WO 03/067017 PCT/ US03/ 02720 PLUG | NSTALLATI ON SYSTEM FOR DEEP WATER SUBSEA
VELLS This application clainms the provisional application filing date of
February wp 0380027 Serial No. 60/354,544 entitled "Ml ti-PaTitsomom78d ug 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

I nvention: A typical subsea well head assenbly has a high pressure wel | head
housing supported in a | ower pressure well head housing and secured to
casing that exppp¢SINGPALILACTION SYRTEM PUR DEFPWATER SUBSRAOWELLSN in
the wel | head housing, the casing hanger being | ocated at the upper end of a
string of casing that extends into the well to a deeper depth. A string of
t ubi ng extends th he. [ i -1 Ui j or
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control | i ng 2002, 8etfidl Nd. 6045.54,544 eptithadilitMultrPdsitioa Hlsg foy Subsdal WelaSysterge,. heavy
assenbly, 15 having a nunber of valves and controls nounted thereon. One
type of tree, songtines called "conventional”, has two bores through it,
one of mhichFF%d?%@WﬂpﬁﬂﬂE¥¥on bore and the other is the tubing annul us
access boge.  In ’frﬂfssimtéfrlﬁ%n%l Welid E@&%ﬁé%&ﬁ?&b%veutih?caﬂé{ﬁinaanm{lgﬁ*ﬁphﬁf\ds in
t he wel | head housi ng. e tuglng anger has two passages through it, one
bei ng the produsysiennfopassalpeg ande@i@vinga puh&ompefuhmpgdangeinul us passage t hat
comuni cates with the tubing annulus surrounding the tubing. Access to the

t ubi ng annul gacllfgigggégfﬁ%r%%&i?%rcul ate fluids down the production tubing

and up throu : S, or vice versa, to either Kkill the well
or circulate out Regyical kubbsda Giulineal eRBMbEL h@Na MigH Bfeséilte WellheaD hbadiger i s
installed and before the drilling riser is renoved for installation of the

tree, plugs supponted irepdover plegsusd eHieadrhausiagpadswegersd de casieg thabicxigndanger .
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type of treehdrgenbsingidcyited wnthemppercpdpl ebiring oficagng tHaaéxtedBsntb woe welitogs of
conduit. In a dual string conpletion riser, one string.extends f t he

producti on padesmgedenth Astingel tubng sxtends thiqugh the casine Thp produgtipn tﬁ)‘giinﬂ]%rp‘
extends fr O hrkstdfs Q3 pqg’c?u%lgn el R/ Q)zal%qupper end of the wellhead housing for

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 wellhead housing.
The tubing hanger has two passages through it, one being the production passage and
20 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
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 1s
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 wellhead 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



t he tubi ng annul us passage in the tree to the surface vessel. It is tine
consum ng, however to assenble and run a dual string conpletion riser.

Al so, driwbioagémwessel s may not have such a conpl etion ri eem/aoaii7abl e,
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
tubi ng hanger is installed, then the tubing hanger is |owered and | anded in
the tree. The in LS: d. thr [JESY =1 SPEY o S
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comuni cat es W hR.Lhe choke and kill lines when the blowout preventer is

cl osed on the tubing hanger running string. In this system the tree is run
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Consequently the tree may be run on a nonobore riser. A tubing annul us
valve is | oexeeds thrpughdhe ties foge Meidgpacesiopried abqyeuhe cubimhangst.t dhisorord i |y
installed and retr]| r t j i J e of
tree. 25 In tHe® ﬁro '@u%g%aggsc‘gﬁb/etﬁficgﬁ% Qrgingngglﬁ%i%??zﬁ?gb%%?ﬁg}}gea&%{gpes,
the tubing blesgisn the tibisd kdrigedrubaingrsairgh dn thieeystesn, | thededisam dindrilipigehead
housi ng. The tubing is typically run on smal | diameter riser through the
drilling ristwusgrycpsthe @éﬂe& gedqgic itIhFi%Hét”F% Iélé&mif% amsl&%?ﬁ]%fereleaeff ?‘gmthe
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assembly. The tubing hanger has a production 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 the 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.



WO 03/ 067017 PCT/US03/02720 Summary of the Invention: In this invention, a
lift Iine deployable apparatus is provided for retrieving a plug in a
passage oWoa3metsra wel | head assenbly. The apparatus has &cCraised/ex72thhousi ng
that sealingly connects to an upper end of a subsea well 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
menber is nmounted to the stemfor engaging the plug while in the extended

position, an eV .plug as the stem is noved to the retracted
§?&%%¢§>y&@gll}&ﬁugﬁ.

position. Prefera e mechani smfor connecting the housing to the upper
end of the 10 subsths inkhtiead 16 Eseridéployableapparaks BsypravidRDfor réirewingt e

drive nechani smfor the temis eferably. coptrol |l ed and red by an
ROV. Furt her PlUgiia paspee sipgsapuslinepd _@Srssl?lébn- %esapagfaﬁuaﬁﬁ% F A T A
the ROV. Brigh Eé%ﬁﬁgﬂypédnﬁ&tgto Wliérhlﬁ%;grféﬂﬁ A% s@gwaeﬁhéa& BhHIR eQIREiLEe 2

vertical sectional View of | 'hnead assenbly 15 constructed in
accor dance winbhatltisen carged irothe Housing dor2mpyeragnt datveacgecrereded ppsitiov pedy of a

ortion of the wel| head. assenbly of F qur. 1A and.1B, th ti I
Do ho i £1 er BhEXEhiEH TN g TRsH IR e THE g T4 Moubied o B 48f%or P! 27
sectional vi @d@agfngafh@?futgi@lﬂl&%_th@@x%@ddd%ﬂioﬁ?&ﬁm&ﬁevﬂ{g thEiply @&SthbAteand 1B.

20 Figure 4 is an another sectional view of a portion of the wellhead
assenbly of ismeuedde theacuapied®sitipit shown in same sectional plane as in

Figure 2 to illusgrat ' . | . i 104, F1 gure
5 is an enlarged rgcefrlglf)lﬁaﬁhg\li/!’i? ég\f/{vgggﬁgﬁlleé@&%&lﬁ%etg% ﬁﬂﬁsﬁ@ @:tﬁgng% ehdgdgrﬂéga
shown i neEn apee weishdal asseaibly Brivaged hyaraROYN gAgH Nhe dEMb Atecltdisnhéor the
production 25 tree. Figure 6 is an enlarged sectional vjew of hep&ybing
annul us val véemfis pregeraly gontrelisggndinewgred) Ws%Réé{silf‘}rgﬁr’ ¢ redrieyat msrRgT
hanger runni - | bi ng hanger. Figure 7 is a
sectional vi @gvfetégﬂ{' hge}%%@{ﬁggﬁ}a%%&jt\ggﬁ%was shown in Figure 6, 30 but
shown in an open position. 3

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 being 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 rengaged by an engaging member of the production

25  tree.

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.



WO 03/ 067017 PCT/US03/02720 Figure 8 is a sectional view of the well head
housi ngs of the well head assenbly of Figures I A and 113 after running
casi ng arwoio/ottee7 process of receiving a BOP adapter. Fi gamasesnz2a
schematic horizontal sectional view of the well head housings of 5 Figure
8, the dotted |lines showing a flowine connector armbeing rotated. Figure
10 is a perspective view of the well head assenbly of Figures | A and 1B,
after the BOP adapter of Figure 8 has |l anded. Figure 11 is a schenatic
vertical secti Onahi%\gkeexv&;oar ebtiéhatPlel STakk RRARIRNSuGhgs TRl BRhchA a3 hbHE:
show ng shutoff an ep? oyecﬁl plug tool nmounted onh the tree. 10 Figure
12 i s a scheohFiguresi e anielB oftert uanpigugsingaindoh the purcess1af regeivingaa By
setting attachnent. Figure 13 is a schematic sectional view of a plug
retrieving af4%®®inment for the plug tool of Figure 11, shown in a

di sengaged posi ti gfpupd Hhs & selelfatic hblitsitilaessbmay vieheof HOWcBHedd MRSingd of
Figure 14 is a nore detail ed sectional view of the plug retrieving
attachmerft  BiguFs $uthedatg:d lilkoshowing aflowige gernepios pim being Ftgigle 15 is a

schematic view of .a field bein % in . B: IS

i nvention. DETAI LEtguf?Egéﬁ %?rré% cgge %@?MW&%&E ggg@%@%f Plgg{eg ulc Gr ((13 of
Subsea Vel | hepdafhs SRROY aﬁigftafdﬂ'fﬁlglrbe hlas Gamded. 1B, a | ower portion of a

wel | head assenbly 11 includes an_ outer or |ow pressure well head housing 13

that |ocates on tRiguseh! i3 deshematic iverticak spetignal vaewy ok the wellhepd jagsegiblyohmet er

conduct or pi th t i | I | ”8?1!‘[‘2] first
string of cagl%rl]lgggél iﬂ{sd g?jssgﬁ%gcfﬂgﬁ)ﬂ; Ei({)@\lxlgrdeglr? Q%ngz?oé%\g’l@}dhea e& ¢

housi ng 1B by a hEhges 12% a kkhermtc sideasewof 1he pingl tdvd g &igutd 14, withatplag way's
suspended from.the outer well head housing 13 and can be elimnated in many
cases. An i?ﬁ‘i@?g%ﬁacﬁi‘“ﬁﬁt' pressure wel | head housing 21 lands in and is
supported wi thin Engdes g LIhOHMRS sebBbdd SRS HOYSIuB FetkiBvink AR kdtand
housing 21 is |located at the upper end of a string of casing 23 that

ext ends t hr oplyl toalsifiitgure 1l pshmwyrieat disengdgeddmsition withhe pluge illustraigd byube ng 21

has a bore Zgot%dthne?.t | east one casing hanger 27 4

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 wellhead 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 i many cases.

An inner or high pressure wellhead 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



WD 03/ 067017 PCT/ US03/ 02720 |ocated therein. Casing hanger 27 is sealed
within bore 25 and secured to the upper end of a string of casing 29 that
ext ends tWom®agbrocasi ng 23 to a greater depth. Casing hangemr/uds3/eago a | oad
shoul der 28 located within its bore or bowl. 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 |lower end that |ands on
| oad shoul der 28. A seal 30 seals between the exterior of tubing hanger 31

and the bor e;af.635i89. *’@d%ﬂ-%’o 2 gexaméeseble@%ﬁmdb&ezs ARt seem%@lte, the @fer i NQ

34 noves froma retracted ion radially outward to | ock tubing hanger
31 to an m&micmﬁaa stpng off casing 22 thet exdertda tligrongleFasing 23 ey gred@6r dephiznCavivgd

axially domm I as..wel | shes lock ring 34 to

the | ocked p %%Ba Eﬁaﬁéﬁ‘?’t’i‘hﬁég lo%%d%ltlg%tﬁtbgﬁ c{}'("? ﬁe upper end of a

string of pr 0dUCtIrPfh1§ BRbOEAM3AE, altubinghalgddHr isddndddaafocRedMdUcile@RvisSage

32 that is coaxial with tubing 33. Referring to Figure 3, inner wellhead
%

housi ng bor ethe®ormef @Sm@\h@ng?! ¢ iReferniag to Figare Jhaebing banger 3} hel alestes end han

upper portio I S i
transition p@‘lag%ﬂs o ¥ Sﬁ?@&rr 2435 Afégaéi%{@ egaﬁg?&% glﬁl%or t?%bgsotfg@gﬁ%}rl\%?g%b.
Wl | head hous] agd lies Boﬂépﬁ‘edasimgl’ﬁahgﬁ Zhibdvadoal ghiontderd8pr Afsplielodk rimy paed

t herei n above t ubi ng hantgr 31. Profile 35 is |ocated a.short distance
bel ow ri m 37MOVGghiTem Agre h@e‘hIPBéIFlo’éﬁéﬂléuy PHrd i@ | lpele fibing hangsy 31t0 AR

shown in Fi gyt S-nél’rb#roﬁl QF,] B0l @fogkligl% rv@ﬁen%%obaﬁaﬁgﬁymnwdt' on

20 that i nse SI ng Uction tree 39 "has
producti bh peassgiges 54:11 3(Exs waldiamgudhhs loulg hing B34 ttd &te Ihelsedgsition] Bibipphiangéia

extendlnglaterally rd cti.on re 39 has. an,.isgolation tube 43
that depends3H&wisRRGEe t‘P HPFECIF St@ﬂ%lo BIpgY tfori’oté‘%g’@gﬁ f\lg‘lt%/‘%l?ﬁn@ +3F

pr oduct i on_PRRSAYSARAoApatisbl B9 ubeaSExidlidliidgoyer end of “product i on

tree 39 extends into bore i nner wel | head housing 21 to bore 25
transition secti oRe@fung @ikjgurs)3, ikef welliicad hagsing bow 25i hparadoger partion 252

31, “Orent at Toh ol 4 BTN IR ERT R o SR Bulth it 2R g e

body of {s1bi pgwitanaein Qﬂam%h%haaﬂ nstiuRRY 25¢40datsl BetWedn patiosPDsDuAd
formed on |ts upper e A mating orientation sleeve 46 wth a _helical

cont our on i2%. S(Wfﬂéimg hougiagibore appercrprtion 2hk hapiegrogtiesl srofily dduiermeh tree
39. Wen tr eﬁlg;’e}%n Ifit?mje Win! gqlanéé}fﬁ. Vﬁl}hﬂeﬁdlshg&%d@ sl%o]rt dl{g{ahgyf)é'}g\'vq'ﬂnsjlﬁeve

46 engages t Ical tou
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 39 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



5 WO 03/067017 PCT/ US03/ 02720 orientation sleeve 46 to rotate production
tree 39 and orient it in the desired direction relative to tubing hanger
31. Tree wod3W&toihead Housi ng I nternal Connector Tree 39 ipaaiusdas27a0
connector assenbly for securing it to wellhead housing 21. 5 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 tree 39.
A seal 49 seals between rim 37 and shoul der 47. Connector body 45 al so
extends downward.into l1.he i d] : .1 .S.:] ocat ed
at the Iomron‘gﬁ%IO&SI%eg\é\ﬁ d 6&91 egb%&zfgg? grr% © é%&%@?’ﬁa‘q‘%@ﬁ%@@%@]‘%@%"ﬁg

el ement 51 ceutiche tudinghak@evdlr.i ety of types. In this enbodi nent, |ocking
el enent 51 conprises an outer split ring that has a mating profile to
groove 35. A plurality of dogs. 53 |located gn the inner dianeter of |ocking
el enent 51 push | deaeidng Helthead fonsing Hderapd ';%O’B’tfﬂ%rd when noved by a cam

sl eeve 55. Cam sl eeve 55 nopves axially and is hydraulically driven by
hydraulic fluid sligsi3daciudese gansegar szemhly ftm&ecwﬁgmééwﬂlg@%iéwwgﬁés an
ext ended or t al ner rfd 3 t r,o body
35 inthis oo dERR el IS SEERETnodPAC IR ol WO AARRE TR 207 o
ori entation sioatiee 4%44hat Aargieloh aim 89, Ceniidetoe ddéyl 45 s tigidly atatiesd tdit@eBPerA of

ext ended portion 59 for retaini ng | ocki ng el gma t 51 agjd doégs 53 vvihh
connect or botpl 48, seals; Retwgererijn 44 q@dsaoplger 47 helersator PO fRgESh LEfiE 35
and 20 | ocki jt bp t ots | loeatd d B 1BHeyi ded
for the dogs@%ﬁb%gﬁﬁgoc?%lgﬁ%gc}%ﬁ%%% ZEndﬁg%kgxﬁ%glgm‘S%ﬂ:#ﬁ%g antd collar 60
woul d be i nt egtaf dopnéaontsatly 46 fon eogagmecprofilebibd yLatkingRaémenti Sigcoull & ofla e | A,
a contro] fluid passage 61 extends through tree to _an exterior. side
or t1on 1%r GRS O REOS JAFBTRPgEn AP R | showraey s Eerspli 3hE 5
nunber of thgsenhpassdHRag profMd tbpedoveedd AGIaQNnHLst figstIopsated oh ke ieer end
of tree 39. The connector tubes stab into mating passages _on the upper end
of tubi ng hadigmeter 3%, lothingeclpaentae pustederking plgmeau Sl cradigHy ratwardnwhen hat
are not shown but. extend, bel.ow {ubi.n nger. 31. on i fi .
producti on t%yﬁ%b%ﬁ.carﬁr?é%eé’eéght Gt Slf%ﬁt}? r%]?\éegaa Xfagly&%\aﬁ%g#%&ggg}lg%ﬁ?ni n

the string of)yhyu}iaﬁ[g; Had sﬁp@{@;d%_a@isdﬁwvhol e safety 30 valve and downhol e

pressure and tenperature nonitori n% devi ces, . .
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. Alternately 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 control 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 into 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.



6 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 val ves
i ncl udes womastmn7 val ve 63 and a swab val ve 65 | ocated i rcgrusdsieioon
passage 41. A safety shutoff valve 67 is nmounted to port 4la. The

hydraul ic actuator 68 for safety shutoff valve 67 is shown. Valves 63 and 5
65 may be either hydraulically actuated or nechanically actuated (typically
by ROV). Referring again to Figure IA tree 39 has a mandrel 81 on its

upper end t hat pggﬁéa&%& &WE%&%%@%&%&&@E&@@ & éoﬁtrﬁiliﬁ'lgqlufi(?hgm

receiving a connector for connection to a snmall dianeter, ht wel
ri ser, such Bsthkgtefered anbodinreknter valyasripdsdes.a ivesteinalve8 aldsoswatniiles

ot her net hods of intervention. 10 Tubin nul.us Access Figure 4
illustrates & tlQﬂﬁFeﬁ‘g‘na{Hﬂ‘éHCﬁQnﬁ’éﬁgﬁg%s’g S%[}rfycﬂluf fHBItvesﬁr?o'\ﬁﬁ“?Wt‘iq BuPYs 1B

or 3 becauseyjj be[f% hARB U nRASSEORor 83fetySsHuRRVAUe b7 idstibvd. SUEREs ¥Bhid cal

sectional plane an that shown in Figures I B and 3. Tubing annul us
passage 88 e engde eitberthydeduligaltynactuatgd aruéchgnipelhogstuaged EymeallarbyRP¥). end

portion to a | owe nd, where i 15 conmmur cates Wt t ubi ng _annul.us 85

surroundi ng t ubi n36§§?ﬂg1~?€é“‘h§°p§‘rguaenh&1 t&;ﬁeﬁ E%Sn%glaB?rer égioﬁgl Sanmal a8 %)haagsage
83 may be sl pgtliys npdhdl | Wiaidaes1 fis appieanh setddgor ré@ivih Gborrclor gor e 4.

An annul ar void space 87 surrounds isolation tube 43 between the upper end
of tubing hasemectm i@ tmeall | digmeten nlighiveighie sisgy suph tagbiok oceatdinu Meskaysl ve 89
is nmounted in tubing,annuyl 0 . Ubi ng annul us passage
83 from fl owP"R°%Et ﬁ%arngﬁqlllrs gé{sg%ﬁﬁagi%ﬁ%r%és’cg%s ogg?tgtr%(rgflé\%mt o Figure SI,O °
t ubi ng annul us val ve 89 has a stem base 91 that is secured by threads 93 to
t ubi ng anul us pagskige ABBulufdsteesm 95 extends upward from stem base 91 al ong
the axis of tubing annulus passage 83. An enlarged valve head 97 forns the

upper end of st emglfe 4 WRlsked@abif/arhaks Pasagosd]arhict Biok slewn Bipuras el |
as a primary lip seal 99 25 that is made of netal in _this enbodi nent

| . A
shuttle sl eelB or@ibacausedubipg aaByiny pesargei disiloratedun fydiffisrant yertipalsegipnabs,
Wiile in the C I td: i el end
of s eeve 1BF e SHORP T TiARFTAML S 1ML IndhiAHadaed BF ARPEL
hanger 31. Waértieallynthtdugh thtonghangeehl frosi dniupper aldpontiomtofa lgweesnds wiiart 17,
sleeve 101 is in a |lower posjtion 30 rgl ative.to val v% hﬁlad 97. Scf eeve 101
has a reHuceecramypicaies Withra tupmegegyiug §3 sprgoynding tubing 33. The upper and lower

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 base 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 annulus passage 83.
While in the 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



7 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 sl ewoa300m17s in the | ower position. An outward bi aped/espsni72ei ng 105
is mounted to the outer dianeter of sleeve 101 near its upper end. Split
ring 105 has a downward tapered upper surface and a 5 |ower surface that
is located in a plane perpendicular to the axis of tubing annul us passage
83. A mating groove 107 is engaged by split ring 105 while sleeve 101 is in
the upper. Cl08eibBP! blRM03 Flchiindll Bleak0P b5 MBREAIIIA HILREC 1icnPRA[ AL I N
as a detent or retainer to preve owmwar venent of sleeve 101. Figure
5 shows an eofjedveleat OGIwhile sheenb @01 kGO thexbeadpasgidnnt o t he upper end 10 of

Engaging member " 108 Vs uMEeEPAL 18 AR OB o iR S FPBsRsst ke 1a)
and is Usedlépﬁ?d}qw gﬁérﬁEV%1i{%1§ [Matsmadéw&dtt@pér&?uﬂ%&f@ﬁrf%%ﬂdi9“- A
er 109 h and 7, is

second identical engaging ne r , shown in Figures ,
mount ed to alowenrsurface thetols loddatedisred planerpempendisiuleg thdlrey axis f tutdng agiwlys

menber 109 has a Ijp 113 on its l.ower e t hat . ma Lth th d
facing taper p%sﬁagfpé%'t F’i‘arliﬁ‘gl%%‘?veﬁg 1if%ga§F€§%§&%c{\llr}§r f‘ﬁ’f\ﬁm&%%}gee"s?e‘s?gﬁf ring
105 to contr aetuppe aldkédisosie Bphg rifE TOS nabd $htd @rdpve 107 sdreriag kO3 ddennvar d
to the open posi {Jl on. A spring 115, which may be a plurality of Belleville
\g/asher s, is Powtaina topreyenosnwigrdaeeenent gheleeed Alower end of sl eeve 101.
pring 115 urges gl eev 0.1 he r It . in
passage 83 20 mﬁgg%ag%}.g"s ésnp?ngjra]gmgg@oqioﬁﬁﬁo@l%géeglég%{}%m%b@g?%ﬁ@?g‘? cgsed
posi ti onio Engagibies amitihey pds9fse 83 S0 usngagdntent lvadth theeuppen@ndfofasteeaet ifdt or

117, which is nopunted in tree 39. Actuator, 117 is a hqllo ubul ar nber
with open enbBgagirgmemBeial §%is adawneard sxtgnding cogPanat nge%g% é&eij&iénﬁ

tree 39 (Fig; . Lot p Xe) IokSiof Xt BT & i de
w1 that | oi%sHedoPF HAGAE skife 107HARRS APRaPR] HeoRARE Hghfioh Rikbnd

act uat or 117idestivetengagiyemenmber | @ieshopmsintHigurss 6 Fubi7nds monutkdito a peysege 118
ext ends through 5 ee 39 to an. exteri sﬁde ortio o; Jflee ig f.qr .
connect i on t A 1{ Lilsefy oo RbLe| aﬁﬁerg}at PRGNS PERPEL [ 13, hg5,2 pslt}gsoélalts

mani f ol dj 91 ffver WHRikdt Gdtest WAk (REENAFTd g fa6r ol g[hitngqgamwly@ nasgee in
tree 118 does not extend axially to the upper end of tree 39. 30 Wiuen

act uat or 117oves amdvaadsascsplihaing Miértomesiradtopnabling sggegngrereper 109 to push

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

Belleville washers, is 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
mounted 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 a part of running tool 111 and works



engages and pushes sl eeve 101 fromthe cl osed position to the open
position. Figures 6 and 7 show a simlar actuator 117" that forns a part
of runni rgotodE70111 and works 8 WO 03/ 067017 PCT/ US03/ 02P20/Uisn3/03120 same
manner as actuator 117. Like actuator 117, actuator 117" has a piston
portion that is carried in a hydraulic fluid chanber for causing the upward
and downward novenent in response to hydraulic pressure. Passage 118’

| eads to an exterior upper portion of running tool 111 for delivering and

receiving tupipg s%ﬂﬁurln%er s fak by 13‘3’”1111@%5&9&?& il a@l%ﬁto?queﬂﬁﬁ Q ston

features for running t hanger 31, including Setting a sea t ween
t ubi ng hangeporfidn ahat h;ocamé’cﬁ m)fa h@drhtﬁ&aﬂufdouhmﬂ@r%r c@ﬁsu@ tHo upRanhlamg t ool

111 has a lock menher 119 that is radi and out wa nsible into a
mati ng gr oovePWBYHEIMPYFmERt i FeSPPRTe ‘iﬂp@éﬁff%“l’éxﬁréﬁﬁf%g% %Slsé%evii(ggleﬁ%sr h Bh of
tubi ng hangegyidlor dpReKpdrRBREE ru%ﬁglgst%lulrlq Sof &’eﬂﬂz’eﬂﬂ% hﬁpffecéillﬁqgttﬁblhg RhA@us
hanger 31 while tubing 33 is being |owered into t Lock nenber 119

is enerd zefluidnd rel eased by a | ock nmenber actuator 121 which is al so

hydraulically driven. tg@”Lﬂgh%sogt!mryée%ﬁonﬁng?ﬁg? q@ﬁv%ﬁz E’g)%%o!flﬁ £S5

sealingly into t h8'B5PE eeve es the

upper end of ifclididpseBip 681 RAFER0AbHE hadfer 131 i Pogd2scsf wellHeas hageng?2l (Fi g.
4) in tubing hanger 31. Orientation Referring to Figure 8, aring 125 is

nmount ed to t(Feg : eRppringfoguld rhaged l%lédﬂemh‘?fublﬁnﬁla&@ radiadly angs @tverly o as
a_conduct or - RAUSLRR. iR N9xheine NASe AEAGAGH S PG up&d. BALhdidy slceve

sel ectively Fe e on ou ousli ng orientindg tubing 20
hanger 3Mo anploﬁlbﬁeaf 31901(1§|hgnge8)31| rLc&:kdﬁ&‘nbﬁdl 190k trie umengatdol é 11 do outieg

subsea wells and _equ Al k pin or scre 129 w sel ecti y | ock
ring 125 in b%ebléél‘?’]é‘ge t"ﬁ’é@ 83 dﬁ cing IQWﬁ{GSr’é‘& e yai. ]]so ;{g&rl ? ng

125 for rot a&de?%lz&r' ShEWIERed ‘3‘%@ lleE %ﬁ%er LdthafoRNRN | RURA i§ léﬂ)slaq{}tcﬁalﬁlcally

horizontally extending arm1 has an upward faci ng socket on its
outer end 13drived. sRunmangtaodid 1pihas 1$7eepc d23 vkt slidgsnsealinglp Snfortbenbaran32 88.

Ri 125 i ly ipstalled .oyt | | head, h i 13 .at th f
bef or 6 out or DRUIE Wake? AbuSHsrge 193 RGN MeCPrEn 00 SRATiRE i ni%g ] ' Do
attachedlsto B PrOa eI haskade PELFRY 4 Metubirg Hangaratbut at the surface. After
outer wel | head housi ng

Orientation

Referring to Figure 8, 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 wellhead 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 therewith. 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  from arm 133.

Ring 125 is normally installed 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.



13 is installed at the sea floor, if necessary, an ROV may be enpl oyed
later in the 30 subsea construction phase to rotate ring 125 to a

di ff er entworosmetoat i on. 9 WD 03/ 067017 PCT/ US03/ 02720 A BOPC(fhlsoswaro
preventer) adapter 139 is being shown | owered over inner or high pressure
housi ng 21. BOP adapter 139 is used to orient tubing hanger 31 (Fig. 3)
relative to arm 133. BOP adapter 139 is preferably lowered on a lift |ine
after the well has been drilled and casing hanger 27 installed. The

drilling riser, gpgg%mohgﬁsge i ¥ addher! 13pqgfﬁe19§%é\s£m§e%h §VP by upper

end of inner mell usin ower | apt er
pl ace. BOP aﬂlghtpeffssﬂraghohaﬁg 2l. gBOGeidapIekb?& it 4i8ed ﬂoainenn tsbmgumngat 3t qFig 8)

exteri t t f 137. A f | .14 t I
ond of BOP. aiiero 4130 1 30sPEP SOt bl prigeacls 18uerst o o1 5oasier i
wel | head hougingeen nlﬁﬁcaﬁﬁit cabthg Wdnbér 7 Hr?s'fﬁllegqaﬂi%dé’tﬂhﬁ% rr"sglg a‘lcﬁl wﬂﬁsthé ion

10 dependi ng upon e orientatiron of arm 133 and pin
shown) wid| BOP, mkédiat@bmsclsbvqluﬁr@e tlsfocﬂim endi 8f lmlelaWﬂ@madQlOWltlngglpnde pi n

137. BOP adapter 139 I Lit s, 145 t are h dr.a

energi zed t @WﬁHB%BgﬁF%‘}%P%fﬂé?“bP%f gg)%g qaﬂtﬁg,lg%]\g 3 heuge %%‘?Fi%f%f BOP
adapter 139 glggukiesto ﬁ@@*t&l&mt ﬁ)t\/\fcb} aliBigthg SE pihl13 700K uire] DAT @n2hke Of
wel | head housing 21. A helical orienting slot 147 is located within the

bore of BOP ledptasd qfsﬁOPsadﬁptemlﬁ% gsmq@mmtwm BOPadapigyadt ob§r HINght i ng
pin or lug on i ool,, 11 6 o al
engagenent caﬁggsagrg%lﬁl IZ% oo% élllzeiglt% éxlrlllle% @ %2%82{393?301 I Ebgtlcc)i%si red

orientatign d&ealin leb@tliehﬂleﬁfaheﬂbﬁﬁmm&incﬂflmll33AnH1CgUr(ﬁoﬂsﬁoWﬁ) will be
per spective view show ng BOP adapter. 139 in pQsiti on on inner 20 well head

housi ng 21, Wifddn assist gaide sprkghl4hinmligng vith HudeRid 7+ is | ocated within
the bore of BOP E@gﬁﬁte}% hi@gggagggf Vc\ij%??lﬁ‘?ﬁqaggreur%?z{uh‘%&@ Wletrglz@d

mandrel 146. The ng riser connect t'o the external
profile on nmangdizage dlﬂﬁctahhlq:roﬁlB@B immmeﬂheaﬂaﬁaubmg 2be80fbmiap®mtléﬁl atso hasiner
wel | head hou5|ng 21.

(Fi g, 16). L WEISOF sUP) thowea) oF BaF §p Boregts PO ATBH I Postied : Ty

hanger 3 m’éﬁerﬁ 0§lb@@§¢qs N&datddl WRhirO tehBore 26 MBOP3 aR{RAUSD. OrSI&WIM |19n
sl eeve 44 (Fig. 3)g tubi ng hanger 31 provides orientation to tree 39, as

shown in Fi gposigoried tarh!: drgdgedTbea Betitgpimaor hugeort upmens tord 111 HEig. ifges

over inner Welbmg acrllggro ¥ 1s ?ﬁlsze%lgggsen{eglt causlesfst pu%mn% 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 a 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

10



The safety shutoff valve 67 of tree 39 is connected to a flow |ine | oop 149
that 30 leads around tree 39 to a flow line connector 151 on the opposite
si de as swown/06m17 Fi gure 1B. Flow | ine connector 151 w || Pconrse®o27e®@ a fl ow
line 153 that typically leads to a manifold or subsea processing

equi pnment. In this enbodinent, flowline 10 WO 03/067017 PCT/ US03/ 02720
153 is nmounted to a vertical guide pin or nmandrel 155 that stabs into guide
funnel 135 to orient to tree 39. Other types of connections to flow |ine

connect or 15fsLRUN Sl a REFEIBLY B or RARLAUUBS ihat stab Gfto bFial TR fsh SO

that its flow'ine connector register wt 153. 5 Plug
Retri eval anid driesit & tred B2rOtbt ypes ofemnBections imBowl liredonpeqpdruld 1 k68ld Heg. 12)

nmust be renoved froma plu ofile 157 |ocated.w thin tubing hanger. 31,
e shown | b4 gaPloved rsgueBb e parwed 5 UB i dhtien I R ib ng
33 after BORegdaptdih Adiddiss. 10) is renoved and prior to installing tree
39 (Fig. 1A). "Plug 159 is conventional and has 10 one or nore seals 161
that seal within production passage 41 of tubing hanger 31. Plug 159 has a
plurality of | ockPheg Rersenehend lns@llotiet will nove radially outward between

a retracted and an extended position. Locking elenents 163 engage a mating
groove in profil eAfis7tre@B2fiematllyd, a plupdS9t(Ren 18) mustzbertemmvied |tione aipleg de a

wor kover riser,. as_is typjcal, 5 an ROV depl oyed plug.tool . 165, is
utilized. PlEf@ﬁ%eoi?ﬂ%%a\@o&é!%tt&%&@‘a‘ég% er®S WML %bgutr%ltlhei“ér}%%e,
rather it ismhRWBAEPredburd thhf is Withér tuling 3B0tker LBOPhadapter MOd(EY! i10) G¢
mechani cal stab 167 for engagenent by 169. The housing of plug_ tool

165 | ands onremwyedfand peier tmingtadlingtree 19 §ldgil A)etRingda? iincoprvgatiensdand bes

opyednd peier B CPIGT 3
or o eftor "9t Tl PRy G YRl R prdye S BeSROR] BF b g AL ' ©

engage nandrpiug8flsoohas 4 pRLalRy. ofSoditih@ relémentd 163 clianrwill7thoea radiallyr ettwaed ed by
hydraul i c pressure or nmnechanical novenent supplied from 169. Once
connect ed, aPRFVEPE EiFagtegdiand A exisadrdrnositign. i1§°]é‘8§ﬁl(.j‘fﬁleé%§t NgagHEMAHRSEr | or
of the housipg of. pﬂnglet @gl 165. Prior to connection, valve 65 would
normal |y be osed an pll ug 159 woul d al so provide a 25 pressure barrier.
Pl ug tool 165 hasPwferaldiyatather thawabilieingtveireliné3ngithat woskaveerisdreas isytypigay aul i ¢

15 an ROV deployed plug tool 165 is utilized. Plug tool 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. Similarly, connector 171 can be retracted by hydraulic pressure or
mechanical movement supplied from ROV 169. Once connected, any pressure within
mandrel 81 is communicated 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 a workover that requires removal of tree 39. Setting

11



pressure supplied to a hydraulic stab 174. Stem 173 noves froma retracted
position, wholly within the housing of plug tool 165 to an extended

positi on wo wleopr oxi mty of plug profile 157. A retri evipa@/usoah27245 i s

| ocated on the | ower end of stem 173 for 30 retrieving plug 159. Simlarly,
a setting tool 177 nmay be attached to stem 173 for setting plug 159 in the
event of a workover that requires renoval of tree 39. Setting . 11 WO

03/ 067017 PCT/ US03/02720 tool 177 may be of a variety of types and for

i11ustrationaf 1%4712@”%@”?% Q'fgge' Soﬁﬂ@mndqunggggﬁmf gheRciid) id &w® P! ug

159. Once | ocking S ave engage e 157, an upwar dO pull on
stem 173 causamesthédy shiear didd 70 do pheat 9.1 O©avé hgkplgugemdB9 167 hpveacmegaged

Retrieving tool_ 1 shown in Fi gures and 14, m | so.be of a variety
of | convent | BRHE {5hat i AR of isGR FRescs By B K ©obrar FavRETEE oty
181 that ingsyfspipartially into a receptacle 183 in plug 159. A |ocator

sl eeve 185 on the exterior of body 181 will land on the rimof receptacle
183. A cd | et 187Rewievimgapeldl 75wshaymin Bgutesrl 3 Anddde maglsgrie Praovariadesf bel ow

I d di . I : S| : '
ol ug 159, cotbEnig e B it fierE tEaiine 85 4 EERET A NbA TR U,

159. Col I et h8dtapartiallpai® d8eceptable] BINROphug B5Pi A ddcaldlsledVest8nod e is
supplied wth hydraulic fluid from ROV 169 (Fig. 1%% via_one of the gtabs
174. A spri ngxtand efsbodyoldredisiand amitheerimeefieesptacde { &b Atcedlet 187 1 lopate

rel eased Pos%ﬁth%cﬁt%ﬁvggaebg 185 A gwrc]t?’ude}%ew 'aﬂ&lél:ﬁ?% HEQRS. PiplMotbr LO 2
| ower position. en hydraulic pressure is relieved at passage 192, spring
193 wi | I10causlecvieod$ hh8 larided omviee ripwé phigt1S 9t trdlep 87 tvilbbe sligned withm giogue e 14.
In this position, a wal ngp%rti on 194 of body 181 will locate directly
radially i nwsHVBhindge piug §'7, preventing collet 187 from di sengagi ng from

profile 189. Oncegfigt fd7emd"Gedv@aRs hfojoifedabtanibed 109, Misten 19Pis KPY1idH
will actuate one of 20 the hydraulic stabs or nmechanical interfaces 174 to
cause stem 1W8hnhFdgulid fipid foomRARY 169 Eigdl0) @i érstof 1igTstahsuldds Adspgingll®3 15 0 be

radially retractabl uring. this rd. venent, as..plug 159 i

di sengaged. am}éreﬁeﬁdvqg{gge Vg’ﬁc}el‘gplt%elé IQ/gi%\fS cgwed osition, g’z??”\?éng‘é.g%ﬁx} e

cl osed, pnabgimgs iskyeu%eﬁ Pi_rs@nq&semwmfpo@itwg. twRén ByRBallR fhessietis reed to

the surface with a lift line. 25 Field Devel opnent o
at passage 192, spring 193 will cause body 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.11) 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

12



Figure 15 schematically illustrates a preferred nethod for devel oping a
field having a plurality of closely spaced wel | head assenblies 11. This
met hod i swopantsioeul arly useful in water that is sufficienticp/deap7auch t hat
a floating platform 195 nust be utilized. Platform 195 will be maintai ned
in position over the wells by 30 various conventional neans, such as
thrusters or noorings. Platform 195 has a derrick 197 wth a drawwrks 199
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I d
carth to for MG WRREIERChy FRRS HERle et B, B HIENSTY AW 00 e

seabed, the stuwr ieeimgbevepddyoralifi liae A9A33 wil|l be set in the desired
position. This position will be selected based on which way the field is to

be developed in regard t oth | I's,. mani fol ds, subsea processing
equi pnent and theb ﬁ?’l’&a"‘&' 58?(6\,\@3% o5 has been jetted into place and

| ater in the subsea construction program the oper rel e ck
pins 129 and r ot alfeopsragem seferrgigdgdiigyre §. qrisT g@“l%ﬁ ﬁ{°§ ifhy 'é’%i?f and

ori entat| on. .33 SHORSAHEN Inté BROS! | ORED foRin egamslfs%ate& aP &l YpREEna 38

necessary or opnent needs change to optim ze connection
poi nts for tdsmlumk 115§ whichiis ¢etjed nertbe eélfﬂetoofmemah@rﬁrsth@mqimﬂ the welle A&l |1 to

2 deener deph nd  ioLal) oSt kT e D PSR SR 2o
desired position. ThlS position will be selected based on which way the field is to be
developed in regard to 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 positi&n 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 is 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).

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

13



25 then drills to a deeper depth and | owers casing 23 into the well. Casing
23 and high pressure well head housing 21 are run on drill pipe and cenented
i n pl ace.wB@3/oemiient ati on i s needed for inner well head howsirngo2a2720he
operator may then perform the sane steps for two or three adjacent wells
by repositioning the drilling platform 195 (Fig. 15). 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 13 WD.03/067017 P 720 i ort.ed. ' . In
sonme cases, Eﬁ“gﬁaﬁgﬁaﬁﬁﬁgggﬁg%%g%f%gééﬁﬁgﬁ&gu“&ﬁﬁﬁg%?ﬁﬁﬁﬁfggggﬁgﬁﬁ“gie
wel | bei ng deé ldsedled ovithrthewen bgingaitidled eepi dven Ereated@eptht or is then in
position to install tubing hanger 31 (Fig. 1B).. First, the operator

di sconnects dri | | Thgoperater isthen mppagitiondy mgiall theipe hignges 34 @@sb@m@“ﬁt’tth"off to
5 one side o VAN E h oIS 2l &) ; 9 on
lift line 20 péggt'é’% aﬁgﬁﬁétﬁgﬁi%%égﬁg&ﬁﬁ%pgg?&gfsB O 20 Pard é‘éﬁ‘?ﬁpt&‘?‘éﬁﬁ%ﬁ 8,
Wth the 2 dond sideof RENheslaskanbli43. iThe ppsiatdr doneers tROR hdaptervii3f londifhliag7.

BOP adapt er 9 is | ocked._ an eal t o..j nner . h i 21. .BOP
adapt er p_139 %&%Oﬁ%rv‘émﬁre@ﬁmﬁﬁag\hoiﬂgg > P [uﬁ r"f‘tgﬁl\{\% ‘%ﬁggdr%tglrfgg\ﬂgl PT Tt ¢
tenporarily R@an%aezegﬁgi@slg&atidg@@&@m re\fmggmatmmp adbftkd 1390s 1dcked and1,

i ncl udi ng BOP 203, _ ) man 6 (Fi ? 10) of BOP adapter 139.
The oper at or sdatadetosinnebiveh@@ bowdingubl. BOP radapfer 139 mayr bayghbegniprevieesly i ser

201 on runnin ool 111 (Fig. 6) ich iis attached to a tubing hanger
runni ng stri H’gt,ah&ﬁ%ﬁ"?@(d&e“gr‘i%?ﬁ‘é%r@%f%ﬁy?ﬁ%nélP?e%]ce running tool 111 is
connectegyt o t ubi THe Bpaaet tikh, atRckddalrDingldger 203, DEREREADOR 298] Gked S) @ nove

15 engagi ng nenber 109' downward, thereby causing shuttle sleeve 101 to
nove downwardndrehi46 Gpend) of BOFgrdaptsuil B%%@%oe@w&tubwéﬁ&néﬁemg

donever 1 g YT B0 & gl ool ontammeliel
hanger 31 t oatfitdngl@angee dumpdag tsirg, akidhtis al swadk diairtetdr miseas Onge hamdrey tod?. 20
AT oML S AN TN S T S
o SLEBYS S O 0, TG, S g SRS ol (i
engagi ng sl edmensadt TS opedsowkinggniihlosvpassage 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 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
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
either 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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either the upward or downward direction. VWile in the upper position,
detent split 25 ring 105 engages groove 107, preventing any downward
novenent . wohis/oemer at or then applies fluid pressure to paseagashd/Bi72ev t hin
running tool 111. This may be done by closing the bl owout preventer in

drilling riser 201 on the smuall dianeter riser above running tool 111. The
upper end of passage 118" comrunicates with an annul ar space surroundi ng
the small dianmeter riser below the 30 bl owout preventer in drilling riser

201. This an ar. ce i IIMRACRS T B9 i 0 ! e and
kill lines o?&%rﬁPﬁ?ﬁggﬂP§é?%§%T%Qﬁﬁ@ op%?a?%r pgh%%bp$d¥§wgﬁ%&££¥ﬁ€9%hoke
and kill [|inshuteffithé opkmavew wWodeteppdss adethtl 8r ratdsealst 39 agavahet hedde8Veare 14 WO
03/067017 PCJ/US03/02720 101. Split ring 105 prevents shuttle sleeve 101

from nmovi ng Wi‘ﬁ/ard, allowing shutoff the operator to determ ne whether

or not seals 99 ofyYaJeUSndiehen BE paitsratci@alt icD@plelddeined dnvERonhN@BNRE. In
perforated and conpleted i'n a conventional manner. In 5 one technique,

this i s doneope teohnitjue,ithistialdonergrior tweing@lling treagwkst b doveerpngr 4 perderating gun

(not shown) through the s | di ter. ri.ser. ipn the. drilli | sek 20

(i g. 1) hntrot chsmpRe il g SR Bigbel iiFap B SRBPE fser 207 Gl T nar 1y
include a suBseaht @bing 33 €®hé bahll@xdignétsr Hibrabghoptichally iihdludeda kitses test f
desired, the operator may circul ate out heavy fluid contained in the well

10 before peffohat ¢xiepdsthroughihy dsdlinggiser-by openi ng tubi ng annul us val ve 89
by stroking actu 117! I ; M@%@r n i

menber 109" rel eagfta(ggsuéaﬁ-l Tihf %E?ﬁ‘g&%ﬁg” P ?%%Bg% glg\?ég%ogg%n pds delgl g’?g‘g@g 101
downwar di¢ 0 béferegpeforfiigi tThismapbe BogLbiyeopéning tpbing asmdhs edva8% by dirsigns| eeve
(not shown) at the | ower end, of tubing 3& i s conventionally ﬁggqﬁd and t he
bl owout pr evasuder 117" and prgagingnemberdy davnyyde dngaging Biamyct HE relershy

hanger runni ggit\?\'nfn{gi 1%-&&?;@%%? Qhd PRheS bieEW RSN Ll RS tHe WpBh Bgsiti«?xli ring

and tubing 3 h the ow returnihg up tubing annulus 85 into drilling
riser 201 aoflFigpreal.cAgloet sanld aka klidihg slecveRevieshowng at thallawvérand od tibang?x o be

(Fi o 12). i nisphom Prionsls presed e Y Pn O PG et ipbaties 20h 'patBade s2.
O et er B L T ot e T oo & ur e
6 by stroki ngriégtauéﬁuhin&i?,‘ with ke flow eetugiingyup prtiipgyannulus 8§) into drilling riser J
201 and up a choke and kill line. Reverse circulation could also be performed.
After perforating and testing, the operator will set plug 159 (Fig. 12) in profile
157 (Fig. 11) in tubing hanger production passage 32. Typically, plug 159 1s 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 sleeve 101 upward. The operator then retrieves 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
event pressure did exist.
The operator then retrieves running tool 111 (Fig. 6) on the small diameter
30 riser. 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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115 to nove sleeve 101 upward. The operator then retrieves running tool 111
on the running string through the bl owut preventer and drilling riser

201. The wowaheloe7 safety valve (not shown) in tubing 33 ipETalsowe272he
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 nornmally would have no
pressure, and tubing annul us val ve 89 provides a tenporary barrier in the

event press u%ﬁlélgﬁtgalwvg} themﬁer%kgl 6rq5erfoprﬁﬁ'ﬁrtﬁé Gy ﬁﬁlel&ﬁ%l‘ﬂgB d {}fel ng

(Fig. 6) on I amet er riser e operator rel eases
riser 201 and3Bar 20ilirfg aserBIR fod apdidferchB vell( FDgce f)bimn A9 rheas r‘ueen/em BaP

adapter 139 on _lift |i 209 (F 5) depl B 9

adj acent wel perforgied dﬁ@%ﬁf&?lﬁé9lgﬁgé é@ﬂ%%fg%f §§gd<fﬁpbﬁéoé50§§%1?n

PCT/ US03/ 027g{),015 BEHiRRh] 1a)lslma>ouwe Mtﬁie@fon%f W rinSent QithPBE HakiFLRAY welleagame
g

functions with adapt er 39 and ling riser 201 for a different
wel | . Once tRI\hganzgmﬂmhﬁﬂmeﬁO? dmwamjengpger ot rgtrisye of tnove BOP adapiend 29.need

o 100 1 20 o SRS o kSt oG M R BPLALS T, 150

guide lift |The RQAidaws tﬁ@deﬁ%ﬂg@?&lmy’tﬂé eh@Memefit dake oféiting dadhiss 489.
The operator is now in position running tree 39 on lift I| ne 209 (Fig.

15). Tree 38nbrpeffiis 8b tHis pesiticey) tisesionnesiomySt e %@ﬁl@@%ﬂ&h Hpwiipe
orientin 51
o7 enting. TeEERct 5330l oo TRUION 1RE I BRLRALARASQAST |

or at |epst 127.aFiogliienriontéctdr S6adoald Helindtalled Eﬂta\nhstﬂmtmmﬁemw@ deﬁucloul d

be installed after installation of tree 39, or arlle even before
the running &l IPF’ @Herbbé@%ah? %Nnﬁé%fd“ﬁbﬂgqsﬂﬁe ﬁnﬁl}?‘ﬁ%‘i ‘E?—ﬂﬂgS - PAsniee ?%

vel | head houﬁl'n it (J)vTelfhEaéd hg ﬁg deltg"'l{)\]ver”agievdll'i'trﬂmkéofn?o P8re0hs Wl d1fREd

housi ng 21, ation t e 43 w | into production passage 32 of
t ubi ng hanghasusih'lg 2Whanhde idoddtiog tubevdB edill stab embapmdmctmnpmsagdﬁkn@a@:esg

orientation sleev ro orjient tr relative t ubi

hanger 31. CA¥ECT ghde ?‘E h%‘ngﬁ%‘p %yonegbﬁﬁplr% etFﬁ‘/' a?ﬂgﬁ%esfc?/rlf’fltf%ﬂp ggeézﬁge to
cam sl eeyg 5ag t&ﬁ}b?bﬂﬁl oﬁe&&r&%g féla@n‘*&@'ﬂo tmrkg Rihgefl EMORte Rhdédithe o@ratb@ t he
outer engaged position with profile 35. Flow |ne connector 151 (Fi 1B)

of tree 39 abupphss hydraulid Swidi messgmwtne@trmleqs@s% amslmgwéogSuiﬁ fogpushrlo¢ling

]P :(S:;S?ig? y( not elserrx]f(%}ll\%'1 1 tﬁg.ti)%g tlﬁegoutésr e%(gjggn%%togl ioh Wifh pro 3%' C%lowhne Eo%m%&t%g

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 assistance of ROV 169, the operator lowers and connects plug tool 165 to
tree mandrel 81. The operator opens 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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20 Referring to Figures 11-13, in a preferred technique, wth lift |line 209
(Fig. 15) and the assistance of ROV 169, the operator |owers and connects
pl ug toolwbBB/t®17tree mandrel 81. The operat or opens val \PeETAR&NII26 enDVes
plug 159 in tubing hanger 31 with retrieval tool 175. Tree valve 65 is

cl osed 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
shoul d be ready for production. Referring to Figure 5, during production,

tubing annul us vagye , 89, BVer’ ifdn fﬁlafﬁgg n&%ﬁvb@et}%ﬂﬁ?annﬁ]ghgaq%@ fggr

nDnltorlng t he pressure in tubing annul us 85 us va
is closed, itveighnribe wifieblodoat praventdrinmay stesmnedkcv trge mahdrat . Af Lihbilidad). 5)
of tree 39 di)lvvnvvar An 1Eressure within tu

_ tf annul us 85 d f? 3‘1(% ¢
comuni cat ed 18hM@Ught FORRREIthS tyhig apIYs Bassags PR dre§ o oafog e suptace
noni toring apgselb! WadRhd tdoBCinhy b¥ lov&é}ed’\ﬂr OB Qiksér, et/ Pesidgé 92 428 wuding a

wor kover operation that does not involve pulling tubing 33, a |ight weight
riser wth bBB)moTIte wplévm b¢ kitted bie sseldng eetuaior tlﬂée(Flmnﬂr@IWMrdﬂ@l open

unbi |i cal h’ﬁ’ﬁtgema‘%i}“é 3.{/\ ydrcgpat%ct th Pr.%d@ 1%81% h&)%é ﬁ%} tree

39 to the su rel rough Iiser,

tree passagetiddughntbingi3i nﬁlcﬁfr&ﬁ a [dWer pert in ttmmg B8 tk tdbluegiaxblyaugt&so Kiihe dluid
actuator 117 (Fig. 5) downwar d t o open tubi ng annul us val ve

Gircul ati on teiemprenghaubipg sunypnpasgesStand msg@e118t1wr6®é?1tqf@5ﬂlﬁ@ﬂs@1 and

froma Iower1 rt in tubing 33 to tubing annulus 85. The fluid returns
t hrough tubi ng”annul us passage 83 and passage 118 in tree 39 to the
unbi licalo |ine. K6 hetkover kxp\imiom)dmtrieqms: phﬂilngrtmhhigr é3,ptrbd i3ﬁgm'u§tbbe1g 33,

tree 39 nust be renoved fro WeI.Ih u 21. A li ri se
houl donot . Doty B el e A barA NEREVEd Hiser groulbpor b riaiied Th o

file 157 ] t
Matal | s pl ub iz g PRGOS (He 12 e rR408d Eﬂ’“f’% "E'“g"m%%%’gfgg@ g 159

is attached phngstb@lniéﬁ?(i? ignd).r aﬂlmoqavmtortlwallslﬁlug mgolsllﬁéatsmgalﬁgihne 209 (kagd

157, the opelah 9K RV (0% oiliEd s rEAuTrEls Terybiaai el ProRT Ml 15

by sheariNg ppi (7914 1oWRRddawpolif: S5 eOYce/ Rlckigl dlerhéttd Ma3 BdcH iR ﬁﬁiﬂlé’
woul d be closed during this operation. Tree 39 is retrieved on lift line

209 with thelssshsopmater pfllsRpwatd geleasing retrieval tool 177 from plug 159 by shearing
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 drilling riser 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 invention 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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Then drilling riser 201 (Fig. 15) is |lowered into engagenent wi th inner
wel | head 20 housing 21. The operator retrieves tubing 33 and perforns the
wor kover wp oa/o6onvent i onal manner. The invention has si gmcTiusas©2720
advant ages. The plug tool allows a plug to be retrieved fromthe tubing
hanger wi thout the need for a riser extending to the surface. Since a
riser i s 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, novingythe stem and engaging the plug are acconplished by
power froman ROV, avoid the need for an wunbilical to the surface for the
pl ug tool. The pl ugAnoappacaus &idrscetseting applug inna tphssage wibi ngulsaagesllhead t he
event a plug is peeded. \Wile the invention has been shown in only one of
its forms, i8SSEHBY EOBRFISIRG apparent to those skilled in the art that it is

not so limted but is SUFRERHLRLR %@a%&fﬂo%sseal Esmedied ROt uptRP 308 iong

fromthe scope of the iInvention. 03/ 067017 PCT/ US03/ 0272 Cains: 1.

An appar at usa fuhsez wellheadiasggmiblyl ug i n a passage of a subsea wel | head

assenbly, conprising: a tubul ar usj ng _adapt e | i nal nnect ed
to an upper end of 5 ¥ &UB H“VE?Fﬁgﬁg“ﬁg?ﬁﬁﬂgﬁ?ggﬁﬁ%iﬁgP‘V%%%$§%V§ %ten1
carried in thethetdipdsitibs andBy exteficd potiiBe ito thelpakdagetand position and an

extended position into the passage; and a retrieval nenbher nounted to the

stem for engaging the pragevahmeaten moupted dx therftrse IYsaeegiag theaug woileidyi ng
the plug as e.st .S ed it retr b

appar at us ac%:h%reé?er?gg% Eg%ﬁg’?{’m f,I%ﬁfP etrﬁggg%p%‘?t&e#geng?%ﬁo\yg&ﬁ%éﬁa%?gﬁedfor
movi ng the spesidet ween the engaged and retracted positions, the drive

mechani sm adapted to be powered by an ROV. 3 he apparatus .according to
claim1, wherein @-hgh@ﬁa%?tﬁﬂa%ﬁ%‘ég tq glaim g, Fg“l“?go F%W?@W%’hd

e e MR I SORD S O Goc RO 00 i
t he pl ug i nt methmigpasdptd tofbe pewtted bytaaRO¥. bei ng noved to the
3. The apparatus according to claim 1, wherein the engaging member is
15 removable from the stem and wherein the apparatus further comprises a setting
member mounted to the stem in lieu of the engaging member, the setting member
adapted to carry the plug into the passage while the stem is being moved to the
extended position, the setting member being releasable from the plug after the plug
has engaged a profile in the passage.
20 4.  The apparatus according to claim 1, wherein the engaging member
comprises
a body that is connectable to the stem;
a collet carried on the body, the collet being outwardly movable to
engage an internal recess within the plug; and
25 the body and collet being axially movable relative to each other to lock
the collet in the engaged position.
5. The apparatus according to claim 1, further comprising a setting member
that secures to the stem in lieu of the retrieval member, the setting member
comprising:

30 a body that is adapted to insert into a receptacle of the plug;
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extended position, the setting nmenber being releasable fromthe plug after
the plug has engaged a profile in the passage. 20 4. The apparat us

accordi ngwbe3obmim 1, wherein the engagi ng nenber conpri €EI/EWobaxtyothat is
connectable to the stem a collet carried on the body, the collet being
outwardly novable to engage an internal recess within the plug; and 25 the
body and collet being axially novable relative to each other to | ock the
collet in the engaged position. 5. The apparatus according to claim1,

further conprising a SEtlédk”IﬂerHBEEbﬁBuntEé‘?& tRAF0AY IBr Eablh eﬂ&;@%s‘ Within&He Of
the retrieval nmenber, the setting nber conpfi sing: a body that iIs

adapt ed to i resepthcle rof dheaplug(aeﬂtlawbmg)ﬂletm@ pitmgngagmleml)vﬁﬁlaqﬂﬂg)p%ﬁle in
PCT/ US03/ 027&% a | ock rrber nounted to the body for engaging a recess
within the (?éfﬁag‘?:’l"@ of the plug and lowering the plug i nto engagenent

with a plug profile inget Rk PASHBEL beiaf drelchfibleO EoniTRIED EcebLiimghé @l@asabl e
fromthe recess in the plug in 5 response to upward novenent of the stem

ﬁf ter the pl (njegpcbms tevRyeayd dnavemept Qfghmt@m afier theplug hpsgngageddbe pEPrefpar at us
avi ng a producti n r t
foally ‘ ﬁ eegubt?ga W’ﬁl : er anaav%%: &?&ﬁﬁg&l E\QQ a%glﬁé];ﬁ%gat ed in

vertically throug g ree
the passage ms‘sﬁgenthhhext&md%l Vgtitdlyotitough ttle\titsieg fh@ﬂgd’r&ﬂidwhagrefeh&n(bhqgug
conprising: 10 a housing; a caonnector having a rel eased position an
| ocked posi t lasated gp the énaésagwlyne dh6 ding, aggss hEG¥IcHJor 6613‘?1"1{5%6 G pg‘ﬁd of
mechani sm moGIPEATTE Che housi ng for moving the stemiroma 36 retracted
positionl@o an extendeahpasing;i on within the production passage of the
:):nggn\?w lhgnger; and a geéo%gc\{glrl hg\‘?"lggeaf rele ase& ep%s}tl%nt Qned L Fonlcécprposelg g%or9 the
releasably connecting the housing to an upper end of the production tree;
an axially extensible stem in the housing;
a drive mechanism mounted to the housing for moving the stem from a
15 retracted position to an extended position within the production passage of the tubing
hanger; and
a 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
passage the stem is being moved when in the retracted position.
20 7. The apparatus according to claim 6, wherein the drive mechanism is
adapted to be powered by an ROV.
8. The apparatus according to claim 6, wherein the connector is adapted to be
moved between the connected and locked positions by an ROV.
9. The apparatus according to claim 6, wherein the housing is adapted to be
25  lowered onto the tree by a lift line.
10. The apparatus according to claim 6, wherein the tree has a mandrel with
an external grooved profile and the connector locks to the profile while in the
connected position.
11. The apparatus according to claim 6, wherein the retrieval member is
30 removable from the stem, and the apparatus further comprises a setting member that

mounts to the stem in lieu of the retrieval member, the setting member having a

locking member that engages an internal recess in the plug to lower the plug into
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the stemis being noved to the extended position and pulling it upwardly in
the passage the stemis being noved when in the retracted position. 20 7.
The apparwbuws/emenr ding to claim6, wherein the drive neclramisns/Hx20 adapt ed
to be powered by an ROV. 8. The apparatus according to claim®6, wherein the
connector is adapted to be noved between the connected and | ocked
positions by an ROV. 9. The apparatus according to claim®6, wherein the
housing is adapted to be 25 lowered onto the tree by a lift line. 10. The

apparatus ac L t.0: j i t ABEC j n
external groo égélgfgrgfwﬁﬂghirl\@ ?rr?g\i\%g{nﬁ% ta%)sjrag?’c?éfgocg g%trﬁ% pr ofﬁgem\}\%g?bé@i n
the connect &dmpthe phigdn respdnsetha@pwppamaransentof hedtenyafiter the plumb@s engagedi n
the retrieval nber .is 30 renovable fromthe stem and the apparatus
further corrpﬁeé"ég%rogiftti ng menber that nounts to the stemin lieu of the

retrieval nmenber, 13 heTagtdpbdtREARBFAIAER S Naith 6! Serdiy tHenReTevhinatentitgages
an internal. recess in the plug to lower the plug into 19 WD 03/067017

PCT/ US03/D270@nprsegagenent with a plug profile in the passage, the |ocking
menber bei ng rel easabl r £ i eshonse to upward novenent of
the stemafter the pl ugbﬂ‘f%%%g}n‘gsgg‘é@éc@hée@&%uﬁagr ofile. 12. The apparatus
according to claim®6, whellei tartib® ohehé ibewal thewstier beibg eampariyemonatiody t hat
is connectable to the stem a collet carried on the body, the collet being

out war dl y nosasee ak teraplgaesss dhimihe Phig atbcess within the plug; and a
piston that is adapted, @&t@{?aﬁpﬁss‘dab@dnxggs@uhgectorﬁﬁ%aﬁﬁ%epréég | dupflidyby 10 an

ROV to nove the body an e collet axia relati"'ve to eac r to | ock
the colle@t amROW te myagetiie pody tandrihe allet lanially sehsiea tavehdh afhpatcatask thavi ng
a production tree with an _external profile on an upper end, a tubing
hanger, a pa%%l%g"\ti\fﬁ&f‘ga&?fl@ﬁﬂ@’%‘erti cally through the tubing hanger and

e 2% o IS OB o 14 5ty e i et
on an upper end, a tubing hanger, a passage that extends vertically through the tubing
hanger and the tree, and a plug located within a plug profile in the passage within the

15 tubing hanger, a device for removing the plug, comprising:
a housing and connector adapted to be lowered on a lift line onto the
upper end of the tree;
the connector having a ROV connector interface for engagement by an
ROV to enable the ROV to move the connector from a released position to a locked
20  position releasably engaging the external profile on the tree;
an axially extensible stem in the housing;
a drive mechanism mounted to the housing and having an ROV drive
interface for engagement by the ROV to enable the ROV to move the stem from a
retracted position to an extended position within the production passage of the tubing
25  hanger; and
a 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
passage while the stem is being moved to the retracted position.
14. The apparatus according to claim 13, wherein the retrieval member
30  comprises

a body that is connectable to the stem;
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a housing and connector adapted to be lowered on a lift line onto the
upper end of the tree; the connector having a ROV connector interface for
engagenmenvolmg/oami7 ROV t o enabl e the ROV to nove the conne®carushs/mma

rel eased position to a |ocked 20 position releasably engaging the external
profile on the tree; an axially extensible stemin the housing; a drive
mechani sm nounted 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 BASI E4rA8d Whithe Boliy SthBIcRHLChEiRg oRAGHAGCMBTaHIOC
tubing 25 hanger; and a retrieval nmenber nounted to the stemfor engagi ng

t he pl ug whi brgage he int¢roah reseshaiithin thopbd; t o t he extended position and
pulling it upwardly in_th assa le the stemis being noved to the
retracted position. 14'f‘p*ﬁﬁ°é1 rﬁﬁ%ﬁ?‘g{%ﬁ@é%@b%fng to claim13, wherein the
retrieval menber 30 CoRIONS@sriévadathmbeh aiterfe @ANKe ab M Eldrengdienehery 20
WO 03/067017 PCT/ US03/ 02720 a collet carried on the body, the collet being

. y : :
out war dl y5 notheR@Vite supmy hydranlic prgsirhig mevectas ody and thercabetaxiplly rglavet on
nmounted to the ’ et interface on the housing
for engagerretr}oteagg%&‘grWgc%%%{e@g%%&;li\é%%eéﬂ};ogﬁﬁé pressure to nove the body
and the col |l et axivhtieih thehatdivghastan RAT etoiehat mdntbelr dérfidecfocol [ et in the

engaged position. wherein the housipng has an ROV retrieval .nenber interface
for 15. The appar é?-usTh&ch’é’Pﬁﬁnﬁga"ccBrdg’%%ForrFlf@? Ith&herein thferotdeval dembediher

I's renmovabl g f§afe fisn $HEMm2 Bl Eﬂé%ﬁﬁ%ﬁlﬁ%ﬁ&r%ﬁfpﬁ@& £05HIRd SRRMbRr 8RF L1 NG

menber that mounts to the stemin'lieu of the retrieval nenber, the
setting h@nbewuh@viorthe stdnodkiliey ofethbertrickhalt membergdlse agttingtregmalzer hawgss i n

(ne PV Lo | UEr LS04, LILSc: SOARBSIEDL. bR B Rhol e b e
upwar d movengilasehedtnfits h PR@hlotile IMBe Patided)aBe RREAZEHembéiSheMIRIdEM¢ | €.
from the plug in response to upward movement of the stem after the plug has engaged
the plug profile.
15 16. A method for retrieving a plug in a passage of a subsea wellhead
assembly, comprising:
(a) mounting an axially movable stem within a housing and connecting
a retrieval member to the stem; then
(b) lowering the housing on a lift line and sealingly connecting the
20  housing to an upper end of a subsea wellhead assembly while the stem is in a retracted
position;
(c) axially moving the stem downward into the passage and causing the
retrieval member to engage the plug; then
(d) moving the stem upward along with the plug.
25 17. The method according to claim 16, wherein step (b) comprises lowering
the housing with a lift line.
18. The method according to claim 16, wherein step (a) further comprises
mounting a connector with an ROV connector interface to the housing, and step (b)
comprises engaging the ROV connector interface with an ROV and causing the ROV
30 to move the connector to a locked position on the subsea wellhead assembly.
19. The method according to claim 16, wherein step (a) further comprises

mounting a drive member to the housing and the stem, the drive member having an

21



15 16. A nethod for retrieving a plug in a passage of a subsea wel |l head
assenbly, conprising: (a) nounting an axially novable stemw thin a housing
and connewDia@e70a7 retri eval nmenber to the stem then (b) [Powarsosyge72he
housing on a |ift line and sealingly connecting the 20 housing to an upper
end of a subsea well head assenbly while the stemis in a retracted
position; (c) axially noving the stem downward into the passage and causi ng
the retrieval nenber to engage the plug; then (d) noving the stem upward

along with t l.ug, 2 7. od. a 091’% i 6,4, repn. step
(b) conprise 6?’3\%}3?? rrllif:;e @Eﬁén%gg%ﬁ%jﬁvaq ~ct\ph&gt C{OI t Fgl %’é&gw}%h‘gl%@ﬁ%@r
accor di ng t ointdr&icenwith, anRONVeamd &dueipg (thy ROV tchgowaahp diise mentbeuitit inoge &

connector with an ROV connector interface to the housing, and step (b)
conpri ses end@¥ydt he ROV connector interface with an ROV and causing the

ROV 30 to move Uie GRRNAGHOA abrdink 86 RAmPRSIWAGHNMlrd [ faHAS SBnfRlsthiead

assenbly. 19. The neth according To claim 16, wherein Step (a) further
conpri sess nmonhtingga pisniiy themetriseal rhembdreandetep (o campriseh supplyng hydreulds | ve
menber havin %n 21 03/ ORZ)Q,'LZ PCT/ 03/?272 ROV drié?e nisrrberb o
interface, alUOSHESUECIODAHROEL BIRYEJThBISIORATE: FAPE° HsASEIeval REBIPPL . it h
an ROV and cagégg@gletﬂﬁgg.RO\/ to power the drive nmenber to nove to downward.
20. The nmethod according to claim 16, wherein step (a) further conprises 5

nmounting a pi st on2l.n Fisemethod| asperdingetebelpim dfd fiethep compristgpaites esteps (Bpl yi ng

"Cirtoval mebEEOT e oS 2R SBsAAEIRAR, RBhED SRR AT, 1

further gPNPROEidpdvied & Bt IGleep (d), disconnecting the housing fromthe
subsea wel | head assenbly and retrieving the 10 housing with a lift _|ine.

22. A method for &onprethadyfos compledag \‘i\é_}llPseH é{‘(ﬁllrlﬁi"glg\/\%}"’leﬂ]éeé& hr‘?g’f}ﬂ% R8d &hd at
I east one cag) g, DANGES hSYePERF&Rl BRE&GH the HdfhodRbRBHsHYTPr | Si Ng:

(a) from a floating platform, connecting a drilling riser to the wellhead
housing;
15 (b) lowering a string of tubing through the drilling riser on a string of
conduit and setting a tubing hanger within the wellhead housing;
(c) lowering a perforating gun through the conduit and tubing and
perforating the well; then
(d) lowering a plug through the conduit and setting the plug within a
20  plug profile provided in the tubing hanger; then
(e) disconnecting the drilling riser from the wellhead housing; then
(f) lowering a tree on a lift line and connecting the tree to the wellhead
housing;
(g) at the platform, mounting an axially movable stem within a housing
25  and connecting a retrieval member to the stem; then
(h) lowering the housing on a lift line and sealingly connecting the
housing to an upper end of the tree while the stem is in a retracted position;
(i) axially moving the stem downward into the passage and causing the
retrieval member to engage the plug;
30 () moving the stem upward along with the plug; and
(k) disconnecting the housing from the tree and retrieving the housing

to the platform.
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(a) froma floating platform connecting a drilling riser to the well head
housing; 15 (b) lowering a string of tubing through the drilling riser on a
string ofwooonewit and setting a tubing hanger wthin thepogitsagezi2dhousi ng;
(c) lowering a perforating gun through the conduit and tubing and

perforating the well; then (d) lowering a plug through the conduit and
setting the plug within a 20 plug profile provided in the tubing hanger;
then (e) disconnecting the drilling riser fromthe well head housing; then

(1) jouering a tree @ﬁkarggéhl)éscéo&alﬁgﬁaaﬁrpﬂﬂe&ﬁe%@ﬂ sh ROV bl hSichebt head

housing; (g) at t orm noun g an axially novablfe stemw t

housi ng 25 eseaimpniehousihgainrsepr(hparsl disvombeting thetoasiogemstep lOn ( h)

| owering the housing on a lift lipe and sealingly. con i ng. the housi ng
to an upper end of4t h8e mesodspficppling ko g‘?‘é‘?‘rﬁilzswg?’%ﬁl %%&Pg’gmﬁbss?t?ﬁso L (1)
axi all'y novi ¢ﬁe stem downward into the passage and causing the
retrieval nenber’ to engage the plug; 30 (j) noving the stem upward al ong
with the lug; and (k) disconnecting the housing fromthe tree and
retrieving the housing to the platform 22 WO 03/067017 PCT/ US03/ 02720
23. The nethod according to claim 22, wherein an ROV perforns the steps of
connecting the housing in step (h) and di sconnecting the housing in step

(k). 24. The method according to claim 22, wherein an ROV perforns steps
(i) and (j). 5 23
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