. PQe3eMZRMMRV6TR8; 15 July 2003 Large Bore Subsea Chri st mas & &dy 2008
Tubi ng Hanger SYSten1M'nmmwmmmMmm invention This invention concerns subsea
conpl eti ons and nDre‘ m relates to a conpl etion arrangenent that
may be used to provide a.@tge bore, high pressure, conventional (i.e.

non- hori zontal ), concentric Christnmas tree and tubi ng hanger system

tiii~ hiii hiii hiii hiii iiui iiii iiii Background of the Invention For
deep water devel ORRREL Bokd ShSseA@H riseMat Feéshd TabingAMVE Y8R, t rees have
advant ages over horizontal trees. The horizontal tree concépt has proven to

be | ess advantageous than originally forecast in terns of installation
tinmes ang?.cilﬁsi ?Q £9 liexi ty. A demand has therefore arisen for a |large bore
convent i on¥ (f[ VRSP e size of the production bore in a conventional

Christmas tr eerhandnidabibh dcdhaBGer subsdaab@epenéns and nasrapaticularl afetfes0id wet
is often provided between the well head centre line and the fluid conducting
bores at complatigpiarrgngramené that mayede upsst lepreidde a gaRare Rish pressuse.oaxersioatly e

hi o of r ot ool ecRedfitio chihhe eBaf bl Rt © iy ha\iﬁﬁ?ﬁ\rllrlilillllllll
For concentric tubing hangers, there need be no offset in the prﬂmmmm
bore, but_ the tubiqrighannul us offset is correspondingly larger. A verwkgg~ge

of f set irp_%f(gﬂé'r“dt f)F'b%ﬂE'é'to_F‘on bore or the tubing annulus bore will
prevent wirel igye ACH8SHer QebdiBSmidS Gakd ﬂ&»k/oébn‘éfdei%gr@ﬂa{ %n%’iiﬁnﬂf@éé}ghave

hangers it is necessary to set wreline plugs in both bores. T
r equi r emadvarttipes edver ehareshtal drees.t h€hgdonizagalbkree bwneepdf hiasepmved ubi be less

hangers are avail ahl e whi.ch have a .hydrauli.cally. operated gnnul us iso]ation
Val e, T aeHEATH AN DB U Rt T G tdaanl i BRER f fe FRupRge
provi de Vi §&hid¥n8¢6RERrd Aidehifsr Matoédord @nveitRmdEisy operation in case of
hydraul i ¢ actuator failure. Provision of such access and the consequent

need to avoid dog I egs at the tubing hanger/ tree interface nmakes the
tubi ng hanger /}asrlgc §iz8 8¢ %Sp'rgg\*crtiglq %Enlheviﬁlaycop%nlfi%nglrtﬂﬂsﬂ%&p@gé a6nd0tfubing hanger
accomodat i ng large nunobers o ownhol e service |lines.
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 fo 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.



15 July,2003 2 Providing full wireline accessibility in a | ari§eJubyo2G®3
conventional conpletion therefore leads to a |arge and heavy Christnas free
and tubi ng hanger installation. The upper weight Iimt for the lifting gear
used to transfer equi pment between supplyy and installation vessels is
approximately 35 tonnes. This limt is feached for a conventional Christmas
tree for use with 5 /i inch (140nm tubing. W have realised that inproved
space utili sam&ndﬁxﬁq‘unweﬂué AEREFEAUER BfgcdRSE BohvicRTERY e5RPlcSoR i €ere fore
possi ble, both in the tubing hanger and in the tree, if wreline _
accessibkmﬁsy)ﬁdmg@hed@nwulgbnﬂ§@$aﬁ¢©hdVémmehmgeahﬁﬁﬁéh@u.T89Uphﬂswﬂ@hhs

t he tubi .sl.ze. can. be increased to seven jnche 7 or re whil st

i nt i n e £ang B et Fari e RO BV SohR e, PR f St

di nensi Oﬂﬁprbkilﬁ@iﬂﬂ?@S%ﬁﬂHsﬂ TakARR alxkgchell Mt SconSemitmay Chfistinae tred Y&nise a¥lth
Agai nst this background, in accordance with a first aspect of the )

i nventi ofY2 mhp(ﬁégm tubingbi Wy havegenlisedrihat unprgved spase rukiisatian gnd saried | y
| ocated pro t,: e. ial |y .of f . [ .

sl ect 1 vErG ATk ELARE A8, ARk E gttty (A% i I Pt PR S S B e i
end in usgrelife apREdbiling foM thd arthuGhirisslhtim@msvdlver abandb@bd.nByahisehehnk thavibiy
couplers for service lines running fromthe tree through the tubing hanger
are accofi#d@ar bg:ingrgesed dp vavEonahasi (€ 48 mmy oRiregre tviulst Bamtginmedh tiageweight
coupl er s A, &@tsﬁ%gmmnmtw tHel W i erdPorR Tikb & RAWitkn ABHaHER IRAgSage. For

| arge di aneter production bores, this arrangenment nmakes effective use of

t he space avail abl e across the horizontal section of the tubing hanger,

W th plest of rqog1around t he periphery of the production bore for
accormod 3L BRAE o148 MYEBUOR o5 For exanple, a hanger for seven inch (

178mm) t ubi ng APGRERT @hik BbacRgrolifd, PhesRBEdahW &iithi ANfirdRYsReC MRSl dhRentidnt Gved
service lines; whereas the maxi mum nunber of service |lines that can be

accommodartaiid & tubieg hpegeslsomppeingre swbstaplialy ¢eatraBy lecatedhiradudtigndeare jagd 4.
Currently tuhi negers for horiz ] n.onl te,a.

. mum S4BT R SucuRls gASiekt B0 Rlvely RSB theREL BRTRAE L s wae
seal i ng ambigngaEenuppdrend iis abadd-ogeritiigswith diChristragg trdeetocrefipt arviid GOWhichr y
to established practice mﬁth,sogg pri or ﬂgng r designs. The present

d
i nvent i ofCYRASTS {¥eiCEYieR BnqsrBuine Tamphr free tiratahythe fyhifeehangar w6 ApRREmPtHPdig
hanger appula g RAREAU8atR Wl I VORSWhEBSy B8 2bupleARAObALQS indhEE ¢ a
relatively large nunber of service |1ne couplers. 15 July 2003 For

nmost ef f froiretht appadoepassagd sation, the valve is preferably |located at the
upper end of
For large diameter production bores, this arrangement makes effective use of the
space available across the horizontal section of the tubing hanger, with plenty of room around
the periphery of the production bore for accommodation of service lines. For example, a
hanger for seven inch (178mm) tubing according to the present invention may accommodate
up to 8 service lines; whereas the maximum number of service lines that can be
accommodated in a comparable prior art parallel bore tubing hanger is 4. Currently tubing
hangers for horizontal trees can only accommodate a maximum of 7 service lines. We have
found that it is unnecessary to include sealing arrangements for isolating this fluid from the
couplc‘ers, contrary to established practice with some prior hanger designs. The present
invention may therefore provide a particularly simple and compact tubing hanger annulus
passage to Christmas tree seal, capable of accommodating a relatively large number of

service line couplers.



.a tubing annul us passage in the tubing hanger. The valve is ptrejgy 2003
pressure bal anced, thereby requiring actuators of relatively small size and
the sane tinme being intrinsically reliable. Fluid conmunication between the
void and the Christnas tree is preferably by nmeans of one or nore drillings
extending fromthe void into the Christmas tree. In a further aspect, the
invention also provides nmeans for orienting a tubing hanger and a tubing
hanger runni ngod 9ol fidibAspIe! NARSAL, () VA0 AGréretb) RADRAORE WBRA AdldtD! NG
. hanger running tool have hcl d the Use of an orientation j ol nt above

t he tubi nguthengeruleupmssagg tnothle. tuH‘nhgshauganaHrnc mb\rmrsr ;sre&:rza:rhy prasent dtalamacdel i x
and a keyway or the |ike V\/nlchllnteract[l g Hln or g prglectln into
the BOP TAEBY iT6AUIMAR (ASRRIALH &I TyIAfiKElY b Het 8 4 asmvrap RE oA e d
bet ween gyt ubrng @aﬂ%mcauambegvéegqhe I srrzﬁu@cehnﬁﬁrab t;ela% réfeE-ANIBYENL S

i nvol ve conpl ex manufacturing and care in use. Unless detail records” of
t he BOP ms@d<d@nﬁngﬁmnednﬂmgsnabmhngﬁahmhtvwdlmbthh€hnﬂQMﬁg€hanger are
still available, there nmay be difficulties in setting up the orientation

equi prent correctly. A further orientation method involves actively

rotating the moMphieidr ABpdct,SBE iRkentibR afkdPr&Gaest BelMsl fog ofieHiMd AGuinadamdiey
on the running tool into alignment with a correspondi ng keyway in the

t ubi ng h@migeru i hangep fwyHng soqlnﬂ’rra)étm%gdsnfrahaeeﬁ HbEre banger aed pdWRINg Thi s
further

substantl y cenl}gf flhgr/‘g@;a"{“m%dg?% | on bg@gﬁ& ﬂcﬁﬂ@?&ov‘é%@h@%ﬂa@ga
runni ng tubeing tbble 'rl‘hnsrusngl)t omhpmmlaudormgtaaom el and angiytvadionahd likgnghigkabl e

with a projecti.gn exten fromthe 0. hanger, production bore, whereby
the r unnrnrrlgacttdﬂﬁ\ Efar icltedphe 393 teEshe AoV ‘gﬁﬁlf’mé‘ehéﬁ@%r
Hi gh t ol grancend) b rse«medoéctwa HURRG b RRE riiidd ol URI 10 BORIHorfBest NUS
be achi evéd dlrectly and i ndependent |y  of any ; such alignnent being
passi ve, arrangemants Snvigvacdnoplax maaufdytualsgtatmeca'ru mnisey Woleds detailed mebedd ool thhe
tubing h er nd effectrv wat.er. The tool . | so i n¢cl ude
onor D enpar sk R e §higinGisiaRs of BE RRR ihieer ot BB, fefd ey Be
associ at &eMitdd mhRuldolp tHhbfertflonXedPRenh 0brré@St I A Curthfi€oricnbitiod rhana?r
production bore or require additional space within the tubing han

t ubi ng hiangles petoghcrotaingtibe éomagr:tlan siseri ah ghaughstage rcebessa@pmpﬁ lojad k@mom or

| ongi t udj, nal h re o]

cor st e paEREJOSTE0 atbdied TR SRR eRLOMEE dh Ihe Aoyt RERanguhs

15 July Q@06d4sﬁﬂﬁﬂdﬁﬂhﬁmﬂeqfw%mrahﬂmemﬂﬁcess to the tublng hanger annulus
passage also allows a sinplified, nore conpact and hence |lighter Christnas
tree to be used. Accordingly, in another aspect, the invention provides a
Chri st mas tre’?hﬁofﬂ?{ﬂeﬁ'&?cé BP e Wil BihRnWBEdds S a f RibiRd hange’roelaﬁ@haﬂ g f ) ow
bore having a |l ower end for connection to a tublng hanger production” bore,
and a t upibsgnaalhutansrallp hebaicd pedrictign hotepavelra whthgftemgeromneiog itam; the renttingi ng
hanger tubjn nnul us ssa r ctl n flow.bore and the tu in
oot us. BohBENATRS e RIr R Binale Calrashls Wi BRI ST BieriT e O LE Nt ¢
t he treendiRdyprotiti@idnlbdré) GvIRneyyl ts nﬁﬁﬂigltbbl rhﬁbebélﬂhé}ﬂat@d da\dnghdestenyvidhithRe t he
tree body ?omnn roomfor a valve in the crossover conduit.. The need
for an ef bmgrrangersgrbah flenaycq dr&wm e the BERINg teolria the tubingthanger amayi thagibe
Preferab h he .t t he
tree body ihat (AreEy b Rnly 8P bOr, S RREE off oBistle S RS
bore to altbmmmluyeisnhenammmot i3 lhimtcdtmhhaglumagwgmgepraﬂdwﬁﬁectm dmnentdlaépugh
the tree rod ﬁ%lon ro bore .up er end Nﬁre er%erabl , the tree

pr oduct i BAleF-| 4OF 9! @aya fioomslige abiorigniatio i A Guiterige Proseelan date dbe FsFe-

whi ch i nakyrig ass%caréaamnme%d)1ytm@rﬁrrxaddeynétqeaﬁac{hwbwhén@ Oﬁed@rdmm%?&er
As the production bore of a conventional tree increases in anet er

Chri st maer teqeiee fdsdigbrtal spede weﬂghtheaulsog hangee atleg tupmgthaygcirmmduweom baxanay

di scussed ahove concernln wi r el IF ﬁ g&ﬁkﬁl|lt and art ue to the
need to US® PAPdReR {Féf’%fegr FHCYER, [ aloRRHn, cpegagmeny v 8@/5% ETeBETY he
i nvent i Oprojcd1i6R P 36dess bR |AChNRIns hic8Né WRIvet alfghhicht BBSvebh eee 8RR $fing
productlon fl ow bore having a | ower end for connection to a tubing hanger
product i Bngebre, and a tubing annul us conduit having a |ower end for
connection to a tubi,ng hanger tubing annul us passage; at |east two
renmovabl e plugs being provided in series in the tree production flow bore
to act as pressure barriers. In conventional trees, at |east one of these
barriers, and nore usually both, are provided by neans of gate val ves
havi ng | arge and heavy actuators. Substitution of the gate val ves by plugs
therefore saves considerable bul k and weight. The plugs are preferably
mnrelrne |nstaIIed crown plugs The varlous aspects and preferred features

Y b1 . Y - v



5 Brief Description of the Drawings Figure 1 shows the interftcaulppoogeen a
t ubi ng hanger enbodying the invention and a Christnas tree; Figure 2 shows
the tubing hanger tubing annulus passage valve 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 éaged wi th the tubi ng hanger of
figure 1; Figure 5 shows a first enbodlnent of the Christnmas tree of the
invention; Figure 6 is a fluid circuit diagramof the tree of figure 5;
Figure 7 shows a second enbodi nent of the Christmas tree of the invention;
Fi gure 7a showbamdomodinf b€ atirebne efccth® the tandg émtg@dianmdm pamelgd:hlgmraéo@'s ias a

fluid cir.cui. iagram of the tree aqf fi res 7 7 Det.ai | ed t|on
0 Ut e prpulie LR St cod s Tab i BEO 47 B Sty PecoraB g
at t achedadthed dspitNGe hmﬁbn b%élaékd@d:hhgn@sw@eldaﬁ@%sh%uas bbdy MfmnT W?uéhUQ' ng

hanger 12 is supported casing hangers 16 and hel d down by a | ock
ring 18. formed rﬁ:pcmblst@ dora havipg oal dew¢roend lfwcmucettqo tard tubiig thgcr

radi al |y off et annul assa 2forrre i.nt rseCJng
i 111 noRr SR G e B RRTRR OGP S Broeae s O 336608
i nl et poldngeB t@in@ apfiEles paRafa | tha Greductibe dloal boRuidd deviabing &dhultl eskiahl e
for retaining annulus fluids below the tubing hanger. This val ve has outl et

ports 30buRERIPICeRReCHed b $rogsoy ey %Pnslmtffwr?éd”mw@e‘ﬁeq brdyg eﬁf @hingrannpivsi ng
h 1
Cf‘pgﬁﬁﬁ e%oe?tﬂﬂ éﬁl&ﬁﬁ% a%% RS F AR ¢ ;4 gx% p{&a} gﬂo% r§6 !xs ggﬁe In g.b c'?bssov

aced series o asse
36 (onl ycomdeaitdr The inegd 3& ahembnat;cmpumeQaﬁﬁnmdt&rommnmﬁdua ik | thug a(acndd:d t 40

inthe tree 10 vja an annular 42 forned between the al stab assenbly
36 and tPrefarRd the e Rpdugiipn figtiore hRssanfopen en fitthitﬂggf 15 ‘s 2 e

Wi th thegMekidn @@ alieideln |tlllen{ﬂbﬂ'%h neg\é% E%dh&ﬁ)n%ré % @ﬁéwt&/ﬁalrﬁanzg&béﬁstof thew

conduit 40. As sho in Fi anpl e space in the seal stab
assenbl ytusﬁlgahmgeutpm@cham@ere fgohgir tisetred @eoduptrwsﬂow borgnfiree ranidal More
spaced abopt radi us fro

th duct | 20 at
ey cRRtT R e TR Ton B B 2ouil fit ) ettt proladignifore 1

Jul'y 200g@hich in turn is substantially centrally located within the tubing hanger.

As the production bore of a conventional tree increases in diameter, the Christmas
tree height and weight also increase, partly for the reasons discussed above, concerning
wireline accessibility, and partly due to the need to use larger valves. In accordance with a
yet further aspect of the invention, a compact, relatively lightweight Christmas tree comprises
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. In conventional trees, at least one of these barriers, and
more usually both, are provided by means of gate valves having large and heavy actuators.
Substitution of the gate valves by plugs therefore saves considerable bulk and weight. The

plugs are preferably wireline installed crown plugs.

The various aspects and preferred features of the invention are described below with

reference to illustrative embodiments shown in the drawings.



6 22, 38, 40. One such line 46 is schematically indicated in 1daulyezbd3 nes.
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 3S, which are bathed in the annulus fl uid.
The void 34 is sealed by an annul ar seaping ring 37 between the tubing
hanger 12 and | ock down ring 18, a further annular sealing ring 39 between
the lock down ring 18 and the tree seal stab assenbly 36 and a third
annul ar sealing ring 41 between the tree seal stab assenbly 36 and the

t ubi ng harpeDedstiptidicoSihetDdasvingd ve 32 is of similar construction to an
annul us access val ve disclgsed in US Patent No 5769162, except that it is

i nver t edFigyre Hathqwis theatntefacgebstyesit gvitbeg banssr |cohedYiaa dhefinysdionypidhg
hanger aggﬁgﬂﬁwﬁ%QM/passage, it is situated at the upper end of the flow
passage , I'n the broadest part of the tubing hanger 12. This naxi m ses

t he spacEBigavallshbive tfiotubinpehagley @1b3Ry armebismssagaxiatvesin mgors pleeal, iim at diesedower
part of the.tubing hanger for the |large dianeter production flow bore 20.
This resBP¥4%%n a very conpact tubing hanger design. As shown in Fig 2, the
val ve 32 RRPPS LIRRSs AP vARERTERARD huBWpak psdiidd;! € SO contained partly in a
bore S2 fornmed in the tubing hanger 12, and partly in a housing S4 screw

t hr eadedFigure4 shavsmtubingdmnge3enaing tad shgaged withithe bibinsthengerofdigse: by

O-rings 88. l.ower end of the shuttle .SO carri . i.r. of sealing rings
60 whi chlS h%llréS $hYy %Fﬁge@gg@‘“}?&f%@éﬁbgﬂgméﬁuf? Pg{hgﬁ‘a‘”ﬁ &hore S2. An upper
end of tRpusd@lidd BuiSQireait disgran biMhe Rk bEfigire3gal i ng rings 62, G4 which
simlarly make a sliding seal with the hQusing S4. The shuttle SO has an
ext er nal Figure lpiaysehiacand embedimepoidhe Chiisigas rpept thefinventionigs 68 whi ch make
a sliding: | j . 6 between the | ower end
of the hg@?}%{g& %wz%ﬁgn?ﬁggﬁtgdr%e&f&é%ﬂ?@%ﬁ?}gﬂr g?dst he counter bore thus
forns a Ehmnbeis a/fuidicirouin didgraziof the teobf figur667 ahd d&s as a pi ston. 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
chanmber PRReailthidesthiptis sl tOPrk98d Rhbolfindtts N9 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 SO to nove downwardly,

bringing the r,. end.of the utg . an he I 4 bel ow arts
50) "Thus opent Hof eREVLR PSS ST YT o MUREEER 7 ity farglh 6 EogtRi,
posi ti onirsapellNéadthousing 4J Ufhe td6iag hindey dp asibippoftbdibd chding hagpar 16 afd Néld |

cause the shuttle to nove upwardly, returning to the closed condition shown
in Fig 2do%p by alpek dewsn ang|l§s dbinclydes deqnceptrgpredystien dawebosg 29 pad pdighlyg
nor pres i { ] . hyit t 50.
The Val vty el SRl pilteace LERIpLAL T EVAR o R AR g QS 28080 T e
si ze of tpgereolldrthéGnands dhanfeasagé @2r lealsi toeh indst pact 280f e prasburdehailattedt | e

is therefore smal]. Fig. 4 sho runni ng tqol 7 aged with the tuyhin
hanger 1 BessTBss e ¢ Bt B Eanng faronnds RSN GH mbing g s 0

i ncl udesyaie 5 ARfBpHNIGEGhmARicKkHENRNh 80idIAHotHEL Palvkbon B8 IcG06RHRE eutqyg\r a
key 82 projecting radially into the tubing hanger production bore 84. An
opt i onal hangee A2 and arscrlatabassgnbly J§rafitheichnygmas free BBt tYopramipreatislbaspasedb
78, for I .an ni 76 1 0. i hanger. 12.
provi o ofap oL SPIHE IR 67 skl KIBHE A P L 8 R0 SRR e

concent r imithtaninfglub flogetondtiodadn theNred A0 &igdratindes pap AP f@mRdbetidefthe pas$sSi ve
orientation between the tubing hanger and the runninﬁ tool, w thout

r el i anceS'8hagemdht 3¢ phthedresbrdntd. dhs fove epds of thexdrillings) 38 sommynicatensith one
possi bl e i St i ipyention. The
Christnagk?%ggﬁéﬁ%gﬁgﬁﬁ%% 'ggghg@Q?Q C ggggﬂg@hﬁggkgg%@@uggg by an interna
tree cap 90, below which are positioned two crown plugs 92, 94 in series.
Plug 94 repl ages.the conventjonal production ster vyal ve an | u 2

repl aces the 2*6&?8}5({% lBnﬁlg grtbﬁrﬁc‘tsiagw?"sme \}%Itg'g,sca?ﬁ eWerBﬁngqgé‘f‘?r@“P%e
bul k andpicp (6f sdriiBe AR CirddRretMaNE spietdl abdit She PoQudtRREow VR B H0a 92
together with the tree cap 90 maintains a permanent dual pressure barrier
in the tpsdlaprasiusciomrihebanger pepredihgdn comparironde theransuls JBw eondoitinestagel t o
t he production bore,88 between the two plugs 92, 94. A 63/8 inch (1& nm
production wing val ve 98, which may be a conventional gate valve, is
provided in the outlet branch 96. An annulus flow conduit 102 is provided
i-n the tree, connected to the conduit 40 and void 34, fig. 1. This conduit
102 contains an annulus master valve 104*and annul us outl et valve 10G An
annulus line 108 is branched off the annulus flow conduit 102 from between
the valves 104, 10G and contains an annulus w ng valve 110. The val ves 104,

A N~



15 July 2D03 8 110 may be conventional gate valve and toget h&% Julgi200ai n t he
dual pressure barrier philosophy for the annulus 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 1 I G which again may be an otherw se conventional gate val ve.
Crossover valve 116 is provided in a crossover conduit 118 fornmed in the

tree bl ogk Wdtoemﬁ@%agnp@hmg@cﬁdﬁeaaé@w ARG dAOMt AR d Uis O whd s Rl s
fl ow conduit 102 and the production flow bore 88. This elimnates the need

for a sepdBamelprofertiveduterg éB.rthtreds owsigheors dordwi to 8 fchinmdrenhalyt diseibutdves,
except the .anpnulus wing valve 110, are integrally formed with the tree

bl ock 11#™ ﬂﬁﬁﬂ?sus wi ng valve 110 is located within a separate manifold
109, bolted and sealed to the tree block 114. Figs. 7 and 8 shom1an

alternative tree Iggout that is simlar to the one of figs. 5 and
whi ch di f f er sThe veik4 @rwlé%fuwap@rfom@v@? lipg| qpuplepn3p strcavilreetdiﬂméstnr @ﬁm of

the pr Od%&*&f‘h%hgkgg&\ﬁe& sEzﬁcci Qgﬁﬁé%ts:e@ﬂlg%ﬁ\g ﬁ bé%(v%@x? egfg;mn I ng

the crown second Crown ded in the pro uct
fl ow bor & 88d &hﬁvdbwrhﬂngoﬂ B du Girthen anmilhredealingariag 39 Getwearnateli Mdkcxibvmnhgues

or oduct1 8 e ipevaruuatosrsrabl 16t Tl avubiarelii o 0L e hoite al
separ at el mg&bgﬁj@gﬂqﬁg gfbr@éthgd L@ 3. 00p 12G form ng the crossover conduit
connects t e production outl branch 96 in the valve block 124 with the

annulus line 108 in the manifold 109, between the annulus w ng valve 110
and t he annul | i 1908/ annul us_f.l ow condui t n. Cc over

vai ve 116 (not il el 3ER S EximaC B ERTEh o RO MBS By N AP 106
The two URPMerdNGS769262, lexeprahAtibislintdiRd 96 R ietdad DI Bking REGIdE® abRIdWRT 1N
the tree production bore and the tree cap 90 is therefore optional in this

enbodi neerd OW@r@bmémg@eawbdsgf@ow s)aﬁf@ge Uk édsitugtededrthe uppenr end abthestioimn)

can be '?%?{g%dzzaﬁ’@ b{*ﬁ@ et o qib%% gep) "otk n]ia(?({rﬁﬂgy{h%whgge]ta\ﬁa LS

obj ect s ng on ree access t € Ccro
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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
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philosophy for the annulus conduit.

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 upstream of the
production wing valve 98 in the production outlet branch 96, replacing the crown plfng 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 extemal 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 thereforc 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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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 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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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 as claimed in claim 1 and substantially as described with
reference to or as shown in figures 1 to 3 of the drawings.



