we3elLa\\] T"F2_" 6 TLaal B TUBI NG ANNULUS VALVE Thi s application clains

pr| ority from twuﬂmwmﬂ applicati on Serial No. 60/386,624, filed June
5, 2002, entitl Mmﬁnul us Val ve" and provisional application Serial
No. 60/425377, fil edeevenber 12, 2002, entitled "Drilling and 5 Producing
Deep Water Subsea Wells". Field of the Invention This invention relates in
general to subsea well head systens and in particular to a tubing hanger
wi th a tubi ng annul us passage aTUBINGANNUBUSWAEVEal ve with features to
facilitate testing. *154150* A typical subsea well head assenbly has a high
pressure wel | head housing supported in a |l ower pressure well head housing
and secured to casThig dpPHéatﬁhtcﬂrzﬁﬂﬁ priviridy tfoen @8 provisimab Eppliestiore 86ridldNo.
hangers | and in the wel |l head housi ng, the casing hanger being |ocated at

the upper endd¥38&624, filad Jupe Sa300dy Qlﬁlélpd exubingsAnmtles Valvelhand previgiong!
deeper depth n h a f dyct i on
flul ds. fhiidel et 55 0P 5T GE Sole e 1oy S0 Shfet Ol

wel | head hsouspmguélﬁgDeepwmrlsubgeatWensNel | fluid. The production tree is
typically a | arge, heavy assenbly, having a nunber of valves and controls
nount ed thereon. One type of tree, sonetinmes called "conventional"”, has two
bor es throughF‘eldOfﬂherlﬂﬁemmn\ml ch is the production bore and the other is

t he tubi ng annul us access bore. In this type of well head assenbly, the

tubi ng hanger lands in the well head housi ng. The tubing hanger. has . .two

passages through i this dpventien Ff‘éat%’é' gﬁﬂﬁ‘@h& $®ﬁeﬁo‘é(§]%1§‘ﬁé sgstems #d i prsticwa ng

an annul us pass rmg]p Ubign uﬁm@l u p%ln
t he tubi ng. Z@cégggné%ﬁ%p I ng a us |é£§ae%e§{sda? Cl ré‘ﬁﬁ g%%J

25 down t he pfeattrsstto davilitateitestingnd up thr ough the tub| ng annul us, or Vi ce
versa, to either kill the well or circul ate ij heamm fluid duri

conpletio ﬁ ﬁr t he tt;Bl ghﬁnger is -1 Wﬂl lﬂl mbefore the
driIIing]frbl r} allation o I ” Fm”lugs are

tenporarily placed in the passages of the tubing*h&sger. The tree has

isolation tubes that stab into e enment. Wi th the passages t.he t ubing
hanger when the t radYPigaljsubsep P TcaR) SAal Herdied Mgh RIRPTY Vﬁhﬁw housing 5

normal Iy run QB G&PIPh 6w predsifey whilithd housing and secured to casing that extends

into the well. One or more casing hangers land in the wellhead housing, the casing

hanger being located at the upper end of a string of casing that extends into the well to
15 adeeper depth. A string of tubing extends through the casing for production ﬂuidé. A
Christmas or production tree mounts to the upper end of the wellhead housing for
controlling the well fluid. The production tree is typically a large, heavy assembly,

having a number of valves and controls mounted thereon.

One type of tree, sometimes called “conventional”, has two bores through it,

20  one of which is the production bore and the other is the tubing annulus access bore.
In this type of wellhead assembly, the tubing hanger lands in the wellhead housing.

The tubing hanger has two passages through it, one being the production passage and

the other being an annulus passage that communicates with the tubing annulus
surrounding the tubing. Access to the tubing annulus is necessary to circulate fluids

25  down the production tubing and up through the tubing annulus, or vice versa, to either

kill the well or circulate out heavy fluid during completion. After the tubing hanger is
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5 has, two strings of conduit. In a dual string conpletion riser, one string
extends fromthe production passage of the tree to the surface vessel,
while the other extends fromthe tubing annul us passage in the tree to the
surface vessel. It is time consum ng, however to assenble and run a dual
string conpletion riser. Also, drilling vessels may not have such a .
conpl etion ri $@falRYaink dRfdre tHeSdHiling HerQ8 fentdel FoStBRIIARA dTihtrdd) phidtand
basis. In another type of tree, sonetines called "horizontal"” tree, there
is only a sind¢mpdranky placetlin the passagehofthodubigg hangepr dUetree bas iseleeyttbeThe

t is land e _the tubing. is installed, then.the tubi
hanger i 5. | ondPLglaiote heakirh WIRe passheer il HelubRg tabeavieRdnd fige Pigs
through the riofqhe wéllhéald HoSsihy PTERItipe 6 tebe ik hbABally @Bflon aldoniM@RaSidePtHabie

tubi ng annulus is available through choke and kill" Iines of ‘the drilling
riser. TheStubantvhsinges oficanduitodn hdual stningeompletsonprses.cane stringoaxdgnds fiombut a

b tends, th h the t t i d | d .abaye the tubi
nanger . Thi s gt FORYioR RASTAERoF s el Rh RGeSkl oiiie O b SRS SRR ne
bl owout pr evemiefubing simhRdpRshetf the/Bbd b RNGRfacé YBRENTILSS tinftdconkimiryl S

system the tree is run on drill pipe, 20 thus E)r_evepts the drilling rig
derrick of thdowkeaittpragsqmble fand mu aclvabeiring compleippdisen Adest idaillingevdsselfi | e

the tree is being ryn. | n.anaother and.|ess. n type of | | head,system
. concent i c 2t g Haxs glet R edploci tis® SR FRE AR AT 1ok mbRHE e
as a conventi eshtdl basikl head assenbly. The tubi ng hanger has a production
passage and an annul us passage. 25 However, the production passage is
concentric with the axis of the tubing hanger, rather than slightly offset

as in conventional ki uhbther RPBUST thee, EbBefihes calRAS“Hodizoltal rdée tek€ & ohlyDa N
annul us passage through it, thus a conpletion riser is_not required.

Consequent | y figlethase inrihe e, thin being sharpiedudtion passage. Thettrssiin danded befose
valve is -2 [WeYeX in- [ i ARk ;
temporarily i F\l?ttgﬁlﬁg?q%%% l§r @?ﬁl&eﬁ\;g f@%g%eﬁbg%ﬁ%gwgeknu 3@ pass“lzglgnee t\r/ﬁef h
this type of Theeubihlphangdryis loweret uhrongh drniibers whidhvis typicallyc hekeitling kiger. t hat
prevents upward flow that. m ght_ ocgcur _through the tubing annulus but. . allows

downwar d 19 owAceess tejithe tubing; agulus ds avpilablg {hroygh shekeranddll Jinew et the drillingg

annul us check riX%}L Vfhe ﬁgfel&: lgingé{;&gﬁiﬁgtﬂﬂe & adiiius ﬁas%a?g Q@rﬁgg{ #t,}s/b&t' PEfPals

Proposal s have been ma I'ng annul us ‘va

hydr aul i cal | yextetdsathewhghrthe trheito & odddphee loested dbdweothe ailbing hartdeme This, voidie
proposal s require hydraulic passages jn the tubing hanger, which take, up
Space and addSRAHEPBRERCAES PHB tﬁg_ oty P.%J:S_@i Tm%%_ G plosrout PECVRYERR i on
The subsea wellobapsh MesauThE Harder fhihgsAURN tTh Blls $stdnh 2RS tradlis SR &N iR bips,
concentric tubing hanger and a |ightweight tree,” thus does not require
runni ng o?0 a Bwalprevenisibe dullipgaig derrigki ofdhe floting platfommiromebestsf ¢rapleyrd 9n r un

on a lift Iingmchrle Q-?%i@plﬂh%@%ggshqegﬁ%@%y al so be run on a small dianeter,
etree’is

| i ghtwei ght riser- obore, having no annul us passage
that extends vertically through it. Rather, annulus access is provided by a

passage that |eads,tQq exterior side porti.on.of the tree for connection
Lo an ext ernal |1 nBt Saiker thst I65° SamgoR SRS Weithend Vot & o0seiils B8, 't he
preferred e@ﬁ&ﬂg@ﬂﬁnds Ththetvadlihgsd RARERin MRSsat Pimasked lak toRventiona wdlhead
registers with the production passage 20 of the tree when the tree | ands.

An isol ation essprabkxt dhgstubingnbanger hasee profustiom pagsape mgd an annulus passage.
25 However, the production passage is concentric with the axis of the tubing hanger,

rather than slightly offset as in conventional tubing hangers. The tree does not have
vertical tubing annulus passage through it, thus a completion riser is not required.

Consequently the tree may be run on a monobore riser. A tubing annulus valve is



hanger for conmunicating the production tubing with the production passage
in the tree. The tubing hanger al so preferably has an offset tubing annul us
passage. The tubi ng annul us passage conmuni cates the tubing annulus with a
voi d space 25 surrounding the isolation tube above the tubing hanger. A
tubi ng annulus valve is located in the upper end of the tubing annul us
passage for Sedcaedix thetublnptishie shREMPNLAhObBipERAlY Mistalel shiserecand

t he tubing annul us passage. The tubing -3 annul us valve of the preferred
enbodi ment hadrom fheitehing arryuspagsage wath-thig tynstafltreseal f or enhanced
durability. The tubing annulus val ve includes a novabl e nenber that noves
bet ween an open position and a closed position. Preferably, the novenent is
vertical, wth theNormphy thotibirigmunbles vglvb & ohechwalyt thet greyents tpward flow

open and o] oo B osRlr Gk e olipec Harls, B 1489 pfentral B T

val ve noves t QjshiMin@p@ns Habbhd &ﬁn&ﬂeéﬁ@ﬁ@ﬁ%@uﬁiﬂg A ARIATCR FalvE D &éterdling he
t ubi ng hanger running tool, and subsequently, ah engagi ng nenber of the

tree. A ret enwhsthedevinot it ist propesiyt ¢leselwnl vBroposalhbavd besnompdrsia isena tating 10

all ows test flui ress i e nlied from ve t he t.ubi.n nul us
passage Wit ho&?m‘ﬂg‘ﬁg SIXG %ﬁe‘sh%(/aé‘%?%iys A ?tcfan‘?ﬁﬁuso dB’SIStFﬁt?(g rﬁr_oﬂ‘vﬁ'@ Y he
engagi ng menbelowRRen e piopBsdiPralire hjBates psbaded §n R ¥®ing Rank&! QdsdStakée
retention device. Brief Description of Drawi ngs Figures I'A and 1B conpri se
a vertical setpisparglandaddcomplgxifieto the tilbingshaagen y 15 constructed in
accordance with this invention. Figure 2 is an enlarged sectional view of a

portion ofath Frve of Figure 1. Figure 3 is an enl arged

sect i onal flgll eg"u A é L) he wel | head assenbly of Figures | A -1B, but
shown in a different sectional plane to illustrate a tubing annulus 20
valve in a cl osed Ithon. Fi 4 ] n l.ar.ged .sect j. | Vvie he

t ubi ng annul us val 5@ o%dblg—'ipdgJ{ééﬂgéfsaﬁ%e\@ﬂfnoiﬁu%dgﬂerﬁggi Pi‘@%ga% 38# glé‘ by
an engagi ng nesientrief tubihg hhgelusid o tightweizht trée, thus does not require running of a

dual string completion riser. The tree may be efficiently run on a lift line or cable,

although it may also be run on a small diameter, lightweight riser. The tree is a
15 monobore, having no annulus passage that extends vertically through it. Rather,
annulus access is provided by a passage that leads to an exterior side portion of the

tree for connection to an external line.

The tubing hanger lands in the wellhead housing in the preferred embodiment.

The tubing hanger has a production passage that registers with the production passage

20  of the tree when the tree lands. An isolation tube extends from the tree into the tubing
hanger for communicating the production tubing with the production passage in the

tree.

The tubing hanger also preferably has an offset tubing annulus passage. The

tubing annulus passage communicates the tubing annulus with a void space

25 surrounding the isolation tube above the tubing hanger. A tubing annulus valve is
located in the upper end of the tubing annulus passage for selectively blocking

communication between the void space and the tubing annulus passage. The tubing
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Figure Sis an enlarged sectional view of the tubing annulus val ve of
Figure 3, shown in a closed position while a tubing hanger running tool is
connected to the tubing hanger. Figure 6 is a sectional view of the tubing
annul us valve as shown in Figure 5, 5 but shown in a closed position.
Det ai |l ed Description of the Invention Referring to Figure 1B, a | ower
portion of a welieAtATIRIPleYerrel ottt hafh Sithey cghmh&%aap@srﬁam seal
wel | head housing 13 that |ocates on the sea floor and is secured to a
string of | ar fr edhanced durabiditgluct or pipe 15 that extends into the well. In
this 10 enbodinment, a first string of casing 17 is suspended on a | ower end
of outer well head housing 13 by a hanger 19. However, casing 17 and hanger
19 are not al ways The pihigeahrfulwwalvecincluiesra mevithe agntberthahmo¥& eteleanaan be

elimnated in many cases._. An.inner .ar hj ressure wel | head housi ng 21
lands in and PReTs al giclesed, PPﬁEO‘bgérgg&%hbJﬁ%Fn%meﬁbﬁd"% i Wi the

| nner wel | hea ousl: - d : u d gf t
casing 23 ?ha’?p églx gér%ggn aﬁ}dgjghﬁgg&né %efil? 8§1g&§rg%?{er?ﬁg’esgh?ialﬂﬁ’nfel#&gmgﬁ head
housi ng 21 hasiranifoprfer Aoving kheavalve dstweenethe apengindacigeed positioms at ddcated

therein. Casing hanger 27.is seal wi thin bore 25 and secured to the upper
end of a stri RejersT C%af;? H@%hws& g aligancs BUEE PSR PAYHIBIN KSpOnST ATk
depth. In thig, gﬁgf}%@iﬁﬂép ofSthE YEBIRG hRP finniile od1, |80 486seflédiiy) aﬁ"éﬁﬁ’ag?r%]?‘;

i nner wel | head 20 21. Spectfically, tubing hanger 31 fa_n.ds W t
casi ng hanger meibetTofithe dreh.adgeatention idsvise edtains the valvsiin ghdelagpdrpogitioan d'his

d h f ' . duct bi.ng. 33. TFubing h
31 hae a B0 odD e, 308 Hess 14, bP YpBlied i la B sies Samiid pliesthc OF
Figure 2, bor gitRéutitatsiag Hedlvewy dhiffo #dpeh pbsifios. WEdbtht @hgaihgimemBeer

t han upper portion 25b. This results in a conical generglké upward facing
transition poengages the movable aeambesof theyalvedit raleagescthe pasentioprdevizga and 25b.
Vel | head housi ng bore upper portion 25b has a grooved profile 35 fornmed

t herei n aboveB;, 'Pb bri § Jﬁﬂ%ﬁn . Pr ofi le 35 is | ocated a short di stance
bel ow rim 37, d of inner wellhead housing 21.

Figures 1A and 1B comprise a vertical sectional view of a wellhead assembly

15 constructed in accordance with this invention.

Figure 2 is an enlarged sectional view of a portion of the wellhead assembly of

Figure 1.

Figure 3 is an enlarged sectional view of a portion of the wellhead assembly of
Figures 1A —1B, but shown in a different sectional plane to illustrate a tubing annulus

20 valve in a closed position.

Figure 4 is an enlarged sectional view of the tubing annulus valve of Figure 3,
shown in an open position and engaged by an engaging member of the production

tree.



As shown in Figure | A, a Christmas or production tree 39 has a | ower
portion that inserts into well head housing 21. Production tree 39 has a
producti on passage 41 5 extending through it that has an outlet port 41 a
extending laterally outward. Production tree 39 has an isolation tube 43

t hat depends downward fromits |ower end and stabs sealingly into

product i on passageraRr®s ig athélsrghRa@ebnad view b B S vabiea ! Rigire, t I ee
39 extends into bore 25 of inner well head housing 21 to bore transition
section 25c ( sinqyn in a clayeapsition rwhilega tubing himggn reming toel ¢y ceneeted do thienber
44 is a part ﬁ qgngtends upward from tubing hanger 31. An orientation

sl eeve 46 wit €al surface is secured to the | ower end of producti on
tree 39. Wien tree 39 is lowered into well head housi ng 21, orientation

sl eeve 46 engages rlen ation r.otate o uctign tr.e

orient it inthe dBEFERRE PRSP oL Al tedubiBs SRR Ba APva i Hiee 3 e
39 includes apABRRGIRE cRESEPRYitlod O securing it to mellhead housrng 21.

The connector assenbly includes a connector body 45 that has a downward
facing shoul der 47 that lands on rim 37. Connector body 45 is rigidly
attached to t Detailed Description abthednventiosx ween ri m 37 and shoul der 47.
Connect or body 45 al so extends downward into wellhead housing 21. A |ocking
elenent S 1 is located at the |ower 20 end of connector body 45 for

engagi ng profile BRefemjngdorfggmiedﬂaeratloﬁdr rectivmofizewelihead asseinblyy 1 bincludpean | n

t hi nmbodi t Ki t ljt ri that, h

c g pr of PYEr 0K GareNeead haBRY |4 BEFiodngEen §ia §R obr i HetiRid, ner
di aneter of | @rkisihge J)ieﬂﬁg&dﬁﬁlewﬂ&hnﬁ&‘fdﬂﬁige ¢k anBndxténls (A Bk Iwello Uinviigl
when noved by a cam sl eeve 55. Cam sl eey 5 noves axially and is

hydr aul i chl | yembodimenty g figst snwaﬁﬂ:ﬁ@gflﬁ ds enspensistl ioa @ lowererst efiatersvellhgade
ownvar d 11 onfousink, 135y7R IESEGERET iwdyet Nallil PO Mlpeet 1o 18k Bt 804, |

| ocat ed abov esmpm&d@mememt@m@lhéﬁthgIleeue céifbe dimimbiedin fildny sasedr eaded
to the -6 outer dianeter of extended portion 59 for retaining |ocking
element S 1 and dogs 53 with connector body 45. Alternately dogs 53 could

be used to engage Rh%héﬁoﬁﬁlghnﬁxekwmh@ddemm g511 Qafidstiadand 13 éuppbri€dse,
wi ndows coul d be provided for the dogs in connector body 45, and extended

portion 59 anwithitheporseiwyter aellbeadhonging 13y Innsr W@Hhedvhomamgaﬁ Aelocated Body
45. Refer{4ngulq, rﬂf, gﬁ&o% su%rgg?tcaﬁﬁ :;‘ﬂuﬂ &?e%ﬁ Hio %gﬁ&g‘iﬂ%% U%E&Qr”ee

39 to an exterro rt|o or s con not

shown, there dagpth. aImwrrbmllheefd hehg z)nhasag Bsr,e Hndfith lae Yeabtoartt ¢aRingcmngert 2%
tubes on the k@mer end of tree 39. The caonnector tubes stab into mating

passages on t atﬁﬂ)we’@nd:aépgthfﬂgﬁgz%’é@@?d Ythay borg faand p‘&%‘é‘ﬁ%é%ﬂ}ee‘émeﬁ 0

hydraul i c con gﬁ%ﬁﬂy I¢ er
31 on the out élfdc}ljef Ao#‘d:lgg ggﬁ%’tir}gé‘%ﬁ%ﬂégléﬁém%o%s e cont robfbﬁe?{ﬁieg Iﬂga tﬂi(i)@
downhol e equi gmboediment, & Hebing banger Stlris rlngdeé withirabora 2§onfrihndreweltiead housing e

and a sli 'ng leev.e. Ieas one LS. mounted to uction tree 39
for contr %Gﬁ’f’ ?lﬁalﬁ'i &ngl A4t ?ﬁ@’é?gp @ne r?‘gn?db b 32

i ncl udes a rragdaea todaviig anpetd2 7 afidV@beurél wethe ﬂieﬁéﬁ@df larbtﬂlli dﬂ kddRbtion
passage 41. A wing valve 67 is nmounted to port 41 a. The hy i c actuator

68 for w ng vabing ¥y Tubing bapger Fhhoea pBBiuam msmﬁ%éatelﬁtcn@rlawyah fubingal |y
actuated or hanically actuated (typically by ROV). Wng valve 67 is
connected to @' flow line |oop 69 that |eads over to a flow |line connector
71 on the 20 opposite side as shown in Figure 1B. Flow line connector 71

w Il connect to a e ads .t nj bsea
processi ng equi pnefr’?%t%%rg {%Fég%réngbhoge ﬂ[ ﬁ?% F)ﬁo‘l"? iﬂ'ﬁ’g fsgnﬁl Lﬁg g ﬁ)zﬂl%x“
vertical Zfui déiameter ftant Wpper ponida 23bt OTks fesiNein & Eonitalngdlerally upsva@al Pavdd ed
fromtree 39 by ap arm,79. Clher éépes of connectigns to flow lin

connector 71 E&wItipnpostioner ghgy ¢ losatedchetweannpprtions 25a and-23ur &’el])aeaq r ee
39 has a mandggls H%)]/bo%‘u}‘)eée\?/ PHRB‘?{ZS‘B% E[é%ov?{l) ﬁfcfﬁfg 85 fi é&%&?ﬁﬁere%@@? kub

sized for typica rec ng a connect-or connec 0 a sma
di aneter, lightweight riser, such as for certain workover purposes. Mandre
81 al so enables ot her nethods of intervention. _7_ Figure 3 illustrates a

t ubi ng annul us passage 83, which is not sAown in Figures 1B or 2 because

t ubi ng annul us passage 83 is located in a different vertical sectional

pl ane than that shown in Figures 1B and 2. Tubi ng annul us passage 83
extends vertically through tubing hanger 31 from an upper end portion to a
| ower end, where it 5 conmunicates with a tubing annul us 85 surroundi ng
tubi ng 33. The upper and | ower ends of tubing annul us passage 83 nay be
slrghtly radraIIy offset fronreach other as shomn |n Frgure 3 An annular

- o, . ~ 1. a2 Y a



A tubing annulus valve 89 is nounted in tubing annul us passage 83 to bl ock
10 tubi ng annul us passage 83 fromflow in either direction when cl osed.
Referring to Figure 4, tubing annulus valve 89 has a stembase 91 that is
secured by threads 93 to tubing annul us passage 83. A stem 95 extends
upward from stem base 91 al ong the axis of tubing annul us passage 83. An
enl arged val viganaeesh. FrofiRs I5is dtatddrpdorelidaret belo® i 37, Walchgs tieagpéentias a
secondary resilient seal as well as a primary |lip seal 99 15 that is nade
of metal in tofigneswebiheadhnusing 2dhuttl e sl eeve 101 is reciprocally carried
in tubi ng annul us passage 83. While in the upper closed position shown in
Figures 3 and 5, the upper end of sleeve 101 is a short distance bel ow an
upper end portion A$ shaw ingFigeneddy, aXlhristhad @ productien froe@9 hapa towes portionn,

h in Fi . 4 d 6 I 101, S, | | i ti 20 | ati t
valve head §7tacnseshantedielfbe€fhSysing e cProfusfion BES 39 RES pprediafonSss g |
s Interisr. ofegingl Golfh Seabhnahy ANEMACHEY JlaPokisflind TaRfalljebliagd { he

resilient seal of valve 97 while sleeve 101 is in the | ower position.
An outward biBroductiopitiee 3Pihas)an (s®lation fuherft3dtiatidsperde downwardifromdisdewerfend| eeve
101 near its upper end. it ri,ng. 105 has 0 rd tapergd . upper surface
and a 25 | ovetapp aetingRorlq ropdisadsiine 32 pf CHENEPEu: CUIAPPEC TR ax <
of tubing annwtbiksetidnSeed89 Sekterfis Ntd BBred 29 Wikl welhEiIIAERInD R 1SR bérer | NY
105 while sleeve 101 is in the upper, closed position. Split ring 105 snaps
into groove lwansitigpsedtion?jc4BigaZet ent or retai ner to prevent downward
novenent of sleeve 101. g_ Figure 4 shows an engagi ng tool or nenber 109
extending into the upper end of tubing annulus passage 83 into engagenent
with the I%pper endReffrringageia to Figured grmydniaptationivasmben 94 iis 2 pad ofandhexiends

ext endi ng conpone of . tree 39 a i g used f.or Jmovi s|,eevye,.101 fromt he
pper to°t he WGUAEY isak it naneef 3, An E5Ealioh e, A0 MACE HRIGR PGS
shown in Fi gWesred teithd 16wer end HPPrddRdtidrdtrée 39! WiheGrde®9l is 1dwlered fiflo wellhidad

t ubi ng hanger, 31. Engagi n%_ menber 109 has a lip 113 on its |ower end that
mates wth tHoussgad donenttion sleeye A6 sAgagss prientpting memben 44 toretrtesproduationy er
and causes splitzq'Jd . . g ke I er 109 to push
e L e R e o
plurality of Belleville washers, is 10 | ocated between stem base 91 and the
| ower end of slee . i o, Ur | gev. . [ ed
posi ti on.qSAny pr e\;lgrﬁégéi“ﬁ’ﬁgdgg g gzagei&eg?lfwagfﬁnﬁ%gogisggﬁgérlf ﬁ)g&lglg}f%?ﬁg%%% %‘;

sl eeve 101 t oTiehéontbasesksgrablyt included= ¢ofinddthr RaPS thBOhdsSa dewtwed fadinghe
| ower end of an actuator 117, which is nmounted 1n tree 39. Actuator 117 is

a hol | ow, t ushipelderdithatlangs on Bwely. Lepneatar bedyi4dris sigidly attenhed titrea3% Aubi ng
| . . . .
on 115 extor 1R 4 Jelif LfiREn i) 7 g Shouid| 47 Flondeclor Bausf4p S 0Beliy | 01

on its exterior si is selectively sup
for movi ng actosaivward itd wedthesehousppe2 1. akdlocking relgneet S de $ocafadbatrthe dowarl us

passage 8 extends thro tree 39 t.o an exterior, .sid ortjon qQf tree 39
For conndlt i arides camsetsr s A dor Deppie Pratls >fekasking flealsnt 51 6614 begbdea

mani f ol d.  TuljaRgty2T tAee Y I hid@ SR ehtD otk geﬂeiri%nfi@ﬁéorﬂﬁqseeéﬁ B0fr Splitdngy to
t he upper end of "'tree 39. Wien actuator 117 is noved to the | ower position,

engagi ng mentibit e mptipgprofilhte giosveds.s|deplueality of dognd3 hecatddosnetheponsdrt i on
to the open pEsiLi I GLUr 5 6 .a simlar..act or 117. t.hat
form a part SnpEnAr A Bt 33 Seb BekRe Yoot e SR Po0a o1eR: or
1'17. Li ke actmédedbylaldam sleéwsd 1 Chrh &leeb@ S5 ek @il indR HydilitdIRt driven
carried in a hydraulic fluid chanber for causing the upward and downward

novement 25n reydpydrasdic flyidsppphied fo pisteBSdr e. Passage 118' leads to an
exterior upper portion of running tool 111 for delivering and receiving

t ubi ng annul us fl uid. _ ]
The connector assembly has an extended or retainer portion 59 that extends

downward from connector body 45 in this embodiment. Extended portion 59 is

located above and secured to orientation sleeve 46. A collar 60 is threaded to the
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-9 Running tool 111 has conventional features for running tubing hanger
31, including setting a seal between tubing hanger 31 and bore 25 of
wel | head housing 21 (Fig. 3). Running tool 111 has a | ock nmenber 119 that
is radially and outwardly expansible into a mating groove fornmed in an
interior upward extending sleeve 5 portion of tubing hanger 31. Lock nenber

119 secures T gitet Bamiet?lof btbnd&d potlibh FONBN ER4iniAd 19dkingCelbmbntn®l el d6gstE3 Ng

| owered into the well. Lock menber 119 is ener%lzed and rel eased by a | ock
member act uat Bithicenneoigribody i4s. Altsnaieliidegs 52 apuwlg bamsedte. engagmpiagle doandi 11

31 S seve 1280k Bl o{ SRS, 104 o ol AREREE Rl IBL B RRORET

production pag&a@etosBody4y and kxtendddifdirtich HRRREEOIRL60 Woulidsy iatdgdlly forth&l
wel | head housing 13 is secured to conductor 15, which is installed in a
first sect? onWé)t%CPﬂ%e%lbde%l | head housing 21 is secured to casing 23,
which is installed in the well. Adrilling riser and | ower mari ne package
that includes a bl owout preventer is run onto wellhead housing 21. The well
is drilled deeper Referring todSigwg 129 4 eontroh fluiddpassagp & extendy throggngeendthtper 27

in bore 25 of wel | head.housing 21. Then roduct i tupi ng .33 ig run
Lhrough ¢ he Pt EHERE PeCRITaR dor Sambe seolAs: ' AoueR sRf st it Brece
runni ng tool AdshbérsofyRésdpRskakes, fau@m? 1BaN@PEonAdetbrOubs o ilé loWeF and of #& N9
hanger 31. Once connected, actuator 117" is preferably stroked to nove

engagi ng menbd?. Theconnspiantubgs steb inte biating pessagesmthe pppes|ead & tubjug kanggiby e
20 downway . i i . : r rd
flow A olhaurt, THARE Bipdtd (P8 0" BHRiE BRRR Jnds cld ard BEC UL By BUBHE. 0
of running tObélOW]tﬂlbihgﬁlaﬁgUﬂmg@l ﬁﬁbilu[@de'.%&t; préﬂﬁ&ibgttuﬁihglgahamﬁ% cetitroh dimedreen
set, the operatr y test the annul us valve 89 by stroking actuator 117
upwar d, di senGagitch ‘@H@j’i@?‘ﬂﬁmﬁﬁﬁ% q‘@bmgrsmﬂgswé@éaﬂewmleaﬁgf%%wiﬂhil

Fi gure 5. Sprgggdiﬂééeﬁ%shes sl eeve 101 to the upper closed position. In
this position, valve head seal 99 will be engagi ng sl eeve seat 103,

bl ocking flow in either the upward or downward direction. Wile in the

upper position, dek_?%stsoq{eivtald’eiigﬂlomgéd%g%?&ﬁgti&{ 88’59 foQZ:ont%lﬁﬁg Buid HoRnY

downwar d novenent .
15 In the preferred embodiment, the valves includes a master valve 63 and a swab valve
65 located in production passage 41. A wing valve 67 is mounted to port 41a. The
hydraulic actuator 68 for wing valve 67 is shown. Valves 63 and 65 may be either
hydraulically actuated or mechanically actuated (typically by ROV). Wing valve 67
is connected to a flow line loop 69 that leads over to a flow line connector 71 on the
20  opposite side as shown in Figure 1B. Flow line connector 71 will connect to a flow
line 73 that typically leads to a manifold or subsea processing equipment. In this
embodiment, flow line 73 is mounted to a vertical guide pin 75 that stabs into a funnel
77. Funnel 77 is supported from tree 39 by an arm 79. Other types of connections to

flow line connector 71 could also be employed.

25 Referring again to Figure 1A, tree 39 has a mandrel 81 on its upper end that
protrudes upward. Mandrel 81 is sized for typically receiving a connector for
connection to a small diameter, lightweight riser, such as for certain workover

purposes. Mandrel 81 also enables other methods of intervention.



The operator then applies fluid pressure to passage 118 w thin running
tool 111. This may be done by closing the bl owout preventer on the drill

pi pe above running tool 111. The upper end of passage 118 comuni cates

wi th an annul ar space surrounding the drill pipe bel ow the bl owout
preventer. This annular space is 5 also in communication with one of the
choke and kill lin 7 iR bl DOV, BodR ]:if%] Ir

line, which flows g%&rme %glsugg%g%ﬁﬁgl andﬁg%'ltpg*sg%ai ﬁsth‘i&glﬁggve 18’?.riHSp i%s ring
105 prevents $Burt2 Becstsedving annulvopassagei 83gis dosatedan @, diffedentwertical sectivpel at or

to determ ne ether or not seals 99 | ye ad 97 are | eaking. The well
is perforat edggﬂﬁt : a%{s]lécavr} s ‘%?ﬁ/gﬁt%/"gn%l ﬂg’ﬂ}ge?@u?% %&%Ws&tﬁm%que,
this may be dofgcAly BfoukR tdbise Rdngh™l ﬁ&ﬁ%n%ﬁxpﬁ%eng%&ﬁ{dnﬁg a3oW& dna! WhéG@ gun

t hrough the tubing hanger running string in e drilling riser and through
t ubi ng 33.5 Theommphicatch with ertubing panmejus 85 swrmoundingdpbing 33! Mheuppérand lewetubsea
test tree that gextends through the drilljing.riser. f desi.red he, oper at or
. Gl 1 oul at O G P Rshaet £5 ey PRidT Tl of T SoReack i hE
This may be dgiyewmn Fggﬂeenmﬂmmwv&ﬁ PR UsurnbahdEisS1Btidtubé 49 lbkeieea iiciat or
117" and engagi ng nenber 109" downward. Engagi ng nenber 109' rel eases split
ring 105 fronvppesendofitohinghangey3hend thedewer adiofdsaddar d to t he open
position of Figure 6. A port such as a sliding sleeve (not shown) at the

| ower end of tubing 33 is conventionally opened and the bl owout preventer
is closed around tAdubmgiangulhsimajze 80 usmougtedtin ituigng Fimmlusgeassage r83ntayblowk

circul at e, do the runni ng stri a tubing 3 with the fl returnjng up
Cubi ng- antfll GEbig iR esage B erg Have it ek ctbrnbt Soid R

Rever se cir cukigutedd) thbiHg dnll§PvAIee 8P haO4 BRh babé HEEhab & dediired b Ghreads 9%t | ng,
the operator will set a wireline conveyed plug (not shown) in a profile in

t ubi ng hanger tubingcarailus Pagsags 83e Astem 9 fhexiends ppweidsfrom st basegdl pleng thesed

by stroking . . ' ug) i

apvard. The. obtt 8 Gbinkabnuip s, €5 8RR vifke st SP RN BICHERL BRI,
t hrough the bdtem®5t Valwa/iesatl O7 hasd sebonldryresilient eseal afweelidewithary dipfsealydval ve
(not shog\%) in tubing 33 is, above the perforations and is preferably cl osed
to provi de a thatigmade of metad ints snahodingeit. wi r el i ne plug in tubing hanger
production passage 32 -11 provi des a second pressure barrier. Tubing
annulus 85 normally woul d have no, pressure, and tubing annulus val ve 89
provi des a pr essuré shattle eleevienlQinis espimrecatly cepstigde ing fubing paulusypassagre 8at or

il oth | _ o . . ’
tree 6. r oo it U et U0 dosheh shOSH M Mg ¥ al'y Tl RESERLW |
it is not runlGinisrashert didtdrics bkloecan iigper énd portisn oA tublheg lidngeat 3 NngWhliletif diem f oOr

wor ki ng on nearby wells in the field being devel oped, The platformto be
moved a shor tIOHEE PRFR BOsion, shawm, lacFSsvraﬁ % @ ?lp%enbmalsnw ST psition

conpl et i g WorlatioB t@vadE héadl 97 Sledve! R4 H@E'a'redu-EE@ﬁiaﬁﬁtér?oﬁro?fs%tal%%ﬁﬁ% by a
cable or lift Iine with the assistance of an ROV (renote 10 operated

vehi cl e). TheinlitsfintetioneSeat hehisrseslingly engagedbly tip s¢dh89 sawell@s she resitientofedl] t o
one side fromgh ertihek,.or, it uld he.on a separate platformthat may
have a crane ?tt)vla?vg}e?‘iﬁw;ﬁlﬁg‘é%f@df 1, ed‘é‘?’?ripcoﬁﬁ M either event, the

wi nch for the cable is located at a place that is out of the critical path
for drilling operations. The cabl no hown) h connegct or, that
connects to nandre‘{\né’_fﬁwa_ﬁwﬁ‘ﬁé?ﬁ % i%i‘%?@%‘?h%r%erégamﬁtﬁﬁg? plgeve

vel | head housjdnea? its upper SHACTSHIR Gingi 105 KR \4eddwiiviard @dpRredSuppbr ¥Fadeamd a
housing 21, and isolation tube 43 wll stab into production passage 32 of

t ubi ng ha&3gerloger syfacedhais decatesivar @ glang pemendicilen tovthebaxis afl tubiag: ganplus

orientation sleeve 46 er Lent tr 39..rel ati.ve .1 0,t ubi .hanger
31, “Once. | ancuepi” g SeBbg Bl 187 iCiasbi ey b g e Suleuder e if

sl eeve 55, calsupgerfelosedpdsitionP8plit rHhk |G Kiapgintd £ivBRé 167 opEiadhg s dXefet t he
outer engaged position with profile 35. Flow ine connector 71 %Fig. 1B) of
tree 39 is coHieinggtaryeYsnpdpyvpwardneyemenhel degyedfl.annul us passage (not
shown) in tree 39 is connected to a manifold or a related facility. In a
preferred technique, with the assistance of an ROV, the operator connects a
retrieval tool (not shown) to nmandrel 81 and renoves the plug (not shown)
in tubing 25 hanger 31. The retrieval tooB-has a downward extending stem

t hat extends through tree production passage 41 into tubing hanger
production passage 32. The downhol e safety val ve nmay be closed during this
procedure to isolate any pressure fromtree production passage 41. Al so,
the retrieval tool utilizes pressure controlling seals -12 around its
stem Once the plug is renoved fromtubing hanger 31, tree 39 should be
ready for production. During production, tubing annulus valve 89 may remain




typically held open for nonitoring the pressure in tubing annulus 85. If
tubing annulus 5 valve 89 is closed, it can be opened at any tinme by

stroking actuator 117 (Fig. 4) of tree 39 dowward. Any pressure within
t ubi ng annulus 85 is conmuni cated through tubing annul us passage 118 in
tree 39 and to a nonitoring facility. For a workover operation that does

not involve pul | i ng;dyubii BRbvaan %fhk%%ttomr | lf 369 eXtehdin® iRy uppeL MRt er

may be secured to tree mandrel unbilical 10 I'tne would typically
connect the tobitulgnganuilus ppasgead® inn engegenddt twith the wppef goé of sdeewe 101,

Wreline tools may be | owered thyough fhe rjser, tree ssage 41 an bi n
35 “The wel | Ragatbes RierPen Bis edodiona! Stetiiferomperetiqtaesdy MOt o
open tubing appiidsssidRt 61 §8m l@eﬁlﬁ?@r MR oGRPp AR I sn® HHERL & eﬂ%%(%é he

riser, through tubing 33, and froma lower port 1n tubing 33 to tu
annul us 857 Thenfberil @’ lsiewnaniRigiges Handighis mdvinteg tanmuinisg ek $blgused 3o and

assage 118 in.treg 39 e unbilical .|line. For r kgver operations that
equ re pul |1 e e 88, Eagadig menner 1b3 s adbeti 3o Fref REAahsGHER,g

21. The |ight wemaht upiva@r fa¥iap sheP 6h sPﬁt ﬁ%os.eﬂiﬂ {13 §1R1es BPEMdNARERspR UT
is reset into tubing hanger 31 with the conveyed tool. 20 The downhol e

safety val ve 1oglla5 tecaitask dnabling engagingmember HPetd push sleeveblOd dowmiward to
assi stance of jan ROV. .Then a drillj ri.ser i.s | oawer.ed int agenent with
Mol | head: housPRGPees PosaSo  siring | 1S sy By b RS o B RO PRI &
wor kover 1 ajoeaidd BetweiadteriMARED1 andlqhd iR ten@ ofMbideve 10N fSp@iﬂgtlls urges
advant ages. Access to the tubi ng annulus is 25 readi]y obtainable by

s

stroki ng an asleenet K1 tontherupper elosest positiarh e Anyirassuteaingrassasga i3 wguldoassist The
retenti on dev (i'ﬁ1'§|all§59i4’ﬁmo stléé%ggl Mglcfé‘?s%&/&#s\ft?onto be tested from above.
L .

All of the hy%:Pra i"C ‘passages and conponen or Stroking the actuator for
the tubing -13 annul us valve are |l ocated exterior of the tubing hanger.

g o 92 10 A ORSE Pk o AR BRRST, 1,

need for other pass rnventTon en shown 1 n

its forms, itmolnteldnbeecapparLethatdo 1ihdsea Bélldw,enlbilar nfventer twith@pen tends not
so limted but susceptible to various_ 5 changes w thout departing fromthe

scope of the Tepipeofallycarried in @ tubing annulps passaged 18 ubirag) 32GHe1 Vs Asiater I/
X . . A _ \ ¥ g
housing. 1o ciid Aot pbflioh el et iRl sid AR i sARRREY cBphifed Wit Hideath?

Furthernore, flind foulmoving actudtors 1 Vabstereew upperbemdubwki pesitiodst HTubifiglanmgus
tree, rather than in

hanger |l anded in a tree, sych as .a horjzontal )
wel I head housP‘W@‘.‘gcé L@PXYTB%L&“BPEH@GPA%FR inexeRArcEde pomar B t@ﬁp@%f% to
retain the angyfnstiorlo\erubihgldifulal A& thaPR3NE tyPibally to a subsea manifold. Tubing

20 annulus passage in tree 118 does not extend axially to the upper end of tree 39.

When actuator 117 is moved to the lower position, engaging member 109
engages and pushes sleeve 101 from the closed position to the open position. Figures
5 and 6 show a similar actuator 117’ that forms a part of running tool 111 and works
in the same manner as actuator 117. Like actuator 117, actuator 117° has a piston
25 portion that is carried in a hydraulic fluid chamber for causing the upward and
downward movement in response to hydraulic pressure. Passage 118’ leads to an
exterior upper portion of running tool 111 for delivering and receiving tubing annulus
fluid.



for testing. For exanple, a gripping device on the running tool engaging
menber could be utilized to grip the shuttle sleeve and hold it in an upper
position while the testing is occurring. The tree could be run on a riser
rather than a lift line, in which case the tenporary wireline plug in the

t ubi ng hanger production passage would be 15 conventionally retrieved on

wireline. If run ORuAningS®b] 1PEMhScahveRtofUettulRe RRE ¢aiRnd Bikesh abhg J1he
tree is place by |owering the perforating gun through the riser and tree.

-14 Ve d ai including setting o pesd hetwween tubingdiapier Haaridrhprei2: obweltheadhatsing 21

| ocat ed subseg..at ,an r end. pf . the Il t uhl hangen,. | and ' he
t ubul ar nenbe ,lgt ﬁg gﬁ%ﬁ‘ﬁ& tﬁgﬁbglr hésoﬁrk(\g% ‘Q&"@Sf gPésﬂ?"it r\sgra%fal]yu%‘lﬁng&e“)#%di ng
into the wel | expdhgible!phtB0a hatiagr gloavd femedSind bR dhtetibO Ripads atendifg sldedwi Ng
production fluid fromthe well, the tublgﬁg hanger having a tubing annul us

passage i nd coipitipnceft ubmghangerad k ubeskgmember UL segtres ywaiiing) taohd 11 doitwing t he

| nprovenent c |.S8S, | .n S lve. | ted,i n e tubi ul us
passage, the ?‘ g;géerrl;ﬁa%vrl}ﬁ?tﬁ%ﬁb/g%\:}gis%é%ﬂ ?g&% eﬁ%}tgﬁﬁ?w%nl@l\/a%{)% s ngégggt ed
to be noved f edrpizad WpdeEledddd Byos Ritk IREhbéraittiiatoral 210 WhichOig &llsoPigydrinlieally a
retention device for retaini ngi t he npvabl e nenber in the upper closed

posi tion whi | 8riveist Rypeing dead ¥lddins apdleevet1Rd thehslidee sentinglyrintosthg herg 42 of o
t he tubi ng anpyl e . [ ree; , ' I
mount ed oxt or LS PARRE3EE SIA 22 SO ¥ wiRl el ortblaG In1A0 it B
ret enti onidlev fiom prioductivngmsdape 32 (Figl8)dn nbiiekanigeodid.t he upper cl osed
position to the | ower open position. 2. The well assenbly according to
claim1l1, wherein the retention device conprises a detent that is

cooper ati vel y | ocaledp&atién)dute wallhead oy B8 seburkd @ totlductor A5 whish is

passage. 20 3, The well _ assenbly accordi&g to claim1, wherein the,
retention devinstalledinp;firgtssectionplihe avelly Welhead haysing 24, in gecarssd fo rasing 3age:

and a SPIi t 1 LGRS cloFellTON ARG PG foer HMARRbARab Ot RRARGE et

wi th the groove.
a blowout preventer is run onto wellhead housing 21. The well is drilled deeper and

15  casing 29 is run and suspended by casing hanger 27 in bore 25 of wellhead housing
21. Then, production tubing 33 is run through the drilling riser with tubing hanger 31.

As shown in Figure 5, running tool 111 is secured to tubing hanger 31 to run
and install tubing hanger 31. Once connected, actuator 117’ is preferably stroked to
move engaging member 109’ downward, thereby causing shuttle sleeve 101 to move

20 downward. This opens tubing annulus passage 83 for upward and downward flow. A
conduit, typically drill pipe, will be connected to the upper end of running tool 111 for
running tubing 33.

After tubing hanger 31 has been set, the operator may test the annulus valve

89 by stroking actuator 117’ upward, disengaging engaging member 109 from sleeve

25 101 as shown in Figure 5. Spring 115 pushes sleeve 101 to the upper closed position.
In this position, valve head seal 99 will be engaging sleeve seat 103, blocking flow in
either the upward or downward direction. While in the upper position, detent split

ring 105 engages groove 107, preventing any downward movement.

-10-



4. The well assenbly according to claim11, wherein the novable nenber is

bi ased toward the upper closed position by a spring, and downward novenent
of the novabl e nmenber caused by the engagi ng tool causes conpression of the
spring. 5. The well assenbly according to claim1, wherein the novable
menber 5 conprises a sleeve, and the tubing annulus val ve further
conprises: a valve t oS! 1 Ui o age
and extending int OT{HE%% Téogvt}éél?géﬂlg% dg?&] At W P(f hmné | irjlltgeg‘flglrmﬂp{b?%%? eeve
whil e the sl edYk iEhit mdyhee dbisbyl cuﬁﬁ@rthéQﬂ(denﬁrpre@dmbramSlhéldiQI ppebede t 0 a
| ower end of the sleeve for_urging the sleeve upward. 10 6. The wel |l

assenbl y accofuming to9l dildi nThe Uppertend rofnssage st 18q commupinates gvitto an anppler

rel easably se b o]

rounted o a Sk arhSpidiy BUUIRBERER, b Moyl HidalePO ThAIBRAGE shdbo e
menber; an§l WaRo én Sorhin@nitagagwith oheof the shdsl;wurﬂudﬂl tiaed. yThdrdpeéekoripaimpe duidipper
and Iomer 15 positions_and carried by the running tool. 7. The well

assenbl y accof@Whdhe ehoke and.kall ling, ayhachflewe Q‘M%Bﬂséﬁgenb]r?bépd agifppaing slegve

wel | head housi I ¢ [
ree mount od oork PERAL RO e orfESRHR ekt b Hont ASpE WS my Ard LG e 6
hydr aul i cal | yoperatoeto determerawhetherorawotisdatsviir orpwadve head 97 2 laaldng.ar ri ed by
the tree. 8. The well assenbly according to claim1l, wherein the engagi ng
tool is hydraulic driven by hydraulic circuitry |located exterior of the

t ubi ng hanger, theThd6well isiperigratedngd chinplogdfines cohvaipndlysamer CInpassages
for noving the povabl e, nenber fromthe clqgsed positign to the qpen

posi ti on. ?@ fecanigue higanay be denapmpor te instlling Hge 33 by Jewerng ?rﬁ%%fﬁtl%&l&ﬁb‘% ed
to be I ocat edystiiCite Hhbif hREE Tkl Hink i tM€hlilling riser and through tubing 33.

The tubing hanger running string may optionally include a subsea test tree that

extends through the drilling riser. If desired, the operator may circulate out heavy
fluid contained in the well before perforating. This may be done by opening tubing
15 annulus valve 89 by stroking actuator 117’ and engaging member 109’ downward.
Engaging member 109’ releases split ring 105 from groove 107 and pushes sleeve 101
downward to the open position of Figure 6. A port such as a sliding sleeve (not
shown) at the lower end of tubing 33 is conventionally opened and the blowout
preventer is closed around the tubing hanger running string. The operator may
20  circulate down the running string and tubing 33, with the flow returning up tubing
annulus 85 into the drilling riser and up a choke and kill line. Reverse circulation

could also be performed.

After perforating and testing, the operator will set a wireline conveyed plug

(not shown) in a profile in tubing hanger production passage 32. Tubing annulus

25 valve 89 is closed by stroking actuator 117’ upward, causing spring 115 to move
sleeve 101 upward. The operator then retrieves running tool 111 on the running string
through the blowout preventer and drilling riser. The downhole safety valve (not
shown) in tubing 33 is above the perforations and is preferably closed to provide a

first pressure barrier. The wireline plug in tubing hanger production passage 32

-11-



5 a tubing hanger | anded in the tubular nmenber and adapted to be connected
to a string of tubing extending into the well; a tubing annul us passage
extendi ng through the tubing hanger in comrunication with a tubing annul us
surroundi ng the tubing; a sleeve |located in the tubing annul us passage at
an upper end of the tubing 10 hanger, the sleeve having a seat that is

adapted to Coglfﬂr}gﬂe‘éaé Sectinli Npreditird HRHiEY %ngggrgmﬁlssﬁ InBEnATRUAOER hfvel it

sl eeve for ur the sl eeve upward to a ¢ position, Bblocking flow

t hrough t he spetssweé, anddulghg enmluschlve ]9 providagja pressirebarpasindbecveat pressang

t hat rel easably, retains the sleeve in the closed position; 15 an engagi ng
tool that sel gé‘?"\%1 y engages the sleeve to rel ease the detent and nove the
sl eeve fromthe closed position to a | ower open position; and wherein the
detent prevents novenent of the sleeve to the open position_ in response to
fluid test pressurdhagperatod will thenareleass the deHing rissr Fanswelthead fousing el andkeve.

. Th I ' | aj ] . . i |
nead mount2d 18 SOCtSRERar ot Betallf o8t Bien A Moy Fin R GahdBe. 1ER o7,
passage, the wal ve risegdhisefidry the dedrick rodthe fleking platformr fop fwdrkiag Sdnensagbyf or

engagi ng the seat .when_t sleeve is ipn th | osed position. -17 11. The
wel | asserl y &t mm@ren@elgie& g¥elgpedyndhe PltoRE ta éﬁ?vq@o%%rqﬂs&tan%to a
annul ar - gr oov ged, Q5¢H%iEn  fBr Hﬁﬁing%g?éwvéﬁ%'ddﬁag?@@?%&k &4l Bﬁtiﬁfﬂ' ldkilled RRIL

nmounted to an exterior portio t he sl eev snappi ng i nt'o engagenent
with the grooTee 3 i§ prefdablywah by asebletor yiftdoworith thg assistencziafiaf ROV (tehote

conprising, a running .tool for_engagi ng the tubi anger | owgring the

ub ng’ hafber oPéiee viucRh, Hhelin B e doeried Hn titoieie gl iom: eBor Sfe

mount ed to thejde $ami e deBdk, or it could be on a separate platform that may have a crane for
various purposes but no derrick. In either event, the winch for the cable is located at a
place that is out of the critical path for drilling operations. The cable (not shown) has

a connector that connects to mandrel 81 of production tree 39.

15 As tree 39 lands in wellhead housing 21, its lower end will move into bore 25
of wellhead housing 21, and isolation tube 43 will stab into production passage 32 of
tubing hanger 31. While being lowered, orientation member 44 engages orientation
sleeve 46 to properly orient tree 39 relative to tubing hanger 31. Once landed, the
operator supplies hydraulic fluid pressure to cam sleeve 55, causing dogs 53 to push

20  locking element 51 (Figure 2) to the outer engaged position with profile 35. Flowline
connector 71 (Fig. 1B) of tree 39 is connected to flowline 73 and the tubing annulus

passage (not shown) in tree 39 is connected to a manifold or a related facility.

In a preferred technique, with the assistance of an ROV, the operator connects

a retrieval tool (not shown) to mandrel 81 and removes the plug (not shown) in tubing

25  hanger 31. The retrieval tool has a downward extending stem that extends through
tree production passage 41 into tubing hanger production passage 32. The downhole
safety valve may be closed during this procedure to isolate any pressure from tree

production passage 41. Also, the retrieval tool utilizes pressure controlling seals

-12-



13. The well assenbly according to claim9, further conprising: 10 a tree
nmounted to the tubular nenber and extending upward therefrom and wherein
the engaging tool is nounted to the tree. 14. The well assenbly according
to claim9, wherein the engaging tool is hydraulically driven and | ocated
exterior of the tubing hanger, the tubing hanger being 15 free of any

hydraul i o PasSAYER i HenTShOOClsTEH BV AU HEing hERRH ARORId dpmol she

open position n a subsea asse avin ul ar

| ocat ed subseseady fampropéonend of the well, a tubing hanger |anded in the

t ubul ar nenber, the tubing hanger connected to a string of tubing extending
into the well, the tubing hanger having a 20 production passage for flow ng
production fluid fDafinghsrod@dtion, ttiitsing Udnntils hedbae 189h alyneendnin Wdsed, donud us
passage in comunicatjon with a tubing annulus surroundi ng the tubing, the
i npr ovenent cbipal¥ keld apep for rgonitasing dhepratsuissingelnye anmduy S If tubing anqyies ng
annul us passa | v ' i e er
adapted t ?begﬁl‘)’%tggqﬁ %fg%cggt %%E%Qr C gdsigtd81 oS %:Bgnsa’tgléﬁg ﬁ%@&g’rrquziﬁigbggﬁribon;
and a hydr aul tre@B9 dosnwurln Anygpissige within tbingt-adulex 861is osmmuniched thrbugiy
hanger 5 that selectively noves axially to engage, and nove the novabl e
menber from t HOMgAeHlus passage phkinitres3ompd i e mogitering, Betithosi ti on, the

t ubi ng hanger being free of any hydraulic passages for noving the novabl e
menber fromthe closed position to the open position. 16. The wel|l assenbly

according to clai nfaba WeRKeYr oRedaion; thpingoss ratbinvelvhawliing whinguAhi hdishbol
or 1 9, U B E00op OSSR LOaSIORE Mlnd Py fo ISP
15, furthed chnpmionlidtypicallyeonned ithethbing annulus passage on tree 39 to the surface
vessel. Wireline tools may be lowered through the riser, tree passage 41 and tubing
33. The well may be killed by stroking actuator 117 (Fig. 4) downward to open
tubing annulus valve 89. Circulation can be made by pumping down the riser,
through tubing 33, and from a lower port in tubing 33 to tubing annulus 85. The fluid
15  returns through tubing annulus passage 83 and passage 118 in tree 39 to the umbilical

line.

For workover operations that require pulling tubing 33, tree 39 must be
removed from wellhead housing 21. The lightweight riser would not be required if
the tubing hanger plug is reset into tubing hanger 31 with the ROV conveyed tool.

20  The downhole safety valve would be closed. Tree 39 is retrieved on a cable with the
assistance of an ROV. Then a drilling riser is lowered into engagement with wellhead
housing 11. The operator retrieves tubing 33 and performs the workover in a

conventional manner.

The invention has significant advantages. Access to the tubing annulus is
25 readily obtainable by stroking an actuator in the tree or in the tubing hanger running
tool. The retention device allows the tubing annulus valve to be tested from above.

All of the hydraulic passages and components for stroking the actuator for the tubing
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to the tubul ar nenber for controlling fluids flow ng through the tubing
hanger; and wherein 15 the engaging tool is nounted to the tree. 18. The
wel | assenbly according to claim 15, further conprising: a tubing hanger
runni ng tool for running the tubing hanger, the tubing hanger running tool
subsequently being retrieved; a tree that | ands on the tubul ar nenber after
t he tubi ng ha h | | evedy: : |+ | ow
of fluids thr %ﬁ‘%%“% Pt {’}%ilér’l%?idaﬁgeeﬁ%gneﬁ Wbt b gliﬁ’é’édégﬁn%‘rﬁﬁist’%%ﬂ‘af
conpri ses a r spavegwal)of thertgbine tremder thmois rtebd foriothenpasshgsd. t 0 t he t ubi ng
hanger running tool and a tree engagenent tool that is nounted to the tree.
-19 19. A nethod of running a string of tubing and testing a tubing

annul us val ve | ocatddie theéantétitionchas dbege show® iPbhBi ok of &3 fery itdihogld be
tubi ng annulus valve with an axially novabl e nmener; (b) connecting a

runni ng tool #PRAERtRR thaspiskiled im dg art thad itrig mat seylimifed brbsUspeptiblete WHGHYI ng
| th C - . . | .
| over open’ pociiiegs Wt udtilhe AR the BRDe BP Uik BRIR FUF GaliBlE Bhile 1l |

the wel |l and kubigh arguluseratvelds sigovraing@nnédtion withidrey thaEifteeially@oahets tatthan

upper end of the well; (d) retracting the _engaging tool and noving the
movabl e rrenbe?"""ﬁ%eaéni‘?ﬂbgb‘& lim%ﬁﬂﬁsaéw BleittllZS%,WltﬂhéFe&BythB'i SemIESH e&%ﬂ?ﬂ”@(r d

f1ow t hrough Fﬂﬁh«%ﬂ%ﬁ%}%é"%meguﬁm\iﬁls%'ve%ﬁdﬁ %tﬁpa%hmﬁgaftﬁqﬂ'é@?&éﬂ%%f 1AREEFSUT €

to the tubing ann S passage above the nova menber whi tal ni ng the
nmovabl e nenbein a fre¢,sack hog bdripaalttregnratiRd thafine arme¢lthedd housimgli Othet types af m

19, wherejpn: 1 tep, (&) further c I ses.providing the.npvabl e nenber
Wiha spifngtetetiondebits calld B erhBRBL L Bl iHe mav B veitg i Bechset Bostne
menber noves g fedtRigOPRSt BQRiPIL, W grifdifls device on the running tool engaging member

could be utilized to grip the shuttle sleeve and hold it in an upper position while the

testing is occurring. The tree could be run on a riser rather than a lift line, in which
case the temporary wireline plug in the tubing hanger production passage would be
15 conventionally retrieved on wireline. If run on a riser, perforating could be
accomplished after the tree is place by lowering the perforating gun through the riser

and tree.
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step.(d) is perfornmed by disengagi ng the engagi ng tool of the running tool
with the novabl e nenber, the spring pushing the novable nmenber to the

cl osed 20 position. 21. The nethod according to claim 19, wherein step (e)
is perfornmed by causing the novabl e nenber to engage a detent. -20 22.
The net hod according to claim19, further conprising: after step (e),
retrieving the running tool and installing a production tree onto the

t ubul ar nenbeky. EgmPr oduction tree being provided with a second engagi ng
tool in additromto the first mentioned engaging tool; then 5 extending the
second engaglng tool into engagenment with the novabl e nenber and noving the

novabl e nmenbe

oL AA A AL A, %{E%éaiﬁ@]%s%ﬂ%&g h\%g% kf)mkn‘%ﬁ\%i%e%%&i%gﬁ%@ﬁ{, 6
end of the well, a tubing hanger landed in the tubular member, the tubing hanger

zupkfa\ W ca] ca] ca] ca] cal ca] ca]sca] cal calca]ca] ca]calca] ca ca] ca]l ca] ca] caU] ca

] cTa] ca] ca] acq;]n@cg d da sty Hyhing extgndipg kto the well, the tubing hanger having a

el oo ca 1 @ﬁﬁl&@fsﬁéﬁ% q%laﬁﬁi ?‘E‘:‘la“f’ca] A6 gebet) 1 GBlihaghe ) o2
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a] cal] ca] ca] ca] ca] ca] cal ca] ca cal calca] cal ca ca] cal n??! @ @aEBAAA7B>BCEH]J! Kv
KKLf LMVBNNNGOOCDPPP &sqwa “Z] Ve dcatep o the) bipg Arenius apasaasea thea feoL a] ca

R T S w3 SRR LA e KO R S A TR RN ARGR 3PS

a] ca] ca] cH) ca]:loaf]dqw]srtm]lcta]adxa]'crwpemposa]lma] calcalca]calcalcalcalcalcaliFjjj @
kkk@ | | Dbmmprrrr Esss?t fttu-uuuuu>vvvv}xsnid _Z]c]]ca]ca]ca]ca]ca]ca]ca]calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalca]calcalv

QM Wz X KX SXX X ; a retention device for retaining the movable member in the upper closed
yyyznzzz{e{{{] <| ]}T} ~~~~~ Ul xspid_Z]c]].ca]ca ca] ca)J ca] calcal ca ca ca] calc
a] ca] ca] ca] caPesiieny iqteéq RIS @almszptfa}f@ }J%razf @aplicd o

kP1nd
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

o] on] ob] ca] ca] call AT AT ) Hepel Gurldrodh B) KRR nafnd THal bERUERNT O
] cal ca] ca] cal cal o
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2. The well assembly according to claim 1, wherein the retention device

comprises a detent that is cooperatively located on the movable member and in the

tubing annulus passage.

20 3. The well assembly according to claim 1, wherein the retention device

comprises;
a groove formed in the tubing annulus passage; and

a split ring mounted to the movable member for snapping into engagement

with the groove.
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a valve head stationarily mounted in the tubing annulus passage and extending
into the sleeve for engagement with an interior of the sleeve while the sleeve is in the

closed upper position; and

a spring mounted to a lower end of the sleeve for urging the sleeve upward.

10 6. The well assembly according to claim 1, further comprising:

a running tool that releasably secures to the tubing hanger, the running tool
adapted to be mounted to a conduit for lowering the tubing hanger into the tubular

member; and

wherein the engaging tool is hydraulically driven between upper and lower

15  positions and carried by the running tool.

7. The well assembly according to claim 1, wherein the tubular member

comprises a wellhead housing, and the well assembly further comprises:
a production tree mounted on the wellhead housing; and wherein

the engaging tool is hydraulically driven between upper and lower positions
20  and carried by the tree.

8. The well assembly according to claim 1, wherein the engaging tool is

hydraulic driven by hydraulic circuitry located exterior of the tubing hanger, the
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a tubing annulus passage extending through the tubing hanger in

communication with a tubing annulus surrounding the tubing;

a sleeve located in the tubing annulus passage at an upper end of the tubing
10  hanger, the sleeve having a seat that is adapted to communicate with the tubing

annulus;

a spring mounted to the sleeve for urging the sleeve upward to a closed

position, blocking flow through the seat of the sleeve and the tubing annulus passage;
a detent that releasably retains the sleeve in the closed position;

15 an engaging tool that selectively engages the sleeve to release the detent and

move the sleeve from the closed position to a lower open position; and

wherein the detent prevents movement of the sleeve to the open position in

response to fluid test pressure applied to the tubing annulus passage above the sleeve.

10.  The well assembly according to claim 9, further comprising;:

20 a valve head mounted to a stem that is secured stationarily in the tubing
annulus passage, the valve head being positioned in an interior of the sleeve for

engaging the seat when the sleeve is in the closed position.
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the engaging tool is mounted to the running tool.

13.  The well assembly according to claim 9, further comprising:

10 a tree mounted to the tubular member and extending upward therefrom; and

wherein

the engaging tool is mounted to the tree.

14.  The well assembly according to claim 9, wherein the engaging tool is
hydraulically driven and located exterior of the tubing hanger, the tubing hanger being
15  free of any hydraulic passages for moving the sleeve from the closed position to the

open position.

15.  In a subsea well assembly having a tubular member located subsea at an upper
end of the well, a tubing hanger landed in the tubular member, the tubing hanger
connected to a string of tubing extending into the well, the tubing hanger having a
20  production passage for flowing production fluid from the well, the tubing hanger
having a tubing annulus passage in communication with a tubing annulus surrounding

the tubing, the improvement comprises:
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16.  The well assembly according to claim 15, further comprising a tubing hanger

10  running tool for running the tubing hanger; and wherein

the engaging tool is mounted to the tubing hanger running tool.

17.  The well assembly according to claim 15, further comprising a tree mounted
to the tubular member for controlling fluids flowing through the tubing hanger; and

wherein

15 the engaging tool is mounted to the tree.

18.  The well assembly according to claim 15, further comprising:

a tubing hanger running tool for running the tubing hanger, the tubing hanger

running tool subsequently being retrieved,

a tree that lands on the tubular member after the tubing hanger running tool

20  has been retrieved, for controlling flow of fluids through the tubing hanger; and

wherein said engagement tool comprises a running tool engagement tool that
is mounted to the tubing hanger running tool and  a tree engagement tool that is

mounted to the tree.
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(b) connecting a running tool with the tubing hanger, the running tool having
5 an engaging tool that contacts the movable member and moves the movable member

to a lower open position;

(c ) with the running tool, lowering the tubing into the well and landing the

tubing hanger in a tubular member located at an upper end of the well;

(d) retracting the engaging tool and moving the movable member to an upper
10 closed position, thereby blocking downward flow through the tubing annulus valve;

and

(e) applying fluid test pressure to the tubing annulus passage above the

movable member while retaining the movable member in the closed position.

20. The method according to claim 19, wherein:
15 step (a) further comprises providing the movable member with a spring;

step (b) causes compression of the spring as the movable member moves to

the open position, and

step (d) is performed by disengaging the engaging tool of the running tool
with the movable member, the spring pushing the movable member to the closed

20  position.

21.  The method according to claim 19, wherein step (e) is performed by causing

the movable member to engage a detent.
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5 extending the second engaging tool into engagement with the movable
member and moving the movable member with the second engaging tool to the open

lower position.

21-



