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DEEP WATER SUBSEA VELLS This application clains the provisional applicdtion
filing dat"® Gf%EHhruary 6, 2002, Serial No. 601354, 544 enPCT/UBB/02720
"Multi-Position Plug for Subsea Well Systens”. Field of the Invention: 5
This invention relates in general to subsea well installations and in
particular to a systemfor installing and retrieving a plug froma tubing
hanger. Background of the Invention: A typical subsea well head assenbly has
a high pressure well head housing supported in a | ower pressure well head

housi ng and sePLUG INSTAAIIATIONSYSTEMTGR IEEP WA THIE SUBIEA GELPs nor e
casi ng hangers land in the wel |l head housi ng, the casing hanger being
| ocated at the upper end of a string of casing that extends into the well

to a deeper deptihisApplicdtite Qindsuhé agav%@mqﬁpﬁémeﬂgiﬁn?ﬂrat&aﬁiraﬂu s,
production fluids. A ristmas or production tree nmounfs to the upper end

of the wel | h&¥i ReddliNg 606154, 544 wniided IMugltic Basition Rlug Fari Sitbs@hWel SystarssT.on
tree is typically a large, heavy assenbly, 15 having a nunber of val ves

and control sfwﬁfa@qtlhg%ﬁoqp. One type of tree, sonetines called

"conventiona WO borés through it, one of which is the production

- bore and & he ot heThisdntditioh elafeg iR pEHerA1 3o BEERE SvdlHStallati dhstdl Sn PYRRuRE
. wel | head assenbly, the tubing hanger lands in the wellhead housing. The -

. tubi ng hangeP hwstem T fptadlinband mirishige 2inlug §am sabing hahgerpr oduct i on passage
i and 20 the other being an annul us passage that comruni cates with the tubing

annul us surﬁﬁi{#'ﬁ{ggﬂhpﬁletllﬁ%mon.Access to the tubing annulus is necessary

to circulate own the production tubing and up through the tubing

annul us, or vice Aetypial bubsed twredlheadkadsémblyehases lhigh peissite |l vadlBelholgay Y
fluid during conpleti 03. After the ﬁ.llgqui rhg hanger is installed and before
the drilling“PP s e rgssusT Wellaed nogsing rngsepyred e easing thagextends 25
tenporarjgl y iRicAGedvdi) bRE P@%51898SnPharlghR bHP} r

i sol ation tulbes that stab into en%ée)lgaeﬁr%entlray\n@ltuﬂalte%ag%écsigggén%’r}ﬁfﬁéﬁi%bi ng
hanger when hangertheseg loaated at the upper ené bf & etaitkg lod vasimgythatldtends e tlof wellee i s
normal ly run

nor L1 B SR S48 5360 ks BRahB SRR ER e " °
passage of tdwistth&eof rdduetist ibaeRuiRSEahe upPl éad bEtR NENRGY 1RO, fhem 1
controlling the well fluid. The production tree is typically a large, heavy assembly,-
15  having a number of valves and controls mounted thereon.
One type of tree, sometimes called “conventional”, has two bores through it,
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 welthead housing,
The tubing hangér has two passages through it, one being the production passage and
20 the other being an annulus passage that communicates with the mbing annulus
surrounding the tubing. Access to the tubing annulus is necessary to circulate fluids
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. Afier the tubing hanger is
installed and before the drilling riser is removed for installation of the tree, plugs are
25  temporarily placed in the passages of the tubing hanger. The tree has isolation tubes
that stab into engagement with the passages in the tubing hanger when the tree lands
on the welthead housing. This type of tree is normally run on a completion riser that
has two strings of conduit. In a dual string completion riser, one string extends from

the production passage of the tree to the surface vessel, while the other extends from
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the tree hp Q?g ﬁgrface vessel. It is time consum ng, however to asse

and run a du&0P¥i ng conpletion riser. Also, drilling vesS8EIrds03d72hot

have such a conpletion riser available, requiring one to be supplied on a
rental basis. 5 In another type of tree, sonetines called "horizontal"

tree, there Is only a single bore in the tree, this being the production
passage. The tree is | anded before the tubing hanger is installed, then

the tubi ng habgeubing aloiney patsagedin teded torthé berfideedssel THe id Hbie%n&ﬁﬂﬁ@
| onered through the riser, which is typically a drilling riser. Access to
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above the tuberttglﬁaamger This void space communicates W|th the choke and
kil l Iineg when tHe blglwout preventer is clgosed on the tubing hanger
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the tubing hanger, 20 rather than slightly offset as in conventiona
hanger s. 1The risere eThipabingchangar oesvmt thavahn anrmmﬁgpamgd thsaqgiasns dye atH)npassg h
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hanger sincesgacel déghm@iedds Watht BETHORE iahd Kil3inds afénaihe Hl@%ﬁtem%deméﬁ gm the
t ubi ng annul us passage with this type of tree. 25 In the prior art

- convent i onal clse eothe duhing bartgqumgmgaﬁﬁgm Iﬂylp\egyst@methptnbe prun vanigid pips,
talled b The, t
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. Before the dﬁc;thd:ﬂvwg} Whitetheit@ed baispnmct ed from the wel | head housing, a

plug is installed in the tubing hanger as a safety barrier. The plug is
normal Iy | ower ed Bha%PtWrr #d fess tcﬁ’rrﬁfﬂﬁhtme affwelthead [sysframat egncentgieriubing
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riser that was 0 Ins
assembly The tubing hanger has a productton passage and an annulus passage.

However, the production passage is concentric with the axis of the tubing hanger,

20  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 tl';e tree may be run on a monobore riser. A tubing annulus valve is
located in the tubing hanger since a plug cannot be temporarily installed and retrieved
from the tubing annulus passage with this type of tree.

25 In the prior art conventional and concentric tubing hanger types, the tubing
hanger is installed before the tree is landed on the wellhead housing. The tubing is
typically run on a small diameter riser through the drilling riser and BOP. Before the
drilling riser is disconnected from the wellhead housing, a plug is installed in the
tubing hanger as a safety barrier. The plug is normally lowered on a wireline through’

30 the small diameter riser. Subsequently, after the tree is installed, the plug is removed

through the riser that was used to install the tree.
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this inveptiaon, lift Iine deployable apparatus is provided for retri€eving
a plug i Ugngﬁggége of a subsea wel | head assenbly. The apifaB¥0342R4s a
tubul ar housing that sealingly connects to an upper end of a subsea
wel | head assenbly, An axially 5 novable stemcarried in the housing for
novenent between a retracted position and an extended position in the
passage. A retrieval nmenber is nounted to the stemfor engaging the plug
whil e i n theSeninenxgad thofiven¢ion: and retrieving the plug as the stem is
noved to the retrgfted, osi.tion, Preferably, the mechanismfor connecting
‘the housing to th& UBpEvertien ¢lif Hae deploxaiie appasins Hepravidsd demrerigvingaver ed

by an ROV. ¥ i j i h controlled
and”poner ed Dy an= REsAERta FREUADIE Aok FbhAnHe} Ehdinie iogihl
hydr aul i cal | thatiséalieglybgornbes ROsh BpperfenDercr subséoweblieat sdpitdni ngs axikilgur es
I A and 1% corrpr;iﬁe a vertical section view of a well head assenhly 15
const ructed TAVALE SieaLAEedIT hedprsing f0meyeRent helykes arefractash pavifiar gad

sectional Vi gWeQbnfediRsitioANn e #Jéﬁagé‘? | A hagdvASSGmidis ﬂfoEn'%hgﬁgl%lssténpfo nd |

. B, the sectional plane being ditfferent than in Figures i gure
. 3 is an enl asngegdingdh¢ pmgaihild isvtho Extandedrpositionpénd tetrievilg the athgpssibeisteyn of

- Figures IA and 1B. .2 Figure 4 is an anot her sectional view of a portion of
. the wel |l headlsé’%%"@ﬂﬁ?g’ed'le. AGRARSEON A and 1B, but shown in saTne sectional

- plane as in Fi gurpreferily] tht Wedeh@i@n For donBbdhgdRO Hbien V@Rl HE ubPerdnfl 7584
position. Figure 5 is an enlarged sectional view of the tublng annulus

- val ve oflOFj giwbecagvellhend apsemblyaly poperedgyysint RON. ahido,shydgesimpbshaaisnefigabi ng

menber of th r; Lan .2 r.e Fiagure 6 i n,arged sectjonal view
of the tubi nsge aﬁéﬁﬁﬁéﬁééﬁ@é{lc&%é%ﬁedﬁﬁﬁﬁﬁ’ g@gﬁd%ysa%lﬁg%? uzthgs, ee‘i’f%bed’gi ’E“FB‘b?eQmi l e
a tubi ng hangeferabiniy iydrdutiohlly driveabylteeReW .t o the tubing hanger. Figure 7
is a sectional view of the tubing annulus valve as shown in Figure 6,

Brief Description of the Drawings:

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
Figures 1A and 1B, the sectional plane béing different than in Figures 1A and 1B.

Figure 3 is an enlarged sectional view of a portion of the wellhead assembly of
Figures 1A and 1B.

20 Figure 4 is an another sectional view of a portion of the wellhead assembly of
Figures 1A and 1B, but shown in same sectional plane as in Figure 2 to illustrate a
tubing annulus valve in a closed position. -

Figure 5 is an enlarged sectional view of the tubing annulus valve of Figure 4,
shown in an open position and engaged by an engaging member of the production

25  free.

Figure 6 is an enlarged sectional view of the tubing annulus valve of Figure 4,
shown in a closed position while a tubing hanger running tool is connected to the
tubing hanger.

Figure 7 is a sectional view of the tubing annulus valve as shown in Figure 6,

30  but shown in an open position.
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PCTI US03/ %&9 6Iﬂug}ure 8 is a sectional view of the well head housi ngs of” the
wel | head s5EMBIYY of Figures IA and | B after running casi RGUXReR2R20 he
process of receiving a BOP adapter. Figure 9 is a schematic horizontal
sectional view of the wellhead housings of 5 Figure 8, the dotted |ines
showing a flowine connector armbeing rotated. Figure 10 is a perspective
view of the wellhead assenbly of Figures A and | B, after the BOP adapter
of Figure 8 has | dingird 8 iFh gentienal view of theseshibrad hausings bf thalwellhetd amahblyi ew

of the wellh .assenhl Eigures 1A and | how ng shut of.f. an
depl oyed pl ug?g:é% re%%@ﬁi%ﬁﬁeﬁgwl&gm%aﬁ& Arge §°g TEC R %Rgéi de
view of the plaget ool of Figure 11, with a plug setting attachnment. Figure

13 is a schematic _sectional view of a plug retrieving attachment for the
plug tool of Fi gufégurs 9 isorkematichogizewipbsegiona) osiv pbthewvelthead pbumings of

| LUstr 2t Bieh0g, IRhatines gk Al Sehiid sy i UaAd) o0 soct one!

vi ew of t Frreving a , an engaged

posi tion. Figure Figirs 18 isahenptitivewiow odthawbilkdad ala@'n@,@? RELHA g
accordance with thys_invention, DETAILED DESCRI PTI ON THE T NVENTI ON 20

~overal | St r uéBugfterdhe B sadaptopod Figurg 8Awsdanded. Referring to Figure 1B, a
o ti f @ | 20 i t |
ol Thead housi ng T84 A0 97 RBERE verical stORHCRSW AP in W fhcaf ast IG5 ©

- string of | aFjmreli lveidt Boshodingt shutoff #EROY ddpbiyeehgnasi hoviled HemeRlde. | N
this enpodinment, a first string of casing 17 is suspended on a | ower end
of outertQel | headFi&rhdds mgchematic sidergeny of theoplugdoph\né Figwadilnyitha plng
hanger 19 arg.hol a@lchRya: suspended fromthe outer wellhead housing 13 and
can be elimnated In many cases. An inner or high pressure well head

housi ng 21 | ands Figuani3 issa sshppatid sdtivhdl iaw bheplrgretriefing attechmvet fdraae
housi ng 13. |nn is |located at er end of

r .head .hqusi ng 2 .. the up a
string of caliV§ o‘ﬁl\éﬁjﬁﬁ reg}tg’r‘i’a@ Hr E@’rga%eé]s?%&loﬁ”’tﬂbag?% élillsérﬁted by the
dotted lines.
15 Figure 14 is a more detailed sectional view of the plug retrieving attachment
of Figure 13, shown in an engaged position.

Figure 15 is a schematic view of a field being developed in accordance with

this invention.

DETAILED DESCRIPTION OF THE INVENTION

20 Overall Structure of Subsea Wellhead Assembly

Referring to Figure 1B, a lower portion of a wellhead assembly 11 includes an
outer or low pressure wellthead housing 13 that locates on the sea floor and is secured
to a string of large diameter conductor pipe 15 that extends into the well. In this
embodiment, a first string of casing 17 is suspended on a lower end of outer wellhead

25  housing 13 by a hanger 19. However, casing 17 and hanger 19 are not always
suspended from the outer wellhead housing 13 and can be eliminated in many cases.

An inner or high pressure welthead housing 21 lands in and is supported
within the bore of outer wellhead housing 13. Inner wellhead housing 21 is located at
the upper end of a string of casing 23 that extends through casing 17 to a greater

30  depth. Inner wellhead housing 21 has a bore 25 with at least one casing hanger 27




30 depth. Inner wellhead housing 21 has a bore 25 with at |east g)ggnggﬁ}ggos
hanger 27 3%"?5 J%puary 2006 WD 03/067017 PCTI US03/ 02720 | ocated thererlnm.
Casi ng haldeP%7’s sealed within bore 25 and secured to t Mel/Up3éR2720end of

a string of casing 29 that extends through casing 23 to a greater depth.
Casi ng - hanger 27 has a | oad shoulder 28 |located within its bore or bow .

In this enbodi nent, a tubing hanger 31 is | anded, | ocked, and sealed within
5 the bore of casing hanger 27. Referring to Figure 2, tubing hanger 31 has
a | ower end ledatetd therits Oasihphshgehdilisismladvitindead 23@ns eadusediotthe@ppéhe

exterior of tubi ang 31 d the bore of casing hanger 27 above | oad
shoul der 28. °© QQEEFF‘%&%&?*P&&%W eﬁ@@‘g%ﬁ?% CE{S‘P%?g e grapsderthofasingi al | y
outward to | aeked obihaga NIGR6uIddr Z80080ed WhBiRMorPEOldWie | N casing hanger
27. A sleeve 36, when noved axially downward, 10 energizes seal 30 as well

as pushes | ock ri hgtlas embotineent,ox Rbthgolmigen dhis Robded)dodkrdgand sedlediwitkiacur ed
to the upper .end of .a string o uction. t ubj 33. Tubing hanger 31 has
a product ontHa §%3£0§21gtmgeﬁ 557.2%%%5 t%lefg’f“i %r[}ﬁ'ﬁ‘_&gi?é?gqﬁéﬁ%@?ﬁfﬁvqf&nﬁ gure
-3, inner wel g ashdboH Iba0shoRIder 20 Ragalnd RURbeRMehi thd exiedor Jfﬂaﬁingl@ﬁn&r

. smal ler dianeter than upper portion 25b. This results in a conic
- general |y 181 @pddhel borecohepsingarasiger Sh apwiet loah shoulddrA8. dAr sphib dodkodiag 84

 between port| n Veel.| head housin or.e upper portion 25b has a
' orooved prof Mises SR A itacke oo SaaRP i 491 Bek BRbths ebdsrofl fen 2", &
~ located a shpfiémali plo@ilcih E8lvhdnight 37, A WRELEN36, SwhAEmIPRE hxiSMH d8bmivarer

wel | head,  housing 21. As shown in Figure |A a Christmas or production'tree

' 39 has al{ owerergiges sc8h30 ppwelhas pushselock ringt3d touhe lnelead nesitionnGulng hanger
Pr oduct i t ' : di d h it.fhat
b oon s ofF B AR BPURMN el 67, SRRRRBleu RS 2 R At 6"

has an outl et port ext aterafl'y outwar d. 9 has

an isol at i onhasuyErodictiongiascgp R dmt thaoavial with ubiad 3% | ower end and st abs
sealingly into prgdé%i on passage 32 of tubing hanger 3 1. The | ower end of
production tree 35cEXMHWSIEWES- HEeRWolhead housiag boks 5us@ Inwerspaitorz 252 o

bore 25 traggi hdsOlsSARk h%e?e?%&;: L'l[%ﬁ ﬁc)rtioﬁ%l‘?.r ﬁ‘iu'@gesﬂggirpa E&}l(ﬁ%%ﬁ%&ﬁ@% ggp

orientation sleeve 44 Is a part o rd extends ~upwar rom
- 31. Oi et at upward| feciug tridsition porticnt @it siohiderdtio i @dtedobetlesn pottions Dfa afid t he

Formed on' 1S hup ATisa dO R ERh QPR RSFY £ 165 doweouel WWF 35 Hereh
~contour on I{8rein above tubing hanger 31. Profile 35 is located a short distance below tim 37,
which is the upper end of inner wellhead housing 21.
As shown in Figure 1A, a Christmas or production tree 39 has a lower portion
20  that inserts into wellhead housing 21. Production tree 39 has a production passage 41
extending through it that has an outlet port 4la extending laterally outward.
Production tree 59 has an isolation tube 43 that depends downward from its lower end
and stabs sealingly into production passage 32 of tubing hanger 31. The lower end of
production tree 39 extends into bore 25 of inner wellhead housing 21 to bore
25  transition section 25c (Fig. 3).

Referring again to Figure 3, an orientation sleeve 44 is a part of and extends
upward from tubing hanger 31. Orientation sleeve 44 is nonrotatably mounted to the
exterior of the body of tubing hanger 31. Orientation sleeve 44 has a helical contour
formed on its upper edge. A mating orientation sleeve 46 with a helical contour on its

30 lower edge is secured to the lower end of production tree 39. When tree 39 is lowered

into wellhead housing 21, orientation sleeve 46 engages the helical contour of




30 | ower edge is secured to the |ower end of production tree 39-5%?1%&1?*2906
39 is Iom%(?gso&@#?o wel | head housing 21, orientation sleeve 46 engages the
helical contour 5 WD 03/067017 5 January 2006 PCT/ USO3FE2/E303/62720
orientation sleeve 46 to rotate production tree 39 and orient it in the
desired direction relative to tubing hanger 31. Tree and Wel | head Housi ng

I nternal Connector Tree 39 includes a connector assenbly for securing it to
wel | head housing 21. 5 The connector assenbly includes a connector body 45

that has a dasiewatidn fkeiad6 shaidte erodddtidnede IRmeomsht il i 1BY desreRRAGSL Yy body
45 is rigidly attached to tree 39. A seal 49 seals between rim 37 and

shoul der 47. TelgiyrtatBbingdayeadlal so extends downward into wel | head housing
21. A locking elenent 51 is located at the |lower end of connector body 45

for engaging profige, 35 Wleggégdr}gmg.b%{yg@ na@k‘g%%‘étgr be of a 10 variety of

types. In this enbodi nent, | ocking enment 51 conprises an outer split ring

that has a nmating 0% d r AplHrality of. do 53. | ocat on
the inner dianet é{rQ 5%1%9 kn%%t{(@%gcgﬁﬁe/eﬁntpﬁ? S%prug% SP%‘Eﬁ’igﬁétoengﬁFﬁihS‘iS‘?%g al ly
- outward when Theweaskednt &seablyShelode $bondeator Hoep\s har FRVEIoRihald Bécﬁi%d s
- hydraulically driven b raulic fluid supplied to a piston 57. 15 The

. hyd
- connect or as SkqHidsy ﬁé@atéﬁnéﬁ“éﬁﬂéa- Sronpeater; bady 4508 rigsily 8%achbdito teset Fhda

. downward fro i-n, tNi [ tended. pprtion 59 is
. | ocat ed abovg%ag(r%%ﬁg%gsﬁpeetggg% r@?ije?n%&éit %%H@%gvg%ﬁh?ecﬁg}c%%a > &0, %"8? eaded
. to the out edoghwart ito ofellheddeimobsigig 31 t AdoclGhe tlmene 5aiigilngted o khd thvidrement

51 and dogs 53 ith congg‘g} or _body 45. Alternately dogs 53 could be used
" to engage pr 584 Pheansediqy foloricageeeprefile 57 baskingalement $hequid heof a

wi ndows ¢@ul dadi8y BF Q€ et i Neniddita8 Sod 0 ”a??m ext ended
portion 59 ancazl c%l I % 60 wouled Hggll nt’zgérﬁ;?‘% t?Ql?lgtrpﬂcrr%e}dé0 i %g%lﬁ%g é‘?r‘%‘gdy

. 45, Ref erri nthat basa guatmg| profile toqgrooe! 35 | Ai lupdits afjdogsls R idcatad ontthe ontgh tree
39 to an exteri fluid. Al though not

- shown, ther edlgf"é:?e& OSZg)ec Ort%llFr%g‘i‘tf ?Lé’iéﬁjgl iy ége?n%%%?flltﬁégﬁn%%ﬂwt“@ Bdishect or
passages on The upher ond" ol Cibi hg Ranger oF hie et Lapn L Eh
~ hydraul i c cohy hpdrauligBeidishppliedite apstonsfiown but  ext end
15 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 44. A collar 60 is threaded to the
outer diameter of extended portion 59 for retaining locking element 51 and dogs 53
with connector body 45. Altemately dogs 53 could be used to engage profile 35 and
20  locking element 51 omitted. In that case, windows could be provided for the dogs in
connector body :45, and extended portion 59 and collar 60 would be integrally formed
with connector body 45. |
Referring to Figure 1A, a control fluid passage 61 extends through tree 39 to
an exterior side portion for supplying contro! fluid. Although not shown, there are a
25  number of these passages, and they lead to connector tubes on the lower end of tree
39. The connector tubes stab info mating passages on the upper end of tubing hanger
31. These passages lead to hydraulic control lines that are not shown but extend
below tubing hanger 31 on the outside of production tubing 33. These control lines
lead to downhole equipment in the string of tubing 33, such as a downhole safety

30  valve and downhole pressure and temperature monitoring devices.




bel ow tubi ng hanger 31 on the outside of production tubing 33. TBeSfuary 2006
control lines lead to downhole equipnent in the string of tubing 33, snch
as a dovde?%’“lﬁgﬁléty 30 val ve and downhol e pressure and tREHERE0IFI

nmoni toring devices. 6 5 January 2006 WO 03/067017 PCT/ US03/ 02720 At | east
one valve is nounted to production tree 39 for controlling fluid flow. In
the preferred enbodi nent, the valves includes a master valve 63 and a swab
valve 65 located in production passage 41. A safety shutoff valve 67 is

nounted to port 4ltdeas bee Mide Buhownted toinbiction tfe@B39Y8f &dntrotittt Ahili fYRl ve 67
is showmn. Valves 63 and 5 65 may be either hydraulically actuated or

mechani cal | y Iiz#ieyetsaed epbpdimant thy vaiers inclupes emestagvaly@fh and 2 BivghvalveA,
t 39 h it des. d. Mandr el
51T s typr caftyOetEly fibabllich MetBRol. CARFAR BRI BBRE 40 308 e

di aneter, |i¢ghiwFhghydmukeactustorsl & shéety gansffivalves7Ke ¥vedwn. PWaRes &3 and
thods of intervention. 10 Tubi ng Annul us

.Mandrel 8 | bl, t her,
Acgegg Fi u?é§ ?Pai?’ Irh%tfé‘gfs’ratijyélég‘élcgﬁbbi“ﬁbat%?lrlm@@"?’é‘&@%@féu%@, (typirdly 1ysREBD. shown

in Figures 1B OrR%fetPﬁﬂ:? ' n hS,l ed ip.a.
different vertical sect g%ﬁ?wg}gggce%tqhg%\é?%gl?ég%%\%ﬁ%?élﬁllng@s?@sspe?ﬁn%ﬁ%t&
- Tubi ng annul petpdss agwadis Mumdrels 81 viertypically yizedrion gbceivihg ng charger B from
it.,15 comunijcates with a tubing

. an upper end _portion to a_l r _end, .where
annul s 85 SEPPEEHRT i % BBPR e UERREE STE 1o B oo tBkegr
- annul us passgg8oR3. MndRe 83 lalsBthhied SbAhtho® rifkr/khign €ach other, as

" shown in Figure 4. An annul ar void space 87 surrounds i1solation tube 43

bet ween the wupper end of tubing hanger 31 and the | ower end of tree 39. A
t ubi ng athul us valvenggnindusdoessed in tubi ng annul us passage 83 to bl ock

20 tubi ng annul us passage 83 fromflow in either direction when cl osed.
Referring to Fi ghirgeres} illustrataga tubing amnulna lpessa@o8 ) ashich stmenstheseinFghbat i s
secured by t eag 93 t%1 .t ubi nl{q annul us p.aﬁsa .83. .ﬁastem 95 ext ends
upward from S¢S pHERISE {URiPe ARINLPassage 836 10@hAE 2different vitisd sgetign! An
enl arged val y@ndens B4t W id FeePes S OfTubRlee Mrltus gﬁlség gf%ﬁ!teﬁ&s has a
secondary resilient seal as well as a primary |ip seal 9 that 1's nade
of metal in vérealkrbotehiubing hengaud k fremsihawper end poitonrte @ilpwercaid, whemrit i ed

oL " 2N RS BAR A Yihine Mihife b s SintiRR Hmic 3R Bher 2 18R 1
ends of tubing annulus passage 83 may be slightly radially offset from each other, as
shown in Figure 4. An annular void space 87 surrounds isolation tube 43 between the
upper end of tubing hanger 31 and the lower end of tree 39.

A tubing annulus valve 89 is mounted in tubing annulus passage 83 to block
20 tubing annulus passage 83 from flow in either direction when closed. Referring to
Figure 5, tubing’annulus valve 89 has a stem base 91 that is secured by threads 93 to
tubing annulus passage 83. A stem 95 extends upward from stem basé 91 along the
axis of tubing annulus passage 83. An enlarged valve head 97 forms the upper end of
stem 95. Valve head 97 has a secondary resilient seal as well as a primary lip seal 99

25  that is made of metal in this embodiment.
A shuttle sleeve 101 is reciprocally carried in tubing annuius passage 83.
While in fhe upper closed position shown in Figures 4 and 6, the upper end of sleeve
101 is a short distance below an upper end portion of tubing hanger 31. While in the
lower open position, shown in Figures 5 and 7, sleeve 101 is in a lower position

30 relative to valve head 97. Sleeve 101 has a reduced diameter port or seat 103 formed



101 is a short distance bel ow an upper end portion of tubing hangegn¥ ry 2006
Wiile in the |ower open position, shown in Figures 5 and 7, sleeve 101 1s
in a lowe™PbYY 8 30 relative to val ve head 97. Sl eeve 1BCTA®E3/e272Eeduced
di aneter port or seat 103 formed 7 5 January 2006 WO 03/067017

PCT/ US03/ 02720 in its interior. Seat 103 is sealingly engaged by lip seal

99 as well as the resilient seal of valve head 97 while sleeve 101 is in
the | ower position. An outward biased split ring 105 is nmounted to the

outer di anet éi itointefic@e\Seat 103lis Befingiyt chgdeietiy B geal 5P hi tvelll A IhelR5i1iBAS S
downwar d t apered u?lper surface and a .5 lower surface that is located in a
pl ane per pendif ¥alvahead,9%t whilaslpevedOlis B the lawvaTposisiopassage 83. A mati ng
groove 107 is eng L 179 Q: i Y is 1 t upper,
ol osed posi i on. -2 PtirE Biskes WSRO bl £ B ok ol L8 et
detent or rdDainearitd opper endntSpiovnyA0s hapyelemivaed tapbrd\igrptPdurfdck AHAQ 5
shows an gengagi ng t ool or _rrﬁtréber 109 extending into the upper end 10 of

t ubi ng anhul &% g thes 1§ fneated g Agelans perrprdicylpreto ths caxiseafi igingsarawius 101

Engagi ng ne [ W j t . ig. 1A)
and is usegpgos?égng%/'i %glﬁg eve 1%&@%%%%%8 ﬁpgegﬂﬁglpﬁqut‘%\e/\"’/gereg%ééﬁslqgn. A
~ second - i dentheogipegripsed positienbEplit IR 105 shapsrintongrbo@urss oferatitk o a d&ent

- mounted to a runnin tooltnd'Lll used to run tIJbi n? hanger 31. Engagi ng
menber 109 85T PioYeR faiArE Mo EBFTt A oK Ohmt 65 wi th the Upwar d

- facing taper on spidure 5ishSwd AP endaoiclidal c?f'ﬂi%g&ar 1@‘9‘%&teﬁﬂgﬂgciﬁf65tﬁ:§[8§;§’ééierndri ng

105 to contract, enabling engaging menber 1 to push eeve ownwar d
to the oben pbsuhingannylus paisage 83 Sptowkrigagement With dhehppeal értdyodileevBeldlevi |l | e
washers, is bocat.ed be vvegqb stem base .91 aEd t he | ower end %f sl eeye 101.
Spring 115 uFBeReisy megber K s dommiagd xtenfing sampousttiof free A9y (Fig d&dgpd i n
passage 83 aOuaufod B&EhStsIePE 100 #6R the JPpY BY 1K RRVE Jdlidn® Wheehesed
position. Engagi ng nenmber 109 is secured to the | ower end of an actuator

117, whi ch i Hlentigalgpgagingymember 360°, ghomaminorigurey 6i andd, heovwnied tto b ulismingenber

tree 35 (F oo PR 8RR SR REH L, BoldtRRR 308 RS RIG0EA O T e
- wal | thats i slosedr @6d itv Inyatésuwinh itlechupwdrt) tH0i6¢ ekt 6n 2itfdink €04, OLip PV f1@les

- actuator 117 between upper, and | gwer positions. Tubing annulus passage 118
. extends t hrofY adeauss sphit Hag delo) niragty anabhipg icpgaging rresebesd 09 ¢p push

slesve 101 downward to the open position. A spring 115, which may be a plurality of ‘

Belleville washers, 1s located between stem base 91 and the lower end of sleeve 101.

Spring 115 urges sleeve 101 to the upper closed position. Any pressure in passage 83
20 would assist spring 155 in moving sleeve 101 to the closed position.

Engaging member 109 is secured to the lower end of an actuator 117, which is
moﬁnted in tree 39. Actuator 117 is a hollow, tubular member with open ends
reciprocally carried in a tubing annulus passage 118 in tree 39 (Fig. 3). Actuator 117
has a piston portion on its exterior side wall that is selectively supplied with hydraulic

25  fluid for moving actuator 117 between upper and lower positions. Tubing annulus
passage 118 extends through tree 39 to an exterior side portion of tree 39 for
connection to a tubing annulus line that leads typically to a subsea manifold or an
umbilical that serves the tree. Tubing annulus passage in tree 118 does not extend
axially to the upper end of tree 39.

30 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

-6 and 7 show a similar actuator 117" that forms 2 part of running tool 111 and works



connection to a tubing annulus line that leads typically to a subSgquary 2006
mani f ol d an unbilical that serves the tree. Tubi ng annul us passager¥n
tree 118 g%@?“ﬁap7extend axially to the upper end of treePGRUSBE2YHCN
actuator 117 is noved to the | ower position, engaging nenber 109 engages
and pushes sleeve 101 fromthe closed position to the open position.

Figures 6 and 7 show a simlar actuator 117' that forms a part of running
tool 111 and works 8 5 January 2006 WD 03/067017 PCTTUS03/ 02720 in the sane
manner as acin#ieosaniel hanhérk® fbiatgt DI7. Lills a@Gitdat 07, zﬂe&ﬁitorhplsy’a}lapiaslhmn
portion that is carried in a hydrauli¢ fluid chanber for causing the upward
and downwar BORSRethshis caTied dp oh dudraglieyfinid shrwberr s seansing Rhs spyard Lid
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features for extanod wppet phitiog ofianpérg Ba] 111 foe dekiengg 964 técelid: @8R MALWREN

t ubi ng hg{]ge@ :arlmand bore 25 of well head housing 21 (Fig. 4). éunni ng t ool

111 has otR%enmber 119 that is radially and outwardly expansible into a

mat i ng groove for i it @Ld i | 10, portipon of

t ubi ng hanger 31. Kﬁgléﬁklgrrtgﬁlbgu ﬁ%gg%"(\:é&pg%aqr%ﬁ%%%%{]g% Hﬁ!'ﬁ?%g P%eﬁgﬂ’

- hanger 31 whinchidingoietting38saakbdferantubmgemager Jtandtboes 28bf welllpak horsiher] 119

- i's energi ze&.ag&r Iea.seﬂ t1y a} | ock nber aCL ator 121, which is also

* hydraul i cal | {7 & dPh vEHMRE ARSI L s 2 fock mgaber §)% thab isyredially andseytyyasdly

- sealingly ing@ahiiBlebRii® 3dafthg dréiien r 23 t he
upper end of )?u_bi 2)% annul us p%sgtsrage g)?fﬁé?gﬁf?gktg%rgﬁfg‘??%nég%@%ﬁ%eﬁ%fé(Fi g

~4) in tu ngpitinged tahing GangsnBdt ilewkReémber HY teourts gumingtood 111 ng nilhg i S
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a conduct or
sel ectivel y emetgitabhmd feaet e«iayieut nemsheh Qumbidg 128, ¥Rich Qs hRBIHyagldRIng 20

hanger 31 and tree 39 (Fig. 3) in a desired position relative'to other
subsea wel | SdERa- Repningdael 1nbpshaislesye 183 that slidesiszalingly finte she boievd vf | ock

ring 125 in eS| LLh9R. racke .1s mounted to rjng
125 for rot atH}@ qia%g%rggvi\}t ﬁpe%x% %Qyﬁsrdg%ﬁ%w 1'3?%{:5%[ f’f gtég}g 2%@&18%*5%6 3

hor i zontlal | yfremtpesitiction passagk3R. (FAL. @) id@bhghanger 3upwar d faci ng socket on its
outer end 131. Also, a guide pin 137 protrudes upward

Orientation

Referring to Figure &, a ring 125 is mounted to the exterior of outer wellhead
housing 13, also referred to as a conductor housing. Ring 125 has a depending funnel
127 and is selectively rotatable on outer welihead housing 13 for orienting tubing

20  hanger 31 and tree 39 (Fig. 3) in a desired position relative to other subsea wells and
equipment. A lock pin or screw 129 will selectively lock ring 125 in the desired
position. An arm bracket 131 is mounted to ring 125 for rotation thefewith. Arm
bracket 131 cantilever supports a horizontally extending arm 133. Arm 133 has an
upward facing socket on its outer end 131. Also, a guide pin 137 protrudes upward

25  fromam 133.

Ring 125 is normally instailed on outer wellhead housing 13 at the surface
before outer wellhead housing 13 is lowered into the sea. Arm 133 will be attached to
arm bracket 131 below the rig floor but at the surface. After outer wellhead housing
13 is installed at the sea floor, if necessary, an ROV may be employed later in the

30 subsea construction phase to rotate ring 125 to a different orientation.




25 fromarm 133. Ring 125 is normally installed on outer well hea '
13 at the_surface before outer well head housing 13 is | owered iﬁtjéﬁgﬁgpgoos
sea. Arm Y330346/417he attached to arm bracket 131 bel ow t hBCTU§0F4202r but

at the surface. After outer well head housing 13 is installed at the sea
floor, if necessary, an ROV may be enployed later in the 30 subsea
construction phase to rotate ring 125 to a different orientation. 9 5
January 2006 WD 03/067017 PCT/ US03/ 02720 A BOP (bl owout preventer) adapter

139 is bei ng shown BOFebesvaY sfevemodad@ter 90l HRIRSHUHE 1HRLRHRYerihne BGP
adapter 139 is used to orjent tubing hanger 31 (Fig. 3) relative to arm
133. BOP adapigdypressyre hpusing2d, BEIRadapige d 49 isgised ta prient ibieg hinger 3t H&gva) |

has been dri h N dﬁﬂﬁ installed, The dril.Lin i ser, along
with the 5 B@%ﬁfvﬁa‘pﬁnﬁgég geen ré{r?lr)%gdis;bf%%ﬂ%ﬁ' Ioﬁvﬁbeglro"e%bihélflgiahﬁre € ?II head
housi ng 21 phaobeert drillaveid oegirBOrangeiap? hstdIRA. | TholdaNmg BLE, Adaphath 439 has
a guide socket 143 that is nmounted to its exterior at a point Tor aligning

with pin2137BOR; millhave heen rgmoverbiiomhe pprss ¢ng of Bayer seHheask hougmgadispranrs i n

| owering BOP ?&9 [ | | 21, . Socket il
. orient %CP aﬁ%ﬁ%&ﬁg 9 tgﬁﬁ&%&???ﬁgﬁw%b%@g%%g%%g%atg% OSPFlgﬁtI;A?f{]&%n of
arm 133 and i modB@d toAits RAeti¢maita pdistfor alighing beith pReB 7 OAaGEhe t14d Widde
. socket 143 in alignin .t h %ui d(f in,137. BOP adapter 139 has a plurality
- of dogs 145 {04 %‘3&%?@%6@% = %f"o Pty n dawering B(Jhgdantar 439 cpvisnlingsrof i | e
~on inner wel \BeRAJNANAINO 221 SBARAAPLAN drikht bR MArerSBR! S0 (N PositiBR ")

that seal its bore to bore 25 of wellhead housing
orientind sl étpetdingiupoh teatriedtation of armt b33 el EindB7B@AR ROFNher shb3M) wil bk 147

[ ositioned,to be. engage tin in ar | n runni ng tool 111

I(Is:i gl.o (SSI) :‘oruseflﬁ?)ﬁ?f&tﬁﬁﬁﬁg?c%ﬁ&}%ﬂ@glﬁ'ﬁ é’gﬁ?@ﬂ@eﬁﬁégs rﬂnn: ng tool Il to

orient tubing hanBep adbict IBAhALS AP Ior@BEAN LS that SeAyrSulcRit) Biergived
apt er

orientation of arm133. Figure 10 is a perspective view show ng a
139 in posi tiocmgage anexsernal pooiie ioniaed wetlheadripuging 20hBOP adaptest] 38 hierhak n

- Figure 10 be se 1t 1s.located. wthi he ,bore adapter 139. BOP
- adapter 139 egfsé ﬁ’{ E}bépvzl}) tgﬁt e\:}f ftﬁ bgre n rglzslﬂ WEHIWBC@HSF‘I& Agslﬂc nd
- BOP wi | I15consitesiting Osléthe4 B X carkd ®ithini e Bute GNBOP addferaiier s18O0P4Rdapt er
139 has been connected to inner well head housing 21. ce BOP adapter 139

has ori ent ecpqsmgnﬁg te ;hqg@lgagli l@,:iagnatinggylp ethimgyei runming tool 111 (Fig. 6) for
tubing hanger 31. This engagement causes running tool 111 to orient tubing hanger '
31 in a desired orientation relative to the orientation of arm 133,
Figure 10 is a perspective view showing BOP adapter 139 in position on inner
20  wellhead housing 21, which is not shown in Figure 10 because it is located within the
bore of BOP adapter 139. BOP adapter 139 has an upper end with 2 mandrel 146.
The drilling riser and BOP will connect to the external profile on mandrel 146 after
BOP adapter 139 has been connected to inner wellhead housing 21.
Once BOP adapter 139 has oriented tubing hanger 31 (Fig. 1B), the well will
25  typically be perforated and tested. Tubing hanger 31 must be oriented relative to the
arm 133 because orientation sleeve 44 (Fig. 3) of tubing hanger 31 provides
orientation to tree 39, as shown in Figures 1A and 1B. Tree 39 has a tree funnel 148
that slides over inner wellhead housing 21 as it is landing.
The safety shutoff valve 67 of tree 39 is connected to a flow line loop 149 that
30  leads around tree 39 to a flow line connector 151 on the opposite side as shown in
Figure 1B. Flow line connector 151 will éonnect to a flow line 153 that typically

‘leads to a manifold or subsea processing equipment. In this embodiment, flow line
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25 typically be perforated and tested. Tubing hanger 31 nust be pUapnhpf2006
relative to the arm 133 because orientation sleeve 44 (Fig. 3) of tubing
hanger 31WMRWE6AUL orientation to tree 39, as shown in FiBiiF/BS03t0a728nd 1B.
Tree 39 has a tree funnel 148 that slides over inner wellhead housing 21
as it is landing. The safety shutoff valve 67 of tree 39 is connected to a
flowline loop 149 that 30 leads around tree 39 to a flow |ine connector
151 on the opposite side as shown in Figure 113. Flow |ine connector 151

Wi || connect 15®isambluted d Deerlibad gulRtpit ypmaadrkY159 t%ﬁﬁs‘-iatfs_cim% gfxgdbi fighd 135

subsea processing equi pnent. In this enbodinent, flow line 5 January
2006 WO 03/ teqment tpgree BE0O1IED ypes ebarnnschinngrie dew naconsector 831 guildelspi n or

[ypes of conReerPanel: ¢ hauigSeea ik 3o b8 i hGVln< Soorb S 31 v

Consequent | yregistarawitisflowiient s3] so that its flow ine connector 151 wl|
register with flowine 153. 5 Plug Retrieval and Installation After tree 39

is installed, a plug 159 (Fig. 12) must be renoved froma plug profile 157
| ocat ed vé thin tugr‘fgg%fﬁ%fﬁ‘@’él‘m@{” t4lgtighown in Figure 11. Plug 159 rmaintains

pressure that is within tubing 33 after BOP adapter 139 (Fig. 10) is
-~ removed and pri or Aflgr frae 8915 instplled.cpleg 158 @ig AR) npistibe tE0oved foomaeplng onal

. and has 10 o r I . |, wi thi,n production,.passa 1 of
 Cubi ng. hangah oY 157 GeREE A buSF nald o1 Rl R ¥R o PREE T
Cwill nove ragiaiitdiys Qréssmedthabéd wein aubieg 33chied BO® adepesrt mdgﬁgp%b tison.
Locking el enments 163 engage.a nmating roove in profile 157. Preferably,
rat her than GMAVES 3RS DRIOF i“ﬁ‘éa“i“?%if%f‘e:*’g(%rlledvel?lugi1§%r15, ceteveniiona) ghd dlas 15

an ROV | o [ 5+l : 2 t have a
Hser et ending Tl hORL 107 hal Sedf Wit fbau it gk 46 or A8, PBleed 3171 g
- tool 165 hasPiag YWdhaud iphurelity efcloelnng alensdnab 145 Thdt ovillemgag ety .bymwRBed/ 169,

The housing ,of plug .tool, 165 |l ands .on top of tree mandrel 81. A seat
retained in ‘iﬂf\&'geq %’(ﬂtrait@g a@&@%ﬁ’é@“ RostR tgﬂﬁhﬁﬁﬁﬁfl@lmsé@&flg%ﬁee?emwﬂg When
. supplied wt obVEm3thhile Bressure or 20 mechani cal novenent from ROV 169, a
connector 1 w Il 'engage mandrel 81 of tree 39. Simlarly, connector 171
can be retract ed Prgfenghly.anathiec thanesibiaing veirclingdndidni eakkaver aseends is upyitaled

from RO‘{SIGQein %C\F d%fa)lrc])?'eecf %Fudg’ tool 168 o 1H£eed. \MP}u?gi trcl)ol 165 does not have a riser
| extending to the surface, rather it is lowered on a lift line. Plug tool 165 has a
hydraulic or mechanical stab 167 for engagement by ROV 169. The housing of plug
tool 165 lands on top of tree mandrel 81. A seal retained in plug tool 165 engages a
pocket in mandrel 81 of tree 39. When supplied with hydraulic pressure or
20 mechanical movement from ROV 169, a connector 171 will engage mandrel 81 of
tree 39. Simiiarly, connector 171 can be retracted by hydraulic pressure or
mechanical movement supplied from ROV 169. Once connected, any pressure within
mandrel 81 is commuﬁicated to the interior of the housing of plug tool 165. Prior to
connection, valve 65 would normally be closed and plug 159 would also provide a

25  pressure barrier.

Plug tool 165 has an axially movable stem 173 that is operated by hydraulic
pressure supplied to a hydraulic stab 174. Stem 173 moves from a retracted position,
wholly within the housing of plug tool 165 to an extended position in the proximity of
plug profile 157. A retrieving tool 175 is located on the lower end of stem 173 for

30  retrieving plug 159. Similarly, a setting tool 177 may be attached to stem 173 for

setting plug 159 in the event of 2 workover that requires removal of tree 39. Setting
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mandrel 81 is communicated to the interior of the housing of pl unga«p,glan;Lﬁﬁgs
Prior to _connection, valve 65 would normally be closed and plug 159 woul

al so provPROHTY pressure barrier. Plug tool 165 has an BKIAISD3/02Tevabl e
stem 173 that is operated by hydraulic pressure supplied to a hydraulic
stab 174. Stem 173 noves froma retracted position, wholly within the

housi ng of plug tool 165 to an extended position in the proximty of plug
profile 157. A retrieving tool 175 is |located on the | ower end of stem 173

for 30 retri edlng7phug béﬁﬂ a \Sirm;} of types and girtillngtrdtionl ofiikd pRBYipRE iRtHRARNed
to stem 173 for setting in the event of a workover Fhat requires

removal of tFe@nested 'Sé’e‘lilfiaﬁgm 17_L9lt“5plyérh§8r ;Pwdecklmetmwmhave engaged
PCT/ US03/ 027 1 f | | ust
of the pri ncﬁ%ﬁe?q%g S %ergj?rllﬁ;enc%eléalby sa}éseéagrSh%ixrﬁﬁ‘ﬁdgaqo S%far i@g r

| ocki ng el en2fi® sn fla8e.have engaged profi I e 157, an upward pull on stem 173
causes shear pi n avin lug . 159 in pl ace 5 Retrievin

79 .t h
tool 175,% shown i #ef—'?%}’g?é?%iy%rﬁgo‘ml & Sbapb 1dimay glge berf agfariety o
conventi onal cMéﬂaonAmy}JEy szﬁ@in@fémaﬁmaﬁe%%@%@?&zqeﬂfg&@ *Bﬁgyc gghafly; 181

that inserts partially into a receptacle ator sI eeve
© 185 on the wskHS |partlaﬂb/ ity re8dptacid 183 ancplog 15Re AJ mcmrbr rs&eﬁotlaﬁlcm fiR3. A.

- collet 187 | ocat t ) 185 t b !
ool ected ai s obay HLulb IR §hdhe 2T oY BrsehaaR BaG el coliting I IR i ug
159, collet $SifhinviddatdrCsidivk RS dand ;sﬂatrad&rpay@ a 388cvh tdliytﬂlcrehewglayqoéa%%

Coll et 187 and sl eeve 185 are L0| ned to a piston 19 Pi ston
suppl i edl0 wi slhetveytfSahdsilanded wndhd riomfRrOe 189 0(31ll-'¢td87m)l beiatigosiewth atghsovet abs

174. A sprin ssed while retrieving tool 175 is in the
rel eased pos??gl‘&’ﬁthmsw&ﬁgr?{ﬁﬁ gure 13. 15 Spring 193 urges piston 191 to a

| ower position. \/\h,ra,Mehywm&sleev@rmswé@m@d foed pmtﬁmmatm@@flsmqs% liedPri ng
193 will cause body 181 to nove upward to the position shown iI'gure 14.

In this posi WithdydeuwigfluibEemiRAY 162 (Bie. bddya agea ofihe stabo Eék: eAéPmlfP%ﬂS
di al 7-f di f
rof i1 150 pRse iR ash i indlo EPLIIR Pl ety T3 6 PRt o

wi || actifat eSprigg 093 aﬁges bmdmyﬂnaulallswext ptisﬁncmr Wheﬂﬂﬁydrﬁ@lhc Ibﬂeésﬁfd‘ BGElfevkd4 O
cause stem 173 (Fig. 11) to nove_ up Col l et 187 causes dogs 163 to be

radially ret @tﬁ@wcé%uqﬂnﬁg 193,gll ﬁ%rb@dy 181 to move upward to the position shown
in Figure 14. In this position, a wall portion 194 of body 181 will locate directly ‘

radially inward of collet 187, preventing collet 187 from disengaging from profile
189. Once retrieving tool 175 is attached to plug 159, ROV 169 will actuate one of
20 the hydraulic stabs or mechanical interfaces 174 to cause stem 173 (Fig.lrl) to move
upward. Collet 187 causes dogs 163 to be radially retractable during this upward
movement as plug 159 is disengaged. Once plug 159 is above tree valve 65, tree
valve 65 may be closed, enabling the entire assembly of plug tool 165 to be retrieved

to the surface with a lift line.

25 Field Development

Figure 15 schematically illustrates a preferred method for developing a field
having a plurality of closely spaced wellhead assemblies 11. This method is
particularly useful in water that is sufficiently deep such that a floating platform 195
must be utilized. Platform 195 will be maintained in position over the wells by

30  various conventional means, such as thrusters or moorings. Platform 195 has a

derrick 197 with a drawworks 199 for drilling and performing certain operations on
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novenent as plug 159 is di sengaged. Once plug 159 is above tree 5@'&1\‘1@13?352006
tree valyve 65 na¥ be cl osed, enabling the entire assenbly of plug tool™ 165
to be ret QLK% the surface with a lift line. 25 Fi el dPOBUSIRAEN
Figure 15 schematically illustrates a preferred nethod for devel oping a
field having a plurality of closely spaced wel| head assenblies 11. This
method is particularly useful in water that is sufficiently deep such that
a floating platform 195 nust be utilized. Platform 195 will be naintained
in position dwewelldePlatfbins 1Dy aBO hdan ideiligodsey 201 HRPA eifld fo?'dﬁhi:fgsa
thrusters or morings._ Pl atform 195 has a derrick 197 with a dravwvorks 199
for drillingSae herrdismDiyliegrseri2Q1 dpthounicenaccin tohigh m&mmbo@o@m afiD
03/067017 P " I I riser
201 that 15 Shproyader aroney ek L b B LRNER B e 1y B, 301
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particul at ofEPudh @3er SALIHO the welli ng of drill pipe 205 is shown extending

5 through r| ser 2pkhifoRha ok f 611?51 : f has_a_crane
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al ong with rsheymitminglewereson ik 3ne2€9.l onered into the sea. Quter housing 13
is located at the upper end of conduct or 15, which is jetted into the

earth to formthe weII As 15 conductor 15 nears the
seabed, the enti rle)wééééérﬁé&ég%n% §§ be set in the desired
position. This p the field is to

t | | t
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pi ns 129 andccondugierls. W@lch%}eﬁ@dplﬁ@ﬂhﬁ emthatonfono thea first moalodlcfﬁthc mﬁ As

ori ent at{son. cohfh o Y SRAMGHE sEERASHE' QRE Esdhbf Mdtaen 133 RSN {8 % e

desired position. This position will be selected based on which way the field is to be

developed in regard fo other wells, manifolds, subsea processing equipment and the
like. Once conductor 15 has been jetted into place and later in the subsea construction
program, the operator may release lock pins 129 and rotate ring 125 to pOSitiO;l arm
20 133 in a different orientation. This subsequent repositioning of arm 133 is performed
as necessary or as field development needs change to optimize connection points for
the well flowline jumpers. |
The operator then drills the well to a deeper depth and installs casing 117, if
such casing 1s being utilized. Casing 117 will be cemented in the well. The operator
25  then drills to a deeper depth and lowers casing 23 into the well. Casing 23 and high
pressure wellhead housing 21 are run on drill pipe and cemented in place. No
orientation is needed for inner wellhead housing 21. The operator may then perform
the same steps for two or three adjacent wells by repositioning the drilling platform
195 (Fig. 15). 7
30 The operator connects riser 201 (Fig. 15) to inner wellhead housing 21 and

drills through riser 201 to the total depth. The operator then installs casing 29, which
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as necessary or as field devel opnent needs change to optinm ze Cogrﬁﬁhiaﬂ{nzoos
points for the well flowine junpers. The operator then drills the well to
a deeper WEDPH6EHA i nstalls casing 117, if such casing i sPEBUSHB/AR i zed.

Casing 117 will be cenmented in the well. The operator 25 then drills to a
deeper depth and lowers casing 23 into the well. Casing 23 and high
pressure wel | head housing 21 are run on drill pipe and cenented in place.

No orientation is needed for inner wellhead housing 21. The operator nay

then perfor mis idBoSeI By 48RShArider 2701 donleia8E, a8k ;
repositioni ngst. godri 111 ng plggftgf%rm %5 (Igi@%.’ 15?‘?8%al$ﬁle"lg§°52¥sé{‘%?°“m
g1

connect s ri sée iptiled Fyith the Melkheingdrdiedvie bh headgatasdepth.21 and  drills
through riser 201.t0 the , total depth. The tor, then installs _casing 29,
whi oh 13 5 Januar y PSOBEES ten dbhesitione b By iEmerc b JE) o BIBy tasi ng
hanger 27. | @p&gite disestsectsodtiladg irksbio2R (F58.115) 3n@TBOR2DS GndRUHndDR off to
installed wth the well being drilled to an even greater depth. The

operator ¥s eonepideef peltheadassemblynidt aThe apgbiterglowgrBOP 3wapter §39 o Bft.lirki r st

the operato 1. SCO ridding ri.ser . Fi-g...15 nd.,.BOP 20 nd
suspends it g??j ot% %r ﬁ@glg%\%“%fa eﬁoo glﬁ/e%II’ %@é@%@gﬁgﬁg@g‘i‘)ﬁ@T&@ Heraid §f Aower s
- BOP adapt er R8W/,a8ckdtl143lié peiR@fRday align WiBpivesT heap dHaFﬁ:f Ng9 &liociad and

illustrated in Figure 8. Wth the aid of an ROV, socket 143 is positioned
' to align witBeaadniorgmer poftheads peusing) 3b BOP) aslarien 13A omay baye Heanopieviously

- wel | head hougi, e?éPtﬁ%&ﬁmeﬁrleﬁ%@rﬁ%‘#g%ﬁq%%ﬁ-eprevi ously installed on

an adj acent we t orarily a operator then attaches
drillinglGiser 20The iopedatediting BEPh&OHillifgiiger 208) irctudinpBdPe}03] ¢bg( F)ao 10)
of BOP adapter 139. The operator. |lowers_tubing 33 and tubing hanger 31
through dril maﬂéfefié%éﬁao@?ezwnﬁlﬂaﬁ&rﬂ6%| The epqraiog lovesys tupsniecd? and wbingched
to a tubing | S | q | ks Al AT . ce
runni ng t ool hﬁh%%g?}[ g{r ggénﬂng}g[thg rﬂ(s%%ﬂ&‘é&?ﬂnlgﬁwgﬁég?lslg‘%,(bﬁtk Zar{?;olra{ ]fld}tﬁal{eg &
pref erably satdkeg hangarovenias semgagihich ivenieall 82@ietataveenaGhee tringtigd yoo!

e el e SR 1 SRR B, R
IR e s TR i T e LR i
| ands wi t hi ndevasvard. hBrgeper@7tubing annulus passage 83 for upward and downward flow.
Running tool 111 has a retractable pin (not shown) that engages BOP adapter guide ‘
slot 147 (Fig. 8), causing it to rotate tubing hanger 31 to the desired position as it
lands within casing hanger 27.
20 Afier 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
101 as shown in Figure 6. 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
etther the upward or downward direction. While in the upper position, detent split
25  ring 105 engages groove 107, preventing any downward movement.
The operator then applies fluid pressure to passage 118° within running tool
111. This may be done by closing the blowout preventer in drilling riser 201 on the
small diameter riser above running tool 111. The upper end of passage 118’
communicates with an annular space surrounding the small diameter riser below the
30  blowout preventer in drilling riser 201. This annular space is also in communication
with one of the choke and kill lines of drilling riser 201. The operator pumps fluid

down the choke and kill line, which flows down passage 118° and acts against sleeve
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20 After tubing hanger 31 has been set, the operator may test thg;aandly'2006
val ve 89 by stroking actuator 117" upward, disengagi hg engagi hg nenber” 109
fron1s|eeVgYmTUTM§s shown in Figure 6. Spring 115 pushes sPEBU&03IQ120t 0 t he
upper closed position. In this position, valve head seal 99 wll be
engagi ng sl eeve seat 103, blocking flowin either the upward or downward
direction. Wile in the upper position, detent split 25 ring 105 engages
groove 107, preventing any downward novenent. The operator then applies

fluid pressunelt GpisHRge0sl3@vens shittle s1EaR 101 M mokdde dg\bhﬁaﬂﬁ?)illtf\@in one
by closing the bl owout preventer in drilling riser 201 on the small

di anet er ri sehutgfolie eneemEp delsrming whethes @ippir seatsd 99 fompaslsadead D' are
comuni cat esl%@(}]{%oan annul ar space surrounding the small dianeter riser

bel ow the 30 bl'owbut preventer in drilling riser 201. This annul ar space is

al so i n communi caThemwelwnithen dcplrfohecdchidkompiedid 4 cdriveSordl ndhhdr ITHY
ator punps fluid down the choke and kill |ine, which

riser 201, The oper ( ) )

f1ows dowh p8§§é‘§gﬂ1ﬂﬁ8' thigyg dese Prigh 4 wstallingdeiee3 9 by doweninga perforEng
03/ 067017 P 0] T : tddesl e 101
. from novi ngcg%&\fn%\ag% g,?ﬁ%ﬁl%jwﬂiﬁgﬂ?hﬁ?ﬁgk @gtn %%siggéggiﬁgﬁfg[ %Pege% ér@%gl%m#her
 or not seal stiGugintubaigvd3.h&hd sAidllar diambien kisexgnayl bptiovallly ineiudé Benbdee test

- perforated and conpleted in a copyventional manner. In 5 one technique,
. this is donegﬁ?ﬁﬁpg’itﬁmﬁﬁg?&g]? Fh’?dpr%ﬁﬂ%ge“% by |owering a perforating gun

not shown) throu sial i . irSar. i N .
EFi g. 15) Zind thg;%%h%?’uﬂg?rgg e%&%}%%eg%?ﬁ%eorﬁ glie%'li‘ﬁg%l g{d Jr:‘%ﬂst%l?edn%@ﬁ%p%?%nm ly

i ncl ude 0 subsfere pesforatings dehig nay bedomnhjsopehingughing laendns Valive g9 by sesking f
desired, the r A ci rcul at , heavy fluid contained in the well
10 before pe?&gﬁgﬁ%.mﬁﬁ?@gwgggﬂgﬁé %@}”‘3%56 i ﬁﬁgﬁi% mgmban Lt selgasey e 89
by stroking s@Rtiati@5 Ak grodie 1emgﬁ@b@glemea%r1oh%wnﬁ@m%{h@og€ﬂg tisig

menber 109' releases split ring 105 from groove 107 and pushes eeve 101
downwar d t o eheigsseh paortisuelnas pslidingsleeve notshgwn) atsthe fovag ead of kdim3 3| eeve

(ot oroun) BehB AR Bt D O30 ST MY LTS
hanger rifni agusd thengbing hengep QALY stify The bpethdt thafQiYdulaheddvi ik E‘ﬂm_i&% ring
and tubing 33, with the flow returning up tubing annulus 85 into drilTing
riser 201 afffingpnd iR d3.anidgh fie flow refemingeyr bz amnalisals ivio dolling rseso be
performed. 501 and up a choke and kil line. Reverse circulation could also be performed. ‘
After perforating and testing, the operator will set plug 159 (Fig. 12) in profile
157 (Fig. 11) 1n tubing hanger production passage 32. Typically, plug 159 is set by
20  lowering it on wireline through the small diameter riser. Tubing annulus valve 89 is
closed to the position of Figure 6 by stroking actuator 117” upward, causing spring
115 to move sle:eve 101 upward. The operator then retn’eﬁes running tool 111 on the
running string through the blowout preventer and drilling riser 201. The downhole
safety valve (not shown) in tubing 33 is above the perforations and is preferably
25 closed to provide a first pressure barrier; plug 159 in tubing hanger production
passage 32 providing a second pressure barrier. Tubing annulus 85 normally would
have no pressure, and tubing annulus valve 89 provides a temporary barrier in the
éven_t pressure did exist.
The operator then refrieves running tool 111 (Fig. 6) on the small diameter
30 nser. The operator releases drilling riser 201 and BOP 203 from BOP adapter 139
(Fig. 8) and retrieves BOP adapter 139 on lift line 209 (Fig. 15) or deploys BOP

adapter 139 on an adjacent well. The operator may then skid platform 195
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After perforating and testing, the operator will set plug 159 (F§gan&gdy 2006
profile 157 (Fig. 11) in tubing hanger production passage 32. Typically,

pl ug 159 W@%‘{G"‘g‘i 20 lowering it on wireline through thePSHHPI3/B7¥et er
riser. Tubing annulus valve 89 is closed to the position of Figure 6 by
stroking actuator 117' upward, causing spring 115 to nove sleeve 101
upward. The operator then retrieves running tool 111 on the running string
t hrough the bl owout preventer and drilling riser 201, The downhole safety

val ve (not sRkeyuthtially bvtpithgotBier Wellsafoeyerforhing thefsama thitionaRgthi BOP eimeabl y
25 closed to gr ovide a first Br essure barrier; plug 159 in tubi ng hanger
production passagdeiriling risey dPhdoraz seEuemt Welks tybing %8 hasthgenignaandul us
85 normal |y hav I : i . 8 reyldes a
tompor ary baf Frafried: B BYGIEReE foilidd Bl B0 aP LB ¥ Eie P U
retrieves rumiougl plafdrml1ds iy Gavé jkiddedt die of mbiphmehtavigi e pagiculdrse¢ll, ahhe

operator releases dri]l Hé% riser. 201 and BOP, 203 from BOP adapter 139
(Fig. 8) andRQYrmpgede ifiping2igdewntaengage and fetysysor spayeBHR adapter 139.

depl oys BOP adap ] : -Qrs- t id
ol Bt form 105 1 15 12 phithdtls SR ARIRGRRL AL painE 1 REGELBIOER00 L 13T, |
. over the ot h@reetd drsertoto tbedéaimdipngtiomhy tengigeneini ofthe writiigGReabiaptddr
A R ARl i S 3o TR APE A3 MR
~derrick 197 (hidbetol 353, F¥Eh hatcmltelahly Beatih@smedl 8P afmeYst mxﬁ%rﬁ'}ﬁrﬁi%@l ReketOf

alignment with the particular well,” an 5 ROV can guide lift line 209 down
t o engag®d and27.eFlavdine conneatore]l BCRuddibpinstalied ofter ifbtallatiper efitore 3% onowichn

ition f i 9 lift.)l.ine 209 (Fig. LT 9 orient
007t he dest r SR NER SRERs T Shaingsa/chieh préspine i Bepd Rbising alnisSt 53445 ang
46 (Fig. 3). 1abdk Sn PeSiHeh®@ MBudin e 1¢ MNBFEOEnd W41l Mo HHSHRRS 294 dthwEliiakii ne

connector 153, if such had already been installed, or at least in alignnent
~ with socket housimy 21Fpudvisolationofihe dBowill 58b coi@l proguctionspassagsddaifof gubing

. || ati , . i er. : j f high
oL 8t et e B ere Bl RO bR 7
| ower engs Wi 4é torexpetintopiehiore: 2braditivead lnitead harlp@tiSi NPndd landed thé opé&tatodn

: tube 43 will stab into production passage 32 of tubin hangqe; 31. Wile
bei ng | ower eBuPPdies Bydraulio Huidprsasurerio @y algess Hhicenting degs 33 Kxpeshiloclgpgt o

proper|y origppehf 813, 5)3bahd Yfter Shghgtl fdifIANAN prdkite $31°FIoWAREEShnebF

oper at or
151 (Fig. 1B) of tree 39 aligns with flowline connector 153, and the tubing annulus

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

20 Referring to Figures 11-13, in a preferred technique, with lift line 209 (Fig.
15) and the assi§tance of ROV 169, the operator lowers and connects plug tool 165 to
tree mandre! 1. The operator -op“ens valve 65 and removes plug 159 in tubing hanger
31 with retrieval tool 175. Tree valve 65 is closed once plug 159 is above it. Plug tool
165 and plug 159 may then be retrieved and a tree cap installed, typically using ROV

25  169. Tree 39 should be ready for production.

Referring to Figure 5, during production, tubing annulus valve 89 may remain
closed, but is typically held open for monitoring the pressure in tubing annulus 85. If
tubing annulus valve 89 is closed, it can be opened at any time by stroking actuator
117 (Fig. 5) of tree 39 downward. Any pressure within tubing annulus 85 is

30 communicated through tubing annulus passage 118 in tree 39 and to a monitoring and
bleedoff facility.
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supplies hydraulic fluid pressure to cam sleeve 55, causing dogs53Ranuarp2ebe

| ocki ng 1 (Fig. 2) to the outer engaged position with profile 35.
Fl oW i ne '@Jg({r@@%&? 151 (Fig. 1B) of tree 39 aligns with fTGUPFRE2EINnect or

153, and the tubing annulus passage (not shown) in tree 39 is connected to
a manifold or a related facility. 20 Referring to Figures 11-13, in a
preferred technique, with lift line 209 (Fig. 15) and the assistance of
ROV 169, the operator |owers and connects plug tool 165 to tree mandrel
81. The operator Epeaswokiover 6peraliuh fhahwves npf ugrolls&9pu1ring ukbing 3aageght 31
with retrieval. al 1 Tr ee vaI 65 i s cl osed once ug 159 is above it.
Plug tool 18%l HS‘?$|‘ZE31EIQ§’°H£E}Y3¥ F TBRY Peteer éatfﬁﬁam&dﬁf? 86 Aapmbibieal| | ed,
typically usiifg WM tvical§9%eonht&

Referring to Figure Sﬁaﬁcul?l néjﬁgrggﬁg?llﬁg%%ﬁ}%@géﬁg% fl(t}{;ee\%%) %Q%face
‘remain cl osé@ﬁselbuwll‘lebnq oglcriay pe H@W@ted)mnuglbthemr,ttmelmgpagbd1pméstshmg in

tubing a uI { ubj . valve 3 ose it can be opened
at any t:Bnne 815} Flrildna b%g?@e% lf‘ﬁﬁﬁcmggérdwﬁ?td%% ggi%wmx%ﬁa OPgRy

- pressure wi tﬁl’bihgt pithudgs ARG 895 &Srwﬁmaﬁ c,caﬁnﬁwMaaatlﬁﬂpﬁﬂﬂpfﬁggﬁbw%@%s%nnu' us
- passage 118 in tree 39 and to a nonitoring and bl éedof acility

- January 2006threyshgabing 331 amderamgdowenporpn m@ngéfﬁmnwm&mpersa iThe fiidit

- does not inv ' b

- preventer %hﬁ-g Q’g%dﬁhr}gbl%g% rlggégﬁ‘g;n e%BQag? pa&ﬁag%%ﬁlni\ 3¥M‘]‘E‘8“\‘R@\ﬁoﬁ
typically cohmect t he tubi ng annul us passage on tree 39 to the surface
vessel. Wreline tools may be I owered through the riser, tree passage 41

and tubilfy 5 33. ﬁ?fe%qveme@@mkﬁ Fhaédewrespwélngr@b@gt $atioee 397mast be 5)
d dt b
pamrrg:,\ﬁ; down T Raed .tﬂ?gl# S oubkf%lﬁ/%%rﬁ ﬁz@h&eﬁ fr?%%nq"gmf s Bqutuma)éf ubi ng

33 to tubi nguhmgthaugelsﬂug‘ﬂh?@ (Fig,uld) i BEsetrin® pﬂmﬁwgﬁﬂ bﬂbjbrf@ Bamg!d} gs vaassage
83 and pass For wor kover

9 t he unbi
~ operations tlﬂﬁg %(?Ogcﬁ?:g @%ﬁllf ﬁégt"ﬁ%‘?‘wg “@@‘Stlﬁ'é%t@é lﬁﬁélﬁmsélft el Figr om
; | I head h
hanger bl g A HOVAG EIMTIN al Rl ol 70 9h B ATty )
~with pllég tpoll7268d(Fvged infp. profile kﬁﬁer@mwrloclnﬂg alekreenp 163 Iaaml 1nfb6;5‘oﬁ£d ng

lift | 2 dROx/l 9 tt hed t t 173 and
rlet ri eilgle glgﬁ’l( %g)psgp%%l)wélzlﬁ upward, re casing ret%eva to<l)lsl ﬁoargpﬁlg 158 b?/ s?uranarmg an

pin 179. The downhole safety valve in tubing 33 typically would be closed during
‘this operation. Tree 39 is retrieved on lift line 209 with the assistance of ROV 169.
Then dnlling nser 201 (Fig. 15) is lowered into engagement with inner wellhead
20  housing 21. The operator retrieves tubing 33 and performs the workover in a
conventional manner.
The inver'ltion has significant advantages. The plug tool allows a plug to be
retrieved from the tubing hanger without the need for a riser extending to the surface.
Since a riser is not needed, the tree can be efficiently run on a lift line. The plug tool
25  is easily installable on a lift line. Its functions of connecting, moving the stem, and
engaging the plug are accomplished by power from an ROV, avoid the need for an
umbilical to the surface for the plug tool. The plug tool can also set a plug in the
tubing hanger in the event a plug is needed.
While the invention has been shown in only one of its forms, it should be
30  apparent to those skilled in the art that it is not so limited but is susceptible to various

changes without departing from the scope of the invention.
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15 pin 179 and lowered into profile 157. Once |ocking el enents 1$3ahatph2006
into profile 157, the operator pulls upward, releasing retrieval tool 177
fromplug 159 by shearing pin 179. The downhol e safety valve in tubing 33
typically would be closed during this operation. Tree 39 is retrieved on
lift line 209 with the assistance of ROV 169. Then drilling riser 201
(Fig. 15) is lowered into engagenent with i nner well head 20 housing 21. The
operator retrieves tubing 33 and perfornms the workover in a conventional
manner. The invention has significant advantages. The plug tool allows a
plug to be retrievddidst omthe tubing hanger wi thout the need for a riser
extending to the surface. Since a riser is not needed, the tree can be
efficiently run onia lAgf khahiRe- e Ihe, plug tool 25 is easily installable on a
lift line. Its functi Lg‘ﬁsépé’fﬁfa@%n%éJﬁ?ﬁﬁl,llgnwmgiu hegasdagenofangnhse 4AGL0G the
plug are accoﬁﬁﬁ?@@b@domyﬁqimgser froman ROV, avoid the need for an

unbilical to the surfacgg}:‘bagaﬁﬁlhe.plgcg tool. The plug tool can also set a
plug in the tubing han Phrngadaptedao pb Wehlin .« Wile the

i nvent i on *hasa béees WHMMA bfeR) one of its for rr%lyrlﬁﬁg%g%cfnﬁ@ljmd of

- apparent to those skilled in tHé art that it is not so limted but is

- susceptible to various anctiailyesowibld s Gt fromthe scope of the
~invention. 1731§ﬁg&g&|u€6%.0 006§ C ains: 1. _c%ﬁﬂg%gﬂ}ég}oﬁwg?r hevsnend betyyean pl ug
 in a passage of a subs é%\/@alaﬁé’éﬁﬂdmmﬂjﬂowg eNghg @ tubul ar housing

-]

* adapted to be sealingl v e®RegG6H r end o 5 a subsea wel | head
assenbly; an t&x%&l | y .Movabl e stﬁ%e%gl}oﬁaiggeg%ﬁwt%’éﬂﬁ@m@ngthepmg'wﬂﬂ@h
between a retratt dWQﬁpnmdeMgethégn%eg tmgﬁeé' on_into the passage;
and a refl®i eyadiigenber nmounted to the stémTtor eng gfsnﬁlof topthg getigerdde i n
the extended position, and retrieving the plug as the stern is noved to the
retracted 10 poshti D, 2. The apparatus according to claim1, further
conprising a drive Te ¢ FRTLHT ageg %@iﬂgmhdmh@mbﬁﬁﬁgﬁgqmr%nga ed and
retracted pofirtinoving theeswhi $twdIEC %n‘iasm acga ted to be powered @Uqgﬁ ROV.
3. The apparlggcﬁmacc%r ding to clalmT, “RHRETEia9d: Yetraeted r pasiticns, e ivi S

§m adapted fo be powered by an ROV,

3I ' . a
The apparatus according to claim 1, wherein the retrieval member s

g

member mounted to the stem in lieu of the engaging member, the setting member
ad \ i |
apted to carry the plug into the passage while the stem ig being moved to the

extended position, the setiing member being releagable from the plug after

_ the pl
has engaged a profile in the passage. o

) .
0 4. The apparatus according to claim 1, wherein fhe en

| aging m
comiptises T e

a body that is connectahle to the stem;
a collet carried on the body,

the collet being outwardi
| ¥y movable t
€ngage an mternal recess within the plug; and o

5 . .
the body and collet being axially movable relative to each othe to Jock

the collet in the engaged position.

30 . :
a body that is adapted to ingert into receptacle of the plng;

o
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. her conplianearR2006
the apparatus furt
15 renovabl e fromthfezt te(r)n ?Rg \é\?g:ne:z lieu of the engagi ggv\hﬁ?rge[ ,het Q?em
setting member moun d to carry the plug into the passag .
: . mber bei ng
setting member adapte xtended position, the setting ne file in the
i s being noved to the e he plug has engaged a profi :
lug alter the p imi, wherein the engaging
rel easable fromthe p ording to claimi, artied
The apparatus acc to the stem a collet c
passage. 20 4, body that is connectable e an internal
nmenber conprises a body tl twardly novable to engage ¢ bl e
col l et being ou bei ng axially nova
Cecess within the pl ug; aa]ﬁgkmmmﬁnﬁgg?éﬁgﬂgﬁgﬁﬁ%ﬁ@&@gw DUl witiingp, The
kK . the o ; a
elative to casmpahste g ok, PURe Mot i g 4G 1o Ao
apparatus acco . ieu of the retrieval ment tacle of the
to t héiesrasragbyandi e . insert into a recepta -
secu;ie:i ng: 30 a body t atI i S adapt ed _to ' I tﬂ.ﬁlh body for engagi ng a
C|Orrp 18 5 January 200 eaoplédnemfesrbbﬁullgfgé!gnd eov\%riﬁ]ﬁ eRess piny thei plug in
ug; . t u in
Pecgss wi thi _n:t-eﬁzhtgzsg F%@ﬁq@g%‘%ﬁ o pt&mgﬁ@r@& phg@llaié é]fgggﬂ;gﬂ&g gr%r eln t gof
engagenent w i lug in 5 respons wel |
re?easabl e fromt Lg@ :hgé gsséag\ﬁélggggﬂrﬂ%%h@ﬁw ﬂﬁfr@tﬁndﬁ%néregaglstgbd@g Ubse?,gg(t ends
‘ the stem after ) ubi hanger, in
. apparat us ha\ﬂaﬁ?}g% i atant ﬁgf‘fﬁglﬁbgé‘?g“aé%’d&?ﬁﬂbwé’@*’g@mddhﬁ'“?hgﬁﬁ%‘??s: ng:
VRL peaLLy b e EAg R ghe (ling B4t {0 epy 19 Lhe o pele
' pAghg:@a connect or havi ng ; to an upper end of the
plug, 10 a houapil‘iﬂggs.ably connecting the housing to he & drive
90 : housing; a
positionjgor re en axihbigingext ensi bl e stemin the froma 15 retracted
production tree; a ing for noving the stem t he
mechani sm nount 2)‘1{ Eagdfa %Bglgq%'fsc;rol%aﬁm ki reldabiel PEGRUC LhEY, RASSE %s:g)tifon for
ition to an
Egﬁlgtelr ? and Helpesabdy connecting the housing to an upper end of the Production tree;
: an axially extensible stem in the housing;

13 retracted Position to an extended position within the productiop passage of the tubing
hanger: and
2 retrieval member mounted to the stem for engaging the plug while
the stem is being moved to the extended position and pulling it upwardly in the
bassage the stem is being moved whey 1n the refracted position
20

7. The apparatus according to elaim 6,
adapted to be powéred by an ROV,

8. The apparatus according to claim 6, wherein the connector is adapted to be
moved between the connected and Jocked positions by an ROV,

9. The apparatus according to claim 6, wherein the housing ig adapted to be
25 lowered onto the tree by a lift line,
10. The apparatyg according to claim 6, wherein the tree has 2 mandre] with

an external grooved profile and the connector locks to

the profile while in the
connected pasition,



a retrieval nmenmber nounted to the stemfor engaging the plug whibdanubey 2006
stemis being Myved to the extended position and g it upwardly in the
pulling the stern is being noved when in the retracted position. 20 7. The
apparatus according to claim®6, wherein the drive nechanismis adapted to
be powered by an ROY. 8. The apparatus according to claim6, wherein the
connector is adapted to be noved between the connected and | ocked
positions by an ROY. 25 9, The apparatus according to claim®6, wherein the
housing is adqﬂéﬁﬁ to be lowered onto the tree by a lift line. 10. The
appar at us accor di 11y ? e pigmminslionb e Rirddy8 Heﬁq%e{]gtﬁ a nandrel with an
external grooleskif afehlye; ?%? t he connect or | S t REFBE arerhteeritaiving: 4 n
the connected position. . We%ﬁﬁdﬁtﬁmlsr@eﬂoihd&egﬁg)t ]toﬁ,}em erein
the retrieval ““"P&ﬁ%@ﬁnﬁwithaq;mgemm@%ethgr m.the, stem anc?C e 5@%8 tigto
further corrprh.gglstﬁg fuet.ti%% menber that [0 49 @@&Hﬂﬁmﬁlﬂﬁﬁ&en@qekgsagﬁ t he
stemin lieu of the fetPrepanseienpend mhensat 5 Mg rg%ﬁer_ haying a | ocking
menber t hat etigphasprafilc nternal recess in the ptPugljgﬁo %W&P ¥hdassingagednt o
engagenment with a plug profile in the passage, the | ocking nmenber being
rel easable fromtipe pryo.Ln response to upward novenent of the stem after
. the plug has engaged 5 tﬁ@%ﬁ%aﬁ%émgetp dlzim EewgRsiar &bUusacser ding to
- claim6, whe CBPS¢ses rein the retrieval nmenber a body tha{ﬁe‘igj} Etabl e
i to the stem a collet cbarri ed on the body, engage an internal recess
~within the y' the coll &t ogﬁfhﬁglswnmta&la'to&@é/@ahe to plug; and a piston
that is adapted in resg%ﬁgt ann.h(gdra lic pressure supplied by an ROV to
move the;body and the collet axraPp ?@P@X’:iﬂlecbhetelﬁ’tﬁg et®REIL QudREL Lhe
W cedsn boata5te
collet inth @ﬁ@é@éﬁﬂp@bﬂmsmmmﬁ&hgbﬂgaﬁﬁubsea wel | appar at Uus havi-n§ a
production tree with an e%<t etElna_I ’
PiSton that is adapted in resp
an ROV to move the body and the colfet

collet in the engaged position,

onse to hydraulic pressure supplied by
axially relative fo each other to lock the

within the tubing hanger, a device for removing the plug, comprising:

a housing and cotmector
adapted to be lowered 0 ift I ,
upper end of the tree; » 2 it line onto the

20
the connector having an ROV connec

an ROV to enablé the ROV to move the
locked position releasably engaging the ext

for interface for engagement by
connector from a released position to a

ernal profile on the tree;
an axially extensible stem jn the housing;
4

hanger; and

a retrieval member mounted to the stem for engaging the plug while

o o
) ' g moved to the extended position and pulling it upwardly in the
passage while the stem g being moved to the retracted position.

the stem is b
30

20



15 profile on an upper and, a tubing hanger, a passage that exteB®danuary 2006
vertically through the tubing hanger and the tree, and a plug | ocated
within a plug profile in the passage w thin the tubing hanger, a device
-for renmoving the plug, conprising: a housing and connector adapted to be
|l owered on a lift line onto the Upper end of the tree; 20 the connector
havi ng an ROV connector interface for engagenent by an ROV to enable the
ROV to nove the connector froma rel eased position to |ocked position
rel easably engagi ng the_external profile on the tree; an axially
extensible stemin eTﬁBtﬁ@PWQWSZ&card@Hg' U g AN S rr.Du?t ed to the housing
and havi ng an cBéMrighsi ve interface for engagenen By Eiftet avakbnmhiber t he
ROV to nove the stemfroma retracted position to an extended position
within the production padsawgiapf b {agl%i n Qan_ger; and a retrieval nenber
nounted to the stern foacgﬂ%a%imri\%t ep L}E’; % the stemis being noved
to the extended positio 4d oy thet bodyan | e 30 passage while

t & bb{ﬂét q’(fh[%ﬁu@’agﬁ)ﬁ

the stemi%s beigage a0#RIns retracted position. Frvbleop6 14,
The apparatus according tlge('téepsg\vﬁ&i?éﬁeﬂm&r ein the retrieval nenber

- conprises a body that i%pistonagehehlks: %OH{).eanatem a collet carried on the

. body, the collet being otﬁﬁ@rdly novabl e 1°0 S engage an internal recess

~within the plug; a pist® dREisel moerbbiee iftedyoe ANl A0 ROV retrieval menber

- interface on mmﬁmﬁﬁlyfhgﬁr g{]%@%emsnt by the t%%%l?gWanYc

- pressure to pove the body na SOV Bxmays e bpdy endihic vollet A Ela%her to
| ock the col I'2F2ch9theaséo lock tipadlipGsitid Qfdapdd Sxﬂféerei n the housiaglg,q as an ROV

retrievallonmenber %Eﬁ%gr@% for 15. The a%p ratug accor di ng to claim13,

wherein the retrieva B?SW%hasrﬂQMKmﬁeﬁaﬂﬁﬁhiblaﬁin%%f&nd t he appar at us

further conprises;a ttingr menber that nmounts to the stemin lieu of the

retrieval nember,  the §APPEARS vepmrdingtavilaig 23, WEkEAGLIRIDE!  hat engages

an internal Teowsise ifiont 1R gy ower th lug into ember is
R comprises a setting member that

15

the plug profile,

16, A method for retrievi -
eving a plug in a
assembly, comprising: Passage of a subsea wellhead
20 : _
(2) mounting an axjally movable ster within a

. housing and ;
aretrieval member to the stem; then g .connectmg

(b) lowering the housing on a lift

housing to an upper end of 2 subsea wellhead ass
Pposition;

line and sealing]y connecting the
embly while the stemn is in a retracted
25 ' i

(c) axially moving the stem downward inte

tevral the passage and .
retrioval member to engage the plug; then P causing the

(d) moving the stem, upward along with the plug

17. The method according to claim 16, wherein

st 1 .
the housing with a lift line, ep (b) comptises lowering

18. i i
The method according to claim 16, wherein step (2) further comprises

hountin wi V
8 4 connector with an RO connector interface to the housing, and step (b)
>

21 ©




15 engagenent with a plug profile in the passage, the |ocking nmeSiahufy 2006
rel easable fromthe plug in response to upward novenent of the stein after
the plug has engaged the plug profile. 16, A nmethod for retrieving a plug
in a passage of a subsea well head assenbly, conprising; 20 (a) nounting an
axially novable stemw thin a housing and connecting a retrieval Menber to
the stem then g (b) lowering the housing on a lift line and sealingly
connecting the housing to an upper end of a subsea well head assenbly while
the steinis i%n%)retracted position; 25 (c) axially noving the stern
downwar d into the pasSigeingithe BOVScomettbeintd Bk \x,%ﬁaa%] er to_engage the
plug; then g (fd)md‘@‘fhé‘&ml%&o%%@? war d .along wt waaa,caqw AR O®Et hod
according to claim 16, erein ‘Léi% @Bﬁm%ﬁptﬁmbsehmbeﬂﬂas\s;\%‘g housi ng

er

with alift line, Q@.lﬁemﬁlgethog_accordjngto claim 16, in step (a)
further conprises mounting a Cottideing: towtlaim 26, \R@feﬁogiélﬁgat Hth Ot €1 f ace to
the housing, &fdnsrep dive Rdnbe td 2008 conpri ses ‘e &agl ng THETISes/

connect or knterf@ace. with an ROV and causeryitfe stroy theodivevecibe: 160 tor

to a I ocked p;RSCI;\?i © gt iniebben andl didieag bl . o 19, The VBt

. according to ditafise: 46, Mﬁb@%@tegﬂéa) fUrthe con%’?gag’é'gthéq%’@nmmbera

. drive nenber éo t he housing and lﬂ&ﬁoﬁhbmevﬁw@imherﬂﬁwgagnan ROV

- drive nenber ¥MY®¥drdce, and step (c) conprises engaging the driv NerBer

: interface with an ROV and causing the ROV to power the drive nmenber- to
nove to downwar d,220Thd he: rding to claim 16, wherein step (a)

further corrprl,hse% I\/buntinéﬁ?%gﬁc%?r{gc}%n&?]ﬁ‘gllsethPl@Uh‘ﬁteméajbﬁrthmaéHinﬁ-]s%ﬁ (c)

conpri ses suppl yli'ng AHYUPHIN the retevil iseibgy, S@cﬁé’té}? J)Eﬁlg] s Supnbying Mpdeenisc

pi ston adfl calis® ptdisiurk Hohl gﬁYﬁiO nber to eng gg r HEPTes gUpriving fpdranti hod

according to claim 16, further- tdhBr9v8ithe Pitareandssampe (i) vetricdh S HRRR {?ing

t he housi ng FREgethrlupbsea wel | head assenbl y and retrieving tﬁle glg si ng

- with a lift Iine.21

The method according to claim 16, firther
disconnecting the housing from the subsea wellhead as
housing with a Lift line,

comprising after step (d),
sembly and retrieving the

15 22 ‘
. A method for completing a subsea we]l having a wellhead honsing and at

least one casing hanger suspended therein, the method comprising:

(2) from a floating platfy : T
housing: platiorm, connecting a drilling riser to the wellhegd

(b) lowering a string of tubing

through the drilling ri '
| | | £ T1Sex on a string of
conduit and setting a tubing hanger within the wellhead housing; )

(c) lowering g perforating gun through
perforating the well; then

20

the conduit and tubing and

(d) lowering a plug thro

ugh the conduit and settin e
plug profile provided i the tubing han g the plug within a

ger; then
©)] disconnecting the drilling riser from the wellhead housing; then
(f) lowering a tree o g lift line and connecting the tree to the wellthead

25

housing;

(g) at the platform, tmounting an axjall

| ¥y movable stem within a housi
and connecting a refrieva) member to the stem;: then e

30 i
(h) lowering the housing on a lift line and sealingly connecting the

housi ! '
10g t6 an upper end of the tree while the stem is in a refracted position;

22 °



15 22. A nethod for conpleting a subsea well having a wel | head hsuahagr22006
at | east one casing hanger suspended therein, the nethod conprising: g (a)
froma floating platform connecting a drilling riser to the well head
housi ng; (b) lowering a string of tubing through the drilling riser on a
string of 20 conduit and setting a tubing hanger within the well head
housing; (c) lowering a perforating gun through the conduit and tubing and
perforating the well; then (d) |owering a plug through the conduit and
setting the Plug profile provided in the tubing hanger; then g Plug w thin
a 25 (e) disconnecting (i)rﬁéﬂﬂﬂwimddimgmeiség{dgw he g?l | head housi ng; then
(f) lowering actriced iy ltd%ﬁ Ii@g and connec ﬁﬁ%l’% % paserge and bausimp! thhead
housi ng; (g) at the pl at]ror ) ﬂ’ih’fﬂg an axially novable stemw thin a
housi ng and connecti ng (Ameidd Y er ,to the stem then 30 (h)
| owering the housing on 3 i ftg| I %gmarﬁﬁgpa%%ﬂ?ﬁ%mwt@ﬂm@hﬁng t he - housi ng
to an upper end of the {1? Cﬁmﬂcéngﬂmfﬁmgﬂgiﬁ%d&leqr %etract,ed. position; 22 0
5 January 200® the plagfsigl | Y noving the stem downward i SeIRENG dhe hanig
menber to engage the plug; passage and causing the (i) noving the stem
- upward al ong W th 43 nd 5 to the (k) disconnecting the housing from
“ the tree and. retr_ij;ﬂ}%gﬂ%ﬁ%‘?ﬁcﬁﬂgmﬁgtomimmewmm Qpléag}r.?n to claim 22,
. wherein an Rﬁg%mgtmwb@gﬁﬁ? fand onnecting the housi &gﬁﬂwsgﬂ%ofh)
. and di sconnecting the housing I g’?ep gﬁ?qmémg(t}lyho%giﬁhﬁgr(}?_hod
- according to clai ¥221the i erforns steps (i) 1 5. In a
subsea wel | %Rfﬁj at us ha‘%‘?ﬁ‘é‘%ﬁ%?@&%%%m%yhmm‘ @ ROV tﬁmyﬁgper .end, a
t ubi ng hanger, ‘passage that extends 'vertically through"the tu |r'fg(1)
hanger apgl the trgse, and a plug located within a plug profile in the
passage W thin thé- %Bish@ehmeippaatugql\éﬁﬁ JQr .removing the plug,
conpri si ng: ‘ﬁﬁ’ét@ﬁifﬁetﬁﬁing hraggesi_i r;g and connddt 8?1110 gﬁlfeéd"lﬂbapmﬂlmug@gd onto
the upper end of - @ passage that extends vertically throngh the tubing

hanger an
tub.g d the tree, and a plug located within g plug profile in the passage withi
g hanger, a device for removing the plug, comprising: "
2 housing and connegtor ad '
- apted to be lowered onto the upper end of
the connector having au ROV co

mnector interface
an ROV to enable the ROV 4o move the for engagement by

comnector from a released position to

le on the tree;
an axially extensible stem in the housing;

locked position releasably engaging the profi ?

20

25 the stem js bei

assembly, comprising;

(2) mounting an axia]] .
. Y movable stem within a hous; ]
30  aretrieval member to the stem; then 7 and conneciing

23




t he connector having an ROV connector interface for engagenent by JaanaRR006
to enable the ROV to nove the connector froma rel eased position to a

| ocked position releasably engaging the profile on the tree; an axially
extensible stemin the housing; 20 a dive nechanismnounted to the housing
and having an ROV drive interface for engagenent by the ROV to enable the
ROV to nove the stemfroma retracted position to an extended position

wi thin the production passage of the tubing hanger; and a retrieval
menber nounted to the stemfor engaging the plug while 25 the stemis

bei ng noved to the exter(Eb’GWpﬁBgaﬁdJ&aﬁﬂ v R gﬁt ugv\,/ar dly in the passage
whil e the stenubsabeingRYyed L0, the retract ea% CUPBHNE f6an wppee sk § o
retrieving a plug in a ;()Qe;;;ageyﬁ’l}“]aﬂ?tﬂﬁs@aimmlrbth@mapogﬁﬁg,nbl y, conpri sing:
a) mounting an axi al l alll e, i h a housing and connectin 30 a
(a) g y b o'sfte n@%\%@ afﬂ’ym g

retrieval nmenhgg he stem th an bifelposveses R s
seal i ngly connec?ﬁagrélte{”ﬁﬁrtﬂéﬂgﬂgﬁg‘hcpnlug;rthetpper end of a subsea well ﬁ%gag

assenbly while the steimyis.i retracted position; (c) axially noving the
stem downward into the g%@ggg@%ﬁe@é’i??#ﬁbﬂ@mim&krﬂ jal nmenber to engage
the plug; then 5 (d) novie g the stern upward along with the plug.
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