree Isddyt imether
| head housing to the inlet of the choke valy
comg@mpyowsmn for at least one cross-over valve to be mounted integrally
within the tree body. In this way, the integrity of the cross-over path is
maintained and the possible leakage of fluid from the wellhead assembly

significantly reduced.

As discussed above, in order to allow the tree body to be forged and
manufactured with the production flow path from the internal bore through the
lateral bore fully integral with the tree body (that is not reliant upon externally
attached components), it is preferred that the connector of the horizontal tree
is a separate component, the tree body having means’to connect to the
connector. The connector may be any required form of connector, in
particular a hub, such as a re-entry hub, for connection to a BOP stack in

conventional manner.
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As noted above, known designs of horizontal tree

requi re an external assenbly connected to the exterior
w@booslz0282 ee body to provide the required crosSBEDGBR007/003149

path. As also noted, it is an advantage of the present

invention that a horizontal tree is provided that has

an integral cross-over flowgathextending through the

tree body. Accordingly, in a further aspect, the

In RF@SEBtoroWde i ipfedPa ol BstiGHIRE FRWYah,f1AE %‘ée?
wel | heellod t he assegq’ Io"))’/lrbcon'plnrl Si ng%g‘wtree bg : |ng

prefierably somuirises e apcesapsy valveade coutrobthamogweﬂp reiduietion

ruld BB et ERlal B b 156 B8 U cpmpyises
boltedyprodactidrieaster eave! (PRMVEand BerbdestidPofing Ve epwv),
bo(grhrrgwbsl ng a cross-over bore extending |laterally

ieh grnteql dhe o f fitrigdkalppg dhe Bredsictian élpw@ﬂa)ver

bore is to provide for a flowath to circulate fluid
t hrough the production pipeline and annul us pi peli ne.
In larpraﬂad'retd empotiingerdraf tlse pessend rveatiboyvihettter bods fstmevid@d

5ot PR b S o b o e e
f
R e G

the snnulys Iﬂomea%ageerréhsmabdrelm togovidadheg dreerbaxtyndith both
f | UI d nmuds, in the
an s ft ot U e AR s ol Bk TR |
integrHl b@iﬁpwems OAgaifl] thi®pRVIdeSthe A RTUlVRG path With an
preferred arrangenent, the tree body further conprises

m%e@w%ir@gﬁtw ranstredé@@,& th@mot@ntb@s‘%ﬂwd Igalfs,/lomdhisepath.
nmounted integrally within the tree body. In this way,
the integrity of the cross-over path is maintai ned and

Preﬁeealﬂp,sm'rdoinelebeaét@ﬁdsdétlém Hehnkrfonsolingethe heslidbore are
%’M‘b % signifi c ntly reduced. As di scussed above, in
in in e g 0pdhel 'E"ﬁé'éWBd?aYQﬁ the qangstprdiqe of intemal
e
s REEHEC SUGER (oBBtBh SUAH O8I R el Fogbbly are
mte:rtahtrelae:aplseandawmgllr(a blagsi s not reliant upon
externally
In use, the tree body is oriented with the internal bore generally vertical, with
the means for connection to the connector uppermost. The lower end of the
internal bore is connected by suitable means to the exposed end of the
wellhead housing. Suitable connection means for mounting to the wellhead
housing are known. These may be formed integrally with the tree body during
the forging and manufacturing procedure. Alternatively, for ease of
manufacture, transport and assembly, the means for connecting to the

wellhead housing are preferably separate from the tree body.

As noted above, the assemblies of the present invention are particularly
suitable and offer significant advantages in the manufacture, shipping and
installation of wellhead installations in remote locations, in particular subsea
wellheads where the installation is a considerable distance from the rig or
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attached conponents), it is preferred that the
connector of the horizontal tree is a separate
w@orvporiest , the tree body having neans to connBCT/GBR007/003149
t he connector. The connector may be any required form
of connector, in particular a hub, such as a re-entry
hub, for connection to a BGP stack in conventiona
manner.In order to providde an integral production
platforu dpétatimgahe welhelhe asserobliespefdhe nagsentdovantionearet he
ecegsary valves to contral the flow of .oroductiaon
parfGRRY BHYatigaetHs Wherdrier iRt Bh e BhEa liginpad
install8tidH<eat R AEptLONIY {58D0b% 1@ 0D0OS.i on master val ve
PMV) and a production wi ng valve (PW), both of which
control the flow of fluid along the production

EmprdEReGior tfk, Bl PSR URPHOTR A erbRE, BL SR8
exammiiel oty HaamPasergee tashkaoyempanyihg deawingBy ifehiahi v,

the tree body incorporates at |east one valve to
control the flow of fluid through the annulus flow

Folfh Aol B O AR e mmdig,
horonés Srechsseniifp\decasdingitoe fiedt entbguiment of thegaliesent hi s
. provides the annulus flow path with an increased
INVeRltyrity and reduces the potential for fluid | eaks
fromthis path. Preferably, two i ndependent isolation
means for isolating the well bore are included in the
Figuree® ibadsjde Fleivatiom of anwellhead @ssemblyacensdingrtora secastd
Lnter nei ol ation.means. Suitable isolation neans for

[ . .
embﬁ%m@? &fltﬁ%pf‘??&n“rév?ng@a& are internal tree caps and

wireline ptugs. In use, the tree body is oriented with

the internal bore generally vertical . wth the nmeans
Figtiee 3d® anectical srass-semtionshyiewtaithe pellhaad @sserbly elleigure
2_end of the internal bore is connected by suitable
'means to the exposed end of the well head housi ng.

Sui tabl e connection neans for nounting to the well head

Figur Aty Seaies) Com-spehional iew of & wallfead aSSSHbR or' tihdr

embodiment of the present invention;

Figure 5 is a vertical cross-sectional view of the tree body or the wellhead

assembly of Figure 4; and

Figure 6 is a vertical cross-section view of a wellhead assembly of a further

embodiment of the present invention.

Referring to Figure 1, there is shown a wellhead assembly, generally indicated
as 2, comprising a horizontal tree assembly, generally indicated as 4,
according to a first embodiment of the present invention. Shown in Figure 1 is
the upper end of a cased well having a wellhead housing 6, in which an

uppermost production casing hanger 8 is mounted in conventional manner.
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the forging and manufacturing procedure.

Alternatively, for ease of manufacture, transport and
wa@s®eni2y2 the nmeans for connecting to the wel PeEGH2007/003149

housing are preferably separate fromthe tree body. As

not ed above, the assenblies of the present invention

are particularly suitable asd of fer significant

advant ages in the manufacture, shipping and

installation of wellhead installations in renote

cations, in particular subsea well heads where the
THe RS o e e bl s ep e Peihonydl G rapinte fo Fhe

upPeP kAl ioPie fRfhedd HSuélH r x: Cheaﬁ?%f%i&@ﬂ?!:ﬁojia@nwgw 12,

present invention are

a Qm‘é@cilﬂnmlﬂepléhmcbbolt@datl ons, that is well head
installations at a depth of up to 3,000 m (10, 0000
feet). Enbodinents of the present invention will now

ThearsB6dy hethash ‘ﬁ?éfnﬁf b&‘éaf@'e%téf%ﬁgcﬁmé‘ thd Je‘?\gr%f ence

to the acconpanying draw ngs, In gure Is a
longitydinad axisi of g trepdwodyfand ahgnetde\mm &sasmmml borepinithé ng

wBRA ARl ATERTIEIRLY SHSRISIAP bR et 1o

thrsugla tied reatiody 10, 1 opdrbieAdha saerd bore20reiines fa%cﬁvpath
nd, enbodi nent of the cgresent i nvention; Figure 3

foﬁ Ry Ogqurt ﬂla@hfrom the wellhead paging Bevia die tternabbbrech8l of the

' rt.i cal .
tre@r 0Ss -sectl 6§d @?‘e'ﬁva%'r%rga&gf%féj’&&é@tgg %66 gxtegior of the
tree unadyetO ahﬂnecbpmMg of theHatepaldsre 20 ancbedntedls the guideofd
a ? SS |onaI view of the tree body or
pracetiol ik &8 plsTor beteqancairam Bncvalingarassomby
vertical cross-section view of a well head assenbly of

a further enbodi nent of the present invention.
Anmwrfhm.as@gasgm and 26tederd tlsonsgfome reavbbbih ef@dabove and

be%%ﬁ@ayeralggor}grz%, rgys gvel?/, and have exterior openings. Annulus
control valves 28 and 30 are mounted to the exterior of the tree body 10 to
control the flow of fluids into and out of the annulus flow passages 24 and 26,
respectively. A circulation path, arranged external to the tree body 10 and
connecting the annulus flow passages 24 and 26 is indicated by dotted line 32

in Figure 1.

Two wireline plugs 34 and 36 are shown installed in the internal bore 18 of the
tree body 10 above the lateral bore 20. The wireline plugs 34 and 36 provide
independent isolation of the components described hereafter, and ultimately
the environment, from hydrocarbons or other fluids in the production flowpath.

The horizontal tree assembly 4 further comprises, as a connector, a well re-
entry hub 38 mounted on the tree body by means of a flange connection 42
and bolts (not shown). The hub 38 has an internal bore 40 aligned with the
internal bore 18 of the tree body. Together, the tree body 10 and the hub 38
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as 2, conprising a horizontal tree assenbly, generally
indicated as 4 , according to a first enbodi nent of
W b@sp2esent invention. Shown in Figure 1 is tPET/GBR@N/003149
end of a cased well having a well head housing 6 , in
whi ch an uppernost production casing hanger 8 is
mounted i n conventional nanner. The horizontal tree
assenbly 4 conprises a tree body 10, nounted to the
forop ther herzbriél trdseawémmvmdrfonsimwﬁthb;smmarm‘er %s known
h Erodeﬁlonﬂponnect a cqnnection rlng 14 and
ofEPHET S e Srnaeiaase foSFAROLIN V(PN OBor o 18,
extendi ng al ong the central | ongi tudi nal axis of the
~ tree body and aligned with the internal bore in the
Theduhd3maolos prq,}n@ed with at farther Isotationimeahsfos ekampld &e

it BB b Wl itli? ﬁﬁ%gotﬁg%ftmraﬁ%@\%?&@%gone;rgmm heingr
caffeeuowt irosrdel ¢ guﬁ;ﬁl@mehhﬁwé"ﬁ\}d BS%@loﬁ%%\é@ﬁ a¥ :C:ita?féo frF]Hethe

internal bore 18 of the tree bod produ
trepddyr1Qal ve 22 is nmounted to the exterior of the tree

body 10 at the opening of the lateral bore 20 and
controls the fluid of production fluid through the

A blaweuapréweneera(amn)mm donvenlibha st RENNMwn m%ébﬁto

assages 24 and 26 extend through the tree

| ow
fhel'tbulaégv@ Gaiyeplipal marneraiibwil be)aperezimted &ratdbe |hwb| 3,5

eyl A ¥R0SH 1o b MIc R ey P ot g ey Rt
theewelbontrol the flow of fluids into and out of the

annul us fl ow passages 24 and 26, respectively. A
circulation path, arranged external to the tree body

Thé @nBBHimRADSRoGWASh Fifrén nglawr;ggfgéewﬂﬁé Qﬁaﬁnﬁrﬁ@& G°

is indicated by dotted line
comppaentsdnisiggisvintheniteesbody e Irspamnuian sit will leel noted thet the

profib B8 SR lven 28 28, o Sinemel Bt s body To!

WHiledRigedregigerhsst rﬂfbk/ilés %ftré@ SoG? B'F’Fb’lﬂ&ba GBS cnr i %?Qferred in

hereafter, and ultimately the environnent,

maRy $2§68 9dAEM dhe dierdrody) withimany Iniegr@irqmcnmmn&rﬂs as will be
deddrBeRA Y shown in the following embodiments.

Turning to Figure 2, there is shown a side elevation of a wellhead assembly
according to a preferred embodiment of the present invention. The wellhead
assembly, generally indicated as 102, comprises a conical guide 104, which in
use is used to guide the assembly onto a subsea wellhead, so as to mount the
wellhead assembly in a similar manner to that shown in Figure 1. The
wellhead assembly 102 comprises a tree body 106 and a re-entry hub 108
mounted thereto by a flange assembly 110. The re-entry hub 108 is formed
with an upper end portion 112, as viewed in Figure 2, of conventional design

to connect to a BOP or the like.

A production choke assembly 114, which may be of conventional design, is
shown in Figure 2 connected to the production outlet of the tree body 106.
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The horizontal tree assenbly 4 further conprises, as a
connector, a well re entry hub 38 nounted on the tree
whoeoag/oz3neans of a flange connection 42 and bPCT/6€BE0WG003149
shown). The hub 38 has an internal bore 40 aligned
with the internal bore 18 of the tree body. Together,
the tree body 10 and the hulg 38formthe horizont al
tree assenbly and function in the same nmanner as known
hori zontal trees, for exanple those described in US
5,544,707. The hub 38 may be provided with a further
Alsg shewndm Figilia2 arfectheaciuatbes fan thenvatioud valvesintegrahia the

i ' d ded, by th [ bei
e b, 155, Toteinals nEARD PRt ah P Rt aear e
(PM\NGB1634 utbndary prodietibh ee pRstilictidh wirlg RaREQPVY) 118,
prevent er gBCP? 44 of conventional design is shown
anmwiis lveo 1201 338nd 8 crpss-everNalve dddl manner. 1t will

be appreciated that the hub 38 nay be arranged to
couple with any equi pnent required during the lifetine

Thef cdrhponeits of Thewelibheatd oesemblyordd ofFiGUgUR @rd shéwn in
[ nents i ntegral

rranged with a . ni mal] nunber of como
Ve%'%ilc 95s-g88en1R gﬂurgﬁ’)-p w'ﬁlmeaﬁe,enm vpvre ethgdtesybody

' I ; e
10 ARUATETHSIS P SRR, S ren B Tt
latpral\iode 4 28 exterelsihdyuglf thectdes bddy i1 06 fram thesindersaébored

e dh i St Snrisar ProiciBnim et ates Udd Avat hatg farmed
in thetré8boa AshHrRAh Ml 3 25CBUREs [ RavthgVaRekeatd here
is shown a side el"evation of a wel | head assenbly

maefiredithejeino Additienahoses i showerin Figurend gxtenreiito the

e B OE 3nd BB B ot Vet PREET e
valigestetroafid e ahe prssdaratoesyfopastuatdTs @ positiohehd vahe
as to mount the well head assenbly in a simlar nmanner

stery andgatenaswequirad. gure 1. The wel | head assenbly 102
conprises a tree body 106 and a re-entry hub 108

The tree body 106 further includes annulus flowpaths formed by bores 130
and 132, with their respective control valves 120 and 122. The bores 130 and
132 are formed with cavities to form the respective valves, in same manner as
the production valves, as described above. A bore 125 is machined into the
tree body 1086, fluid flow through which is controlled by the cross-over valve
123.

The choke assembly 114 is connected to the exterior of the tree body 106 by
a conventional connection 134. [t will be noted that the production flowpath
through the internal bore 126 of the tree body 106 and the lateral bore 128 up
to the connection at the inlet of the choke assembly 114 is an integral
flowpath, with no joints. It will thus be appreciated that the integrity of the
production flowpath can thus be significantly greater than a conventional

production flowpath comprising several separate components. This in turn
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nounted thereto by a flange assenbly 110. The re-entry
hub 108 is fornmed with an upper end portion 112, as
wo@smeed28n Fi gure 2, of conventional design toPCDGB2®Y/003149
to a BOP or the like. A production choke assenbly 114,
whi ch may be of conventional design, is shown in
Figure 2 connected to the preoduction outlet of the
tree body 106. Al so shown in Figure 2 are the actuators
cdrosighificantly replige\the potentii egieakd of iligs, tin artradyr 106,
)a}cl u%i n I%ri mary production or production nmaster
hypgpGar PP%M?O the wellbead @$8e108 oduct i on or producti on
wi ng valve (PW) 118, annul us valves 120, 122 and a
cross-over valve 123. The conponents of the well head
Thees seanisyfold Béladingheg imterrial doee $26 i thentree bodgalbove the

ross-section in Fiqgur As_will _be seen in Figure
e R A s e BMiRs A Fibure: A Top Brasonsgor oIy,
. g i . _
AN KBSl B SAOMaNTS U Bigps o
descoihed edovatie coanedimnewitiTrigyse ilmar y and secondary

production naster valves 116 and 118 are forned in the
tree body, appearing in Figure 3 as cavities, having

TuralietosEiglfe 4BRBIRGHIW &8ivblihAddidssembly, RrenefallyiRbicated
shown in Figure 3) extend into the tree ‘body 106 and

a54@d rifttdirgeeon aripbsea welibead hwusiioy 294. iThepearmpengnis of the
i f

wellatfaseniyy 302 BN PR | FERRRS 2 A 3,800

desedbed dereifibefore.e AcbodiindlPecdrmipdits icorinicie o tenadsesnblies

fl, ths f d hy b 5 130 d 132, with their
°fr'4é§®%gt3 3ed %r}gﬂreﬂ%%@aﬁna_ﬂtﬁ e 1oferendRnyBPEs 1360
diff8éntag pahfed fH@EQnIWEHanéﬂg Ishbf iﬁ‘?—'iélﬂﬁg‘?} 85d 4 are as

respective valves, In sane manner as the production
folaws:es, as descri bed above. A bore 125 is nmchined

into the tree body 106, fluid flow through which is

controll ed by the cross-over valve 123.. The choke

Trgtsg%ﬂ{ia%lyézb@ ASSKROWREE FRAINE 2 fuRReXdAptises alBOP S0 ee
)0

mounted on theyupper end portion 112 of the hub 108. The BOP 206 is of
conventional design and comprises a guide funnel 208 for ease of landing the

BOP on the hub 108.

The tree body 106 of the assembly of Figure 4 comprises an integral cross-
over bore 210, shown in more detail in Figure 5. The cross-over bore 210
extends laterally within the tree body 106 from the junction of the annulus
bores 130 and 132. The cross-over bore 210 intersects the bore 125 in which
is formed the integral cross-over valve 123, as hereinbefore described with
respect to the production valves. The cross-over bore 210 and the bore 125
provide a fluid connection between the lateral bore 128 and the annulus bores
130 and 132. Fluid flow through this cross-over flowpath is controlled by the
cross-over valve 123.
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a conventional connection 134. It will be noted that
the production flowpath through the internal bore 126
wo@Roosh2z0282 ee body 106 and the | ateral bore 128P@PGBR007/003149
the connection at the inlet of the choke assenbly 114
is an integral flowpath, with no joints. It will thus
be appreciated that the intggrity of the production
flowpath can thus be significantly greater than a
Ar anneluisi winglvapreolsloek 292 i€ temmaitad ¢ Iy éxxerner 6ei@Itfde body
separate conponents. This in turncan significantly
10%0@ E0MREISES BARNNMILS bere 2kkandanfanmulies wing valve 216,

CRRNEHR O O AR DN hE APRELR ohfen IBOSTBERE 1

tree body above the lateral bore 128 have been omtted
re 3 clarit However ,

Pk Uk Bssvet flawp ﬁ'\o taigudtiboess ped yelygs nternal 0 She
|nté@$élahl|tr@fﬁé3ﬂ§e B%d?‘égﬁf ﬁ%@ﬁaa%@@‘fﬁeL g@gﬁgﬁ% mngbﬁtgl tree

Firgure 1. Turnin Figure 4
asgemiy andgeducas he mﬁamﬁailfdnyleahsi pt hydrdcasbdBanchoihleavell

IIh ad housi ng, 204. The conponents of

ﬂ@ﬁ%ﬁ“ﬁﬂﬁ%gﬁw Iy 202 are generally as shown in
Figures 2 and 3 and descri bed herei nbefore.

Accordi ngly, conponents common to the assenblies of

'A?FW@UP%@PBFQWﬁied frane Figwie Sathaitree bedy 1196 ofdhe presentence

iR e Rt LR R B0 48 P BT Pl BB et g
coiﬁﬁ}?acaarmffmmble Rofipdueat, 4héttkfetrhl@é desigpet e rmaBRcRHEd to
portion 112 of the hub 108.

sur%?%r?%%%u%@@tq%g e BBl ot aeathan cea b AR g0 a
e e v

reqomwneﬂks an integral cross over bore 210, shown in
nore detail in Figure 5. The cross-over bore 210
extends laterally within the tree body 106 fromthe

Al HREnaATe @MmBJ#mBRNSY tHe present invention is shown in Figure 6. In
Figure 6, there is shown a wellhead assembly, genérally indicated as 302 in
place on a subsea wellhead housing. The components of the wellhead
assembly 302 are generally as shown in Figures 4 and 5 and described
hereinbefore. Accordingly, components common to the assemblies of Figures
4 and 5 are indicated using the same reference numerals. The differences

between the embodiments shown in Figures 4 and 6 are as follows:

The tree body 106 of the assembly 302 of Figure 6 comprises an integral
annulus wing valve arrangement. Thus, an annulus bore 304 is formed in the
tree body 106, extending from the junction of the two annulus bores 130 and
132. The tree body 106 is further provided with an integral annulus wing valve
306, formed in the tree body as hereinbefore described with reference to the
other integral valves. The integral annulus wing valve 306 provides a control
of the fluid flow through the annulus bores 130,132 and 304, in addition to the
control provided by integral annulus valves 120 and 122. It will be
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bores 130 and 132. The cross-over bore 210 intersects

the bore 125 in which is forned the integra
weems®29er val ve 123, as herei nbef ore descri brdr/aBRiw7/003149

respect to the production valves. The cross-over bore

210 and the bore 125 provide a fluid connection

between the lateral bore 128 and the annul us bores 130

and 132. Fluid flow through this cross-over flowpath
ap%%c?é?@& fRat tRE tid Bty 108 By g fall istelPa afvmubusvalvss

ng val ve block 212 is connected to the exterior of

120h22,1308 andignnaies hees b3 B2e304Pramides @ yypdus flgwpath

.and an annul ' | ' il
wif & FRE dateer b Hieti dngBy risiic frpthieofia BNt
ledkBErdth QESHPURS tréé bopyiriothe engirodmers and val ves
internal to and integral with the tree body again
increases the integrity of the horizontal tree
1t e BRI ey BF FRAKE Pl ccttpifs 2 B0ty of the
highest megritat havisg il the peocustiorcannwds andraresyaver imres igad

t.ree body 106 of the present. inventio i :
theibiasPRaR P ERs PR SePOTTR IO YBvat Tolfieg ntegrally
wiltirsthetréopBapt and flexible conponent, that can be
desi gned and” manufactured to suit a particul ar need.
This flexibility is further enhanced by the ability to
conbine different tree bodies and different hubs, to
neet specific end use requirenents. An alternative
enbodi nent of the present invention is shown in Figure
6. In Figure 6 , there is shown a wel |l head assenbly,
generally indicated as 302 in place on a subsea
wel | head housi ng. The conponents of the well head
assenbly 302 are generally as shown in Figures 4 and 5
and descri bed herei nbefore. Accordingly, conponents
common to the assenblies of Figures 4 and 5 are
i ndi cated using the sane reference nunerals. The
di fferences between the enbodi nents shown in Figures 4
and 6 are as foll ows:
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The tree body 106 of the assenbly 302 of Figure 6
conprises an integral annulus w ng val ve arrangenent.

wabas/02@s2 annul us bore 304 is forned in the trPer/osey7/003149

106, extending fromthe junction of the two annul us
bores 130 and 132. The tree body 106 is further
provided with an integral ul us wi ng val ve 306,
formed in the tree body as herei nbefore described with
reference to the other integral valves. The integra
annul us wi ng val ve 306 provides a control of the fluid
fl ow through the annul us bores 130, 132 and 304, in
addition to the control Q§o%' d by integral annul us
val ves 120 and 122. It w LA ppreci ated that the
tree body 106, by having fully integral annulus val ves
120, 122, 306 and annul us bores 130, 132, 304, provides
1.an dhassemblydepese onia webhaast, fhépgserablyreamprising:

i nt egy. ] ntial for.flujd.

| carcrbb Pock RN At e FaEbgb gl Fsia b richs it
thétbove bf alveslibead Housing: lite Bres ®adly coniprisitiadatéral bore

coné)ri ses a tree body of the highest integrity, having
exending Epugh dee freg bosdyTamdha e 8et&ver bores and

t hei j '

val g RSl NAn8l bpYis e [ Haknc il £ gk fihector
solas finalggsthetinterhalrbare of thre feablodiiedth an irdeasd eote in the

co I Sing: t.ree body having an. interpal bore
colppGiasaa Use ediasedy 4d di.conadion getsr dogring a
hoebhiRgadehousi ng; the tree body conprising a | ateral

bore extendi ng through the tree body fromthe internal

bore; the tree body further conprising neans for
conngct | a npect or, so.as,to .aljgn the interna
2 por & gy 2CRRNTE I oAt 1” Ml A the BohaSetar s Rtb.
connector, in use the tree body and the connector
toget her formng a horizontal tree. The assenbly

. . " 2 N .
3.accdrt axparePly paraiding ithelpi 7, whereibihe buibris adree rridntry
h@'foreﬁnﬁé&%mbya{ BRI bRl ehterc! @ m 2 . wherein the hub
I's atree re-entry
4. The assembly according to any preceding claim, further comprising at
least one valve within the tree body to control the flow of fluid through the

lateral bore.

5. The assembly according to claim 4, comprising a primary production
master valve and a secondary production master valve to control the flow of

fluid through the lateral bore.

6. The assembly according to any preceding claim, wherein the tree body
comprises a laterally extending bore which, in use, provides a cross-over fluid

flowpath.
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hub for connection to a bl owout preventer. 4. The

assenbly according to any preceding claim further
w@owpi2@sng at | east one valve within the treeP@DGB2G00/003149

control the flow of fluid through the lateral bore. 5.

The assenbly according to claim4, conprising a

primary production nmaster yalve and a secondary

producti on naster valve to control the flow of fluid

7. th“PHS*ésEEr%bc}ﬁé@d ms%%lau@]@ fliRReBssAPhSivigat teusiiong
to an rece clarm wherein the tree body

valge mjﬂwnsthe tiee bodv 10 contexittba dowgolifhie amgc‘lhlmhlgh thedaterally
tha gﬁes a cross-over fluid flowath.7 . The assenbly
eXigog e to claim6, further conprising at |east one
valve within the tree body to control the flow of
fluid al ong through the | ateral llégeXt endi n

8. The The sisaBMplLeeTdingJoERYANSCRHIBE SHRIMy "\é]eg?—' fh%@%‘?‘?ﬁy
CO@B%%%@,&%@%%%%{,;@ 2k %east one annul us passage.

y accor |ng o claim8, further
conprising at |east one valve within the tree body to

SRR R e e T
vaf‘()’@%ﬁ'hﬁ‘ thd'Geb rb%@x@@%nﬁ@%é'fﬁﬁﬁoﬁﬂtﬂd ialg/ thanereath annulus

val ve and an annll us access valve within the tree
pabgatye. 11. The assenbly according to any preceding

claim further conprising two i ndependent isolation

means, in use to seal and isolate the production bore

100f qrh\éﬁééseh&blw!ac@drdtﬁgetoacﬁaﬁnm whegie mmaee Mdybbmp?lses a
assenbly accord Ig(g to claim1l, wherein
A

primady pand st valeoa arawmﬁsa%ieésy@l\@cw@faﬂnffh%ﬁﬁqﬁ%q\hal
tree caps and wireline plugs. 13. The assenbly
according to any preceding claim further conprising

11.  The assembly according to any preceding claim, further comprising two

independent isolation means, in use to seal and isolate the production bore of

a well to which the assembly is connected.

12.  The assembly according to claim 11, wherein the independent isolation

means are selected from internal tree caps and wireline plugs.

13.  The assembly according to any preceding claim, further comprising

means for connecting the tree body to a wellhead housing.

14.  The assembly according to claim 13, wherein the means for connecting
the tree body to a wellhead housing is detachable from the tree body.

15. A wellhead assembly comprising a wellhead housing having an internal
bore;

an assembly according to any preceding claim mounted on the
wellhead housing, the internal bore of the assembly being aligned with the
internal bore of the wellhead housing; and
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means for connecting the tree body to a well head
housi ng. 14. The assenbly according to claim 13,

wob@sm2a3t he means for connecting the tree bodpCT/6B2007/003149

wel | head housing is detachable fromthe tree body. 15.
A wel | head assenbly conprising a well head housi ng

havi ng an internal bore; amapassenbly according to any
precedi ng clai mnounted on the wel | head housi ng, the

I nt eg eahngabfe hal inp@ i\f\%‘iﬁﬁfgda%ek?ﬁbﬁ\ﬁea'drglﬁgdaégefﬂblfi,hrﬁe

internal bore o housi ng; a connect or
internahigprarofithe eonaéctoobeingralighed vith thiedntessalitidre of thee

i nt nnal bore of the connector being aligned with the
ag fral bore of the assenbly. 16. The wel | head

assenbly according to claim 15, further conprising a

bl owout preventer nounted on the connector. 17. The

18w | herawelbsadigsgemblyorasionging 6o @laimgﬁ, dﬂﬁh¢ra¢ompd$n?e
oiptop B B tbryt Gy TR b oS "assenbl v accor o ng

to any of clains 15 to 17, wherein the well head

assenbly is a subsea wel |l head as,serrblé. 19. An )
Tassehis allbpad gesembly aracrdingdo efther akadaints §o or 16, wherein

(Y I j ' al bore
BT B & O e R o DB o
wel | head housing; the tree body conprising a |l atera

Bt ETR e e B AP B R

thenAslitREIORSeHp P8 duBseL RRINGAY aBtaribiL F on val ve

within the tree body to control the flow of fluid

along the lateral bore. 20. The assenbly according to

lai . 1 rein the tr dy conprises neans for
1€ ondoeeng By BrlshIf s BsAflchecio R 3E Tl g Sre
bdd}t IgViAg aBan®redl Bdre driapgel ot viswitd BealighBl &lifftdhe8r8 of a
in the connector, in use the tree body _
wellhead housing; the tree body comprising a lateral bore extending through
the tree body from the internal bore; the tree body further comprising a
primary production valve and a secondary production valve within the tree

body to control the flow of fluid along the lateral bore.

20.  The assembly according to claim 19, wherein the tree body comprises
means for connecting to a separate connector so as fo align the internal bore
of the tree body with an internal bore in the connector, in use the tree body
and the separate connector together forming a horizontal tree.

21.  The assembly according to claim 19 or 20, wherein the tree body
comprises a laterally extending bore which, in use, provides a cross-over fluid
flowpath.

22.  The assembly according to claim 21, further comprising at least one
valve within the tree body to control the flow of fluid along through the laterally
extending bore.
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and the separate connector together formng a
hori zontal tree. 2 1. The assenbly according to claim
wa 200802202 wherein the tree body conprises a | BEEGRRI0Y/003149
extendi ng bore which, in use, provides a cross-over
fluid flowath. 22. The assenbly according to claim?2
1, further conprising at |enst one valve within the
tree body to control the flow of fluid along through
the laterally extending bore.23. The assenbly
according fo any of clains 19 to 22, wherein the tree
2dodyTheapsernbly adcordingtto ang oficlaima s 9dasd yeher@ih th€Hee
assenbl y accor di to claim?23, further conprising at
b?@’a%?mBﬁ%e%ﬁﬁo@@S%%?ﬂn‘t"Hé PASE9%0dy to control the

flow of fluid along the or each annul us passage. 25.
The assenbly according to claim?24, wherein the tree

24 0dyThe Apsernbl accerding iy claimidd. sunkencorapiisiag ablaast ape

v §Bir e hbt o &rorifis 8RR P loRn@ T Bl nnuius

pasyagel si ng two i ndependent isolation neans, in use to
seal and isolate the production bore of a well to
whi ch the assenbly is connected. 27. The assenbly

(oo I | 3l ) =y il .

2ol i dkerlofy dtcBidifg SURIG'2: WitrRafR Iy comprises

a grichany aehulue vallvegand 28 .anhlnfusaasoess valvecwithidithg ttee ody.
of clainms 19 to 27, further conprising neans for
connecting the tree body to a well head housi ng. 29.

2@? he 7§s 888enibRCAROMiAG t gng loR RIS 1 9}”['6;2“59, irthéecdmRBiising

or connecting the tree body to a wellhead housing is
twieindepamndentfisaatiommeaanseinoga/to S@l andviedlbtectine produatiory

oSR AT U R BB 2 o g e
mount ed on the

27.  The assembly according to claim 26, wherein the independent isolation

means are selected from internal tree caps and wireline plugs.

28. The assembly according to any of claims 19 to 27, further comprising

means for connecting the tree body to a wellhead housing.

29.  The assembly according to claim 28, wherein the means for connecting

the tree body to a wellhead housing is detachable from the tree body.

30.  Awellhead assembly comprising a wellhead housing having an internal
bore;

an assembly according to any of claims 18 to 29 mounted on the
wellhead housing, a first end of the internal bore of the assembly being
aligned with the internal bore of the wellhead housing; and

a means for providing a connection to a second end of the internal bore
in the tree body.
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wel | head housing, a first end of the internal bore of

the assenbly being aligned with the internal bore of
wo b@singi2Bhead housing; and a nmeans for provi di POI/&B2007/003149

connection to a second end of the internal bore in the

tree body.3 1. The wellhead assenbly according to

cl aim 30, wherein the neans.for providing a connection

to t he second end of the i%?ernal bore conprises a

nopect or parat from
1Cm R RS Y BTG g S nndle SR
pr cs‘«f?amgfé &nﬂ&‘t’bﬁ% e s&ddidend bpm intdrgaldsbrei ddnnmiws a
I nternal bore of the asserrble‘{gl 32. The wel | he
e

coase@nhls,epacai@rfmm the tiee sy, Heltreq bedy, 6Pm<l96'ﬁt5}9 @Fﬁ@s for
cowé?q: @%g Z)%?Etom\‘{@t ﬂn@gttofr hﬁvfﬁ%wﬁ\?&‘hal Bére di thed

y accor |ng eit clarnms 3

withdheherealbdré of tenassniblyi s of a different materi aI
to the tree body. 34. The wel | head assenbly according
to any of clainms 30 to 33, wherein the wellhead is

325Ubsga | %ﬁhee@j YRR %\cé‘éﬂﬂ’[)&)ld/clﬁmﬂ'ﬁjrfm camwisiﬁgead

housi ng havi ng an |n ernal bore therethrough;
bldwoutzrevehter merindss entthg conhectabr i zontal tree assenbly

conprising a tree body having an internal bore aligned

with the internal bore of the well head housing, the

3”eerr@w H&{H’éés%nﬁlﬂ ackaidiglo sithier sholamdi Syof 82 vhérein
I nt erna laore throug tChe trggeo blody to prov?rgg a ™ |

thecodnettoois ¢fl aifliffereriwpaterahithadregbodi-et in
communi cation with the internal bore of the wel | head
housi:ng and an outlet; the tree body conprising

34.nt etcvefihawt aesumisly aesring tw anpof clairhs 89 10188, Whenein
of production fluid through the production flowpath
thesallbeadihsubsfat and outlet; and a choke val ve

assenbly having an inlet in di rect comunication with

35. A wellhead assembly comprising:

a wellhead housing having an internal bore therethrough;

a horizontal tree assembly, the horizontal tree assembly comprising a
tree body having an internal bore aligned with the internal bore of the
wellhead housing, the tree body comprising a lateral bore extending from the
internal bore through the tree body to provide a production fluid flowpath
having an inlet in communication with the internal bore of the wellhead
housing and an outlet; the tree body comprising integral flow control means
for controlling the flow of production fluid through the production flowpath
between the inlet and outlet; and

a choke valve assembly having an inlet in direct communication with
the outlet of the production fluid flowpath; the arrangement providing in use an
integral flowpath for production fluid from the internal bore of the wellhead

housing to the inlet of the choke valve assembly.

36. The wellhead assembly according to claim 35, wherein the wellhead

assembly is a subsea wellhead assembly.
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the outlet of the production fluid flowpath; the
arrangenent providing in use an integral flowath for
weeadoo2snn fluid fromthe internal bore of theRCT/GB2007/003149
wel | head housing to the inlet of the choke val ve
assenbly. 36. The wel | head assenbly according to claim
35, wherein the well head agﬁenbly is a subsea wel | head
assenbly. 37. An assenbly f use on a well head, the
assenbly conprising a tree body having an interna
bore arranged in use to be aligned with the bore of a
g7el llieaskdimyiieitusd 6 atwalihdaadihecasgamisly norprisiigadiee
bore extendihg through the tree body fro tgg hn&erna#
bodyhevingen integabbere aaRIRG INCéfHIa e ﬁbg%?r&vv dhepgre of a

R BENRRE, 8By g B s oo
th&adi bodyrroradRe mernail bors; ¢he tieedodydurthencoroptising a ¢ress-

flow of fluid through th ross-pver bore. 39. The
OVéébé%ﬁyeﬁélf@r@'feﬁ@lK’t T@“@I‘él %63’“?6%803& further

conprising at |east one valve within the tree body to
control the flow of fluid through the |ateral bore.

3840. THeeasssebiplagcaming thi clgino 87cWhereigdhe deahradyigagnprises

* orlpuatiBote, Vit recoPHETORE B oS BAPUYRAS RISSRL PRy fore

" bore. 4 1. The assenbly according to any of clains 37
to 40, wherein the tree body conprises at |east one
3%nnulhesagsansblyaccamlingrieclaiss Syt dedhef ¢RINPESIY 21 Inast

orte v i i PP ot AT OF, S kb T Bferal
bgtach annul us passage. 43. The assenbly according to

claim42, wherein the tree body conprises a primary
annul us val ve and an annul us access valve within the

re TATAT i
4%7 %@eﬁ%sgrﬁ;ﬂ%a?ﬁg@ﬁ%ﬁ@!aﬁa%?%Hid?@lr{goa ﬁﬂbha?-{/ pfddidiBn
valve and a secondary production valve to control the flow of fluid through the

lateral bore.

41. The assembly according to any of claims 37 to 40, wherein the tree

body comprises at least one annulus passage.

42.  The assembly according to claim 41, further comprising at least one
valve within the tree body to control the flow of fluid along the or each annulus

passage.

43. The assembly according to claim 42, wherein the tree body comprises

a primary annulus valve and an annulus access valve within the tree body.

44. The assembly according to any of claims 37 to 43, further comprising
two independent isolation means, in use to seal and isolate the bore of a well

to which the assembly is connected.



10

15

20

25

30

two i ndependent isolation neans, in use to seal and
isolate the bore of a well to which the assenbly is

weoeomsezer. 45. The assenbly accordi ng to cl ai nP@BGB2007/003149
wherein the i ndependent isolation nmeans are sel ected
frominternal tree caps and wireline plugs. 46. The
assenbly according to any %% clains 37 to 45, wherein
the tree body conprises neans for connecting to a

t [ H i » .
453 o BB BB Bk BiplEHF 4 ReRBhadgotion
médhs!s@ ddisctbl §Ronbad¥rmanttet Imef:s epanaiteineopiogst or

together formng a horizontal tree. 47. The assenbly
according to any of clainms 37 to 46, further

co i S] i nQ: .
e o G RRgTE Bocbln e it 6 5 MRk ifos
bodly, comsisgisrmedies feeaosnédiing-tonmeeparage chenectoesdadyio edgn

N
thd ;}\ébf&oxh%d;ﬂ%r ar&t%rc%nn@etomgé(ﬁwf@ﬁﬁm dibtgizbAtafee.
of clal to e

8 nmounted on t wel | head housing, a
first end of the internal bore of the assenbly being

rou e S ek Bran Bt ol 57 o 48, WF comprsing
mérﬁrgé)ﬂﬁ @Rfedfing e tréd Bodto BavalineadtHowisingee body. 50.

wel | head assenbly according to claim49, wherein
the means for providing a connection to the second end

48 E OW%%Q%%QQ Lagg?/{a?regﬁw%irﬁ 912’ s gly‘é?ém%ﬁé AeansSBRE8hFecting

ree conprising neans for
th€ @ressddynid 4 wellhead housing G detachablernarotibe tleaviotly. an
internal bore aligned wth the internal bore of the
assenbly. 5 1. The wel | head assenbly according to

s S SEE ARSI 4 00 p NAo y palg an tna
baecording to either of clains 50 or 5 1, wherein

an assembly according to any of claims 37 to 48 mounted on the
wellhead housing, a first end of the internal bore of the assembly being
aligned with the internal bore of the wellhead housing; and

a means for providing a connection to a second end of the internal bore

in the tree body.

50. Thé wellhead asserﬁbly according to claim 49, wherein the means for
providing a connection to the second end of the internal bore comprises a
connector, separate from the tree body, the tree body comprising means for
connecting to the connector, the connector having an internal bore aligned

with the internal bore of the assembly.

51. The wellhead assembly according to claim 50, further comprising a

blowout preventer mounted on the connector.
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the connector is of a different nmaterial to the tree
body. 53. The wel | head assenbly according to any of

web@sos24d to 52, wherein the wellhead assenbl pCT/6B2007/003149
subsea wel | head assenbly.

29

52. The wellhead assembly according to either of claims 50 or 51, wherein
the connector is of a different material to the tree body.

53. The wellhead assembly according to any of claims 49 to 52, wherein
the wellhead assembly is a subsea wellhead assembly.



