; YZe3edgx4d\r | 6$Tx @i Large Bore Subsea Christmas Tree and Tubi ng Hanger
System Field of the invention This invention concerns subsea conpl etions

and nore particularly relates to a conpletion arrangemenmmﬁumm QE used
to provide a large bore, high pressure,;conventional (i. unﬁmw ntal),
concentric Christmas tree and tubing hanger system Backgrouhg,gf the

I nvention For deep water devel opnents it is now considered that

conventional treesalyd\Boré$udbtAORSs@¥RITroOhhd Tibalg HaRRE: Sykbemhori zontal
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 fﬁ{elcﬁo}ﬁ%qgv&ﬁ‘{o?l conventional tree. As the size of the production
bore in a conventional Christnmas tree and tubing hanger arrangenent is
i ncreased, a Thitg@veitimeton@nef swtep reouipteidnd ehdemord Ipartivaldriye aglateend re

line and the fluid conduci\i ng bores at the tLibi ng haggﬁr /| tree interface,
pri mar i | SPRRICURIATERNERRIERISNAINBNPLISGE FPFO VISP atldree PPige B pegssutiencanyentional of

paral | el g%%&l-ﬁ 'oﬂ&g?e&% &i cgﬂnsﬁngftie%%dmgﬁ&%@r Iyyepach of the

: 1C .
product i and tubi ng annul us bores. For concentric tubing hangers, there
need be no offset in the production bore, but the tubing annulus offset is

correspopdi ngl arger. A very large offset in either the production bore
or the t _B?lféoé'i‘ﬁiﬂf&’se Iggenigh | | prevent wireline access. During
installation pfr padpalaglr RYERPhIERIsNY (D3RG Esnsiderdd I CRDSBAIbNRPL 128 have
wireline plugs in both bores. This requirenent therefore restricts the

per m ssi #dventagese ouérf betigontatubypesg Hdglerizontak tepgafdngppte hashiprcovenate bg less

hyd lical l d .annul i.splagi I . h | ug.
Y has ueDanbg BERT RBRR el SCh TPk Rt Riles M 2eRe PG VE!

for emer geRand ey Bkicdteiafisane a trgdydte asdvesitial ttag.or failure. Provision of
such access and the consequent need to avoid dog | egs at the tubing hanger/
tree interface nmakes the tubing hanger and tree design relatively bul ky and

i ncapabl e of ﬁgﬁ%@md(ﬂ{thggrddﬁﬂ% g’bqupg éor@gn%%&ﬂ}iﬁnégqr\éé Gfd Mbri"(?gshanger

arrangement is increased, a large offset is often provided between the wellhead centre line
and the fluid conducting bores at the tubing hanger / tree interface, primarily to avoid
excessive enlargement of the tree block. In the case of parallel bore tubing hangers, this
offset can arise in each of the production and tubing annulus bores. For concentric tubing
hangers, there need be no offset in the production bore, but the tubing annulus offset is
correspondingly larger. A very large offset in either the production bore or the tubing

annulus bore will prevent wireline access.

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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2 Providing full wireline accessibility in a |arge bore conventi onal

conmpl etion therefore leads to a | arge and heavy Christmas tree and tubing
hanger installation. The upper weight limt for the lifting gear used to
transfer equi pment between supply and igstallation vessels is approximtely
35 tonnes. This Iimt is reached for a conventional Christnmas tree for use
wth 5 /z inch (140mm tubing. W have realised that inproved space
utilisation anebw@h%msmnﬁ@meﬁwlmy ideghi@gB borddoRveriinh Bedtiflces Sickd (Bre
both in the tubing er and.in the tree, if wireline accessibility for

t he annuleads fspllase end 394~Wech%strab'aﬁ%h@btubsgg hanger waiahaliomeTha BpReg eight can

b t
o gt i TRy £ ChE B e b RRTRoolpn R GorWabi SlppPPA kit st 7
accept abh@rbmmattcﬂy 3Suoroms yTbis ltrﬁlenslraaoaad faor o@gaemsmalt(mrsstrbaxkgaf foutide wiith

accordance with a first asp of the.invention, provi.de a tubi ng. hanger
conpri si pg ek d&é@ram) typing. c\é/ﬁtlraar:|r9a1r55eéb@dﬂmr%%fécﬁnd6% ufjbsationnady vatgiisal | y
of fset t RARRSEEAR £E bbWHIY, HHPRERE \GiRY héhdef IR B heQRE! AP ©
val ve; E&SQ @ﬂgp%&?egﬁﬁpper eag Fn US€ co- oper gﬁln% ?\HE aﬁest rragJO
tree to dmfelmea@emblﬂty for Wi aimubsuplldian vfabve is @bandoeed. i Bg shis umanm@eftubmgt he
tree throu e .t ubi ng hanger. gre 0 dat ed; ,the val ve c ni cati,ng

Wl th t heSPORH RR BTG Soaanats QERELBRaIT WP AT GRE NG HEE Greigom

t he annulygid®e 3396nnefifhit bAd R 1’k ATRERIonB 1IRSWEE kANIDRCESablk fnstsar r angenent
makes effective use of the space avail able across the horizontal section of
the tubing hanger, with plenty of room around the periphery of the
productign _bore f dation of service lines. For exanple, a hanger
for seve “PW&HyvfgﬁﬁﬁﬁgPﬁang according to the present invention may
accommodat e Up.ghinsB tiieaticgolnd)ds ; acebdag@s withea ITax MepBRNONIERS ienton,vivee

| ines that can be accommobdated in a conparable prior art parallel bor e

t ubi ng haiyde 3 dabang b@n&eéﬁ@lfnyn%%|ar§glbﬁamfgaélw5wns@lbhkﬂcatférptr%flucﬂ%é@recamd anly
acconmod

unnecessg%d?/zll 0 mcﬁ'%g1 §€§V§§6¥%?€§%%£§§Kt Fgﬁgﬁééﬁgﬁgﬁl ﬂﬁx&ﬁ Ey #rom
t he couphfbmg hangnat ugrey ehd iresteadolohathgprittc & |C&m1smatshr&edmeleﬁme mwohiamgemch

desi gns. resent invention her ef or e de a particularly sinple
ond SommeRPTerh G s rapioE Hemshe Bhs bPo R hbing o B g@am%%%cﬁp
of acconRdaivent@ninti@éainisWatlyihk 3b™6yRreRahe ebupigk YicaRithddNg MeRPRGRIRE 1o or 3

For nost efficient space utilisation, the valve is preferably | ocated at

t he uppefroendic efnwus paskagg- annul us passage in the tubi ng hanger. The val ve
is preferably pressure bal anced, thereby requiring actuators of relatively
smal| size and the sane tine being intrinsically reliable. Fluid

communi cati on Fekwage didigetvoprddadtidnt bueesClitiib &hﬁﬁgerﬁernemdksS pffedtaealk yo flayic

means of one or_nore drllllngs extending fromthe void into the Christnmas
tree. |nsRRCEayailble acsqse dhc hariantahspstion ehtha fbingphangri gathralents of BronbriogAdi ng
a tubingy t RS, h i gni ng
a tubi ng hang ?w n getdd ?%" gﬂgﬁ?ﬂraﬁnm ngd%tg)qﬁ 0frléz:e\%lgﬁlg Hgﬁjdggﬁfﬁg ﬂgegof
an ori enhatgeoforjsevat inabh /B nithptubing amgorldmggerthe; presdnh (nveoiddn mahiascamsmaddty
conprises an qrientatij.on helix a keyway or . the _like, ich.,iptera

wth o pin B BafPlo By | Hhera O TROBAIY albrnOf sertike /IS Ve e Opi
hel i x an&x%ﬁMMﬁMuwﬁMzp&nﬁﬁﬁmmg%ﬁobﬁﬁWBQMet&ﬁe&MﬂhQﬁmﬂ?Hgﬁd CaRi2hilg thiRg and
the BOP. Both these arrangenents involve conplex manutfacturing and care in
use. Unl bangerefoahpagontddmed samenly hecqopodaed w:mwg af ﬂeseo»mteghml We have

i nstall atl he du an stlll avai he

ai 11 cur (00 @ i B inEls G IR BN e g Binait S by JR.0Fm Ve
ori ent at ceupléeret b@drmryl\t@le«sezmnﬁcetildpfeétscerwttmtmﬂg pi@r Reigpt atdi@i. I Therpratent he
surface-to bring a spring |oaded k on the running tool into alignnment
with a c&vpe%%ﬁw@e%&rww# Npérttqukﬁrlargmwal@gmd copppagt fbingohanger annulus

| mpr acti faladdlo ¢RFRIRL fEc 3! LAAbIOBS accBhirfodatihd NCFeIRRRECH: ygé nbif¥Ber of

i nventi oh provides a tubing ang r conprising a s bstantl I centraﬁ

| ocat ed peredtadine ooufgdense, and a t ubi ng hanger running tool; the running tooI
including a recess longitudinally engageable with a projection ext endi ng
fromthe tubing hanger production bore, whereby the running tool nay be
orientated for engagenent with the tubing hanger. Hi gh tol erance alignnent
of the running tool to the tubing hanger may thus be achieved directly and
i ndependently of any BOP; such alignnent being passive, i.e. arising
automatically as the running tool is |anded on the tubing hanger, and
effective even in deep water. The tool may al so 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



Abandongent of wireline access to the tubing hanger annul us passage al so
allows a sinplified, nore conpact and hence lighter Christmas tree to be
used. Accordingly, in another aspect, the invention provides a Christnas
tree conprising a body within which is iorrred 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

tubi ng” annuljsy RAS S ABEent kPR cRLIGIMEN] AR vhlvews PRI BN dod&l 4t Wi nigherRAYLES
conduit being interconnected by a crossover conduit formed within the tree
body; t rretubinsi snpuidsrpassegedBriieitubing bangsr-ndhe vabei iamrefpraliiy prcssurcbalaneed,
body, al low ng reom fqr valkve_ i:n,the Grossov conduit. .. The .need for an
oxt of nal EERDATE “Prfla B Railhyy dRfRAIRE I PREE Wb B MBRE Moty
t he treaepieluQtlbidncdriaunibsticn bas/can theppsid @ddhatCliremiope®is phgerhblgebpody
and is sufficiently aligned with the tubing hanger production bore to allow
Wi r el | nemeads 8§ eng of MAEe ‘?rdbﬂgfgewg‘&ff?fﬁm‘?ﬁﬁo%&“tsﬁﬂw-t he tree
production flow bore upper end. Mre preferably, the tree production flow
bore is coaxial with the tubing hanger production bore which in turnis
subst anti al | yincefitrthet hspecgahd ademidrhalto proides meags HangeentinAs: tubmgphiagact i on

bore of a conyentjonal tree increases in. di ter, the ristnas tree
el ght 10 EI0GHR hNES riTHGTEEiR0D, T Moo pT e 2 uHEE Ut RR B,
concer nifig gy ﬁlﬁh!n%etoapﬁﬁﬁsﬁinmu'dbd Yhe @420k PR Hiéhtzﬁi&f J‘bﬁxttalﬂévé“ﬁf%dt_ubﬁxgulZa‘?xgE@r ger

valves. In accordance with a yet further aspect of the invention, _
conpact ,runeipgttpale| Thik jugkallyetaginrisch pi stioatatiar kdixcandor kewpkaynopthediks; mdnctf | ow

bore havi l.ower. end for copnectign a_tubi ng,hanger producti.on bpore,
and a ¢ UBIEFEST A b ok e eRls frye B R ey Ao RaRTEL: Breoh B vt ng
hanger tidyivag nddyisd provided Hagesenahe hdasl hdnper fuanyabbeandl tHgBATei BetPtheyd ded
in series in the tree production flow bore to act as pressure barriers. In
convent | arfagemenda ivolite qoapdex marulastuiingand qae wijuses Usirss detededscgandsyf theot h,
are prow : . Ves ving, | . IS,
Subst 1 ¢ Ut o aye R e Bhe 01 oM (AR bR A AL IRA BB e o
and wei diifficuliies iplsogiagapethproefeatadbh quipment dverecnpgt & Ifathee beidMapd grethothe
vari ous ,aspects and preferred features of the invention are described bel ow
with reflByeNessadtiyely| iating 4hs cRmlpyurisee At hesHgage torPringe? thrugilagied keyongy j ef

Descri pty : | [ e : ' : e v\f%% i ng
hanger éhgg‘éﬁ"r]]%r&ﬁgﬁ ?ﬁlm%%ggﬁda ;Cto%h&??@tlﬁ Sewge}g?r{ %%gtlhlpgltgz S 8‘\?\‘5&?& e
t ubi ng haethed istiniprangicalfoudiesy wessapglicatmhye in nore detail, in a closed
position; Figure 3 shows the valve of figure 2 in an open position; Figure
4 shows a tubing hanger running tool engaged with the tubing hanger of
figure 1; Figrhie farmbowspertfof she anagdbienbviats thauSipi hinges donfRisaly tahe
invention; Figure 6 is a fluid circuit diagramof the tree of figure 5;

Fi gure mubsavisally cepahlosnisd aradeptiorobore.had arnbiag haseer reming topkdhe rapsing on:

Figure 7a_s: . ifheatd f C | ; I Qur is a
flotd o PR SR AGRILGRAA, chBeRE0RE « SR BEM oo Y Bl 0,
of the Rraagearpredudiohbdidyaiticseblitige dinaingusol infws Headrienmial foa efgupemenm@sith fre 10
attached g_o ?\gtubi hanger 1% | anded in a well head houysing 14. The tubing
hanger 1%°1& hangsso FH &y Aares S R iy ng gl frethg 'eRInm bigenmpp disdisin
ring 18.achicvbd@lbdBSal HABSRRENCoPLLIBOP! Qﬁhfahigiﬁngﬂr@qi@pﬁgﬂ'e,ai.@'agﬂln)fg
radially offset annulus flow passage 22 formed by a pair of i1ntersecting
drilli ngsitamaticaly aTithe wppiewg teolds déndethon dirniubing Hanpey, pab sfheptive 2véresrddedpo an
inlet port 28.0f. a,pressur.e . balanced. inteqgral shyttle valve 32  closeable
for °r et aremgrBniedt eV AReiGueFL AR rala RRl Rl Prifeldh BR W BRSE0 Mot
ports 30A&nIIbEatc MEthWhE o, i3I HEliRAoésaioiesdtrize ther@bing Man i@ préfuctibe bbrebi ng
hanger 12 and a seal stab assenbly 36 of the Christmas tree 10. A

ci r cunf edrepguieg additigpabaace withinsthe fubdng hangerg Thedubing hanrges peaduetianmbegs swbl y
36 (only ridLi 8 . CO I ] Jh U I it 40
n the HRLTIEN] o' Bllesd ot BN R VDUBMTALG AL ch heBiefy BT LonfBleigay o ¥
36 and tprejetti@e obedyssAdn a Kieistrayetree tidgrooide tatignelent! Bdtwes 38 toemandniubiige
with the void 34 thereby linking it wwth the Christmas tree annulus flow
condui t MOBCIAS shown in Fi gl, there is anple space in the seal stab
assenbly 36 and tubing hanger 12 for service lines, circunferentially
spaced about the production flow bore 20 at a



siml.ar radius fromthe hanger centre line in conparison to the annul us
fl ow condui t/ passage G 22, 38, 40. One such line 4Gis schematically
indicated in dotted lines. Wth seven inch ( 178m) production tubing 48,
there is enough roomfor up to 8 circunfeerentially distributed service

| ines. The void 34 provides space for service |line couplers 35, which are
bathed in the annulus fluid. The void 34 is sealed by an annul ar sealing
ring 37 between the tubing hanger 12 and | ock down ring 18, a further

annul ar sealin ing 39 between the | ock down ring and the tree seal
stab assenbl y/’gan defament 1o vigeligg Rapess tQ g tph@grlxaﬁ%er@fnw@méaag% Alsoallews seal
stab ass 6 ng ted, | ve

simlar go g?fﬁc??gﬁc%gﬁgﬁygkﬂglgg a égi§h3%F§S§ ?s%”%%g % AU%]gate%tmhb
5769162, aao(the«paspbhathel mvemanrprevmw adChrishads trees¢opapotisafg bdalodg vothow ivdech &t a

| ower eng)o t he ub|ng er .annul us flom1 s is situated at the
upper endemged; fPre oﬁag%“a ro having g Hawgh S 8 g%freffl?ﬂ ® He tyRipg ﬁlj‘“ﬁ%{nger
12. Thi s ppRilcbi® BSrel ARI §aﬁeﬁ€gham1dsae%@ult 9£V1ﬁ§1§1mr\eﬁd38r cd@ﬁ\%&ﬁiﬁﬁm@e&bmgm ng
space in the | ower. part of e tubing hanger™ for di anet er

product i bangelrdublbaraemzms mamage,r é@mméuqtnnaﬂqrierbprec@rrﬁom utg wgluh@mg@rdult
desi gn. ope tubm

shut o1 SoEdRESopfsrtahys shotfoud® piR e RET MR rg BE0e G Rineaim

and part kynduit iacin@ingi a”(ﬂ:vﬁrﬂioﬁ Gigiin tHertaRdRdy, ambw“eg 0oL viIvE6n B8 cRpkos@al ed
to the counter bore 56 by Orings 58. A lower end of the shuttle 50

carri er scendyaf.r Tdfe nesdtfphgn remggalﬁsppmtqih formed, arossavar agndiéais bus weeided.he
shuttle I irs
of scal | ptrrH g st fod o AR bRE RaEbn WiSer Lt R 68 oM R Fod bR
housi ng Sdfficiendy saighéd w:tﬁ%k\aﬂnﬂgl h&:xgeelpft&iucﬁmf Bmm‘terﬂlnw &lrelind hatesH 6 the
carrying a.pair of Orings 68 wh nﬁke a sliding seat wwth a portion of

the counfl&msa@ﬁfésﬂseﬂa'éweequrﬁéhqoaa)é e Hge diroqueHoR JIfsY Agres #PRGTdeTdne Mesee
52. This N g1f ch
the col | BRrgao B ot RrodRRh o ¥t kR CWTR (e R Blne D plichbich Bl
vent ed f mdmeht ihdumharitstantially centuall Igmatadsviidy tHé4ubihg harger.posi ti on shown in
Fig 2, the collar 66 lies at the upper end of the chanber 70, with the
sealing rings 62, 64 lying to either side of the ports 30 to close the
valve 32. I n tAxi the pREAUCtON bofdPPh Yol Genfsfidlattel ificehdel Gn tdRarhdigr, RIS ThAdmyds! |
cause the collar 66 and shuttle 50 to nove downwardly, bringing the upper
end of t Hee disight |aadsgeightd alsp dnareases padlybior dhe tr%orpfoé'égussm s cep@frwmg t he

val ve 32 n i it \

roar au t VRS ORSbIRR i pAl Bl b it Heck o fte Mty ARRR b A0HAREAL 0

ret ur ni ngett thrthheaspé@ o€ theaoviitivh cncaimien rélativelglightwiighhChiigmaatree cahpsed,
nei t her annu ressure at th ort %8 nor pressur q?the void 34 wll
tend to & HB€ °r6¥‘a‘t"i‘€ea E‘H’?ﬁrﬂ“é (fonw@oeéﬂ Y %ﬂ? eI PEYSioa bore,
pressur eaﬁhﬂﬂ&ﬁg aﬁﬂﬁ’luE bhdld ﬁa\hx‘fg QNSKat érdNfor -Ebﬁw'éhér? 19k tﬁtﬂﬁ ql%éé?‘rtu@iﬁggnd

chanber 70 required for actuation of the shuttle is therefore snal
shows a eupHihppssanst aﬂlea%m‘gag@dombiﬁplugtebmmmpmgldhang@neim tha tpeequedidtion

IRARA R R R A S T T

into thentdn@mmgnltymerar@pmwddl tgnnia@:moﬁghxe mv@mavmgalargzrarﬂmeaw Qbwuaekd. X 86
is provided on the bottomof the seal stab 78, for coarse alignnment of the

runni ng S8bttitEon of theEate valvrs yaplyes theseforersavesssopiderpblgbudle pedwaiahon They

and key ncentric tubi ng hanger production
bore prg@%ﬁgéﬁéﬂgﬁ%¥%§%ﬁgﬁg??%%?&ggggp lx%’rientation bet ween the tubing
hanger and the running tool, wi thout reliance on orientation conponents

earned by a BCP. Fi 5 and shaw o ossi bl e. | ayput of a stnmas.jree
1 00 accordi ng 8“91 HPELE ?B%Pm?% ‘Qﬁ?ﬁggﬁsn’éé he ingentonqgae dese 5‘?%%?‘8“’8‘8‘

cl osed a?efbx‘cﬁcé%ﬁﬂﬁstﬁd@i% @mbaamems%e% it iRQUr&@RgH0, 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 9Gis connected to the production bore 88
between the two plugs 92, 94. A G3/a inch (1& mm production w ng val ve
98, which may be a conventional gate valve, is provided in the outl et
branch 96. An annulus flow conduit 102 is provided in the tree, connected
to the conduit 40 and void 34, fig. 1. This conduit |02 contains an annul us
naster valve 104 and annulus outlet valve loG. An annulus I|ne I08 i's

o b1 N A NS o AN A A N~



8 110 may be conventional gate val ves and together maintain the dual
pressure barrier philosophy for the annulus conduit. As shown nore
particularly in Fig S, the annulus flow conduit 102 contains a deviated
portion 112 which provides space in the iree bl ock 114 for a crossover

val ve 116, which again nmay be an ot herwi Se conventional gate val ve.
Crossover valve 116 is provided in a crossover conduit 118 fornmed in the
tree bl ock and extendi ng between the deviated portion 112 of the annul us
flow conduit 102 and the production flow bore 88. This elimnates the need
for a sepBriaf Pescripgiomeaf thg Danwiaigscr ossover conduit. All of the tree val ves,
except the annul ys w valye 11 are inteqrally foromed wth the tre

bl ook 114 Eimml Sows g ViriEe 1ol f gelipEdher e nBatEln e u'enlin 1Bfae
109, bol tedrignds Geal ed to the tree block 1 14. Figs. 7 and 8 show an
alternative tree layout that is simlar to the one of figs. 5 and 6, but
whi ch di fFignes 2 shewatheatupingdhsogéronbimg snavluy ahssegd 7@ ve 4n provy deted, imps chasadn of
t he productﬂon,mﬁng valve 98 in the production outlet branch 96, replacing
the crown”Prt-94. A second crown plug 122 is provided in the production

f1 ow bor er@greabshoavstthevalvodpafiren inuh beén gosaioah 96, in addition to the

crown plgﬁ_QZ, to maintain a dual pressure barrjer. As shown in Fiq 7, the
pr oduct i ohigwierfysheays\adubigsihanggriyningitophengaged with the tyhing banges ok figurg 1; A

separ at el ¥: i I i crossover conduit
connects ?ﬁ%(e‘%gi %@%t% ?%ﬁy%ﬁ@ncﬁtr%i@%@%p?iﬁéﬁg\%gteﬂﬁ)cr)lék 124 with the
annul us | Figerel®B ai fiuid bcuttdiagmabdof§ti{rebeft fignenSt he annul us wi ng val ve 110
and the apnul | i ne 108/ annul us fl conduit 102 junction. A crossover

val ve 1lgﬁ‘@ﬁ’€?tu7s§h°é‘fstﬂ séc?'ﬁia‘?ﬂ‘nbo#‘j‘e?té’?g?eo 8p29 ‘ﬁect?flég%ﬂvﬁrftf?é’l; flow | oop 126.
The two CEQWR Bl 8% s A%nodiBatidRioTHR RcdlienitRURARMnddual pressure barrier m
the tree production bore and the tree cap 90 is therefore optional in this
ermbodi nenFiguitffeisa flihé cirewibdiggramodf the treeef figsees, 7 anddBbri s pl ate (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 plugs. 9
Pig 7a shpeiled Meeérip@ad 6OtheFrefdred/Embodinktned) the flow | oop 12Gis

repl aced by a crossover conduit forned in the tree block 114 by a pair of
drillings 128, 130. These extend behind the plane of the draw ng and

i ntersect eachpgl fgloREAL BubSRICHEHAsIROW RS SABHA hahbld 12 A0
intersects the production outlet branch 96 at the junction betWeen the
product i om avvaljhead|hvesibg ddk Th24utangihirger 12 sesupportdd iyl dasing tenges déandeld/ e

116 is provided iin a, posi.ti cC dat ed t he deviated portion 112 of
the annul S8V Pua Bt ine 39 RARRRG Tianreots broeien A gof ik gl pishly
condui t  apdiaflly QIREVAuNB e Pakbag@f22Hbamelidyl Spdif B RERchAl uﬁnilﬁng.@, 16) e t ed
|l i nes. However, because this internal crossover conduit 1s relatively

di ffi cul tuppsr endhef dee epralus Hew aeswendl 1¢ads o lapdpleapdrt d8oafsopessuya bakangdd Fi g
7 may be [ [ s ThE IV Lon -in | [ rovides.a
arge bor BReEBRARE MERe g, Haga b al hu R b RS QPR s

bal anced edinsihasSouslbtpdrtse3 valnwtuniddimgsiitii 4 vaid B4 fyienddsbetoeamttRel taprofIke tubtngnay
that it has mnimal inpact on the functignality and size of the tubing

hanger anBRn8FoY4 aedaserl sibiassrnibleq od ther Chnstmpsireg | &n Auttisaméergntpdly sprged

i nventi ongJy i) i r kM i ;
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t he tublng hanger upper end in use co-operating with a Christmas tree to
:define a void in which couplers for service lines running fromthe tree

t hrough the tubing hanger are accommodated; the val ve conmunicating with
the void whereby the couplers are bat heg in fluid flowwng to or fromthe
annul us passage. 2. A tubing hanger as defined in claim1l wherein the valve
is located at the upper end of a tubing annulus passage in the tubing
hanger. 32, 38, t40bi Oge Radigkiic as ideélicaedichlly Bldaaradl inafotRdwhes.eiWithhevaalneg is
a pressure bal anced val ve. 4, A t ubi ng hanger. as defined in an recedi ng
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one or npre diildings extending fromthe void into the Christmas tree. 5. A
t ubi ng hanger conprising a substantially centrally |ocated production bore,
and a tubing hanger running tool; the running tool |nclud|ng a recess
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As shown in Fig 2, the valve 32 comprises an open-ended tubular shuttle 50 contained
partly in a bore 52 formed in the tubing hanger 12, and partly in a housing 54 screw threaded
into a counter bore 56 and sealed to the counter bore 56 by O-rings 58. A lower end of the
shuttle 50 carriers a pair of sealing rings 60 which make a sliding seal between the shuttle
and the bore 52. An upper end of the shuttle 50 carriers two pairs of sealing rings 62, 64
which similarly make a sliding seal with the housing 54. The shuttle 50 has an external
circumferential collar 66 carrying a pair of O-rings 68 which make a sliding seal with a
portion of the counter bore 56 between the lower end of the housing 54 and the bore 52. This
portion of the counter bore thus forms a chamber 70 within which the collar 66 slides as a
piston. Hydraulic fluid is supplied to and vented from the chamber 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
sealing rings 62, 64 lying to either side of the ports 30 to close the valve 32. In this position,
supplying hydraulic fluid to the port 72 will cause the collar 66 and shuttle 50 to move
downwardly, bringing the upper end of the shuttle 50 and the seals 64 below the ports 30,

thus opening the valve 32. This position is shown in Fig 3, in which position supplying



10. A Christmas tree according to claim@8 wherein the tree production flow
bore'i s coaxial with the tubing hanger production bore which in turnis
substantially centrally located within a tubing hanger. 11. A Christmas
tree conprising a production flow bore Raving a | ower end for connection to
a tubi ng hanger production bore, and a tubing annulus conduit having a

| ower end for connection to a tubing hanger tubing annul us passage; at
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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 intemnal
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, thercby 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°/g 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,
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As shown more 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 may be an otherwise conventional gate valve. Crossover valve 116 is provided
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 upstrcam of the
production wing valve 98 in the production outlet 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 1n 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.
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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 prOdUCtiOIFI 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 1s 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
niser 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 1is 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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CLAIMS

1. A tubing hanger comprising a substantially centrally located production bore and a
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 trec to provide alignment between the tree and tubing hanger.
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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
reraovable plug being provided in the production fiow 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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flow bore above the production outlet branch.

15. A Christmas tree as defined in claim 14, comprising a crossover flow conduit
containing a crossover valve and extending from between the production master and wing

valves in the outlet branch to the tubing annulus conduit.

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.



