WO 2012/ 047350PCT/ US2011/ 043290 WEAR BUSHI NG FOR LOCKI NG TO A VELLHEAD
CROSS REFERENCE TO RELATED APPLI CATI ON This application clains the
priority wb20284788p0vi si onal Application No. 5 61/390, 8P€Tftisb@d/oasze€ct ober
7, 2010, the disclosure of which is incorporated herein by reference for
all purposes. FIELD OF THE | NVENTI ON This invention generally

rel ates to subsea wel | head assenblies, and in 10 particular to a wear

el I nosd. and | he WEARGBMSHINGE FoRoLOCKINE ok WEREERIENT on when
drilling a subsea well head, a well head housing will typically be 15 | ocated

on the seadhoes AEFERENSED IFMELFEDI AvPLIAXTION | and cemented into
pl ace. A casing hanger is supported in the well head housing and is secured

to, the upper enqunl ddificatsl Mins fid Irighly: of9 2 i dohrABGICEGHT fo.

drilling vessel pass downwar housi ng a

hanger for f r.drillin erati OVariqus types,of wear bushings
nave bech GidLEls dipe am HeBRE"2a BTy, ik glrcisue T el Hogmharaie
wel | head housi ng, the hanger, and the casing suspended fromthe hanger.

Sone prior hereinfyaieferesne fefsalbPWPPRE®r connect ed with the casing hanger,

which is conventionally supported in place by the well head. O her wear
bushi ngs are connected to the casing hanger seal, which

FIELD OF THE INVENTION
This invention generally relates to subsea wellhead assemblies, and in
10 particular to a wear bushing which positions drill pipe from engaging the casing

hanger , the wellhead, and the casing near the hanger.

BACKGROUND OF THE INVENTION
When drilling a subsea wellhead, a wellhead housing will typically be

15 located on the sea floor and a casing lowered into the well and cemented into
place. A casing hanger is supported in the wellhead housing and is secured to
the upper end of the casing. A drill bit and a drill string from a drilling vessel
pass downward through the wellhead housing and casing hanger for further
drilling operations.

20 Various types of wear bushings have been devised to land on the casing
hanger and limit wear to the wellhead housing, the hanger, and the casing
suspended from the hanger. Some prior art wear bushings are interconnected
with the casing hanger, which is conventionally supported in place by the

wellhead. Other wear bushings are connected to the casing hanger seal, which



WO 2012/ 047350PCT/ US2011/ 043290 in turn is supported on the casing hanger.
In sone applications, the casing hanger may mgrate upward in response to
hi gh fl uiwopoesrmse bel ow t he hanger. Axial novement of PChaSe@siongzohanger

and the wear bushing in response to fluid pressure in the well is
detrinmental to the overall purpose of the wear bushing, 5 which is to
reliably limt wear on the hanger and casing by the rotating drill pipe.

u. S Patent 3 199§ 495 d| S Ios s as wear UShI é;l L{ q ﬁ ported on
the casi ng MaHgefS SUPROT % 5 98 AnQfr'sc ’bssé’gf‘ ARRAFA RS hi 5%%519
connects to the seal for the casi ng hanger U S. Patent 5,360,063 discl oses
anot her typ@nger [ Miiate wihvash IBHGBBOQ%WOPIQBJW& Pfeh?éut%tbﬁlﬁ)g\’ Wengera her
10 patents of interest include U S. Patents 4, 362,210, 4,978, 147, and

4, 340, 259. Axial modraedi eiatheamsigga:haogepandrthawteat\mmmgsirblgespbesa|t@$le|'rtt

i nvention, and inproved wear bushing and running tool are hereinafter

di scl osed gﬁéssuwﬂﬁcthenﬂeﬂ e deememtdb b fite oeetdlicpuplokbesitthe leea bushilg)
2012/ 047350PCT/ US2011/ 043290 SUMVARY OF THE | NVENTI ON I n one

Sesorhry| R SHES| ey A RO e g AR
's removably SuRpRH3ehis 188 448 4i8RLeL A B ULH 2 ShiNE WRHSH I supported
on the casing hanger. U.S. Patent 5,025,864 discloses a wear bushing that
connects to the seal for the casing hanger. U.S. Patent 5,360,063 discloses
another type of wear bushing which is supported on the casing hanger. Other
10 patents of interest include U.S. Patents 4,362,210, 4,978,147, and 4,340,259.
The disadvantages of prior art overcome by the present invention, and
improved wear bushing and running tool are hereinafter disclosed for connecting

the wear bushing to the wellhead.
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5 the wel | head housing, the casing hanger, and the casing during drilling
operations. A bushing/well head housi ng connector axially connects the wear
bushi ng twotzhe/meisbhead housi ng. The retrievabl e runni ngCramskoli®432et uat ed
to connect the bushing to the well head housing, such that at |east a
portion of the connector is received within a correspondi ng groove or
recess in an interior wall 10 of the well head housing. A bushing/casing
hanger con t i onnect the wear bushing and the casing
hanger . %Mm@'@%m@w@@m es and advantages of the present
invention will becone apparent fromthe follow ng detail ed description,
wher ei n ref er end® AN AEGSOIBERth@ WEGLPESNING ANk NEHERSNIAPHATEPI@VISRoNIgS 2 15
3 - WD 2012/ 047350PCT/ US2011/ 043290 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fi gure 1 i suaseaosadl assgmblyahciuding thie webhgadbbesingandaasingdiangeguridhe and

3 are each alternative ermbodinents of a wear bushing. Figure 4 illustrates
the wear bugddrnsishi kb bl euép@rmébmwwwn@édiﬁorvmvmm@d muqem)tool
| andi ng the wear bushing on a casing hanger. Figures 5, 6, and 7 ustrate

a portian Qhel RRINERS RMFIHGY tREOWASihG hanger, and the casing during drilling
operations. A bushing/wellhead housing connector axially connects the wear
bushing to the wellhead housing. The retrievable running tool is actuated to
connect the bushing to the wellhead housing, such that at least a portion of the
connector is received within a corresponding groove or recess in an interior wall

10 of the wellhead housing. A bushing/casing hanger connector may also axially
connect the wear bushing and the casing hanger.
These and further features and advantages of the present invention will
become apparent from the following detailed description, wherein reference is
made to the figures in the accompanying drawings.
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Figures 1-3, respectively, |locked to the well head. Figure 8 is a
detail ed cross-sectional view of a portion of the wear bushing | ocked to
t he casi rgoharegar3sgseal assenbly. 10 4 - WD 2012/ 047350PUNISUB2043260©43290

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Figure 1 depicts a wear
bushing 10 for landing on a casing hanger, which in turn is positioned
within a subsea well head. During drilling operations, drill pipe passes

t hrough th I i tates within the 5 downhol e
casi ng. Th?%‘%@?géﬁ\ﬁﬁ@mg ﬂ%{ggﬁ%@nﬂg 0 mnimze damage to the

wel | head housin t he casing han? and the casing during rotation of the
drill string. WHQUNBUkiSi hErOBS-S08 Qﬁ@WieWr?flarﬁ—utra@'elWBﬁbbUﬂﬁﬁga mai n body or
housi ng 12. Latch nechanism 16 is provided as the bushi ng/well head housi ng
connector for akfiglrey? andBecreieeghtdiernaiare éubbdimerdadf ahecabudingagl housi ng.
A 10 |l ower yield strength bushing/ casi ng hanger connector 18 is provided
near the |ower enguref4 tiNgtResY tHe wedlr bushﬁrgzgn@\ﬁﬁtihnﬂ%merm absisdriondl and
t he casing hanger as explained further bel ow he wear bushi ng as

shown in; Fi érbﬁﬁrhg%ﬁl IQH&Irn?Cihé“V\Fe@rtﬂﬂJ%ﬁﬁﬁgF?rflg cfa@fng’We&H;ogégh‘M th threads

on the wear us Ing bo acilitate acturl d assenbly of
t he wear bushi ng. uat | ee i t 8.t and
noves downward i rlrgtﬁ§% % be%tngj ?h'ﬁuﬁtigtﬁasé(ﬂ?@n (Ff tg.rs[hérﬁ;q bsﬁg}'/vgh%r
pin 28 and force Iatch rrech nism 16 I‘ﬁdl al |y outward to | atch to the
vel | head, &49WR8WInSi 1§SREgiMedy.docked to the wellhead.

Figure 8 is a detailed cross-sectional view of a portion of the wear bushing

locked to the casing hanger seal assembly.
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Figure 2 depicts an alternate enbodi mrent of a wear bushing 10 including 20
an i nner sleeve 20. A plurality of shear pins 24 connect the bushing body
12 to t hewornevo4giseeve 20. The actuating sl eeve 26 is ceacmast@d/osxze he
upper end of inner sleeve 20 by shear pins 28, and includes a | ower surface
for sliding engagenment with the inner surface of the connector 16, and an
upper surface for 5 - WD 2012/ 047350PCT/ US2011/ 043290 hol di ng connect or

cach for 1 Qe AER PRSP ATODLER CREFESTIEBIMBOIRERHSY: de in the

wel | head. When the connector 16 is in the set position, the outer surface
of actuating sl &egeresbdppicisgayrardmshing ho éonliaagingron 8 GasindbargeroMhicper ed
5 surface. Figure 2 also depicts a plurality of optional debris seals 14
around t he ifbddyn f posiBomed withyn aThessess aallbeadedDwming siellingwhpdratibies,i atiler i or
of the well head housing, but do desirably Ilimt trash in the annul us

bet ween th@up&@lﬁdﬂs@@samﬁom{ﬂe the! bbeach hpgstarng Chamgw 2Ad i ptaesVvivilled fry

retrieval of the wear i ng by engagi ng shoul der 23, as expl ai ned

subsequent g n%%'l:é %’sl%@g:” fRe! eeteﬁbgg‘i@w&f’r b'i}ghﬁr@blset nﬁk@'&l‘aﬂ% tdmath

the latc chani sm havi n ittt € grooves |

brovi ded vﬁ‘%ﬁ Ll oetfsﬁﬁ’g”éﬁ?té?é i BpBP 2 fie LG SRnE MR o fficce
lieI:%O\l/va\é\nst gmﬁmﬁﬁﬁé t\(Rlear us%ing 1%agg s fov&nh‘lan ?-'lgu(?'ce“ m?r?é|ﬁd§§%‘“’?né.rﬁ' b%l ore
housing 12. Latch mechanism 16 is provided as the bushing/wellhead housing
connector for axially connecting the wear bushing and the wellhead housing. A
10 lower yield strength bushing/casing hanger connector 18 is provided near the
lower end of the body 12 for interconnecting the wear bushing and the casing
hanger, as explained further below.
The wear bushing as shown in Figure 1 includes nut 40 with threads 42
for mating with threads on the wear bushing body 12 to facilitate manufacturing
15 and assembly of the wear bushing. Actuating sleeve 26 is shown pinned at 28 to
body 12, and moves downward in response to the actuation of the running tool to
shear pin 28 and force latch mechanism 16 radially outward to latch to the
wellhead, as shown in Figure 5.
Figure 2 depicts an alternate embodiment of a wear bushing 10 including
20 an inner sleeve 20. A plurality of shear pins 24 connect the bushing body 12 to
the inner sleeve 20. The actuating sleeve 26 is connected to the upper end of
inner sleeve 20 by shear pins 28, and includes a lower surface for sliding

engagement with the inner surface of the connector 16, and an upper surface for



15 novenent of an actuating ring to force |atch nechanism 16 radially
outward. Each enbodi nent nmay al so include a casing hanger |atch 18 as

di scussedwbebmve473et ai | s regardi ng techni ques for retri @girng2eihe43ear
bushi ng shown in Figures 1 and 3 are al so di scussed below. Figure 4 depicts
t he wear bushing 10 as shown in Figure 1 | anded on 20 casi ng hanger 44,
which in turn I's landed in wellhead 46 and secured thereto with a

conventi on aS|n eal . assenbl al, s between t asi ng
hanger - and NIRNGePTREAAr TeHadbILRLRGATL SRBIFEDRT 6/ akdes One Charorsapefr
connected with the wel | head. Figure 4 depicts a suitable runni t ool
for 6 - \AOrigges/Iueadnferriitting ot aIespeaiteudidoyg ArHecrss @Fp\’ré‘*%é{hﬂ@n 16.
Mandrel 35 of the running tool includes through port 33 such that piston 34
support ed aveliheadr uithiery theocbnmeetes 1doisnimatiee set pesifionstha oufdrusuifgmeeskur e
Wi thin the running tool, thereby noving actuator sleeve 26 downward, and

Movi ng connegidingl8letadi 28 hiy e@gb@@l‘rﬂl}nt Rdith BohhéStorMBORIAYERS , a top-tapdkedl2 of

the bushing includes a recess 38 for receiving connector 36 to interconnect

the runny ng taph ARG Bey eaeti’ §H1E91rélﬁﬁtcﬁ_ tl%h?| LeBRE afs”\tépa?&@d"ﬁ{é

Figure 5 shows I n greater act uati eeve2 pressed downwar d,

thereby forC'dy%f tHS bugﬂ%%Ct'Pﬁeéeaggﬁsrﬁ%%Gaﬁ YL ith IRETHEREr SPthe wellhead

housing, but do desirably limit trash in the annulus between the bushing and the
wellhead housing. C-ring 22 is provided for retrieval of the wear bushing by
engaging shoulder 23, as explained subsequently.
10 Figure 3 depicts yet another suitable wear bushing 10 with the latch
mechanism 16 having teeth 30 for fitting in the grooves in the wellhead. Sleeve
64 is secured to the body 12 of the wear bushing, and is provided with inner
teeth. Further details of this embodiment are discussed below with respect to
Figure 7. Each of the embodiments shown in Figures 1-3 uses downward
15 movement of an actuating ring to force latch mechanism 16 radially outward.
Each embodiment may also include a casing hanger latch 18 as discussed
below. Details regarding techniques for retrieving the wear bushing shown in
Figures 1 and 3 are also discussed below.
Figure 4 depicts the wear bushing 10 as shown in Figure 1 landed on
20 casing hanger 44, which in turn is landed in wellhead 46 and secured thereto
with a conventional casing hanger latch. Seal assembly 48 seals between the
casing hanger and the wellhead. The bushing 10 shown in Figure 4 is not yet

connected with the wellhead. Figure 4 depicts a suitable running tool 32 for



10 radially outward so that the teeth 30 each fit wthin a respective
groove 31 in the well head 46. The wear bushing 10 nmay be axially | oaded
when secuweaotandrise wel | head, but need not be prel oadedPCrrusetihau3290
applications, the wear bushing may be prel oaded a sel ected anount. The wear
bushing as shown in Figure 5 may be unl ocked fromthe 15 well head 46 by a
running tool with a split retrieval ring 52, which is noved by a piston on

aretrieval toql fynctionally si.m]l t i ston_-34 shown i.n Fi re. 4. The
Cetrioval achiptos e Laph metnangin 1. R0 o, e Mg toPt icuides of
the actuator sleeve 26. Once the running tool has | anded on the wear

bushi ng, prie®sghepatly3Besidit tiaals Bistem Ihesupportegs onhiber tiiiing ©ebIMaves hat
t he piston noves down and 20 the retrieving ring 52 expands over the lip of
t he act uat idogvnwarg inrrespondesta duidi preisagrer withinstheciininaygs &l,i thiecekyhmayirgov e
55 at the top of the actuating ring, thereby axially securing the actuating
ring and thetugbr sReak 26 dgwnhed bheNaHbviRG @oRkelor I BBTRadany sutvitedveFbhead

may be cl osed and pressure then applied through 7 -

5 this embodiment, the body 12 of the bushing includes a recess 38 for receiving
connector 36 to interconnect the running tool and the wear bushing as they are
lowered into the well.

Figure 5 shows in greater detail the actuating sleeve 26 pressed

downward, thereby forcing the connector latch mechanism or connector 16

10 radially outward so that the teeth 30 each fit within a respective groove 31 in the

wellhead 46. The wear bushing 10 may be axially loaded when secured to the

wellhead, but need not be preloaded. In other applications, the wear bushing
may be preloaded a selected amount.

The wear bushing as shown in Figure 5 may be unlocked from the

15 wellhead 46 by a running tool with a split retrieval ring 52, which is moved by a

piston on a retrieval tool functionally similar to piston 34 shown in Figure 4. The

retrieval ring 52 is split so that it may expand over the outer lip 54 of the actuator

sleeve 26. Once the running tool has landed on the wear bushing, pressure may

be increased in the I.D. of the running tool so that the piston moves down and

20 the retrieving ring 52 expands over the lip of the actuating ring until the retrieving

ring 52 collapses into the groove 55 at the top of the actuating ring, thereby

axially securing the actuating ring and the retrieval ring. The blowout preventer

rams above the wellhead may be closed and pressure then applied through



WO 2012/ 047350PCT/ US2011/ 043290 choke and kill lines below the rams to
force the piston upward. An axially upward pull on the workstring may al so
be transmvotet/mhdsough the running tool to assist in rePcirasadt/oFizeo upward
force applied to the actuating ring 26 will shear the small teeth on the
split shear ring 56, thereby unlocking the actuating ring 5 fromthe
wel | head. O-rings or the biasing nenber 62 may urge ring 56 into engagenent

with mating,teeth .sl.eev 6. The rans be, t hen be opened and the wear
bushi ng. r oGNS HIb 15D REToUCHE HIBS: 0 THES BPF daPiP R HDBERS ng b edfifiue
for each of the Fi ﬂure 5-7 enbodi nents. The Figure 6 enbodi nent operates
with the priPvea g PyRioscikieryoekingrmaynalee ke enamities threwghitheciyesing toel 19 gur e
5. Figure 6 shows in greater detail a portion of the wear bushing 10 shown

i n Fi gure 2ssist trh rethievalonhbe tupwakd fbetechppliacota the aciuatinglringr 20 wels sbear
recesses 31 in the wellhead 46. As fluid pressure is released in the

runni ng t oghe angall fexth @M tHeSjspIﬂwHé%tf&dwq 86! frrereby fumtsokirt ﬁwéi@tbw@tihﬁg'irfd ng
26 as shown in Figure 6 remains in its |1 ocked position due to ratch latch

mechani sym kiR Gn& Anafifddd19 d-ﬂﬁg%%r%bobiaéingl?ﬁf’en?@era@é’ n‘ﬁé?g OLﬁ“gé UYid BE ipteeve

26. Shear pins 24 prevent upward novenent the sl eeve elative to the
pul | i g’ up ABORm ek MMETERTG Tod ' SE b o, VP R AP pe B oML 7 <
eS| SR BEcu oG T b M Sohis St Ba ppet”
energency unl ock sleeve to unl ock the wear bushing fromthe well head.
Pi cki ng up teehnitee fassaochi afihadidguredndlenendigenis.| shear the pin 24, thereby
al l owi ng upward novenent of the sleeve 20 with respect to the wear
The Figure 6 embodiment operates with the primary unlocking mechanism
10 similar to that discussed in Figure 5. Figure 6 shows in greater detail a portion of
the wear bushing 10 shown in Figure 2, with the connector 16 latched to the
internal grooves or recesses 31 in the wellhead 46. As fluid pressure is released
in the running tool and the tool is retrieved to the surface, the actuating ring 26
as shown in Figure 6 remains in its locked position due to ratch latch mechanism
15 56 connecting the interior sleeve 20 and the actuating sleeve 26. Shear pins 24
prevent upward movement of the sleeve 20 relative to the body 12, but may be
sheared to retrieve the wear bushing from the well by pulling upward on the
bushing.
If the primary unlock as discussed above is unable to release the Figure 6
20 wear bushing, e.g., due to build up of debris in and around the tool, the inner
sleeve 20 may serve as an emergency unlock sleeve to unlock the wear bushing

from the wellhead. Picking up on the tool with additional force will shear the pin

24, thereby allowing upward movement of the sleeve 20 with respect to the wear



8 - WD 2012/ 047350PCT/ US2011/ 043290 bushing 12. During this action, the
split ring 22 captured in a groove in sleeve 20 noves upward to engage the
shoul der &8 20rv/mh3sowear bushing, so that retrieval of treTAlSe@rm4200 al so
retrieves the wear bushing 12. Latch mechanism 16 is thus allowed to

col | apse during this upward novenent, so that the unlock sleeve and 5 the
body of the wear bushing nmay be retrieved to the surface. Figure 6

al so depicts a.shear ring nmenber 58 which interconnects the actuatin

2l cove Do AN 2 RLFNG BB V195, therSHI Bng da GaTHERE DisORBE Te SRRV 20

rel ease the wear bushing fromthe well head in one of the manners descri bed
above and thevaseepwaighio ep@Rde Hithshowder B @ishe Weanbystingcsa tatrigtrievakye,
a 10 hi gher upward force on the actuating sleeve will shear the ring 58 and
wi || therelf tlhe blmevel2d aled réteiesbs tie wear businingd 2t dadtclvmedchainesnad Buathusy
ring, so that other neasures may be taken to subsequently retrieve the wear

bushi ng. Fialgvedtodonupsey elring ahiseipveirdadbv@nenpisoahBetzamnisok tyeve and
retrieving the wear bushing fromthe wellhead. In this case, retrieving

ring 52 5co@Hg%axp@gf%@sépgggﬁmgmwbéIr@m\égeg%t%iﬁ%&é)nnects with teeth

on the exterior IS prnned to ing body 12. Split ring
56 carried on the et MO BlLEaYS NASPHLE mbRR) SEANATHEHHAER O
actuating sleeve 26 and the inner sleeve 20. In the event that the tool cannot
release the wear bushing from the wellhead in one of the manners described
above and the retrieval tool cannot be released from the actuating sleeve, a
10 higher upward force on the actuating sleeve will shear the ring 58 and will
thereby allow the retrieval of the running tool with the actuating ring, so that other
measures may be taken to subsequently retrieve the wear bushing.
Figure 7 shows yet another embodiment of a mechanism for retrieving the
wear bushing from the wellhead. In this case, retrieving ring 52 connects to the
15 actuating sleeve 26, which connects with teeth on the exterior of sleeve 64 which
is pinned to bushing body 12. Split ring 56 carried on the actuator sleeve has
outer teeth which mate with teeth on sleeve 64. An upward force applied to the
actuating ring 26 through the retrieving ring 52 may be used to pull the actuating
ring 26 upward and release the latch mechanism 16. If this force is not sufficient
20 to release the wear bushing, a further upward force applied to the actuating ring
will release the upper shear ring segments 66 from the body of the wear bushing

12, so that the sleeve 64 may then be retrieved with the actuating sleeve 26 and

the wear bushing 16. Ring segments 66 are thus joined at a plurality of



actuating ring 26 through the retrieving ring 52 may be used to pull the
actuating ring 26 upward and rel ease the | atch nechanism 16. If this force
i s not swWbi2ei2mr3sBO to rel ease the wear bushing, a fur®h@EUSapameitod or ce
applied to the actuating ring will release the upper shear ring segnents 66
fromthe body of the wear bushing 12, so that the sleeve 64 may then be
retrieved with the actuating sleeve 26 and the wear bushing 16. Ri ng
segnments 66.are .thus joined at a plurali f .9 - W ,

3035 047 35GBEYNRINE) ORGSR o ety 4 thg atteals bLshinge B8Ry 1858 he
wear bushing, and these circunferential connections shear to release ring
segnents 66IEHBeEREabeRNastionashgaaio KRISASH GNDEadsRYPaHS tremathe body of
predeterm ned upward force. Wth actuating sl eeve 26 and sl eeve 64 noving
upwar d, | attied wesr Haushing ib6raspypnseve ai preadetsrmbnedhepeatayd falceasiVith adteativear
bushi ng fromthe well head. Figure 8 shows in greater detail a

bushi ng/ casidwe@nend sterveess fiovity LUPErd: oRhédtariidra tBusalyngovdirgdt he
i nner seal sleeve 20. Latching dog 54 is biased radially outward by spring

2o+ S0 4 4D SRS S gaLr e ook Liver op
Figure 8 shows in greater detail a bushing/casing hanger connector 54
interconnecting the bushing 10 and the inner seal sleeve 20. Latching dog 54 is
biased radially outward by spring 56, and includes an aperture 58 for preventing
pressure lock. Upper stop surface 60 is provided for planar engagement with the
10 casing hanger seal assembly to prevent upward movement of the wear bushing
with respect to the casing hanger, while tapered lower surface 61 allows the
dogs 54 to move radially inward when lowered to a final position and the dogs
each snap into a groove in the casing hanger.
The embodiment as shown in Figure 8 secures the wear bushing to
15 casing hanger seal, which in turn is connected to the casing hanger, which is
landed on the wellhead. In an alternative wear bushing, the connector 18 may
connect a lower portion of the wear bushing directly to the casing hanger body,
rather than the casing hanger seal. In still other embodiments, the
interconnection of the wear bushing and the wellhead is sufficient to accomplish
20 the desired goals, and the wear bushing may not be interconnected with either
the casing hanger or the casing hanger seal.
In the preferred embodiment, the bushing/wellhead housing connector

interconnects the bushing with the wellhead by providing a connector with

-10 -



10 casing hanger seal assenbly to prevent upward novenent of the wear
bushing with respect to the casing hanger, while tapered | ower surface 61
al | ows t wodopa43350t 0 nove radially i nward when | ower ed PCo/Us2611/0832990si ti on
and the dogs each snap into a groove in the casing hanger. The enbodi nent
as shown in Figure 8 secures the wear bushing to 15 casi ng hanger seal,
which in turn is connected to the casing hanger, which is | anded on the
wel | head. I n an alternative wear hj pg, ..t he connectar,k 18 may connegt a
over por  1oalY ThoiEts a08s S e dPAL B b e RECRR St PalfiesSody the
rather than the casing hanger seal._In still other enbodinents, the

i nt er conned¥alogf dre weglhﬁ/a@lr Wising-ngl am desian (gehighbaareferredsoveri diamatye
acconplish 20 the desired goals, and the wear bushing nmay not be

i nt er connectesynsi thiat enayhentertchaneeisihegbustnigeito dhe wedlhead i withdud reg eonrsacor

In the preferred enbodi ment, the bushi ng/ wel | head housi ng connect or

I nt er conneditting Wathin sdrodgevdr hrdceesee lih hgadiniyridt aalldonehé esiMaeet orThg t h
WO 2012/ 047350PCT/ US2011/ 043290 radi ally novable ridges or teeth that fit

W thin rges i ece i l, lheag+hOMShIRG-

Thi o dect gRer iRl BoubREEaTmAG) PRARKRIY JAGUEDE ARG g canany

i nterconnect th shing to th l.hea | t t nn r fitting wthin
or ooves. or ekatnd SR el dote (Ereel). ARl FRRRRAOR, whictt daIntt
bushi ng/ wel | head housi ng connecter preferably includes a CGring with
axi al |y profibes g 4$96§8¥§eWWﬁgh i nclude the teeth, although connectors
which do not utilize a CGring nmay be used. In a suitable application
a wear bushi ng raya beitabladepplieatiomeacueampguskingenaynme endedson gheraasifize
damage to the wel |l head housing, the casing 10 hanger, and the casing string
during r ot danger and bervasi fol ndhiming.dahhagdus thegwelites] hgusingneled arasing al |y
connects the wear bushing and the wel | head housing, and this is
acconpligehegingel h and ahel @uaRlge st AGrid@Ototibit hof aheerifit skfiRBt arhe
portion of thé connector within a corresponding recess in the interior wall

oo S BB b 05 ANEh ESLART, v LRBKIRU B S PD G | .
actuat or Slh%%\éleng(,j%% {sdistaoccg%rp ighég %vit Ogr}gt?ite%blrear%inﬁlrigy to%%vw?crhdforces at
least a portion of the connector within a corresponding recess in the interior wall
of the wellhead housing. In one application, a lockdown piston on the running
15 tool is axially moved in response to fluid pressure and moves an actuator sleeve
downward to force the connector radially outward.

The techniques disclosed herein reliably secure the wear bushing to the
wellhead housing, and in most applications an additional trip into the well will be
required to activate the bushing/wellhead housing connector compared to

20 embodiments wherein the wear bushing is run into the well with the bottomhole
assembly and drill bit, and the wear bushing is not secured to the wellhead

housing. The cost of additional trip into the well is worth the benefits, however,

that derive from reliably securing the bushing in place to the wellhead housing.
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The techni ques disclosed herein reliably secure the wear bushing to the

wel | head housing, and in nost applications an additional trip into the well
will be rwounr2#d7iso activate the bushi ng/ wel | head housi RgTAISAIEO43200
conpared to 20 enbodi ments wherein the wear bushing is run into the well
with the bottomhol e assenbly and drill bit, and the wear bushing is not
secured to the well head housing. The cost of additional trip into the well
is worth the benefits, however, that derive fromreliapl ecuring the
bushing i n ol aceitnguBhe e embadnenis, of the Texfiohotiate el ppgcnosd
enbodi nents of the invention have been descri bed herein in sone detail,

thi s has bdeheildAesasae slejait dhist s paspsinns splelior dheinkgPrases QhexRiaiging
aspects of the invention, and is not intended to |limt the scope of the

i nventi on dke dafionedspectstod tiké aiventioh] ahd ihbbintendenso lgkit thedcope bhehear t
will 5 understand that the enbodi nent shown and described is exenplary, and
various ot hefergiohsas tdgfinedisin e erahis ORRicRN@IIGRDi Thesas i gkilked Imehaldirngilbut
not limted to those design alternatives specifically discussed herein, may

V0 2012104 750G AR TP SrABHRIRTH 27 A RS RE iR g s
e A LR A, R SR MR BB Bb I B R B
Fanony To. WBiar Ra i gE bk o el ot e P e o T
the casing string during rotation of a drill string;

practice of the invention without departing from its scope.
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a bushi ng/ wel | head housi ng connect or supported on the wear bushing for
axi ally connecting the wear bushing and the wel | head housi ng; and 10t he
retri evabWe 201vmiasg t ool actuated to connect the wear bwshiusgoiands2vhe
wel | head housing with the connector, such that at |east a portion of the
connector is received wwth a corresponding recess in an interior wall of
the wel | head housing. 152. A wear bushing and running tool as defined in

Claim1, f ri sing. a bushing/ casi ng hanger latch axially
i nter conne%hﬁﬁé%ﬁbo&hi ng and the casing hanger. 203. The wear
bushi ng and running tool as defined in Claim2, further conprising: the
bushi ng/ casi ng Hanger® |Wgarhbushipg aged rettavabley retniGar @obyor assebsea wealp
2012/ 047350PCT/ US2011/ 043290 4. The wear bushing and running tool as
defi ned i n aSsamblylincfugindg arweltrgad lsousing and a casing hanger within the wellhead
housing and supporting a casing string, comprising:
5 the wear bushing for landing on the casing hanger to minimize damage to
the wellhead housing, the casing hanger and the casing string during rotation of
a drill string;
a bushing/wellhead housing connector supported on the wear bushing for
axially connecting the wear bushing and the wellhead housing; and
10 the retrievable running tool actuated to connect the wear bushing and the
wellhead housing with the connector, such that at least a portion of the

connector is received with a corresponding recess in an interior wall of the

wellhead housing.

15 2. A wear bushing and running tool as defined in Claim 1, further
comprising:
a bushing/casing hanger latch axially interconnecting the wear bushing

and the casing hanger.
20 3. The wear bushing and running tool as defined in Claim 2, further

comprising:

the bushing/casing hanger latch is biased radially outward by a spring.
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a | ocking nmenber axially interconnecting the running tool and the wear 5

bushi ng. 5. The wear bushing and running tool as defined in aim1l,
further cwWORPi2LI4MIFO t he runni ng tool supporti rgTAISpéIIEI2I@Xi al |y
noveabl e with respect to the 10 wel | head; and an actuator sleeve
responsive to novenent of the piston for forcing the bushing/well head

housi ng connector radially outward. 6. The wear bushi ng and
running tool as defined in Claimb5, further 15 conprising; a shear

menber connecting the actuator sleeve and the wear bushing for preventing
axi al nmovenent of the actuator s|leeve until the shear nenber is disabl ed.
207. The wear budhi ng TAdweahrusgingoand seniegitaeldas slefinad in 1Glaigp el durhenhe
runni ng tool includes a piston novable in response to fluid pressure in the
runni ng toaomprisatd:uat e t he bushi ng/ wel | head housi ng connector. WO

2012/ 047350PCT/ US2011/ 043290 8. The wear bushing and running tool as

defined in O aim fockfng Meib&oarailsimeiconnecting théeuhrini tael walbl theagear
housi ng connector includes a C-ring having a portion received within the

correspcgﬂdidwughrr@qess inthe interior wall of the 5 well head housing.

5. The wear bushing and running tool as defined in Claim 1, further
comprising:
the running tool supporting a piston axially moveable with respect to the
10 wellhead; and
an actuator sleeve responsive to movement of the piston for forcing the

bushing/wellhead housing connector radially outward.

6. The wear bushing and running tool as defined in Claim 5, further

15 comprising;
a shear member connecting the actuator sleeve and the wear bushing for
preventing axial movement of the actuator sleeve until the shear member is

disabled.
20 7. The wear bushing and running tool as defined in Claim 1, wherein

the running tool includes a piston movable in response to fluid pressure in the

running tool to actuate the bushing/wellhead housing connector.
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9. The wear bushing and running tool as defined in Caim1, further

conpri si ng: an i nner sleeve positioned at |least partially within

t he body wO 20teep4resar 10 bushi ng, the inner sleeve bei ngpraxitskéng/omro@bl e to
rel ease the bushi ng/ wel | head housi ng connector and retrieve the wear

bushi ng. 10. A wear bushing for a subsea well assenbly including a
wel | head housing and a casi ng hanger within the well head housi ng and

Supo0r {113 2 12 g bl ushi A58 PP, B3 1 UL

hanger to m nim ze damage to the well head housing, the casing hanger, and
t he casi ng COMAMSHuring to rotation of a drill string; 20a
bushi ng/ wel | head housi ng connect or supported on the wear bushing for

axi al |y connect ithg bhshing/marellbaatii hgusing cdrenactdd hieclddé® usi Gging thavirge a
connector in response to actuation of the running tool, such that at | east

a portion qlortidte r¥E:iA6d 2W KK ERPCHHESROAINGSARRRSCRNMRS titerio? WaNE3VETE Wi t h

a corresponding recess in an interior wall of the wellhead housing.

11. The geqfeIPEsSAiH defined in Caim210, further conprising: 5a
bushi ng/ cag\lleng %ange?ﬁpét ch axially interconnecting the wear bushing

9. The wear bushing and running tool as defined in Claim 1, further
comprising:

an inner sleeve positioned at least partially within the body of the wear

10 bushing, the inner sleeve being axially movable to release the bushing/wellhead

housing connector and retrieve the wear bushing.

10. A wear bushing for a subsea well assembly including a wellhead
housing and a casing hanger within the wellhead housing and supporting a
15 casing string, the wear bushing positioned downhole on a running tool,
comprising:
the wear bushing for landing on the casing hanger to minimize damage to
the wellhead housing, the casing hanger, and the casing string during to rotation
of a drill string;
20 a bushing/wellhead housing connector supported on the wear bushing for
axially connecting the wear bushing and the wellhead housing with the connector

in response to actuation of the running tool, such that at least a portion of the
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and the casi ng hanger. 12. The wear bushing as defined in C aim 10,
further conprising: an actuator sleeve responsive to actuation of the
runni ng twol2ofaa73sor ci ng 10 t he bushi ng/ wel | head housi ngCrasa@aed290 adi al |y

out war d. 13. The wear bushing as defined in Claim12, further
conprising: a shear nmenber for preventing axial novenent of the actuator
sl eeve until the shear nenber is disabled. 15 14. The wear bushing as

defined in Caim21Q, further rising:. . an inner sleeve sitioned
at | east p&OITSFRY i hPHeEnwtony caloRaciisaretiisniman MR walcom e
axially novabl e to rel ease the bushi ng/ wel | head housi ng connector and
retrieve tWellRead housiigng. 20 15. A nmethod of mininizing wear within
a subsea well assenbly including a well head housing, and a casi ng hanger
wi thin the wel | head housi ng and supporting a casing string, the nethod
conpri si ng:
11.  The wear bushing as defined in Claim 10, further comprising:
5 a bushing/casing hanger latch axially interconnecting the wear bushing

and the casing hanger.

12.  The wear bushing as defined in Claim 10, further comprising:
an actuator sleeve responsive to actuation of the running tool for forcing

10 the bushing/wellhead housing connector radially outward.

13.  The wear bushing as defined in Claim 12, further comprising:
a shear member for preventing axial movement of the actuator sleeve

until the shear member is disabled.

15
14.  The wear bushing as defined in Claim 10, further comprising:
an inner sleeve positioned at least partially within the body of the wear
bushing, the sleeve being axially movable to release the bushing/wellhead
housing connector and retrieve the wear bushing.
20

15. A method of minimizing wear within a subsea well assembly
including a wellhead housing, and a casing hanger within the wellhead housing

and supporting a casing string, the method comprising:

-16 -



WO 2012/ 047350PCT/ US2011/ 043290 | andi ng a wear bushing on the casing
hanger to m nim ze danage to the well head housing, the casing hanger, and

t he casi rgo=rmgsduri ng rotation of a drill string; PCT/US2011f083290 di ng a
connector for axially connecting the wear bushing and the 5 well head
housi ng; and actuating a running tool to connect the wear bushing and

the wel |l head housing with the connector, such that at |east a portion of
t he connector i? recei ved \A/ibth|i1.n a cqrrespon ing rﬁéess. i.n a inte[i&{qwall
of the well head %‘ﬁ@@ﬁg‘!"ei‘b YNNG M AdeNASAIeFT R ANNINIER HARASE G R her
conprising: axially interconnecting the wear bushing and the casing hanger.
17. The nmetritiead Rpusingdhercasing hanger, fanek ther casing Strcnguring setgfien 1af iy a
| ockdown piston on the running tool axially noveable with respect to the
wel | head; aiidl string; provi ding an actuator sleeve responsive to novenent of
the | ockdown piston for forcing the connector radially outward. 2018.The
met hod as defi nedloviding ai darkhéctdrufdrhgtialboeBnhséttigj the wear bushing and the
5 wellhead housing; and
actuating a running tool to connect the wear bushing and the wellhead
housing with the connector, such that at least a portion of the connector is
received within a corresponding recess in an interior wall of the wellhead
housing.
10

16.  The method as defined in Claim 15, further comprising:

axially interconnecting the wear bushing and the casing hanger.

17.  The method as defined in Claim 15, further comprising:
15 supporting a lockdown piston on the running tool axially moveable with
respect to the wellhead; and
providing an actuator sleeve responsive to movement of the lockdown

piston for forcing the connector radially outward.

20 18.  The method as defined in Claim 17, further comprising:
preventing axial movement of the actuator sleeve with a shear member
connecting the actuator sleeve and the wear bushing until the shear member is

disabled.
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preventing axial novenent of the actuator sleeve with a shear nenber
connecting the actuator sleeve and the wear bushing until the shear nenber
i s di sablw0.201@73012/ 047350PCT/ US2011/ 043290 19. pThaspwt lnast@s
defined in Caim15, further conprising: axially interconnecting the
wear bushing and the running tool when the wear bushing is run in the well.
20. The nethod as defined in Oaim15, wherein the bushing/well head housi ng
connector includes a Cring.

19.  The method as defined in Claim 15, further comprising:
axially interconnecting the wear bushing and the running tool when the

wear bushing is run in the well.

20. The method as defined in Claim 15, wherein the bushing/wellhead

housing connector includes a C-ring.
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