; YZe3el g Large Bore Subsea Christmas Tree and Tubi ng Hanger
System Fﬂ@@%’jl&ﬂ@lﬂ‘ﬁﬂ%nvemi on This invention concerns subsea conpl etions
and nore relates to a conpletion arrangenent that nmay be used
to provi de a*f¥%Ye bore, high pressure,; conventional {i.e. non-horizontal),
concentric Christmas tree and tubi ng hanger system Background of the

I nvention For deep water devel opnents it is now consi dered that
conventional tredsarpaBoradubsdaaQidEstaeTrooand Mabalg Hargs. Sykben hori 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
arisen fpr, a ¢ @L9S RoR conventional tree. As the size of the production
bore in & Conventlonal Christmas tree and tubi ng hanger arrangenent is

i ncreased, a This gavaitfohetoncenef sdncprecomptedndendemnrd pertivelarlye adateend re

line and the fluid conduchi gg bor es  at th@ thbi ng hagi%ﬁr /| tree interface,
pri mar i | SPIERICURAATERNEFRERS YT BN HHSGE HERCVISF 2(H8C PPice B GERSIPCANEN RSk of
par al | el ; Rog g, fidHRoRANNARELhSIc CHistnAltfes@hd GMnMdnger dyRtegach of the

production and tubing annul us bores. For concentric tubing hangers, there

need be no offset in the production bore, but the tubing annulus offset is

correspopdi ngl agrger.. A very large offset in either the production bore
or the t %‘f'?%%%%fﬂ‘f‘ﬂ&?‘éﬂw || prevent wireline access. During

installation pf @e%gabvh&k RRER el NP iH3YE kSnsiderdds tHIE CRRSEHIONED tBEE have
wireline plugs in both bores. This requirenent therefore restricts the

per ni ssi 4sivantagese owdrf berizontatutseesg Hhaglarizonlieb teg a¢angbpte hoshipedvenatoe ba less
hydr aul 'fd%lgiln}’a%e%@ggﬁgxfﬁreigaiﬂ% ;féreéa§€%18ttﬁh9@oy AstRabiH N taﬁ@%eﬁg@'c#ﬂﬁp&c‘i@ﬁfver

it has usu pr ice rovide wrellne access ve,
for energeBsyndp&y theie(ie hfisafoea Dikgdityde astvieaiti@al tted.or fail ure. Provi sion 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

incapabl e of ACRRMERAF O PrddREEH TIETRE! SorRbnfMNORN SmaS ¥t 8 hibRfShanger

arrangement is increased, a large offset 1s 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

RO

During installation of parallel bore tubing hangers 1t 1s n::'c?géés%ry 10 set wireline plugs

annulus bore will prevent wireline access.

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.



2 Providing full wireline accessibility in a |arge bore conventi onal
conpletion therefore leads to a |large and heavy Christmas tree and tubing
hanger installation The upper weight Iimt for the lifting gear used to
transfer equi pment between supply and installation vessels is approxinmately
35 tonnes. This Iimt is reached for a conventional Christmas tree for use
with 5 /i inch (140mm tubing. W have realised that inproved space
utilisation anevidaip RUSviEQNsELEbIlid) ieRi@bdrERENEATBIM] So@pR(BAIREBIR:
both in the tubing hanger and in the tree, if wireline accessibility for
the annu¢ads o adpmeiand heayy Ehriatmsp Aied ore Qubipsy hanges inasdlagor hd he WepegWeighe can

be increa h I r.ee
R s L S e e T S T
accept abbgrokimatels. 3530nme! yrm‘)s‘ luhhﬁis teﬁM&ﬂtfbomcd%g&hﬂ@tal Chitistna cleg forund, WI[HI
accordance wth a first_ aspect of the invention, provi de_a tubi ng hanger

conpri si P(g inchs(JH9mamk tukingy Mnmbavg e)ﬂ‘?%‘é‘@b&“?ﬁ%f%émcéﬂ“%?fémaﬁﬁd Fapges al | y
of f set L.y b, t bl e
Vel ve: CH R B el b 3 BB ol T ke BPETE
tree to wdeélmnac@esmbnldy ifor thbnamlrulmoxaq»llaaors vilee issabaudaned| |Br}e1$1srmerms nhe hrbung t he
tree through the tublqﬁ han ggconnndated he val ve c nlcal

with théZd BrBFEBsrdiRecy BIC ‘I s B A HREFS; b SIt g I%ﬁ %S yre Iom
the annuliign RRSSAGANe Fﬁm ahaﬁlgaeué@ ARRBKESNANQUIE W iln ASepRable this. ar r angenent
makes effective use o t he space avail abl e across the horizontal section
of the tubing hanger, mnth pl enty of room around the periphery of the
production bore f@# anndatlon of service lines. For exanple, a hanger
for sevENTRER éﬁ%?‘ “fbi ng according to the present invention may
acconmodat e uxgaﬁxcst 8hRebackg@uhd NRS acoshdmeasvitha ARKiaspua PINBerin@éntal W e

| ines that can be accommobdated in a conparable prior art parall el bor e
tubing PaNGEe 2itubing hangereaomnyisingis piepsipatyer sertiily Heratedoproductiondeare g %onl y
acconmmo I I

annecood oy g ol BIER Bloufy SRR RIS, (18Rl { Ul BBtrabe efvey the, o
t he couphling hamgentupperyentidn st abbpahtng pithct Cliéstived flesndefipe iaoroid &ngéich

designs. The present i.nvention may therefore de . a particularly sinple
and conﬁ&&é‘er{séﬁf ?ﬁﬁ‘”ﬁ%h@%“r RS 95T Pades guopgn ¥ @P&B@l&ef ¥ ag%(&flmoéstﬁ%m e

of acconmogald &dnAuhRh@ld ¥RhYhd @E&%b&‘éﬂ%ﬁ{e QLpRES M 68hbd REEQYRBWEAS to or

For nost efficient space utilisation e valve is preferably | ocated at

t he uppdronethy aphulys padsagy annul us passage in the tubing 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 cat i on gt agRNdiknetey proliuatich bées, Ghlsi &tdigsmentataltes dffeefivy afd yf e
means of one or nore drillings extending fromthe void into the Christmas
tree. | APEFcraypiale agessdhe hompautgl ﬁ@FéIWIOS%Cépélag BRRRAT (RN psRifTermEroudt i ng
a tubin ATHqTo! I r t gni ng
a tublng £§ 3 F Bgtﬁa E@Pﬂgnhgﬂggér%ﬁ%nln abggpfﬁggggll 'uggg%?% E%g of
an ori emaagdrdor g;avcmncahti(bv&ntrh eummg)advgrdmmg:euhe Ipugsantrigvdntioh mayhdcsomstvahiey

conpri ses an orlentatlon hel i x a a keyway or, the |ike, i ch interact
with a pPn'or® &Y dinset i E‘(j“ﬁaﬁt ¢t Hext éﬂ‘ THRher off Siﬂvtcérﬁgffsu waaty camdepi n,
hel i x araec&ﬁwamcmaan@amﬂed&d)rtaat,mﬂmmﬁe qumgnangange,r Gmamgtubmgl and

the BOP. Both these arrangenents involve conplex nmanufacturing and care in
use. Unlhesgerg &ardiarigdntabsesscranonlyt momdatgednemmungd hecruict dinpsl We have

install t|o t.he tubin L are still ava

ai 111 cunpPROeR i g ettty CRBdERs Sifad b aiiPlndle S IR ™ R pener
ori ent atco@pleeichagary Moot asisAEd pretive Withatdnd phibe hafd| ®bighs TR pradkntt he
surface to bring a spring |loaded key on the running tool into alignnent
with a derandiepdny Higrefespvrigvids a pastigulgingimie gad compped theing d@ngey annulus

i mpr act EEER rt

i nventi (?%&Ja %&Bdes a &%&%géﬁanggﬁq%gﬁ%ﬁ%&hlgd%”‘ %‘? la@?l al I‘r§gcneukl'ltﬁ$ealcffy
Iocatedsawmduﬂmumnphﬂre and a tubi ng hanger running tool; the running tool
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




4 Abandonnment of wireline access to the tubing hanger annulus 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 isfornmed 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 mdsheffiidysdck anlitdiw, herelvandpilcheatybiag:danmy wHee endur t
bei ng interconnected by a crossover conduit fornmed within the tree body;

t he t ubiangbmgmnnyBisquathge tin ithe fubianbargedeVhavrlya ihirefembiyhressueebdaed,

all owi n 0, [ J . C . n far. a

exter naﬁ?érgbe)?é%qgltl%l?%/x?{g%{tﬁ{agd?f E@%é‘%%gﬁlgl\ég% ué}{adlmse thi's ng\%leg[g% .'rﬂbp %? ael}yabl y
t he tr eqelpabdeludliidrconimumibaion bageanthspusd aaddhatChrendsopeots pleferhblgebypody
and is sufficiently alugned wi th the tubing, hanger production bore to allow
wi r el i nénease e5ang o mere driibngsexkeadyier ity Budid Bte B’Sr(ﬁ”tSHP%ﬁ}éq?- the 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 ant i al | incefurthat hspebpdiat Btemtianhalso prowides imiaags Hemegremtings: uhmgphangect i on
bore of a.conyentional tree increases jn, di ter, the Christmag tree

el ght . dnd AaPaR hRSorieaaaE. PRSr Bepotoel iksthe actiie rudtdeia bt
concer Nifged fuBhinBRoRCEREShBubEd Yhe RRBIRAr dridhtdiied jomt tabsvd1@RAUbRgUSRgEAT ger
val ves. In accordance with a yet further aspect of the invention, a

conpact ,runwhatéale| This uspallxedogiprisehan srierdatianr kadixcandps keavayaopthedikst mawch | ow

bore havi l.ower. end faor connectign a tubi ng,.hanger producti.on bore,
ot a B i bio kel Hros R RYY B i Py, PApBRRRRL OB AR ] 1
hanger tuepivag naly iy providas $ageen akie lubafpthahp& rufniBY addleandl thgBOPei Bethpthesw ded
in series in the tree production flow bore to act as pressure barriers. In
convent i ¥iagemenseBivolye coppdex M faqlunngand ggeer injuse.s Unlgse deaited rgserds 1of thsot h,
are prowui . gat i 2B,

Subst i t Ef%‘?ﬁﬂségfydt{f‘ﬁ?‘%%?‘ig@%\ (et ibT B %ﬁh@ﬁ%@%ﬁe MeAIEhHE . |
and wei glifficulliee iplseigiag apethpoekstaatd yquipmenti coeretthnt &l fiethee bdematbiugsethotihe
vari ous ,as(gects ,aqd preferred fpgatures of the inventjon are described bel ow

with reflBrkSadiyely rPEapg 9 R IfE AL Be SHdMRT rPringer i lprsied keymompy i ef
Descri pty,0Ryffind 1 Bh@WiameRi Wthea éoﬁggmiﬁ@ﬁemﬁm bR RRBeA i ng
hanger enbodying the invention and a Christnas tree; Figure 2 shows the

t ubi ng Hhasthed istiviprastica foudasy waegsaphcalighye 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; Fidrhie Grta@owspdet fofr sie endapdonreibvidés theaulihg i binges dongristfy tahe
invention; Figure 6 is a fluid circuit diagramof the tree of figure_ 5;

Fi gure mubsantilly censdhdosssdaiodusiondtors. ged afylhing harger rewing toph hq PSS on:

Figure 7 : Ik I i ; i is a
Fl o d ol P ging ATBEst Lo el BB REDREa SRS P A Beha 7, 0,
of the Praef@rmrethchohbdicahtbi-ilg dnsingwmw] tiag Heairicaraalf foaefdapememasith ttee 10
attached to a tubi hanger 12 | anded in a.well head hqusi 14. The tubing
nanger - 19018 Patgigo ROy cs & Ry k) e UM B e o' PO BB RS AR
ring 18.;chievedalredBSard n@EFRBEHtlyCo PAPAUGE; &ehfaligwnmr&ir?gop@sﬁﬁe,ai.alm1n>g
radially offset annulus flow passage 22 forned by a pair of intersecting
drilli ngsitamatically ayHe mppae teelds ddndeden grenfubing ahgey, prisefiesdive 2véreddeepo an
inl et port, 28.0f re r.e.,bal anced inteqgral sh | e valve 32 .cl gseabl e
for ret a‘?’zﬁfrngngntﬁa E‘%y % Fs’ﬁi'%slu%e?no%??nﬁaémf‘ﬁgtlbﬁgo ‘gﬁégghre. prcfjﬁlctéonvlélfdvt CHESBut | et
ports 30A¢niAambEakd Mgthwhé foody thidilgliddodsaiorpdtrize theaabing hang® prafuctibe bbiebi ng
hanger 12 and a seal stab a,ss_errbl¥/ 3G of the Christnmas tree 10. A

ci r cunf errdpquigg addlitiopakpgcs withindhe fubing hapgerg Shedubing hanges pradugionbars swayp| v
36 (only,;on {1 1i 8.s qgglf ] NQ k.U it 40
in the tarlée%e X d\f’i g %%csgnor{uﬁgi%gg &&ﬁﬁg@awg{l gﬁe@h%egl&gﬁ)\é\%ﬁ%{s}s nbl y
3G and tprgjetti@eobogyssddh a Tleistmawetrcetodgrovitle talignident| Hatwegs B8 teerandntubaige
with the void 34 thereby linking it wwth the Christmas tree annulus flow
condui t hpgger.



As shown in Fig 1, there is anple space in the seal stab assenbly 36 and
tubi ng hanger 12 for service lines, circunferentially spaced about the
production flow bore 20 at a simlar radius fromthe hanger centre tine in
conparison to the annulus flow conduit/passage G 22, 38, 40. One such
line 4G is schematically indicated in dotted lines. Wth seven inch (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 arABedepmgnt ehyirgdmeracoisda thh Bbingohangehanylis nassageahy 2K down
ring | 8. a. t r i i twee ck ing 18
and-t he FPELEL et ST and TRhLERRIGP EnARon I AECE BERetE eIl

bet ween dnbehet agecgahé iBleatiornpiaidel\a Chrisinds the comprisigg hebugigrwitRin whieh is
shuttle valve 32 is of sim|ar construction to_an annul us access val ve

di scl osdarmef @sprodpetian (ewsberg) aving ac losfer taqdt for rcongeqtiqfetor & fuline; hapeger

| nst ead ahalloRbors Al 496hiA afndIOEIndll Yaihe GwLUGIIG: BaNARGAM W hitind | OW
passage, It 1s situated at the upper end of "'the flow passage 22, In t%

br oadesthapgert tubing menulusbpasgageatige protidetiofhflewnlzore and dbe titeng pavdus\cantiebl e

for th | ve 32, besi in,the | t aof. the tubi
hanger (8 HESTFIPGEH DY dur o i satei Bimed sivhib e 158 Doghs e iing Ayt "
very congaahit inéhidies Nasdiond@shidihe Me \gmdmnﬁ&n? fortahRIAhRe dssover

conprises an open-ended tubul ar shuttle contained partly in a bore 52
formed igendwé. t The neednEonger extamalasepasately| fpried, rorsendr mgnduit 4 thaws avierdedded

| ovor - ertdo BTy B vk patecha MaPPUO st By Y e bolR e Hraee

a sl i di ngfsaaltlybslighee withtheSbing ! 1Rna&0prbie:tidf HBrdd. aliyw Wafdihe @Bekso fto tilhe
shuttle 50 earners two pairs of sealing rings 62, G4 which simlarly make a

sl i di ng Wkiag hgnger pradupiénisberg uoughntheslirst POdustipnhiew dhpreuppengpd.  More

ci rcunf j > ' P i ' j d

o1 di mg TR, feleBbr AR Rhord ibRlsbial iR b iR Ratit FRodRlBnbore o
t he housiingh bdtvamnd sihgadtoille cobtrallfHbsatgbwithianhofubingdhaogarnt er bore thus fornms
a chanber 70 within which the collar 66 slides as a piston. Hydraulic fluid
is supplied to and vented fromthe chanber 70 through ports 72, 74. In the
posi tion showks ke froBudtiont e ©9la @nvEfidnhEfedinctdaSesUiRPBameRE @E diifuplamber
70, with the sealing rings 62, 64 lying to either side of the ports 30 to
cl ose t Hecevhdight 3rl werght hilso orssd, qrartlys dgypthyi nagsohy ditsgudsed abbué, deangemning por t

72 will cause the lLlar 66 and shuttle t o qmove downwar dl bringing the
Gpper entitgre ety e fof R euRed R bR HREE BN DB et AL
openi ng yteheurthzl ¥spedof tHhinvefasi, b icompad, Blacvely ilightweiighs Chirigtnvdsitede cpAfpirkéson
suppl yi ng 7 hydraulic fluid to the port 74 will cause the shuttle to nove
upwar dl y2 Prrauiiofifiy bereid@uing adewer T 8QrRCtioRANA thbing-heger PRduptiQmiorga| ve
cl osed, [ S e at r S ' id 34
e e R S R ohoF e R Top R FPYSR, ARt ¢

pr essur enbaluapessdgarat 1aas] thvalbkemoiw able phgabeiop profidedsn seriasfin ttietreoprodnctem and
chanmber 70 required for actuation of the.shyitle is therefore small. Fig 4
chows. a TP ebr: Mhs BBt W Fort B bty PRy PTas! Basesrhtre: #oh

fl ow borgogaghalbt Béth! SreQfroviled byimidans of 88k véfres RSIKE BFz@BnPhE LAt Rlndts S| Ot
or keyway 80 | ongitudinally engageabl e over a key 8 rojecting radially

i nto theSubghiugign o tepeatp valyet by ofhgsdheseldre saxps @wld@mbfe bitlk apd aydight- hBlle x 86
IS provi tf. . S 78, for coarse alignnent of the
runni ng Pﬂ@‘gﬁ ﬁggktl?%amevslgu nlgﬁrglgsttﬂgeﬁgcg&blﬁﬁlggr ovi sion of an orientation key
and keyway at the interior surface of a concentric tubing hanger production
bore provides sinple and direct passive orientation between_the tubin
hanger and t hERG YA ifuRgSresH| %ndvﬂfﬁgﬂﬁ‘# feafiirpsapfcibe gy eafion A alesdibed e e
carried 1l i | | ayout of a Christnas tree
100 accd?g?%ggggﬂyﬁgg?ﬁegntigﬁ?ﬁgﬂﬁhgﬂﬁfgﬁﬁggﬁkgée production bore 88 is
closed at its upper end by an internal tree cap 90, bel ow which are
positioned two crown plugs 92, 94 in series. Plug 94 repl aces the
conventional production nmaster valve and plug 92 replaces the conventi onal
production swab val ve, thereby elimnating the bul k and wei ght of the
associ ated val ve actuators. The upper crown 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 C3/a inch (1& mm production w ng val ve
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

b



40 and void 34, fig. 1. This conduit 102 contains an annulus master valve
104 and' annul us outlet valve 10G 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, 10G 8 110 may be conventi onal
gait val ves and together maintain the dual pressure barrier philosophy for
the annul us conduit. As shown nore particularly in Fig 5 the annulus fl ow
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 Brief Dgeeription| of¢he Orawéngser val ve 116 is provided in a crossover
conduit 118 forned in th re | ock d extendi ng, between the devi at.ed
portion 1§Ereo? {Iﬁg Saﬁ‘ﬁu'lngeﬁaf;? %R%%Hdﬁﬁi%li%éiag%%f f’%goé?%g%et IR Eo? e
88. Thi sCrlidthineat@s the need for a separately forned external crossover
conduit. Al of the tree valves, except the annulus wi ng valve 110, are

i nt egr al Figureo? gheivatheHubing hanger Whivglennulys pagsage walvouith govadetail1inoa ckpsed

| ocat ed @hwnn a separate manifold 109, bolted and sealed to the tree bl ock
114. Figég 4dnd 8 show an alternative tree layout that is simlar to the
one of fFigére Ixhand the valué oMiged 2di bh 6péh pasitiopat a production master val ve
120 is provided upstream of the production mﬁng val ve 38 in the production

out | et bYighesH Fowsidpbiagihapes menrtnpiRA! neagedowith fedubigp fanges phfigirad: 122 i s
pr ovi dedrjelrelS\holsAHEL edbodit@lY FTAULCRRNAROYE: S BSiRL T on outl et branch
96, in ad rtion to the crown plug 92, to nmaintain a dual pressure barrier.
As shownFiignre ig aff]uid hizcpt didgratn afitheviresgoffegure598 is situated in a separate
val ve bl ock . A separately.fabri.cated. external. flow |oop 126 form ng the
o1 08 sov ke AR St SRl O CBRHER F o ghaHGE i -t he val ve

bl ock 12¢sWethh shb®s amibdifidatioh o€ tHeQ8cdra ehitRdimidditf #ldd 109, between the
annulus wing valve 110 and the annulus |ine 108/ annulus flow conduit 102

j unct i onligpredy isadbué eirquit diegrameof(thotreanfdigyres 1 andlag 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 orpetafitd Deadriptiorn 6f e Profedicdeivnbodifiees t 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

t he crown pl . Ry : 11fda Gt f o F Qhifio H InC
flow | oop 1229?3 ﬁgﬁﬁgégggﬁ?ﬁgﬁéﬁggggﬁgﬁkﬁgﬁgﬁ?@hﬁ%?ﬁﬁgbﬁﬁ*%ﬂ% tgé%nﬁﬁgck 1
14 by a ipa wellifeadihbhdinggd. TR8 tubl@hanfhebkisexpportcddshéasgthiasgpt d6endhetde
O A SR B RS NSt ot R ek e B0 i SR
bet ween ﬁabﬁllfi lo@fdetCdnn @l \Moﬁgpdﬁdg\é92tﬁ)@x€dﬂ by 2Ap ARSI inbesdctigedmliagk24, 264 Tiy
crossover valve 116 is provided in a position acconmodated by the deviated
portion 4pper grd pﬁ@%ﬁﬁwﬁ)@sﬂw dasesnddileads ¢ pniiplet pré 2feaffepresairepylageedThe
Crossove. i o) [ . Fi Q4481 . . Fig 8
' dott i ahihdie 30te 32 30U Ay Srlus e BIOT BB ER RRAE, rie

rel ati vevatvahdsfouded ports®Onmmmthadéasing withhwevaid 84 iferadedfHeomeeh aloptop ot tits @SHERVeEr

valve of Fig 7. may be nore practical. The invention in its preferred forns
provi deshaRgfiatyandpseal SEhCEIIIY 3%85?*}?90*1%&%@%% reh tth ArfiicHmégenially oppecst |
pressur esebal gnERHna B8kl fheSEMISdbCasV@IE 36 [6iy HRY kil HBwh? c&rﬂﬁl"ﬁhﬁ:q*e' n
such a way that it "has mninal 1 npact on the functionality and size of the
t ubi ng hwren anmdupflow icdeduit #kinghe treg 10 nie ansinoilar gapaed 2hfongedibetweerstifel sealds .
The invention tilised in order to imse, the djaneter .of th
product | D ?ﬁﬁ%?qﬁé' g@ﬂ‘%[lh% trﬁﬁﬁ?fb’r 4‘gfﬂﬂi&ﬁﬁﬁ%@§g‘|ﬂ§ﬁ %E?gs s‘?mrﬁlém?%?/é‘ﬂ'?‘i on
advant agge wsidy3 4therébd Eisking GORMIE tHel CHtRtmA8 A6 ARAUILE NGO Icenduidea Chri st mas
tree systemthat can accommodate the | argest possible dianeter production
bore. Wth such a systemthere need be no dog leg at the interface of the
Christmas tre i h f. 1.0 r I and i ght
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t he tuhi ng hanger upper end in use co-operating wwth a Christrmas tree to
definea 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 bathgd in fluid flowing 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. 23, 34 #obigg fivhderk 465 isdehemadcadlly igdiahwd In doied Whey, eiwitt bescahye s
a pressure bal anced valve. 4. A tubing hanger as defined in any preceding
clai m, (hAEre) aradvetioniulinedtriiier e irceusl) oAM: e vk § strenmalerentiallipglistaaned of
one or mpre. deillings 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 including a recess

| ongi tudi nal | y engageable with a projectign extending fromthe tubin
hanger pr oduc{heoYP‘BgﬁAerWﬁjéF e E’é JFU’h?ﬁ lox PB‘Hﬁerﬁ%ﬁ’ Behich iaBGnP%fi‘%‘B g §fe
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running t s defiped in.clgim§g or.6, ¢c rising a cess O, projection
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Chri st Magabtas@entilp 367AY kdaubing haagdrtiobet ween the tree and tubing hanger.

8. AChristmas tree conprising a body within which is formed a production

fl ow bore having a | ower end for connection to a tubing hanger production
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t ubi ng hange I'ng annul us passag ow bor e an

t ubi ng arRhtent Worsded t62bexdrgt that ficmveeal edhbyinstett ollsave provided Wit & 16wemed
within the tree hody; wherein the tubing annulus conduit includes a

devi at i GRAItRT fHbiRd hengeg appiys flaM PAFHE: Hosmitraed &t {he wrper snd 10é the e¥over
condui t ‘passage 22, in the broadest part of the tubing hanger 12. This maximises the space available
for the valve 32, besides maximising space in the lower part of the tubing hanger for the large

diameter production flow bore 20. This results in a very compact tubing hanger design.

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



9. AChristmas tree according to claim8 wherein the tree production flow
bore has an upper end at the top of the tree body and is sufficiently
aligned with the tubi ng hanger production bore to allow wireline access to
t he tubi ng hanger production bore through the tree production flow bore
upper end. 10. A Christmas tree according to claim8 wherein the tree
production flow bore is coaxial with the tubing hanger production bore
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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,



17. A tubing hanger substantially as described with reference to or as
shown in figures 1 to 3 of the drawi ngs. 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 Christnas tree substantially as
described with reference to or as shown® n figures 5 and 6 or 7, 7a and 8
of the drawings. . A AF9. A A .A9. A A . AL . A9l . AL. AF. A%SI ec
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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 1s provided upstream 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! pressare 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.
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*e*** dEfBB8ver conduit formed in the tree block 114 by 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. Dirilling 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 intemal 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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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 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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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 |

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.



