WD 2012/ 047350PCT/ US2011/ 043290 WEAR BUSHI NG FOR LOCKI NG TO A WELLHEAD
CROSS REFERENCE TO RELATED APPLI CATI ON This application clains the
priority of U S. Provisional Application No. 5 61/390, ShbhResen Cct ober
7, 2010, Wha1gIgEfosure 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
bushi ng which positions drill pipe fromengaging the casi ng hanger, the

vell head, and ! hayEasRNBUBHINGFORIIGCKINGEIOANVELL DNVENTI ON Vihen

drilling a subsea well head, a well head housing will typically be 15 | ocated

on the sea floor and a i - i |1 and cenented into
pl ace. A caEQwp ﬁﬁ&ﬁEﬁééﬁgMﬁﬁ%@C&gﬁ ead housing and is secured
to the upper end of the casing. A drill  bit dri.Ll _.SkLi . a
drilling vesselTfpa@&ﬂ@%ﬂ%ﬁ@?’?ﬁrt&ﬁgﬂ”?rﬁ@ %ﬁr}%‘egﬁoﬂ%{ﬁéﬁigngﬁ%{%t‘égmg
nanger gorszig;é,%?% f?igcl‘}ltlr: %%tgbpe?'r%t |281n08,' the disclosure of which is incorporated

herein by reference for all purposes.

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 fioor and a casing lowered into the well and cemented inlo
place. A casing hanger is supported in the wellhead housing and is secured 1o
the upper end of the casing. A drill bit and a dril 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 intercon'nected
with the casing hanger, which is conventionally supported in place by the

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



20Various types of wear bushings have been devised to |and on the casing
hanger and Iimt wear to the well head housi ng, the hanger, and the casing
suspended from the hanger. Sonme prior art wear bushing i nnect ed
with the PRSI H ‘gﬁger, which is conventionally suppor?ggﬁ%ﬁdlg@%%oby t he
wel | head. O her wear bushings are connected to the casing hanger seal,
which WO 2012/ 047350PCT/ US2011/ 043290 in turn is supported on the casing
hanger. I n sone applications, the casing hanger may mgrate upward in
response t dnhughid buppbridess uhe dasingvhahgeharpesomavaralicatiorsndit casinghe
casi ng hanger and the wear bushing in response to fluid pressure in the
wel | i's detydrgentraly rhigratbeipaxed &l tesponpesehigh fidie pvessurdbeloivige tengsi.ch i s
toreliably Iimt wear on the hanger and casing by the rotating drill pipe.

U. S. Pat entp,51 1088t dif 36 @aeBgehaer tandete \bewstbustinghinclespsnsufepliited on
the casing hanger. U.S. Patent 5,025, 864 discloses a wear bushing that

connects t r&&r‘aré%'m QentiveictAapiRtl henB6 TovekhlSpuipabentt the 368arOGRhigscl oses
anot her type of wear bushing which is supported on the casing hanger. O her

10 patents gficf RUERdy Rk Wiar Bndhe Rangt and casidg B e forlliid T pipand

4,340, 2 _ vantages of prior art ovefconme by the present
e o AR R ah IHE DanBat a8 batingimcieRekgahes
2012/ 04735%‘?} t/euggsgr% /h%%%égo &Wgntago%%éi\'\é@ms@' 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 {J.8. 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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I n one enbodi nent, a wear bushing and running tool are provided for a
subsea wel |l assenbly including the well head housi ng and casi ng hanger. The
wear bushing is renovably supported in the well head f Tk (2 damage
to 5 the%?"ll?’{%ﬁ&‘“housi ng, the casing hanger, and thegggfsﬂlsgdglwdoﬁjfz?ﬁg
drilling operations. A bushing/wellhead housing connector axially connects
the wear bushing to the well head housing. The retrievable running tool is
actuated to connect the bushing to the well head housing, such that at |east
a portion giMMARYADRGEEINVENTIEN®I ved within a correspondi ng groove or
recess in an interior wall 10 of the well head housing. A bushing/casing
hanger connect of gy calsegingertahl weardsuebtig thed rueaing boshanegoramidetiHer 8asi ng
hanger . These and further features and advantages of the present

| nventi on widdeaNGEPHBSARBRIIAALAhEQM tWisinbadmuising dred abtied rdeger.i Ahieon,
wherein reference 1s made'to the figures in the acconpanying draw ngs. 15

WO 2012/ 04 738 DRCH MPROIEINOAIAP QBRI RERERIETHCEY O miifmidiRpdEhageRogur & 1

is a cross- view of ‘a suitable wear bushing. Figure 2 and 3 are

each al e_rﬁ%ti Vﬁhﬁg?ﬂﬁﬁr%ﬂéé ﬂié aﬁadg{@arh%p’i aq*g,d h@ Usidy | dulringt Imitieg t he

wear bushi sect’l on 5 view of a running tool

| andi th bushi ! | | ; ' trat
2 por tYon FereRESued anREAg EREH AT B 4R coneddnd W e 6

the vell heggs'hing 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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Figure 8 is a detailed cross-sectional view of a portion of the wear

bushi ng | ocked to the casing. hanger seal assenbly. 10 WO :
2012/ 04735§PC£/0§§2‘911/ 043290 DETAI LED DESCRI PTI ON OF PRERFERREREM30D VENT
Fi gure 1% [3‘”{ a wear bushing 10 for landing on a casing hanger, which in
turn is positioned within a subsea wel |l head. During drilling operations,
drill pipe passes through the bore in the casing hanger and rotates within
the 5 downhol e casing. The purpose of the wear bushing is to mnimze
damage to HRIERDERSRIPHONORGHE RRABSNGP hanger, and the casing during
rotation of the drill string. Wear bushing 10 as shown in Figure 1 includes
a mai n body or Husé nds d2rodsatextionsiohewiod msLétable weahusbingas t he
bushi ng/ wel | head housi ng connector for axially connecting the wear bushing
and the wel | heagidipa pidig. 3 Areléhchavmmativel embbdiengtihoba sisanglslisfng hanger
connector 18 is provided near the |ower end of the body 12 for

i nterconnecti ngFIghu?e VERLstbMed g waad Heireashogn haiimire aandxgpbactivethi
further bel ow The wear bushing as shown in Figure 1 includes nut 40

W th thieads Ag g nn;ﬁ?gi]flo'agla%ﬁ’l th&MWRaM HUeAIngh %ééin@%%h%@lg body 12 to

facilitate manufactu g 15 and assenbly of the wear bushing. Actuating

sl eeve 26 is sh | RN 8:nl,. Q- had i V&Ead OVeMRLE GsHdvd @sponse
to the actuati OE@{% %é%?u‘ﬁﬁ %g:!i?%’t(r)%@t% S e’%‘?rtgi i!rrlﬁ(éZS gnd for%e | at ch

hani 6 radiall . t | | head, h in Fi
S Froure b e e g RIS AREA8, " oar bushi ng. 10 i ncl udi ng
20 [ I 20.. A pl | it f .shear. pi 4 .. t '
body 12 1o t he Fiier 043 acbiien ek eI Vel QT BOuSaRf R b RBER 10 (e

upper end of _
Jocked to the casing hanger seal assembly.
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i nner sleeve 20 by shear pins 28, and includes a | ower surface for sliding
engagenent with the inner surface of the connector 16, and an upper surface
for WD 2012/ 047350PCT/ U52011/ 043290 hol di ng connector_ 16 radi ?%Iq out war d.
Connect owa&ippeBYdes one or nore teeth or ridges 30 AP 2t‘%/i ng
within a respective groove or recess provided in the well head. \Wen the
connector 16 is in the set position, the outer surface of actuating sl eeve
26 in engagenent with connector 16 may be a non-tapered 5 surface. Figure 2

al so depi Chg1ay PEYRESE MiPfIONOF PREFERFED ESOBIMENasound the body of the
bushi ng. These seals need not seal with the interior of the well head

nousi ng. but doeBeRl | %Bg%técgﬁéﬁéfbgeﬁihgimfda%@d} bHS badingaangdrevbichhi ng

and the wel | head®housin 2 1S provided for retrieval of the wear
bushi ng by. engagi ng s it xphaidaed BypRgAHNd YoerkBbhguim 3
depicts yet" Qﬁ%ﬁ%@38@85@%@%‘“@a§?‘§8§h‘.ﬂ%g lg]dwi th ?he P{aglt ch mechani sm 16
having teeth 30 for fitting in the grooves:in hﬁjgg[ BEMEHR4 1S
secur ed t oPPRePBHEF? gl'é'o‘(ﬁh 1%%%%3“%5@ icﬁétdgaﬁéﬂggy\%bgw e svs\)llvt h i nner
teeth. Further details of this enbodjnent e di | espect
to Fi gube JoWPheIf GSINGhe TBAHRYERIREN? {%W\?ﬂ%Hsﬁﬂéﬁ?g@?@? @%és)\ggm g%nt\r?/ard 15
novenent of an actuating ring to force latc chani sm 16 radi al ut war d.
Each enbodiheewelihagd BPwoNg.(EF fFeY %@%gaﬂ‘gﬁg‘gr‘:&ﬁ@@ﬁurm ﬁgg(iﬁ)l%sé%@ged
bel ow. Details regarding techni aues for retrieving tlhe wear bu%rg?i ng.shown
in Fi guresddll shithg3 sYearabeshing 36,25 680WBI B ORIy dr @Ckdgs fi G1alN {498y \War
bushing 10 as shown in Figure 1 |anded on 20 casing hang&r 44, which in
turn is | anelesing ri2welldtbie abob@nisnt 16 de previdedhasdbe bhshinoavelbgad fiausihal
casi ng hanger latch. Seal assenbly 48 seals between the casing hanger and
t he wel | hegghnabig for akiahyg cdineadtiogriné nvear qusbing and thﬁwgujlead housing.” A
10 lower yield strength bushing/casing hanger connector 18 is provided near the
jower end of the body 12 for interconnecting the wear bushing and the casing
hanget, 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 o 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 fo
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
50  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 186, and an upper surface for



connected with the well head. Figure 4 depicts a suitable running tool 32
for WD 2012/ 047350PCT/ US2011/ 043290 actuating the |atch nmechani sm 16.
Mandrel 35 of the_running tool includes through port 3 pi ston 34
supportedw8ﬁﬂ?h$%?hnning tool nmoves downward in respong%ﬁggﬂ?ﬁﬂ?%mpressure
Wi thin the running tool, thereby noving actuator sleeve 26 downward, and
novi ng connector 16 radially outward. For 5 this enbodi nent, the body 12 of
t he bushing includes a recess 38 for receiving connector 36 to interconnect
t he runni notdia) camctdret Gvemiallyusivaig. aScnitrsionT @ inclidaseena ot Hofhiesel | |
Figure 5 shows in greater detail the actuating sleeve 26 pressed downward,
thereby fopgiiages Be czenrfeciininglathin ameshectivengioove enmectssr progided in 8 al |y
outward so that the teeth 30 each fit within a respective groove 31 in the

vel | head 46)ifbgy Wa@hehURBI bGndBorE% iseinatticakély pbsitaledheheutes sodaedof o t he
wel | head, but need not be preloaded. In other applications, the wear

bushi ng rraxéc{?%nﬁ%@fé&%eéaansaig%gbménarmwﬂbonﬁmomermaysdﬁ Agn@Sstapeesdn i n
e

Figure 5 may nl ocked fromthe 15 well head 46 by a running tool with a

SPli L Tt risEite IFidlte 2 it tElcls: PRVl Y opriBhal Gdbrdflséhié GlirdrBuad tieo!

functional I'y St | to piIst own in Figure 4. The retrieval ring 52

9 Bl 1 L Sobhal el nBhn e RAOS, QXA JBA ULEE Wi 30 Rbida 1A Aholg o eeve

26. Once t has € wear bushing, pressure nay be
increased iin the |

housing, butRio Qeitadfy frt A28 i O aRQuibE VerkDsn HeSbhidPYRS yftpwn and
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 bu'shing 10 with the latch
mechanism 16 having teeth 30 for fitting in the grobves in the wellhead. Sleeve
84 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 10
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



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 actuatin i gibhe
retri evaM® g% e bl owout preventer rans above the \%e({TI( eglgmrrézy( be cl osed

and pressure then applied through WO 2012/ 047350PCT/ US2011/ 043290 choke
and kill lines below the rans to force the piston upward. An axially upward
pull on the workstring may also be transmitted through the running tool to
assi st in paLaiky#he Idoe mpukardsrhotae lppticdd3d of tthe ravpingt foal Indlyes26 wi | |
shear the small teeth on the split shear ring 56, thereby unlocking the

act uating gﬂré@]rﬁ coronrBt Sechvehdthgizebn @4r kogisoroed tdre the ashniggneshenc\e2 may
urge ring 56 Imto engagenent with mating teeth on sl eeve 26. The ranms nmay

be then be i IRATLIRUTBEATe IatHIm avE dunrihg t@dlotherdmcmovige | s
the pri nar?/&gﬁ‘{a%?kl?%séec ni que kbgr each of the Figure 5-7 enbodi nents. The

Figure 6 egﬁﬁg{o@&e\@% gihlﬁrﬁm)é}&,rhﬁohﬁm‘?ﬂfdd@éb(né&bp%irﬁ;&amﬁ@bﬂmi’amF:‘lé}

simlar to scusse Igure 5. Figure 6 shows in greater detail a

ti f. th bushi ' ' i 16
"ot cheaSt otEmPREEIY i desdol of 1, bOslhg Hidudes HrbSedd P B Iee PR, P ui

pressure | s rel eased ] b e LURBORAA @k hel Bk by 56 ko Lhe

surf ace,

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 o 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

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

be increased in the 1.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 coliapses into the groove 55 at the top of the actuating ring, thereby

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

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



as shown in Figure 6 remains in its |ocked position due to ratch latch
mechani sm 15 56 connecting the interior sleeve 20 and the actuating sl eeve
26. Shear_pins 24 prevent upward novenent of the sleev hage to the
body 12,‘W'9°Hﬁvrﬁg sheared to retrieve the wear bushiﬁ8¥$§%ﬁygﬁgmmell by
pul l'ing upward on the bushing. If the primary unlock as di scussed above is
unable to rel ease the Figure 6 20 wear bushing, e.g., due to build up of
debris in and around the tool, the inner sleeve 20 nay serve as an

enmer gency @hblekarsl eillvimasobeinivottie rareswieafore@she ngsonorPvarl. wel [Reigldy
Picking up on the tool with additional force will shear the pin 24, thereby
al | ow ng umgafacad ¥ efein wofkstrirey shgelss BO ansmittaskiheaught iBetrbaning 490l tho
2012/ 047350PCT/ US2011/ 043290 bushing 12. During this action, the split ring

22 captur e%s%i@t f SHIOONE Theshneae fdomappiedimviredattoatmyage Aohweillstheal der 23
on the wear bushing, so that retrieval of the sleeve 20 also retrieves the

tover v e ATE TR SBIEMA] U S APk ansatnig 1
5 from the wellhead. O-rings or the biasing member 62 may urge ting 56 into
engagement with mating teeth on sleeve 26. The rams may be then be opened
and the wear bushing rétrieved. The above technique is the primary unlocking
technique for each of the Figure 5-7 embodiments.
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 fatched 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 aciuating 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 1o retrieve the wear bushing from the well by pﬁtiing upward on the
bushing.
If the primary unlock as discussed above is unable 1o 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 {0 the wear



5 the body of the wear bushing may be retrieved to the surface.

Figure 6 al so depicts a shear ring nenber 58 which interconnects the
actuating sleeve 26 and the inner sleeve 20. In the evlfdjltft}#zg'ﬁh}éz% t ool
cannot r &Y@A¥EHTAY wear bushing fromthe well head in one' o € nmanners
descri bed above and the retrieval tool cannot be released fromthe
actuating sleeve, a 10 hi gher upward force on the actuating sleeve wll
shear the ring 58 and will thereby allow the retrieval of the running tool

wi th the aﬁ&é&ﬁﬁ' g, Dunglg thie dchiah, bhelit neaaR oapturay ihe grakerin seeve 20
subsequently retrieve tﬁe wear bushing. Figure 7 shows yet another

enbodi ment R s Ad tHeedHd e EB bhehveaar ushinggsé tahretieval
wel | head. Fﬁfv?ﬁiugﬁ@gfe, IIrﬁ'kﬁgetqkir eving ring 52 connects to the 15 actuating

sl eeve 26, Bﬁ@hcgpequ@%g@ _rg\fgtgf)?gt Rl DeANbidMn@xber hah mbctsreewe 664 thuki ch i s

pinned to IMg” bo ring 56 carried on the actuator sleeve has

?ﬁéegc: 3:: gw‘émh%qcﬁgé@%SF%”Fgﬂawxﬁ%@p%ré!n?&)é%. St: sé\haiRMBLAIcCR 2 vaRpId ed to

retrieving ring 52 may be used to pull

EQ?CZ‘C? éaltn ”j@%&y?@qﬁﬁéw{é%ﬂ%aﬁs? Eﬁf%ﬁé%?ﬁﬁ%%?ﬁ%ﬁ% R 8 further upvard
egment & 66 1 r oROVRGOHIRY SPARG not BgiTHE0D oo ERAMErRETERE 6 my

then be retrieved with the actuating, sl ee 6 ,and
actuating sleeve 26 and the inner%leeve X6 %n the' Bvent 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 sieeve 64 which

~ is pinned to bushing body 12. Spiit ring 56 carried on the actuator sleeve has

outer testh which mate with teeth on sieeve 64. An upward force applied to the

actuating ring 26 through the retrieving ring 52 may be used to pull the actuating

fing 26 upward and reiease the laich 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



the wear bushing 16. Ring segnents 66 are thus joined at a plurality of WD
2012/ 047350PCT/ US2011/ 043290 circunferential | ocations to the body of the
wear bushing, and these circunferential connections sh se ring
segnents‘@@%ﬁgﬁﬁpﬁhe body of the wear bushing in respoﬁ@gU%%lg@%ﬁﬁ
predeterm ned upward force. Wth actuating sl eeve 26 and sl eeve 64 noving
upward, latch nmechanism 16 may nove inward, 5 thereby releasing the wear
bushi ng fromthe well head. Figure 8 shows in greater detail a

bushi ng/ casirBgmhabgen (evatiecs oto Shei Micetycarindbe i mgat hbushisti rapdidhaskl t he

i nner seal sleeve 20. Latching dog 54 is biased radially outward by spring

56, and i nglugaframiARShhesRBEHear torevant ring eyessis 66|fark thaJppey okt op
surface 60 1s provided for planar engagenent with the 10 casi ng hanger seal

assenbly t MR%Es thdmyieaeRty Ssodehamivesd upwahi fugeav Withr asipetitgt o t he
casi ng han@é‘?@éﬁ?f‘% tgﬁfgr eéo?él ower sﬁfref ace 61 allows the dogs 54 to nove

radial |y 1 yerg e Laues 9 i Lb0gho, RASh L aaAtsh 1 Bemalogmveaolarnap

into a groove I'nthe casi ng hanger. The enbodi mrent as shown in Figure 8
conncer &t T TERE et pg ek Red bR oA el Thead. 1 an

The wear bushi nGs ScETge 8 REERery RanSEr SRR hafee ek &% Casi ng
bushi ng- anirterseniesiwcha Bshar i SToRe roehseahyErEhedo eidhstded 88 450 <
hanger or - piRssdastiAly ReME byGarInG 56, and| RORAES By 1t S BTN S t he

bushi ng/ wel | head housi ng connector interconnects the bushi %% with g@g
wel | head bpressowd idickg Uppebaisecusiacaiotns neyided 5riianas GeRaessss 1o 490

10 casing hanger seal assembly o prevent upward movement of the wear bushing
with respect to the casing hanger, while tapered jower surface 61 allows the
dogs 54 to move rédiaily inward when lowered fo é 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 -



radially novable ridges or teeth that fit within respective slots or
recesses in the wall of the well head housing. This design is highly
preferred over alternative designs that nay interconn jng to the
wel | head wi toh2e73® connector fitting within grooves oﬁgﬁgggééggégk t he
interior wall of the well head. The 5 bushi ng/wel | head housi ng connect er
preferably includes a CGring with axially projecting fingers which include
the teeth, although connectors which do not utilize a Gring may be used.

In a suitahl e ARRLLAS iHABes Br WRA iRuShiwidimeysieetivastiesioprecerees siheg
hanger and serves to m nim ze danmage to the well head housing, the casing 10

hanger, and th | Hd@irdur TRG &ekighiiomighly thefedreul dvestatiengativehe
bushi ngs/ hwa@ioﬁéﬁgylan@gégrﬂd;u%@fly conne@:‘tsi thgﬁ\g\ed;r bushi ng and the

wel | head housin p@ggﬁa% PHS%rF{)En@&QQéT%IuEﬁE@dtOV‘éhtehwéﬁﬁe%wxivé@\/cﬁblaewmmﬂ:itafrg t ool

whi ch for c€s5'af ion of the connector within a correspondi ng

recess in the interior wall of I ' ltRe ORSIHRBBI | Tkl on, a
| ockdown pf‘@f‘%nw'g?i”tW@OY%rﬂrnﬁCéﬁ%%ts\(l)ﬁ tﬁgqgtfi}?ig I%glél?n())\f/etdei n response to

fluid pressure and noves an actuator sl chRRCHith heqgRnnect or
radial | § obyskngwellinead ?‘?Hﬁ‘nge%ﬁﬁeﬁ{?ésp%?%rgfag@ﬁ%%ge%n rrelbi abl'y se?ur e the
wear bushing to the well head housi and in.no i i.Qp '
BGai ¢ 1 onal peisnDrigeTHevViE) (nGTe ks BaGFeRUEs RPeLER Wi @ no
bushi ng/ wel | head housi ng connector conpared to 20 enbodi ments wherein the
wear bushi niffizesa €uing maybewsedel | with the bottonhol e assenbly and drill
bit, and the wear bushing is not secured to the we|l hea{jciqﬁﬂouahn% The cost
of additional tinia suithblet srpiwelion,i @ wastHSHY FePF (1000 RRVEY “3PHE:
derive fromreliably securing the bushing in place to the wel]| head, housi ng.
hanger and serves to minimize damage to the wellhead housing, the casing
10 hanger, and the casing string during rotation of the drill sting.  The
bushings/housing connector axially connects the wear bushing and the wellhead
housing, and this is accomplished with a retrievable running tool which forces 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 fiuid pressure and moves an actuator sleeve
downward to force the connector radially outward.

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

50 embodiments wherein the wear bushing is run into the well with the bottomhole
assemnbly 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 1o the wellhead housing.
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Al t hough specific enbodi nents of the invention have been described herein
in sonme detail, this has been done solely for the purposes of explaining

t he variqy 2ESRERLS of the invention, and is not intengetut®ildspiot t he
scope of thé invention as defined in the clains which follow Those skilled
inthe art will 5 understand that the enbodi nent shown and described is
exenpl ary, and various other substitutions, alterations and nodifications,
including but not limted to those design alternatives specificall

di scussed her ei Althergh Beesiieeempodinensy éﬁtmée*rﬁ?n’{'%%qweﬁ??% %Cf'%%t
departing fromits scope. 1. A wear bushing and retrievabl e runnjng tool

for a subsaareieln sameerdiay, thischasibagn slorel saelidonBesPFOsaS Ch eXBIYI P hanger
wi thin the wellhead housinng and supporting a casing string, conprising:

the wear byshiarpubarspeatsdifrie dmvention casd rgndiaintpaded do himi fieAeoBaMAYE to t he
wel | head housi ng, the casing hanger and the casing string during rotation
of a drill jskhiidi.ast definaeaim ks biaivgs hahich gobowadTlddey skiliearin soe fart avilf or
engagenent with a radially inner surface of the well head housing; a

bushi nglwe| L hsahnaaHsi e SABGERIEDE sisswpantiebsenbéd s saanplaiys bhd gasods
ext endi ng between the wear bushing and the well head housing for axially

connecting, gcstdgﬁg@géh@,héwaﬁ&% tahe MWRIdftaadndomeiuagig abe not hieiteet td evabl e

runni ng too to connect the wear bushing and the wel |l head housi ng

with the. CAMREChian %%%hqnag%'i}gg oliean} RsdRbed Herlih, ey TRNARRIEOM e

recei ved respo ecess in an interior wall of the well head
housi ng, the ar . hushi ng. hej. ] wel | head housi ng and
retrievabl B" ’?%Oiﬁ@'Pwﬁﬂpﬁghpg%ﬁSgséﬁmqu%iﬂﬁgggﬁ%ushing and running too
as defined in Caim1l, further conprising: a bushing/casing hanger |atch
axially interconnecting the wear bushing and the casing hanger. 3. The wear
bushi ng and funning tool as defined in Caim2, further conprising: the
bushi ng/ casi ng hanger latch is biased radially outward by a spring,

-12 -



13 AMENDED SHEET - IPENUS conpr|5|ng a. Iocklng nenber aX|aIIy

i nt erconnecting the running tool and t he wear bushi ng. 5. The "wear bushi ng
and running tool as defined in Caim lfurther conprising: the.giynning tool
supporting apiston axially noveable with respect to the mellhead” ond

an act uat or sl eeve responsi've to novenent of the piston for forcing the
bushi ng/ wel f head housi ng connector radially outward. The wear bushi ng and
runni ng tool as defined in Caimb5, further conprising; L

1. A wear bushing and retrievable running tool for a subsea well assembly
including a we!lh{ead hoﬁsin‘g and a casihg hanger within .tﬁe wellhead housing and
~ stpporting a casihg string, compriéing' | | |
~ the wear bushmg for Fandmg on the casmg hanger to minimize damage to ihe
" weflhead housmg, the casmg hanger and the casmg strmg durmg rotation of a dill |

s’mn‘g, the wear bushmg having a radtaiiy outer surface for engagemert with a radially -

- inner surface of the wellhead housmg,

-a. bushmgfwetlhead heusmg connector supported on the wear bushing and

‘ extendmg between the wear bushzng and the wailhead housmg for axraﬁy ccnnectmg the

-wear bushing and the weﬁhead housing; and

the retnevab}s running tool ac’iuated to connect the wear bushmg and the well head

| housing wsth the connector, such that at least a portion of ihe connector is recewed with

- a correspondmg recess in an interior walf of the welhead housmg, the wear bushmg

being separab!e from the welihead housmg and retrievable with the mnmng fool.

2. Awear bushing and running toolas defined in Claim 1.,:further cc;mprising:

a bushing/casing hanger ateh axially interconnecting the wear bushing and the

casing hanger.
8. The wear bushing and running fool as defined in Claim 2, further
comprising:
the bushing/casing hanger latch is biased radially outward by a spring.
13
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a shear. menber- connectii.ng the actuator sleeve and the wear bushing for
preventing axi al noverment of the actuator sleeve until the shear nenber is
di sabl ed. 7. The wear bushing and running tool as -defined U@f %%n11,
wherein the running tool includes a piston novable in respéh%e o fluid
pressure in the running tool to actuate the bushlng/mellhead housi ng
connector. The wear bushing and runningtool as defined in Caim1, further
conprising: 14 AMENDED SHEET | PE A/ US t he bushlng/mellhead housi ng
connector includes a Gring having a portion received within the
corresponding recess In the interior wall of the mellhead housi ng. 9. The

wear bushing and,run to as defined fur C i sing: -.
an inner sl eeve posi ﬂ‘%rgi'ée&r %ushuégaépd d&?ft"igaﬁ"P% ?Eﬁ'inﬁd t'he [gg\dy g‘{ﬁRérhe wear

bushing, ‘the inner sleeve being axially novable to release the

bushi ng/ wel | FEXE*busi ng connector and retrieve the wear bushing. AlO. A -

wear bushing for , foahP e e BidaiyIRe Aoy 1 ARG o6 HE e \GF nikRiMG! "9

5. The wear bushing and running tool as defined in Claim 1, further

compnsmg

the running tool supporting a pistan axnaily moveable wsth respect to the wellhead ‘
and-' |
an actuator sleeve Tesponsive to movement of the piston for forcing the -

bushingfwellhead housing connector radially outward.

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

comprising,
" 'a shear member connecting the actuator-s!éeve. and the wear bushing for

: preventing axial movement of t}_:e aciuator slesve until the shear member is disabled.

7. The wear busﬁing and running tool as defined in Claim 1, wherein the
running tool includes & piston movable in response to fiuid pressure in the running tool to

- actuate the bushing/wellhead housing connector.

8.  The wear bushing and running tool as defined in Claim 1, further

‘comprising:

14
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and a casing hanger within the wellhead housing and supporting a casing

string, the wear bushing positioned downhole on a running tool, conprising:

the wear bushing for landing on the casing hanger to- nlngﬁhzejdanage to the

wel | head. housing, the casing hanger, and the casing strfﬁ@ during to

rotation of a drill string; ~a bushing/ wel | head housi ng connect or

supported on the wear bushi ng and extendi ng between the wear bushing and

t he-wel | head housing for axially connectlng t he wear bushing and the

vel | head housi ngthsi bushinplwelhenn doueing iconnegtop inebides 6 Geing avibd P8 .r unni ng

tool, such that at |least a portion of the connector is received with a .

cor r espondi negceieasieyisinithe covesponging mcesedn the drtena walefithewelieabiisRg, t he wear

bushi ng bei ng separable fromthe well head housing and retrievable with the

running tool. 11. The wear bushing as defined in Caim10, further |

conprising: -5 AVENDED SHEET .- | PEA/US MCSLLP a bu shlng/ca5|ng hanger

latch axially infercOhaerser yshing: apdaknmBngs ok g@safefinehdn Caimhg. Agkger

12. The wear bushing as defined in.Claim10, further conprising: an

act uat or sl eewpripig&ponsi ve to act uati on of the runnlng tooI for forcing the

bushi ng/ wel | head, housi ng connect or radi al | The wear

bushi ng as def i na#inner sgexe pesitpned ﬁfrlﬁq‘ﬁéﬁa'ﬁﬁﬁwt?'ﬁ’lﬂﬁﬁgb"dé{ ogﬂ'@d’i’eal"rﬁﬁ‘r%‘!é\g f or

preventing axial novenent of the actuator sleeve untj|l nenber, is
yoihes e

di sabl ed. - the4nnertrieaye heinguariaiiignaeblee o FRIRRSE nihe) RAERT
conpri si ng: an inner sleeve positioned at.least Partially within the

body of. t he SRSBCIas@BHhIakipve theaves] BB0BIhei ng axial 'y Movabl e to rel ease the
bushi ng/ wel | head housi ng connector and retrieve the wear bushing.

‘1‘0. A wear bushing for a subsealwell assémb!y including a wellhead _hb‘using
' and a casing 'hang'er within the wellhead hgusing gnd suppcrtin_g a ca.sing‘ string, fhe wear

* bushing positioned dewnhoﬁe ona running tool, comptising:
| the wear bushing for !anding on the casing hanger to minimize Hdamage to the
welthead houéing, thé casi-hg ,hanéer, and the casing ,t‘;tring during to rotation of a dril

' string; .‘ |

a bushi_ng/wel!héad ﬁousing connector supporied on the wear bushing and
: -exﬁend’ing between the wear bushing and the wellhsad housing for axially connecting the
| wear bushing and the wellheéd hquéing with the connector in response td actuation' ofthe
;urining tooi,. such that at leasté po&ion of the conneclor is received with a corrésponding
| recasé in an interior wall of the wellhead housing, the wear bushing being separable from

the wellhead housing and refrievable with the running tool.

11, The wear bushing as defined in Claim 10, further comprising:
15
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15. A nethod of mnimzing wear within a subsea wel| assenbly including a
wel | head housing, and a casing hanger within the wellhead housjmg;and
supporting a.casing string, the method conpri sing: | andi ng a wear
bushing on the casing hanger to mnimze damage to the wel |l head housi ng,

t he casi-ng hanger, and the casing string during rotatiion of a dril
string, the wear bushing having a radially outer surface for engagenent

Ve Os e Suging AR ol ey TP RN B ae W SR buis i ng

and the well h@ﬁ’#%a?i ng for axially connecting the wear bushing and the
wel | head housing; and actuating a running tool to connect ‘the wear

bushi ng  and the wel 1 head housing with the connector, such that at |least a
portion of the connector is received within a corresponding recess in an,

interior wali of 12“6%11\:1%}%%?;' 4Sddifed In %@im-m,‘?lér’t@h%@ﬁg:de“ ned in Caim

15, further conprising: axi I nterconnecti’n ar~’bushi ng and the

casing hanger. , gy %Ztuatgpﬁf%%bg%néﬁe debiadn 1P uid @Eﬁﬁh%%ool ff&l”f&]geﬁ% éﬁ“ﬁ y

conprising: supporting a own piston on the runnihg tool

noveabl e wi tf-hRsRBMead ﬁ’onfﬁﬁ waehtlaﬁ%g?a" c' ard. provi di ng.an actuat or

sl eeve responsive to novene 0 own piston for forcing the
connector radially outward.” 18. The nmethod as defined in Caim17, further
conpri sing: " preventing axial novenent of the actuator sleeve with a

shear menber. conpect gy s BudtigURidRfinsd S 8% M4 wdaushing until the
shear nmenber is disabled. il et ‘ rﬁ%ﬁ%ﬁgm&
~ @ shear member for preventing axial movement of the actuator sleeve until the

shear member s disabled.

- 14 The wear bushing as dafined in Claim 10, further comprising:
an inner sleeve positioned at least ;'aadiaily within the body of the wear bushing,
 the sleeve being axially movable to release the bushing/welihead housing connactor and

 retrieve the wear bushing.

15. A method of minimizing wear wifhirp a subsea well assembly including a
wellbeaé- housing, and a casing hanger within the welthead hqusing and supporting a
casing string, the_ method comprising:

iandiﬁg a wear bushing on fh’e casing hénger to minimize damage o the we!!head
housing, the cési‘ng hanger, and tﬁe casing string du ring- rotation of a drill string, the v&gar |
bushing ha_vinga radially outer suﬁacs for,e.ngagement with a radially inner su;;face ofthe

weiihead'housing;' .
16
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19. The nmethod as defined in O aim15, further conprising: ,aXJ q -y

i nterconnecting the wear bushi ng and the running tool - when' the &ear bushi ng
is runin the well. 17 AMVENDED SHEET - | PEA/ US MESLLP . 20. The net hod
as defined in Claim 15, wher ei n t he bushing/ wel | head housi ng. connect or

[ ncI udes a Cring; .- 18 AMENDED SHEET - ThEA/ usS -

prowdmg a connector and extending between the wear bushing and the weﬂhead

* housing for axra!ly connectmg the wear bushing and the weﬂhead heusmg, and
acrtuatirsg a running tool to connect the wear bushing and theweiihead housing
with the connector, such that at [easfé portion of the c.onnectof is received within a

- corresponding recess in an interior wall of the wellhead housing."

16; The method as &eﬁned in Claim 15, further comprising:’

~ axially interconnecting the wear '—bushing and the casing hanger.

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

* supporting a lockdown pisian on the running tool axially moveable with respect fo

Athe wellhead; and

providing an actuator sieeve responsive to movement of the lockdown piston for |

forcing the connector radially outward.

" 18. The method as defined in Claim 17, further comprising:
preventmg axial movement of the actuator sleeve with a shear member connectlng

the actuator sleeve and the wear bushing until the shear member is disabled.

19. The method as defined in Claim 15, further comprising:
axially interconnecting the wear bushing-and the running tool when the wear
" pushing is run in the well.
17
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MOSLEP

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

connector includes a C-ring. |

18
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