OPEN WATER RECOVERABLE DRI LLI NG PROTECTOR CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains priority to and the benefit of
co-pending U. S. Provisional Application Ser. No. 61/079,636, filed July
10t h, 2008, the full disclosure of which is hereby incorporated by
reference herein. 1. Field of the Invention: [0002] This invention relates
i n general to production of oil and gas wells, and in particular to a

wel | head assenbl i 5’@3{ rm\f(ﬁq . 2.
Description of RQ@@&‘%@R%%%?] slt%%s or goguc??gégwand gas from
subsea wel | bores typically include a subsea wel | head assenbly that includes
a wel | head housing attached at a wel |l bore opening, where the well bore

ext ends through one CROSSREHBRENCEM®REDPATRIX ARPLICATION®NS. Casi ng and

t ubi ng hangers are | anded within the housing for supporting casing and
production tubing inserted into the well bore. The casing lines the

wel | bor e, tlmléﬂgﬂﬁ appligetiy elpimsprionlr to ppdthe rhenelit o6 odrsagingolmat i on.
Tubing typically lies concentric within the casing and provides a conduit

f or pr oduciPagvisibmeal AypiticatEomBensNe 6l /Qor63d, filied Buly 10the 2068, theet full disclosure

of which is hereby incorporated by reference herein.

1. Field of the Invention:

[0002] This invention relates in general to production of oil and gas wells, and in

particular to a wellhead assembly having a selectively removable wear bushing.

2. Description of Related Art:

[0003] Systems for producing oil and gas from subsea wellbores typically include a
subsea wellhead assembly that includes a wellhead housing attached at a wellbore
opening, where the wellbore extends through one or more hydrocarbon producing
formations. Casing and tubing hangers are landed within the housing for supporting
casing and production tubing inserted into the wellbore. The casing lines the wellbore,
thereby isolating the wellbore from the surrounding formation. Tubing typically lies
concentric within the casing and provides a conduit for producing the hydrocarbons

entrained within the formation.

[0004] Wellhead assemblies also typically include a production tree connecting to the
upper end of the wellhead housing. The production tree controls and distributes the

fluids produced from the wellbore. Valve assemblies are typically provided within
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[ 0004] Wel | head assenblies also typically include a production tree
connecting to the upper end of the well head housing. The production tree
controls and distributes the fluids produced fromthe well bore. Valve
assenblies are typically provided within wellhead production trees for
controlling the flow of oil or gas froma well head and/or for controlling
circulating fluid flowin and out of a wellhead. Gate valves and other

lid h
el oot Pvel bR IRoE B By ot BUKE TERBG o Bl P bATTARd RRBERLBARY
flowof fluid to stop/allow the flow when delr

| n s
t echni ques fortqeatreibiag &tfé‘ﬂla’ﬁl%gu’érﬂqvt’ mandeout g 6W§ﬁg‘i?6l 36‘?1&*‘18?3 A peG et i on

tree and drills the well deeper before the well is conpleted. The
pr oduct i on slidiagstamstypevavesdiave emlvomenberfadiss andeneraioby stlastvalamayied by t he
rotating drill pipe. To avoid danage the operator will install a drilling

protect or, gl ssén fAhé@Premiod thedlaBiRinignber Wo/Efoni the flowlog fikid té fiep/allovi thewi t hi n
the inner dianmeter of the production tree. After reaching total depth, the

operator reft S wear bushing, typically by using the string of dril
pi pe. The glpé}r l\[{%de%rg%then run a string of tubing and | and the tubing
hanger in the production tree or a wellhead housing that supports the

producti on Retrievabl e ar bushi ngs,.are.al s | 0 drilling
t hrough ot h @iﬂ%igfb 1S A RPRRIPEIUNS g%ﬂpﬁ’s ﬂgo'v}é\ Hoﬁ%%ﬁ%w\é\?]ﬁcélo
Normally, a riser will connect to the well head nenber, such as the tree or
wel | head hduge endydridnthetwedl @ecmb@reﬁmm@eamcmlﬁﬁeévgbe prsluglion tregiase and
wear bushing through the riser.

internal sealing surfaces that could be damaged by the rotating drill pipe. To avoid

damage, the operator will install a drilling protector, also called "wear bushing", which
is a sleeve that fits within the inner diameter of the production tree. After reaching total
depth, the operator retrieves the wear bushing, typically by using the string of drill pipe.
The operator may then run a string of tubing and land the tubing hanger in the
production tree or a wellhead housing that supports the production tree. Retrievable
wear bushings are also employed when drilling through other subsea wellhead
members, such as a wellhead housing. Normally, a riser will connect to the wellhead
member, such as the tree or wellhead housing, and the operator runs and retrieves the

drill pipe and wear bushing through the riser.



SUMVARY OF | NVENTI ON [0006] A nmethod and systemfor retrieving a wear
bushing fromw thin a subsea wel | head assenbly. The nethod incl udes
providing a retrieval tool having a selectively extendable jack nenber and
a selectively activatable bushing latch, with the bushing | atch, coupling
the retrieval tool with the bushing, and extending the jack nenber fromthe
tool and pushing it against the well head assenbly, so that the retrieval
tool and the bushing are ur Y O iNVENFEON1€ad assenbly together. In
one exanpl e, engaging the b i shed with the bushing.

can bo-on DRI A BN ReFGER FeyRmaving o ies PSR fofl & P BUERR ng and

configured to selectively extend radially outward fromthe retrieval tool
and regi st avcllhgadmssendly.e ethodinchigps providingayetricaaltaelhpenap salessivelsing
bushing. In one exanple, the jack nenber can be substantially parallel wth
t he bushi ngx@idblsiack meamdt aad $sdldigivellaktieasblabeshiny lutchat er alwitho thhe
bushi ng outer periphery. The jack nenber can be di sposed on a portion of

th tri . i ' ind t h
eretri e‘f)ﬁéhlx}l)%?%tcg{; g?g@%g‘t{ﬁg?%@al%&f %ﬁ e bikding, scllng eR&h8ng th@fhck he

bushi ng outer tching the retrieval tool to the bushing,
the nethod can further include raising the retrieval, ool d _bushing from
subsea. A P’éﬁ‘?&eé 9“‘6%%'&08[] @HP Rpshing Ft@g@%@ﬁe welipe %??SSIHBfYr Vtgaz{'ﬂbeerﬁpsv d subsea
and operatively cougled to the retrieval tool and used to operate the
retrieval tesdland Theebushing arg uressd veayalrpmathe pipdheadyasserblyHessibsre lnomepe a
mai n bore of the well head assenbly. In one exanple of use, the bushing can
be t enpor aekiniplesdnghgiag thd bushingtliteh bxaceotnyplished iwith the bushingyr Beieshing
respectively forned on the bushing outer surface and bore inner surface and

wher ein the,ofoaves r%@%e(ﬁtitsl iR suffilelh@tHobukial R @ bébh B peidn dp@Eher .

[ 0007] Al so disclose rertn 1s a nethod of conpleting a well subsea. In

this exanple.th t hod .i.ncl ude ovi di.n n A I ad
menber hav{g® ?Hgﬁﬁmﬁ ¢ egﬁa%gﬁﬁgﬁwgﬁﬂéﬁ&#%ﬂ%%ﬂ%ﬁégﬁﬁfﬁﬁ?%@?%%dkh'n bor e,
| anding a retrieval tool onto the well head nenber having a portion on the
vel | head mentyerd dremn dhe sitdevaboal rad registep gyith thermepaser thetehy qoupling g t he
retrieval tool to the wear bushing, decoupling the wear bushing fromthe
mai n bor e Ipatriexzd ltyol egrdebushingr alni ong dxampée, ol faok mdrhiservoah |Heeswbistamsiablzr and
retrieval tool, renoving the wear bushing fromw thin the main bore,

I andi ng tu [Swith the blsHifEa18id it Eisdots BE el R iaB@niblyPlReMl 6 thObushinge ont o
t he mellhe?%hg%nber. A‘%ri | string cé% beeinserted Rﬁfough t he na?n bore

and wear bushing.and used.for drilling a into f f one
exanpl e, tﬁBefggﬂﬁggél?ﬁ%g?gégﬁmﬁﬁggpg%aﬁﬁ%%?O%%ﬂ?F%ﬂﬁagggéggg%g}&%eriphery
contacts an upper surface_of the,mellheg%énﬁ er. that cirg cripes the
mai n bor e; heviag EaduteraReripheryuthat nesteh ERadhe N QS ASTIPRREEr t/aHe wi t hi n
the wear bushing. A groove may be included in the wear bushing that

ci rcunscri batshing thei ratrievalkstool tcthe bashing,che owethddecan fottberddclode raiing tel | ower
portion that selectively projects radially outward; thus in one exanple the
| at chi ng t harit@l th&VAld beBing Rofheubs@ar Abksitielg dpérabal oehitle YROW)ban
projecting the latch into registration with the groove. A jack nmenber can
be provided on the retr] o0l c ] i : I omits
apper port PBoAa B Bl fstaid oblBliyord O G Al fi AT BOCA nEed
extending the jack nenber fromthe upper. nenber, to.push [t.agai nst the

vel | head menerele thp piiyievahdole %MW@E £} b2 wear E‘E?gt %Pg&b%P%‘%éPan\%ﬁi cle
(ROY) can be coupled with the retrieval tool for operating the retrieval
tool . 100@&in Boret biethedeeltread edsedtpi An ioge gxamplei avise, thedtushingfaan beor
retrieving a wear bushing fromw thin a subsea wel | head nenber. The t ool

can includ FerApbritidly @taired Withth the bo&fbgagﬁi?@éﬁin Bibosted refpectivelgfdrmed batidi ng on
an upper end of the well head nmenber, a l[ower portion depending fromthe

upper portion.and i l. i portion
For i noer t POMRORRT Kuhef i tFe o iRt BEY WRASHY tl a0l g BPRA
sel ectively projectablg fromthe upper portion and into an orientation
subst ant i aiPpspialy Fegistere W‘Wr{eﬁé‘oﬁhﬁaer portion axis, and a latch selectively
extendable fromthe | ower portion, so th3d when the retrieval tool is in a
retrieval configuration with the |ower portion inserted within the wear
bushi ng, the latch engaged with the wear bushing, and the jack nmenber is
selectively projected fromthe upper portion, the jack nenber pushes

agai nst the well head nenber to nove the retrieval tool away fromthe
wel | head nenber and slide the wear bushing fromw thin the well head nenber.
The tool can include on it a renotely operated vehicle connection in
comruni cation with the latch and jack nenber. In one exanple of use, the



Brief Description of the Drawi ngs: [0009] Sone of the features and benefits
of the present disclosure having been stated, others will becone apparent
as the description proceeds when taken in conjunction with the acconpanyi ng
drawi ngs, in which: [0010] Figure 1 is schematic sectional view of a subsea
wel | head assenbly constructed in accordance with the present disclosure.

[ 0006] Figure 2 is a schematic sectional view of a tubing hanger being

instal | ed 6bot7ﬁ19\1 S@Gs Hetﬁ? rﬁ!?hbcdmoﬁl 1e'ﬁhgu%ulsub&eQOQFtlflega&ﬁﬁe?» s a

schematic ect VI ew 0 spool and tree cap being installed on the

wel | head h?}‘%ﬂﬁtgﬂcgg}cﬁbig? hlg)vrddgéoo %]sgafﬂ)%rrgw%llheadamésnclger%%fng a T B(?r@al view

of the tub

and a wear bushing coupled within the main bore, landing a retrieval tool onto the
wellhead member having a portion on the wellhead member and outside of the main
bore periphery and latching the retrieval tool to the wear bushing, decoupling the wear
bushing from the main bore by applying a separating force on both the wellhead
member and retrieval tool, removing the wear bushing from within the main bore,
landing tubulars within the main bore, and landing a production tree onto the wellhead
member. A drill string can be inserted through the main bore and wear bushing and
used for drilling a well into the seafloor. In one example, the retrieval tool can have an
upper portion whose outer periphery contacts an upper surface of the wellhead member
that circumscribes the main bore; the tool may include an attached lower portion
insertable within the wear bushing. A groove may be included in the wear bushing that
circumscribes its inner surface. A latch can be included on the tool lower portion that
selectively projects radially outward; thus in one example the latching the retrieval tool
to the wear bushing is accomplished by projecting the latch into registration with the
groove. A jack member can be provided on the retrieval tool that is selectively
extendable from its upper portion. Separating the bushing from the main bore may
involve extending the jack member from the upper member to push it against the
wellhead member apply the separating force. A remotely operated vehicle (ROV) can

be coupled with the retrieval tool for operating the retrieval tool.



t hrough the previously installed spool. [0009]Figure 5 is a schematic
: view of a subsea well having a wear bushing. [0010]Figure 6 is a
view of the subsea well of Figure 5 with a recovery tool engaging the wear

secti onal

bushi ng.

[0011]

Fi gures 6A and 6B provide in an enl arged view enbodi nents

of the latch nmenber of Figure 6. [0012]Figure 7 illustrates a schematic
vi ew of the recovery tool of Figure 6 pulling

[0008] Further described herein is a retrieval tool useful for retrieving a wear bushing
from within a subsea wellhead member. The tool can include an upper portion for
engagement by a lift line for landing on an upper end of the wellhead member, a lower
portion depending from the upper portion and having an smaller outer periphery than
the upper portion for insertion into the wellhead member, an elongated jack member
selectively projectable from the upper portion and into an orientation substantially
parallel with the lower portion axis, and a latch selectively extendable from the lower
portion, so that when the retrieval tool is in a retrieval configuration with the lower
portion inserted within the wear bushing, the latch engaged with the wear bushing, and
the jack member is selectively projected from the upper portion, the jack member
pushes against the wellhead member to move the retrieval tool away from the wellhead
member and slide the wear bushing from within the wellhead member. The tool can
include on it a remotely operated vehicle connection in communication with the latch
and jack member. In one example of use, the latch is configured to engage a groove

formed on the wear bushing inner surface.



t he wear bushing fromthe subsea well. [0013] Figure 8 is a schematic
sectional view of the recovery tool engaged with the wear bushing. [0014]
Wil e the subject device and method will be described in connection with
the preferred enbodi ments but not Iimted thereto. On the contrary, it is
intended to cover all alternatives, nodifications, and equivalents, as may
be included within the spirit and scope of the present disclosure as

defined by the appended cl g i HeEasSWiRkd.on of the Invention
[0015] Figure 1 shows in a s éhggﬁﬁﬁgﬁgﬁtV|eM/a 3| | head housing 13 with a

conductor casing 15 depending to a predeterm ned depth within a subsea well

of casing TR CRRA Ahdhs RRPEP AP L HEPrenr LAt B e ARU BT GRbp n

subsea well 11. Also |landed within well head housing 13 is a tubing_ hanger
21; a tubi ethesy wilkhgcorge prpasens anthgideseriptiomprogeeds wherstekenig camjunghign 8iBpor t ed
on its upper end by the tubing hanger 21. In one exanple, the tubing string
23 ext ends thiecacaompading drawirgspintwHich: receiving well fluid fromw thin
subsea well 11. Tubing hanger 21 has an axially extendi ng production flow
passage 22. A tubing annulus 25 is defined between the interior surface of

string of q@mwl%l@e ARdchdiRatRsb 8 dnAl viswof A 6bsed welllidal gssembliytoh&eic®d. Tubi ng
hanger 21 optionally may have a tubi ng annul us passage 24 extending axially

through it . of(%ghn&g&ﬂh r@ﬁp?h ggmhg production fl ow passage 22. In

addi tion, annul us be | ocated wi thin tubing annul us
passage 24 for opening and cl osi ng passage 24. In one enbodi nent, tubing

2115t ot alUDOLFids Qi HIERHE HEIPRL e PCHORPE SAGRE e s R PR o

housi ng 13. Orientation may be acconpllshed in a variety of known ways.
subsea wellhead housing of Figure 1.

[0007]  Figure 3 is a schematic sectional view of a spool and tree cap being installed

on the wellhead housing of Figure 1.

[0008] Figure 4 is a schematic sectional view of the tubing hanger being lowered

through the previously installed spool.

[0009] Figure 5 is a schematic sectional view of a subsea well having a wear
bushing.

[0010] Figure 6 is a view of the subsea well of Figure 5 with a recovery tool
engaging the wear bushing.

[0011] Figures 6A and 6B provide in an enlarged view embodiments of the latch

member of Figure 6.

[0012]  Figure 7 illustrates a schematic view of the recovery tool of Figure 6 pulling

the wear bushing from the subsea well.



[ 0016] A production tree or spool 27 lands on and connects to an upper end
portion of well head housing 13. A schematically illustrated external
connector 28 connects the spool 27 and well head housing 13. Spool 27 and
wel | head housi ng have a bore 29 extending axially therethrough that has a
di aneter at |east equal to the outer dianeter of tubing hanger 21. This

all ows the tubing hanger 21 to be retrieved through spool 27. Cptionally,
bore 29 ma as t yel I head
housi ng 13}'00§§L F hfénggﬁdgﬁﬂ%?ét%fgﬁgﬂ%} %lg&%ggelrh@ﬁgtggl% %’&{dﬁm e Installed
t hrough spool 27 An outl et port 3118 shown extending through a side wall

of spool 2 yegt b@%iet port 31 can be used for the flow of production
fluids fromtubing 23. At |east one outlet valve 30 is nmounted to the
exterior o oI ol 27

t hr ough ou[qﬂ?1 poyfgﬂfttﬁe ﬁc : ?%V‘&Q’?‘d?‘lr%dﬁ%‘”}ﬁﬁb %Sﬁghwc}gt% ?Ig%&b%%ﬂkglﬁg may be
delivered by s .kno to those kllle hn t he t.o a

col | ect i onp’f?éerﬁ og}mefrg utﬁ‘PﬁQ‘PHP iRty @Ry }ﬁtcof“ﬁ%ryslu’rsflgg’éde%[%ﬁﬁ‘i‘ﬁA tree
cap 33 is illustrated having a lower cylindrical portion that is closely
recei ved well hiternasres, malifi¢atiopaand equivatents ag sey bs inphyded withiythe siiaad

spool 27 internally or externally as shown. In this enbodinent, tree cap 33
has an ext ggoplof flereRnBdisdlbdire hodedmed by thecappemdedrelaimper end of spool 27.

An external connector 34 connects tree cap 33 to a profile fornmed on the
upper portion of spool 27. [0018] Tree cap 33 has an axially extending
producti on passage 36. An isolation tube 35 is secured to the |ower end of
tree cap 33. Isolation tube 35 extends downward and stabs into sealing
engagenent with production passage 22 in tubing hanger 21. An outl et
opening 37 extends laterally from producti on passage 36 through a sidewal |
of tree cap 33 to allow fluid flowto spool outlet port 31. Upper and | ower
seal s 38A, 38B extend around tree cap 33 and seal ingly engage spool bore 29
above and below outlet port 31. In this enbodi nent, upper seal 38A is the
uppernost pressure barrier that seals to bore 29.



[ 0019] A tubing annul us access port 39 extends through a sidewall of spool
27 below | ower seal 38B for registering with and nonitoring annul us 25.
Tubi ng annul us access port 39 is in comunication with spool bore 29 bel ow
| ower seal 38B. A valve 41 is nmounted to the exterior of tubing annul us
access port 39 for opening and closing port 39. [0020] Tree cap 33 has a
val ve 43 above lateral flow outlet 37 for opening and cl osing access to its

producti on passage 36. |f deﬁét&?f’dD@séﬁﬂtﬁm'dfriﬁem\"éﬂti%o‘ci | e coul d be forned
in production passage 36 above tlow outlet 37 for installing a wire |line

(or ROY tool installable) plug as a second pressure bather within

d [ . . j | .l i i . dr el
por i on ablEST { SFigheny 85 Tk e S84oRG e o SRReALOGBNE 2 AT S

pressure control equipnent, such as a riser or blowout preventer, during
wire |ine emdgetar pasing by depgading jep aradsisrmined depth yytma sabseq el 1dn Aict uat or
47 extending downward fromits | ower end for engagi ng and openi ng tubing
annul us vatasimgZiangéclTad indéd withinl debieead Housied 13r wiik at siang o npuies $2s t he
spring within tubing annulus valve 26 to cause it to open. Alternately,

act uat or Az e A E Uhb®al bedesiRnee dephdvitgh!sabécadvell 90214156 n t hi s

enbodi nent, tubihg hanger 21 has a nunber of auxiliary passages 49 (only

one shown), extending fromits.| ower ' ] : : il
passages A5RiER B e hoduetihaaat Babdst SRR Pind MihabA
comuni cate wi th downhol e sensors, and for other, functions, su S
suppl yi ng Pétirthe epsingqtiripm bY @nds1uppertadon itsppREFId byt ewmgshaﬂgqﬂ]r i’?y

passage 49 is shown schematically connected to a downhol e auxili ar.g i ne 50
t hat ext endse extanplys thddubing stnigg 23 extendsso p prodiucigorrdegttafor reseiving-welkfluid d
pressure or electrical or optical signals. Each auxiliary passage 49 has a
coupl i ng r geRRYi8H SulfaBa WHE 1 UPPESin€Rshoef 2 I hab b gkifiNg@endihb production flow

passage 22. A tubing annulus 25 is defined between the interior surface of string of

casing 19 and the exterior surface of string of tubing 23. Tubing hanger 21 optionally

may have a tubing annulus passage 24 extending axially through it offset from and

parallel to production flow passage 22. In addition, a tubing annulus valve 26 may be

located within tubing annulus passage 24 for opening and closing passage 24. In one

embodiment, tubing annulus valve 26 is biased by a spring to a closed position. Tubing

hanger 21 is rotated or oriented to a desired orientation relative to wellhead housing 13.

Orientation may be accomplished in a variety of known ways.

[0016] A production tree or spool 27 lands on and connects to an upper end portion
of wellhead housing 13. A schematically illustrated external connector 28 connects the
spool 27 and wellhead housing 13. Spool 27 and wellhead housing have a bore 29
extending axially therethrough that has a diameter at least equal to the outer diameter of

tubing hanger 21. This allows the tubing hanger 21 to be retrieved through spool 27.

-8-



[0022] I n one enbodi ment, the tree cap 33 includes mating auxiliary passages
51. A coupling 52 associated with each auxiliary passage 51 depends
downward fromtree cap 33 and stabs into sealing engagenent with one of the
auxi liary passages 49 in tubing hanger 21. In this enbodinment, the upper
ends of at |east sone of the tree cap auxiliary passages 51 extend to a
side of tree cap 33 above spool 27. A controls nodule 53 having el ectrical

and hydr au pﬁmgzﬁgri b 2@'15 bé 5?’ at TO4PLS aI-gQ: a{srtﬁ'@?&ﬁen %@ﬂfe(’(foréb‘melmeﬁg

hydraul i c essure ectrrca pomer o downhol e safety val ves and

sensors. ntroI dul e 53 na al | retr bl.e f cap 33
as well as ?‘ése*?% E—’(,GZ\%VQ cﬁﬁl%aa%ﬁ%f Wh %g %r@ f[7etc3)ab lﬂ%?}ﬁﬁ%%ggﬁray al so
control tree cap valve 43, if one is utilized. A separate controls nodul e
55 may be maidm@@espm%rs Hove| extendmg thioygh p sidei wall ofspeels?”adhe |t so,
preferably controls nodule 55 is retrievable fromspool 27. [0023] In an
exanpl e of oot patt 3d0an Isssé fortld fldve afiprhdursion dluid3 feoma tubtngd3c tAd teastame ng 15
are landed wi thin subsea well 11. As shown in Figure 2, a bl owout preventer

assenbl y (B4R’ vltlvé 801 SmBlhRs ﬂf"ﬂire QteAdr éﬂ&?@él 26916 cHRE! 'tlié!’ﬂd% oP®El heRd housi ng
13. BOP 57 Is a lower part of a string of drilling riser 59 that extends to

adrrlllng ssel ratign t hr ough
3P 57 andewine nesgh 2n bRl o8 " SRl SR HE0b MRk SERRSMSESY 7 o
string of casing 19 are | owered throu h drilling. riser 59 and BOP 57,

| anded wi t Fa baeielivesed br sieshady kngwa s thoserikitlediin  the artgp asubsip callsetione wel |
in a manner known in the art. Mdire than one string of casing nay be

i nst al | ed. mah{¥old4)r td aplatf@rindoeted 42 theesudfaee. st ri ng of tubing 23 are then

| owered on a running tool 61 and drill string through drilling riser 59 and
BOP 57. Tubing hanger 21 is oriented, |anded, sealed and | at ched

convent i onfi01 3] i nAttrRe 8BA48 1%)¥11“§7é4“P¢1€E&’dn%h’§Yeﬁ§y Wﬂcﬁd?"%%‘i ig clogely
orientation nay be with a pin and slot arrangenent associated with BOP 57,
or a separ adceived ivéthimbbren2% pbspoaki2ght Tree cemPB opaydeitheh ennnegbinspoehdger 21

| ands, tubing 23 will extend into the subsea well to a production depth.

Nor mal Iy, Eﬁianageaﬁ&ﬁémmw bs Ghdwnl! &t thid BRbEditdehd, Bterodf 3BrHRRaG XA 19 by
punpi ng down tublng annulus 25 and returning f1did up tubing 23, or

vice-ver sa g 58 of I wgre&dtqcrogvsaw Uh oA iR by e 26 and

a domnholef%%ﬁe y val've o al citculation to occur. The
operator may al so perforate a est th vveII in.a c vep& onal manner at
this poi nt COMGOsHERALR?3 Bb‘?‘f’%’? f%e‘é%l é@ppr,ﬁ)rp%o *he oper at or
lowers a tenporary plug 63 (Fig. 3) on awre line through the drill string

and runni n?ﬂ()tlggal ?ge&b g33%aﬁgﬁ%i ail;f g&ﬂ [RALESA g&s%?%ggﬁn%% Jaibn t UDI NG

hanger |ng res I'owout  prevent er

asserrbly 57, 59 are then_ renoved from co ne on Wi t d ho |ng 13.
The drilli fipededssepusedfo @Pi%wrrégéefrfﬁ‘ecav éi }Cﬁo 2\}‘0{16‘1‘%?§5|‘*1“6&H% At

this point, the operator can install additional equipnent, such as p| p| ng
on flow | i mmbstohs intosedlgzengegenfent with produetian passage 2% tybing heaer 87, And
drilling riser 59 being in the way.

outlet opening 37 extends laterally from production passage 36 through a sidewall of

tree cap 33 to allow fluid flow to spool outlet port 31. Upper and lower seals 38A, 38B

extend around tree cap 33 and sealingly engage spool bore 29 above and below outlet

port 31. In this embodiment, upper seal 38A is the uppermost pressure barrier that seals

to bore 29.



[0026] At the surface, the opérator assenbles tree cap 33 to spool 27 with
the desired orientation. The operator subsequently |lowers the pre-unitized

assenbly of tree cap 33 and spool 27, as illustrated in Figure 3,
preferably on a lift line. It is not necessary for the vessel used to |ower
the assenbly to have a derrick or the capability of running drill -12-

pi pe. The operator orients and | ands fl ow spool 27 conplete and

pre-unitiz Hth o ]
B AP A A A L AR ey S o e

13. The orientation of “spool 27 t

ol PERdoousi ng

veni ol o) antrfisedoR AarHst o AR ahg e amaff2n dpbbE MATCRELS: 7T

engagenent w th production passage 22 of tubjng hanger 21,

t her eby. defi ni ng

an axi al p@ae¥agds bxeoarmrnigationgwitispoobbersi2d deloyelemsr sfal 38Bs davam4l'is1 to
outl et opening 37 of tree cap 33. Qutlet opening 37 aligns with outlet port
31 so that neintedftd thedscterion of hibinglammabislaycess pont 39 fdretpenipg and glosivig pbrtough

outlet port 31.
39.

[0020] Tree cap 33 has a valve 43 above lateral flow outlet 37 for opening and

closing access to its production passage 36. If desired, a wire line plug profile could be

formed in production passage 36 above flow outlet 37 for installing a wire line (or ROV

tool installable) plug as a second pressure barrier within production passage 37. Tree

cap 33 optionally has a cylindrical mandrel portion above its flange 32 that has a

grooved profile 45 for coupling to pressure control equipment, such as a riser or

blowout preventer, during wire line or similar workover operations. Tree cap 33 may

have an actuator 47 extending downward from its lower end for engaging and opening

tubing annulus valve 26. Actuator 47 could be a fixed probe that compresses the spring

within tubing annulus valve 26 to cause it to open. Alternately, actuator 47 could be

hydraulically extended and retracted.

[0021]  Inthis embodiment, tubing hanger 21 has a number of auxiliary passages 49

(only one shown) extending from its lower end to its upper end. Auxiliary passages 49

are used to control downhole safety valves (not shown), to communicate with downhole

sensors, and for other functions, such as supplying power to a downhole electrical

submersible pump. Auxiliary passage 49 is shown schematically connected to a

downhole auxiliary line 50 that extends alongside tubing 23 for supplying hydraulic

-10-



[ 0027] Al so, upon | andi ng of spool 27, auxiliary couplings 52 connect
auxiliary lines 50 to control nodule 53 via line 51. In addition, tubing
annul us val ve actuator 47 stabs into tubing annulus valve 26 and opens it,
whi ch pl aces annul us access port 39 in fluid communication with tubing
annul us 25. The operator plugs control nodules 53, 55 into a subsea
unbilical that delivers electrical and hydraulic power and control signals.

The oper at ?}fugg@g?%%& ﬂ&ﬁ%}éﬁgﬂl ﬁalgsggtfa& EALR Alﬁéuﬁ{%géésa d49 s ReQdimE1 on from

subfe? meL y handl ed w subsea plug renova

t oo such as shown in US 6,71 59), that,.is lowered on a lift line and
att ached tGecteP@@I%@é‘ﬁhi)WﬁefrIeggﬁgﬁ‘\%ﬂghlapﬁ%tzéssi stance of an ROV. Upon
renovi ng plug 63, the operator opens valve 30 to comrunicate well fluids

fromstri “Qoﬁzgjt ulgh, B @b RmenSHR SR8 cAPIY ihAlidesHatin® adifRly besshseaB1 f ACI ity

| ocated on"a surface. [0028] For workover operations through tubing 23, the

h ' . . '
bt no 23, S e gt St R BRb=ef SR RRL R esboui Ti ng

the retrieval of tubing 23, the operator cap_install wre -13: )
33 and stabs into sealing engagement with one of the auxiliary passages 49 in tubing

hanger 21. In this embodiment, the upper ends of at least some of the tree cap auxiliary
passages 51 extend to a side of tree cap 33 above spool 27. A controls module 53
having electrical and hydraulic control circuitry mounts to tree cap 33 for supplying
hydraulic fluid pressure and electrical power to downhole safety valves and sensors.
Controls module 53 may optionally be retrievable from tree cap 33 as well as retrievable
along with tree cap 33. Controls module 53 may also control tree cap valve 43, if one is
utilized. A separate controls module 55 may be mounted to a side of spool 27 for

controlling valves 30. If so, preferably controls module 55 is retrievable from spool 27.

[0023] Inanexample of operation, subsea wellhead housing 13 and conductor casing
15 are landed within subsea well 11. As shown in Figure 2, a blowout preventer
assembly ("BOP") 57 is attached to an upper end portion of wellhead housing 13. BOP
57 is a lower part of a string of drilling riser 59 that extends to a drilling vessel. Drilling
operations are conventionally conducted through BOP 57 and wellhead housing 13.
When at total depth, casing hanger 17 and string of casing 19 are lowered through
drilling riser 59 and BOP 57, landed within wellhead housing 13 and cemented into
place within the well in a manner known in the art. More than one string of casing may

be installed.

-11-



| ine plug 63 back in tubing hanger 21 using a subsea plug retrieval tool,
then retrieve tree cap 33 on a lift line. The operator would then attach a
wor kover or drilling riser to spool 27 and pull tubing hanger 21 and tubing
23 in a conventional manner through the workover riser. Prior to pulling
tubi ng hanger 21, the operator would typically render the well safe by
"killing" in a routine manner. Well circulation would be in the sanme manner

53 dur g, S oWl o b Bt O ke oG AR PSS 20
e AT AT TR

pul I's tubing hanger 21 and production tubing 23 through spool 27 and the
wor kover odamded) depled, aridsletched henvsptierallyrin wsubare of avellheadelougingr i3l |1 Fost r i ng
through the riser and spool 27 and drill a sidetracked portion of the well.

The oper at @kaiple! e bHibntaBeH MPy BE waithla pigtnd Sotir@Rgéhent bisdeiatedradtisPOBl 27
into the sidetracked portion and install a string of tubing in the

si detracked~pQrt i T ”mgm{ £ t i rtion of
the well i §7t & ggg%e?terf%%ﬁ%r%{égb@gsc I l%d g%g'. W‘E%S%%Tg%ﬂtﬁ%gbg%le ‘ustrates
an alternative i ment., ich invalves dril.ling.t wel.l through spool
27. Vel | nodtbiBs AV SEp oo i agroricias St Nerl By i e
conventional manner as in the first nethod. After installing wellhead

housi ng 13 veHdirowatetheddllingmug fromheasingd Oy pumpinefosyn tabing anmbvsd andd
connects spool 27 to an upper end portion of well head housing 13. Typically
spool 27 i getufishg@flhidtpvitang23,iof Vickivesa. Ruiining toobsll eindkemsedio opemtubimga dri | |
string. The operator then lowers the drilling riser 59 and connects BOP 57

with the profileAf AaddPRRwBBE By Va4t @bt HBRA} todflow EREuIARR 8 b&ur. 14-

The operator may also perforate and test the well in a conventional manner at this point.

[0025]  After perforating and testing the well, the operator lowers a temporary plug
63 (Fig. 3) on a wire line through the drill string and running tool 61 and latches it
within production passage 22 of tubing hanger 21 to seal subsea well 11. The drilling
riser and blowout preventer assembly 57, 59 are then removed from connection with
wellhead housing 13. The drilling vessel may also leave the vicinity to drill another
well. At this point, the operator can install additional equipment, such as piping on
flow lines to a subsea manifold or the surface without BOP 57 and drilling riser 59
being in the way.

[0026] At the surface, the operator assembles tree cap 33 to spool 27 with the desired
orientation. The operator subsequently lowers the pre-unitized assembly of tree cap 33

and spool 27, as illustrated in Figure 3, preferably on a lift line. It is not necessary for

the vessel used to lower the assembly to have a derrick or the capability of running drill
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then continues drilling through BOP 57 and spool 27. Such an operation is

al so known as "drill through" operations. [0031] Upon drilling subsea well
11 to a desired depth, operator then |owers casing hanger 17 with string of
casing 19 attached thereto through drilling riser 59 and BOP 57 and | ands,

sets and seal s casing hanger 17 within wellhead housing 13. The operator
then | owers tubing 23 to the production depth of subsea well 11 and | ands

e . .
the el | 1 A dbroBiRERIFR Rl IR on P oo PRl pE AR SRR o3 ©

Using a wre |ine, the operator §hen | rs ug.63 (Fig. 2) thr h BOP 57
to seal i ngicgp &3 e an pnsE end RTPD 9 Welﬂ’r?égggléﬁl‘gfc}rgl{h‘fé’ﬁ‘(@% %'%/%‘)SSPHSII%C}IL{ ng riser
59 and BOP 57. [0032] The operator then lowers tree cap 33 (Fig. 1f) via a
lift |ine twellheschomsingild nsaydwihapdled penvsafionadly, sush pawith thetagpistan® afgnat t ached
to tree cap 33 and stabs into sealing engagenment with production passage 22
in tubing Ra@elemdle opbiRed ¢éticlarand Viddo/capRsadRdnIdndimy, &olitioh spent36i ary
Fﬁssages 49 in tubing hanger 21. Upon landing tree cap 33 within spool 27,

e oper at : j fluids
o f1ow frSAPST B R S o B s o e B e ng
37. The operat,oi t hen opens val ve 33 to all ow.fl ow of {9I fluids. from
subsea wel [@n §yia} ppssage grepdin HPTq ‘&%1@%8?@8!?5%%?’81}@? OuIStRRRIng ' o
[ 0033] Si gni ficant advantages are presented herein. In addition to serving
as a pressGfeflme cared3. Ohdettapering 37 aBgnsowish petket part3d waithat svellifbrds9agw pat h
for the production

flow directly from outlet opening 37 through outlet port 31.

L

| [0027]  Also, upon landing of spool 27, auxiliary couplings 52 connect auxiliary lines
50 to control module 53 via line 51. In addition, tubing annulus valve actuator 47 stabs
into tubing annulus valve 26 and opens it, which places annulus access port 39 in fluid
communication with tubing annulus 25. The operator plugs control modules 53, 55 into
a subsea umbilical that delivers electrical and hydraulic power and control signals. The
operator can then remove plug 63 to initiate well fluid production from subsea well
assembly 11. This may be handled with a subsea plug removal tool (such as shown in
US 6,719,059) that is lowered on a lift line and attached to tree cap profile 45 with the
assistance of an ROV. Upon removing plug 63, the operator opens valve 30 to
communicate well fluids from string of tubing 23 to a subsea manifold or to a collection

facility located on a surface.

[0028]  For workover operations through tubing 23, the operator may attach ariser to
tree cap 33 and perform operations through tubing 23, such as wire line operations. For

a workover operation requiring the retrieval of tubing 23, the operator can install wire
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fluid fromthe tubing hanger 21 to the production flow outlet in the spool.
Conpl eting the well before running the spool, as in another enbodi nent,
allows the drilling rig to -15- noved, if desired, before installing the
spool . The spool and tree cap can be assenbled as a unit and | owered on a
lift line on a vessel that may |l ack a derrick. In the second enbodi nent,
the well may be drilled to total depth and casing installed through the

spool . 1 PRL BB BARTIRS in%l?;{n’gé\gilk&}[ﬁ%% géﬁmg e I tAh fefiidveeval of

tubi ng, the cap can n € 'Spoo Auxi | i ary
l i nes, such as for do ol e ensors a vaI e Iea t hr ough
the tree c&§°fdp Hen %ﬁ\g SP? oT PR ‘f’?‘gé ﬁcﬂge@ﬁggﬁmgﬁgr Qont r oIg

nodul e associated with these functions na be m)unt ed to the tree cap and
retri evabl epedl 3Agndpulhtubing hanges 24 apd tubing Bonecenwentional meanerahipagh e t he
spool may be in a separate nodule, if desired, and attached to the spool.
Landi ng t hevdrk®®r fighr. Phiot tvepulling wibinghangdat) tha‘v)péxdﬁ)r'wmalmﬁdalimn@erl andi ng
shoul der within the bore of the spool. [0034] Alternate methods of subsea

operat i ons yar Gejh § fé’ﬁ FRIIGEE" iR a Fo@HeGRamiet. hWQHQE‘c@lanxﬁwﬁ@l'd'b‘é‘?@%eas%ﬁl%”bl y 10

is showmn in a sSi ctiormal viewin Figure 5 aV|ng spool 27 mounted on
top of well head hous.l ng 13. .Ext al connect emati.cal | pl es the
Spbol 27 amiRE S HLRRE PRTBEE O e Jopt B BRBET et At S

includes adrilling protector or wear bushing 70. The wear bushing 70 as
shown i s afn tabing kangershtand tubing2deve coaxially inserted within the bore 29.
The wear bushing 70 includes a | ower end 71 shown positioned adj acent a

radially i ly di.rec profile 14 rcunscr i bi ead housi ng
13 i nner dﬁ‘gﬁg Hd é g‘le gkfﬁerd‘@?ef 543 Iga%g?céudfﬁﬂﬁ&“é%%\@wg’t ?uﬁ HFtion and
lies in a plane generally orthogonal to the bore 29 axis. The |ower end 71
of wear budhilling apiretrackagimo dnyel) tosHnre @radyictivn zome: Meonsmsthqdethes  As
shown, the respective inner dianmeters of the wear bushing 70 and bore 29
bel ow t he operator pulls tubing hanger 21 and production tubing 23 through spool 27 and the

workover or drilling riser. The operator would then lower a drill string through the riser
and spool 27 and drill a sidetracked portion of the well. The operator would run casing
or a liner through the riser and spool 27 into the sidetracked portion and install a string
of tubing in the sidetracked portion. The operator would complete the sidetracked

portion of the well in the same manner as described above..

[0030] Figure 4 illustrates an alternative embodiment, which involves drilling the
well through spool 27. Wellhead housing 13 and conductor casing 15 are installed in a
conventional manner as in the first method. After installing wellhead housing 13 and
outer casing 15, the operator then orients, lands and connects spool 27 to an upper end
portion of wellhead housing 13. Typically spool 27 is installed via a lift line, but it
could also be run on a drill string. The operator then lowers the drilling riser 59 and

connects BOP 57 with the profile on an upper end portion of spool 27. The operator
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profile 14 are substantially the same to mnimze an edge from protruding
radially inward along the profile 14. Wthout an edge at the profile 14, a
seanl ess path is provided for tool insertion through the well head assenbly
10. Moreover, the wear bushing 70 protects the spool 27 and well head
housi ng 13 inner dianeter along the bore 29 from potential damage from
tools, such as a drill bit and string 75, inserted through the bore 29.

[ 0035] A split ring 18.i:s sSh | Qi j r L 2, 72
Fespect | veripnenp it s LS RET SHag bl 37" RIAARaE RANRa, 10
housi ng 13 and wear bushing 70. The split ring 18 axially secures the wear
bushi ng 7025 ririhibrenghe opgatienst i onal |y, coupling the wear bushing 70 within
the bore 29 may be acconplished using an interference 20 conpri sing

COrres pondiyw,%lgr OUp%ﬁidﬁﬂﬁlgasﬁgséa%l;]gﬁ) %@@scired'%ﬁp’e#é!)éeﬁggr @b Mﬁ&sh@ ror e

detail bel retri eval “channe renov e wear bushing 70 is
shown forned radially alo t he, wear. bushi ng, 70 j nner di angt e t he
upper end &REEAT Wﬂﬂ}émqg(j’?g?ﬁm@Wcheé]éﬁ%retf’g?m&gfﬁg?ﬁ]ﬁé n?‘ﬁgs \%Bi’?agﬁzm ng 70
within the bore 29 and retrieving the bushing 70 are available and the
scope of t had andseats ang stdls easingrhangemldt withiniwebiheadbhaqusingedb ddierppatator
illustrated in the figures. [0036]Included with the enbodi nent of Figure 5

is a drill i 16Wwers tubditly 23M0eheprotisctionepthefishbissa well Brdigidarids tubive lmpgal 27
upper termnal end. Drilling riser 40 would normally include a bl ow out

preventer &?@%@H}{e@ﬁ g&%{i’tﬁ% f’.’»‘!sﬂie e a@or%g%?es%@itégﬁttﬁé wainM dofvéhtiohg bore 29

on the spodl systemi1s us the wear bushing 70 nay be
optionally recovered thrqugh the drilLling riser 40.in a conventi I
manner, sudpnEEr ‘g{({%héﬂ"r a’flﬁmé\féﬁer f“i‘%bb& t‘tgﬁlﬁgd‘ Yee ﬁn rtﬁ? PPeptof ﬁ{g%% The
wear bushing 70 is recoverable -17- )

lowers plug 63 (Fig. 2) through BOP 57 to sealingly close subsea well 11. The operator

then removes drilling riser 59 and BOP 57.

[0032] The operator then lowers tree cap 33 (Fig. 1) via a lift line to land within
spool 27. As before, isolation tube 35 is attached to tree cap 33 and stabs into sealing
engagement with production passage 22 in tubing hanger 21. Tree cap auxiliary
passages 51 mate with auxiliary passages 49 in tubing hanger 21. Upon landing tree cap
33 within spool 27, the operator can remove plug 63 from tubing hanger 21 to allow
well fluids to flow from a lower end portion of string of tubing 23 to outlet opening 37.
The operator then opens valve 30 to allow flow of well fluids from subsea well 11 to a

subsea manifold collection manifold or to the surface.

[0033] Significant advantages are presented herein. In addition to serving as a
pressure barrier, the tree cap 33 provides a communication flow path for the production
fluid from the tubing hanger 21 to the production flow outlet in the spool. Completing

the well before running the spool, as in another embodiment, allows the drilling rig to
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with an ROV after riser 40 is disconnected; the recovery can take place in
parallel with retrieving the BOP stack and riser 40. [0037] Figures 6

t hrough 8 depict a nethod of retrieval of wear bushing 70 fromthe subsea
well 11 after riser 40 has been di sconnected. Referring to Figure 6, a side
schematic viewis illustrated of a retrieval tool 42 engaging the wear
bushing 70. Alift line 48 shown attached to the retrieval tool 42 can be

used for raisin nd ri 2 r i i.acl udes
an F(N’pan8?“%?§B%?Fe%8%§%%ggg@ﬂggﬁggggﬁéﬁg}ngﬁﬁgEﬁ%%ﬁk?gggEﬁéag%athrough
a line 79. The ROY 78 can be used to assisf wt epl.oyi ng,the retrieval

t ool 42. A%?Wﬁéﬁﬁlmﬂ%‘%’%ﬁ%‘ﬁb‘ﬁ‘%‘w%B%ﬁ%‘éﬁ?fl’?ayg@gégag%ﬁomE‘ﬁée“r"é‘gri eval
tool 42 lower end where it is coaxially inserted within the wear bushing 70
annul us. Aetnhbdiment rthewell4naysbé dallediodiotel depthiaad casing énstalled dgpugipthehat i s
selectively extendable radially outward fromthe extension 54 shown

regi st eri ngpaylt th BoiEerhBédim@ue)| foe harkser opdrations euiringheticva oftubansihen may be
initiated by a hydraulic pressure signal sent fromthe ROV 78 through the

line 79. [ i gur ) ' [ : r Vi lofyd Fi gure
6, schemat ?rgg%gcg]gp?? seg\r,\wféﬁ 5&?5@%&%}%%&' Irég lfé%y ﬁﬁ&ggg‘%}gf"ﬁgﬁ havi ng

a hydraulic ciycuit 82 ¢ nicatin et.we th Y panel .80 and the | atch
menber 44. dPWEé‘PlF PFR§OES H‘ég %@’h"aﬁ‘@ﬁ’ﬁgﬁ‘yh@ﬁ?‘ﬁpﬁou@ﬁ éhl:\ércgéeterciag goat'he ERSHRAS i 73,

coupl es together the retrieval tool 42 and wear_ bushing 70, Latch nmenber 44
ext ensi on thytrdeecap pboveghespdsy. Ehhgantralimodulg easosiatas \sluﬂgt%sxse fpefions mam t he ROY
78 through the line 79. Optionally, as shown in Figure 6B, the |atch nenber
44A may be pa nfoafteditd the 138 caX anile@icvhbla albagwiihribe irse @upoThe echtials feathe, et at,

U.S. Patent No. 6,070,669, i1ssued June 6, 2000 to the assignee of the
present - 18z ves of the spool may be in a separate module, if desired, and attached to the spool.

Landing the tree cap on the rim of the spool avoids the need for a landing shoulder

within the bore of the spool.

[0034]  Alternate methods of subsea operations are illustrated in Figures 5 through 8.
A wellhead assembly 10 is shown in a side sectional view in Figure 5 having spool 27
mounted on top of wellhead housing 13. External connector 28 schematically couples
the spool 27 and wellhead housing 13. The wellhead assembly 10 of Figure 5 includes
adrilling protector or wear bushing 70. The wear bushing 70 as shown is an annular
member or sleeve coaxially inserted within the bore 29. The wear bushing 70 includes a
lower end 71 shown positioned adjacent a radially inwardly directed profile 14
circumscribing the well head housing 13 inner diameter. The profile 14 defines a bore
29 diameter transition and lies in a plane generally orthogonal to the bore 29 axis. The
lower end 71 of wear bushing 70 is correspondingly shaped to match the profile 14. As

shown, the respective inner diameters of the wear bushing 70 and bore 29 below the
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application, the contents of which is incorporated by reference herein. A
tapered sleeve 84 is pushed downward in response to applied pressurized
hydraulic fluid that in turn urges the latch nenber 44A into the groove 73
for coupling the retrieval tool 42 and wear bushing 70. [0039] As depicted
in Figure 7, a push offjack 56 is urged downward fromthe tool 42 agai nst
the spool 27 upper surface, thereby separating the tool 42 and wear bushing

70, rom vt LBl 10ty ALIRHOD ARhORLE RO brfdsh SR Shown
oL Lok 56 ot S e ee e, RS SR oA PR s 40 from

interference 20. The push off jack 56 can be hydraulically activated via
t he ROY 78 penvidedCor paohéhseBinn thowighabe wiglli¢adeassémbly gfe SMardoyerd theyweasul i c
fluid to the panel 80 fromthe ROY 78 through the line 79. Optionally, the

panel 80 W%Msﬂiﬁ%?@l gﬁ)t@etw@@bmoﬂ SRUWElE hedd hvusiagusiiarg didmiéter 4long thet endi ng
t he push offjack 56, and the line 79 carries a signal fromthe ROY 78 to

depl oy the I . t i : ey can be
enpl oyed tgggﬁaﬁé&tq?g&ésfg%m%engs@3&:)1%’? (})l}ﬁt1 ﬁgggﬁgﬂ%{;%ﬂlsz&l?%?%’;% in the well
head housi ng 1§%kféh%r%% renmoving it fromthe bushing channel 72 and -

rel easi ng iy F o8 'ng 70 fromthe well head assenbly 10. In another
alternative, if the interference 20 couples the wear bushing 70 to the bore

20, ‘an overgud | ROBANGRLT {4 il I 6wfiEcEaMaUnS ekerbbRiNE Ahalthisi1ng 730 from

the interferen rieval. [0040]Figure 8 is a side schematic

sectional view of the r bushing 7 ttached to, th et.hi e | 42,
wher et he FspRoBel ot atone e ogCmilpil Giieb{ind P helmpgiRy 1A %%,
enbodi ment, the retrieval tool 42 and wear bushing 70 can be in the process
of being r ateat busbingf10okhg splityring] Swvially sseurge e syeatibyshing Mhipdheboger?-. The
ROV 78 is illustrated proxi mte the well head assenbly 11, but could instead
be acco Wpam)zlfitiﬂﬁallﬁj Rotilirgl the abeat oshidd 70 Iwithim ¢hechtivo @D neayt be advemplishedbushi ng

| ower end 74 could be nade fromor coated with a material softer than the

mat eri al oﬁlsiiqg%}l iErilehe i OrrdsPéndifed bldgasioAs arb¥ntdtdonSh s

i nadverten acts between t wear bushing 70 and wel | head assenbly 11

the vel | noatil beBiruipd 14 Marmided befih, Al et S bt BREYRR hdfesiz 0 L0

susceptible to damage include gaskets that may be struck by the bﬁ%hi ng

) ! y
| ower end Pashing Thig shewn fasmgd radisdbialeneshepeardiusiing AR inwer dipdietenpea
el astomers, soft metals, and other pliable or otherwi se nalleable
mat eri al s. upper end of wear bushing 70. Other means for coupling the wear bushing 70 within

the bore 29 and retrieving the bushing 70 are available and the scope of the present

application is not limited to the embodiments illustrated in the figures.

[0036] Included with the embodiment of Figure 5 is a drilling riser 40, where its
lower end is attached to the spool 27 upper terminal end. Drilling riser 40 would
normally include a blow out preventer (BOP). The wear bushing 70 may be preinstalled
within the bore 29 on the spool 27. If a drill system is used, the wear bushing 70 may
be optionally recovered through the drilling riser 40 in a conventional manner, such as

with a retrieval fitting attached to a drill string. The wear bushing 70 is recoverable
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[0041] 1t should be apparent to those skilled in the art that the present
disclosure is not limted to the enbodi nents described, but is susceptible
to various changes w thout departing fromits scope. Cains Wat is
claimed is: 1. A nmethod of retrieving froma subsea well head assenbly a
bushing that lines a bore of the well head assenbly, the method conpri sing:
a) providing a retrieval tool having a selectively extendabl e jack nenber

and a sel eghihVEROPGHMNAR & d@é&%e’&&dl bk %‘&)very can take place in parallel with

retrieving the BOP stack and riser 40.

[0037]  Figures 6 through 8 depict a method of retrieval of wear bushing 70 from the
subsea well 11 after riser 40 has been disconnected. Referring to Figure 6, a side
schematic view is illustrated of a retrieval tool 42 engaging the wear bushing 70. A lift
line 48 shown attached to the retrieval tool 42 can be used for raising and lowering the
tool 42. The retrieval tool 42 includes an ROV panel or port 80 coupled to a
schematically depicted ROV 78 through a line 79. The ROV 78 can be used to assist
with deploying the retrieval tool 42. A cylindrical extension 54 downwardly depends
from the retrieval tool 42 lower end where it is coaxially inserted within the wear
bushing 70 annulus. A latch member 44 is included with the retrieval tool 42 that is
selectively extendable radially outward from the extension 54 shown registering with
the retrieval channel 73. Latch member 44 extension may be initiated by a hydraulic

pressure signal sent from the ROV 78 through the line 79.

[0038] Figure 6A, which is an enlarged view of a portion of Figure 6, schematically
depicts an embodiment of latch member 44 operation having a hydraulic circuit 82
communicating between the ROV panel 80 and the latch member 44. Inserting the latch
member 44 into the retrieval channel 73, couples together the retrieval tool 42 and wear
bushing 70. Latch member 44 extension may be initiated by a hydraulic pressure signal
sent from the ROV 78 through the line 79. Optionally, as shown in Figure 6B, the latch
member 44A may be a cam ring. An example of a cam ring is provided in Radi, et al.,

U.S. Patent No. 6,070,669, issued June 6, 2000 to the assignee of the present
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b) with the bushing latch, coupling the retrieval tool with the bushing;
and c¢) extending the jack nenber fromthe tool and pushing it against the
wel | head assenbly, so that the retrieval tool and the bushing are urged
away fromthe well head assenbly. 2. The nethod of claim1, wherein step
(b) conprises engaging the bushing latch wth the bushing. 3. The nethod
of claim2, wherein the bushing includes a recess on its inner surface and

wherein t h%g}ﬁ?b%m)ﬁ‘% c"i‘)rnﬁéf?né of vﬁg'c}ﬁs BRObHJPRePby fehferdcB hideRY & tapQOd siéRser t abl e

into the buShing dnd configured to sel'ectively extend radially outward from

the retrieyal. tool and regi.ster with the .recess her e C li.ng t he
retrieval \légési plgﬁgd gﬁ%‘f" N IGEPORSRLO ﬁ@fqﬁg@rﬁf’uﬁegi uﬁ%ﬂgﬁgﬁﬂ 1{1%&“] ack
menber is substantially parallel with the bushing axis and contacts the

wel | head autgssithe/latchinesmabertddAtint the kiovg 7élft>re¢0upg¢g iaetyievaldool fgandet hod of
claim4, wherein the jack nenber is disposed on a portion of the retrieval
t ool EavingwﬁﬂbEMﬁny70periphery that is greater than the bushing outer

peri phery.

[0039] As depicted in Figure 7, a push off jack 56 is urged downward from the tool
42 against the spool 27 upper surface, thereby separating the tool 42 and wear bushing
70 from within the spool 27. Although a single push off jack 56 is shown, two or more
push jacks 56 may be included. The force applied by the push off jack 56 against the
spool 27 exceeds the retaining force provided from the split ring 18 in the channels 12,
72 as well as that of the interference 20. The push off jack 56 can be hydraulically
| activated via the ROV 78 and ROV panel 80, such as by directing pressurized hydraulic
fluid to the panel 80 from the ROV 78 through the line 79. Optionally, the panel 80
may include a supply or source of pressurized fluid for extending the push off jack 56,
and the line 79 catries a signal from the ROV 78 to deploy the push off jack 56.
Alternatively, an expander (not shown) can be employed to expand the splitring 18 into
the channel 12 formed in the well head housing 13 thereby removing it from the
bushing channel 72 and releasing the wear bushing 70 from the wellhead assembly 10.
In another alternative, if the interference 20 couples the wear bushing 70 to the bore 29,
an overpull from the lift line 48 can unseat the wear bushing 70 from the interference 20

for retrieval.

[0040] Figure 8 is a side schematic sectional view of the wear bushing 70 attached to

the retrieval tool 42, where the retrieval tool 42 is suspended on the lift line 48. In this
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6. The nethod of claim11, further conprising raising the retrieval tool and
bushing from subsea. 7. The nethod of claim1, further conprising
deploying a renotely operated vehicle (ROY) subsea and operatively coupling
the ROV to the retrieval tool. 8. The nethod of claim7, wherein steps (b)
and (c) conprise operating the retrieval tool with the ROY. 9. The nethod
of claim1, wherein the bushing is a wear bushing and the bore is a main

bore of th %Mr&%@‘%?&?@@ {00l 45'91;{1%%5%&(@2&&%?(6) Q%r)x/ﬁé i érocm‘%{f%leﬂﬁ the

bushi ng |s%fnerrpor ar’i ned w a ring set 1n grooves
respectively forned on {he bushi outer syrfac j nner surface and
wher ei n thégtBFYﬁS\%g‘é‘“érsB%’s@f? “fei'agli &%éoryﬁﬁg?l ‘I‘?}H’F%nglt"e g%ﬁ%%ﬁi gaﬁiusgﬁ‘ﬁfiher.

11. A nmethod of conpleting a well subsea conprising: a) providing on the
seaf | oor a prsiimpisabe we algemibly 1 b bytequldinstead heagcompanying dKirelgierdupl ed

within the main bore;
tool 42. In one embodiment, the wear bushing lower end 74 could be made from or

coated with a material softer than the material of most or all components of the
wellhead assembly 11. Thus inadvertent impacts between the wear bushing 70 and
wellhead assembly 11 would likely first deform the softer material, thereby preventing
damage to the wellhead assembly 11 and its components. Wellhead components
susceptible to damage include gaskets that may be struck by the bushing lower end 74
during retrieval. Examples of softer materials include elastomers, soft metals, and other

pliable or otherwise malleable materials.

[0041] It should be apparent to those skilled in the art that the present disclosure is
not limited to the embodiments described, but is susceptible to various changes without

departing from its scope.
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b) landing a retrieval tool onto the well head nenber having a portion on
the wel | head nenber and outside of the main bore periphery and | atching the
retrieval tool to the wear bushing; c¢) decoupling the wear bushing from
the main bore by applying a separating force on both the well head nenber
and retrieval tool; d) renoving the wear bushing fromw thin the main
bore; e) landing tubulars within the main bore; and f) landing a
production tree onto the wel |l head nmerdqgs 12. The nmethod of claim 11,
further conprising inserting a drill String through the main bore and wear
bushing and drilling a well into the seafl oor before step (d).

What is claimed is:

1. A method of retrieving from a subsea wellhead assembly a bushing that lines a

bore of the wellhead assembly, the method comprising:

a) providing a retrieval tool having a selectively extendable jack member

and a selectively activatable bushing latch;
b) with the bushing latch, coupling the retrieval tool with the bushing; and

c) extending the jack member from the tool and pushing it against the
wellhead assembly, so that the retrieval tool and the bushing are urged away

from the wellhead assembly.

2. The method of claim 1, wherein step (b) comprises engaging the bushing latch

with the bushing.

3. The method of claim 2, wherein the bushing includes a recess on its inner surface
and wherein the bushing latch is on a portion of the retrieval tool insertable into the
bushing and configured to selectively extend radially outward from the retrieval tool

and register with the recess, thereby coupling the retrieval tool and bushing.

4. The method of claim 1, wherein the jack member is substantially parallel with the

bushing axis and contacts the wellhead assembly lateral to the bushing outer periphery.

5. The method of claim 4, wherein the jack member is disposed on a portion of the

retrieval tool having an outer periphery that is greater than the bushing outer periphery.
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13. The method of claim 11, wherein the retrieval tool conprises an upper
portion having an outer periphery contactable with an upper surface of the
wel | head nmenber that circunscribes the main bore and an attached | ower
portion insertable within the wear bushing. 14. The nethod of claim 13,
wherein the wear bushing includes a groove circunscribing its inner surface
and the retrieval tool further conprises a Iatch on its |ower portion that

sel ectivel yg pr‘?{@ﬁ}%ﬁwﬁ%‘i’bﬁ M I the tiSeval RBI Qfd tuhinbi Ng the

retrieval tool wear |ng co rlses p ojecting the latch Into
reglstratl%@ mhkg the groove. 15. The nethod of claim13, mhereln t he
retrieval t 81 SY°%57& her conprises a jack menber sel ectively extendable from
its upper portion and wherein step (c) conprises extending the jack nenber

from the upper T@ﬁ@ﬁ%ﬁ%@?hﬁﬂ ﬁlhﬁer%lnbh%g d@ﬁ@ﬁéa?&n&@l@'o}ée&féﬁ velgeter at i ng

force. 16. The net claim 11, fuarthér conprising coupling a remotely

operated v ere nmet hod of claim
16, furt he?ﬁbyr)rﬁ}lésg%d 8%"'5?‘&‘(*’?%50‘11’?{8*‘3 f}bea’%?%%i‘het%% e"%@?‘ﬁlg the ROV. 18. A
retrieval tool useful for retrieving a wear bushing fromw thin a subsea
wel | head negibefrpe fRfholl @PL1afR TPKh&ERGteps (b) and (c) comprise operating the retrieval

tool with the ROV.

9. The method of claim 1, wherein the bushing is a wear bushing and the bore is a

main bore of the wellhead assembly.

10. The method of claim 1, wherein the bushing is temporarily retained within the
bore by aring set in grooves respectively formed on the bushing outer surface and bore

inner surface and wherein the grooves are at least partially registered with one another.
11. A method of completing a well subsea comprising:

a) providing on the seafloor a wellhead member having a main bore and a wear

bushing coupled within the main bore;

b) landing a retrieval tool onto the wellhead member having a portion on the
wellhead member and outside of the main bore periphery and latching the

retrieval tool to the wear bushing;

¢) decoupling the wear bushing from the main bore by applying a separating

force on both the wellhead member and retrieval tool;

d) removing the wear bushing from within the main bore;
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an upper portion for engagenent by a lift line for |anding on an upper end
of the well head nenber; a |l ower portion depending fromthe upper
portion and having an smaller outer periphery than the upper portion for

i nsertion into the wel | head nmenber; an el ongated jack nmenber
selectively projectable fromthe upper portion and into an orientation
substantially parallel with the | ower portion axis; and a latch

sel ectively ext %?:'ﬁ’aﬁﬁhf‘g b @ stviehih MEhaiRMold; @Rd SO that when the retrieval
tool is in arettieval” configuration wth the | ower portion inserted within

t he wear bushing, the latch engaged with the wear bushing, and the jack
menber is sel ectf) Valdyngra pjodudtia tfee@mtd the wetlpead pembéron, the jack menber
pushes agai nst the well head nmenber to nove the retrieval tool away fromthe

wel | head nenber and slide_ the wear bushing fromwthin the | | head nmenber.
19. The ret F3-eVhe meghod offclaimy] Intumgher compRaing dsspiest drl atrmg\ﬁﬂgfpsgqy&sper at ed

vehi cl e connection in comrunication with the latch and jack nenber. 20.
The retri ewnsdin borelandfweat bushirpSandwhidling aweh éntd dtecieafleordefoie stap &4). t 0 engage a
groove formed on the wear bushing inner surface.

13. The method of claim 11, wherein the retrieval tool comprises an upper portion
having an outer periphery contactable with an upper surface of the wellhead member
that circumscribes the main bore and an attached lower portion insertable within the

wear bushing.

14. The method of claim 13, wherein the wear bushing includes a groove
circumscribing its inner surface and the retrieval tool further comprises a latch on its
lower portion that selectively projects radially outward and wherein the step of latching
the retrieval tool to the wear bushing comprises projecting the latch into registration

with the groove.

15. The method of claim 13, wherein the retrieval tool further comprises a jack
member selectively extendable from its upper portion and wherein step (c) comprises
extending the jack member from the upper member against the wellhead member to

apply the separating force.

16. The method of claim 11, further comprising coupling a remotely operated vehicle

(ROV) with the retrieval tool.

17. The method of claim 16, further comprising operating the retrieval tool using the

ROV.
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18. Aretrieval tool useful for retrieving a wear bushing from within a subsea wellhead

member, the tool comprising:

an upper portion for engagement by a lift line for landing on an upper end of

the wellhead member;

a lower portion depending from the upper portion and having an smaller outer

periphery than the upper portion for insertion into the wellhead member;

an elongated jack member selectively projectable from the upper portion and into

an orientation substantially parallel with the lower portion axis; and

a latch selectively extendable from the lower portion, so that when the retrieval
tool is in a retrieval configuration with the lower portion inserted within the wear
bushing, the latch engaged with the wear bushing, and the jack member is selectively
projected from the upper portion, the jack member pushes against the wellhead member
to move the retrieval tool away from the wellhead member and slide the wear bushing

from within the wellhead member.

19. The retrieval tool of claim 18, further comprising a remotely operated vehicle

connection in communication with the latch and jack member.

20. The retrieval tool of claim 18, wherein the latch is configured to engage a groove

formed on the wear bushing inner surface.
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