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1 WELLHEAD ASSEMBLY The present invention relates to a
wel | head assenbly, for exanple a well head conpl etion

WQ2AWaHM232 and to a horizontal tree (al so ref ePCHGBRIH7/003149

as a Spool 5 Tree(tm) for use in such an assenbly.
The invention is particul aLI y concerned with
assenblies for use in subsea well head installations.

It is well known jn_t t ' nd gas exploration
and production fowmf‘%ﬁbo“ﬁé*ﬁé@g and suspended
froma well head housing. Once the well has been 10

conpl eted and production is to begin, it is
Thecpresent inventiorpralatesde a wellhesdaasdsembly-fonekanplghaivedlimead

h [ d.h i Chr |
contfort Assqiaplt” ehd FE B e e JRnttElsHIER 35 Ednont
Tred®hlfopisk trsieHan }éxﬁhéﬂﬁlbfﬁ. UTh?é,Zinfvéﬁ!hﬁ ReparitLilafly @oncerned

produced. Conventionally, the Christmas tree is
withhassandeliesfor Hse iresubsemwellead installaberes. Access to

the well while the Christnmas tree is 15 in place is

provi ded by the one or nore vertical bores. However,

It istvagll latn@s in fherartlofwitahd gagabdldratiemaad produstdn for wells to
limted by the dianmeter of the vertical bore or bores

be ¢asadrndsispanded froraa welheaschusing. Oice thewelkhaeheen

corfSRing QAR s bl LRTRIRERORR e A Refal o
calleg |CHrisériab tre@i arythe2Relliresskh eusingy tthe Christinas treechaving a
vorg oG e it e ea TR e
frorﬁ%é #all e phodifoed. é@m?éﬂtidﬁﬁy ARG IChHskRas tied I8 rovided

orizontal "tree, production urds l'eave the centr _
withhone oo mara arerticad boress uftcassiothe wellaviilenthel Ghestmas tree is

i R 4o e Bslnfee WA S4HES  bEd dats
for HOWAKGIE thHI8 16 mtértheWsIEs lihiitediptie Eahldtausitha vertical

conventional bl owout preventer ('BOP) |ocated on top, of
bore s beres indhefhristees teee Indhe past, dhisthagessyved age major

' 0 A ' : ss to
corBl BT AF Sk E Bty el By haloimef wilthecs
Christimaartrse iniplacé ba themetiheadhausingrtical tree 30

design. This obviates the need to renove the tree when

downhol e operations are required, a dangerous task, in

Thed@ drddothar pritiemiest!dontenfidraly Wt Rihed’Christmas trees and
wellhead assemblies were overcome by the infroduction 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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wel | head installations which may be a considerabl e

di stance bel ow the surface of sea and, hence, fromthe
WQ 2098820283 at f or m servi ci ng t hem Exanpl es oPCRGBMI7/003149

tree and wel | head assenblies are disclosed in US 5

2005/ 0121198, US 6,581,691, US 6,547,008 and US

5,544, 707. US 2005/ 01211982d| scl oses a subsea

rodpct stem having a Christnmas tree. The tree
@aﬁﬂﬁjﬁ%@'aﬁﬁwﬁ%@awgeea &‘Pﬁﬁd@fﬂ%dﬁtaﬂqesbﬁtlpwéheend
deddrcdd t he
sudcRE I aoerahd, Henp otk e 6 p @i 3BRAGhE e
6, 581, 691 di scl oses a Iandlng adapter for soft |anding

ExEp IR rBa o P hostessesbIBs a1 HissRedds US
200%b4 2eRIB, UGS mvsm s 6 mfeoabgegsws%wf?ﬁub A

plurality of 15 valves are provi some which are
internal to the tree and others of which are external,

USSR BahE S LS8 o3R8l Doy B g Pl

treé.nThe t@le CoMPpisEstd vBrizal 501@ wmh asrmb atrltsumfer%a 008.

The tree is provided with production and annul us

Pragyictiar and annpitusavalvesaig eenneacted tethertese byyneanstefd t o

of the tree. A simlar arrangenent is
sergi8tetE %&%‘544, 707. Further, EP O 719 905 and EP 0

989 283 both descri | be a particul arly advantageous
D e
I f
the3RElr KBl SKAEEE S piRsatTeNsng! el IS B8NS,
discloses aaVelHneadrtmlmﬂlng laauntegral coanectidon holngiAt pldralw of
vl SRyl SO artich Bis eshel & B fene Sierdiof which
are@d’t@mbhéﬁd‘ &Bnﬁé&e&% theotreb by \ﬁé’PSf ofé BEmofe REREHSIHERY)

val ve bl ock, 30 typically including a production w ng
val ve, is bolted to the side of the spool tree body so

A viRlib SRR, & oL o i RS EpBledtRl hu J5 FistRR8H n
USiB)547,008! ke thaedis providedaditipiodeetion and annulus valves that
are external to the tree and bolied to 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 welthead
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 free. 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
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WD 2008/ 020232PCT/ GB2007/ 003149 3 connected a BOP
using a conventional drilling connector. A set of

WQM8023% 5|l ves are al so connected to the out sPEEGBR007/003149

the spool tree body, so as to communi cate and align
with a series of annulus pgrts ext endi ng through the
Epool grfe b?dy anﬂbconnun c?thng rﬁth t?e fentLa
ore 0 ree. re recent. devel o n 0 e
congkiesi BEIF LRSI e omsianal UG ourorial Aseknt anmlys
b . .
w0 BB g3 e rinb B BT ol
comvatinicate apd aligre miithca beries olanmdus poris exteriding throgh the

t [ ted at .t [, I d
s o Sl o LB AR e
as a connector or hub, for connection to a BOP and a

driIIing riser or the like. A production port extends
Motearesent developments toHbesagept ofithe harizental teetdigclosed in

P EEEI B B G 9oB LM RE W B B0 I ot vl

tred Hiecldeel i US 650339 c&inpridey A wertivally brientsd loagitudiral
t hrough the tree body tao 15 commnl{;(gatemglﬁ_lv\een t he
cendiahbpeg. hae fregrs conaceled &t jts lowserd o 2 gaf houging.

The (oS clfi bLES {AEBodER folfhsh 38 A Gethebion ot 5 210"

conineetion fel atBOPemdnadeiling siset entheTlie. sAiipsadudtioagoortextends
teshiereuabIrecend ol thegree romde LR Biee s eraductionvaive
is i{giﬁog@ﬁc @ hto td trbggﬁdggof &?ntﬁﬂﬁ')ég fHe AdP of bﬁﬂ:lddﬁoﬂtﬂuids

ron valve onto t exterior of the tree
frorhdblg wallb r@imiladg natinylussots exteaitheaugtuthedres bedy to

corpiunioate BetiiRT thecCartral bbre. ity SrishBh VAlis Hriprated
intcPfhe e bHAF cHBAYI the LA GEfi® thraligh tite bAnEKIstsi 0 a

wel | head housing, while its upper end forns a
connector or hub for connection to a riser, BOP stack

Usi 7 Qb difeiadie 8 bibSin RBRLG L BRoRRioer SYSRHE 08T on
subfse@ViraeisVst the hofizbrige drrangérment, hewirigoal yetticattp otiented: he
| ow of production fluids, wever ,

ceried Bate. M Wi SN drialespl PRGSO RaT ShGigbithe hody of
e PAAIOROANE SRR ik 1 oy o
provi ded through the tree body, wth an

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 centrai 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 controliing
the production fiuid flow is housed in a block bolted to the exterior of the tree
body. Similarly, annulus ports are provided through the tree body, with an
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4 integral flow valve. However, a second annulus flow
valve is located in a block bolted to the exterior of
WQ 18803028 body. Since their inception in the REN§B2007/003149
1990's, a significant nunber of horizontal 5 trees
have been built and installed, in particular in subsea
wel | head installations, as®a result of the advant ages
t hey offer oyer the conve(ilonal vertl e, desi gn.

integhaldinyy vaiyen fiayervess @ geepiABNYiEdoW VA valve '%@Pa%ﬂa
bloéﬁﬁﬁﬁed ){f@,ﬁ&dof&tﬁg\ﬁ%em zontal trees are forned
Wt centra

vertically arranged tree body, through
whi ch extends the central bore. A horizontal

sinfs, HelE ncPulE g ® Sl f4AILs. £RGPESahB mPeE obnRlAN
treééehé\% pBEéh Bailtathd iRRAeA inGeaHIeglaPIn élﬂfse‘éﬂﬁéﬂhéﬁﬂ to a
| head housing. The upper end of the tree body is

msﬂaﬂamnaa lsis\a resufiwd the advartages theyt oiferovey éhe conventional

verUTaeCgl BB ver. Fhbitef BOREIGPR oo hafhy ity ol

treednd pl atformassenblies used to service subsea
wel | heads, the tree body needs to be fornmed with an
upper connector or hub of considerable length, in

A R oS SEATRARYGod fe KB i, SARRE B iR
tredn body,cthtailgtiwheh iextendsathei centrab bpm) ehhontzbntat preduztion

hlimts the a t c¢hi ne, and f.or m ot her
por} il YAEQUS AR GBS DEORERA TS 1oP ReUie T lgver end

of tRE Weletsod é}\ﬁag%%ﬁﬂéé{ a%r&iji‘r'ﬁégcr@f‘corﬂ{&%%r Qégurlngl_ﬁ» a

Cr 0Ss- ov 'ves as bolt-on onents ari ses
weliteessi hausiing. eThé upper end of Hwtrealb@dylls invagiablydfosnedas a

h oth f eat t.ed
conpsihsg ypricinteentib fubntodfoy Barheaiohs s P st,
nselrldmﬁe nf@em \ﬁéw df' thé wide r éldﬁng hadHisfareassamblibs used
features into hori zont tree body may detract

to srerrwnetsnbsemw@heacjs dhe tige mdyeneadﬂ to besqumeldu with apupper

coBE I o B [PUE I bR dbE et
of cupPieetion tesigns Hestmal be@ﬁploybdt Alshe resllty the b@d}eefsar y

to contro] the production fl

horizenéal dtae is\a Hassive SRMRANCES taet#e{qggv wé%gﬁ'@atsowbmtv to
maIﬁﬁé ar@f ?M%th@lnfefa\'tlﬂ% WRlchRipdhiakes. PRECorfgl, RRE Rked to

provnde the necessary production, annulus and cross-over valves as bolt-on
components arises. The massive size of the tree body aiso 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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5 val ve assenblies. This results in a potential fluid
| eak path at every joint of the bolt-on assenblies.
WOrees/pHe¥nti al for a fluid leak is particul ar | BCHGH04/003149
the very high fluid pressures encountered in the
production flow path, in which fluid is flow ng at
full well pressure before ﬁeachlng t he production

choke. | ndeed, an_apal SIS 0 nown hori zont al
valye éés‘%!@gl‘%s'rbﬁdﬁu%m a ﬁtentla[;ﬂwg (?eéﬁ paty atigvery Joinfof
thep%Hr;fé&;? gg%rgphﬁier B g:agﬁtgd; ftgr @Hg%étubgs @é;rﬂ&uiﬁhy high at the
vengrhighufitidpretsures atricoukiered in thespnosluoﬁomﬂmrpai@,enduhlchng

fluid &, oW ST sl RIRes e perare arefolemerusteh dhnke.

u
LB O A oty

highest mtegﬂt)b of thy laprizantalitrae body extends algngihecantial node.

orghiaingh (e ML alogo uld R DBRaf e s i

of M\}dnta?”b/ﬁhﬁﬁg dowhtiole dperatiohs aesd Bntripte tehwih 6s requ:red
assenb hat conprises one or nore potent| al fluid

throwkﬂ@wmralb@rerm operationseaceupy ey ayesy mjpor portion of
thev\ﬁém aaoﬁﬁméﬂhagg aggéfnﬁwgﬂnﬂl} %E?ﬁa@ﬁg} of the fime being

tes an I nprove
spéntavitratizsweih iropialuctien trictie. mccmdmlglyg the nm;cbm'ﬂysif the

aspect of the present |n ention there is prov
op@r@tiaaggﬁedycteeﬂﬁmh. awellogad A g{vnwﬂhé@a%f)pt%?tfee wil
mERBELAS) B0 I6SEaEodetiri Ol Midoipighs one o
nmmebbhﬁﬂmlﬂuuéeabpaﬂhe tree body conpr|3|ng a latera
bore extending through the tree body fromthe interna
bore; the tree body further conprising neans for

Thé@z@%ﬁéé@fdr% eeﬁgﬁ wwe%eé@ a8SernBiyednd RofifshtaN&s fiadt
bore of the tree th 25 an internal bore in the

incotpoatasan improved mﬂegnwrlaéheba‘iugd Bowpaths tirewgbdhe tree.
toget her formng a horizontal tree.
According to a first aspect of the present invention there is provided 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 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 irees 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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In use, the tree body of the assenbly and the
connector are separate conponents, which when
WP, forma horizontal tree that nay be REEGBZN7/003149
in the sane manner as the known horizontal trees
descri bed herei nbefore. However, a nunber of
significant advantages arise fromthe use of a tree
body and separate connector, such as a tree re-entry
connection. WD 2008/ 020232PCT/ GB2007/ 003149 6 First,

t bsea
Firsh e CORFECSY s e P Haliefe B albsPe AelinReb be
used mdomuolelopamamﬁnscw RS cotdieste@n nepameumyth%%n'%g:ép
eci al | re-entry hub for connection to a
Slg% éﬁée @é@ eei revaiitey bub fanaensechion toa QP stack.
The rbr@é’ér{t'lﬁ\}érﬁ‘ibntdllﬁmffsrtﬁﬁ cfo%n%ﬂfor ylnrbléﬁlétﬂ?f@ tt‘g‘%el ([)éggtry Bub

he TGQUITGHEHtS 0
to be taifopedriothe rBQBIramhsbbS/thelm bpplatfotmttb ®eqideR, the form of

B B e B bb R SR Gas oty el et brcanbt, fr
examblé méﬁB@P g%udé\fdrﬁer F'\fgl??rﬁ frﬁé%yﬁr@?&ﬂﬁ}ﬁoﬁ% f tt%@ &\Wﬁ%ne

reci se reqU|renent
of @yarlawf differenticonnactons; ttemieetithenprecise reguiréments efithico

equi renents and specifications
‘”SkﬂﬁEgﬁgagﬁﬁFvigf the connector and w thout the form of
t he connector needing to be specified. This greatly

i ncreases the efficiency of the 15 overall assenbly
Seeen the drep hodyimpayhe manyfackired (o thesend user's cequiranoents

ancERERIEH NP S AT o e HobiecsB' sty Sapoif bisclir Be
cormeatmm@dhmg fooloe spdcified k Ty gl:;@‘atly rcregdes tHehéfficiency of the

necto is exposed tq dril muds and conpl etion
OVGZB PF%‘?'H@VWSH@&P@" 8Rd mwf{a‘@'ﬁ%ct or will be exposed

to such fIU|ds for short

Further, the connector will not be subjected to fluids, such as hydrocarbons
produced from the well. Rather, during such operations as installation and
workover of the well, the connector is exposed to drilling muds and completion
fluids. In addition, the connector will be exposed to such fiuids 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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durations and, in many cases at pressures bel ow full
production pressure of the well. Accordingly, it is
WWEHIM2E t 0 reduce the specification of the cREFHEBRET/003149
In conparison with the horizontal trees of the prior
art, where the connector portion of the tree body is
manuf actured to the full sp@ecification of 25 the tree

body as a whole, this may significantly reduce the
for Buiddromdhe wellhead installadionu rThig irctusn allews the cednerter ta be

As  the nector. W | | : '
for;p;efxggi APz B abils toe i B, T eI B i hi PPced
speldifidatioh & THis@ ik kentkast toeRd khowsi Ingizopts Sieeodddigin) din wiich

the internal bore of the tree body intq the |ateral
the @ndier ree anusiesforged:from asingle ik of ResioglgrBatEsRl and

the tree body will not be subjected to production
fluid under production conditions and does not present

Stilpfupiice the alephegtionoftthe cOANECIABIORDREARE bebp signifiaadiy o
7 for fluid fromthe

. T 4 i | ; skt
reduges bath HiRssize and (@ the Jescs0dy;, ARG s Farblrand
eIt o EB A e s
contrasivo the requiterient obeonieritipng) designg requitingsaeh i re

tree t . be faor from Iy l,o '
corhapaR&o b8 PEPRHAA Py RGP 0roud sl it buf-eiggicfes. in
thi e P fﬁ%m@gbrfm’v@ bfisTontilid theslighethe t
hlig&?g’_t%cegvgr@qmg%%ﬁymg ght of the Prees bodi;/l?d al | ow ng ire;e
bodyistsigmificantly inogaseduf act ured with many nore

conmponents integral 1o the tree body, in contrast to

t he requirenment of conventional designs requiring such

Thé &eeWBUYNEY Sohpriee sonwy belall obthe/pgrioand dalvesaeqlired for
bol t-on sub-assenblies. In this , .the overal,l
thei fisll egeratiproef thaaveltheasd instaliptian: hf‘%ﬂn Pnaﬁﬁneb#m?@ﬁ the
o B SRS Ao SRR eSS R of e, i
throegh theetatdral production bore. It is a requirement of wellhead
installations that the production flowpath has at least two independent means
for isolating the production path from the well. Indeed, it isa requirement that
the wellhead installation should comprise at least two independent means for
isolating any hydrocarbon flow from the environment, sometimes refered 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 separaie
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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15the full operation of the wellhead installation.
Thus, in one enbodi nent, the tree body conprises at
WO 2008028332 val ve to control the flow of produck¢HEB2007/003149
fluid through the lateral production bore. It is a
requi renment of well head ingstallations that the
production fl owpath has at 8] east two i ndependent neans

for, isqlating,the productio at.h
flow Ratiui Ingreaped. Jepy ugﬂréﬁ%qﬂch?mteﬁﬁaiqfﬂ@ﬁv@l%ﬁ@ad

rﬁ%‘&){? ﬁ(@g t
Prééé??? lt@ér trlegc?%g | ng any czﬁn@%%ébgﬁﬁ% r omt y
within\the tnesdrndy tomonirohthe ﬂaw of flaid along ¢he crositavep flowpath.

isolation'. Preferably, the tree body conprises both a
primary production valve, also known as a production

It iSRGV 1o/ RIYEndIZhtal tRIRE Waitt aaaadarms@é BF bresy asm
al so known as a productlon val ve

W n% 5 ( V\IV%91
borestase dirplnsad, jonexammueiy USea.S440107@nd are werdimpravidea

o o e bRinR] herein@ R HOVE RAdHG bR fo an

anmiop bekesthe tubingrarigereXatred tngcdmroﬂatﬁémw@iﬁ flufeethtdwgsh
body to provide a cross-over

. thecanmiidys pmges@nmpef@wrge ﬁ? é@ ae%u{fh@f the/jeee body, as

sh&/&ﬁﬁﬁusvsem& 'mwhgmbr% ﬁ?ﬁe o, 86 BRRIRA in US

Cross-oveéer asse
6,060(829. By ehpreferned bmbnduaenbufethe hwemrftomvmﬂlmhthmmee bbdy

is savIRed S RIe quere ABBUs oy Passasas Ak it fhe 3 of
Preffét‘&bﬁl hedkee 1R ddgflﬁt\'i/&?bVateé Bﬂ Sn@%weta dotrdP the ﬂbw of

onpri'se a cros val ve hin the tree body
ﬂUld dhroughtbe anhulus|flow passagesd ltalsmrgfetrre;i forproyidevibe tree

ody,fif Both,a beimark B U e, S kgMh R L aphEE Tudll
val{® (Arw;nmh 8 deitohfaly AfrliudValkedaleb knasedad an Rhauviwde a

path for fluid fromthe i nternal bore of the tree .
acegsswaive (AR Niomerlydinqwn as the workeves vebie): akintediahg

oo, 1 04 e P b g
intddrity bind eedhachs thepaoiéntid] devfluia ladksFrém4ni %Q?ath or
integral with the tree body, as disclosed in US

6, 050,339. In a preferred enbodi nent of the present

It ig Q)@‘éf% u@%} fohfife bf ffe fi’@é’boEi o'P'iﬁé’RFifs‘én‘!"!rﬁr%nﬁBﬁt t t f e
an |'ow passages as Ih the art. Preferably,
fortning amdc mavhihing of thepwaridusshares ) parks and passages extendmg
corhttrol thg f.l ow . of. . . .
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, aflowing
all the necessary bores and passages through the tree body to be formed with

greater ease and increased accuracy.
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fluid through the annulus flow passages. It is

preferred to provide the tree 15 body with both a
WO008830932annul us val ve, al so known as an annulR{S/GB0EP03149

valve (AMWV), an a secondary annul us val ve, also known

as an annul us access valve (AAV) (fornerly known as

t he wor kover valve), as inPegral conponents. Again,

this provides the annulus flow path with an increased
In theycase of hoazantaldrass i is roregyirement forraperation that due s

indopdtlet s tinedfs ale ho LM AR e 464 s offte
the avall worehiRefeenet it fidis vespaui ds hrides fortexahiple s thaNegok
ext enel n thRi%th the tree L@gdy i S, Si %nl ficantl i
Stapgaide-o Hiremeni& R upssp yistmagdiee Mg LR
oodzg BESSHBLr, 1008, lﬁfbﬁris(g@ﬂaﬁ?ﬁéﬁns"iﬂﬁﬁftd%q?%;mélﬁfegﬁg\uith

hori zontal trees restricts access
plugmyrie paftiduter wireline plugs.u Conrehiional ihoridofital rebtdesignisor e

inoReEAE e the v MAHNIBAL ERiaToR eats R 1 nfEnelyt

bork ttdridteg BBl fife S6rHEdtbICHMibY of MRs ued 1R Bt predent t he
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turrf Riaves Sigtbmadtieired VPinteMaPROIRdh heghat BaftabRdsslation
provided within the tree to seal and isolate the well

meaps for inglpsioaie the tee iodyase frtemal dregeeaps anst wisrling pligs.
to the Norsok Standard Common Requirenents for Subsea
Christmas Tree Systenms, U-CR- 5 003, 1 Decenber, 1994.
in Lﬁlecthé et dodpis ﬁﬁaﬁtel diwitd ’?h_éeinte'rlhalrbmb gemealt;am-ti?alt With
prugs, In artlcular wrellne ugs. venti ona
the m&%ﬁ&pﬁne@@m@gﬁar@mﬁe@r p@P_ﬁ?f@%ﬁZﬂzﬁ lovas Gngkpf the
inter i selicdrithof el €
mtééﬁ‘?len ?%B{)ﬁl‘}%ﬁﬁ%ﬁb}(%& |t§§%2§gt§%§ E?og}ét igg%d of the térp'ee.
wellheadheoysing eBtitable wonnedtion meansdor aunting de thenwellbead
hodsri]rggegt%n r?onv%m.' 'T'Plles?é 'm%rif gg?onnsner?ﬁ{ute%erally with the tree body during
the forging and manufacturing procedure. Alternatively, for ease of
manufacture, fransport 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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10i ncl uded in the tree body, thus fulfilling the
operation requirenents. This in turn | eaves the

wWa20a8e23r free of internal isolation neans. REHEB2087/003149

i solation means for inclusion in the tree body are
internal tree caps and wireline plugs. In use, the
tree body is oriented witH0the internal bore generally
vertical, with 15 the neans for connection to the
bodyduriker comprisiog means fonbBolsingra piedustion master valyand a

prodeBRuNRG AN h e e ipe SR e O T YRRE Ain e

Iatefﬁllﬁdztréng to the wel | head housing are known. These may
be formed integrally with the tree body during the
forgr ng and manufacturing procedure. Alternatively,

in i RPN s e AL AT b Foimeb B RORAR MR AR )

proeﬂ@tfrﬁf fdw pattefronethe rﬁreamltbme threaigh dbg lateral doreifullyer
provi

inteaelant] (e orbPPaY (yahit ISR RGh QST StEREs
ng;ggrgefdég, ;ﬂ 5 g?eféﬁeaqpaﬂthé%\ﬁﬁec{roh of RicRGMoritaMes isor

rizontal tree to be prepared having a
sepanategromhpenent,ihiei toze bodyhavng means to epnract mrtheﬁqmw@tor

Thd RonmedioLmRY BRAY fediiad fom ALronSedel 1 Prifiarahie
sudthh”é{seggé 2 Srgmﬂy d615ccHheRES BB OP stasi€in dorventibhdlengnner.

_ conprising a tree body having an
i nt ernal bore arranged in use to be allgned mrth the

f
in rdebiapropisican fed Rk Aan sl fdopatiothe GEEBbUF 10 @
cor‘ng $dd e r@fe@sagﬁiﬁéﬁm coiftrol the flow of productron ﬂurd through
08/ 020232PCT/ 07/ 003149 10 bOdé furt

thedsiepal prodyctinmbere: Hie valvies hging TRrMad dntegra ‘E'd!'t'bth%?%
oo B he §Re0H SRS S biButAar ek vave
(PMV) and a production wing valve (PWV), both of which control the flow of
fluid along the production flowpath.

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 free
designs, the cross-over flow path is provided by a separate cross-over
assembly mounted on the side of the free 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.
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51n order to allowthe tree body to be forged and
manuf actured with the production flow path fromthe
WQ 2008/029232 bore through the lateral bore fully RGH/EB2047/003149
with the tree body (that is not reliant upon
externally attached conmponents), it is preferred that
the connector of the horiZdntal tree is a separate

‘component, the tree body having means to connect to

In & prefervethentbadimént dittke poesent inventian, the tes bedy,is preyided
form of connec

e o R o i el o, v

treecea l;.te%vétrlsést driz Riee fo Eentrsiakie flewest fluid ﬂn‘bagh
pro ct| luid flowpath, the tree body conprlseﬁ hh
the rmmuhmﬂqw passages; dt isprefasred teprovisie the traebady wilh bot

an gy atHEVans (AR G Tn Bl BRboRtvabR ank e
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nmaster valve (P and pr od, P

incesseRddnteariycand weuicar th porbi tor Thidleaks figny T paif.
production flowpath. 20 The tree body may be forned
with some or all of the other ports and val ves

Prafeibly, Q@iof’MeﬁehrdehtJ solatioarraeans fmflsmlamwe well bore are
installation.

d
incluggrn ;@traelbaslgf St M v GeUE TEE bRl e 8F el
isol3REN rﬁ Ié‘ isdl Hl\é%hsfbeWcl%Idh inltAe tree body are
conven |ona ori zontal tree designs, the cross-over
mtérhal/\treabhps and mml:ﬂecpihgs aAdditianal isolefion means, spgh as an

intoiial Rge bAB BR0UL o8 ey st nelyBeh B Coinlectt
deQF&V,’to?P&ld!é‘bﬁ&rr Eeyodr é&ﬁlr@bﬁ&?iwvattorfd:mvepmm i's

I ncrea resul |ng in reduced potential for fluid
| eaks or danmge to ot herw se protrudi ng fI ow | oops and

In @%}%}bfz E%'eap%ré&gg rg?i%bg%d &vgﬁ thé W‘%ﬁjpo@ gerird tviﬁglcal with
thePinebhy ifer ddrmeetion o m@emneaﬁomwerfmsh/pihe Jowsend of the

2008/ 020232PCT/ GB2007/.003149 11 |3 hsLes L
intemebBprreisicopnesies By sutahle MeANs todRe eXnesed SBAGEHP | s

wellf i B, SipBIE @@bﬁ”ﬁ%ﬁ@ﬁ%‘"&wé slinead
ho}c"fmg(rjam ﬁﬂbw& aThdseauay lbee‘o?':aed integradly MIﬂbiheth‘l%e bpdydring
thefogioerads manwiasig pobsenie ABDERVER: 1 ERsE of
maleétHs i ggén\éﬂdvé%ss@ﬁm tﬁednééh@fbmdonaemﬂstheal ve

ral” conponents. Again, this provides the
wellheatl irsusing\are préferahly separate fioas the irae 896t y and
reduces the potential for fluid [eaks fromthis path.
Preferably, two independent isolation neans for
In Eﬁi’ghﬁéﬂ ﬂﬁ:éc'ﬂ Sh¥PrbsdiRifveritionlsovides wwdllliead hssemblq

I'n turn may | eave the connector, free of
commsmgaﬁn 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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i sol ation nmeans. Suitable isolation nmeans for
inclusion in the tree body are internal tree caps and
WGeR008P2028 pl ugs. Additional isolation neans, SRHGE200%A03149
internal tree cap and wireline plug, may be included
in the connector, if desired, to provide energency or
contingency isolation of tke well. 15 In use, the tree
body is oriented with the internal bore generally .
In generak subsea wellherd installations centpreed ehprkeovalyr assembly in

theysBROGISH ith 266 ielion B S 19780u00 iq'Bresabd Boe, |
productitve fiuel to'tsssly aligpressurBuotaalevel thahcam bedrandiethby the
nmounting to the wel |l head 20 housing are kpown. . These
dowasiranm Popaationneigieiary (i RONRITPALDIGHGE G NI e
a cﬁSR@ \/Hﬁ!eaéoégem ac%%éiﬂ%a?i“é%‘“s%%lﬁ- T kﬁﬂﬂﬁt?ﬁbﬁ galve

or ease ture, transport an a}sse.
asgorably i§ atourdedh directhyoddwenstreamsf theprodustion mgnavelve. In

s hREFontahEBS 2ssrrablive B T, bERIEERY it vaBisand the
chqlgéegagégsééﬁs@é& SRRPSHETIS ShUMtes sRigphallycohRitRid) bya

ody havi'ng an internal bore arranged in use to
meaasaifisyitableigh pressuim cenrgctionself isauua agR of thee

tree. body c risi l.ate ' i
preiseBt maBtis Ay e FRChfly Ry net Mheripgiaea n
a Wellheharaseembly, Proddes Bhiinegraliproductiorofiuiy flowpatinwithdlos

secondarti(I production valve within the tree body to
contpokuioio thedniet tatherchokeivalvg asserbly. | ateral bore. WD

2008/ 020232PCT/ GB2007/ 003149 12 In general, subsea

wel | head install atiions conprise a choke val ve assenbly
Actordity rd futtheriaspeti ofdhe Phesdntrventiongirovidiesfa welthead

reduce, the pressure of tqﬁﬁproducti n fluid.to bel @W d
assemblypirceaiticular @ subsga ayelihead assembly. comprising @ Welinea

hoH&\;@tl ERITAR IrRSAHEN bBr ¢ atﬁtéﬁﬁ; SMhorZontal th aesEniist ﬁiéle

pr 0 include suc e valve assenbly in
horiedntabimee assemblyycorpisioglal tyee body bavikg anintarnakkeign| y

aiigad R the istie kot SEHB W FRs i ThaMHE Rl 1100

cong{g‘?ni% & DiteMil Bore/ akiéAdmadrdians Mtsmal dore tiroagthe treee

offents nounted externally to the tree, by neans of

bod}a to ﬁbcb\édth aghoguctionfiuid flo hayiag ancinied inpOmEHERNRD
wif 0 B8 Bl AL Efobdil sPrf baA. B festaay

cofptRIAY Mtedrabidwd esntsl rhsbaeg forl camtratlingt therflow of production
flowpath with flow control up to

fluishibreughathecpraduction ﬂowp@%w@we&nﬁﬁg %li?{]%ﬁ ebﬁ%fg %‘Ee @ of
chbRE VBIESRIEmHN ARV ArRhRt i Bfte@ WrhibRRdtion 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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15 assenbly, in particular a subsea well head assenbly,
conprising a well head housing having an internal bore

wQ pWB@2\bugh; a horizontal tree assenbly, thePCT/GB2007/003149

hori zontal tree assenbly conprising a tree body having
an internal bore aligned with the internal bore of the
wel | head housing, the treelbody conprising a latera
bore extending fromthe internal bore through the tree
extéﬁdmgdpraugme\tresebed;pmdcm"dmgly fim aufarthebamcﬁ thepragent

nvBon pIvHER A AREPRG ARG st b alpeaf, i Fastig,

o | bt aamsad Y @mb@hl L]
corﬁﬁﬁ@n?lpgdwﬁg? bggg%‘gitq o%rpwltﬁ'?? ?hre ough the pl# oduct i or!g

with Itbwbare]ob@wﬁélbaad heusinge thealiee bgdv sPMpgisingha dadsral bore

exlipa I e L bGR P! Bedhisfelorer hedfaug frtet
comhﬁsmgr@mam%r bory ediendinglaterallpthrougie thetreé Ib@dpat h
for production fluid fromthe internal bore of the

wel | head housing to the inlet- of the choke val ve

Thgffaﬁélwnyof 4'GrdeQice aBPé/ B tgg:nemeggfa %ﬁ:ﬁ%ﬁh Robird AR uid

ree require an ex er na asse y connected to the

threuglelth@pronfuctlbn pipmlaelamﬂyarlmjlms pipietie t Ihaeaddﬁ;onr the cross-
Cr oss

d
oveeorr A e TEntTe " Lk, ERAUHS foABRIIP he R ised wih the

P B P A e e o che

cirtulete Md)betWeem) adieribyer test sitringraridetheanmdus ratuan path, for

oxBispie s e 2rRGeRRIpregisE. PRGREE b ety i, fyon =

driﬂiﬂg'rﬁwé nﬁﬂth@mﬁ@saﬂhémri in use to be aligned with
thé bore of a well head housing; the tree body

conprising a lateral bore 5 extending through the tree

L

cradiroudrivalves. tineepietstyed drangement, dhe thlfeemmﬂ}oﬁlsmever
bore is tq provide for a flowpath to circul ate

coptrisgs previsiop fecaldeastong s@s,sﬁé'eawaﬁ'&ﬁmh%@%ﬂﬁd ﬁ“#%ﬂfa“y
withih 8f°tré BBdy.! IEtHiS Q3 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 fo be forged and

manufactured with the production flow path from the internal bore through the
lateral bore fully integrat 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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10 over bore allows the pressure in the annul us
fl owpat hto be equalised with the pressure in the

WO 28028 f| owpat h. Further, the cross-over PGFEBREY7/003149
used to circulate fluid between a workover test string
and the annulus return path, for exanple to flush the
aforenmentioned |ines, changg or condition fluids, such
as drilling nmuds, in the lines of the well. 15 The

In order tofprévidedart integralprobiaciivrofisid flowpate theitfee body
controlled py one or nore cross-over valves. In a

I
pr F&?P&Y remriises oR Reressany valvee do seatyol ety ot piaguction
TRt 3P 3 R0 B6r¢ PR, 1R g yppyces
botthe piradecficn master vakved PH4) ant:a pratiction WihgwdIvé (PNAY,
bofl L AR i et € Mrisbrlona hepradicion owpative, | r
order to allow the tree body to be forged and

manuf actured with the production flow path fromthe
In eriarefetead embedimenswfthe presedt invention tbedrdaibody is provided

Wit 9B o o8 s e i . PPl
treelsodydnoepiopstesfat tdust BAEIVAIVY R cdntR? theé fléw it PiPhPough

onent, the tree body having neans to connect to

conp , ) !
the ganylys dlom bassagrs. HJa psefesiediaprovidarthe tregbadywitlo both

el ' -entr
aniznyRARRRERr vt BNV 6H4 B il acots3 Al ARV B
integlrahfl _ goﬂpohéntsah Agwlartmsapwmb d'scthezﬁfnrimubfﬂmﬂlpam aathadn gn
. ui owpat h, the tree body preferably conprises the
InchRRRAL NGO R seoss e Ao Hi fol Wi el GRS ischath.
fluid through the lateral production bore. Preferably,
the tree body conprises both a production master val ve
Preferahly aw indppendertiisolatiommeanis\fer isBlating thelwelhbat are

incSETHR s bOol ot ool B Bmeciac sk didniemal
isoldtioitneaRs. SiftabkaSolBREN mdar oY irftfukidh itHe e bodp Bfe

. .annulus flow passages as known in the art. Preferably,
intemal tree saps@nd wicelneopliges at | east one val ve to
control the flow of fluid through

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 welthead
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
wéllhead 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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10 the annulus flow passages. It is preferred to
provide the tree body with both an annul us nmaster
WO/2008020¢3W) and an annul us access val ve (W) REI/GB2007/003149
i ntegral conponents. Again, this provides the annul us
flow path with an increased integrity and reduces the
potential for fluid | eaks IBrom this path. 15
Preferably, two independent isolation nmeans for
platfcsoi openading ke wellll Ther assemblies«f dbe gresent linvantiop asedy .

perilign oot S5 Gheh 5o HBEPhSfatht FBafont Sl ASkethea
insthfietidns £t aépmftﬁ%{m,bodyn e1;0000 faetp! tree caps and

wireline plugs. n use, the tree body is oriented
with the internal bore generally vertical, with the

S e S
exaPiplé ablye hawingsreferehbe te thenacmbrepahyirhg dreavings) inaskich:

housi ng. Suitabl e connection nmeans for nmounting to the
wel | head housi ng are known. These may be forned

Fight¥ f%ré‘lc*é(ss%é&iohﬁﬁvib PREMSHY A85braBly dinpiey BY
and ma t ng pro f

nut act ur | cedure. Alternativély, for ease
horizbntel irekaassently tcansiing o afitst asthodimegnt ohthengresent or
cohnecting to the well head housing are preferably
iNVeliMys at e fromthe tree body. As noted above, the
assenblies of the present invention are particularly
30 suitable and offer significant advantages in the
Figuren2 isaa sidecclevalipnppha mﬂgead asgembly ascasdingdp|ssegend

installati.ons | ocations, in particular
embﬁ@'&@“ﬁiﬁ%@%ﬁ#'\iﬁ%bﬁ?he installation is a

consi derabl e distance fromthe rig or
Figure 3 is a vertical cross-sectional view of the wellhead assembly of Figure
2;

Figure 4 is a vertical cross-sectional view of a wellhead assembly of a further

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 embadiment of the present invention. Shown in Figure 1is
the upper end of a cased well having a welthead housing 6, in which an
uppermost production casing hanger 8 is mounted in conventional manner.
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15 platformoperating the well. The assenblies of the

present invention are particularly advantageous when
wQeso1a32deep water | ocations, that is well heRCT/GB2007/003149

installations at a depth of up to 3,000 m (10, 0000

feet). 5 Enbodi nents of the present invention will now

be descri bed, by way of exdgple only, having reference

to the acconpanyi ng draw ngs, in which: Figure 1

is a cross-sectional view of a well head assenbly

I S] a horizontal tree assenbly according to a

Th HBfzoBta) g Asseriay fromprisss @ tree PR 10, Brpunted te the
upper €k, C

P B oing ' 8RS of AROR AN Gitireclt 12,
a qongeetiorsring 14 anst boltsat6.cr oss- sectional view of the

wel | head assenbly of Figure 2; Figure 4 is a vertical

cross-sectional view of a well head assenbly of a

Thé dreetssdye td g ﬁﬁﬂhte@ﬁaﬂﬁiﬁeﬁ'aeéﬁ@ndiﬂb"ﬁﬁh? FRe c%ﬂtr& 9Uf e

a,vertical cross-secti onal vi ew of tree body

'Onsﬁuaﬂai axis (of haitrae bedyiandalignedwith the lat&mal boreFin dloe e

wefthed Rolishi 'e? % IbRT BoRe b ket ipé Bl Bt 18
thromghethe ’mee badf( d0ciln @eﬁﬁg?tgrﬁ lﬂﬁ? ﬁ?rﬂa tbgg@gg Préviass aFlowpath
for GEREHHEN 51, TR fieoneloact edeing 6 it Ingamal borey18 of the
treé 'b@l:i? "’W)eqﬁ\ ??od‘hctléﬁ rﬁ&&@&ﬂémg 2:295 éur{téa 153 'ﬂg@gk@? ﬁt Bg{he

present 1 nvention gur
tre© hodmﬂ Ozatdhs eﬂemmigl ofttheilaigral bord PO emd dftmimI@ théﬂwd rof

pro%gﬁ&@upﬁﬁ%rﬁg Ilg{?ﬁ%ﬁo@gﬂc oI rllﬂead assembiy

2008/ 020232PCT/ GB2007/ 003149

Annulus flow passages 24 and 26 extend through the tree body 10 above and
below the lateral bore 20, respectively, 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 ultiimately
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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16 The horizontal tree assenbly 4 conprises a tree

body 10, nounted to the upper end of the well head
Wh2980233% by neans of a production connect or BCI/GB2007/003149

connection ring 14 and bolts 16. 5 The tree body 10

has an internal bore 18, extending along the central

| ongi tudi nal axis of the tril&e body and aligned with

the internal bore in the wellhead housing 6. A lateral
forpbihe Rorizentaiiee assemblpandrfuaciion intthesahte Htxrmes Ashdwn

. Q. | tion, the ] at | b 20
noliztaRfS¥s, 1t srginbl Tdse SRspitm i DS 544787 - om ¢ ne
wel | head casing 6 via the internal bore 18 of the tree

. body 10. A production master valve 22 is nounted to
Thedribesd maydie provides witke @ futttier isolationtrheang dor egample e

intorfeP i85 cRBANT R8N BIES 85 BebRicizcithbid oderaions oo
camigslondt| k. ordibr fbﬂmﬂ)pléméhﬂmmiégmoﬁﬁl@ﬁ%@ @n@’@f?iﬁ%e

t hr ou the tree body 10 above and béelow the | atera
treg ody>). respectively, and have exterior openings.
Annul us control valves 28 and 30 are nounted to the
exterior of the tree body 10 to control the flow of
A Hibwoudbpiieventear{BOR)t440df domeentiond] desigroly shawitsRunikd o

thelih 3R Gaerionai gt hotliRephesaied siatioe b 38
e NG BaRISG Aty SiViatient Fequftl iy e g or

theswelhn installed in the internal bore 18 of the tree
body 10 above the | ateral bore 20. The wireline plugs
34 and 36 provide 25 independent isolation of the

The enlsutimbrt SIRGOH irP F@g?@ﬂﬁiéfah%hgeé'mt% i i u@@uﬁ&t of

envi ronnent, from hydrocarbons™or ot her

corppeaeisiirtegral wvifithe. trembodior inzpantiaular ribwilkiss sotdd/that the
pro O nd S RSBy 222 5 RE G el e FERERY 10

Whilerthiscdrianyefderd(provideb al trse bogy ﬁﬁﬁ?ﬂ&bd siR€ s lpréferedsin
e

an intern% bore 40 aligned wit

many cases, to form the tree body with many integral components, as will be

described and 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
weillhead 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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internal bore 18 of the tree body. Together, the tree
body 10 and the hub 38 WO

WORDON2E232PCT/ GB2007/ 003149 17 form t he hor i XSkHEB2007/003149
tree assenbly and function in the same manner as known
hori zontal trees, for exanple those described in US
5,544,707. The hub 38 nmay kg provided with a further
i sol ation nmeans, for exanple an 5 internal tree cap
with wireline plugs, as demanded by the operations

being carrjed out, in order to supplenent the two
Alse shawn éhFiaug 2 are the @ctmters fonthe Yariousomvesintegral to the

el 4808 330 Rl RLuGB B AR gl

(PNMWGB alsiecmﬂbrs/q&rodnanm baprediuction wine vale (BEVIRY18E

anpilis i and aross s B #ont Shown in

Fi gure 1 is arranged with a mniml nunber of 15
conponents integral with the tree body. In particular,
Thietcomponerds ndthedwelliaad assemioly i afiFigu 2areishewn in
val yes 22 ar e .extern tothe iLee
velffal Etskiaeclin 1R Gioes o RSN be e B 1,50 s sy
wslr@% an htérﬂapﬁéfﬁZ@ExﬂeﬁdW%rﬁé‘ﬁﬁrs as%ﬁoﬁﬂ:ﬂ‘tﬁ@ﬁghfeﬁeﬁ\
many integral corfponents, as wil

lata@dépr@éaB sxtengdsdhrough thedréebody 66 fr@m)thﬁ mtemgi boe.

T Prth e B iU B dasi ives 1R £l b omed

in BEeek aaﬂy aﬁpddﬁih[gﬂh FHgure 3 8y eatities, héﬁh@g walvbfsemb

assenbly, general i ndi cated as. 102 rises a

m%‘%h*ﬂ%‘b eg@nd&@ﬂpnwﬁs (netghewndn Ewet eyteridinip ghe
tre\%e eaOdS M % H%%@e \@.’SHF{B fafts éﬂhé%aﬁ\%snﬁt‘ Bhrticl@r %ﬁe

ass e ar manner h own
valvegtiem dnd ghle and prowde access for actuators to position the valve

stem and gate, as required.

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 125is machined into the
tree body 106, 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. It 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. [t 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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wel | head assenbly 102 conprises a tree body 106 and a
re-entry hub 108 nounted thereto by a flange assenbly
WOL208/0208% re-entry hub 108 is fornmed with an URFEGBZI9F003149
portion 112, as viewed in Figure 2, of conventional
design to connect to a BOP or the like. 30 18 Also
shown in Figure 2 are the al&tuators for the various
val ves integral to the tree body 106, including a
caor $ignifi 9amﬂpmdub'edhe pgtqntiadfortla’aaks mfgfmi@s, in phvt&:u]éﬁvlk/)
116 Sec roduction production w ng val ve
hyfjlmr%ﬁfﬁ%' @“gﬁ%ﬁfﬂge@aﬁ%m%’@, 122 and a cross-over
val ve 123. The conponents of the wellhead assenbly 104

of Figure 2 are shown in vertical cross-section in
Tha qeass dor iselafing ithe inteenah bore 126 of theltree body rabevecbhg

e S L B T

Héwe sty théyhaal bednteeay ttScap apy tvhtélmetpﬂug@insbalraﬁonéf *ée

primary and _secondary production master valves 116 and
deﬁfebaﬂabp@seﬁeonmeqtm with-Eigyéelyl; appearing in Figure 3

as cavities, having valve seats machi ned therein.

Addi ti onal bores (not shown in Figure 3) extend into

Turhingt ioeigbredy, théfe isrshogca welileke assomblyg @bﬁeﬁilytlhelcated
ves, .in particul arwq%ag %3 val ve _stem and gate and
spfé?v il 4 sugsea wellaead dousingo 204 dinersrmpanents of the
Hed T4 f er

We|§1ncl u eseg‘ﬁérll ug%ﬁggg ﬁg "}sor dj@%@gg&&é%@g Siéé@
dessdbedihereinbefore. rAspm:lin cmmuménts ebmdttﬂtl-[mass&ﬁbhes
f}he bores ig and 32, arﬁ]forrred th cavi ti tl'?l
Of FigYFES e ﬁé%m%at@ iping the samie deffemie numerals. The
différefies befweet teSemBadRaTS 'shSﬂnflﬁ‘FY@Jreé‘iabé’ﬁcM]a?é lsS
machi ned into the tree body 106, fluid flow through
follgwsh is controlled by the cross-over valve 123. 25
The choke assenbly 114 is connected to the exterior of

the tree body 106 by a conventional connection 134. It

The éésd@ﬁbl?@0@h§ shswnh hﬁFi@Uﬁé’ Yatiteer édrﬁpﬁé%éwmplm t he
i.nternal bore 126 of the tree body 106 and the Iateral

megited orethedinper end mﬂ%dﬂ?&ﬁﬂm huhéoﬁmﬂie BDFt BB is

cqﬁglgﬁf(?%. Itg&rﬁr&ﬁus b2 ap et ot ?ﬁg?&ﬁ t@g ntgythe

BOP arhize 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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30 production flowath can thus be significantly

greater than a conventional production flowpath
wWQHepB2023hg several separate conponents. Thi s RCI/GB20§7/003149

19 can significantly reduce the potential for |eaks of

fluids, in particular hydrocarbons, fromthe well head

assenbly. The nmeans for isdating the internal bore

126 of the tree body above the 5 |ateral bore 128 have

Alh)aanuklmwmgdrafmedﬂbék B2 és Sonrievted tntherextefiocoBthiettibe body
tree cap and, W reline

h |
“ﬁoﬁ@! Cmenagg aniahn ' Q&E@ﬁ rdi2p @RelusWingrvalve 236,
' cdﬁtﬂdﬂin’ﬁ' tglérf%mﬂof fhitd Wn%ﬂ 51%: ?HH& s‘boréé‘??g dndl vvn a

wel | hé assenbl y, gen I ndi cat ed
pl ace on a subsea mellhead hou3|ng, 204. The

PESRBRER froShioye el ireBR ROl and VaieS e to ahd
infegralivitieiies fee PEEP hgamqhureaeem Rt grity SRS hbﬁzér‘i‘tﬁhtree
assenbl i es of l;ntgures are indicated using t

asegﬁwly and reduce ﬁmiee’cnal fweleaks oEhydrocarbans\arshothiee well

L%g) n‘% ﬁg%tln Figures 3 and 4 are as 15fol | ows:
e asse as shown in Figure 4 further

conpri ses a BOP 206 nounted on the upper end portion
11§H of the hub 108. The BOP 2 i s of conventi onal

b appeeciaied fost Eigure §; the ﬂreth herly 168 afdhe presentt
in\'{ﬁ}ﬂﬁia'n” Wh‘ilg%rcgﬁfbréﬂ:é @%ﬁ{gﬁléwﬁatﬂg%d-r%t?oﬁ 7 Jggf'él 28982

thé rrses an iIn
commam avdflexibie cﬁﬁ'@pnehb\thaﬂ camivs desighed landrmangfacturéd to

sl RSHBHp 6B gl BREOHTE THRRerA ARG ey to

combine different tree bodies and different hubs, to meet specific end use
requirements.

An alternative embodiment of the present invention is shown in Figure 6. In
Figure 6, there is shown a wellhead assembly, generally indicated as 302 in
place on a subsea wellhead housing. The componenis of the welthead
assembly 302 are generally as shown in Figures 4 and 5 and described
hereinbefore. Accordingly, components common fo 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 annﬁlus bores 130 and
132. The tree body 1086 is further provided with an integral annulus wing valve
3086, 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 wili be



25 bores 130 and 132. The cross-over bore 210
intersects the bore 125 in which is forned the

WQ HOEBIIP2 cross-over val ve 123, as herei nbef orRCT/GB2007/003149
described with respect to the production valves. The
cross-over bore 210 and the bore 125 provide a fluid
connection between the lat2ral bore 128 and the
annul us bores 130 and 132. Fluid flow through this

appreckted tedt the mpdtddyl 06; oythayingeﬂlllpwte%;ml E@gtlurztmalmﬂer
oC

val ve 123. nnul
128 g% AB:Anchads RpERS 130852304 nrEudsS &) A flowpath
(#% rARirRy te! potentidl Jor fluid
witf Wﬁ@ ag%nt rolllﬁ@ﬁgﬁ{ Eré&féﬂ S\H)ﬁig% fI ui d tpt?riough t he
leaks firdnu svithir the {t3Dboalylint@ the envitonynert. t he cross-over
fl owpat h through bores and valves internal to and
integral with the tree body again increases the

It wlwb@%eﬁma{ tHe'"@ss%ﬁ{Bhﬁ BNFRjuré Bsoniprisssd Yreabdyasfihes

potentla for hydr ocar bons and ot her wel |

hmeet idegrity.chavirg alhthe am%lﬁtlon,wn@uwnd CHRSSPYRTRArEs @nd

il BREAE el S50 e PRt VBRSPS ey

withimithetree/Bbdtgs, is al so a conpact and flexible
conponent, that can be designed and manufactured to

suit a particular need. This flexibility is further
enhanced by the ability to conbine different tree
bodi es and different hubs, to neet specific end use
15requirenents. An alternative enbodi nent of the
present invention is shown in Figure 6. In Figure 6,
there is shown a well head assenbly, generally
indicated as 302 in place on a subsea wel | head

housi ng. The conponents of the well head 20 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 indicated
using the sane reference nunerals. The differences
bet ween t he enbodi nents shown in Figures 4 and 6 are
as follows: 25 The tree body 106 of the assenbly 302
of Figure 6 conprises an integral annulus w ng valve
arrangenent. Thus, an annulus bore 304 is forned in
the tree body 106, extending fromthe junction of the
two annul us bores 130 and 132. The tree body 106 is
further provided with an integral annulus w ng valve
306, formed in the tree body as herei nbefore described
with reference to the 30 other integral valves. The

i ntegral annulus w ng val ve 306 provides a control of
the fluid flow through the annulus bores 130, 132 and
304, in addition to the control provided by integra
annul us val ves 120 and 122. It will be



WD 2008/ 020232PCT/ GB2007/ 003149 21 appreci ated t hat
the tree body 106, by having fully integral annul us
val ves 120, 122, 306 and annul us bores 130, 132, 304,
provi des an annulus flowpath with a very hi gh degree
of integrity, thereby mnimsing the potential for
fluid leaks fromw thin the tree body into the
environnent. It will be seed2that the assenbly of
Figure 6 conprises a tree body of the highest

Cl E@brity, having all the production, annulus and
cross-over bores and their respective primry and

18&5%@%& %fdr%é eerétwaiheyaﬂm@as&e ab;@sebmf}fsmgr e/ b aMvahg an

I
the tree or use

intgenal h@rscﬁrrana%d '§§§8ﬁ% b9 a&smaﬁrw@ the baret qf@emikbeezd heuising; the tree
bo’ﬂgedoﬁ'lpﬂ&H@'a BRFaf bBFd SRaRIng fhrollf the 1Be b@H)L &#BRhYliktBrnal bore;

bor e  of wel | head housi ng; the tree
the diesrhagy rilgﬂfﬁf CRRBFEND BT eSSOXTebRIP Rytending d@tﬁr p ghrpyghpthe tree
bdagdy fromthe internal bore; the tree body further
conprising a crossover bore extending laterally
rough the tree bodg . 2.. The assenbly according
cI B APSEMARhETOrHNg Keclaimed WRRIGIndBabEr Lody &ﬁ@pa'fesnm%or more
vambws:oﬁwnurcgqné fiew lof M thisughl trecr@bs-blatindrd. hr ough t he
cross-over bore. 3. The assenbly according to claim1l
qr 2, further conpr|S|ng at | east one valve within the
3. theassemly ACUERE R Flaimd arRrBer FPUPERhFIERT cpRalve within
thé fbe bady 9@oairol thb flolner fRESHBMIALY tHRasefAlbo. t 0 cl ai m 3,
conprising a primary production valve and a secondary
duct| valve to control the flow of fluid throug
81% | 8¢58Fkng tasclaif, g, QQQBW%aan@mlpﬁé’“%%H%}V%ﬁnd a

secbﬂdaws prbdiiQiod vanl &5 &infrot the fibw&efilne hroxMThe ikers| e,
| east one annul us passage. 6. The assenbl y according

claimb, further co risin | east one valyv
5. i herASRETHE 2Er g Gy BT QR Olo 4 HEe B i eq pasapomprises at
leadt @ng ahieuOsaseap) annul us passage. 7. The assenbly

according to claim®6, wherein the tree body conprises
ri mary annul us val ve d_an annul.us access val
6. JErAEThY SEFRENE A Eme. et SABERNY 2hEath e egithin the
trestyodgtto edrarohthie How@f fyid Bloh ey orcaarpP Bhisulngpdsetge.
i ndependent isolation means, in use to seal and

isol ate the t o whi senbl

7. o eér&aiy accor(? ing to clalmlé wherein t%e tree ba Vi comerses a primary

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

8. The assembly according to any of claims 1 to 7, further comprising two independent
isolation means, in use to seal and isclate the bore of a well to which the assembly is

connected.

9. The assembly according to claim 8, wherein the independent isolation means are
selected from internal tree caps and wireline plugs.

10. The assembly according to any of claims 1 to 9, wherein the tree body comprises

means for connecting to a separate connector so as to align the internal bore of the tree



9. The assenbly according to claim8, wherein the
i ndependent isolation neans are selected frominterna
tree caps and wireline plugs. 10. The assenbly
according to any of clains 1 to 9, wherein the tree
body conprises nmeans for connecting to a separate
connector so as to align the internal bore of the tree
23 body with an internal bo2® in the connector, in use
the tree body and the separate connector to ether
bofibr"\‘ﬁhnﬂ" z!i"t?ﬂﬂ?' byRtiaIthe caanectors in g$fe theskemibryy a8¢ dheyispgarate
cohfedidttodtthet ey dhérixoA@l trédir t her conpri sing means for
connecting the tree body to a well head housing. 12.
The assenbly according to claim 11, wherein the neans
11 Jhe asaerably i arording foray efoslgimsot 40 i8I fuitostl corprsing megns for
coflR&cHA ngﬂ@teeefﬁoema @elieR@ Heaslg. 13. A wel | head
assenbly conprising a well head housi ng havi ng an
internal bore; an assenbly according to any of clains
121 The apsermplyi Aceerdisg tf’tféa'%eﬁ Hégiein 30 megns ziorf sangectingothe tree
bodl td ARelitizgmdasindRIRtRhabll fRomIRE IrBE Yodei Ng al i gned
wth the internal bore of the well hea housing and a
means for providing a connection to a second end of
13 Rewpiitear AepeBlly éof"tﬁ’r igiRg a wellhegd dpusing having anyjaermab gre; an

as@&ﬁ@[?’@c&or@ﬁg @6 Ghyaf t:lemﬁ-‘d ka2 Bnounkerlr &1 ihet\blﬁlhgﬁiiﬁcsusf Y, a first
onnec i on to t e.second en

erfrdtohe inSia) St e s Rol Haind tahed Suh. e b5rab o f the

wdlihesd holing; tame & mesanb dly paitiig ai ddgnsianofdeecond end of the

i Fongectln@ & b $ connector, the connector having an

NEHE ?ﬁﬁﬁ‘ 5ree &P ﬁned with the internal bore of the
assenbly. 15. The wel | head assenbly according to

14c The Welldead sgskehdly smoplingtongaim 13, ovaséin piie weahe for providing a

h head
ool i 8RR b rarmd domOEpdas ARAMER THatate from
the inen axxtdpyr thiestrasl badydedrhpisinyt meab® faradonhectinhgo ttheeeohmxtjor, the

The wel |k f
coffectd M6 g A8 ARRE IRt IS I i BoRILY o ol Bl
~wel | head assenbly. 24 18. An assenbly for use on a
1onelHeh eetiheadh essesbbniabgordiogpioi shainy: 14a furtles bodyrisivgy Bnglowout
[ ed in use to be aligned with
pr?%gkggforgﬂ?fd R%e Fﬁ] é@ghou& ng; the tree body
conprising a lateral bore extending through the tree
160 by weithear theeriiiy acavadingtoraithet ¢felaimed4 botly, viheraimre connector
i GOIMEL ecting to a connector so as
13?0 F“%hﬂ? e ?E?g%ﬁangﬁpe of the tree body with an
internal bore in the connector, in use the tree body
17aitle medheashassembly acogrelingep amrqfdcl—a@nam@w i18.ombexkintthe avellhead

assembly is a subsea wellhead assembly.



19. The assenbly according to claim18, wherein the
connector is a hub. 20. The assenbly according to
claim19, wherein the hub is a tree re-entry hub for
connection to a bl owout preventer. 21. The assenbly
according to any one of clains 18 to 20, further
conprising at |east one valve within the tree body to
control the flow of fluid tBRftough the |ateral bore.
22. The assenbly accordln% to claim 21, conpr|5|q?

180 AN REFYMbly B ee PB R WRlEeRd, thapsreMBIVCEoRRsisingnal Hes body having an

intefrflbére izPang@bih tlse Y@ by ﬁllérfédﬁxﬂ!ﬁtth@ botehst afWéiIWeQrfl hBusergd the tree
t.hrough the | at tfr al bore, he assenb ¥rpaccor

body campriging adsterl hpresedending t@zougmﬁe? PR beAe Tropige br&asnai bore;
the 689 rbbeyemrtaeﬂ @Inﬁfr@inbyn@ﬂs&&dtbdﬂlﬁe&mgﬂo woﬁhectorrw@eeto align the

ove
BBt hE  Reitseont vt 2pieebore e inophcsiarm i use e ks body
anidebes tormeetov getbenmfotrhing athoezdntaierebody to control the
flow of fluid along through the laterally extending

b . 25 Th L di t f cl
161 80E BoSS TN AEP BTG D RE™S 1 BOVISE) MoTPPRRRs S Peact ~one
annul us passage. 26. The assenbly according to claim

2025, hefaﬂfsérhbl& #eomingSiongaiat 19,eakdreidNBe HILVIE avrb8irg-ehihe hub for
the flow of fluid al ong the or

[
cogg%cﬁogg%%f)lf?@ogtﬁé\goé 27. The assenbly according to

claim 26, wherein the tree body conprises a primary
21amne lagsernisly vecadifly & 2N Bk UB claipe s to/20 W&rthrtobh'iﬂm&lh@ at least

or B I e 5 08 1o AR REFR LA Qe bnanc,

i sol ati on neans, in use to seal and |solate t he
22pThel laesteinﬁb“ly bczroedu@g toaclsi@l 21, toormpkisiad at grinzmp RIIQES6LN rRaster vaive

L S L R R T

bofg.om i nternal tree caps and wireline plugs. 30. The
assenbly according to any one of clains 18 to 29,

her i Si ans for .c nnecti ng he tree, bod
23 & " PRCAr sl 53 998 oIS o B'o2 alsP g g booy
cogipasen BlateraltyextEnding rberambmls ifi ose, poovivssta angsstdver fluieé Bowpath.
body to a well head housing is detachable fromthe tree

24??93 assembly according to claim 23, further comprising at least one valve within the
tree body to control the flow of fluid along through the laterally extending bore.

25. The assembly according to any one of claims 18 to 24, wherein the tree body
comprises at least one annulus passage.

26. The assembly according to claim 25, further comprising at least one valve within the
tree body to control the flow of fluid along the or each annulus passage.

27. The assembly according to claim 26, wherein the tree body comprises a primary
annulus valve and an annulus access valve within the tree body.



32. A well head assenbly conprising a well head housing
having an internal bore; an assenbly according to any
precedi ng clai mnounted on the wel | head housi ng, the
internal bore of the assenbly being aligned with the
internal bore of the wellhead housing; and a connector
havi ng an internal bore nounted on the assenbly, the

i nternal bore of the connecgdr being aligned with the
internal bore of the assenbly . The wel | head

28, JoendnsymBly c3rcarding o aey Qﬂﬁw‘ézcla"’lnﬁ rEhir 26olPers FergPrising two
.ndﬁp@mm iM% 8 AicRihs TR WRE 6l s&4) ahB S8 ARCHraBuctioR borel 6Fa well to
head senbly according to either of clains 32 or
%@" ﬁﬁé?eéﬂﬁylsﬁ@"% ctor is of a different nateri al
to the tree body. 35. The well head assenbly accordi ng

20l @ hé%ﬁsé?ﬁb!y? béédt@iné;?o tiaind4s, Wﬁ@éiﬂ'tﬁﬁmmp&ﬂénh Rafition means are
assembl y

sefeleg T kel 136 Cpie e s LY ol
conprising a tree body having an internal bore

SOaWﬁ@E%HIWadd:ﬁﬁﬂlﬁg)to%y%'né@ﬂGlﬂlrﬁﬁ 1ot 202 APPEL céthpriding means for
wel | head housi e body conprising a | ateral

COBB‘?%'”% St y?‘ﬁf"(‘ﬁ? }FFatdﬁP”F‘PSe body fromthe internal

bore; the tree body further conprising a primary
31PIThE Wk érabi Va%bb’rﬁlr@nl@ Aaife SO NARrin the hkselnks FBr ¥aHnéeting the tree

b°§fv&qq@weh@ap%§§gg PSSl iE oW of 1L

according to claim 36, wherein the tree body conprises
32rpansiiHead dé@ékﬁﬁ?tdoﬂ@rlklﬂg éh %Waat HbUSIAG REING ard Pte?Bal tfdre; an

asEH Y AR AY R CCORA B morRega Hiro welhsBdtging. the

intamal bhbe: sEp®r assemibdnbeiit odlighed atifhcthef intamalboe of the wellhead
hoh°|r' zontal tree. 38. The assenbly according to claim

36 '8r°"57, wherein the tree body conprises a laterally

ext endi ng bore which, in use, provides a cross-over
a tdrmiectof hawgatin interdd. b encamesing theaseanbly Nietistelanbdre of the

coppastortlry gl B et oG8R 8RBT ong. 1 hr ough

the laterally extending bore. 40. The assenbly
33acter diefigeakio asseynbdf actaidimg &6 clain 3, futeere compiieng rae @lowout
rlller SRS Aol BRE, One atnulus passage. 4l The
TEC ai im40, further conprising at
Ieast one valve mnthln the tree body to control the
34 Mbawelhefaki wisseralblp agedrdieg Gr eithac bf daime 130 ©r passiagein thelénnector
isgﬁaediﬁér%ﬁmh%na“t&%e%&% {fy claima4l, wherein the tree
ody conprirs | Trary’annul us val ve and an annul us
access val ve mnthln the tree body. 43. The assenbly
35adbemdilihepd assamplycdccoldiigt® 8% dfalal@s 32uo t3dewherein the wellhead
D isolation neans, in use to
asggﬂplgésf}%ggosgwe” %aesggl%gu'cti on bore of a well to
whi ch the assenbly is connect ed.
36. 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 body further comprising a primary production vaive and a secondary production
valve within the tree body to control the flow of fluid along the lateral bore.



44. The assenbly according to claim43, wherein the
i ndependent isolation neans are selected frominterna
tree caps and wireline plugs. 45. The assenbly
according to any of clainms 36 to 44, further
conprising nmeans for connecting the tree body to a
wel | head housing. 46. The assenbly according to claim
45, wherein the nmeans for cé&hnecting the tree body to
a_wel | head housing is detachable fromthe tree body

3747he AssEnhin 85ePrding dorstam @énwhpv@vm@eér%ﬁewe%aw@e% “??@”S for

coh:?éé'hﬁ@toaé]s fﬁr&é%@hn&@ir%o @No AFGe Rl iteREE BErdiof thel thecidy with
0 cl ai ns

to 46 mounted on the we|l he housi
any e Rt B eneoPREBE | B ohe ' BoRY b inp SPAGRF fgnector
togiithe@ Meehingl 4 Rorlzbstal éeer nal bore of the 27 wel |l head
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46. The assembly according to claim 45, wherein the means for connecting the tree

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

47. A wellhead assembly comprising a wellhead housing having an internal bore; an
assembly according to any of claims 36 to 46 mounted on the wellhead housing, a first
end of the internal bore of the assembly being aligned with the internal bore of the
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wellhead housing; and a means for providing a connection to a second end of the
internal bore in the tree body.

48. The wellhead assembly according to claim 47, 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.

49. The wellhead assembly according to claim 48, further comprising a blowout
preventer mounted on the connector.

50. The wellhead assembly according to either of claims 48 or 49, wherein the connector
is of a different material to the tree body.

51. The wellhead assembly according to any of claims 47 to 50, wherein the wellhead is
subsea.

52. 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 preduction fluid from the internal bore of the
wellhead housing to the inlet of the choke valve assembly.

53. The wellhead assembly according to claim 52, wherein the wellhead assembly is a
subsea wellhead assembly.



