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WO 2008/ 020232 PCT/ GB2007/ 003149 1 WELLHEAD ASSEMBLY
The present invention relates to a well head assenbl y,

wo coosexeapl e a wel | head conpl etion assenbly, BOTGBR004/003149

hori zontal tree (also referred to as a Spool 5 Tree
TM for use in such an assenbly. The invention is
particularly concerned with asserrbl ies for use in
subsea wel | head install ati ons. is well known in the

art of oil -and gaWEkHﬂEA&ASﬁEMﬁi—froductl on for

wells to be cased and suspended froma wel | head
housi ng. Once the well has been 10 conpl eted and

Theppredeat ineention telatesgbra wellhé=rl assenalyj fonakampie bivesllhead
install a so called ristnmas tree on.the we

compigtiomgssernalyoRnd 4@ geiorizoptal feei (@t odefeipe o as 30
Tre[emrfSF Eégﬂ?gﬁw?ugggémmﬂw wWehP?ﬁ REp A& 'chlg"f‘lg%gncemed

roug rom are produce

wittCassembliesnfar luge it sabsa ivetlnead tnséallationpr ovi ded with
one or nore vertical bores. Access to the well while
the Christmas tree is 15 in place is provided by the

It |S°W§II ﬁ?\ﬁﬁ”ir?tﬁéeéﬁ'o‘f all a@u@r@% e)&f#l’cwaﬁ@ﬁ anﬂfmodﬁﬁﬁﬁﬁforﬁmls to
e tools to enter islimted by the

be dasecbaml susperted/fsomi x wellhead bouﬁsmgoma thetwrll has been

coriiplstt RERkIRG s 1 BedAsh s - BER ORI Bibepg oo
canaa mﬁsﬁ%mﬁb@wﬁ thd Wellkdud Eblﬁ@lﬁgﬂh@@hﬂil;tﬁia@dﬁee)ha\tlhg a
wel | head housing. 20 These and ot her probl ens

bor@dher@ﬂnrpygaum gomsRuaRiiPrONith Sherwell anddbraiigh Wiis fh@%
o ENHLP pAica “CERTE PRl SpERHAMES 2 Ripdvidd
withh Ohemmﬂi@’e veréea| umr@ﬁuAbcess tol the agell while then@hdsimasatree is

b f the t th t t endi | at 1y
in RS ISUOVREdIDeRIS O B efigial BRIERs  Bie Rl adfess
for HEﬁmWSkal toﬁlért'o%tgf T?\%%él'l %"llmﬁéd)b? tH@Muaﬁ%téﬁéﬁﬁ@ vertical
through t bor e,

e centra for exan‘gﬁe rou
boremnbenes omthle Ghistmes tree. elreitlﬂeeoas(t )haaae%m/@d a@na meor

cordabilie I aGR s 5o By e SR Wi 49
Chﬁétﬁaé@ethrée trh;sla@sfbn thBevéImeaditousingni fi cantly inproved,
conpar ed h the conventional vertical tree
These and other problems of conventionally designed Christmas trees and
wellhead assemblies were overcome by the introduction of a horizontal tree or
so-called Spool Tree. In the horizontal tree, production fluids leave the central
bore of the tree through a port extending laterally through the tree wall.
Should access be required to the well during production, tools may be passed
through the central bore, for example through a conventional blowout
preventer (BOP) located on top of the horizontal tree. Due to the relatively
larger diameter of the bore of the horizontal tree, access to the well through
the tree is significantly improved, compared with the conventional vertical tree
design. This obviates the need to remove the tree when downhole operations

are required, a dangerous task, in particular when dealing with subsea
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30 design. This obviates the need to renove the tree
when downhol e operations are required, a dangerous
WO a®k/020262 parti cul ar when deal i ng with subsea REX/GB2007/003149
2008/ 020232 PCT/ GB2007/ 003149 2 wel | head
installations which nmay be a considerabl e di stance
beIOM/the surface of sea &nd, hence, fromthe rig or
| atform servicing them Exanples of known tree and
wellRgacthiwstallatigesrmhichsmay desa sensidetahle disggarge below the

suftf S Ss oo ko of Beftatd selfiddifier

production systemhaving a Christnas tree. The tree
rises a vertica bore with a hub at_its upper_end.

co

Exampiascef ksovahiea aRd Welhearassemblies grp disciasedonth@

20%5/93_2[1?%%1 di sé‘ﬁké@? ?;ﬁ%%ﬁgﬁgg th%%?%Z?Zo t | anding
a tubing hanger in the bore of a production tree or |

us.i ng. ain 1,691, disc|oses.a,
usiEigslETE {8 a0 8 Subse mesn dtichastarn e nds Chlistmas
tre®! h eltréé/c&ihPﬁ@eéfalvéﬁﬁ;a%SréwwIaomb 2D pidr &fy.ch are
i nt er nal he tree and ot hers of are external
Prmtloommdcamwmsnvalhes areeoyeciey taotheoinge by meanrs ofl ve
béﬂ% Ihead tree with a vertical bore and
Se Yaeh'eg 8ctor hub is disclosed in US 6, 547, 008.
The tree is provided with production and annul us

val ves that 20 are external to the tree and bolted to
USt 6886604 rdisglpseson lansing pdaptenfey safl landingratidring hanger in

D By o B Sonp i, 1, A8 301 ©

disbloseg @m/@llheiadetee@hdvmgldmam@ral&mmbyon lﬁhb weblulr@layl oR5
descri bed conprises. a wel | head housing

valigale pravidad seBmeloraigh 659 TREE (o thesires AA/IBiRAT which
areCORBREH ;éhd TorRBBY to the t wég BFohé oPiméte. \&‘F\gaebﬁlcké’

vertical arrangenent, av n entral longit nal
bore therethrough of relatively large di amet er.

A PEaa i e boge 'a%hiﬁti‘égh%|cfo%8§‘gtto?ﬁupa%ﬁhsequsﬂ in
SV@5¥¢ 00i80Cthe 786 is)’;@ﬂo%ﬁlécb’witlﬁ‘ ﬁPdd-Uc'ﬂBn %rﬂfé}ﬁﬂﬂlﬁé Qalvish Beat

valve, is bolted to the side of the spool
are external to the tree and bolted to the outer wall of the free. A similar

arrangement is shown in US 5,544,707.

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

WO p008/02e81 i cal intervention hub, to which nay PET/dB82007/003149

2008/ 020232 PCT/ GB2007/ 003149 3 connected a BOP using
a conventional drilling connector. A set of annulus
val ves are al so connected 30 the outside of the spool
tree body, so as to communicate and align with a

conpeciegsa Bo%ummg@cwetrgloeat@rﬁmmgommﬁm@ hAtsigé of apigps

b
v 68 BRI DE B, b o051 6ESRRl B0BEKS
conmi@nitatd antadign Witkea eesed obathulas pbs @xVemlnaglﬂerﬁ’glﬁ)the
989 283 are described in US 6, 050,339. The haori zont al

spop} e dosly| apskePmmuDisasing dththe pesotthgdres.cal | y
oriented | ongitudinal central bore. The tree is
connected at its lower end to a well head housing. 10

Mo@@wnpdevﬁoﬂmﬁtﬂ focthercamcbpidyf the hovizowthl freealisclosed in

EP G148 g B 0 988253 fle destnen o LB oB0om ! e Berizonia
tred Gfs@fo@}sHMn Uy 9‘(‘.@0 éﬁac&ﬁﬁﬁsé’é atvaﬁlda'll?%rléhtéﬂ lohgitudinal

bor e. production valve is incorporated into
certiitad bnreeeTbemeeﬂs .coooechemat itadowereend tona grellbead ouising.

fluid |
The Hpbtignd AEMer B BBy s Bleo 25 nSite Sl the ™
corﬁf’e’&ﬁbﬁ'to BCB@P%IHH ] Hﬁlhﬂ?tﬂ%{er oF thé/ia{ev eA 1prasmm;sﬂmq‘nrpﬁcirtaéxtenols
Into the tree body con flow of fluid throu

|ateraky mnmégmﬁmqob@d\s of ths teeewgrrdbs gnial baws A Pspdudion valve
{ t
o S PO BRI AR e AU Pra R
frorﬂfthéWétHd Ql%llﬁﬂtvt ?ﬁhulb@ﬁe{tﬁfelxgﬂfnd/\ﬂmwgl’teﬁteemm bady &t er al
roauctl! on or I ou e
corgm@mte BRWeR theseateal Dok and %ée Exear oV abesneorppeaed
mtcgf?%yfreé\’pbﬁy oBhHH ¥ fio uﬁoﬂfﬁﬁ&&%&gﬁ% dhAGlesRHts?

ori zon sp oo tree wt i mproved porting. Again,
the tree corrprlses a vertically oriented central bore.
5 The tree bod con ect ed

2
USEATREEH TeriSeana Shere TReedibinaian g Bself. The®
su&@éﬁ%goﬂhem&z&ﬁbl ‘é%ﬁ@éﬁ'ieﬁﬂ Hefiry & vBRicallponepterick

1 ke. Alateral roduction port extends from
certred boestfremh whiclk extensisghlateral productlon port through the body of

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

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

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

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

body. Similarly, annulus ports are prdvided through the tree body, with an
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tree body. A production flow valve is included in the

tree body to control the flow of production fluids.
woloewz232 a second production val ve for contr oPdT/G8280/003149

the production fluid flowis housed in a block bolted

to the exterior of the tree body. Simlarly, annulus

ports are provided through4 he tree body, with an WO

2008/ 020232 PCT/ GB2007/ 003149 4 integral flow val ve.
integakilaw valves dtomeveainagegond mowulug flaw valve g lacated n &

d . t.erl f the tree body. Since
bIOE‘ﬂgl‘BFeg%g&?)&tg”éﬁg&ﬁé tgéaér ﬁ‘)sld\gQQO' s, a significant
nunber of horizontal 5 trees have been built and
.installed, in particular in subsea well head )
Sincadhal INePRB i Hie aane3099'S oR SIaREicaIN AHMBES T hadgontal
tregé)qu\r,e BUER bhﬁ?n%r?d’ IHSEAlda gfbam\esrafr 'ir?ébbééaﬁ\ﬁ/eﬁﬁéécﬂn-
wever, a nunber of problens remain wth horizont al

instaliations, 145 #Asesuitt aeftha lmoivantagesithen bffer ovardbe aonvéntional
with a gentral, vertically arranged tree.body, .

verbispig SaRIEn Hoeisisd PHETREE o PATDIBBEAe TR St sharizgntal

tre@§0duction port and various annulus ports are
provided in the tree body. The lower end of the tree
body may be formed as an integral connector for

asiifel bl ottt HaER ad Pt B oatRRT vt affelfted
tred ®okly Cllroigh whithnbitenditHs cénitretlbosyy Adiurizohtal production
BOP Stack,  riser or the like. In view of the w de

poit angevasiousiapnaive Rt aksy PRoxKiedn the reghiagly. ¢ thelowar &pd
| ] :

o RSB UGPSR, 4 85 B Sk o

wellleegd housing oMierugper endafrthe dtce hddy is amizetaply formed as a

R kAl ol B g BOP L
risECSPABSRE: 14 Pfe\/\?‘biz eg&idyggflge i ﬁ’gta%dt PIStia#h laisE¥mblles used

machi ne and form ot res Or conponents.
to dewinedubgen, wellneadegithettoee pody ndeds trebe éaresrhwith an upper

roducti o nnul. us d crpss-over .val ves as Lt -0on .
coBflacan Bl of SMAHS TR cB0E5 1 B4 4B ERer TS s e
of bisfediibAidesigridanakinitbd mpydyiesh A4 heesdicahebedy ey be

I ncorporated into thé tree body, such as certain 25
hofirawabises isor massiie- eoraponeiiethe 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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The inability to include the aforenentioned features
into the horizontal tree body may detract fromthe

WO pi08gei28y of the tree. This is particularly tPEr/CRBI@®7/003149
if the production flow path of the known horizontal
tree designs is considered. 30 As noted above, it has
been the case that the val Ves necessary to control the
production fluid fl ow cannot necessarily be

valye eoppmblesd This tesHlts iea petentiabBuig leaknath afrey@i i9iahof

i B SBIR 5308 BTG LR B i e

vefﬂhlgh Elawrb%sumséemhﬂféredhn tHeupidduetidn flewrpaah, igwetigh
the bolt-on assenblies, The potentj al f?(r a
ﬂU'ﬂIl%iﬂ@VVlféhﬂt full welkpressirgrhefors wachinatthe prodystion gheke.
bl PLERR SROBIGRH SR dobrpstashofp kit
higheéblheegre‘;aohthaghdmm)r}baldme:bd)dmextbode ald;‘ng tinebamohtradhin

'onl%ﬁﬁ@%ﬁkévem,hﬁ%%”%ﬁ’ g 1098 dhe practufion Sawpai. « N tis i

@Uﬂﬁg @bﬁfﬂﬁo‘é‘@pé@ﬂbﬁ@bvhe‘ré’@ﬁtr?lﬂé“tﬁ@{/vell is requwed
vert | al) bore and not al ong the production fl owpat

hmugtn the mmraléoorefsm@pﬂrag@mgmw @UVahEng ngper mrtlor@f

tne Ui T ah8 uistfedf asseeh WL Bt e & okitne prine
spmrwntwmeowem bR ueBOK histd. | A@ccﬁamglye the hidjerntst of the

assenbl y, th the majority of the tinme being

opanactlnns mnweq:neduthrqm@omweilbﬁachaaﬁemhh/dwimﬁrtgqrgzontah é'ee will
vt adud REyp BT iR U e SR T har SettitB onesor

mdﬁélp@@nﬂa‘l fluiddedk patiat h t hrough the assenbly that

conprises one or nore potential fluid |eak paths. 15
There is a need for a design of well head assenbly and

ThBR:! IsZPRLEY £ §ﬁe§i§ﬁt&f a/s}égﬁgé& ﬁé d ABFSNRE! tree that

Integrity int rough the tree.
mcéqmathsrm tropvedristegetyde cthe diltuot mmNmﬂths dimough\beatrieen
there is provided an 20 assenbly for use in a
wel | head, the assenbly conprising a tree body having

Ac@@rd‘nrﬁ’ﬁ & é“ﬁ?st%béc%fr ABGREsert ithhtion tAeredisi progidedidnh
bor e of head hou5|nﬁ the tree body

asm’piyu for nee in aaveimgadbtﬁﬁea VicAgPrisinaLRy Hesrb@ch/rwmg
an internal bore arranged in use to be aligned with the bore of a welihead
housing; the tree body comprising a lateral bore extending through the tree
body from the internal bore; the tree body further comprising means for
connecting to a connector so as to align the internal bore of the tree body with
an internal bore in the connector, in use the tree body and the connector

together forming a horizontal tree.

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

body and separate connector, such as a tree re-entry connection.
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body fromthe internal bore; the tree body further
conprising neans for connecting to a connector so as
wao eooalozgs2 t he i nternal bore of the tree body wehGB200a/003149
internal bore in the connector, in use the tree body
and the connector together formng a horizontal tree.
In use, the tree body of thé& assenbly and the
connector are separate components, which when
conbi ned, forma horizontal tree that nay be used 30

Figh P EoBREol B endieL ol Bannueing @ simserccstpment to be

usetddnidbiveable @pbfraﬂé@ﬁb@bbﬁ&uétéemm srt}é'afarofheacdr{ eStor
body and separate connector, such a tree re- er}

MabhR @diiks espewat e diaEEReRnPLTD mmmﬂenznm ESOPlstactk
TR e R oo opl Al AR s Rlarc Py AP s Se B gty hub
to beﬂdﬂm‘bdtﬂo tHerepmiirentaHtebf tHeh @ppmwto HEYsRE tie W%Dof
B@ﬁpem ag| a tree re- entr{m for connection to a
ZsgemahAand o udkthe othoeleatiyes &f thawellhead anserobly; for
' ' d, t
oxXbPEREGIS SOPIBOR AT A ol D 05 LSRG Gne

of ahvaritty ofi differeBOBomsectoly, Yo aredt tite prédise Ryuehfints of the
Il head assenbly, for exanple the

ures of the we
'n%%%tt'ﬁﬂla@g FREA & A given tree body may thus be fitted
with one of a variety of different connectors, to
neet the precise requirenents of the 10 |nstallat|on
Segaad dpertegedrodySvay i, manhefactwedhodye eryl user's requirements

ang R e RNk Cp AR CRrRE poBrogidt abd bt #isiaum of the

comédi@nuheédi@%_f@bmsﬁfeciﬁba THGREHYInEea8e S thd é‘fﬁ@?encY of the

specified his greatly increaseS the efficiency o
OV‘?rﬁH aS§§%¢%3trL@§§@mwnaaufgptufet| on and manuf acture.

Further, the connector will not be subjected to

fluids, such as hydrocarbons produced fromthe well.

Fuﬁherh dhe cdmeon@r wlllatot beesuljéctad tafuidsbaen as Ihqar@ﬁebons
t he connect or IS expose

ver the wel |
pmm‘ 8 Pl ﬁ%ﬁj‘é’eﬁnﬁaémpléﬂn@ﬁugb opelatipss aSnlna@élatlcpr@and
woFHbQ/eFBPfF\%C\X/QIT the lcbnRECB¥ RO é)gg%s:ea 15 rfrgle@hgglag%rqomeﬂon

durations and, in nany casé pressu
fluigs otrueddlition pihemmnectofr 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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the well. Accordingly, it is possible to reduce the
specification of the connector. In conparison with

wao beshanszontal trees of the prior art, where BPEEGB2007/003149

connector portion of the tree body is manufactured to
the full specification of 25 the tree body as a whol e,
this may significantly redldce the size, weight and
manuf acturing costs of the connector. As the connector
for filidl frovatthd evetlaesd irfstaltatiopr okhis iri tunn fllowp divé connedter to be

forigg fiach CHiestiaaler s (S Ter DR Ul enigS PetE ardhuged
sp%‘?f!c%tl% trihs isTiR %ohﬁgﬁ forthe Knb&m! RS riontal RFeRCUBEIGIRS) in which

the joint between the connector and the tree
thetediye ikl musitbebtorged front agingle ploskad e gnglefmatedialinder
production conditions and does not present a potenti al

| eak path WO 2008/ 020232 PCT/ GB2007/003149 7 for

stilf mﬂwérfﬂn@@erpaeatw diitRaGohnattar Frai the trddbsedy sigificantly
lows the connector to be forned fromdiffere

redmee both the gjze Bed waightrfdhe tipgrhody, alewing 'Héb’ge ?@fged and
mabﬁﬂq%i&r%g rﬁlg'g mafglkﬁ}% te%h é@heﬁﬂté ?rptb@ﬁ :i’(g %Héa?%e HRdi e

ree e entire
contr&s tonss rélﬁm“eﬁ‘fegﬁd»f f:onverstlosnahgesgbs oend]uidmg ausfh ngl e
mat eri al . Sti]l furth par,ation o

COBARGRIESP bR RTAVIdRE B eaY SBEQdingﬂh 91 RaliP §ubs raté'aﬁl?@es In
thlfg&geﬂ% O\féréﬁ m@oﬁhtm Qréact ort ¥y béﬁ\% fePlYid tAtdUN the thde

or ge red wth many nore
bodyp igpsigrifitantiynineggasledt o t he tree body, in contrast to
the requirenent of conventional designs requiring such
10 conponents to be provided by way of additional or

Th8%de %HySMQ}I%ﬁﬂm%b' e bR all bhtife poits ahd @aﬂleerrahhwed for
Integrit the major flow paths for fluid throu
thet fodl apeeatuomoﬂgneuvgel&negdumstaﬂmqry This, élagee enmd'meglé the

treg Z)(?ély rcé%" S altgg?sﬁgﬂ%uﬁw oper%ft{cg Eﬁ% B?HJﬁng‘éﬁﬁd

thrb[]§ﬁ #hé Ritd@N protu¢tion borenk |§a‘rredwrmnent d)frwellhaaeie body
onprises at I east one val ve to nt rt%ﬁP fI ow

insfaltaians tost the greduatendiayath das 4t SirRreRbBreens
ford%cz)laﬁr&fﬂf)%ﬂﬁdru%ﬂgﬁ'haﬁ{ g&‘@{ﬂh?%l | ipgkal] id é’?éqdl?é?ﬁeﬁtf’tﬁat

owpat east two | ndependent neans
the wellhead installation should comprise at least two independent means for

isolating any hydrocarbon flow from the environment, sometimes referred to
as ‘double barrier isolation’. Preferably, the tree body comprises both a
primary production valve, also known as a production master valve (PMV),
and a secondary production valve, also known as a production wing valve
(PWM) or outer master valve (OMV), each of which independently controls the

flow of fluid along the production flowpath.

In a further embodiment, the tree body comprises a laterally extending bore
through the tree body to provide a cross-over flow path. In conventional
horizontal tree designs, the cross-over flow path is provided by a separate
cross-over assembly mounted on the side of the tree body. By having the
cross-over bore formed through the tree body, the integrity of the cross-over
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for isolating the production path fromthe well.
Indeed, it is a requirenent that 20 the well head

WO pws@kd2at i on shoul d conprise at | east two i ndeEECH2V/003149
means for isolating any hydrocarbon flow fromthe
envi ronment, sonetines referred to as “double barrier
isolation'. Preferably, th8 tree body conprises both a
primary productlon val ve, al so known as a production

flowrpsthels inereased Pepyltingdn aje@@@bmtaa‘ﬂ@l for tiddeaksm val ve,

erdb e I DeB B A bR 2 S e o

wit§ignhe dlee Bdis tofdomtrobdthd flaw of dlidredotd th&)CIQXSkBQi\Ae@ Iﬂowpath
flowpath. In a further enbodi ment, the tree body

conprises a laterally extending bore through the tree
. \Y/ ¢ -0
R0 R AR b 288lged By pores. Sucr
borescess disckysed, fov epaintple sn pk835,i5c44c7 (yarad aepased o provide a

patba fuity i Gieel beriean e Hene + Gifia haneck Gren

S B 41,9 R ot o

thei Emmmmpa!ssmuhay hg mountedde éte putsida dhihefteae body, @s

Shoy it Ve Bty 0oy BLIE Trodiht tfly, A Rt s
8, o@gdaegt anaaﬁltéwﬂred Bedaanest of theiptesdritngvértione tHsseovety
owpat It is known to formhorizontal trees wth

Is manedyvl%\a@@%gémome appks. flogpassageseas avRisteditd,
ol BB S A 0P My 38 TRl BT o

flundbﬁmga the Rinhglusdfioye patsagus latsrprbferrélbtoopvoum theliresy
hanq Val ves to control kow of fluid throu q
bogy,with oth arimay AEuiysyal 15% aem peyn@s @m@n%'t@.r@% B
/.
vall(/%?,éﬁ/f\él arl?%d%ecoﬁgalgsgarﬁhgl‘g@dy?l@e Iésk?llﬂ)gvge%g Ial;i] %rnnulus

accﬁas@S&h&BG\AVh(fammrdaj lemovenl ae rthe siarkoreroalve) eap rrée@“ﬂt

con s sl GuE e BRI ] AT Glatll
nt@érﬁ%%h@%ducéé“ﬁ‘netﬁcﬂénﬁ&%r flﬁl@%é)&fﬁérﬂ&h%tpétﬁaﬁ one

e to control the flow of fluid through the
annul us fl ow passages. It is preferred to provide the

It i%%%q’ulcig bof%%gwﬁfﬂ? Jgé) f_lzggigﬁvomé( pPEYHE HRehabY Shat3he©
forming and machining of the various bores, ports and passages extending
through the tree body is significantly easier than with the known designs of
horizontal tree. In general, the upper connector portion of the known
horizontal trees restricts access to the internal bore of the tree, in turn making
it difficult to bore and machine the various ports and passages. Inthe
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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val ve (AW), an a secondary annulus val ve, al so known
as an annulus access valve (AAV) (fornmerly known as

wao bespenrBover val ve), as integral conponents.PEY&BRO07/003149
this provides the annulus flow path with an increased
integrity and reduces the potential for fluid |eaks
fromthis path. 20 It is a9particular feature of the
tree body of the present invention that the form ng

In thadcasediihoringntaf trees, ivisra t&wil‘ememi forp@peratiandhata’wsages

t endi hrough the tre fi
indEiefdentitblaiol Fisie e AstiSed St it toRlg bS3MAngisolate
thelw&iPbold) REReEMe inttAR rdBPEEt i§ MURS oI extithpleOth fhfe NbRok

known 25 horizontal trees restricts access to the

Stanglaed k@MMen Kegiuirements &, SubsealChristmasntyeei $ystems, U-CR-

00§ bbb <R, S A0 BB e e AL A s PR i
plugbanmiémat wirelineoplugbe Garmentional Hurizontdl traief desigid v
nproved access to the entire |length of the internal

mcamateacpn%qﬁ thg waiindeprnaest isolafian meaBs vin Miesiniryeal
bortergﬁg%}ab '?ﬁrohgﬁ?hé’ Qgﬁné&opéoﬁ%@%@?@%gg iﬂé BRdEdnt

i ncr&ased accur ac
invedtidr;ERie G adaihisge thalt two irddepeneeat isblationameans tayess

t t that t
inclidgtie Mo FEeibogy o faWaBIhE cpdratial waisiamants, This in
turr‘i T&:ﬁ/e"s%é e8hné&dr fré8lierdd ?sd{‘é?tidn r‘%raﬁs 'S%‘?t%@“i@@la'tlﬁn

hi's respect Is nmade, for exanple, to the Norsok
mesnarﬁ@tandlusmmn rﬁheeérqau hastyearedntesnal Stessezpscand winetise phugs.
Systens, U CR 5 003, 1 Decenber, 1994. Such isol ation

means include internal tree caps with plugs, in

In Y, the Hjeéfbd@l'yﬁ@bhéﬁte@' Wilts theCpifaraal boreadererailyz ortiahl, with
tree desi gns” incorporate one of the two in ependent

thei rpenas farrcanagatiomia hercamectaituaneamosh of ke lowarRnchef the

mt%ﬁé Lo |§ R8nhQ @Q S/Osfwt%(é rln‘égngfto ttﬁ@e%(?%ﬁ él’tiﬂmgpﬁwe

I nven I'S an advant a
wellnstepeodsing. iSsithiblel comneetions meganshfer itr(bunmmg dd ¢iae imelihéad

tree body, thuys fulfil th tiQ equi rengn
houtiNg afmkNoWRn Theas &2y E@?fgrmﬁfgks\?%fa y wihahe hieedsarl diring
[ t ol
e AR 00 TERTR O R b P AP ieter
mavmfm:ltmreetrphsgm 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 as hereinbefore described.

As noted above, the present invention enables a horizontal tree to be
prepared having an integral production flow path with significantly lower
potential for fluid leaks from the production fluid flow. Accordingly, in a further
aspect, the present invention provides an assembly for use in a wellhead, the
assembly comprising a tree body having an internal bore arranged.in use to
be aligned with the bore of a wellhead housing; the tree body comprising a
lateral bore extending through the tree body from the internal bore; the tree
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In use, the tree body is oriented with the internal
bore generally vertical, with 15 the neans for

W@ owsez28oNn t o the connector uppernost. The | oR€r/GBaw@7/003149

of the internal bore is connected by suitable neans
to the exposed end of the wellhead housing. Suitable
connection neans for nountliong to the wel |l head housing
are known. These may be forned integrally with the
bodyrfagthbodymgrisinggneahefdr drogising apcbdustion acasier vejve and a

rocedure. Alternatjvel for, eas f, 20 ma acture,
proBEspBInG value SR hethit ST g SR AT bithG the
latdrBBorde! | head housing are preferably separate fromthe

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

h | nbef ' . .
in et g s ro fodndp PadoeR s, SR Gfactist it IR
proBUERH Bswitith franithd iRteraaldiore trdughithe lateeay hoae fullyi t h
significantly ower potentijal for fluid |eaks from

intagrel with thetree wody dihat 19 kel reliRatsRan@tsnally alachipd ner
corfigBlts), 1€ PLRRRA'LINENIPBRY OF i RoffoREPFEDIYa T Of

0 assenbly conprising a tree
segpgie dwvpogernthientres badly haviaganeamsytericonmeat ée theocoryector.

ligned with the bore of || head housing: th
TheEgne@ApHIY HRyARY FGHTBPIT o CORREaG NG IRAIRIgh Hie

o 3Er055Y B RE BRI RS A% Sionalmanner.
cogp;i si ng me;ainsnf ‘(,)M!rnhoug: Cg \z;\\iprpﬁuct ieon nmast er v;alove

i &3 o PR o Bai o Bl Plodfic ol e 2

corjprgﬁgc?sdﬁfe tﬁé’cé&'sbﬂ)r’]\(/%lggs td €ésnthsdiye flowlst prodgetibrafiud through

actured wit production flow path fromthe
the Intezahariodbotien barey tiyg valves batner farmed itegaliyywith fetee

ith the tr 0 j j
ol Brararasy afe SERASH Bimeieigth pRckBRhastorvalye
(PINYS ap@RNBRIdALtGh Wil valoe i(PWW)abothr efewhighacontiep tresfiew of
conponent, the tree body having neans to connect to
fluidradong teeptasuctian floweattonnect or nay be any required
formof connector, in particular a hub,

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

over flowpath.
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such as a re-entry hub, for connection to a BOP stack
in conventional manner. |In order to provide an

WO paosge@B2 producti on fluid. flowath, the tree POHEB2007/003149
conprises the necessary valves to control the flow of
production fluid through 15 the lateral production
bore, the valves being formned integrally with the tree
body. Preferably, the tree body conprises both a

In delféielﬂé% @mbﬂtﬁmeht sftheere¢siiNiventiona the ’mele bbdyns wcrvgied
val ve

, both_of which control th W ﬁé ﬁl&
wmapaﬁg)rtm@re;ﬁwu& flow Pessages #s Q@W*T*H% 8 6%89”
treé 86 @ RQE igéf,flaéde Phive he c@ﬁth@irtheqrowoﬁmﬂd mlo\agﬁ

operation of the wel
thel amﬁdthé fidw mssé'gmss It impreferred thpivigethe 'fﬁﬁ% bpﬁvé withdepth

o ST e LS AN B SRR S VAR o
|nt§q}5b’86ﬁ1t)ﬁﬁ@\iutsh%(da¥r9 ﬁhslprbmaés tW@éhgmas fbmp@mqmﬂn awer

ow path is provid a separate cross-over

mcmdbhgegmumm@eeducelsrtbe ﬂotﬁnt@ﬂ fariflid fesksfuny th|g>path
havi ng the cross-over bore forned through the tree
body, the integrity of the cross-over flow path is

Préf@?dlﬂ@&% ind&SaHdant sdlatioratieans qum*selatlngrthé wellfbaue dre
| eaks or damage to_otherw se rotrudlnqu ow. | ? |
inclusiect nahe free. bodiye K ) furn pay leaye the g9 PRCIPbITRE fermna
I
so R4S, SHEREIE g el i oy av
lnté’r(h@@ir@é%aaé aHG’Wx@R@Qﬂ!ﬂ@@SMGmomI ||snladuoprmeam$ e?@uch as an

intga a6 gapvanchisiEp o gy bR e kbl dBh, °
de&Ro (gf?o%&@ eﬂﬁérgeﬁéﬁ&ﬁ%@é\%rbgfenb? olaticiEob®dywell.

I nCor ates at [least ve'to control the flow of
fluid through the annulus fl ow passages. It is

f d i i d

in PPl Rieted Riip & usti siis el defital, with

thd ﬁs‘é S38r cémﬁbﬁlto HUTBOMESIEr udigsrhinstt The Ioweweddesf the
e | ow

annul us ath with an increased inte and
intemﬁhbem isleonpeciast byasuitalie means PdhR £XPPSRS £A § é%‘?

Pref er abl n
o EERE1 S 5EBSE AEBD T 96 oln
holSihY- ar&lmn@wm These may becfarraet listegratiyaritiothe ree botly during
t
theI PorSnrngaand 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 control the flow of fluid

along the lateral bore.
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a il raé‘s%%l%j%rﬁ_@id@s l%lrn: ifRigYalld)

i sol ation nmeans. Suitable isolation nmeans for
inclusion in the tree body are internal tree caps and
woweel2ase2 pl ugs. Additional isolation neans, sSPCHGB2008/003149
internal tree cap and wireline plug, may be included
in the connector, if desired, to provide energency or
contingency isolation of th® well. 15 In use, the
tree body is oriented with the internal bore generally
In gendrak; aubsea wellhehe instaltadiohs cooptised Cooke valyé@ssembly in

thePROPIoT bifodBe du i h & trazuCe ¢ Rieslig bl ne
pradfuctifs fR] I saewhsihredsurdtiotalive] 1hanBas bicdiarimen sy fies
nounting to the well' head 20 housing are known, These

dowagtreamfrsoductiominetpliatioy. {tiis Roryrntionakpiasiige de inglie such

= e A oty TP, GELAd St {5 Bioally. the choke yalye
as&SHBRS Ynourited aRrasty dewnstesaraaifitieg ptaziudtion wirg vakad In

housing are preferably separate f the t bod 25
kncpwn@orlaemaéireasaﬁéembhéﬁé?q%hé@%ﬁfo Lt%n@ﬂtvﬁaﬂafgf"&/gfb@‘%
N e L S e A S L
meamsadfisgitableigh préssuse cennéctionsel It iscardadiearsage of thee

tree, body conprijsin | at eral . bore. ext [ t) .
prasRet @B BB dgATs biadedl ek Bodeis RoviE FRE Wi HhfHHd in
rBEuEdrPfluid Howe st ditR Gy
secondary pro tion valve™w thin the tree body to
contwoltupto thednlet tamthef ctidkei hlveabesgmblye | ateral bore. WO

2008/ 020232 PCT/ GB2007/ 003149 12 'In general, subsea
wel | head install ations conprise a choke val ve assenbly

ActBrditdlp, Rf@thiitdsplct bithe grésertunadrition mrbvideschwekihdar
reduce’ the pressure of the production fluid to below
assenblypirepatiicslar@ suhseaavelthead assemly. HaRupEIng ¢ Vv%'l%ﬂead

o RUEIA BRI LOR, AR Ao iorhs Faniepbag e
hotibentabireb erdemphecdhyrisiiiy @i tred bydy hheingrarkiaterabl/keore
= NN R N Ty L
coftiptiRifY 4 fsterd] BoPe ERRNAIHYHSH! RS iMethl Y threlgh thetree
body to provide a production fluid flowpath having an inlet in communication
with the internal bore of the wellhead housing and an outlet; the tree body
comprising integral flow control means for controlling the flow of production
fluid through the production flowpath between the inlet and outlet; and a
choke valve assembly having an inlet in direct communication with the outlet
of the production fluid flowpath; the arrangement providing in use an integral
flowpath for production fluid from the internal bore of the wellhead housing to

the inlet of the choke valve assembly.

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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choke val ve assenbly are conponents nounted externally
to the tree, by neans of suitable high pressure

w@ewse2sonns. It i s an advantage of the 10 pr eBENGB2007/003149

_invention that a horizontal tree body is provided
that, when installed in a wellhead assenbly, provides
an integral production fluldl flowath with fl ow
control up to the inlet to the choke val ve assenbly.

extépamgdhraligh the tfey body. Aspmdingdy, in Iae‘upthesaspeotnthemreeant
provides a well head, 15 assenbl ticul

inveptier Arawdetan @ssrBbiio) Use fid Wy%'ihﬁad PRI
coﬁ’@%fnggat n?¥ hod %vlrly nﬁﬁ ﬁﬁérn@%@ret APARGEY Fhulgié tcPbe aligned

tre ass hori zontal tree
witaghelvbtey ofa mmilhead @oalsinge éhebhselg bodyicempiisinga datgeal bore

exiepanatr e e bady orEi e betp bt o Rither
co@g)'glsi?\g' AGrdss Uk Berd Bkhamlg lBRrally threugh thdiget bedy. 20

0 provide a production fluid flowpath having an
inlet in communication with the internal bore of the

d .
TR KB 8PP e e B Y ot
thrbhgh ftlﬁé’ﬁkdﬁucﬂbﬁ%ﬂ{ﬁélm@mnd annudug blpeugda imedgditioduthe aoss-

fl owpat h between the inlet and nd a ¢

overbeie allowsnhr\PrRERMIRGN Ahe ARNWYS ?'ﬁwﬁﬁifée?bec%%‘ﬁlﬁregéﬁ!‘ﬂbwe
prs%s%le e 351'5 {:tl&?ﬂ&f\l LiRe MUY ClhieQttobs- B\Er Bb%%@d tﬁ

arran |ng|n use an I ntegral
cirt@latepilyid between hlmrdatof/erohest steing renel thel arnedys tﬁtuntrh@ath for

A

dri Ilh?;ein{l&gqh;tﬁet ﬂﬁb§5;ﬁ@%|l_30 assenbly connected to the

error o e tree body to provide the required
cross-over path. As also noted, it is an advantage of

Theff BERTH aicieRahg Foss a@%rﬁcr%?%éé R Y e’ imep
oreS(Q3RAZS. ARH FRIOPE4 0pahgemehs thxterdbady iummeugh

the tree body. Accordingly, in a further aspect,
coprisentproyisiparfor ahlegsbqnej@@sgrp% yalve: tp reomoyaied wf%gfa“y

il 1R 5bUE L BF Wl (IR ) BPuR o8P ee et 19

maiReaiksd én@fchélr)maﬂbhdedkégmei ﬁllgd frtolmietl”(ar wellheaty assembly

conpri Si ng ateral bore
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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5 extending through the tree body fromthe interna

bore; the tree body further conprising a cross-over
whoros/ozesendi ng | aterally through the tree bodRCT/GB2007/003149

function of a cross-over bore is to provide for a

flowath to circulate fluid through the production

pi pel i ne and annul us pipelijpge. In addition, the cross-

10 over bore allows the pressure in the annul us

In brgswratpibeidearrntyrassdduttidh ithe MRWpESHReitied BSd

productl on fl owpat Further, the cross-over bore is
prefesably somyirisea|the secessaty Nelvre dn cantiok thenflow obioduction

o A SRR et 16 Ayl S pSEIRR s

both aiptsdudtiorhmaster daive! qPMN a prodidtr wingsvaife [M@/V),

I£. 15 The fl ow of t hrough the cross-over bore
bolfg obighicPoranies! 6 B o FlideRleng SHpEchiction flapad 1 - a
preferred arrangenent, the tree body further
conprises provision for at |east one cross-over valve
In aqorbﬁerr&mbembddinmrdg:f dhe pressint inventioe, meetﬁeebb@@y isl provided
of the cross:-o

wifgoorie &F o anau e dbisbdstass Sl i oAt aPotaatinane
tre‘é%ddﬁﬂ@o@%ﬁ@t@@'a‘t leat @REVahaMd! ébrftﬁﬂ’ gﬁ?ﬁ‘ow%? flgidsﬁ'f'éﬁ'@ﬁj

above, in order to allow the tree or ged
th@ﬁdnulnarﬂwapamswlt i pre@r@ddmmovude the treegandy \fvntkn oth

an gl i AN AV AH8 ap S pEeisrvaie FEAY o
mtéﬁt&@ cBalgonents. asgaid, mwassﬂqe drinul$s 6@ et fathtdiat

e connector of he hori zontal tree is a separate

inFeagRMiERgrity i?@dtrﬁ@bc%ﬂ\ﬁ prientia) feebuid I@@kscﬁﬁﬂme’fbts path.
the connector. The connector may be any required form
of connector, in particular a hub, such as a re-entry

i e e AR
. manner. P n order
mct'lﬁ%f Mvgr%bw ebigiin firadervesoinerqanngciardigsaetintarpal

isdi&tih Q%QKF ﬁ]ﬁtfaﬁeai%l\é iGR TR r%%gfr{b‘ﬁﬁr?ﬁtﬁg‘??ﬁ tYed Ebiﬁﬁ%re

to contro owo producti oug
inteatat trek qapscanct wiveligoplegsPr ef erably, the tree body

conpri ses
In use, the tree body is oriented with the internal bore generally vertical, with
the means for connection to the connector uppermost. The lower end of the
internal bore is connected by suitable means to the exposed end of the
wellhead housing. Suitable connection means for mounting to the wellhead
housing are known. These may be formed integrally with the tree body during
the forging and manufacturing procedure. Alternatively, for ease of
manufacture, transport and assembly, the means for connecting to the

wellhead housing are preferably separate from the tree body.

As noted above, the assemblies of the present invention are particularly
suitable and offer significant advantages in the manufacture, shipping and
installation of wellhead installations in remote locations, in particular subsea
wellheads where the installation is a considerable distance from the rig or
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both a production master valve (PW) and a production
wi ng valve (PW), 5 both of which control the flow of

wo basd2@Bong t he production flowpath. In a preP&r/Gaen07/003149

enbodi nent of the present invention, the tree body is

provided wth one or nore annulus fl ow passages as

known in the art. PreferablSy, the tree body

i ncorporates at |east one valve to control the flow of
plaffomn dpetatingghe 12l HEhaassgmislidsl @fthe asesgddnventionsare

parfifai oaaBaBogE e o) h SRaPatieh RIS acbalE walhped
instefididnsat a HBPﬁ%ﬁhp £PIPOOFAT($0,000@iet).t hi s provi des

the annulus Tlow path with an increased integrity and
reduces the potential for fluid | eaks fromthis path.

5.Prefer t | ' '

Emp3ggiiR ot it pigadhit s FERE WANhol HE Aoy B eyl

exaP@sle onlitaviny taférenceay &t hbcormpamgag drawinge, infwhich:
internal isolation nmeans. Suitable isolation neans
for inclusion in the tree body are internal tree caps

Fiofft 118 TrorEr ettt vEl ofy Hphedd BstdrifytiMioding p

horonial ttdecasesmisly fagcorbimyteca fficst entbadimend ohthet present

. uppernost. The | ower end of the internal bore is

iNVeidifbct ed by suitable neans to the exposed end of the
wel | head housi ng. Suitable connection neans for
mounting to the wel |l head housing are known. These may

Fighee 2 ds amide alewgtian lof awralhead @ssemblihaegording o seepnche
or,gi n nd manuf act uri.ng procedure. Alternatively,

em&sﬁﬂgaﬁé%éPenﬁ IVGEOT r ansport and assenbly, the
means for connecting to the well head housing are
preferably separate fromthe tree body. As noted _

Figatmdds atvestical seons-seatiopnl vinw qfithe avallhead @sseaiphapkFigure

_particularly 30 suitable and offer significant

" advant ages in the manufacture, shipping and
installation of wellhead installations in renote

| ocations, .in particul ar, subsea I | heads re the
Figupes ¢ d$ aaﬁwlicgosaﬁ-%%ﬂynébwsm o gwe ‘a?f%fgaﬁ%ﬁgg'hfg arﬁh%‘her
em%{)d"r{%r?p&%%ﬁg\,\ﬁ]ﬁ n(ﬁggp07/ 003149 15 platform

ope i ng e assenblies of the present
invention are particularly advantageous when used in
deep water .l qcations,.that. is |l head

Figure 8 isa vertlcaﬂ cross-seétlona?wew of the treeabody or the wellhead

assembly of Figure 4; and

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

embodiment of the present invention.

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

uppermost production casing hanger 8 is mounted in conventional manner.
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installations at a depth of up to 3,000 m (10, 0000

feet). 5 Enbodi nents of the present invention wll now
wheoodesesi bed, by way of exanple only, havi ngpCT/GB2007/003149

reference to the acconpanyi ng draw ngs, in which:

Figure 1 is a cross-sectional view of a well head

assenbly conprising a horijgontal tree assenbly

according to a first enbodi nent of the present 10

i nvention; Fi gure 2 is a side elevation of a well head

assenbl ccord to a second enbodinent of the
THE AR S55HTbY 4. Gargpiieess freebonria, caounted to the

ISR Pl g8, A AGER .

a gginngciien Iringidt aisd botis #160f a furt her embodi nent of the
present invention; 20 Figure 5 is a vertical
cross-sectional view of the tree body or the well head

ThasgssTbbdly D Hais@HH ﬁté’ma%‘&e’:‘ rRiih ﬁ_%ny%%'c%ﬂ#ral

Cross-secti on vi ew of ass urt her
lorwugn’@d;am@ftth@treertmqyrambahgnmm thmmtémébbonmlg the

welh 848 Sobsinbi k! & Lo KR8 20 Hindt Eomana TNamialirars
througla the seetucwy e nier sgdritiomadhe #terhl ddréd 20HoRaEeS %Gh& ath
enbodi ment of t he present invention.

St
foﬁ R Oav‘@tmrbﬂlid ifom theewePhrad eaging 6 \ia the indenal boreaw ngthse

uct i
el TR RSl miBe 468 20 HBRREE I R
tree%ﬁ&%ﬁ%emﬁnmﬁﬂﬁ/eﬂﬁwg)oré Qfgé‘r&j b@rlittrdg lﬂ?élfl?iﬁlécﬁe
nbly. 4 0 nount e 0
PrfiedPn bl trough. n%é%meé%&%ow figmghealiasag assembly.
production connect or a connection ring 14 and

bolts 16. 5 The tree body 10 has an internal bore 18,
Angulusiftivngassages 24and @6texdéénd through the tree body 10 above and

below the lateral bore 20, respectively, and have exterior openings. Annulus
control valves 28 and 30 are mounted to the exterior of the tree body 10 to
control the flow of fluids into and out of the annulus flow passages 24 and 26,
respectively. A circulation path, arranged external to the tree body 10 and
connecting the annulus flow passages 24 and 26 is indicated by dotted line 32

in Figure 1.

Two wireline plugs 34 and 36 are shown installed in the internal bore 18 of the
tree body 10 above the lateral bore 20. The wireline plugs 34 and 36 provide
independent isolation of the components described hereafter, and 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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| ongi tudi nal axis of the tree body and aligned with
the internal bore in the wellhead housing 6. A

wo adoenzi23bore 20 extends fromthe internal boreC8B2007/003149
t hrough the tree body 10. In operation, the |ateral
bore 20 provides a flowpath 10 for production fluid
fromthe well head casing 61yia the internal bore 18 of
the tree body 10. A production naster valve 22 is

formothet bolrmcmtdaheeeakwmblly amid fuhetiont Ineelaesve Hhrifer BB %nown
he | at qut?‘pﬁbore 20 and controls the fluid

hogg tﬁ?%@ﬁﬁ’t PbRXAME, e Sleshribektin UB&.844.467e and from

the wel | head assenbly. 15 Annulus fl ow passages 24 and
26 extend through the tree body 10 above and bel ow

Therwill 38 s1ayl b pravidey wﬁbadacthew Blolgtioantdehny gop skl an
roI | ves, 28 and 30 are

iR BE e I wiipting Blidsors tRuaisd ot aRerations being
cagat 6@l irf brelet k@%@élefﬂe’ﬁt% s Bo%“ﬁ@n%&g&ﬁﬂa‘ﬁﬂ fhys

fl ow passages 24 and 26, respectively. circulation
tregaady Ht-r anged external to the tree body 10 and 20

connecting the annulus fl ow passages 24 and 26 is

indi cated by dotted line 32 in Figure 1. Two wireline

A ilbwgst Breventbr3BOR ) sbiaghventdsall RSid lsté%wmfn%ruﬂf’éd to
of the tree body 10 above the |ateral bore

bor e éS
theplaub $Reinganventiena rug@ne;m Ibwill spappregiaied tixat the hub 38

o SERGRHEEA 1 U0 Al By ARG A5 e o

thetwyell.ocar bons or other fluids in the production
fl owpath. The horizontal tree assenbly 4 further
conprises, as a connector, a well re- entry hub 38

TheRHBGnRAt Shawh e Fidipe |Q>é gea i é‘"‘ bR umber of,

connection 42 30 and bolts shomn
coraponanisrintggralovith the taee gndayi l/n particular, it Mllebmabtd@bhhat i

oyt h SRS Lecks aO86 BT therted rey AD-
WHilerthsrt &l gemest rﬂ‘éﬁiﬂ@’@'aﬁr@@ Hodly BFFéd?J&ebl%lié‘?ﬁ iS¢¥Eferred in

manner as nown hori zontal trees for exa ose
magy Sesese fPAMile Sestndyorith menytoleges qmypmerms oaa witlcbe

destrbRaid $holih il 3% A erPiamsiiue. a0 demanded by
the operations being carried out, i n order t 0
TurnlrloglO % el[—]?;ure 5,h %etrc\el\?s Ishso?/!/r?l tals(i)orl]e gllel\J/afci’or? gf g r\1/\(ljlell?16ealclnastsgﬁmly
according to a preferred embodiment of the present invention. The wellhead
assembly, generally indicated as 102, comprises a conical guide 104, which in
use is used to guide the assembly onto a subsea wellhead, so as to mount the
wellhead assembly in a similar manner to that shown in Figure 1. The
wellhead assembly 102 comprises a tree body 106 and a re-entry hub 108
mounted thereto by a flange assembly 110. The re-entry hub 108 is formed
with an upper end portion 112, as viewed in Figure 2, of conventional design

to connect to a BOP or the like.

A production choke assembly 114, which may be of conventional design, is
shown in Figure 2 connected to the production outlet of the tree body 106.
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tree body 10. A bl owout preventer (BOP) 44 of
conventional design is shown nounted to 10 the hub
w@osioen2apnvent i onal manner. It will be apprecbP@t/e#2007/003149
that the hub 38 may be arranged to couple with any
equi pnent required during the lifetinme of the well.
The enbodi ment shown in Figgre 1 is arranged with a
m ni mal nunber of 15 conponents integral with the tree
body. In particular, it will be noted that the
production and annul us val ves 22, 28, 30 are externa
Also shewniin Euie d/aredthe aghuaters for theavariousevalves ntegratitesthe

s R 108 WoRtineR BFfee bt clipe ot REIiohdfnster VRS
(PRAVIPDIEE 2t Socondlaly b&od@:@noﬁ@ﬁpfdd@@doﬁm ngraw&(l €18,

follow ng enbodi nents. 20 Turning to Figure 2, there
annsllushnalyesa120.dk22aeq araress-overvalee 1B3ad assenbl y

according to a preferred enbodi nent of the present

i nvention. The well head assenbly, generally indicated

Thescdionendsf treeewelheanh 'aS@émblbji o= df(]ziguww @he shownse
[ sed to quide the é onto a s bsea wel | head

1S
Vegf&aigqué R IR éQLQ'S @ea%%eéwm youre 3, theitraq Redy

>
e Ny
latecdd bb0S 12Bwxierets tlhhmugh thekiyeabbdyang@ melryemﬁDboﬂéhe

t hub 108 d t t
THeSBNAY ithasdP Pt ton iestEn Ruee R IR e B gis figed
in ﬂﬂsnfiéé‘boﬂg é’p;%é?lr@r |nch§uﬂe' ﬁﬁfs c%thnésPIﬁélﬁH@\/b% éé'%ﬁi‘e

assenb convent i ona

machingd therelin u‘?«@dmowrh@ées gipbtisbonndn M@c&)u@ﬁer@cgmt@tthe

odlp 5 A LR Béoéﬁ?y%’e?ﬁ?ﬁ%ﬁ@ﬁ%’rﬁe

vale stensandbrsandpride ateedsiter attuaeorB@dyodlidn the valve
including a pri mad;/ production or production naster

stemlans 9qtenRs rquLgre secondary production or production
w ng val ve (PW) 118, -

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

The choke assembly 114 is connected to the exterior of the tree body 106 by
a conventional connection 134. [t will be noted that the production flowpath
through the internal bore 126 of the tree body 106 and the lateral bore 128 up
to the connection at the inlet of the choke assembly 114 is an integral
flowpath, with no joints. It will thus be appreciated that the integrity of the
production flowpath can thus be significantly greater than a conventional
production flowpath comprising several separate components. This in turn
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5 annul us val ves 120, 122 and a cross-over valve 123.
The conponents of the well head assenbly 104 of Figure
wWQ2@B02@BmwWn i N vertical cross-section in Fi geCEGB200A903149
will be seen in Figure 3, the tree body 106 has an
internal bore 126 extending vertically, as shown in
the figure. A 10 lateral bore 128 extends through the
tree body 106 fromthe internal bore. The prinmary and

caeslgnrﬂuaamlprewm;etthe poteiti foruehhkecsf fluids,an paktichilar e
in the tree body, appearing in Figure 3 as

h%fjd%@ %Qﬁs fremithg Wellhead aissesiblrachi ned t her ei n.
Addi ti onal bores (not shown . in Figure 3) extend into
the tree body 106 and accommpbdat e conponents of the

Thexmesms fonisplatingdhé amtetrizd bbbe 126 vé the e dody ghiosedhd

B aiharR LR heen BRHEL Bomguf dcfos 8%@,50?3’63 e
Hb\ﬁ}é{/é#d %%V'H@mf&!rﬁ&ﬂ%@ ap ahase é?h‘lettﬂﬂ gQIatlgHg 25

132, With théir respective contro val've
demesibedabove 30 candectzm witte Figuse flor med wi t h caV| ties to

formthe respective valves, in sane manner as the

production val ves, as descri bed above. A bore 125 is

TuraiHy tecigury 2, thBes isterRmba delhagd ei‘slsémﬂ)hf lqet A éﬂHGﬁated

which is controlled by the cross-over val ve
asT3@2 dAHacenar aravbpea welihead diovisinge 806 o ﬁheaeccenp@merais othe

willecd S 204 SR er BV ST Bl FBRRES A A Lo

daécﬁbedtmlrelabem eAl:E@rdiﬁgly heorpereriio dpmkién enthd ssemblies
teral bore o the connection at the i nI et_ of

Oft ur@ﬁ&%ﬂ%éﬁ%ﬂéﬁ@f@ Ysing g $areg raferendonpaeralswilte
dlﬂ‘é’rén%bg'b%tw%én meé %rBBBHﬁnQﬁts I%gﬁﬁ/fu% ﬁglﬂﬁg@én& RSre as

Integrity o roduc can thus be

folowsii fi cantly greater than a conventlonal producti on
fl owpat h conprising several separate conponents. This
in turn WO 2008/ 020232 PCT/ GB2007/ 003149 19 can

TH?é Qé%éri‘nﬁl?rﬁd?yaé ﬁ%\ﬁﬁ’ int F@L@@M%Hhéﬂ cérﬁ?né@@g%GP 206
ui ds particul ar hydrocarbons romthe wel | head

mag@f@dﬂirythawmvamndsporbon i1d8ladthejub H&8i rkher BRIP BOg és of
cojh%gn%néltlﬁes dnegncp 88%;3%?8%’ E g}w&e 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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5 lateral bore 128 have been omtted from Figure 3,
for reasons of clarity. However, they may be interna
wo e@s/ozep2 and wireline plugs installations as PCT/GB2007/003149
descri bed above in connection with Figure 1. Turning
to Figure 4, there is shown a well head assenbly,
generally indicated 10 as #P2 in place on a subsea
wel | head housi ng, 204. The conponents of the well head
ArananthisywiRg2aifebioer 2nalis ¥omsedt® 1 tHeeXteHBF 66thé tAsEibSdy
and  descr] bed hereinbefore., Accordingly, conponents
1QA0S FOMPrisRe aasHBYMINS bare 214 and apannailugwing valee 216,

CIYERLEE 165, BN AR hERREERRINRTRR 0 o cs o

and 4 are as 15 follows: The assenbly 202 as shown in
4 furth 206  nounted on the
PiaPS Uieycss rver 1gWBal hioBohRoraoand YALSRaRsod tpgnd
|nf@°8ral%ﬂ¥ﬂ1’§tr@é‘ﬁbdﬁlﬁgbﬁ’ﬂné s%%ﬁ’éB gégnt?tcﬁ%%ﬁgh%grgg tree

for ease of Ing t
aspeshly esd Uedyc@@eq:fotenfmléslsleam pf bydlicgrrans4and other well

inteagral cross- over bore 210, shown in
ﬂLﬁr@% %g? Fﬁ\"rwr&‘? ure 5. The cross-over bore 210
extends laterally within the tree body 106 fromthe

* junction of the annulus 25 bores 130 and 132. The
As:wdlafge aperediied fronw Figwre 5s tha ee hodpdi06 aftbe ipreseritch

inyntlo, BEfte! Db fReors] oS fantfeairat fivsRois.alse 8,

conapact andTitexilte esmpavient, ihatecahlife aﬁdlghbd d@\@lrrﬂaﬂi@féctured to
ui d _connectjon between the |ateral bore

S@%p'@%@ugﬁé‘e&% Jihis flegbiity is fudhemnenhancedry ihe abilify to
cotn'%lﬁél WFdrBhBir&d BR8R B ég%m;@ggpggggggef D&k BYa LBE

Cross-over va ve

reﬁﬂﬁémﬁlﬁo7/003149 20 An annulus wi ng val ve bl ock 212

is connected to the exterior of the tree body 106 and
conpri ses an annul us bore 214 and an annul us w ng

A alté’r‘ham@ embgdither! bf tﬂg sdrégerfth%rﬂf nfi ‘éh@whhh ‘Figur}eté‘eln

annul us bores 130 and Providing the cross-over
Figurevpdbare isrshown dwiedbead assemblys genemilyamducatedras 302 in
place on a subsea wellhead housing. The components of the wellhead
assembly 302 are generally as shown in Figures 4 and 5 and described
hereinbefore. Accordingly, components common to the assemblies of Figures
4 and 5 are indicated using the same reference numerals. The differences

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

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



integral with the tree body again increases the
integrity of the horizontal tree assenbly and reduces

wo bespzrent i al for | eaks of hydrocarbons and orP¢TEHGBM®I7/003149
fluids into the environment. 10 As will be appreciated
fromFigure 5 the tree body 106 of the present
i nvention, while conprisingjintegral flowpaths and
control valves, is also a conpact and flexible

aph L g&@ﬁat th@@rltee%?jybm@wm amg inegrHl achuiedvdlves

sui particul ar néeed. This flexibiljty is furthﬁr
1200t 6 @yd aneulusibores 139, 1320394 Ryodidep @neainylig Bowpath

.bodj es ,an iffe y W i
wilf V&5, Bl et e oty RIS RRE ) Forpal 6P
ledREGRSA wilhity €1 iréd bbdy #towne enviForgnert.6. I n  Figure 6,

there is shown a wel |l head assenbly, generally

indicated as 302 in place on a subsea well head
[ head Q§§®ﬂ§| e
It @g%%agr%ngﬂe;%g@o%gygéai 'simg%gg}?%%%lrﬁéés 2° g’%g i
highest iritegrity, havied ab#iepedustiony anmguy and erpsseversbores and
conmon (o the assenblies,of -Figures 3
thgintRPRCRP DU SH Seeratanu e ETol v Tornd) tegrally

ol bet ween t he enbodi nents shown in Figures
W'%”Lﬁ%n@é@argéd%s follows: 25 The tree body 106 of the

assenbly 302 of Figure 6 conprises an integra

annul us wi ng val ve arrangenent. Thus, an annul us bore
304 is fornmed in the tree body 106, extending from
the junction of the two annul us bores 130 and 132.
The tree body 106 is further provided with an integra
annul us wing valve 306, fornmed in the tree body as
her ei nbefore described with reference to the 30 other
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/ 020232 PCT/ 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 flowath wth

a very high degree of integrity, thereby m nimsing

the potential for fluid
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| eaks fromwithin the tree body into the environnent.

51t will be seen that the assenbly of Figure 6
w@oeopi2ees a tree body of the highest integriPgT/GB2007/003149

havi ng all the production, annulus and cross-over

bores and their respective primary and secondary fl ow

control valves formed integpally within the tree

body. 10 WD 2008/ 020232 PCT/ GB2007/ 003149 22 CLAI M5

5 1. An assenbly for use on a wellhead, the assenbly

conprising: a tree body having an internal bore

arranged in use to be aligned wwth the bore of a

wel | head housi ng; the ”%ﬁﬁﬁﬁ conprising a |lateral
bore extending through t e body fromthe

internal bore; the tree body further conprising neans
for connecting to a connector 10 so as to align the
1.i nt dmasseobly Tor useenta wellhrasy the arsemblyreamprsingor e

int ' n he,. .

conrfoles PORBEENAle ) BrtRLbER Hfifash Y fobs Sugnag with
thasoesrdf § waliheadihwyising; theatree bodylten®irisind a (sterdei®r

S hub. 15 3. The assenbly according to claim 2,
exxmﬁ@sa &rpthﬁ%tr{eg body feam tlae beinal batd f or - connecti on

to . 2

any 32 SRE O PRANER bBiprifing Mg i ERnHeBfilstl nhfotor
sooaetovalignethei inteirmaltiore tof dee tred oty witinmam ditetrad bbleoin the

fluid through the  lateral bore. 5. The assenbl
coppibom Agsedneitmehedy Safihe SrtpcloroBRts TOTBBIA | on
horesh&dl tréal ve and a secondary production master valve

to control the flow of 25 fluid through the I ateral
bore. 6. The assenbly according to any preceding

2. cl alfhe 5&%@%!9 atclggrcﬁﬁge B ctz)lgl%{ 1, wherein the connector is a hub.

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.
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conprises a |laterally extending bore which, in use,
provi des a cross-over fluid flowath. 30 WO

wQe®8N2RE232 PCT/ GB2007/ 003149 23 7. The assendi/¢B2007/003149
according to claim®6, further conprising at |east one
valve within the tree body to control the flow of
fluid along through the |l aperally extending bore. 5
8. The assenbly according to any preceding claim

7. WhefgRs résgaﬁbw&ob@iﬂg to GRATY 6, 8RS cOrApASing R |eaEl Whes
passage he assenb according to claims8, further

valge npthins thegtrae bbdy to conféol theflew ofi fuid alangethreugh Hiedatarally
oHtrq% the flow of fluid along the or each annul us
e. 10. The assenbly according to claim?9,
mherein the tree body conprises a primary annul us
val ve and an annul us access valye within the t

8. bodyhe BSsemblyraecosdiogrin afyRIEERHNE ¢'al: Wrﬁlné[?éﬁrieﬁdoody
corﬁgg\%g& at }gafspg,r, SARBH deggaé i ndependent isol ation

rnuse o sea sol ate the production bore
a wll to mhlch the assenbly is connected. 12. The

nbl di
?ﬁﬁ%ﬁ@%@ i arctnbg s AriRE et PG atipashone
valivBtvﬁETrjgﬁlthé {reg b%z?to %Bﬁtrw thelfiodeoPilgalorkPtheldreeach annulus

asse accordi hg to any preceding claim further
passag®.i sSing neans for connecting the tree body to a

wel | head housing. 25 14. The assenbly according to

claim13, wherein the nmeans for connecting the tree

1ob0dsrhteQas%eww E@@&dh@w digin 8, \ﬁihém@tﬂé feé lb@nlytdmmprrses a
body. . I I head assenbly nprising a, wel oéjy

primeug anguh@wah@a and ARtEsANRiS a%?@ﬁé Vaé@ \Hﬁhlaébﬁﬁ{ﬂ
according to any precedi ng claimnounted on the
wel | head housing, the internal bore of the assenbly

11bei Mheaddsentisly wetdrdirigeto anyt precadingastaing futther ewhpligagd two
housi ng; . and
mdependen{ isolation means, in use to seal and isolate the production bore of

a well to which the assembly is connected.

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

means are selected from internal tree caps and wireline plugs.

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

means for connecting the tree body to a wellhead housing.

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

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

an assembly according to any preceding claim mounted on the
wellhead housing, the internal bore of the assembly being aligned with the
internal bore of the wellhead housing; and
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WO 2008/ 020232 PCT/ GB2007/ 003149 24 a connector
havi ng an internal bore nounted on the assenbly, the
WO paosomeB2 bore of the connector being aligned MT/BBRIVE/003149
internal bore of the assenbly. 5 16. The wel | head
assenbly according to claim 15, further conprising a
bl owout preventer nounted ogythe connector. 17. The
wel | head assenbly according to either of clains 15 or
16, j : Hf i
o theonRedop hafinG B Ag) hore o Ry orohE insRRicY. e
inteyoak kibregfitbe anpnettoc beingealigbed avithirthevinterealrbore fof the
me”g@ead assenbly is a subsea wel | head assenbly. 19.
enbly for use in a well head, the assenbly
conprising a tree 15 body having an internal bore
arranged in use to be aligned with the bore of a

16wl | Heawelibead agsembly acoeedingdy cladmptd, Surberacorpesiag a
body fromthe
blgﬁ{ogF E%@g%e; {"H{g tretgebog\?te?g)?t herycon'pri sing a

primary production valve and a secondary production
valve within the tree body to control the flow of

T8 ui bhewsigeat assambiacopsiag to gither ofiglainas 4a@k(1$, wherein
thd%dhh @Ffbg id Bf Qld%éreﬁpma‘fg?%rl & fhet‘{F@e bb&gebody conpri ses

means for connecting to a separate conhector so as to
allgn the internal bore of the tree body with an

R velBeRd P B RNCRRGI DB 2 R O! SR & 17, Therein
thE%éIﬁf@éHaéssbhﬁﬁy I8 stbsed WRIRESAFBBEMBRCOr di ng to

claim19 or wherein the tree body “conprises a
| ateral ly extendlng bore which, in use, provides a

r 0Sg- QVer u' at 0,22. The ,assenbl
16 ccrarsserBhcl e T SR ent, v R SO U5Re
bc}tﬁ,l N&vin hhhfenﬁzlilﬁbdré %ﬁ?rah?éu ifh Qsé %‘becdllghbé vitrPtedore of a
luid along through the [ateral
wellhead housmg, the tree body comprising a lateral bore extending through
the tree body from the internal bore; the tree body further comprising a
primary production valve and a secondary production valve within the tree

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

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

and the separate connector together forming a horizontal tree.

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

flowpath.

22.  The assembly according to claim 21, further comprising at least one
valve within the tree body to control the flow of fluid along through the laterally

extending bore.
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extendi ng bore. WO 2008/ 020232 PCT/ GB2007/003149 25
23. The assenbly according to any of clains 19 to 22,
wob@se2023t he tree body conprises at | east oneP@NGBRW3/003149
passage. 5 24. The assenbly according to clai m 23,
further conprising at |east one valve within the tree
body to control the flow of54§1uid along the or each
annul us passage. 25. The assenbly according to claim
24, wherein the tree body conprises 10 a prinmary
annul us val ve and an annul us access valve within the
23.r eeThe dgsemBly. actioeding $e @bl wf alaias di9rtg 22 vehereinf the tree
claims 19 to 25, further, conprising two independent
bGQEealTPBTeSALRES! OTF ABRUIS PEBSAO%ind i sol ate t he
production bore of a well to which the assenbly is
connected. 15 27. The assenbly according to claim 26,
24her Eherassrmblydgserdiea to clainad3, durthercamiprigieg et least ete

AT s <R e Y B B g s
el sing 20 neans for connecting the tree body to a

wel | head housing. 29. The assenbly according to claim
28, wherein the neans for connecting the tree body to

2 RPNk or B TR, ulch O ol R prises

a bdms=irpgnhalus g hanand biaramalulusbacoess aalveswitinlthie tree body.
according to any of clains 18 to 29 nounted on the
wel | head housing, a first end of the internal bore of

26.ne 756 858 MbRARDrdiRY t¥BRY ofeldimt N9 b fikdhe o Ming

the wel I head housing;“and 30 a neans for providing a
tweoindependgnttisolatiere vwamseinousss tor $eal anddsolate thergroduetion

bc%rlgeeoftar well Poo%ich\/%@eza%ggﬁ%%p %3c?onFr’1%E{e%E.‘2°°7’ 003149 26

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

means are selected from internal tree caps and wireline plugs.

28. The assembly according to any of claims 19 to 27, further comprising
means for connecting the tree body to a wellhead housing.

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

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

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

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

a means for providing a connection to a second end of the internal bore
in the tree body.
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31. The wel | head assenbly according to claim30,

wherein the neans for providing a connection to the
waewsieh2end of the internal bore conprises a PCT/GB2007/003149

connector, separate fromthe tree body, the tree body

conprising nmeans for connecting to the connector, the

connector having an intern F bore aligned 5 with the

i nternal bore of the asse y. 32. The wel | head

a I ccar di | ai s al Pk S]
315 onpevel e sl B Blo Bielait] A0Sk R e tn for
proVBdihB eAcorteaBRky ts sedsHdiend of etihtsrnal barbaiomprésksa
32, Wherein the connector is of a different. materi al

conpecthy sepaeatadyn thestreq odyeinerearibady ERMPYISNEIHRaNH &P
to any of. cl aj ' i

cobfo 815 BHARRY, 0 inetlrhBio et oo

withethbheRend1aesé of tHwassenialp. | nt ernal bore theret hr ough;
a horizontal tree assenbly, the horizontal tree

assenbly conprising a tree body having an internal

32007 gl Jv@lpﬁé%dﬂéééénﬁmg akbBORINMo Biaine 38! furiter S8mrisintpad
housi ng, e tree body conprising a |ateral bore
bl@xdetnsiengnter orounted onrthecaanedior.e t hrough the tree

body to provide a production fluid flowath having an
inlet in communication with the internal bore of the

el 'ﬁn%axﬁeuﬁ@ébﬁé%n%l? adBoRligd & cithdrafidaims®tiyr 32, wherein
conprising integral tlow control neans for

the cohnettor isgoftawéi%fﬁrejwl‘@ateﬁﬂb@db?it@? BedY.-d t hrough the
production flowath 25 between the inlet and outlet;
and a choke val ve assenbly having an inlet in direct

3£ 0MIHY wallhewy #ésdmblly e cordingto ahy bhelaims 80dbiddh wHeueio
fl owpat h; the arrangement providing in use an

the meadiear i3 BUR§RA-h for production fluid fromthe
internal bore of the wellhead housing to the inlet of
t he choke val ve assenbly. 30 36. The wel | head assenbly

3mcc ok diglipetd asbambly3éompiigingi n t he wel | head assenbly

'S aa \?\/léﬁﬁggd ﬁglulsiﬂg %%v%sgsgr?mtgr'nal bore therethrough;

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

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

housing to the inlet of the choke valve assembly.

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

assembly is a subsea wellhead assembly.
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WD 2008/ 020232 PCT/ GB2007/ 003149 27 37. An assenbly

for use on a well head, the assenbly conprising a tree
whoag/okrest ng an internal bore arranged in use POI/G82007/003149

aligned with the bore of a wellhead housing; the tree

body conprising a lateral bore extending through 5 the

tree body fromthe internab7bore; the tree body

further conprising a cross< " over bore extending

| aterally through the tree body. 38. The assenbly

according to claim 37, wherein the tree body conprises

370N€ /4] adBrfblydbV@se 698 WallHead! tHengsdambllcommising aitbe
t hrough the Cross-over bore, 10 39. The ssﬁg‘glgp
body hawilighgn indeahbaresarrangesBin ysg fonke alé@ﬁﬁff withie Rere of a
l.ea val v LRl :
weligEh otR S fipdiphl ReitfishisP | RBFa! pofe GRRAHMg fit6ugh
th@weermddy fasmandirgrrabboteithe 8¢ bouyfuithengorappisingsr gross-
production _val ve n% agﬂﬁeﬁ'}%rdar\h/ Broducti on valve to
ovepheraextending laterally rengh e tejkotYe 1 ateral bore.
41. The assenbly according to any of clains 37 to 40,

wherein the tree 20 body conprises at |east one _
3gann(lhesagsesshly accalingrteeclaiss 8fbwhereio dhelireg kaslycgamprises

*ortsh b ke BB R GG A S e

" each annul us passage. 25 43. The assenbly according
to claim42, wherein the tree boﬂy conprises .a
3%r i ey asseroblyacearding tmelaim 33rHAdi dudieiceanprging at least

within the Lr Lo 44 . T i
orl A iy i Bt Syrd e AT RSP G
pbdredependent isol ation nmeans, in use to seal and
isolate the bore of a well to which the assenbly is

connected. WD 2008/ 020232 PCT/ GB2007/ 003149 28
40. The assembly according to claim 39, comprising a primary production

valve and a secondary production valve to control the flow of fluid through the

lateral bore.

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

body comprises at least one annulus passage.

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

passage.

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

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

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

to which the assembly is connected.
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45. The assenbly according to claim44, wherein the
i ndependent isolation neans are selected from

WO niogozeB2 t ree caps and wireline plugs. 46. TheCT/GB2007/003149
assenbly according to any of clainms 37 to 45, wherein
the tree 5 body conprises neans for connecting to-a
separate connector so as tg align the internal bore
of the tree body with an in?ernal bore in the

45 o B et AREaral i (g, 4R nafkin U rHERehaLs isqiation
mésReaRl 3618680 Finf thtéMahfige @hps lamdnsirdinet plugs., furt her

conprising 10 neans for connecting the tree body to a
wel | head housing. 48. The assenbly according to claim

47, el el 0 | e 0
46, RSN S l5AND GXn BTERERS 8 to kpPwhERdn Bdiet
botl§ chPnprisesahtheaibrassastling toapepaiate cannedtbhsads to align

thggﬁé%? HE?QV IgP fglﬁalrJQﬁl Qéq?yré{/]v a@%{ ehgr nq;%ﬁﬁ?@%'c%nan?qgr, in use
th%ﬁ‘ﬁgbggg& né‘ngJyﬁLegélbrPga"i‘at(e' dotineBtt t8dethBefdriiey BHorentl ke.

aligned with the internal bore of
t he wel | head housing; and 20 a neans for providing a

AR RS R SR B S
mé&hd mr%nn%ﬁ’quﬂfé tréehoBRfs aWaslihept Moudingy a

connection to the second end of the internal bore
conprises a 25 connector, separate fromthe tree

ody,, the tr - .84 f ' i
48 o TtAeeer DD REHq REEREh 27, WRRSIn (RS nicdfATet hiindciing
thehic@nssty 10 4 vellhead hoesinglis Hetaehabletfremahbe érelel adys 1.

The wel 'head assenbly according to claim50, further
conprising a 30 bl owut preventer nounted on the

4ion g ﬁfqﬂhgg%@sggﬁ)l% 8&36@5’@3 WEIHEAH ROEHP hadiig®h internal

he ‘we assenply according to either of clains 50
bare; 51, wherein the connector is of a different

material to the tree body. 53 .Th I |
accARTBYRFOBTG R of e 57, B 4 apRR ST e
wellhead housing, a first end of the internal bore of the assembly being
aligned with the internal bore of the wellhead housing; and
a means for providing a connection to a second end of the internal bore

in the tree body.

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

with the internal bore of the assembly.

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

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

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



