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

woeeseEtsz, and to a horizontal tree (al so ref @OTaEB2007/003149

as a Spool 5 Tree) for use in such an assenbly. The
invention is particularly concerned with assenblies
for use in subsea wellhead installations. It is well
known in the art of oil and gas exploration and
production-for vve\NELlil'lEﬁkBP&SﬁMBé-?(d suspended from a
wel | head housing. Once the well has been 10 conpl et ed
and production is to begin, it is conventional

Thelprasdrititvdriionelzaes teaweihabl edséinbly forexdmple @wellhead
wel | head housing, the Christnmas treewgawn a bare

compigioatassemily. and- trahiarizentabireqalso refertsd) o as Spool
T i f i :

Treqon At il Hisen arf usSembio T ThaanErtlor s patfiliafi Eoncemed

withaissemblies fer use In sublsdaoneltheaddnsiafiatiansg.he wel | whil e
the Christmas tree is 15 in place is provided by the
one or nore vertical bores. However, the access for

It is g\féfffliht%knrh iRk Srt 8F SMhRd Phg RxpRkAtidrband E}édifbﬁigh foheells to

ameter of the vertica ore or bores in
be d@sed andesuspeaded fron hevellhead hdusingra@nse the welldas been

' ' he. downhal '
L R e e e R
calld® Chiisffad 468 i diGthe ARelHRRBh Gt the Chpiserhhs treedfaving a
conventional Iy designed Christmas trees and wel | gead
borexthssetbirough inccammusicasion wih theavelhand dukougbwiyeh Juids

har i t al - . the . .
fronh e S p8 pli<ifetl, oty R Creifas ke Brovided
withdsrieoPinokd Yeiticabbbiso Udtess totie wellavtdienthel Gliristaiasytres is
~ through the tree wall. 25 Shoulq access, be regﬁl red to
in plase isbrovided by ghe PR MR, Vartical Pores, BOWsYELdge access

for d N]‘ﬂ‘fiﬂ? 64§ t6 %ﬂge\fl\rglh? hiGs Ii%d%&%‘)dﬁaﬁéﬁ%ﬁhé vertical

conventi onal preventer ) l'ocated on top, of
boré bebbres indhe Shristrmas tdee Indhe past, dhisthassefved ag& major

conphangas the S areratass el Say bt wli6Ecs *°

Chr§%‘ﬁ8§ftr%‘ém'!ﬁi£bé b6 1@ WeRpbh@RBLisig! ti cal tree 30
esl gn. [

S obviates the need to renove the tree when
downhol e operations are required, a dangerous task, in

Thelgglratnidc c%ﬂ]gF p%?gmg%?lcbﬂge%c;ﬂllﬁ L&%§I§?\ed20hristmas trees and

wellhead assemblies were overcome by the introduction of a horizontal tree or
so-called Spool Tree. In the horizontal tree, production fluids leave the central
bore of the tree through a port extending laterally through the tree wall.
Should access be required to the welt 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
wonrzogg/2023pl at f orm servicing them Exanpl es Pe/dB2000003149
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 2005/01211982di scl oses a subsea
roduction systemhaving a Christnmas tree. The tree

wellgaaé insialiatipngavhicl maybe @ cinsidesablgtdistance belowthe end.

surigb g8 54 RBanREnGH: Mok Ind P SR Ao B Bl

6, 581, 691 di scl oses a | andi ng adapter for soft |anding
a tubing hanger in the bore of a produgtion tree or

Exapnies ebKnowq feﬁg?"d&@fﬁl head gsserbliessre disalesed ksUS
I g [ ub. A
200 m%tgyﬂc@)’?@fgwgﬁvg?qgﬁg‘?%%’ﬁ%@% of7hv\/n| ch are
internal to the tree and others of which are external
ne or .nore.val,ve

h
us BPEsRI27365 Shtciebes & pubsen pihdiclen syaiah BhvfS aghistnas
tree' ﬂrr?egfreé coRipIRES %rvéi'ﬂé‘al'b%ré 'vﬁEH 2heH dtfts l&ép@r éﬂa 008.

The tree is rowde ro ucti on and annul us
Produd:tmsammannalus a‘abfeeﬂremmnectedttnéhe tree yhanepostofd t o

e r of the tree. A simlar arrangenent is
Sepg V\&gf"% 544 '707. Further, EP O 719 905 and EP 0

989 283 both descrl be a parti cuI arly advant ageous
hori zontal tree and well| head assenbly. The wel | head 25

US g&fdi69bdisslosps isdandingvadapierdfer refl ;l;arrc@ng adubingdranger in
the BBRPLTS BRSO ARG LA Ra g A3afiy U B3N8
disckssds a:aﬂellheaditrgertmving mnntegra corméction hub)gAtphaiality of
ValYGR TR URC RS o B ot BlaThel 1P e lkiaraf which
are E e?néi'"% gcl)"hrg 2 td‘ﬁi the QFeé Bﬁ orld &fmofe PAREWIEAIRN

ypi cal ding a production w ng
valve is bolted to the S|de of the spool tree body so

as, to, co C h the odutlon ort
A willaps Ry 2 Bp AL ot iy Pasdifodtedy ot Brfisteed i
US BE47 068t TRE tidels prévited Wﬁhfﬁr}bdb@tlon and annulus valves that
are external to the tree and bolted 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 free and wellhead assembly. The welthead
described comprises a wellhead housing, to which a spool tree is connected
by means of a conventicnal 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

WO2008M020232val ves are al so connected to the out FCAGRIP07/003149

the spool tree body, so as to communi cate and align
with a series of annulus ports extending through the
spool tree body and comurd cat i ng wwth the central

bore of the tree. 5 Mdre recent devel opnents to thﬁ@
connesied stBOP usirg AeonysAtienal oribiagRonpestsd A sets apni

vahBE A B goiitectel fLReigho P e SpasRs it 30 aliet |

comviuricateldnd aligrewitied é.emiegldf wrinohis pm‘t:iextbndmgethro‘[lgh the
tree i s connected gt |ts r end t.o a ead

spoeidies bedy and ?ﬁ@“ﬁ'ﬂ)‘ﬂi@?ﬂ%\ﬂtte;’tﬁ Rrenialorg ? ©For med
as a connector or hub, for connection to a BOP and a
drilling riser or the like. A production port extends

Moréaeeerald@veldplmryh to tiee bom;emfof theehorizantak ttee disslosed in

e G g s s bt S R el

treeché&It9§ed frﬂUS@%%bb coRipFiseard Vertisalyubrientad ibrgitwdired
rough the tree body to 15 conmuni cate betweep the
centraihoral Thereeaiisicannecisd at itmlowepangds g W@B‘i‘?ﬂf?ﬁ?’éﬂ"g

The, o e f4fg BB Ko hed o g cPtiePloror b Kk 0.
conhéc?cﬁnrﬁ%da BOP Aad kodvillg Aset @ﬂtheTke slupmaweportemms
hori zontal arrangenent, havi nq%;%% vertical

latetsly dheamghabe B af the GFe o s GARER baree Auaraslcip valve
s RS i 6 ettt
fronbﬂ"h’weﬂ/.bBﬁnﬂmmﬂmlumrmémodlnmghdheéweﬁswbto
communieatEbeiaan tbe setalber AT femelivh v alss fiRmarpted
mtoztﬁ?-{rlé% dﬂcﬁﬁccﬁﬂﬂi{ thé S\Qrbiwtd‘v‘ﬁr&ﬁgh frfe émvvﬂus poftsf 0 a

["hea ousl ng, e its upper end forns a
connector or hub for connection to a riser, BOP stack

us Bl pibross i a fES 48 P tphap et trer

sub%é&‘ﬁ‘e\é%‘b‘?théhbﬁidntépﬂ'rarigérh@nlt haemgnmvemoamoomrmadt he
I'ow of production fluids. Howe

cengreblos, lom Vhic/eexionds areechinra Sefiore et BitBtiah s hody of
the grl ) tﬁ & %&ggcﬁoﬁ %ﬁlgdodlf%daorﬁb Wk eRRrbP e i fréSpeyy.eri or

More recently, US 2004/0112604 discloses a horizontal spool tree with
improved porting. Again, the tree comprises a vertically ariented 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 vaive 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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body. Simlarly, annulus ports are provided through
the tree body, with an 4 integral flow valve.

wolloysmzersz a second annulus flow val ve i s | ocaP€®/GB2067/003149
bl ock bolted to the exterior of the tree body. Since
their inception in the early 1990's, a significant
nunber of horizontal 5 treks have been built and
installed, in particular in subsea well head -

integrad flaw walveonidpwayen a senand ayinulusflowvaiedgdacatadin a

ff v th t] | vertical tree design.

b'°¢%o'?/9§{?8'39%§e ﬁg{%@?%ﬁ%ﬁ%ﬁfﬁgﬁﬁ remain with horizontal
trees. 10 As noted above, horizontal trees are forned
with a central, vertically arran

. , & tra ged tree boqy, thrgqgh
Singatheir ingertiomsinithe eadl1890's & signiicap URbeIef Horizonta

r | iy ; rovi ded
treel A Bed b shaWRgalied, iR parill Subseh welheati ol 0

insthﬁelltlfdlz!sngd ta:\a'ESaltl of tl'tmh \fdnta@amﬂrxayd arffefrﬁwes thauconuentional
we ea ousi.ng. The u r e t he .1
verieal HPe ARSI JABEVEL S WBbEL L EBlmS ferhafuts féizdnta
treeis[‘t erventi on .hub, to all ow connection to a BOP st ack,

riser or the like. In view of the wide range of rig
and pl atform assenblies used to service subsea

As e St LRl roto ot OTRE il 4GP hRRE RSl afBnged

treé’%&ﬂf, tﬁ@u%ﬁ%ﬂﬂﬁéﬁteﬁw&hﬁe%htr@t yoref A horizontabprodiestioms
that” may De enployed. As a result, the bqody._of a 20

porhand ¥arious annwus ports araPsovided Gnfienese ,b°8Yre T8eJ@wgFend

which 1im . .

of the e gy biTafline S'art BidHeledhatlil foPde o o

wellHed! usinte 'I1I|$@ apper erg@r:ﬁtlw:trée bodyisinvadablyformed as a

cross-over _ valves a -on _conponent ris T,

conmesiInaE Veriag! XSVRBIRR Dby B BanHKon do GO C e

ris tr%r\fﬁ%ﬁ OlNGEw dFahe Wide PR 8f id) aRE tRirafassBmblidsused
TR DO Y, sucw as certain %5 f1'oM oops_or cross-over

to dervies subbea ivelihéads, the treeradydreedsdodiefosmestwithhag upper

features into thg horizontal.t 0 tvar
conmegiAT AU AT agne s e dot, iLSaRr REE T oHElS 7l yagiety
of dh%.eﬁﬁéﬁdéﬁghgﬁ'né’crrﬁ_ﬂv%'é?ﬁplbyéu{ Patdiresiult] tiee bodyof a
orizontal Tree designs is considered. . g\(i As iﬂa%?ééjl
horizontal treiet is lramansive companesd, thasiza elwhigh jisats, ity Jo
to. control t [ ' 0
mefBiog i B diEeriealies ol Reltrnls, ApEHAREly. the need to
providiéStheRieR@ssary Prodlétivr @nnakishantclossovienvalvps rast tealt-on
usi ng 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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5 val ve assenblies. This results in a potential fluid
| eak path at every joint of the bolt-on assenblies.
woReas/pozential for a fluid | eak i s particul ar IPCTHGRAN0Z03149
the very high fluid pressures encountered in the
production flow path, in which fluid is flow ng at
full well pressure before Peaching the production

choke. 5 Indeed, an analysis of the known horizontal

valver assarabliag sThia sestitsHa@ pofentialfhid leaknaty at eyeprioint of

the %ﬁﬁﬁ%ﬁ%ﬂ#"{% Jﬁf?ggﬁﬂhgfﬁg i i€ %ﬁmﬁﬁg high at the

verp il preddupey éhbouﬁ»tﬁrédsmttheqaroductfonaﬁbwptattgen whicng
downhol e operati ons where_ ent

fluid isqfiewing at fulbweh pressure Refore ré%?@ng Il HVQSJM“QE‘ chRke-
58, oD 1V Kn R Bt BB ook ot e
highdsst ittegrityoefi thg hapizontahires liddq ememds alopgdbacentsal node.

ongifiitvavartiaD s e et sy e iodBRie BEHRath” WWHER fis i

of éthhF%ﬁéV@uﬂfE{ Eé\hrﬁﬁolé cfﬂelﬂaﬁbrfsl wn@ﬁ éhtmtoovh@huémi@ reqwred

asse nprises one or nore otential fluid
thrdt@ﬂdhpaaemm hzarerlsercb opsraiianseaccupy onlya yeghmeor portlon of

L O e

spé‘rit thimélhhqsrﬁbuéﬁtﬁn inoge. Msordinglpotieomajdrity of the
ect of the present invention there i rqvi de

opeze ons eandycted thrguah arwellhgad assembly Nt ha%B@H%‘P'}IaI tree will

BRIy AR BRI 9SBr bbbt coe o
movepblentidl fidd dealgpathbe tree body conprising a lateral

bore extending through the tree body fromthe interna
bore; the tree body further conprising nmeans for

Th%r@ﬂ@%ﬁééﬂﬂfo*r% de Bﬁ%mﬁ aés%rhﬂy%dd%bﬁi&%téifﬁéérﬂh%k

e tree odyvvl 25 an |1 nternal bore in the

incomponziet @n, improveac integrity ire thentidig flompathsthiougl theiree.
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 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 fo 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 separaie
somponents, which when combined, form a horizontal tree that may be used
in the same manner as the known horizontal trees described hereinbefore.
However, a number of significant advantages arise from the use of a tree
body and separate connector, such as a tree re-entry connection.
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In use, the tree body of the assenbly and the
connector are separate conponents, which when
wocnodsnzxt, forma horizontal tree that may be PCI#GEB2807/003149
in the sane manner as the known horizontal trees
descri bed herei nbefore. However, a nunber of
significant advantages ari ¥ fromthe use of a tree
body and separate connector, such as a tree re-entry
connection. WD 2008/ 020232PCTI GB2007/ 003149 6 First,

: connector. i s arr ed for co nec to.subsea
Firgg et FHECk i Traliant i commesng 1o subsed sHSipreido be
used Mogewsish | n

s pec a'??;e e L ot RGP A S bl
maythecg hub, gsrediallyse treeirawantnyi lwb for lconpection mmﬂ etack

i BB o b 68 oo 8 o PaPufar e e Ly Rus
to bétailbesditoothe raéfﬁirmaﬂ@bwnarr@ é.qolaﬂoﬁn td BeQIsEaf the form of

features of | | head asse or exanpl e the BOP
BOFuasseniklviaeA. to,sug.tb@ @there‘@amo?me wellheasassernbiy, for

exdinble B BOR g unfiel Raifir (6 BBy ML e iR Bhe
of a)pametyauf diffsrentnzhnrisctors| embetihermicise regoindmenty ¢fthéo
ser s requirements and specifications
'“Sf%ﬂaﬁ ﬁa@ @PPIABE the connector and without the form of
t he connector needing to be specified. This

greatly increases the efficiency of the 15 overall
Se‘aiyybrﬂhﬁ iree bodymoay bemanufactuned facther end Gserhirequireheents

and B30 irderbiell Y B Sh ek Rl g e

corfiectorareditig 1otse spedified. aﬂ'h%tglﬁatl?ﬁﬂ:réﬁ&é%‘)fh%refﬁ&eﬁ Fof the

wel |, the connector is exposed to drilling nuds a
ove(gg,lhgsﬁqmglu construction and manufacture,

Further, the connector will not be subjected to fluids, such as hydrocarbons
produced from the well. Rathér, 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 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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reducasbethithe size asbweight ob thedreesbody:

20 fluids. In addition, the connector will be exposed
to such fluids for short durations and, in many cases
woapognexzur es bel ow full production pressure ®CTIGR2007/003149
well. Accordingly, it is possible to reduce the
specification of the connector. In conparison with the
hori zontal trees of the prior art, where the connector
portion of the tree body is manufactured to the full
for fhuie frofri thet welthexfd iastallation.r #¥hiskin dyrmeallaavs/ihel eonnesiar tade

formimshipmdiirient Tieiale o enboe sonlc BTCioRLt: et e feduged

speifiﬁ{:% iR TRS ié’ﬁT forﬁfas‘t 66 thY RSBIGH hoFizéhtarteé designshim which
wel t#1ead a

I nst ation, the production fluid |eaving
the ehtireede masti b dorgeddrom seinglg hineloota single materidler nal
bore of the tree body into the |ateral production

bore, the joint between the connector and the tree

Stillzgdierithe s9iratisn deticcémibdtor froradhe tiserbddysignifioattly

producti on conditions and does K not esent, .a,pof ent | al
loydng & 19 Heciergqd, A

meiBET Wi hf g9 BopctenRintedtpfto e eI MT 1,
contrast fo'the reqdiyemenf 6f ecorventionalrdesigrshrequirthgesstch
commsmentsicepe praddem By iy, Ok Sl of hetiatys LS Farmblin
thisg%“f, ﬁﬁgﬁg?ﬁag@megﬁ@ 5@ hbjef flo@f paths Ferdiurd FRrbagh dhe tree

separation of the connector from

bodytie significantlyynaregsed.i cantly reduces both the size and
wei ght of the tree body, allowing it to be forged and
manuf actured with many nore conponents integral to the

The {r8€ bBtH?Yma{r E%ﬁﬁﬂéé a8ind ér alhef meqw'rgrw%mchtmloés rect1uired for
the&gl?gggmtigggfm:s' lq;acg g&%l{étggaﬁu@s, %’bpl(@:é) gﬁ'l%%%?mgntt the
v HROREPPe b ok 8% g oo s o i o
ATk s e ¢ et oy <
insieHiations thas e BEALURHON ToOWESHEN# 8k B3 10 eBPrBfentgans
for 1015ty FERRELTEYN pdthdrom the well. Indeed, it is a requirement that
the wellhead installation should comprise at least ftwo 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 faterally 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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tree body conprises at | east one valve to control the
flow of production fluid through the |ateral

wopnesitizezszon bore. It is a requirenent of wel | Reai:B2007/003149

installations that the production flowath has at

| east two i ndependent neans for isolating the
production path fromthe viell. Indeed, it is a

requi renent that 20 the well head i nst al | atjon shoul d

flowqm’(’prls insTeasede raultingin reduped setntige iR fluibleaksol at i ng
PrefRgifuf B e B inshtingd BabbDrSE S (rEBTHEr vARERKOV

withihthel treebbay Yo contpslithe flotasftfiuid ploingethy qrossiover ﬂnwpath.
val ve, al so known as a production nmaster valve (PW),
and a secondary productlon val ve, also known as a

s R0 A HEod Bab Y patitlos T e B,
bored aifddc_ilisdoaé@ rfgh)r emmegntéld&&ﬁﬂtt }76 Hare|used tbprevide a
pattelir ki RETHBEL T e Ok e aBady & Bl Grider fo an

annﬁfd% A@%Qhe ftutﬁﬂ% Pahler. lvwaaw abhokthe Fovhof fluid thralugh
tree designs, e cross-over flow path is provided by

_the anaeipamessagesmaydemasnteshis thermitsidef dhe tree bkadyeast

shopfip 1% 5,48 197, Sh Pt e il Bodb s FREGRPRIATE,

6,050, BBowIpatgteferedgmbadiesent iof the pres@nt imveationdie tree body
potentlal for fluid | eaks. Preferably, ,the ”etﬁ body
is pravidest with one fongra aenuus flgwPassansy 0 in

oA B R O B St
ﬂw% t‘rﬁg?ghvtt’:jéﬁa?ﬁlﬂuk ﬂswgmage% Sdtgs lpozfegggﬁoagovide dhe free
oo BaSs ey AR vahe S K 0 A i e
val\{é gﬁw@? Ua %eEbﬁ%ﬁﬂg ARVAR vaie, HisG RAGWHasE anntlbs

'hanger es to control the flow of fluid.
accebs mama (W)a(fmmanly Wmmrmewawb@& iptagral

corgoiente oPapin, i PERATEs e S ls 08 uth fulbar imddestly
inte?@r@ﬁé’n&%ude% tRe RloBdritial fst fRAD Restikeerom difis thath.pr esent

ention, the tree body is provided with one or nore
annul us fl ow passages as known in the art. Preferably,

4l TBRr BP0 i ekate e i

forrﬁﬁ‘f@%ﬁmachhxn@omef\ﬂrrwé lidveﬂrpnrtajamd bassam a)ﬁebdmg

both a prjmary. annulusv gbﬁ% nown as. an .
thrmhmagraeab,@@f ls\ﬁéwﬂcmwaﬂ%r héns\%l fnPw, AgEFIgos o

| | ¥Pne

“0%‘8@%‘%% Slﬁr#vﬂ‘% \I;Igrét@ ve% as i nm/)al
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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conmponents. Again, this provides the annulus flow path
With an increased integrity and reduces the potenti al

wof200s/d20282d | eaks fromthis path. 20 It is a p&CIIGRI0EN003149

feature of the tree body of the present invention that
the form ng and machi ning of the various bores, ports
and passages extending through the tree body is
significantly easier than with the known designs of

in tirocasoof bdrizontal trdes, fde arret;uirénhenbfmeupe@mremtabtwo

indShangeat S0\ Metiey A BETIEaRdhE e torseal A isolate
the Wéﬂlﬁeﬂe' Réi'érfehbé it imé Pemic% |§ﬁﬂd€aﬂl"é&§n‘¥d@ t63hé NéFsok

ports and passages. assenbl y of the present
Standardri@ommont Reqwmmeatst far aubeea Cluistmae Theel pystesns, U-CR-

00 YSBA4e, b RHSE B i G B pe

pzu%aa% PaRRALR Witdihe piligd. he ohvéstidradnotigotal freé dedigist h

greater ease and 1 ncreased accuracy. In the case
incasporaie ioperaf dhe twe islependpst @o!aélqmmmwﬂhwhegatema on

V.
borg, Seridfy ROTRERHEneRiorfidn BERL g0 ° BHEpfSent
invergiof! ki€ an Iaﬂvahuagerthamm mldependmt iSolatien angsrs may behe
. Norsok Stand @9 Feq rements for Subse
inclased 01 esres Bedis Be RTING dhe SBSGUSN eOuERIDRDR: Thisy
turnﬁ}éﬁbeé R %ﬁr@&tdﬁ of e QPlsblﬁhéhﬁ‘ﬁéaﬁé eSuftamie |?Mléﬂ'bn

I'n artlcu vv|re I'ne plugs. Conventiona

meainm foz cmmlmlon urethmlmee body iane intemad treemaps@End Wiselineoplugs.

i ndependent isolation neans within the internal bore
extendi ng through the connector portion of the tree.

In usB, faStrds BE8P s drivRad vitth thetinfetnallbare \(RMeALNy Vidiatal! with

I ndependent 1 sol ation means may be 10included in t he
the masnsdiod gonnectionftalthe Iconpgeton upgp@n@s’q drher lewer eagafithe

inteprig e i S4hecdY 67 shEgHEHEETR 1 e Sbcedidirornte
welm%?gltl’f‘dr@mq nStikblé coAnBEbn means foremoahting tetheoywe!iteed!
housing are known These may be formed integrally with the tree body during
the forging and manufacturing procedure. Altematively, for ease of
manufacture, transport and assembly, the means for connei: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 hofizontal tree to be
pkepared having an integral production flow path with significantly fower
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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In use, the tree body is oriented with the internal
bore generally vertical, with 15 the neans for
woQoesnaei3zon to the connector uppernost. The | eoErGEa/003149
of the internal bore is connected by suitable nmeans to
t he exposed end of the well head housing. Suitable
connection neans for nmount@dng to the well head housing
are known. These may be forned integrally with the
body fithdradmptising tedne fooheising amtodudtidramiastervglve and a

rocedure. Al ternatlvel for ea cture
proquclAB WiRg valye wittye e {re th?@'yﬁgé’ﬁ’g'ﬁf)g{h 2"8%8%@&“%9 the
Iatellali‘So I I head housing are preferably separate fromthe

tree body. In a further aspect, the present invention
provi des a wel | head assenbly conprising an assenbly as

In ofdey non 1h stsedeody e e Al ridn e feq Wi hES ™
proJlﬁ‘:Ylbﬁgﬂo@\F‘ ﬁﬁtf?&h%e RitefHAT bbnthrbayh fied latevial bore fully

S|gn|f|cant [ ower potential for fdeIeaksfr m t he
integrab witht the rei tumcty ﬂh@'ws nat celiant Py extarnally afta

confpREflF) ot o BERET tnd BV BB St ET RO RITRER . "
sepBRAY cBRjoM@Nathé Weer by Heving megamsdodonneatte the deanector.
allgned wth the bore of a we

| head, h he
Theteannestamnay bAENY rﬁﬁﬂ@%ﬁf)fﬁb?é%ﬁlaeé%rfuy axicy [?éﬁ‘ YR

i Y158, RSP 4057 nir

conprising neans for hou5|ng a production naster valve

in cedstpaTovie an Bieasrl wrednatan Bl Mot bR3feeBiY 'S |,
con%r%&%% the r@cé@g\ér? \{gs% donthsl the sy oo pasiliotivg fluid through

acture roduction flow p athfr%the
the ilatera pabduciion hdreo’lll@wat!\ms being fanmerb ntegrafly yvith{ihe dreg

vod, releieply. i A btk SAinsiBeB ot B prdRleddiRastor valve

Pl\ﬁ\@ea Rﬁ&& Qetio wingevanas (AN ,alboﬂ'lrcﬁ&vhleh goptrpkthetflow of
one

he tree body having neans to connect to
fluid Bbr@dhﬂ@fodudlmwtbonnector may be any required
formof connector, in particular a hub, such as a
re-entry hub, for connection to a BOP stack in
The R Botly ey badomesd with sorezor alb opthevditrer ports mndgveé\res

reqHisea Saihg ThpDEIton B MalheRs MSTBIAET ofomdl PR |
embbifihthrdt UKL body cofnpnses 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
bare 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 fiuid along the cross-
over flowpath.
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15 the | ateral production bore, the valves being
formed integrally with the tree body. Preferably, the

wot2oes2013dy conpri ses both a producti on nast er PCIIGE2007/003149

(PW) and a production wing valve (PW), both of which
control the flow of fluid along the production

fl owpath. 20 The tree bodyimay be fornmed with sone or
‘all of the other ports and valves required for the

In af éferfé@leérﬁbwme?ﬁ of i pRIsehtitrention,zthe dtsedbodyTisyrpvided

nbodi nent, the tree body conprjses a.l raII
wrthamaanﬁmge ann@usﬁWWStaSé@%w *?‘&ﬁﬁ ér '9/ the

treeﬁ%é’q@glﬂggr%toﬁ%tlag Wi B onb Wgwp atrLr‘Hi‘ e MoWior ﬂmcﬁdhrélig’rﬁ

Cross-over rovided by a
the SAAGIS fRWCHassRgREE It I8 Prefesredtbyprovidetthe iree hody withy botir

an o s E s e A e e RS B ARG AL BB
mtebl’é?‘@]pﬁﬁfdﬁe}w& 'Rﬁéﬁagﬁéj rdvida theghriuius Belvgpath pdtheart | al

eaks~ or ge to otherw se protrudi ng | ow

increases irdegrity nd  reducesthef mtgntlgl for fluidileaks fremythisspat
formed to conprise a cross-over valve (XOV) to control
the flow of fluid along the cross- 30 over fl owpath.

Pre%ﬁ@o mgaﬁszﬁﬁsamaﬁ PRSarOfot lsdlatmg theaivell bete are
nment t he gr esent i nventl 0 bOdgnkgi'nal

inclpded inithe tree hodyie This indren BN eae rggsciqgé%e gt

isoléﬁ@%’n pbq'ﬁr}g{ h@ur%b‘iéf gsgiﬂq ogrrﬁgéﬁ fdRciL&RA |ﬁ@ﬁd tree body are

ne va ve to control the fl ow of

mtefrhél' tebd Jwahd wirelineplugss Additiopzidsalgtien meansg such as an
prererre

mtemalLtraescmagé %%bgi 'ﬁghxfmésrf Eﬁdgé)m&gﬁ“ Hh{i@b@é@% g%@fn\fw ve
dediAilo Boddl SERlerfy RABhBendgRbRtiohNushe il des t he

["ow pa creased integrity and
reduces the potential for fluid |leaks fromthis path.

I st ot b SpREBSEAE Ml LaSHALOGR SFRIAY feroal, wit

theﬁﬂgé{ns cf} c%nhecﬁéﬁ b fFRYcdrfRéRoriuppervost cThe mwereemf of the
intérnal 1solation means. Suitable isol at ‘ﬁgﬂ‘s for

intémal bsieds connecttedthgewﬂﬁblg/ﬁ@laésﬂﬂﬁ@ gxposed: ®nd
wellhas hiieife o Sitaiesriefon i of ol e*°?ﬁ§ e

homhéln@ lafe RABRAC Mhieseirhay! beufomued integratly with thedresbegy during
con

| at f t
e rranisrarieith Soare i)

AbGEant, el B AESaftbly, dhe FRERAAor eBnhectiitrto the
wehﬁé@d héu@lﬁ? res pesfehably sepaizie froouthe tree bhdyexposed end

of the well head housing. Suitable connection neans for
mounting to the well head

In a further aspect, the present invention provides a wellhead assembly
comprising an assembly comprising a iree 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 fiow of fluid
along the lateral bore.
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20 housing are known. These may be fornmed integrally
wth the tree body during the forging and
wonmessakebur i ng procedure. Alternatively, for egI&GBEIN07/003149
manuf acture, transport and assenbly, the nmeans for
connecting to the well head housing are preferably
separate fromthe tree bodg. 25 In a further aspect,
the present invention provides a well head assenbly ]
In gensrl) ij’ﬁ]aagelﬁmdﬁhétnlim d:mhpgjsmatolmkfe wgedmmiyy in
an internal bore arranged. in yse to align
the prRdussPE 166, haanoiun e Wik 46 edibe ePragife of'the
| il i| Bigatt ddrobE hahledibyetbe
PO R Bl e B e B e T b
dowrmtreais praguztipn iimstaljationo dtistgasventiona! piaeficsptodnclude such

s L5 LSO S IS B, T, W e
ass\%@ﬁﬁ RRAZBRRATAirRAQ AbWIREEAR dPtheprodaction wirgnales, In

ead installations conprise a choke val ve asgﬁﬁbly
known hevizgntaldres assemblies, boittthe predusipmyving yalye @odiige

chol 81N baBra ¢ SSnlonphfs AROALE! GREAINIE (g LeE, BY
me8RYBSSieite Pigipcissoe corsteatibns.i tis ahtadvantageveftheonal
practice to include su

preséat immmmaégslmgpgt_a? ;l]’?gi X yﬂ%%ﬁ@é{ ﬁﬁg&ﬁgﬁlﬁsﬁﬁed in

A A A ot i T

comas apltbites inleiohthe lthole vdivetdssemiilyng val ve and t he
choke val ve assenbly are conponents nounted externally
to the tree, by neans of suitable high pressure

' ' | htibherafides esesithead
Acé&am,'onumgt} hgbﬁct%?tt@é’??ﬁeﬂﬂmv@ tibherdfides ea

I nv orizon tree body is provided
assemably, wpatticuiar alsubsea welhead pRsembls semprginga ¥Wrllhead

. I . " . |

v P EHIFS IS ot Ko e by, e

horfﬁ“d%‘ﬁélq}éé}hyserﬁblglﬂo?ﬁmrsir@aem‘e leddyt havipg esdnternahbatei on
provi des a wel | head 15 assenbl arti

alignesiin ias kel Beisealing walbRpY hauRisen the iR g
cofifhih e ot phaTpy et e tasarbbiemorto toe
bo@pfppicvidega prodiestiondhiyd flawpath havingasrinist irbeeramunicaien
with the irﬁg&a'l L Dflhestihedl Raling hhd 2D R thBYred By
comprising integral flow control means for controliing the flow of production
fluid through the production flowpath between the inlet and outlet; and a
choke valve assembly having an inlet in direct communication with the outlet
of the production fluid flowpath; the arrangement providing in use an integral
flowpath for production fluid from the internal bore of the wellhead housing to

the inlet of the choke valve assembly.

As noted above, known designs of horizontal tree require an external
assembly connected to the exterior of the tree body to provide the required
cross-over path. As also noted, it is an advantage of the present invention
that a horizontal tree is provided that has an integrai cross-over flowpath
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conprising a lateral bore extending fromthe interna
bore through the tree 20 body to provide a production

wofzbesiodoR3k owpat h havi ng an inlet in conmuni cat POR/GH2007/003149

the internal bore of the well head housing and an

outlet; the tree body conprising integral flow contro

means for controlling thelBl ow of production fluid

t hrough the production flowpath between the inlet and
exténdihgthroagis tree trbe bedyalAceortisgiybinya fwfthem@specﬂ theprasent

di rect t th th I f
inveton R VIBRs PrsseRARUFS B anSRt SR ARSI di ng
conﬁ;hsﬁ’ncqf? ¥ natfH é”\}mgﬁ hﬁ"n‘ﬁl@?ﬁhlfb%"re BRaAged e [lsé teibe dligasu

the wel ' head housing to the jnlet
wuth)h‘het ﬁmea:lﬁah.eeﬂhdamhcmm:ﬁhg tre;esbodyt wausmﬁ a Iptesalpore

extandodiHirgat e rpa ol tdrd Tag P oBfE: Big FeRTod duner,

corﬂ%r%\rﬁgﬂs cross- wét%dre%xfémrsg @ierallp dhioughhe e hmniyed
I't 1's”an advantage of the present invention that a

hori zontal tree is provided that has an integral

ThethRERoR AR e RERT orP e & PRV 7 SN 8 Kl R

thrdugh e prégiétiin pipbkineard enhulus\p&mhmn ||nradd ititry, the cross-

e LR s vin
pre mé‘l"la‘ﬂgz@e thd{&ﬁoh‘?ioQ@aﬁl QU AeMithd cFd3R-BRIrdREé ifused to

ousi n tree ody conprising a | ateral
circudute flﬁlcﬁhelemnrtgmmqmg hestisiving and Bmlgnnul@lmrehén path, for

exasmblodo Jush s aremeshing 1ot ey reORpier e, syen as
drtl@y%ud%rﬁﬁéqﬁ%%tﬁéw@“”OSS over bore is to provide

to circulate fluid through the
producti on pipeline and annul us pipeline. In addition,

a3 iRl e G858 T BUR R ot bre
cross-over valves. In a preferred arrangement, the tree body further
comprises provision for at least one cross-over valve to be mounted integrally
within the tree body. In this way, the integrity of the cross-over path is
maintained and the possible leakage of 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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pressure in the production flowath. Further, the
cross-over bore is used to circulate fluid between a

wowasguse test string and the annul us return peThGB2DEw003149

exanple to flush the aforenentioned |ines, change or
condition fluids, such as drilling nuds, in the |ines
of the well. 15 The f|OMIOF4f|uid t hrough the
-cross-over bore is controlled by one or nore

In 61485 BtRAdd Bh KfSarel BroH Bh s oRpa IRBEE bolife

tree her“cofprises provision for at lea
preferably comprised the necessaryvatvesito condopl die ﬂow of produdtion

. b h he i
fuig GuisB e 1ol BrSabn Aiate . e Al 1ecress Sasty pamprises
boRAsRERICoN bhaster 14108 PRIY) 4P dioashieee ihy valve (P

% ficantly reduced di scussed above, in order to
boﬂm afovhieh @ontrebthacf@yv ofcflujd alangthe praduetionflewpathed wi t h
the production flow path fromthe internal bore
t hrough the 25l ateral bore fully integral wth the

In & pﬁeh@d)enﬁbdsmmeln%ﬁ@b prebemhvumtmw ¢hé a‘eeéﬂddy is provided
attached conp lﬂ , pri‘@erred d{;
with &ﬁ‘ﬁé'\’ft"BP"%?“"t‘ S hawinasiseass B Fooe 1o t agtf rgferably, the

tre% B onne Fd?@s %{]I%ﬁsp&‘?é( vARY'tY %oﬁﬁ'ﬁmetffbm? Bf‘ﬂﬁeghédgxlgm

€ connector nmay bé any require
thednmﬂmmﬂchpassagaaaltts prefarred i provide the tiee dody vétit bgth
for conne ck in 30 &on i onal

an ARk Tnasn avE AUV, BB enulia rdchss yRe NI © on
intddrdl eompsﬁggﬁsh Addit® thisastobigeY the ahﬁnmlmV@9§mwnﬁant he

necessa ves to control the flow of production
incfeased lntagmlugand reducesdhelpatertial farifiuid tesks. fram dhis matih.y

the tree body conprises both a production master valve

(PW) and a production wi ng valve (PW), 5 both of

Pré'ﬁéféﬂiy Geatin@epértent isalatith nedhd fer isolating the et ire aine

flowpath. In a referred enbodi nent of the present

mcluqie@lnmtbﬂ treerhodyy ckhig ttprp éeqyie@\ﬁha SannEEkr fike Qfintepnal
o g O3y RASRIRTRNT bl ekt ne i Boab i

interpal treé chpe ahdaviralinefglugsl t hrough 10 the annul us flow

passages. It is preferred to provide the tree body
with both

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
welihead 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 iree body.

As noted above, the assemblies of the present invention are particularly
suitable and offer significant advaniages 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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an annul us nmaster valve (AW) and an annul us access
val ve (AAV) as integral conponents. Again, this
woRss20833 t he annulus flow path with an i ncr e2€EaB2067/003149
integrity and reduces the potential for fluid |eaks
fromthis path. 15Preferably, two independent
i sol ation nmeans for isolatfng the well bore are
included in the tree body. This in turn | eaves the
platfesfrsgirating treewell. Thiessamblies bhthepreseahimvestion atg e
isolation neans for inq%fsian in %h tree bﬂ%é.are d
partica{asladvaniage Qi Rhem HSed FLiperWaRGl JecatiRs, Hiatis Wgjihea
. : ' [y ' ' al bore generally
instgfefiBnd 3 demtl of BR800 (1 R o the
connector uppernost. The |ower end of the interna

Emiadinwaie, st dasebysonafihlf B8 sk fibd sy Raz e o
exa.g@@gmggégﬂg hefarehéd RPfehRIEBIBNYINY draoiings, Thedvichray

egrally with the tree body during 25 the
forgi ng and manufacturing procedure. Alternatively,

g B85 oSt Al B ol ATERR dosbif EBREMIhg 4T

horibRaffrablassembly atcorliingrtotehfirst embodimgnt dfthe giresent
above, the assenblies of the present invention are

invgsdion; cul arly 30 suitable and of fer significant
advant ages in the manufacture, shipping and
installation of wellhead installations in renote
Figlrecis #8ile élevation ofahelheabassembly dnsendingiie asecead

installation is a ,cons%%grabl e distance fromthe rig
embpdim@nt 9bt pregeRbIBYeN¥Yi 007/ 003149 15 pl atform

operating the well. The assenblies of the present

invention are particularly advantageous when E&e%}n
Figutech israverticabcrmisiseresctionalatiew of ike welhaead AssempPy:9idrigure
_at a depth of up to 3,000 m (10,0000 feet). 5

2, Enbodi ments of the present invention will now be

descri bed, by way of exanple only, having reference to
t he acconpanyi ng draw ngs, in _which:
Figure 4 is a vgptica crogss-sectiongl view of a wellﬂwead 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 welihead assembly, generally indicated
as 2, comprising a horizontal tree assembly, generally indicated as 4,
according to a first embodiment of the present invention. Shown in Figure 1 is
the upper end of a cased well having a wellhead housing 6, in which an
uppermost production casing hanger 8 is mounted in conventional manner.
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Figure 1 is a cross-sectional view of a well head

assenbly conprising a horizontal tree assenbly
wo06s020232g to a first enbodi nent of the presePCTAGB2007/003149

10i nvention; Figure 2 is a side elevation of a

wel | head assenbly according to a second enbodi nent of

the present invention; 15 Fggure 3 is a verti cal

cross-sectional view of the well head assenbly of

Figure 2; Figure 4 is a vertical cross-sectional view

of a vel | head assenbly of a further enbodi ment of the
The heszantal foe REREMbIVAC Cpmpiises B free hody0i mwunted to the

PSS S I el 5 oy HEA il ARtz
a conoesticsening d4 anidewolisf 162 wel | head assenbly of a further

25 enbodi nent of the present invention. Referring to
Figure 1, there is shown a wel |l head assenbly,

TheeReIdyY10 A& ﬁﬁ‘irﬁ‘érﬁ’a‘l g%ge G”Bﬁleﬁgl?ﬁs ongmé Ohid Lree

assenbly, general % ated as cor |ng to a
longlttﬂ@nabam Qf thenfreebody endraﬂlgeed witivthetintennalSroresn the

el 5k K B T,

threwgh the: thee bedy 801 In GRERitRM, ke mea&tmbrm@é flowp&th
2008/ 020232P / GB2007/ 003149 16 The horizontal tree

for praduptipy fid trapy theaxellheadcasing§ Vﬁ)theﬁntﬂiﬂelobqre 1&hef the
n

tred BEAY, 187 2\ Bloskefiot BiadiErval 22 i indufiéy I flefterfyof e

tredbbbdy 106t the opening of the lateral bore 20 and controls the fluid of

production fluid through the lateral bore and from the welthead assembly.

Annulus flow passages 24 and 26 extend through the tree body 10 above and
below the iateral 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 286,
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
free 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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The tree body 10 has an internal bore 18, extending

al ong the central |ongitudinal axis of the tree body
woaoek/2bisgned with the internal bore in the welPCraGRE007/003149

housing 6. A lateral bore 20 extends fromthe internal

bore 18 through the tree body 10. In operation, the

| ateral bore 20 provides aiflowath 10 for production

fluid fromthe well head casing 6 via the internal bore

forrﬂ]&heﬂ'ldrihentai treclrdembly afd RirlioAtin @e §8%eahaldénVas Rhown
nted to the exterior of the tree body 10 at the

hOr&S’@Fﬁ' Ri?e&ﬁ foraxample thpsedescriped RS 884407 7.t he f1 ui d
of production fluid through the lateral bore and from

- the well head assenbly. 15 Annulus flow passages 24 and

The2Bule 38emdy bierprovidet twitt a anrtrtEﬂdsolaﬂomMSafrﬂ' dxain®le ahe

intesReifSh ca Wi WiRinecHugS) a%megé‘@@ b e Spemtionshae
carh@d ole .ﬁ&@éﬁt@rsw [drhéniithe awBGshl Emgs @ﬁ% %b*?ﬁthe

[ow of flu S|nto and out oft
tFeEbh@@)ﬁQ@s 24 and 26, respectively. A ci rcuI ation path,
arranged external to the tree body 10 and 20
connecting the annulus fl ow passages 24 and 26 is

A blowbutqire@brﬁér gBG(DP? d4lof &ﬁn%’nﬂdhaﬁ%igﬁ id shdWh MbhifkHnSs

s 34 and are shown installed’in the internal

themb 8,dn gpnyentianat mansey. Momub@\apnra@amﬂaaatheabmsao

may B8 e 1P i i o hlrBefiteFBined o BBREE Wil o

thewdll. matel y the environment, from hydrocarbons or other
fluids in the production rovvpath. The horizontal tree
assenbly 4 further conprises, as a connector, a well

o oSk rontHoP TR P 1R el

ange connectl on
conmmaneggs dsgrahwithtibe trele bogye ln(paarlmztgaeat will thie ndted that the

pro@@%}%ﬂ?%%%%ﬁlﬁﬁ”@ Vﬁf}{?sg%e 2@058 arg de\{derna tple tl‘e:et ggd)} 58.6
Whitd ¢ @28AgeHieht BraRded 8@dbAbdy of reduced size, it is preferred in
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
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 fo the production outlet of the tree body 106.
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17 formthe horizontal tree assenbly and function in

t he sane manner as known horizontal trees, for exanple
wotbsxaomescri bed in US 5,544, 707. The hub 38 maf/dR2007/003149

provided with a further isolation neans, for exanple

an 5 internal tree cap with wireline plugs, as

demanded by the operationsygeing carried out, in order

to suppl enment the two isol atlon plugs 34 and 36 in the

tree body 10. A bl owout preventer (BOP) 44 of

conventional design is shown nounted to 10 the hub 38,
Alsorshowmviarffigorea? ane tireeactubtorsifor the evasipps sraivesdotegnaitto the

hyh .38 b
treg Borp 08 NBRRY STimanoRudion s Paliclih fistoryatve
(PI\;ﬁnVEWGbé’%B&‘iﬂarﬁ WiudtibnFordpogudtidrbwiny vdIee PW\HM 18,

i mal nunber of 15 conponents integral with the tree
anmiduy vaives g20; 1281and a crosarover velvieot2d t hat t he
producti on and annul us val ves 22, 28, 30 are external
to the tree body 10. Wile this arrangerrent provi des a

Thé compP@ntsdf thedusitrbasi dssenitly 184 pf ﬂgme@danrmshmy in
cases, to formthe tree body

ve@@mﬁwgctr%lmf oM 3. GRS il B@aesndnf i eiﬁgﬂm free body
1 Oé ﬂ E%‘g" |H%rﬁ%%§ggﬁﬁ né;{fegﬂic%gﬁ ﬁse 5@8\% n ?h? fig&et A

wn a Si assenb
[at@t@t bodi 128 &riendp ltblfoelghetde ¢rdedsbdye16 front the 1pt&ealrhore

Tha @ity 208 AReP0Ren-PEeWCRan TRNSTvalves | ThatA 11 48d5ied
in ﬂﬁ%%é d Body! éﬂ)?htahﬁgﬁﬁrqlﬁéla é’é‘&é\: eras,ﬁfg vl Reagy so

ead ass \I-/T simlar
machmeelrthetemh dtddailumah boresF@rngnshown i cgurwa) lebrkend into the

trof T 090 B eGP arate CopbEFee f 1S bl f AHENkE the

valﬂlé s@é?hréhdb&iejé?\% providey aeesyifdmactiatops & pesidon thd valve
2, as viewed in Figure 2, of conventional design to

stemané@ate @saregoivedy the like. 30

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 conventiona! connection 134. [f 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 assembiy 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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18 Also shown in Figure 2 are the actuators for the

various valves integral to the tree body 106,
woOl2068odebz®g a prinmary production or producti onPOR&IB2007/003149

val ve (PW) 116, a secondary production or production

wi ng val ve (PVW) 118, 5 annulus val ves 120, 122 and a

cross-over valve 123. The ggnponents of the wel | head

assenbly 104 of Figure 2 are shown in verti cal

caﬁ% iRl irédfudent Oﬁbtéﬁtlé fo%a%b'fflbﬁssﬁleﬁhﬁtlaulﬁrgure
he tree body has an internal bore

hy@rmmnmfr@mthec\uehlheadaasw in the fi gure A 10
| ateral bore 128 extends through the tree body 106
fromthe internal bore. The primary and secondary

Th@frﬁdaﬁé forisdiatirigtheVinteraal Bore ﬁ@bﬂtﬂlg trechddy abpolve thet he
e bod appearing in Figure as cavities, having

tre

latoral Dere 446 bah bRERQINIAE i FiowTa & fol 12ASB0s Bt cleriy
HONEURF, thiy Ml 2 Infbrrif keBbap it WiSiine AR fdiahatiorires

destribelbab@evia coinevectionl wight Figaredt.pr ovi de access for
actuators to position the valve stem and gate, as
required. The tree body 106 further includes annul us

TquR%’FPG‘ Q! fﬂ‘&e%’ sﬁﬁé\hﬁ% Wé%é’dﬂjaéé’e%nbl%éénéﬂéﬁy indicated

res e control ves 120 and e bores
as 202 nopiaee oarastbsemeelihead bavsing c204.0The mmpments of the

w8 Gss4BoNERNE Bis. AN S ARBBNAR FialiBs ™ A3 A
desdfited Réreingore0o WcodRfingly, ¢ofhponents daranwh teitheassemblies

controlled by the cross-over valve 123. 25 The choke
of EmmB;armlﬁare:,ln@imﬁ@d;uwgttbeﬁam%saf@ﬁan&e rymenas. ¢ Flaa

arfliceeliéed FARRIART SRAIEH FRRrSE Sord e o
foliogdser nal bore 126 of the tree body 106 and the | ateral

bore 128 up to the connection at the inlet of the
choke assenbly 114 is an int egral flowpath, with no

Thjeoalééﬁﬁ'lbi%ﬁoﬁ"a ls mqflg rﬁbfﬁlﬁesté‘ gombeerity

ion fl ath canth
mairged bndhemlppegeadnpertlamm‘iﬁ af thevign 1 08n JheBORURAG isrof

co;1y]xer¥YE.'|4'ﬁali1 dg@lg Iran‘?’:l' c? Sr?sveesrg lguia%'D ﬁlkﬁteFZ(%) 3% a%%t oF Iarmhﬁ 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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can significantly reduce the potential for |eaks of

fluids, in particular hydrocarbons, fromthe well head
woaem@abisy. The neans for isolating the internaCThaB2e07/003149

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

been omtted fromFigure 3, for reasons of clarity.

However, they may be interngl tree cap and wireline

plugs installations as descri bed above in connection
AnV&ﬁrﬁJlfé WiticPvaive Bk 212 '%Q:oﬁh%fe% t6:thé i@,&ﬁa‘i‘idr%\‘ %‘rﬁ@ﬂ@e Body

I'l head assenbly, generally indicated 10 as

10§|a@decqmprasmaanw§s Iboee @ 14 @ngli aryanmgas wing valve 216

o fEHRRTE fig® o gHRLLFOL IR ARk faafa 4387 ! 1Y

her ei nbef ore. Accordlngly, conmponents comon to the

assenbl i es of Fi qures and 4 are indjcated. usi n? t he
Praddingitee sresfcaver 3!9&@'@ throughybenes answiveinferaa! tohand

int ‘P%tﬁfiﬁ%%e%%@i/ ésdh ﬁur%ié&ée%tr%riﬂt ﬁf & fhe H HoAntd e

€ asse own I n ure
assemply am:isred UBER {13 fotemdiat foul leakst clsfehydpcpxearbensi apdrathemwell
é 2 of the hub 10 The BOP 206 is of conventional
fluidednigthg cavirgimientes a gui de funnel 208 for ease of
| andi ng the 20 BOP on the hub 108. The tree body 106

- of the assenbly of Figure 4 conprises an integral
Asomtlmmmeblataﬂ f2amm, Figurenb, the tresr kodie166 lof the Fregente 5

inERfafi8Ale S5RbrdBarinRat TolaiRs gRl EhBtalyAlles B aled
co#@h@ﬁaﬂ@@eﬁm Wﬁoﬂ'é}ﬁ ﬂfat%ancbeeaeé@ﬁ@i and maﬁﬁaéﬁeé@to

bore 125 orned the inte

sux& ﬂd!ﬂﬁ@ﬂéf ne%nl VEh@iiexztabtyn%fwthﬁsmca@gwhg abilify tn

col et AL REhE s, W ndldaehcund e
redutteneentst he | ateral bore 128 and the annul us bores 130

and 132. Fluid flow through this cross-over flowpath
is controlled by the 30 cross-over valve 123.

An alternative embodiment of the present invention is shown in Figure 8. In
Figure 6, there is shown a wellhead assembly, genéraliy indicated as 302 in
place on a subsea wellhead housing. The components of the wellhead
assembly 302 are generally as shown in Figures 4 and 5 and described
hereinbefore. Accordingly, components common to the assemblies of Figures
4 and 5 are indicated using the same reference numerals. The differences
between the embodiments shown in Figures 4 and 6 are as follows:

The tree body 106 of the assembly 302 of Figure 6 comprises an integral
annulus wing valve arrangement. Thus, an annulus bore 304 is formed in the
tree body 106, extending from the junction of the two annulus bores 130 and
132. The tree body 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 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 vaives 120 and 122. it will be
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20 An annulus wi ng val ve bl ock 212 is connected to the
exterior of the tree body 106 and conprises an annul us
wohorsm2dBs4 and an annul us wi ng val ve 216, cont POTIGRI007/003149

the flow of fluid through the annulus bores 130 and
132. Providing the cross-over flowpath through bores
and valves internal to angjintegral wth the tree body
again increases the integrity of the horizontal tree

by i hmﬁa}lmﬁ lves
appﬁécgrocargﬂ% tF@é'H%t?gﬁm@eoyJﬁé\ﬁﬁglfay gr va

ons and er wel luids into th

120611221 306rand anDOlussbaRBS 39e13@p§pécpeav&f8r #RANRHYs flowpath

i 550 66 B e g vl o

lea ﬁ&Tﬁvﬁlﬂﬂ'ﬂﬁé‘treé%d&hﬁwmbearﬁMﬂth that can be

esi gned and manufactured to suit a particul ar need.
This flexibility is further enhanced by the ability to

PS50 465 SRbe bRt Btefiebb el phupe e
hngﬁ@@tqmegnty hainghedl theqseductiany annlilis and elesaroveR bpresuard

h
theig snepestivg Aoy ardcharondany i sPatiel vaivae KtfRE Mictrally
WHﬂﬁhhgﬁﬁgtgggﬁlng The conponents of the well head 20

are generally as shown in Figures 4 and 5
and descri bed herei nbefore. Accordingly, conponents
common to the assenblies of Figures 4 and 5 are
i ndi cated using the sane reference nunerals. The
di fferences between the enbodi nents shown in Figures 4
and 6 are as follows: 25 The tree body 106 of the
assenbly 302 of Figure 6 conprises an integral annul us
wi ng val ve arrangenent Thus, an annulus bore 304 is
formed in the tree body 106, extending fromthe
junction of the two annulus bores 130 and 132. The
tree body 106 is further provided with an integra
annul us wi ng valve 306, forned in the tree body as
her ei nbef ore described with reference to the 30 ot her
i ntegral valves. The integral annulus w ng val ve 306
provides a control of the fluid flow through the
annul us bores 130, 132 and 304, in addition to the
control provided by integral annulus valves 120 and
122. 1t will be WD 2008/ 020232PC T/ GB2007/003149 21
appreci ated that the tree body 106, by having fully
i ntegral annulus valves 120, 122, 306 and annul us
bores 130, 132, 304, provides an annulus flowpath with
a very high degree of integrity, thereby m nimsing
the potential for fluid |eaks fromw thin the tree
body into the environnent.



It wll be seen that the assenbly of Figure 6
conprises a tree body of the highest integrity, having
all the production, annulus and cross-over bores and
their respective primary and secondary flow contro
valves formed integrally within the tree body. 22
CLAIMB 1. An assenbly for2%se on a well head, the
assenbly conpri si ng: a tree body having an
internal bore arranged in use to be aligned with a
bore of a well head housi GhAIMBe tree body conprising a
| ateral bore extending through the tree body fromthe
i nternal bore; the tree body further conprising

1. TEaRg Ad¥enty ARG 6h bvallneatnges asseptblpsotrprisiniggn t he
internal bore of the tree body with an i1 nternal_ bore

i n aHeeabodebavng an internakbargareanged B aisgdapealignedavith a

bofi? BE8 Bipepf LM R e BoBy Bt Rifa iR ol biepie
thréBgh 3hé eree GRlydairh Nige imemat boregct or  di sposed
uppernost. 2. The assenbhly accor dt; n tgeél aiml

wheitizg treehody duitaer gampesing fgaNs fer tepascling iy gonnector
so?éé?@%{i@%%gntﬁr?dl Bofe oM & bbl§ witHlar mitémbl B6re in the

or connection to a bl owout preventer.
cofinedtoe assenbly according to any preceding claim

further conpri si at, | east on al v i t hi .

S5 Pok o iy b S Lot e e
tre2O Wfith. the treB BoRSina Ee B(eiﬁ%| SRipdisBE dnfa Wehéad with the means

conprising a prinmary production master valve and a
fosearnedting to acxhnoector disposed upper@osb control the flow

of fluid through the [ateral bore. 6. The assenbly
according to any preceding claim wherein the tree

2. bOdYTHeOaRYenSINF adchRIR] B Eldine | whdrelg the conmédtohis a hub.
use, provides a cross-over fluid flowpath.

3. The assembly according to claim 2, wherein the hub is a tree re-entry

hub for connection to a blowout preventer.

4. The assembly according to any preceding claim, further comprising at
least one valve within the tree body to control the flow of fluid through the

lateral bore.

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

fluid through the lateral bore.

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

flowpath.



23 7. The assenbly according to claim®6, further
conprising at |east one valve within the tree body to
control the flow of fluid along through the laterally
extendi ng bore. 8. The assenbly according to any
preceding claim wherein the tree body conprises at

| east one annul us passage.239. The assenbly accordi ng

to claim8, further conprising at |east one val ve
7. wi t Ahe assembeacedipate dajft 6 oluringecomptisipe atjleasi one
. . T,
vaedlhin s oo TRED (B BHIHERTRRPRER id dbng fodE ETakrally
exteridingmone. annul us val ve and an annul us access val ve
within the tree body. 11. The assenbly according to
any preceding claim further conprising two
i nd ' Wiy BB SprelBd ingteldifh, iidre e tree bod
8'i soﬁ@?%ﬁéﬂﬂgfggﬁ@ﬁ@n bor eprg'f;: a%?l o Whrch the Y
coagwiseblay least onamnaubs. pask2geThe assenbly according to
claim 11, wherein the independent isolation neans are
sel ected frominternal tree caps and wireline plugs.
9. 13. THaeaskehfiP b¥carefy © digint 8, RuitheP camRAising Atllgashone
further conprising nmeans for connecting the tree body
vatve withialthe:tree hegdydpegnirol the fiaye ofifluid alvrg thecor eaciyanmylus
a%l I m 13, wherein the nmeans for connecting the tree
P 8%5";}0 a wel | head housing is detachable fromthe tree
body. 24 15. A well head assenbly conprising a
wel |_head housi ng having an_ internal bore; an
10as s dis1 3ssgrelly aceerding gwalm 8cwhermin thefree bedicomrsises a
_ o ! ¢
R T
bore of the well head housing; and a connect or
havi an internal bore nounted on the gssenbl t.he
11 nt SRASIERRLY BPORIRING b HBE g R ARG SemRriig two
indﬂ:ﬁéﬁ%ﬂi isBRtRnThehh€ iAt28MB skal ad@isoldte tMebldtRrSion bore of
assenbly I f h

according to claim15, further conprising a
a webtmwhighrtbeassembipisarmested. he connect or .

12.  The assembly according to claim 11, wherein the independent isolation
means are selected from internal tree caps and wireline plugs.

13. The assembly according to any preceding claim, further comprising
means for connecting the tree body to a wellhead housing.

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



17. The wel | head assenbly according to either of
clainms 15 or 16, wherein the connector is of a
different material to the tree body. 18. The well head
assenbly according to any of clains 15 to 17, wherein
the wel | head assenbly is aziubsea wel | head assenbly.

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

an assembly according to any preceding claim mounted on the
wellhead housing, the internal bore of the tree body 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.

16. The wellhead assembly according to claim 15, further comprising a

blowout preventer mounted on the connector.

17. The wellhead assembly according to either of claims 15 or 16, wherein

the connector is of a different materia! to the tree body.

18. The wellhead assembly according to any of claims 15 to 17, wherein

the welihead assembly is a subsea wellhead assembly.



