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WD 2008/ 020232 PCT/ GB2007/ 003149 1 WELLHEAD ASSEMBLY
The present invention relates to a well head assenbl y
for exanple a well head conpletion assenbly, and
%%O%W%F tree (also referred to as a Spool Tf‘é%’?%““m
for use in such an assenbly. The invention is
particularly concerned w't asserrbl ies for use in
subsea wel | head install ati ons. is well known in the

art of oil and gas oduction for
wells to 'be casedwp'g @%’g?eggsgﬁﬁl"?m a wel | head

housi ng. Once the well has been 10 corrpl eted and
Broduct on

TRRerssan Sehtoh forafrieRia Wi RBE Y. PREexEn B HeInehd
cB&%ﬁa‘tlBﬁ 2sb8RbN EhEtoRashdrizeptd gk 'QQIS@ ref*é%@ to as a Spool
erKn rouhln communi cation with t and

of oL usRile BUEh 81 @ssempbin Theemmmﬂlorhtrsaoq@mw@r&e@oncerned
wﬁﬂ%‘é@?%'bﬁ@@%ﬁbsetln %@é ﬁ/te Ih&%”%lﬁo ovided with

nore ve or es. Access e well while
the Christmas tree is 15 in place is prOV|ded by the
nor e ertlc t he '

e BnEvn Joies b SEhl EPtdRs SRoIFaa pidprERSEsn feriyvels to

beicaEBE 8hd Qlisp&RiatefbinclvelIIRUEhSIsIRPT ©Rcé thd BRIl has been
Christmas tree. In the past, this has served as a

camplated gadstedichion ivte brgiadiismanvesinch prasicetta stahyg so-
R PRSI e 5O e e BgRLS S
boentherdthughliy cdeshyriesatiothwits theaselt aa@ﬁwmugh vikedH freidsl
fiRG PRcHRCreaaueH. CaPtaboaliG ho T etass (e fhafdvided

WA rabrel Ve feal %@&JCAb@é}JSftb helavell @mn@ heTHRENESree is
bore of the tree through port extenlnglaterally

in plee® @rprph@ledrm’ethmne or_zsomcﬁﬂl@al Horess sHowevery the aecass
fc%rlb%mm *et ﬁ)‘(eﬂ r?%rloﬁl%“\&rréelf)i@ ];Iigﬂrif%gl b} lﬂ?ydl%iﬁe%?%?% vertical
bommehiuresnrathem‘,bmmmas tpeeevlerthelpa(sBm htaecsat\m;ﬂ aha thogjor

tal, t - | |
ofpstiiniep Tt SPRBRBs Gt Tn R et e Wi L2
Chistrie fred M 91488 on the wellhead housing.

These and other problems of conventionally designed Christmas trees and
wellhead assemblies were overcome by the infroduction of a horizontal tree or
so-called Spooi 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 ree, access to the well through
the tree is significantly improved, compared with the conventional vertical tree
design. This obviates the need to remove the free 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 30 design. This obviates
the need to renove the tree when downhol e operati ons
WP ed, a dangerous task, in particul ar PEP2007/003149
deal ing with subsea WD 2008/ 020232 PCT/ GB2007/ 003149
2 wel l head installations whi,ch nay be a consi derabl e
di stance bel ow the surface®f sea and, hence, from

A S8 e AT k™

saffase 0fladd aRd, népce, HBh H8kig WPIGHEAY sENRIraNThek®
5,544,707. US 2005/ 0121198 di scl oses a subsea
product| on systemhaving a Christnas tree. The tree

é@@ﬁkrﬂmefréé GAkH v@i‘h@a&”a%@exﬁbf“éébar%tdi%élgs% nggend-

o uction and annul us valves are connec
2@&55)1@91&%#8 658116968 66547, 008 ard bISoG K44, 703.
6, 581, 691 di scl oses a | andi ng adapter for soft | anding
a tubing hanger in the bore of a production tree or

U@EDM&Q&hm&sdleclosé@algmbs%pﬁycﬁ:%ﬂm@@?stem R&VIRG @Cistmas
II_& a}‘ql tree havi ng’ g ig q’(’iﬁl i‘ gne(;tl on hub. A

UisPur 41§ ¥5P BPMRESESF Yakicy adyL A draireer GRlch are
FrBd @8R ardCardiifus YRGe£A6b & ?eo% HE ek bAfiBaRYbE" nal
and connected to the tree by way of one or nore val ve
sppaieks valne ddkaead tree with a vertical bore and

i ntegral connector hub is disclosed in US 6,547, 008.
The tree is provided with production and annul us

U6 68 amaiascia&s% %rﬁxﬁgiaﬂ@btei forisbft laridiey andbipg!Heedet M

t he outer wal | he tree. A simlar arrangenent is

theBoRe 9@ mgdécmfr%wwmhe%houw oAgal, §65568d.8H o
I

dERseS 5 WEATLARE NG AR UEH CBRhCHRUHAT ARRRYRY of

velyee e prpvidat sbewsofavivieh lare intemalisi thg tretecar\m@‘«hlarsaof which
f a.canyventi I
=3 Rertd Bd BofBRSE e ¥ oV e i e PRt
verti caI arrangemsnt having a central | ongi t udi naI
bor er et hr ou rel ativel e ter
Aopgl Pk @%W%&P@@ ﬁf‘%n‘fﬁﬁgﬁa‘ ’%1‘?1 3‘ is d’SC'OSEd in
Uus 6,547,008. The tree is provided with production and annulus valves that
are external to the tree and bolted {o the outer wall of the free. A similar

arrangement is shown in US 5,544,707,

Further, EP 0 719 805 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 spoo!
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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central bore through the wall of the spool tree. A
productlon val ve bl ock, 30 typically including a
producti on wing valve, is bolted to the side of the

WEI81802023%e body so as to communicate with t h&CT/GB2007/003149

production port. The upper end of the spool tree body
termnates in a vertical intervention hub, to which
may be WO 2008/ 020232 PCT/ GB2007/ 003149 3 connected a

ot 8 % 3 TR bR Rlo ekl e SRR Moyl

véib{esh arwgfgﬁitdbgaz?edyﬁ ltjilﬁedoatsgjtemf ti@@ tgpmmucm SOy @oﬁds!t tgg

Cém'ﬁwn?qaﬁ%éng(?&wn ét\ﬁ@] %%ﬁ?ﬁﬁqﬁi’ CHYTUHEP R %eﬁﬁeg #ﬁ fhe

s %i?re%fbddfﬂl%rild &ﬁmnﬁmgﬁ%lﬁ WRRAE c@ﬁh‘?l‘ ERER e Erget he
(0]

oncept rlzonta tree disclosed in 0 719
and EP 0 989 283 are described in US 6,050, 339. The

VRS E N Rova Pt R oea ol heRni oy HRCleRga of

FPr @219 sng @M ocsed2 88 aﬂd@eécﬂb@cﬂ ireln8 8,05@,388! Mihedtbrizontal

housing. 1 The er end of the tr i S forrre

88 dasqmeﬁéa BHBUET cberisas-ustiely eie EbaehRaTE
?ﬁt‘réi'ﬁ Th $fecls cbﬁﬁe%tleg &t nté‘\td%é%@r'ﬁttb%wemﬁéacﬁﬁéﬁiﬁé
ateral roug the tree fromth

Toenppat eb@oétheétrm bddny:tsfonnedxae@ cdrweciar o pobatasd into

cppipqieh tp Adr Frigd AT Grisef S g T, A Bl Bl ol sRfbngs
| dtEnaay ﬂ’ﬂob@l@ thd B@dstﬂMetttbe]fﬁomQh@rwm@alttmr@etﬂ/\@r@ﬂubﬁhml valve
central bore and the exterior, i ncor

is ine@rPoried frte the fgedwsy o an#@"mg&hﬁ ?BlPWf @fmfgg H%mﬂ‘&ﬁds
frbhﬁhwegl %;gm% Iﬂrsanﬁfﬁuégéﬁé)e%ﬁd%%bﬁ%ﬁé tide

an han er stem Subsea tree IS of
cotmenurigate @nmerathea@:ﬁgéwé hore e thegexdenay tVajves ipcorporated

B ke sap BBt Tna B et Ty T e e pe 2

productlon val ve bolted onto the exterior of the tree

No tly, US 2004/ 2604 d |
ROS Dz BB sioems 2 FubsSa R NS ved=0ust PYSTAG

shb&ed 1188 iCOMPEIRPSoRtaY 8FrhhGSthbt, BhlIBG ek ek SHerbag e. -
central bore, from which 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 provided through the tree body, with an
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25 The tree body is connected at its lower end to a
wel | head housing, while its upper end forns a

connector or hub for connection to a riser, BOP stack
B0 2008480332 ke. A lateral production port extendSTGR7/003149

the central bore through the tree body. A production
flow valve is included in the tree body to control the
fl ow of production fluids. wever, a second

BRI T RS e, FIRROR shRSuEoIR ek o,

Hdck Battedrte ¢he bridyior Of tivel thed yodyannul us ports are
provi ded t hrough the tree body, with an WD 2008/ 020232

PCT/ GB2007/ 003149 4 integral flow valve. However, a
%ﬁfét’g%uf}ﬁ&ﬂtksﬁ i e Yggdt)’ﬁ,e 4 te@gg%%%@urﬁgebbﬂ% zontal

0 the exterior o . I nce their
tigesdpvedrieenrbuithene indtsileto doparticulas ingsuliseeaveiiheadber of

g @b ars Rt EEanS AR HEGRS o orftter B Bon@hyohd
viegtiosl tre@fdebign. Hbrentsrge siuhitey obpfoblemy esmbimewith horizontal
conventional vertical tree design. However, a nunber

t&¥eSprobl ens remain with horizontal trees. 10 As noted
above, horizontal trees are formed wwth a central,
vertically arranged tree body, through which extends
Asheoted mboug, hasizentaAtriees iare faraledprititia cental, vpdicallpaganged

ar,i ous . an . PO ' in :
IR ROM Wi gy B3N Rl o WP B a@eiieon
ponrt &81 edrict@rEmeGiud pdrl akaoravided it theatreavbblipedtie lower end
housi ng. The uppe{%end of the tree body is invari a}bl
o ShOrEBE ROUU MEY L iTIeHGES ¥ Injegral eINSCHRTPY 8R4 R
gl BUSABN ! Hbek @n JHee fba%kdy id Int@ialdly bifed as a

Ike. In view of the wide range of rig and platform
canseior pevertis@dntenensioniube te alieve sonredtiveda s BORestaelse

YRR 5 RSO 15 AR B o
tb Rerwes %Lﬁi%a v@ém@gds,embitme ohexbi @elajsttbg:toe w;anith an upper
yed.
!

enpl o result, the body of ont al .
OBECEoh R YRR ABIHERET. (e er RS cHOTHORA e vegiet
dihenAGkldnt destdhs tﬁﬁfﬁfap%@é}%pfo%m PlsherestR At IRS\08F a

conponents. Accordingly, the need to = | .
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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provi de the necessary production, annulus and
cross-over valves as bolt-on conponents ari ses. The

nmassive size of the tree body also limts the ext
YO 2081282 ot her features nmay be incor por at ed |Pr¢tT6G32H%7/093149

tree body, such as certain 25 flow oops or cross-over
l[ines. The inability to i nclsude t he af orenenti oned
features into the horizontal” tree body may detract

\{5\&&%%%@1&:%1@% e%'@ Pésﬁ S rpg ngeﬁ?al fTng t?%é@?é)cﬁhi e%m,r?f of
the bolt-ant ﬂsehﬂ:daes deﬁemmemtml terrsiluld lerk is PRArisuisnit lsigh at the
) Bk 381 B bl S5 5
ff_P?cﬁ%?thé %t Al v@é?@@@mtt%?ol‘é‘ Heabi‘iinb RiSe f)!‘cﬁﬁxctlgﬁ @Moke

production flow val ves have been [ ncorporated

logeerh apcinalysis viohedoeMox RNt TeeREs NS0T RAsthabthe

@ise? pREARTE LihottaRab oy SAp B AbRT thE eniis.
|dmgitupiirtse (Nartidalf boresarid notcalbegthd srodactiorcildwpatit, Wbite tils is
R EDB AU TB SoURI PRETalpas WA Y o (poethg Tapuired
thl‘é)'uEhVéﬁé Lcef?ﬁﬁ%é es&%féﬂeﬁ‘af&%%ﬁ&%ytdhﬁr @Rf@@%ﬁdd?'bomon of

deed, an anal ysis of kriown hori zont al
the workiag Myn@f tba mlheadtaseﬁeblyn withdke majorlyaf the timetbaing

AR RS ALy Bl v

qmemumelmdﬁbtewnatdugh\&wbmqédd assanblpimtacb/a@mztgﬁal tree will

NG RS TG BBl neanTy e dsepa etheh SobBrses gie oF

rﬁ@,@lﬁa{e,q@mu@ ﬁégkbafﬁsnor port| on of 10 the working
of the well head assenbly, with the majority of

the tinme being spent with the wel | in production
THRIE 1 £ 5680 i 0bdsigh BB AR OL bshd A, IRREEAII RB8 that

it p@raftsadn tm;e:evmd Ilmtegnmolﬂv&ﬂwsﬂfmmt}id thirodH theptedd
t hrough the assenbly that conprises one or nore
potential fluid |leak paths. 15 There is a need for a

Aestdng &f a WRdtlipast FRe prbserilchabh AR pidvated ARt
assembly for use in a wellthead, 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 means for
connecting to a connector so as to align the internal bore of the free 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 harizontal {rees 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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i ncorporates an inproved integrity in the fluid
fl owpat hs through the tree. According to a first

aspect of the present invention there is provided an
VO 248ty for use in a wellhead, the assenblRET/GB007/003149

conprising a tree body having an internal bore
arranged in use to be aligneg wth the bore of a
wel | head housing; the tree Dody conprising a |latera
bore extending through the tree body fromthe
internal bore; the tree body further conprising neans

Fiost, thecrumeetions 4 '
i nt b1 nal q'ggg B AP ephbotl® B3ybSed ok Bmd to be
'”iq%“f le-opprationy to be cordlated i partivadldy, thadothestor
I ; ] i l.tree. .ln use,
RO RE it SSpeSRY h < BB Pnlpfor eRBh et B Bl 38k
Ergparaseat tlnuemtpm t Hmv;ea tmmmew,gn (ﬁggﬁdwmdt Reft&femeaentry hub
| n I ee na use I n e sane
% r?nt_éﬁmlé’a? to e ety ?E 19 pr Rigdorma & be isgd, the form of
BOPeissbeiiy £nd ONEVER. otﬁeﬂé@’ﬁ%? of the) \Qém{ég&?gsemcply, for
ody an

advar]t‘ﬁ‘geeé arise fromthe use of a tree
LEpiatiEe BERn@dde funnalc A givemires dody emaynthus be fitted with one
& [ : 3 007/ 003149 6 First
FRORERH SymierCoetti et R eR g0 U enBagisrihe
egialigfierand epdratorused i n downhol e operations to be
conducted. In particular, the connector my be a hub,
especially a tree re-entry hub for connection to a BOP
Sdcaol, the tieehedyesaiod MYRHaCAR @kég&ﬁe

yﬁe ?r ee re-entr?/ hu t%a]gse&?;%%glﬁrg@epgs

E{’ﬁéppraer@&%gﬁflé?%ﬁé@p@ﬂdqmw qfitie @ﬂmpﬁ@tpr_fandwvttbolbiﬁhe dent) of the
Ao oL Ibeing REBe SPRRBAYY THICabRY eled<tS Bk Biticieny of the

oBerliqssambiyucorstruciogiandmamefactuesly may thus be fitted

with one of a variety of different connectors, to
nmeet the precise requirenents of the 10 installation

Fantiennies abofectSORNNb behRibid@ed RPAdEBcRSs hydrgcarbons
an

mapuf actured to the end user's requirements
P iR fhshwell.n Bepatdduting sueh oprrationmes irataltation and

VbR or ey Sk br ROIEELS' HEREL Ml el ogrpetin
flulge. 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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15 overall assenbly construction and manufact ure.
Further, the connector will not be subjected to
fluids, such as hydrocarbons produced fromthe well .
WORAH2028 | ng such operations as installati oRCEATB2007/003149

wor kover of the well, the connector is exposed to
drilling nmuds and conpletion 20 fluids. I'n addition,
the connector will be expos%d to such fluids for short

oSBT ORG piebsaH dv15teRe T 1 LRSS 81 GPrTper o be
AR 08 a‘if%réﬁﬂ%%rfa!betostﬁg%efe' lf&ty' Q{ﬂﬁ” efent ftﬁneet the reduced

connector, In conmpari son hori zontal trees of
specifigationr T is intoentrastrie the éxnﬂ\efl th@rlzmtﬁt frem designaein which

oS54 ISV b0 SFER FEAT ©

reduce the size, weight and nmanufacturing costs of
t he connector. As the connector _w || not be

St Gurrag dersapiaratcavainn CBnmeFiar (o e atpe ROy SgmEsanl,
réd\R R R ﬁté QE%fa'ng 6'&1.2 %W'tﬁ‘@ treB 9 odp! élhﬁ'ﬂ ﬂ't%'%ﬂef‘f@r ed and

passi ng throu e internal bore of the tree
martudadtired) wiffe mnypn@remmmnems intearakto tbartteed&dtfeéh

d
ppfiariaRtEs [Shiaraitat b aRaiekers RALRE AL °2rd
cg ; ggg%s &g%g?zxged7 wm,tomddmﬁe: pabbii\vd 2008RAUARS. n
thiﬁé‘té’éﬂ, i gaial iteasiy " g ol oGS The LS Hoh hajeee
ﬁ{ﬂggp,%) ‘t.‘(:pga%gﬁ_ materials to the tree body,

ent to nmeet the reduced specification. This is
|n contrast to the known horizontal tree designs, in

TR bl Bl bRt sl SRR R et for
tﬁ@ﬂﬂlﬁ?ﬁer@tﬁ%rloéf mbeu@meaagmsmuétmmtms tmgm emdpdiment, the
P heRRoneC B G ororget g b REnGhefon 18

tWo'iJBh'{‘ﬁé‘}ét&%'I r&d&t&ﬁ@@%t@ nﬁe%@lrmrttmweumea@ody

contrast 0] ?UI rement of conventi onal

umﬂaiiegms teafthe m@dlmti@h po/pedirhanahieast B dBPeNIeE iNgRNS
for Péoi%tmg Gei [Sro%% o batﬁot!remcme W GRS 8% rebllirement that

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 vaive (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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this way, the overall integrity of the major flow
paths for fluid through the tree body is
significantly increased. The tree body may conpri se
WQ%QOS@FOQN of the ports and val ves required FEI/GBREI7/003149
the full operation of the wellhead installation. Thus,
in one enbodi nent, the treg body conprises at |east
one valve to control the flow of production fluid

Dty B bhBasPl e B ikloah e L it Brge

Freferhidy, ithe trebbuigtis fdrardab dofrgsisetarcrossdepenales (Xorans

s b b P il 30t PPt
installation should conprise at |east two i ndependent

means for isolating any hydrocarbon flow fromthe
lteakhown e farm soirenialdreeseofitr awtlitiopasgagedquiblosesh abucler

o PR AP onsct Frcnlinte it 05 459787y SR E erle &

pﬁPﬁfo@Eumaﬂom tlﬁé’M@@mg! &tm@ d¢f the tres ddbye arztaﬁi(mgthmgevad qe,
al SO nown as . producti on . w val ve .
250V BRI e WEIFRQ@Q@W) ,\);B’%Rg &P“{K)ﬂ[i teR ?‘PWM&WW

, trﬁ’gw)@{)ﬁ pé'&ﬁagaefs'frﬁgg gé rn%ur‘ﬂgé’d & RGtS8e R BliFEE ®Bdy, as

enpodi ment, the tree body
sbowpiin §&s5,844 J0&r ar injegratwitiuthegtrémbedy, tasrdisglasethin Whee

SR, Bl BT RR r hU AR b, e voo bocy

iCHoyRicawdth é:h@wnbn}@tr@ ahAulas glmmﬂt' ﬁbge@as apfawatiethe art.
CIr0OSS-o0ver asse . nmount e on the side the tre

PUBRIAb ey PR PDHACOTBPGS BUBRSHIISVAILR FoeoTtHpIctigfiow of

ﬂhfaerhltd@% the %numeﬂdmﬂg&&rdgbx. ¥fis bRFeREQSS ﬁ@d&ﬁde W@ tree
2008/ 020232 PCI/ GB2007/ 003149 S'flow path is

biody méthsadh arprsnayianguius eddudad ipsvenas an sreius mpgter

| Pr ef -
BRI Rl DUl SRS S BB
afbic@bs \t?\a@ Gg&\{?{)up:’frﬂiflyf ltrmwmé? fﬂanivﬂrl@_k/en@nilt/?)e taerimntsg FE.[[);/ er
0 a . , no, 0 or rzo al. rees W
oampvé'ﬁagtspa‘&%@éb%&wwggéihe Qs 8W&é%awghcﬂ@l89_%?§éag
irgg@rri]@é%‘%suz_céb e Pot&ifh) O FiLAd baR Sroks Bl Fﬁthpf ovide a

for fluid fromthe internal bore of the tree
above a tubing hanger to an

It is a particular feature of the tree body of the present invention that the
forming alnd machining of the various bores, ports and passages extending
through the free 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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annul us bel ow the tubing hanger. Valves to control the
flow of fluid through the annul us passages nay be
nounted to the outside of the tree body, as 10 shown

YR 20//0302524 707, or integral with the tree bod§¢T/GR007/003149
di sclosed in US 6,050,339. In a preferred enbodi nent

of the present invention, the tree body is provided

with one or nore annul us fl 8w passages as known in the

. ferabl the free bod rporates at, | east
s cate, Ha200E 1BPSihs % reanament 1o oerd; wwes
uﬂ:fb’[ﬁé'nldénf lb@%&@ﬁw&%m gfrod'lée@(«ﬁﬁfﬁrths (i’refe‘%o@e%‘l’éﬁt?ll

tree 15 body w rimary annulus valve

tiewiah base. aﬁeaﬁemnm@ thﬁg’eepect\mmaée( fvexample, o the Norsok

SE OB LRGP P B e ST e Bl le, u-or-
052)31 Wé)e,celmber mag. abucitisoiation neansAigeiude intbirsal free\vage with
€ annul.u

th d nt t d
B SRSt e BRioh o Cary Brtionas Gorental foe esiake o
i rhdrateSofe BAEItGG iﬁtﬂeﬁéﬁ.{e’fﬁ %oﬁaftzoh riﬁeéﬁse\ﬁatﬁiﬂ%e ‘H{tertrﬁ\?

present i nvention that the formn mach I Nl ng of
bore evtgnd@géhwgbéhe ponnectanportas Qég&tr@&t Enthengesent

RO o b et By S e AR il AT A S Y oo
:rgmnmdaﬂn the ftree lbmdgr thue rfokiting the opétiation oéq msmmkmem h#Hin

hor.i zont trees restrict a to the rnal re
g IeAeES g constioL TRe RERTaal ForiPh feans: SWEAs 5o

R fB?mtcﬁ%ldfﬁh't@é’%eEQida@ A8 htBARS BE8 Taph Antffireline piu s.
assenmbly of the present i'nvention, the manufacturer o

the tree body has significantly |nproved access to

I I,]]Se SRL B gl Br:QFlteHgﬁntH ths gﬁ{e?ei‘(jw?l%%rrg gﬁﬁ%{]a%@‘vg%ca O|‘£h

e 'necessary’bores an hrou tree
thse)mmané @mrrm:dmwcndm Bﬂth@rc&ﬁmectoeaspemmﬂ Atedawedend of the

. .. WO 2008/ 0232 CT/ @&B2007/ 003149 . 9 | t h
RGBT /s B0nanciat by tiable eqes b edappsrashdrg e ©
W@Hﬁé@(ﬂ hQ{ISIh atSuﬁté@le ddﬁ‘ﬁ@@mﬁi@bnéw rﬂbUﬁﬂ'hMé vidiBead

provid Wi he tree to seal and isolate the well
heusiag aﬂ@kaownc éf herﬁe ashe écgrf@@itm’iegr#b(d@th ther tre BARY during

thPidr By MNS A nutacturing procedure. Alternatively, for ease of
manufacture, transport and assembly, the means for conne(:ting 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 weithead, 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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St andard Common Requirenents for Subsea Christmas Tree
Systens, U-CR 5 003, 1 Decenber, 1994. Such isolation
neans include internal tree caps with plugs, in
Wa209%3024? wireline plugs. Conventional hori Z@ﬁt{l’g}BZOOWOGSMQ
tree designs incorporate one of the two independent
isolation neans within the internal bore extending
t hrough t he connect or portilgn of the tree. In t he
present invention, it gﬁan advant a%e t hat

bPﬁlﬂBﬁ@WﬁéﬁWW@Méﬁ%‘ﬁﬁ foe Brysing\R pedy 'W@@a’ﬁféaai‘fﬁ e
pﬁgfﬁ%@tr?rg Wrg%{rr%\]]{:’ﬁ Wit dnle! i ddieroQRpirdl tHRMidve apivie %Hgsthe

eaves the connector free of internal
lateral boieon neans. Suitable isolation neans for
inclusion in the tree body are internal tree caps and
wireline plugs. In use, the tree body is oriented

Iﬂ\bidér'tch gllbwties freé bbay € be Iﬂgmgaﬂ Iaynd\mamuxfaaﬂuredwvﬁth & t he
means for connection to th nector. u ED ﬁﬁ&

prasiustion figwgrath frem fhe igterpa! PYoR Hith
irﬁ&%nta?mtﬁ tlg% faa btoﬁy é{?\%’c %&Rﬂ?@ﬁ%rﬁ %oﬁfexﬁéiﬁallw\ﬁﬂté&l%@d

abl e’ connection neans for nounting to the
cmiploheais 4h[ewehg‘edrﬁaaﬁ<ﬂ1@mnn%t@§ of theyhasizontsl freg s a

|

SREHGTREomP PRy PiscEer P RATH, MkArdp poPfigtodhdBofRtior
m%at@&m mtayt ttseﬁaﬁp c&cfuﬂ@adom seobinectdhn padinslaf ahub,
connectin (0] e

| head, hous e preferabl
cSoh ap a6 SHtDHRdor Ferepiay © 5 BOP Btk RORLSERe! paner.
present invention provides a wellhead assenbly
conprising an assenbly as herei nbefore described. 25
M\srdwtte@rzamen inthigrap peastastion fuisrtavaretizrifiptes kedy

Cg?f{pl(ﬁ{zﬁgg l'bq]n?ﬁ:eos‘%aap Y%%\? ﬁ@&ﬁ(gﬁg} o F Gﬁfbucﬂﬁﬁ 8L through

t!ﬁ@tﬁé}bﬂ Qr‘odfu@t‘ ot bdted ﬂh@ﬂdﬂﬁeé bezmgtfhﬁnem‘ mﬂegrallpw:thlthe tree
| ow._ Accordi ngly further _aspec

hoﬁ{\\/erﬁ’tf@%’ﬁatﬁY SO e tsmva%%weﬁ kg aﬁedv%‘ogeméF ¥ 33‘5!
F\‘/ﬁg%daé Rﬂ@%‘oﬁoﬁ%ﬁgﬁ Ve PANYT BSthhFdhidarbmeolane flow of

rnal bore arranged in use'to be aligned with the
fbl@:feloog thae weidustianl flnwpsthng; the tree body conprising a
| ateral bore extending through the tree body fromthe
internal bore; the tree WO 2008/ 020232
TRHSTH&BBODS rRYIMdrmed with some or all of the other ports and valves

required for the full operation of the wellhead instalfation. 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, resuiting 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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10 body further conprising means for housing a
production master valve and a production w ng val ve
within the tree body to control the flow of fluid

WOMPPAE? | ateral bore. 5 In order to al |l ow (td/G52aQ7/003149

body to be forged and manufactured with the

production flow path fromthe internal bore through

the lateral bore fully |nt]elgral with the tree body
pon external |l tt.ac

h | . .
1 BrBBRRCETDIGEGY B BRGTP SR AN PH e B0 IS rotied
\@P, Kéﬁ&t Rbrd &2RUILS fidw Cp%%aag@ B RESDPREMNe art. hPréfé% the

aving neans to nect to the connectaor.

tmmtﬁtytlocorpasat%ahtﬁgst @@vafé@ tq epnticd the Bewed flgid thrquh
BB S s, 6 8L ol 85 vt et

0 sletuliomasiey vdlred AMV)targl ai apmunds: at¢ens valve (AAV) as

fluid.flowath, the tree b th
IEBTASOTBOBBRET ATV BIRSANOFS HARRLFS oW FAE W gt

f@@l&tfésltﬁ@ BRI Iz‘o‘ﬁﬁ MakdRS frBR] M path.
; egé@!ﬁgzgrg 3'; W th thgtreg bogy Preferably[? t he

tree body conprises both a productlon mast er val ve

ich
b S BE G Ml Bl o Mg Dbt
uﬁél@WtrhtheZ&eTﬁt&iyt rirds hotiyn rr&w jbavd theneahnsictdr feamnaef ioternal
all of the other parts_and v

qui. d
SalpiSroenae: Swiide By wIaUSh mesna foriackFRP S r8hH005 are
I%ﬁwai géyggpé?\td witdlfel ﬁl@ﬁsé bﬂgéﬁtt@@ém;fséié@@w ﬂ\éaﬂbeétﬁm &s an

extenln ore through tree gq)j/to provi d
inteosal teestapfarslwisaline plug, wewberinsloaed Imie ‘%Klﬂe&tort ‘f ee

LR S RUE AR sk RBR Y 3
the tree body. By having the cross-over bore forned

lHl{g.\%u y thegoéyeﬁcqe%gi%wqgé@%f grhla $’ %];g‘;@t&%g%!@ryesrﬁéaqv\%h
B L e e e

intesealtiody la @rﬂ“@ptmbby puitabiemigase ta the 990w
V&éﬁé)aﬁffgqﬁ%g{é}ﬁ @it chheBh niddHsForhRiiMhihg ¢ HORBIheHY

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.

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 controt the flow of fluid

along the lateral bore.
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WD 2008/ 020232 PCT/ GB2007/003149 11 in a preferred
enbodi ment of the present invention, the tree body IS
gﬁ ovided wth one or nore annul us fIOM/passa es
ﬁﬁmﬁmPﬁZFhe art. Preferably, the tree body CTIGB2007/003149
i ncorporates at |east one valve to control the flow of
fluid through the annulus f] ow passages. It is
preferred to provide the tr body with both 5 an

R P I L
thé Qr&i%%h‘fﬁné | @ fRR D W Whidis th Red@Rshe pressmaldfymeand
reduces the potential for fluid | eaks from t-his pat

rp@dationlfiuid to b@lownvlraasure tp adeval it Gasube hapdled by the
c{g}i\%}%éﬁ}g%rlopﬁcw irr]ls%géﬁ?r@r g lSl‘?% v%ﬁ{l&ﬁ:ﬁgvtré&@e:\g e;ﬁ%l?&e such

e conne
d mﬂcﬁoenmlve assgnalbly mnthazemi&eaﬁmstsabibbj i Byphieallypthenehwke valve

fo | h bod |
SRy B EY AeST R Rn of CEnPHUT U

KdowRhori-Bhel ek dsseMbhad) Rl hu mhuam:rpw@u vaRy ahe the
i ncl uded i.n the connector, if desjred, provi de

cbake gaw@w%emﬁbmrwa%mnm @ftemaélymhe trag, i
migdns 5@1&5%%99%%&3%&%6% Rnd iths %H%d‘vﬁh BlgRalf tP@r e

enera e nmeans or conn ctlon
mémmmmlbmthatrmhommtal tr@ledoddy\nepr@ndied)thathwhen lnstalled in

%\Ets@%%? ”ﬁ?'y,ﬁ?{g% &g%ﬁe gg [%4“:? of §ﬁ?qa ricm.r%a Wit flow

OARBEGH tPthaTRRA %o fHRf cHIRENEhRadsenddng wel | head 20
housi ng are known. These may be fornmed integrally with

the tree body during the forging and manufacturing

8?&9@&,{ a fL’?fltheerrdég%%vcﬁltM? ﬁf’é?:len? ﬁ’ﬁsp%n QM% Wérl!ﬁead

rans ass means onnect i ng
etsbemb\vyehm baﬁm:urmwssubgeamllbeecﬁ assdhlys cpmpasiogfa wailheeei

dy. I
e Bi e, A8 il bl EreBiREE 2 NGO RRERER eprigbitnthe
rﬁ‘ﬁ%ﬂf@h o6 %Eém%'lyﬂﬁbrﬁpﬁsﬁ@%a hredyb B Hangan iimtestan dbre
bore arranged in use t eallgned V\Atithe gore of a

alieneduatd the u@trerfgai bereof theevellbgay hourpei HisiearaY er al
R Grisk §MAERI bbRE 88RAIhEGrdnh B RRMal B thRRigh 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
fiuid 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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internal bore; the tree body further conprising a
prlnary production val ve and 30 a secondary production
Ive within the tree body to control the flow of
‘rVPLﬁﬂ%W?ﬂf%n the lateral bore. WD 2008/ 020232 PCT/GB2007/003149
PCT/GBZOO7/003149 12 I n general, subsea well head
installations conprise a choke vaIve assembly in the
production line, the functibh of which is. to reduce

t he ressure f the roduction fl ui o belo
g Brewdht flectian boRiar ABRIBENhIAT edgastpﬁef g, 156 present

iRMIRh (p?@\{%@é af ‘é‘égéﬁ\ﬁ J‘Cfﬁ?géé h@ﬁ Wé‘ﬂheé& the a%@@M%W ' Ona|

practi nclu oke valve assenb
doneprisilg héad tmsisfd‘rath anrylmroal hare arrangeiddR eisedd \be ailgﬂed

BREER s o A Nean s BUS R, e ERnBRb! EOTRRsbateral bore
HISRNRY HRsugh Hetréd BOW friechis dtewizd @ove | thie treed ddydurther
choke val ve assenbly are co onent s, nou I'bi,%d ext.er aIIy

qomrﬁ@qaéessmﬂew%@ﬂ@ﬂde alletaAll thege gdarody
connections. It is an advantage of the 10 present
i nvention that a horizontal tree body is provided
Tﬂeaﬁunctzwmnf & netsatdved bore isdoweovithe ff aiflewnathyio qﬁpblated@@d

I fl t
AP B BB ARR A bl IR, A @ groce
AeE0bE Aiws the grasddrenn aspaniuies ﬁ@\hpamebemquanwmmme

provi des a wel | head 15 assenpl artic
ATaBuER WG producliastampath. f@ﬁ%@hhﬁ Qf%%‘{qr%@é% is used to
ﬂ&H%ﬁté‘ﬂuaH%‘@tﬂ@eﬁ% Wtk éﬁbsﬁﬁﬂﬁﬁg‘%éﬁﬁﬁﬁé BRAWGE refirn path, for

rizontal tree asse orizontal tree

eamrm’:@ltcyﬂmmﬁna @‘omgnenttqned lineslychaagierny conditiondluidg, such as
ernal bore of the well head
Cﬁ@{ﬂg rﬂ&j‘,js'qﬂzh? m%%@gg W%‘:’)n”prl sing a lateral bore

extendi ng fromthe internal bore through the tree 20

bod rOV|de roduction flujd flo h havin
i PR UE RSB ADS G1PSSRVER DPIBIS SALIANER B UTp

é’?@éé BEad MU A% g&‘?erfétl QH&ngt%merﬁih%é 8 b|@69|¥urther

conpri si ng |nte r Oow con neans for controlllng
admmrfsieewr@ﬂspnddm& least orfd erpgs-oHeoYRIVe thbe pjwmj@@ injggraily

AT Qg BT TRy e b AREE BT e o BT o1

mbihitdand thepossible leakage of fiuid 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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25 of the production fluid flowpath; the arrangenent
provi ding in use an integral flowpath for production
luid fromthe internal bore of the well head housi ‘();
WQ”?SFP@O% Al et of the choke val ve assembly. AsPREGEHFI07/003149

above, known designs of horizontal tree require an
external 30 assenbly connected to the exterior of the
tree body to provide the redéi red cross-over path. As
als noted, it is an advantage of the present

NiRFERE iogRrovideaan intagseli preduationtfiuid flowpatho thaltsee bhdy has

AR RS0 bt e M PR < e e acospstign

G 0 e e it eeperto oy
ent |

e IR W e eszﬂucﬁamwa@g ave (BN,

bmh@fwcrb@csrﬂr@meaﬂ@ﬁ@fﬂ@d%&@fh E% n%gr hh the

bore of a well head housing; the tree I'sing a
| ateral bore 5 extending through the tree body from

R el 6B 451 S e BB g B
Vﬂﬁvgne Shendrameniios flofy ;aeltss;agefs ae\kgbvﬁnﬁn ¢he artt G’r@fswtblﬁ &he
ul at e ul I

fl h
{62 bt Bk o et Bha N Bivbue Santsel thadiow of i Hirpwah
thé %nﬁ[i@l%?lfomlﬁaéh\é%és barig p?éfla@éﬁ td Bﬁomeeﬁﬁ%@e bBdy #fh both

annul us fl owpat hto be equalised wt pressure I n
By mﬁst@frvaflweo(\&éé‘(}manctan @noplustdesces valye ¢RAV) Ber e

o E0nioneRld. Tth Sols oo B8 i n ¥ HollSpth i
iidrassed ety madead icosetiedotetial fdrdhgeicaks ¢ondiHis path.

fluids, such as drilling nuds, in the lines of the
well. 15 The flow of fluid through the cross-over bore

PréfefF@lﬂWﬁ)\l!d PAchYn@eIR it Bieahié Qﬁﬁs&&ﬁﬁg{: wé W&F boldlard
pre erred arrangenent, the tree

tdvgind Bdbed F@%ﬁ/b@dyon"fhl%m N fasyes ’Ebﬁhéoﬁ!ﬁ@ﬁ@t iﬁa@pf insgroel
téfﬂaﬁ%ﬁw r’l‘i‘é%ﬂ%ﬁ%dtt@{)l%qgrﬂ% idh p\@ahg'f&' ihBfislohak tlggﬂ'ﬁe blo'a%ne

€ Cross-over

intains aﬁaemparmwdtmleeimgﬂugé e | eakage of fluid fromthe
wel | head assenbly

In use, the tree body is oriented with the internal bore generally vertical, with
the means for connection fo 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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significantly reduced. As discussed above, in order to
allow the tree body to be forged and manuf actured
with the production flow path fromthe internal bor
YRBWRBhe 25 1 ateral bore fully integral V\APFWQE%%@WO‘BW
tree body (that is not reliant upon externally
attached conponents), it is preferred that the

connector of the horizontal'dtree is a separate

R e TR

pQﬁIcQWI?%thag‘eﬂus Retehi (st an d@eb N\theﬁl@@@ti@r% thdt ¢ @BlKdAad
, for connection to a BOP stack in 30 convent i onal

’ﬂ%ﬁiﬁ@@ns Ae 2ieolr o tr3, Pet M0 diEetao 14 1n order
to provide an integral production fluid flowath, the
tree body preferably conprises the necessary val ves
Entbodiimenis| oftthe pfésant iivepliardwil icam befdesicdbed) gugdy ohe
| at e{elal \Zroductl n borg Pr ef er abl the tree. bogﬁ;

XYNPIE QU NG releranga R eore SREI A e Ingsvin WAIRE: a
production wi ng valve (PW), 5 both of which control

theflowof fluid along the production flowpath., In a
Figuee drs acrespeertiang vigw eraeWQW“@@é#ﬁsaam}%pp@ﬁr!SmE@

[ w
nbfiEh o0 aSRRRAK P8O £k ARECRIIRAEATIG Biesen?
irvedtiom;ncor por at es at | east one valve to control the
flow of fluid through 10 the. annulus flow passages. It
is preferred to provide the tree body with both an

FRuR QU!§ a@@é eleviadiy 6f & Ndihe N esSEmBNTHICURIIRE RLS Seydiy e
i ntegral conponents. Again, this provides

AAV)

GFW@dWJIQféhfPPW&%’étWeW'@'h an increased integrity and
reduces the-potential for fluid | eaks fromthis path.
15 Preferably, two independent isolation neans for

Figsiod 8ti$ mgretrtica] wedds-drmtionalrdew iof therdethéad assembipef Figure

2.body. This in turn | eaves the connector free of
i nt ernal i sol ati on neans, Suitable isolation neans

for inclusion in the tree body are internal tree caps

and wireline plugs. 20 In use, .the tree bOdé\b@
Fisiore Atie @ \rigs oFebs yacaoRal vieys of asibiegr apserily o fusther

eWioBiment 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 welthead housing 8, in which an
uppermost production casing hanger 8 is mounted in conventional manner.
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the means for connection to the connector uppernost.

The I ower end of the internal bore is connected by

sui tabl e means to the exposed end of the wellhe
WORPHYI23%yi t abl e connection neans for nDuntlﬁﬁTﬂﬁnWH@m”49
wel | head housing are known. These may be forned
integrally with the tree body during 25 the forging

and manufacturing procedure.l®Al ternatively, for ease

of manufacture, transport and assenbly, the neans for
connecting to the wellhead housing are preferably

TRONOAkS(EI 58 BARNEINY RfiechS AOL Bag g;’?’t"’."h{%%' fpithe

assenbl i es of the present 1 nvention ar
wonay andaef the mﬂh@ad housng i iy maans afls pnodigtisniconhbetor 12,

tall at f I I head
RO o P RPLO 287 ocat' ons, “in particular

subsea well heads where the inst aI |ation is a
or WD 2008/ 020232

B o8 5087/ 180 Be ol Sare b eoRdiai aignd i o@ittal  the
!aﬁgamm.ham@éfths@reertﬁ)g@fgnd délyﬁ%ﬁ'v@ Fee?nt !%o?éjiqﬁ{g

advantageous en use ocatl1 ons

wallhgad haiging 6. nétlakr@ithomenéf)aaxtmwﬁe‘mm thod mhepmtabb@"eofﬂ) m

BEREPORE ey, SEBEROL o BB B R B
foepmdanmm floidtfiuen ducwativand Basich 8Wid B, m*;err‘neYl’fHo%‘ 18 of the
tFI ‘H& g 5 (%ss sectional view of a wellh

teeo 0 MPFGHRY raasigpvalys weds mqtééefb&@@tﬂwerlor of the
RO ’f@af f!’seébp’én\'r%t oﬁﬂ@% é’§0 Lhg d%frﬁfas%e fﬁ%i of
|nvent|on ure IS a SI evat 1on O

PAcaEHoNyf L&%&w@wm@wq lat@aislweraﬂad feorh thié wetiheanf asmnb:y

present invention; 15 Figure 3 is a vertical
cross-sectional view of the well head assenbly of

AFinglirseflove pags@asezmm 28 exiarid Bedughr 1AE Sre2esddyoTRhbMeERhd
of a further enbodinment of the

a,wel | he enb
%Ioggg]ﬁ !a;q{@@?ﬂ pﬁ) r%ectlveiy, and have exterior openings. Annulus
controi valves 28 and 30 are mounted fo 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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Figure 5 is a vertical cross-sectional view of the
tree body or the wellhead assembly of Figure 4; and

i s a vertical cross-section view of
\?(é’?ﬁ%@&g” ssenbly of a further 25 enbodi nment %8;/%%071003149
present invention. Referring to Figure 1, there is

shown a wel | head assenbl vy, sner ally indicated as 2,

conprising a horizontal tree‘assenbly, generally
st enbodi nent of

i acca

i *ﬁ?l“?gﬁ?ﬁaﬁ@%%gﬁ Seapiun i '565% SaMednaRiRy asgiawn
Fmﬂtootafareeasm oWBIpIABES decHiRld iRRAS SRSy 6, in

whi ch an uppernost production casing hanger 8 is
.mounted in conventional manner. WO 2008/ 020232

i oquap b bcuewi s ko fefn hidhe AR ERRE oy

ipfeenaldraeheamwhio usﬂeihge plugg, amdemantied byrthe @Ptleteﬁl?gs bglng
s

nect n.ring 14 and baqg
SHOFELL T 3fpr 16-BHRREN BEchaFoBlodPhiss Mandhdd inghe
tedeoingdyt 1@ central | ongitudinal axis of the tree body
and aligned with the internal bore in the -well head
housing 6. A lateral bore 20 extends fromthe interna

/PRl e BB SrEonVaor R ekl W SHOkD BlctetEie
the bl 38 tmﬂ:cnm@n‘ttehalh&mherra% wit) be apmedblbt%dl thhethediubogg e

bad d lve 22
T B ahelied B BaddEtidrany e Biiiaa! rilisd sbiipo Yoe litmecor

tloperiing of the Iateral bore 20 and controls the fluid
of production fluid through the |ateral bore and from
the wel | head assenbly. 15 Annulus fl ow passages 24 and

TS SbGNhabSRUBR i PRUKE 7% BRdYodOWARAR A nBEHEYT

the | ateral bore respective
copeenagts. infmanallwith thedreer bxbdyv dh\mtlczﬁarartdwﬂiﬁeafo@ed that the

PERMEIE P AATUE UV as4p. 20, Biase STk O0RS te bat s
Wﬂukmvvhrsaa@amn&tﬂt BAd8S a trdeBSRBCH r\é@hd’%d é’izé' it %3$r@?ér% in

rranf%ed external to the tree

n%ny 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 fo 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 1086.
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20 connecting the annulus flow passages 24 and 26 is
indi cated by doffed line 32 in Figure 1. Two wi reI i ne

@I uzgs 34 and 36 are shown installed in the intern
GrR¥BIFE the tree body 10 above the IateraF’CE/&Bé°°7/003149

20. The wireline plugs 34 and.36 provide 25

i ndependent isolation of the conponents descri bed
hereafter, and ultimately tH& environnent, from
hydr ocar bons or other fluids in the production
flowpath. The horizontal tree assembly 4 further

ARSHOYn FiowR 288 A8 sy e toelyEiig iR Valgd Heda o he
teabedy il Oﬂl mglua m]gzag ﬂrnlnaht pt:jo@n@!ti% rsbtoyma):l uc’ii'd‘rﬁniélﬁ’tég%i\@?g
nal bore ned Wi i nternal bore
(M 76 e guary RrogkpHiaR or bieguel REwaNeD AN (R,
antky 138 v 2998/ P02 %éﬁ@%ﬁ\%%g 17 formthe

hori zontal tree asse unction in the sane
manner as known horlzont al trees, for exanple those

SRS b8 7% yBled Bl 0 o B B
vartiealnedss-sautiondn Figurd 3 Relvilhbe Ry, FRRIrSI 8RSt bydy
carrjed out, in order to

i&ﬁbﬁgﬁéﬁg ok b&%@%@ﬁ%%ﬁ weriirgly.aes shewnin the fiawee. A
ltR8! RREY 2%%}(’(@9‘10@' Stﬁéfﬁé%%&f {(%qj ém“tﬁ%%tﬁm% bore.

convent i onal deS|gn I'S shown nou
Bee piimagoandaecansary peashstion masigr valies ‘bﬂzﬁoam&ﬂé& ede formed

b, d h
b sedhodeapiibariBin oAbl FVBL Sl oty
mbehieaﬁ)m&rmﬂtmﬁh@mal bords @t shdwi i argueen gpextehd hta the
RO 108 B ecBommodiie BomPoBSTRGY dib values.ineartoular the
RIedsehl aRd gag a’!ffH‘lHrlo‘J%leVQ#c\é% fSrtactddtors>® &fsﬁlcﬁ?%%r\%gjs

to the tree body e this arrangenent provi
demrayl gigyadfequiigdced size, it is preferred in nany
cases, to formthe tree body with nmany integral
conmponents, as will be described and shown in the

Thd fresvbody ¢ 06 daitinerritdudes 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 108, 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. 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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20 Turning to Figure 2, there is shown a side
el evation of a well head assenbly according to a

&Qeferred enbodi mrent of the present invention. The
| P2 assenbl y, general Iy indicated as 10BCT/GB2007/003149

conprises a conical guide 104, which in wuse is used
to guide the assenbly onto a subsea well head, so as to
nount the 25 wellhead assen y in a simlar manner to

t hat 1, Th I | head nmbly 102
B siordEany fecicd b ptadotion lee by dhidey A ader
ﬁ?@lﬂbbaﬂadn@efrﬁﬁ‘%h@xvéﬂhéﬁé‘%@Qelﬂﬁ mbly 110. The re-entry

hub 108 is forned an upp r end portion 112, as
viewed in Figure 2, of conventional design to connect

O e S R N

FEitgrat Boi2 T2 heet isskri omithel Psmdugie®) f@u’eh@@n@bf élﬁﬁté/
ee bo 106. WD 2008/ 020232 PCT/ GB2007/ 003149 1

°¥V@V§h My pedutesnal tigecamandwiraiteplias dnstaliations as
HaEArRIeY MRIVEGS chMESibAlw d{rPngnﬁeWee body 106,

including a primary production or production nmaster
valve (PMWV) 116, a secondary production or production

S1Bthd B EBu{ Phed sronl L Sea i Sn ke BB

asieﬁtxh)plé&flor@é sEbS@ai Weah@a@ hsagmg zbcm Ties bo@xggnents of the
e.seen _in |gure

sS=sect | gure
ﬁ*ﬁ?éis F388n xsagz ai%eeﬁ%@"aﬁs.ahpafmaﬁ%% 2@gl 3 and
|
@§%°Z'P§F“%5‘?’2f’é“°‘;@e§%‘%°r§§‘%”ﬂ?ﬁfﬁ* Rehiadmh o 1t gRsemblies
¢hopvased and dranalindicated usingethpsamer uef@’edces ecmaadalsy The

T T ST T T

fotlwwag val ve seats nachined therein. Addltlonal bor es
(not shown in Figure 3) extend into the tree body 106
and accomodat e conponents of the valves, in

PR bs&athBly Z0Peaslshoi werigh/m ﬂﬂﬂwe@%ﬁwp"f‘l@gs BrESMPads
access fof actuators to position val ve

moumnted on the upper 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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.t will be noted tha

stem and gate, as required. The tree body 106 further
i ncl udes annul us fl owpaths fornmed by bores 130 and
‘*‘ﬁéﬁ v&z their respective control valves 120 _and

B2 130 and 20 132 are formed with cavPFT@SBZPOJm“”
formthe respective valves, in sane manner as the
producti on val ves, as descri bed above. A bore 125 is
machined into the tree bodﬂ 106, fluid flow through

ich is contr he cross-over valve 123. 25
% V@?}ﬁ @O%ﬁéﬁ eHsstaclg the exirsiosf de tee bpdy
the ahﬁ%nﬁﬁ@és %QGarFPMlusaQF]&% [}id@é@%mﬁtﬁﬂé‘ W?ﬁg'}r] Qle%r 41

uction

eaelrelmehediowet fiuid feoogh tthrmammuies botbs ’msamaszhe

| ateral bore 128 up to the connection at the inlet of
the choke assenbly 114 is an integral flowath, wth
I?oo\jldmgttisae cﬂdsswvbkﬂdb\hpl@thbmrd@@f Boicataftd Vdhads M&nal to and

lnte &% of thgg Eroductlon flom%ath can thus
Ahvihina e PedY againdasreases ipdniaahiapt thsrf&ﬂ@@ﬂt%ﬁee

?%%“3’?"%’%&%‘*%%%‘7%@%2@%32 e Iog B8 TR RRPOIE el o el

Hyigaitp damenviraresknfe t he potential for |eaks of

fluids, in particular hydrocarbons, fromthe wellhead

.assenbly. The nmeans for isolating the internal bore

AQ vilbbe eppraczaaed lﬂodyF@bﬁele mleeree%ibdca,t R Phefeddd
bee mtted, from ﬂ%ure for reasons of

i@N%’F‘i‘% "ﬁ&%ﬁ'ﬁ'“& RiggrakipwRathseed pantrelvaivesajs alpa a
¥brhBhétmdTedie baﬁbéhéﬁ‘tt 'tr%ﬁ%aﬁ%e djet%o‘?g‘f@ it eﬁ%%ﬁ]dt@red fo

connection with Fi gur e Tur ni ng
suit @ patiisularnerthdas %@@hﬁyllgfurg“@n enaahged hydtltmabltity 160

SINAR luehites B0 B BRI B LAY Ot e R Py

i@slusdammnts.n Figures 2 and 3 and descri bed
her ei nbef ore. Accordi ngly, conponents common to the
assenblies of Figures 3 and 4 are indicated using the

AR BReiRlies BRERIMHERI GHlife pldiRnt vaegﬁér? l%%?ﬁmﬁ?ﬁwvﬁﬁﬂret &€ln
enbodi nents shown in Figures 4 are

Figure 6, there is shown a we!ihead assembly, generally tndloated 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 8 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 annhlus bores 130 and
132. The tree body 1086 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 308 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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15 follows: The assenbly 202 as shown in Figure 4
further conprises a BOP 206 nounted on the upper end
@@Jtéﬁﬁié 2 of the hub 108. The BOP 206 is of

P Bhal design and conprises a guide funREl/GRFEH7/003149
for ease of landing the 20 BOP on the hub 108. The
tree body 106 of the assenbl% of Figure 4 conprises an

i ntegral cross- over bore 23 shown in nore detail in
e 5. The cross-over bore 210 _extends | ateral

r
AP oIatecitat hedreB iy 1615, Py bV e g galves
T-
T L e R
witht geal high alegresvefrintegrite trlaeby agnimigiog dibe poteatial for fluid

d bed | Th
Enpetoauah i oS8BT e fhe BBVBTRBR 70,1 2% ula

connecti on between the |lateral bore 128 and the

annul us bores 130 and 132, Fluid rom;through thg%

lewillee seeit thet ipatsembly ebhioue Pegmpyiseg@ tregbody of the

g b RV

their eespmctios ptﬂmry aied seeahydany fewavntrobwves gmed integrally
nul,us, bore 214 and an annulus wi ng val ve 216,

‘@gﬂ?ﬁg? ?ﬁ& gHe flow of fluid through the annul us

bores 130 and 132. 5 Providing the cross-over flowpath

t hrough bores and valves internal to and integra

with the tree body again increases the integrity of

the horizontal tree assenbly and reduces the

‘potential for |eaks of hydrocarbons and other well

fluids into the environment. 10 As will be appreciated

fromFigure 5 the tree body 106 of the present

i nvention, while conprising integral flowpaths and

control valves, is also a conpact and flexible

conmponent, 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 di fferent hubs, to nmeet specific end use



15 requirenments. An alternative enbodi mrent 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 hereinbefore. Accgrdingly, conponents

conmon to the assenblies of gures 4 and 5 are

i ndi cated using the sanme reference nunerals, The
rences between the enbodi nents shown in Figures

4 and 6 are as follows: 25 The tree body 106 of the

1 asseﬂﬁ'a)ésé’h%y R ugé s %eﬁhé—‘a?inme' e?s_%%mﬁlv c'oﬁ%ggﬁ%‘% tree body having

annul us w ng val ve arrang enent n

agderna! Base gEanged ip ee tq b@@hmymmee beser @‘rﬂjqu@weraddwusmg the
tr&@%oﬁwegﬁgﬁhgoé 1316R1 by @Hé“ﬂ:rﬂ;sth gﬁsthé-%ge%@y foA? the internal

tree is further provi an’ i ntegral
berRn ity St bﬁﬁy Mf\f—’é COBBESING G H‘é@aWnp"Pﬁ‘éC“PF e@ivso@yd gssecondary

pheugionhaie mathihens fredBst Wb tbnir @ HRY RACE fuRl A1) RO 18éBfore.
i ntegral valves. The integral annulus w ng val ve 306

prOV|des a control of the fluid flow through the
2annul R 2ERSFEY aoseraingtofRImsbavherein tedras basiyicempraes means for

cOmRtl toms@pem@c@memt eghalto aypths mtetad R d28e a@a body with
08/ 020232 "PCT/ GB2007/.003149

a%b’ﬁ?ré"é ?réd'” *E%tCOP'FF’eC? "+ &b UBDAYP 168,00 H‘?Q\}Bﬁggeloara f& connector
togathegioahingmarostizentaladeges 120, 122, 306 and annul us

bores 130, 132, 304, pr ovi des an annul us fl ovvpath W th

58 ve i gh degr ee .of t hereb

55 he Tk BT PEETIG 0 STk Y Pr SRR Hiont oheog Srmprises a
labmoally exteinding thereemhichr, dmonsm rovideksta anddstovieefige @owpdiat t he
assembly of Figure 6 conprises a tree body of the

h duct

“and. ETOREOPR BEHIG B SR8t i o Brr s g
thedieerddy fo ddnbwl thofitw of fludkives t?frmrgmﬁtie lateralfyreaddnging bore.

within the tree body. 10

5. The assembly according to any of claims 1 to 4, wherein the tree body comprises
at least one annulus passage.

6. The assembly according to claim 5, further comprising at least one valve within
the tree body to control the flow of fluid along the or each annulus passage.

7. The assembly according to claim 6, wherein the tree body comprises 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 isolate the production 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.



22 CLAIMS: 1. An assenbly for use in a well head, the

assenbly conprising a tree body having an interna

bore arranged in use to be aligned with the bore of a

wel | head housing; the tree body conprising a |latera

bore extending through the tree body fromthe interna

bore; the tree body further conprising a primary

production val ve and a secondary production valve

within the tree body to cont%l the flow of fluid

along the lateral bore. 2. The assenbly according to

181 ai fhe assrehe pecor¢iag t9 @y pbelpintsoinie 9s Bisthae aeraprissiy means for

SRR thBGreb Body RAPREIM:E ROMARET O 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 _

1depalf B8 asseshieascerding wgdaimetl, Mderimtheanemisi foeanaecting the tree

bbde® a elihdAehABRRNDLiXtadcaN bMthd Rocldym 1 or 2,

wherein the tree body conprises a latérally extending

bore which, in use, provides a cross-over fluid

121 owpateihead asppmblyswatanisiio ackelihaath housinachaying @) internal bore; an

aésenitnesccorimy i&émo@?i}n@aﬁb ﬂnﬁz_ogﬁle?r BnVthé E)eﬂheafdhﬁ)ugfn@,ea first
0 ui d al on

body to control the ow of | g.through the
e ob i INPretRnRlioh b greemisly beng aligarhit ta%@%?raahaorfaoof the
waiheaafhatkiagmand at Medns Wreprevifing NE cbirRRLADEY aCEBAd $08 of the
. at | $ast. gqne1t annu) us passage. 6. The assenbly
W%%E% Qi MG % 5, further conprising at 1east one
valve within the tree body to control the flow of

18] ui Thealveit@ati Besedibleacddrany dmpiEs sagein the mdaBs for providing a
assenblté accor di nﬁ tg cl.%iremfs wherei.n the tree bodX ¢
CUBRBISRANEIFPIERY O HFTIP TS QP vamBHRPSA RGOS eparate from
thectcaes bodsallthve trek thividp dohreoriting endeodyfor 8onnBlatinga&s erdbtonnector, the
j , | & , 7 r I Si,ng
cS2EEh 0 8 A ool ARl e e P L ORI A
i sol ate the production bore of a well to which the
1assehid yelllseadoasseotbdd ac&rdiig eéo assmntd, yfudios ocahprigingoa blowout

p%g%gggt@%u%bgsﬂ'hg Ctoglge({t&dependent i sol ation nmeans are

minternal tree caps and wireline plugs.
23 10. The assenbly according to any of clains 1 to
19, et velthazdngssesibhy acmadisg ftoreither of claims 13 or 14, wherein the

connector is of a different material to the tree body.

16.  The wellhead assembly according to any of claims 12 to 15, wherein the
wellhead is subsea.

17. 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 welthead housing and an outlet; the tree body comprising integral flow control



connecting the tree body to a well head housing. 11,

The assenbly according to claim10, wherein the neans

for connecting the tree body to a well head housing is
detachable fromthe tree body. 12. A well head assenbly
conprising a wel |l head housi ng having an internal bore;

an assenbly according to any of clains | to 11

nount ed on the well head housing, a first end of the

i nternal bore of the assenbﬁV‘being aligned with the
internal bore of the wellhead housing; and a neans

nfegns fefo¢PriTa g athe oftfve cff i yaducon flsist greligin theppradyetion flowpath
bbiVeBR Bl inBe&R dUfet BRtree body. 13. The wel | head

assenbly according to claim12, wherein the neans for
providing a connection to the second end of the

i nt ef GBPKEHEIVE aseppPly Having ap dnelde disect cerapapigatéont witnthe outlet of

tHeNBodilic®8n Iﬂ@l@)ﬂxo B8 e rRdheOMBLILID, r}gué@gﬁ‘%téé}él ﬂowpath for
connectjng to the connectdr, the connector having

TR UPR e LGS B intpweal brre of PR et FRARINB dp nufiet B ihe choke
vagsesdehibly. 14. The wel | head assenbly according to claim
13 further conprising a blowut preventer nounted on
onnector. 15. The wel | head assenbly accordi
i t h&he welthepd iagsembly gecording g iy 1. Mére'rbfaﬁrv@@h%adg ?S@embiy is

a@ﬁb@adiréllﬁﬁcﬁjﬁseﬂmtyerl al to the tree body. 16. The
wel | head assenbly according to any of clainms 12 to 15,
r n the mellhead IS subsea. 17. A wel | head

ST B3 2 wellgadhbadssRITRYY AYTRENGRytresmbody having
am rﬂﬁeei‘:éta)loréocﬂfﬁge&l&f@ehb @é@hgne’@ WiV th& B6Fe ) atweiRead housing; the

ntal tree ass
S B s 1 RO s HES H3R Bp Yh S6r ok ey Btema
barat tbe rak bbdy ®irtbér doheriseb lahead ohebsrawxtertidhe ibteegly throgyh the
tr% | sing a lateral bore extending fromthe internal
ore” through the tree body to provide a production
fluid flowpath having an inlet in comunication with

2@.he The @ssaably dcomrdingfto thhien e lvHeesiol tHed i m;gy aardpﬂafES one or

el (OME ot 5% RORN SO SbAR OLEALBL ow contr o

neans tor c oW O %5 on fluid
t hrough the production flowpath betmeen the inlet and
2but | Big assahbly according to claim 19 or 20, further comprising at least one valve

within the tree body to control the flow of fluid through the lateral bore.

22. The assembly according to claim 21, comprising a primary production valve and
a secondary production valve to control the flow of fluid through the lateral bore.

23. The assembly according to any of claims 19 to 22, wherein the tree body
comprises at least one annulus passage.

24. The assembly according to claim 23, further comprising at least one valve within
the tree body to control the flow of fluid along the or each annulus passage.

25. The assembly according to claim 24, wherein the tree body comprises a primary
annulus valve and an annulus access valve within the tree body.



a choke val ve assenbly having an inlet in direct

communi cation with the outlet of the production fluid
fl owpat h; the arrangenent providing in use an integra
flowpath for production fluid fromthe internal bore

of the well head housing to the inlet of the choke

val ve assenbly. 18. The wel | head assenbly according to
claim17, wherein the well head assenbly is a subsea
wel | head assenbly. 19. An as®enbly for use on a
wel | head, the assenbly conprising a tree body having
28n i mbeessembhoacsouinudngey of dlains d Stto 2h durdiiar gomdrising two
irfdBBerk3heisObich MEISIRARCOUS] B ISbRR 1L HER 1Al to which the
conprising a lateral bore extending throughthe tree
apBIRPIY iIsGAMEsEEd nt ernal  bore; the tree body further
conprising a crossover bore extending laterally
oy hr pﬁ*ﬂé‘gzﬁﬁmyé'c;%@rd ¥ clafl) Q%I@%réﬁﬁfe'méi ARG AGn WEans
claim19, whereirn the tree body conpriseés one or nore
aigagelacted fem wéning! lepicaps amewirglopblsf | ui d t hrough the
cross-over bore. 21. The assenbly according to claim

9 0 LhS| ; : Y/
2 i e e LR o B ahy iR 1R2 2}, RRel e pody
CERPTHIRE N aahe far gpenesting by eserppate Tprmegios snbs (e aligs dredntegnal bore
of e Ge@ibBUPdith SOMRIrhA IbBE: A tRY ddMRENOD [MOHeGhE P8 MadVahdRE

a secondarilpg5 roduction valve to control the flow of

SERARIG CPOPRGIRG FPACHET fAMEA higPRial 188. The assenbly

according to any of clainms 19 to 22, wherein the tree

250dy The RBRbRAR cAldiNg@8 Shy 8N@aiRB MY t4ISs RASRAGEmpadng TBEns for
to. claim23, further conprising at

assenbl y accor di ng

C‘P%‘&&?”%ﬁ%”@%f”@% W eihead AeUSN%ee body to control the
flow of fluid along the or each annulus passage. 25.

30he asseEbhibiyaredtigng clafn 2b aiH8rdd thaMidRi18r ddRBedting®he tree

b conprises a primar annul us val ve and an annul us
S e B T R A D oSy 2. The

assembly according to any of clainms 19 to 25, further
3TONMPA il INghdt e bl E8RBASIENE wWelitdaAtHoQBINGBANSy ah hdts& bbee; an

seal andisolatet{1 bor e of avveél t 9, whi 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.

32. The wellhead assembly according to claim 31, 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.

33. The wellhead assembly according to claim 32, further comprising a blowout
preventer mounted on the connector.

34. The wellhead assembly according to either of claims 32 or 33, wherein the

connector is of a different material to the tree body.



are selected frominternal tree caps and wireline

pl ugs. 28. The assenbly according to any of clains 19
to 27, wherein the tree body conprises neans for
connecting to a separate 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
separate connector together formng a horizontal tree.
29. The assenbly according t4 any of clains 19 to 28,
further conprising neans for connecting the tree body
3bo aTheWelitead shsarstingecoBing Dranyas slaims 3/ tacd owbiéraig the

' j onnecting the tree

m%g@%/ﬂ%g%m%ﬁr%é%ggag’&@?e%gsalsé%g?‘achabl e fromthe tree
body. 31. A well head assenbly conprising a well head
housi ng having an internal bore; an assenbly
according to any of clains 19 to 30 nounted on the
wel | head housing, a first end of the internal bore of
the assenbly being aligned with the internal bore of
the well head housing; and a neans for providing a
connection to a second end of the internal bore in
the tree body. 32. The wel | head assenbly according to
claim 31, wherein the nmeans for providing a
connection to the second end of the internal bore
conprises a connector, separate from the tree body,
the tree body conprising nmeans for connecting to the
connector, the connector having an internal bore
aligned with the internal bore of the assenbly. 33.
The wel | head assenbly according to claim32, further
conprising a blowut preventer nounted on the
connector. 34. The wel | head assenbly according to
either of clains 32 or 33, wherein the connector is
of a different material to the tree body. 26 35, The
wel | head assenbly according to any of clains 31 to 34,
wherein the wellhead assenbly is a subsea wel | head
assenbly. 27 36. An assenbly for use on a well head,
the assenbly conprising: a tree body having an
internal bore arranged in use to be aligned with the
bore of a



wel | head housing; the tree body conprising a |l atera
bore extending through the tree body fromthe
internal bore; the tree body further conprising neans
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 formng a_horizontal tree. 37. The
assenbly according to cl ai m&6, wherein the connector
is a hub. 38. The assenbly according to claim 37,
wherein the hub is a tree re-entry hub for connection
to a bl owout preventer. 39. The assenbly according to
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41, further conprising at |east one valve within the
ree_body to control the flow of fluid alaong through
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according to any of claims 36 to 42, wherein the tree
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assenbl cording to claim43, further conprising at
CQBEEﬁgﬂﬁéﬂﬁﬁyﬁgpﬁﬁ?WFh the tree body to control the
flow of fluid along the or each annul us passage. 45.
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assenbly according to any of clains 36 to 45, further
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41. The assembly according to any of claims 36 to 40, wherein the tree body
comprises a [aterally extending bore which, in use, provides a cross-over fluid flowpath.

42. The assembly according to claim 41, further comprising at least one valve within
the tree body to control the flow of fluid along through the laterally extending bore.

43. The assembly according to any of claims 36 to 42, wherein the tree body

comprises at least one annulus passage.

44, The assembly according to claim 43, further comprising at least one valve within
the tree body to control the flow of fluid along the or each annulus passage.

45, The assembly according to claim 44, wherein the tree body comprises a primary
annulus valve and an annulus access valve within the tree body.



are selected frominternal tree caps and wireline

pl ugs. 48. The assenbly according to any of clains 36
to 47, further conprising neans for connecting the
tree body to a well head housing. 49. The assenbly
according to claim48, wherein the neans for
connecting the tree body to a well head housing is
detachable fromthe tree body. 50. A well head assenbly
conprising a well head housi havi ng an internal bore;
an assenbly according to any of clainms 36 to 49
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the wel | head . housi n and a connector having an
which dhehagseRbBivds ARNSEEE on t he assenbl y, the internal
bore of the connector being aligned with the internal
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acc?rdldef? to claim further conprising | owout
3 b AR 8 2P R LB PBES. 52 The vvel | head
assenbly according to either of clains 50 or 51,
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the tree boﬁ% head assenbly according to
CYHPed tEF 4P O%totaowﬁﬁ‘ea‘é\h‘éﬁkﬂgn the wellhead assenbly

is a subsea wel | head assenbly.
49.  The assembly according to claim 48, wherein the means for connecting the tree

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

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

an assembly according to any of claims 36 to 49 mounted on the welthead housing, the
internal bore of the assembly being aligned with the internal bore of the wellhead
housing; and a connector having an internal bore mounted on the assembly, the internal

bore of the connector being 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.

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 50 to 52, wherein the
wellhead assembly is a subsea wellhead assembly,



