; Z['e3elge1d\r 6*T~@C Large Bare Subsea Christmas Tree and Tubi ng Hanger
System Field of the invention This invention concerns subs @S
and nore particularly relates to a conpl etion arrangenent mm@mm&@&ﬂ@gm@sed
to provide a | arge bore, high pressure, gonventional (i.e. non- ntal ),
concenttic Christnmas tree and tubing hanger system Background™ &3t he

I nvention For deep water devel opnents it is now consi dered that

conventional treesLigpéBad\Subs&QERriomess Tet hddMuding Hagger SP3eerfior i zont al
tree concept has proven to be | ess advantageous than originally forecast in
terms of installation tinmes and design conplexity. A demand has therefore
ari sen foihﬁakgﬁgqnggﬁﬁ)conventional tree. As the size of the production
bore in a conventional Christmas tree and t ubi ng hanger arrangenent is

i ncreased, a | @hgeinotiitsei chscenis subspa avnpédiobetand emotd @avisluldniadelatentto ea
line and the fluid conducting bores at the tuling hanger / tree interface,
pri mar i | yCeBPISes Hrangewsay I & efimprogyes wE PR, BlEesShis. pertasel of
parall el par Eoﬁ—H&‘ii&tJFﬁ@&%eﬁmé@Kr%trﬁisft%’etanﬁ%iﬁ% hifgel §ysagh of the
productioh and tubi ng annul us bores. For concentricC tubing hangers, there
need be no offset in the production bore, but the tubing annulus offset is

correspongingly larger. A very large offset in either the production bore
or the tugﬁﬂgﬂﬁﬂﬁﬁng“ﬂ%?ﬁnﬁf¥| prevent wireline access During installation
of parallel bopg tedy RatdradGRIchnichtsi % iDGRE LoKddr&d $IRft WnkEAIdHA] Rlebdhaid
both bores. This requirenment therefore restricts the perm ssible bore

of f sets. Fshiageshamefehorigandalatrasst aldihe erizontahdves ecrivgplr Aad ipcavdny toper ksed
annul US| SR RO MELY Sk k15 bR PP B HEBNGHSH ks B3 ISR b SE0, (e

practice % pr W rerine’ access Ve, Tor energe ti on

i n case OA deyrdnathd herféreatiosn foah laigeborPeowieationnl @ke.such access and the
consequent need to avoid dog | egs at the tubing hanger/ tree interface
makes the tubing hanger and tree design relatively bul ky and i ncapabl e of

acconmodat i ng hange AUREE BrilicEAVERO L SEVEhGShal bpﬁamas tree _%n&’f‘fmégfﬁ@gerf ul'l
I b efOre

wireline accessibility in arge bore conventional conpletion th
| eads to ardugegentaindndreaseyt, Chargs bffss 1§ péen ardidedhiengednathgeveliliesd abrtet fion.

The upper ight limt for the lifting.gear used to.transfer. equi pment.
bt weon SUBRIE g fonducihe bpgs 4 dbe JufE engssr oure iREr capring o Arhid
limt is &eesdrdedifgemehO8r Bt #RMRbICI Blc@Se bF Paraller batsQuMing hangérd, thich
(140mm tubing. W ﬁave real i sed that inproved space utilisation and

vari ous coffiteégerepnseain ehebiafrihe pmdodiaamedndstubing apoulys Boees. dior leongentiice tubingi ng
hanger ang, .0t hxeeaé %Ef?d b| Tno"‘%ff?ét'iﬁ‘?hea&foﬂgaio%' brkY b&to{hettﬁﬁmg”a%m% gl fLion
val ve is abandoned. Y CRi" Feand” theftu I'ng SiZze can be i fcreaseée 0 Seven
i nches ( lo@raspormdlingiprigrgahi |5 tvepilagaiffsaigint dithet riee preeiugiidin Woichom thehaibdfy
tonne limt ﬁg?}the,tree di nensions |likewise within acceptable limts.
Summary ofPIHE BoFR BHE PTEMCTAGETSISE 28959 background, in accordance with a
first aspect of the invention, we

During installation of parallel bore tubing hangers it is necessary to set wireline plugs
in both bores. This requirement therefore restricts the permissible bore offsets. Tubing
hangers are available which have a hydraulically operated annulus isolation valve rather than
a plug. However it has usually been the practice to provide wireline access to this valve, for
emergency operation in case of hydraulic actuator failure. Provision of such access and the
consequent need to avoid dog legs at the tubing hanger/ tree interface makes the tubing
hanger and tree design relatively bulky and incapable of accommodating large numbers of

downhole service lines.
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provi de a tubing hanger conprising a substantially centrally |ocated
production bore and a radially offset tubing annul us passage sel ectively
cl oseabl e by a renotely operable valve; the tubing hanger upper end in use
co-operating with a Christmas tree to define a void in which couplers for
service'lines running fromthe tree through the tubi ng hanger are
accommodat ed; the valve comunicating with the void whereby the couplers
are bathed in plavidng lr@WvGlihOadREssiHi R ih Rda@b ButdiSnRas kageconsibtid@t@e: fore
di anet er production bores, this arrangenent nakes effective use of the
space avalcrdbloea kepnard heavyHohnsimpas dee audktubyrg meehiastelipiang hmuener wiigh
plenty of {urn?taﬁ}r?}qé) Hﬂl% LG PEh P H s¥er%f u@pﬂﬁn%&%&& §\§)§ll)p8{d%n£t91rlation vessels is
accomodatfon of serve l 1 nes. For exa e, a hang for ‘seven 1nch
(178m) t aiprovginaacat P B flitdighet.0Thiddingit BRI eathed forarjonoentivayl Claisutmdded fr wpe tith8
service |lines; whereas the maxi num nunber of service lines_that can be
acconmoda? édinh (WAQmm dubinge Yei ksve 4plissd tbat) BIPtsdespath MHESARgEYd various
Currently i : } : : fgately :
maxi mm o LA RO ARBLEACP BT TR e Rlie REGRITRER fohrecifue
seal i ng awirehgeaeassibifity for dhad ainuhig i¢dhatenfvalieds fabanionére Bpulpk ereans tertubagy

to established practice with sa ri hanger desi.gns.. The present .

| nvent | onsifagan RE PRAETEd ¢ SvteBendhepdl (el &F pre Mo A BRIaE et arsisly
hanger angithishas GR it S ih8 ¥R Airh&rRnS BRbwise ARAR KceftaBie tigngodat i ng a
relatively | arge nunber of service |ine couplers. 3 For nost efficient
space utilisation, the valve is preferably | ocated at the upper end of a

t ubi ng angulu%g§a§§€%e‘jnﬁghe t ubi ng hanger. The valve is preferably
pressure DAANCEL ‘PREFEBY°Y equiring actuators of relatively small size and
the sane tinme hehingt this Hatiedredld, inrebodbhe@. withua dirflosispeat 6athcomRativREeRet he
void and the Christmas tree is preferably by nmeans of one or nore drillings
ext endi ngPmoVsie a Hbinghangen comprEngarsubstariially resatraliy, logated production herg and Re

i nvention Vi jj £ ] [ i
nanger o el bR FRARS phlhe PIRRVDUAMPLPE ABRE oIS AR, g
hanger r utubingchanged ugpey end inclitedweoichaingseitiod Chnisoidsaread idofing aivaid iabekieht he
t ubi ng hanger running tool. This_.usuall 0 ises.an orientation helix and
L Reyvay PR e SR PR B bR B e RGPS he
BOP i nt er 1@Nval Al doftin@liéatRls YvitiN@ic RbiA wikebtp¢ha Beugi&y WevbaiY iR BuRf AW B0 or

bet ween the tubi ng hanger running too! and the BOP. Both these arrangenents
i nvol ve cOomltbg anmus passagei ng and care in use. Unless detailed records of
the BOP used during the original installation of the tubing hanger are
still available, there may be difficulties in setting up the orientation
equi pment cor r e@ol Yargé diduidtbreproaiidti@nt iirés) thivattaagkmdny alakes cfedtivéalsy of the
rotating the conpletion riser at the surface to bring a spring_|oaded key
on the rufiirngvaigble dcrss th hagizantat segriomotthe Hibirghangen HathidsaRag ! Toem peund

t ubi ng ha el [ Sial i e er appl | ' hi s
furthor aesdsr P pe IO oh TRl (BBl HRERE WEHEL ARE FOELKBRT 4
subst ant i barggr &erstval ingh  bifmtredtupimgdiccandmg th dhepresemd irevehtidyi mgy hecog@nodate

running tool; the runni.ng topl including a recess | angitudinally engageabl e
WEh A pr B8 dor Boeitt ol g TReTH (e RAUING AAMBE: ohr GHUES i BRS bUPG. CARBE oby
the runni pgohPddaiBYinbecqhp£MBIapadr bR paANIPSRERMinMhidbel Re4 .t ehiREIPINARS -

Hi gh tol erance alignment of the running tool to the tubing hanger may thus
be achi evbahegrsfes hpyzantal trass epreanls pecompedaie gy nRERNumE sshiigmhimast Weihayge

passive, L.e. .ari.sing autonmatically as,.the runni t oql. J.s_|.ande n the
it ng. haltye B4 ElaeBPIR & 5RAe AR SR e Boiah e L B PP P e
an ori ent ahipléts hedritvary Qo GdiabRstedepractjeeith @dmcNpRort gt designs. AThet present
associated with the tool, this helix does not restrict the tubing hanger
product i oltvB@iQn Byayrthergfare papiide p daEIculascampe idhcarppact Gibingghangsyannulyse
tubi ng h?ﬁ%ﬁ& PP UG IPR 99{]‘&4{3& %*)1%001* A&oHfifoddtih %e?éat%lypfa%eee%ﬂn%& br

| ongi t udi ha z’éngagenent wth a coﬁ% enmentary projection or “recéss on a

Chri st massdrviee linecpupderisde al i gnnment between the tree and tubi ng hanger. 4
Abandonnent of wireline access to the tubing hanger annul us passage al so
allows a sinplified, nore conpact and hence lighter Christnas tree to be
used. Accordingly, in another aspect, the invention provides a Christnas
tree conprising a body within which is fornmed a production flow bore having
a lower end for connection to a tubing hanger production bore, and a tubing
annul us conduit having a | ower end for connection to a tubing hanger tubing
annul us passage; the production flow bore and the tubing annul us conduit
bei ng i nterconnected by a crossover conduit fornmed within the tree body;

t he tubi ng annul us conduit including a deviation within the tree body,

o ——



As the production bore of a conventional tree increases in dianeter, the
Christmas tree height and wei ght al so increase, partly for the reasons

di scussed above, concerning wireline accessibility, and partly due to the
need to use larger valves. In accordance;with a yet further aspect of the
i nvention, a conpact, relatively |ightweight Christmas tree conprises a
production flow bore having a | ower end for connection to a tubing hanger
producti on borgsr o clidieispaeanitivhiism, arndlictis pavemplydotueit tRAdpid@lend of
connection to a tubing hanger tubing annulus passage; at |east two

r emovabl e2 pibirgs amuilysgPaseanei adhe itypiag hargsri dhe palver s prefesdlic Piesnre balanesss e
to act as -parr.i i I : f e
bar i er o, NEE) RoySring aEfRlsts of ReBREF Ml Ve biE % she (RRCboOR InRlnsle by
havi ng | aefjsblandribeasomiachicatiar betwSeibslid veitli and the Clvéstgad eevad pededaplypbyigs
t herefore saves considerable bul k and wei ght. The plugs are preferably
wirel i ne PRESAL P%OEF‘GW&HF‘B%%C.“WS/%?‘F&FSV%QHlé%ffgﬁ é‘ﬁfb"‘“ﬁﬁ%?‘@’rred f eat ur es
of the invention are described below with reference to illustrative

enbodi nents shown in the draw ngs. 5 )Brief Description of the Draw ngs
Fi gure | showsinthéurihet esfeat hdatvseon alse phrivides macage rfoe atierdinigray tublmeg hanger

i ti d a.Christ tree:  Fi hows..t he tubjng ,h t ubi
el us. pHCoA B el Rgtes gkt SAPT Mefiodt Of BUetiTp s itg ARG B s
the val venbed heHi® ol RavNineRRAB BRShidd OMin it jorhioWdve th by RAREer

runni ng tool engaged with the tubing hanger of figure | ; Figure 5 shows a
first enbodpimgreolof Thipais@rly enmipises peorieftatigiehelps and p dgywy guthe ke, svhich

fluid circuit di.agram the tree of fi 5 .Fig . . second
erbodi menttesiet MBPERT & kalFplsafe o HsHOE ieri, “ubhi a9 e figi BERT na
nodi fi catigva9fmiyhiee preided beodbesti the Mibingibghl Gnhiigdobbami the BOP.CBoGttHese
diagram of the tree of figures 7 and 7a. Detailed Description of the

Pr ef er r e RTEARBEAEHE VO G omplenpasuipruripgindharom usecihiles dgailed meondy of the

attached [ 2 i Iy ' : i ng
nanger 1208 Rt B e BB et AR A P S R0 PSR,
ring 18. diffidquiicdsudesttmgagnthenirientatipn equipmienticdrieotty b ok dudtr andn@tibn @idtiyod
radially offset a.nnﬁll us fl ow assage 22 fornmed fb%/ .a pair of intersecting
dri | i ngsi¥AYeopeivelroffiing e Rmuirieh Bse Ah e durift bl ‘S&‘%%&é““g OpeedHe Y an
inl et porge38nMhg BANRRSM Gk NELS chEs%gﬁcﬁhg %@WB} n i i hanghPse@xl?é e
for retaining annulus fluids bel ow the tubing hanger. This val ve has outl et
ports 30 wothnd fd iogractigabdior Heep waerppplicdtonsred bet ween the top of the tubing
hanger 12 and a seal stab assenbly 36 of the Christmas tree 10. A
circunferentially spaced series of drillings 38 in the seal stab assenbly
36 (only one drhik! futtheBGispEaWn] (BONAUGILGAL Srovided anubinguhisget | dmmramguid 40
in the tree 10 via an annul ar gap 42 forned between the seal stab assenbly
36 and t haibstaatiallygsgptrally loppied m&@ml@hb%rewdtaﬁébl&sihrmzfﬁg*gmg@g Kokthe rewieg

1 1 0 B AR o S, OO £ M

assenbl y Bmgangrodudviondore, whereby the running tool may be orientated for engagement with the
tubing hanger. High tolerance alignment of the running tool to the tubing hanger may thus be
achieved directly and independently of any BOP; such alignment being passive, i.e. arising
automatically as the running tool is landed on the tubing hanger, and effective even in deep
water. The tool may also include an orientation helix to guide the projection into the recess.
As it is associated with the tool, this helix does not restrict the tubing hanger production bore
or require additional space within the tubing hanger. The tubing hanger production bore may
also include a recess or projection for longitudinal engagement with a complementary
projection or recess on a Christmas tree to provide alignment between the tree and tubing

hanger.



hanger 12 for service lines) circunferentially spaced about the production
flow bore 20 at a simlar radius fromthe hanger centre line in conparison
to the annul us fl ow conduit/ passage G 22, 38, 40. One such line 4Gis
schematically indicated in dotted lines.,Wth SCVCl1 111C17 ( 178mm)
production tubing 48, there is enough roomfor up to 8 circunferentially
distributed service lines. The void 34 provides space for service |line
couplers 35, which are bathed in the annulus fluid. The void 34 is seal ed
by an annul ar sealing ring 37 between the tubing hanger 12 and | ock down
ring 18, a furdhedoamsni el wieland #rgess egha b hamgpr aHelysorassapsvitsa aliyvs1®
and the tree,. I a 36, al d ul a in i 1.
between (HPHPED wal CafiRT AL Hers AR iRl BB bR IREL, Hopok gl in
shuttl e valovrr 3gpdcs tht iBleniibpraxidistd Chtidt@as tree 30mprisitg UsbalyCRRBinVhi¢R is

di sclosed in US Patent No S769162, except that it 1s inverted so, that

i nst ead ofrBed gPindyciciedlodt bare badng éntpvsr andelor AsnAgCIRENWer BRING hander ow
passage, . S ; :

D oadost Mbdbioh Bl st bl SnlBeLo Rl Rbing Mo O PR EARRCAG 1) ity
for the Janger 8Djingesiudes passagerithe pepdapame flow tdre andvtbe tyang ashulihecotdilnit ng

hanger far .the | arge dianmeter producti.on flow.por 0. This.results in a
Very comPAte PTIeHE Gar QDY CoRLL st Mttt frodree ol e bl Snnulus
conpri seScfiui® Hﬁﬁﬂicﬁﬁ@EQC\IiHM WthidHe Erk:@bclﬁgr, _EIWIﬁ%P&ﬁn Rl Valvd i tAe BRSO ver

formed in the tubing hanger 12, and part in a housing 54 screw threaded

into a cowntleit.. bThe n8@ fmmdansexttradl, tsoparatelycloomed rergrsoeers@ndyit @ thusgavosdd. A

| ower end of the shuttle 50.carriers pair of sealjng rings. 60 i ch, make
2 o1 d nop Slestory it Aoy Bof fsiaionth wEd thafbel ol vER oy S
shuttle S.l;@fﬁéléﬁtl}?ﬁl%kﬁﬂwiﬂ@tﬂe_stugfngmgémoﬂlhdﬂﬁﬁ e tP4lIoM ivtelink Hck &k Ity thke
a sliding seal with the housing 54. The shuttle 50 has an external

ci r cunf ertehingahanger peadugdorn: feroythigueh Bii trecoprodustiongBowgbarni uppermgré aMore
sliding s | It : L : of
the. hous: Bt REiAE) ok LEki A BB AERITRTd: Mol RIE (305 T
a chanberwHiohw tuth iv sbitaftidlyeeatwdllyalocfiéd withiake mbirg Hangéron. Hydraulic fluid
is supplied to and vented fromthe chanber 70 through ports 72, 74. In the
position shown in Fig 2, the collar 66 |lies at the upper end of the chamber
70, with the sgalidgrodhlish BFe 7% LoHvegtidiQ) fbd HRFeastsd BhmbRE MOIEHHishRad O
close the valve 32. In this position, supplying hydraulic fluid to the port
72 will oeeesbkeiphteamb Meight Bsoaimdreabet partdy $® the measpes diosenssad dibpye,bednegimmg t he

upper end of..the shuyttle 50 and th eal s.64 bel ow t he ports 30, thus
et e el ety pBUY dhg fo BEeRa STty Vi ef i focditapte
suppl yi ngyet fiktHey dépdl dfahé nvestid alcbMmpRal felati¢eMilightwisigt € hrRen &ttt doghprides OV E

upwardly, returning to the closed condition shown in,Fig 2. Wth the val ve
cl osed, r?empﬁétihoad?ﬁw berediagng arlawst erdyfer primnectiom ta griutypg anges praductien bojed 34

will ten 0 : ]Eﬁﬁﬂﬁ f I I -

pressur edaéltgl %ﬁ%&? aalﬁ\{r ell agﬁg‘ a?ﬁ%oa;gwg% icg%.%&_ﬁgngﬁﬁzég t}éﬁd ‘?lﬁg{gz%%%g{ ﬁfgg’{ggnd
chanber T7nnhgpassade;fadileaactwatcimonalgde pluge bsingiprdvedddsntsbieesahahetreerptoductiory 4
shows a ryunning tool 76 en ed with the tubing h er 12. A production
{low bor o\ QBEPIP AT HPIGTU A Tefin IO GBROA T oicFLIGES O8O bbb bR FEnaE) of
or keywaym8f wsady by 3Rl préviaBd BYSALIS o@g% VAIVEE Yiafidg DArBE GRd hB& Yy AFhAblsY
into the tubing hanger production bore 84. An optional orientation helix 86
i s provi deubstintiphe{hlog ggmvelves hi phugsi therefore vayes tensiderable bulllangrweight. ofhe he
running t gl ;ﬁ %&EJFF'&#HL@S Qq%%q{‘%z.]Provision of an orientation key
and key g} TR PRPEr Y oF S UPT A SPVAPUERicentri ¢ t ubi ng hanger production
bore provides sinple and direct passive orientation between the tubing
hanger and the running tool, w thout reliance on orientation_conponents
carried by a BOFE varqys aspegiicand pypsired deatyes ef e dnyealion areodeserigrhedowagth r ee
| 00 accordj e | OF j tree production bore 88 is

cl osed afgp¥§u%g%gpgghé<ﬁ§ﬁgﬁmpﬁ%g?%§?{?ﬁgg&%ggkgb, bel ow which are
positioned two crown plugs 92, 94 in series. Plug 94 repl aces the
conventional production nmaster valve and plug 92 repl aces the conventi onal
production swab val ve, thereby elimnating the bul k and wei ght of the
associ ated val ve actuators. The upper gown plug 92 together with the tree
cap 90 mai ntains a permanent dual pressure barrier in the tree production
bore. A production outlet branch 96 is connected to the production bore 88
between the two plugs 92, 94. A 63/s inch (162 nun) production w ng val ve
98, which may be a conventional gate vale, is provided in the outlet branch
96. An annulus flow conduit 102 is provided in the tree, connected to the
condui t



40 ‘and veid 34, fig. 1. This conduit 102 contains an annul us nmaster val ve
04 and annul us outlet valve 106. An annulus line 108 is branched off the
annul us flow conduit 102 from between the val ves 104, 106 and contains an
annul us wi ng val ve 110. The val ves 104) 106, 8 110 may be conventi onal
gat'e valves and together maintain the dual pressure barrier philosophy for
the annul us conduit. As shown nore particularly in Fig 5 the annulus flow
conduit 102 contains a deviated portion 112 which provides space in the
tree block 114 for a crossover valve 116, which again nay be an ot herw se
convent i oBalef Pasariptidnvef thedrasivgsr val ve 116 is provided in a crossover
conduit 118 fornmed in_.the tree bl ock and .extendin etween, t he devi at ed
port 1 on 1T 1t Rl Bucrres o Ao BE e RetSiUaE s Jv RN b8 o
88. This ehhgmates; the need for a separately formed external crossover
conduit. All of the tree valves, except the annulus wi ng valve_ 110, are

i nt egral | iguoy Asbows the tubing hangebivbiig amylus maprage galye iy Mk vgtall ; p glosed

| ocat ed vvithg.n_a separate manifold 109, bolted and sealed to the tree bl ock
114. Fi gsP%M"%hd 8 show an alternative tree layout that is sinilar to the
one of fi giursy} atidivstehe Rilive Wi fighred ihfaitlopen positheat; a production master val ve
120 i s provided upstream of the production wi ng valve 98 in the production
out | et br BHaEe dshowsehiubighpngsfdunigetpob rpgeeh With tResibing hengsne! febe 1422 i s
provided FtdeiAtiAts Blodifnba E. Efiahay kel BeniAdiedi on out! et branch
9G in addition to the crowm plug 92, to maintain a dual pressure barrier.
As shown FiguFe §is7a flsideinonio diagtanoof the trge obfigiee 98 is situated in a separate

val ve blogk 124. A separately f.abricated external ow | oop 126 form ng the
cr ossovergl%FFdLFWOV@&%ée?‘ieT_ﬁ%J‘B‘FBEﬁﬁ? g’i‘P%’ﬂf’? _&Fe ?Jflt'thﬁb‘}’(e %n the val ve

bl ock | 24pwitdr74 HiRwaRNHbUB Al FHBscbond dhebodmnbdtohgl | 09, between the

annul us wng valve 110 and the annulus |ine 108/ annulus flow conduit 102

j unct i on. Figuee issoffed cuahiy diagietn ¢iibe tro¢ of figuses ‘hagi ¢p.7) is provided in the
external flow |loop 12G The two crown plugs 92, 122 maintain the pernmanent
dual pressure barrier in the tree production bore and the tree cap 90 is

t her ef or eDegiile@MRdscHiptibm o6 tiRMRMGrIGNEmbYimients he tree cap 90 is not used, a
debris plate (not shown) can be | ocated above the upper plug 92 if desired,
to ensure that stray objects falling onto the tree do not block access to

the crown pl UQfig 1 slows the bottom of a Christmas tree 10 attached to a tubing hanger 12 landed
in a wellhead housing 14. The tubing hanger 12 is supported by casing hangers 16 and held
down by a lock down ring 18. It includes a concentric production flow bore 20 and a highly
radially offset annulus flow passage 22 formed by a pair of intersecting drillings 24, 26. The
upper end of the annulus flow passage 22 leads to an inlet port 28 of a pressure balanced
integral shuttle valve 32, closeable for retaining annulus fluids below the tubing hanger. This
valve has outlet ports 30 communicating with a void 34 formed between the top of the tubing
hanger 12 and a seal stab assembly 36 of the Christmas tree 10. A circumferentially spaced
series of drillings 38 in the seal stab assembly 36 (only one drilling 38 shown) communicate
with an annulus flow conduit 40 in the tree 10 via an annular gap 42 formed between the seal
stab assembly 36 and the tree body 44. The lower ends of the drillings 38 communicate with

the void 34 thereby linking it with the Christmas tree annulus flow conduit 40.

As shown in Fig 1, there is ample space in the seal stab assembly 36 and tubing
hanger 12 for service lines, circumferentially spaced about the production flow bore 20 at a

similar radius from the hanger centre line in comparison to the annulus flow conduit/passage



Fig 7a shows a nodification of Fig 7, in which the flow |loop 126 is

repl aced by a crossover conduit formed in the tree block 114 by a pair of
drillings 128, 130. These extend behind the plane of the draw ng and
intersect each other behind the productign bore 88 as shown. Drilling 130

i nttersects the production outlet branch 96 at the junction between the
production wi ng val ve block 124 and the tree block 114. A crossover valve
116 is proyixgedoi NDAe P NG 3¢ c@ErmdaiiBdinitateaan dRvie@tl@ds povith @BvéhlidicRf
the annulus flow conduit 102) in |like manner to Fig 5. The crossover

condui t arld8mpogsedustion iihjre 48.dhese ignpuglarqosm fosppde & sirewmigrertiallyglistibyed t ed
i nes. FQ&fMggﬁmgecause this internal crossover conduit is relatively
difficult " to manufacture, the external flow | oop and crossover valve of Fig
7 may be nore practical. The invention in its preferred forns provides a

| arge bore congentrjc_tubing hanger. with an integral, offset, prgésu_re

bal anced annul LRe ¥pidt 34 8rVifsseSPage LOTSRITIES Hng £Pverss3 S, orhick girg ha gHndhgay
that it s HuT®! T} 3498 sdfit SHAEAADR LN FRE 3 B On thB RutitD)

hanger an B@S&%ST?ﬂgagr3i4?ra?yahﬁie£s of refgai nlg'ng%annul us nfI ui dt?sng'}llﬂ%cr

i nvent i onl2vanyd ek womni srexd18,rm frdler anroilarexalmgseng Bk beliwame tler look dohva ring 18
production tubing and the nu of, d hol e, seryi ce.lipnes. The .invention
Dvant agaBiuhs 5P ool SoTuiveln Mg AMBRoER Fralig Ging S ReuPemd il
tree systgip idahbsds AadeRdnBdRiRngdeld ar gest possi bl e di ameter production
bore. Wth such a systemthere need be no dog leg at the interface of the
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7. A tubing hanger and running tool as defined in claim5 or 6, conprising
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projection or recess on a Christmas tree to provide alignnment between the
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Figs 5 and 6 show one possible layout of a Christmas tree 100 according to the

invention. The Christmas tree production bore 88 is closed at its upper end by an internal

tree cap 90, below which are positioned two crown plugs 92, 94 in series. Plug 94 replaces

the conventional production master valve and plug 92 replaces the conventional production

swab valve, thereby eliminating the bulk and weight of the associated valve actuators. The

upper crown plug 92 together with the tree cap 90 maintains a permanent dual pressure

barrier in the tree production bore.

A production outlet branch 96 is connected to the production bore 88 between the two
plugs 92, 94. A 6/s inch (162 mm) production wing valve 98, which may be a conventional

gate valve, is provided in the outlet branch 96.

An annulus flow conduit 102 is provided in the tree, connected to the conduit
40 and void 34, fig. 1. This conduit 102 contains an annulus master valve 104 and annulus
outlet valve 106. An annulus line 108 is branched off the annulus flow conduit 102 from

between the valves 104, 106 and contains an annulus wing valve 110. The valves 104, 106,



14.. A Christmas tree as defined in claim 11, conprising a production outl et
‘branch connected to the production flow bore and containing a production
master valve and a 12 production wing valve in series; two said renovabl e
pl ugs being provided in the production flow bore above t he production
outlet branch. 15. A Christmas tree as 8efined in claim 14, conprising a
crossover flow conduit containing a crossover valve and extending from
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conpri si pBilésophe orbhoatnuandontieirei n t he crossover conduit conprises a flow
| oop external to the tree block. 17. A tubing hanger substantially as
described with reference to or as shown in figures 1 to 3 of the draw ngs.

18. A tubing hanggfy@Rthet Lﬁamtglmgnwplg UNRHOAnhA0 fﬁMP%Bﬁ‘dﬂhi abb YcARains a
described with reference to or as showh in figure 4 of the drawings. 19. A
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in a crossover conduit 118 formed in the tree block and extending between the deviated
portion 112 of the annulus flow conduit 102 and the production flow bore 88. This
eliminates the need for a separately formed external crossover conduit. All of the tree valves,
except the annulus wing valve 110, are integrally formed with the tree block 114. Annulus
wing valve 110 is located within a separate manifold 109, bolted and sealed to the tree block

114.

Figs. 7 and 8 show an alternative tree layout that is similar to the one of figs. 5 and 6,
but which differs in that a production master valve 120 is provided upstream of the
production wing valve 98 in the production outlét branch 96, replacing the crown plug 94. A
second crown plug 122 is provided in the production flow bore 88 above the production
outlet branch 96, in addition to the crown plug 92, to maintain a dual pressure barrier. As
shown in Fig 7, the production wing valve 98 is situated in a separate valve block 124. A
separately fabricated external flow loop 126 forming the crossover conduit connects the
production outlet branch 96 in the valve block 124 with the annulus line 108 in the manifold
109, between the annulus wing valve 110 and the annulus line 108/annulus flow conduit 102
junction. A crossover valve 116 (not visible in Fig 7) is provided in the external flow loop

126.

The two crown plugs 92, 122 maintain the permanent dua! pressure barrier in the tree
production bore and the tree cap 90 is therefore optional in this embodiment. Where the tree
cap 90 is not used, a debris plate (not shown) can be located above the upper plug 92 if

desired, to ensure that stray objects falling onto the tree do not block access to the crown

plugs.



4(xbABDEHP"bd5#&' ' g**} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
‘ca] ca] ca]ca]ca]ca]ca]ca]ca]lca]lca]lcTalca]ca]calcalcalcTal**."////0?2d499p;
>S@ AABBBCUCE* FW | JbJJJM UMU~U} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ~UNDXXYYZRZ|
[1”""r "8 " EabXccc<ddeef' ffglg}xsni }xsni%I_Z] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca;

RHda?! - #109% / V& % & ()-

s'10% /"] & ()I&xg(')a s%mws ?{noﬁi (ica%‘n&.o?? 53?0%%}“6 #f fayv %8? %%9 1S rcp(lz}cedyb_v a

10/, 8108b&okdr dohdtiil @8ded ifikhd fredi08K { & Ky a pair of drillings 128, 130. These extend

behind the plane of the drawing and intersect each other behind the production bore 88 as
shown. Drilling 130 intersects the production outlet branch 96 at the junction between the
production wing valve block 124 and the tree block 114. A crossover valve 116 is provided
in a position accommodated by the deviated portion 112 of the annulus flow conduit 102, in
like manner to Fig 5. The crossover conduit and crossover valve 116 of Fig 7a is represented
in Fig 8 in dotted lines. However, because this internal crossover conduit is relatively
difficult to manufacture, the external flow loop and crossover valve of Fig 7 may be more

practical.

The invention in its preferred forms provides a large bore concentric tubing hanger
with an integral, offset, pressure balanced annulus shuttle valve. The shuttle valve is located
in such a way that it has minimal impact on the functionality and size of the tubing hanger
and provides the primary means of retaining annulus fluids. The invention may be utilised in
order to maximise the diameter of the productioﬁ tubing and the number of downhole service
lines. The invention advantageously provides a conventional concentric bore subsea
Christmas tree system that can accommodate the largest possible diameter production bore.
With such a system there need be no dog leg at the interface of the Christmas tree and tubing
hanger production bores. Tree height and weight may be minimised by re-configuring the
associated valves and adopting a tree pressure barrier philosophy similar to that of a
horizontal subsea Christmas tree, using two plugs in the production bore, rather than valves.
The system is of relatively simple configuration and may employ a riser and tooling similar
to those used with horizontal tree systems. This offers some potential for standardisation
between tree types. Compatibility with existing concentric subsea test trees and monobore
riser technology is also provided, with the subsea test tree stackup achievable below the BOP
shear rams. The tubing hanger and Christmas tree may be designed to retain 10,000 psi (68.9
MNm?) working pressure. Continuous monitoring of downhole electrical and hydraulic
equipment is possible whilst the completion is being run or pulled, by virtue of the tubing
hanger/running tool orientation system, which allows connection of downhole service lines to
appropriate service couplers in the running tool. It also allows passive re-engagement of the

tubing hanger running tool to the tubing hanger during retrieval or intervention operations.
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radially offset tubing annulus passage selectively closeable by a remotely operable valve;
the tubing hanger upper end in use co-operating with a Christmas tree to define a void in
which couplers for service lines running from the tree through the tubing hanger are
accommodated,
the valve communicating with the void whereby the couplers are bathed in fluid flowing to or

from the annulus passage.

2. A tubing hanger as defined in claim 1 wherein the valve is located at the upper end of

a tubing annulus passage in the tubing hanger.

3. A tubing hanger as defined in claim 1 or 2 wherein the valve is a pressure balanced
valve.
4, A tubing hanger as defined in any preceding claim , wherein the void communicates

with the Christmas tree by means of one or more drillings extending from the void into the

Christmas tree.

5. A tubing hanger comprising a substantially centrally located production bore, and a
tubing hanger running tool; the running tool including a recess longitudinally engageable
with a projection extending from the tubing hanger production bore, whereby the running

tool may be orientated for engagement with the tubing hanger.

6. A tubing hanger and running tool as defined in claim 6, including an orientation helix

provided on the running tool to guide the projection into the recess.

7. A tubing hanger and running tool as defined in claim 5 or 6, comprising a recess or
projection for longitudinal engagement with a complementary projection or recess on a

Christmas tree to provide alignment between the tree and tubing hanger.
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having a lower end for connection to a tubing hanger production bore, and a tubing annulus
conduit having a lower end for connection to a tubing hanger tubing annulus passage; the
production flow bore and the tubing annulus conduit being interconnected by a crossover
conduit formed within the tree body;

wherein the tubing annulus conduit includes a deviation within the tree body, allowing room

for a valve in the crossover conduit.

9. A Christmas tree according to claim 8 wherein the tree production flow bore has an
upper end at the top of the tree body and is sufficiently aligned with the tubing hanger
production bore to allow wireline access to the tubing hanger production bore through the

tree production flow bore upper end.

10. A Christmas tree according to claim 8 wherein the tree production flow bore is
coaxial with the tubing hanger production bore which in turn is substantially centrally located

within a tubing hanger.

11. A Christmas tree comprising a production flow bore having a lower end for
connection to a tubing hanger production bore, and a tubing annulus conduit having a lower
end for connection to a tubing hanger tubing annulus passage; at least two removable plugs

being provided in series in the tree production flow bore to act as pressure barriers.

12. A Christmas tree as defined in claim 11, comprising a production outlet branch
connected to the production flow bore and containing a production wing valve; one said
removable plug being provided in the production flow bore above the production outlet
branch and another said removable plug being provided in the production flow bore below

the production outlet branch.
13. A Christmas tree according to any one of claims 8 to 10 and claim 12.

14. A Christmas tree as defined in claim 11, comprising a production outlet branch

connected to the production flow bore and containing a production master valve and a
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16. A Christmas tree as defined in claim 15 comprising a tree block and wherein the

crossover conduit comprises a flow loop external to the tree block.

17. A tubing hanger substantially as described with reference to or as shown in figures 1

to 3 of the drawings.

18. A tubing hanger and tubing hanger running tool substantially as described with

reference to or as shown in figure 4 of the drawings.

19. A Christmas tree substantially as described with reference to or as shown in figures 5

and 6 or 7, 7a and 8 of the drawings.



