COLLAPSE ARRESTOR TOOL Field of the Invention: This
invention relates in general to subsea wel | head
assenblies, and in particular to a tool for
preventing the coll apse of a wear bushing during
testing of a drill-through spool or tree. 1
Background of the Invention: A subsea well is
typically drilled by drilling a first portion of the
well and installing conductor pipe and an outer
wel | head housing. Then the well is drilled to a
second depth and SOLLARSEARRRSTOR FAOLng is

i nstall ed, the casing being suspended by a high
FicldeftheInyentioisad housing that |ands in the | ow
pressure wel | head housing. In one technique, the
operatqr. |l owers a b] owout
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wel | head housin en drills to tot )
152 (4G st dhe bl Gpg ot %‘ﬁg‘“@f‘!“ﬁ?% ot hp Bduen
referred to herein as a "vertical" tree, he will then

SRt the wel | by perforating and installing
tubing, with the tubing hanger landing in the high
pressure wel |l head housing. He then will install a
production tree on top of the high pressure well head
housi ng. Alternatively, the operator could land a
tubi ng head or spool on the high pressure well head

housi ng before the well is drilled to total depth and
connect the bl owout preventer to the tubing spool.
The operator would conplete the drilling through the

tubi ng spool and conplete the well by installing the
t ubi ng hanger in the tubing spool.



The vertical tree would then be | anded on the tubing
spool. If the operator is going to use another type of
tree, called a "horizontal" or "spool" tree,
typically, he would install the tree on the high
pressure wel | head housing, then conplete the well and
| and the tubing hanger within the tree. Another

techni que involves |anding a horizontal tree on the

hi gh pressure well head housi ng before enploying the
drilling riser and bl owout preventer to drill the

well to total depth. In this technique, the first and
second portions of the well are drilled 2 and at
Bazhgtoundhef the Isvention:i ng of casing installed wthout the
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Alternatively, the operator could land a tubing head or spool on the high pressure
wellhead housing before the well is drilled to total depth and connect the blowout
preventer to the tubing spool. The operator would complete the drilling through the
tubing spool and complete the well by installing the tubing hanger in the tubing spool.

The vertical tree would then be landed on the tubing spool.

If the operator is going to use another type of tree, called a "horizontal" or "spool"
tree, typically, he would install the tree on the high pressure wellhead housing, then

complete the well and land the tubing hanger within the tree.

Another technique involves landing a horizontal tree on the high pressure
wellhead housing before employing the drilling riser and blowout preventer to drill the

well to total depth. In this technique, the first and second portions of the well are drilled



a production outlet port. A wear bushing will be

fitted within the bore of a horizontal tree or tubing

spool while at the surface to protect the sealing

surfaces within the bore during subsequent drilling.

The wear bushing is a tubular sleeve that will cover

all of the ports leading into the bore and al

sealing surfaces in the bore. Normally the wear

bushing is sealed to the tree bore above and bel ow

the ports to prevent entry of drilling nud and debris

amt ay leabtehe fiyotrstring of paingtingpalied adthous thervegiel adewauh preveriies. The

val ves |l eading to these various ports be tested after

hérezontaktesedands orbiop gf thp bigh preasirdeelthepdistusing.cadd the driHimg riser is

hi gh pressure wel |l head housing. Normally, each port
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it for supplying 3 hydraulic fluid pressure to the

plowbutipe¢versen ot ihnay &¢ va highl pressiraypg wWitly s irfage biPeut nseventer

pressure exerts an inward force on the wear bushing.

Weated en die diilling esealigfhe efwedterrdribte fveugh thside tatotad depth and runs

hori zontal tree or tubing spool, the wear bushing is

thaichsing Hirough dheablowoutrmeventi andadfillihg ribwor elhdi apeatoeringtadls the

t he passage of casing, casing hangers, drill bits and

tubiag harger in Thedotiemttal peessure coul d cause buckl i ng and

col | apsi ng of the wear bushing. U S. patent 6,966, 381
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There may be ports for electrical lines for downhole sensors, as well. A horizontal tree

also has a production outlet port leading from the bore, but a tubing spool would not have

a production outlet port.

A wear bushing will be fitted within the bore of a horizontal tree or tubing spool
while at the surface to protect the sealing surfaces within the bore during subsequent
drilling. The wear bushing is a tubular sleeve that will cover all of the ports leading into
the bore and all sealing surfaces in the bore. Normally the wear bushing lis sealed to the
tree bore above and below the ports to prevent entry of drilling mud and debris into the
ports.

Industry practice requires that the valves leading to these various ports be tested

after the tree or tubing spool has been installed on the high pressure wellhead housing.

Normally, each port will have a small diameter test passage that leads to it for supplying



will close around conduit and al so close the ful

bore. Al so, choke and kill lines extend alongside the
riser fromthe surface to a point bel ow one or nore of
the cl osure nenbers of the blowout preventer. One
manner of testing the bl owout preventer is to |lower a
test tool on a string of drill pipe through the

bl owout preventer. The test tool has a packer el enment
that seals to the bore of the tubular nenber on which
t he bl owout preventer is secured. The operator closes
byteawt flubbprejsorsup ¢hempomblestweeartbeimalve bl de webr brishiag.adde test
supplies fluid pressure through one of the choke and
Riiepsure] eixeressantiovard recealtedwein hudhiere.  def i ned by the

cl osure nenber and the packer elenent. If the test is
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the tool serves as runni ng too e tree

other enbodi nents, the tool serves also as a bl owout

pr ev évipder tew grocedyrg isaired intortpsa theiblpstoahereventer pfer ifjge fanded
supportln menber of the tool has a seal that seals to
anf defory Filbig easwrst Pellowput prevsntaghas powmberpfeciqsyis) menabers that
| ocated on a string of drill pipe, and the bl owout
vl elasperernd eonduit gyiedpozplase the filﬁ@m@r iAl50, ghqke and il ljnes ppgend
I n a chanber between the supporting nmenber of
alongside the riser from the surface to a point below one or more of the closure members

of the blowout preventer. One manner of testing the blowout preventer is to lower a test
tool on a string of drill pipe through the blowout preventer. The test tool has a packer
element that seals to the bore of the tubular member on which the blowout preventer is
secured. The operator closes one of the closure members around the drill pipe and
supplies fluid pressure through one of the choke and kill lines to the sealed chamber
defined by the closure member and the packer element. If the test is successful, the test

tool is retrieved and the drill string ran back in with a drill bit.



the tool and the bl owout preventer. The operator

applies fluid pressure to this chanber to test the

bl owout preventer. The valve ports in the tree or

t ubi ng spool would be tested during the sanme trip.

The reacting nenber may be of various types, whether

incorporated with a blowout preventer test tool or

tree running tool. The reacting nenber nay be a rigid

menber with an outer dianeter substantially the same

as the inner dianeter of the wear bushing. For

exanpl e, the reacting nenber could conprise a nunber

of vertical plates extending radially fromthe stem
n_anot iment, the reacting nenber seals to

%%Emﬁﬁﬂgﬁﬁ%ﬁggﬁ‘gf of the wear bughing. The

suppdn thingversioner togleia layveras intadhdiageeordebingygoely ddie tool has an
defining a sealed chanber between the supporting

wppRbeIppertitg trismbereercits eng, Asteesxtenting doperaddiony sl suprerting
5 fluid pressure to the chanber to exert an outward

hembse aph atrerstivg membersini the stew. hsireacting mempefasaies frgthirpand
bei ng exerted by the test pressure. In a further

eghgsed pminer, dizrheterod getieanpushipgrb Brenc s ¢sss isgpplied to the port,
i nfl atabl e bl adder that is expanded radially by

yhintpactexfernally againsé the mveer bublring ot ishwisted e igpw@ing member.

i ncorporated with a bl owout preventer test tool, the
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drilling is conpleted and before running the tubing
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the wear bushing. In that instance, retrieving the

th® %peﬁls&‘ﬂoﬁﬁé LiembESoft € t0ME Bds PitaNihBlseal® to the bore of the tree or
tubing spool. The tool is located on a string of drill pipe, and the blowout preventer is
closed around the drill pipe, resulting in a chamber between the supporting member of
the tool and the blowout preventer. The operator applies fluid pressure to this chamber to
test the blowout preventer. The valve ports in the tree or tubing spool would be tested

during the same trip.

The reacting member may be of various types, whether incorporated with a
blowout preventer test tool or tree running tool. The reacting member may be a rigid
member with an outer diameter substantially the same as the inner diameter of the wear

bushing. For example, the reacting member could comprise a number of vertical plates
extending radially from the stem.
In another embodiment, the reacting member seals to the inner diameter of the

wear bushing. The supporting member seals to the bore of the tree, defining a sealed

chamber between the supporting member and the reacting member. The operator applies



Brief Description of the Drawings: Figure 1 is a
sectional viewillustrating a first enbodi nent tool in
accordance with this invention, the tool being a
running tool for the tree as well as resisting test
pressure forces applied externally to the wear
bushing. Figure 2 is a partial sectional view
illustrating a second enbodi nent of a tool in
accordance with this invention, the tool being a

bl owout preventer test tool as well as resisting test

i€ %?e%u?e fohEERmBRPb G SXSuBN Al drYe §Ptht MRaMBEKing to resist the
bushing. Figure 3 is an enlarged sectional view of an
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of Figure 2. Figuré 4 is a sectional viewillustrating
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i nvention, the tool being a bl owout preventer test
5r0Qhre AtoWMhlthe @Sn. resisting test pressure forces

applied externally to the wear bushing. Figure 5 is an
enl arged view of a | ower portion of the tool of Figure
4. FiVginanemagated Witk o biawent rewRiesfeshingh et BB deTERE"
of a tool constructed in accordance with this |

q2AR et theryalvesadter BisIdrilise r*fgcoam&ﬂt%w@é@efﬁfeer\t}%%ﬁhe fuybing hanger.
tool as well as resisting test pressure forces .
Hisplopletray bews A ripping gramisr i 470 Bhiss WE# gbuslinge 18 el fnstance,
Description of the Invention; Referring to Figure 1, a
pEieYinghe itol alseiphisyes Ve eadtingssenbly i s shown,

i ncluding a high pressure well head housing 11, Hi gh
pressure wel |l head housing 11 lands wthin a | ow
pressure wel | head housing (not shown) and has a string
of casing that



extends into the well to a selected depth. In this
exanpl e, a casing hanger 13 is shown, which would be
connected to another string of casing that would
extend to a deeper point in the well. In this
exanple, the well was drilled and casing hanger 13,
along wwth its string of casing (not shown), cenented
in the well all without the use of a drilling riser.
However, in some cases, no casing would be installed
wi thin high pressure wellhead housing 11 until the

44 hd ' j oyed. To continue drilling, the
gélglgéts%?pt\f/dnﬁ)?hilénlzrtag{ﬁgsa drill-through tubing nenber on
wel | head housing 11, and connect a drjlling riser to .
t he thigs his asesiioas! viewhillpsifedng 2o iodiment {pPldn accordance with
drill-through tubul ar nenber conprises a horizontal
thisdavention, figitoql being gipaningoiRph fos e tigh PhyelsFosTisting desbagssure
Tree 15 has a wel | head connector 17 on its |ower end
forpgs anpledarrreally il e veafysHag dogs 19 that are actuated
into engagenent with an external profile on well head

housipgireld is d parfiddissctioXAVRMElludtfabfy 4 Becbi@Berdvdiment of a tool in
orientation sleeve 21 that extends downward fromit

{Q6rdsict it dhik Mvendidie tHRObE WingWeblbedhrdentsi Rg tddl as well as
above casing hanger 13. Orientation sleeve 21 has a
@ﬁktln%@ést HERQRNE Bordad abplald ek@rnaByRIROWERblgtingngaged by a
key (not shown) of a tubing hanger assenbly (not

shown) to  .orient the tubjng hanger relative to tre

5 Ras 1 e Orhoneh b 3t g iR bb S e
it, | thi? anpl.e, the inner dianeter of bore 25 is
Qﬂ%%ﬁ%ﬂwéF’Pﬁégﬂﬁ er end and snaller at the |ower end
of tree 15, but the smallest inner dianeter portion

i s espant halkly stdiendaview abluitiaeng nneherderabrelireent off a tool in
casing 8 hanger 13. A production outlet 27 extends
detdanth @itk xiie iriveditionf therted tbmgtaoblbwowe p2éventéy test tool as well as

resisting test pressure forces applied externally to the wear bushing.
Figure 5 is an enlarged view of a lower portion of the tool of Figure 4.

Figure 6 is a sectional view of another embodiment of a tool constructed in
accordance with this invention, the tool being a blowout preventer test tool as well as

resisting test pressure forces applied externally to the wear bushing.



production valve 29 controls well fluid flow ng out
producti on passage 27. A lower tubing annulus 31
extends frombore 25 to the exterior of tree 15. Lower
tubi ng annulus 31 communi cates an annul ar space
surroundi ng the tubing (not shown) with the exterior
and has a valve 33. In this exanple, an upper tubing
annul us passage 35 extends between bore 25 near the
upper end of bore 25 to the exterior. A valve 37

wi t hi n upper tubing annulus passage 35 controls fluid
Détailed Desoppibon df gl Ingergtionul us passage 35. I n addition,

al t hough not shown, ports will exist for supplying
hydraulic fluid pressure to ports in the tubing
hangdiefdtidng delFisues Y. #hpasiaghol ianwbseaowellhguharenely siaf seyn.
val ve. Also, tree 15 may have one or nore ports for
iatlading p bigh prepsyesswe!bgadl haysing bin High pessues wadlhegddoggipg | bignds
for connection with tenperature and pressure sensors
witldn aploopredsity vemilheddelequsing hot shotymetnsli s $timg of Faping that
some applications, a tubing spool would be enpl oyed
gxganfieinta thamwehor ¢ sedevted| depthy die thisexampleud Fasiye Jpeasy 1Mhawn,
resenble tree 15 but it would not have a production
yhisls wepdd bgconperted te amvitry ssips of casing thebypeld peens tg a deeper point
shoul der for landing a tubing hanger wthin, and it
inshe welhalnethjserenple.cthe gl vesidried angi agsiagBangprt | @long yvith its
electrical lines. Prior to lowering tree 15 into the
strén, of gasigainobilietyn ) geradmitddgin itheswel] #lbwithgut e pishefradrilfimg riser.
Wear bushing 39 is a sleeve that provides protection
Hayveyers én SBneagpatnsp casingnsyeuldcher insiglledrwitiin highapessye iwHead
Wear bushing 39 covers all of the ports or passages
hevsing binend! the ddllinglrisey ispmodeyedi on out | et passage 27, and
tubi ng annul us passages 31 and 35. Preferably wear

bushirgQoRhubARIAR, HOREEraP Rl dfal14lardiN@touk A gORerBber on
mati ng shoul der “in bore 25, Al so, wear bushing 39

WIRERT RRLiMe NS 1A HRREN 2 SBRingAdsdk A6 hEARRPURNMHRE  In this
embodiment, the drill-through tubular member comprises a horizontal tree 15, but it
could comprise tubing spool instead. Tree 15 has a wellhead connector 17 on its lower
end that is conventional and has dogs 19 that are actuated into engagement with an
external profile on wellhead housing 11. In this example, tree 15 has an orientation
sleeve 21 that extends downward from it for sliding into the bore of wellhead housing 11
above casing hanger 13. Orientation sleeve 21 has a helical groove 23 that is

subsequently engaged by a key (not shown) of a tubing hanger assembly (not shown) to

orient the tubing hanger relative to tree 15.
Tree 15 has an axial bore 25 that extends through it. In this example, the inner

diameter of bore 25 is greater at the upper end and smaller at the lower end of tree 15, but

the smallest inner diameter portion is essentially the same as the inner diameter of casing



poi nt where upper tubing annul us passage 35 enters

bore 25. A lower seal 45 |locates 9 bel ow the point
where | ower tubing annulus 31 intersects bore 25. In
this exanple, lower seal 45 is located in the inner

di aneter of orientation sleeve 21, which may be
considered to be part of tree 15. War bushing 39
extends to the lower end of orientation sleeve 21 and
covers helical groove 23, preferably. Both the inner

and outer diameters of wear bushing 39 may vary, as
Bdngenl 3. TAerodupiier oytletr 27 @aend$ frolethé exterior dif et £to bge 25. A
greater than the lower portion in this exanple,

prefludiibn yalae 20 peatras fatt ifflngl flapep edt slodudtide pastége TheA lower
i nner di aneter of the |ower portion of wear bushing
@8ing snedused ] eatendy feah bore LB antht lagteriormif e 5. Niowever dibargenarlus
of any tubular structure |ocated bel ow, such as the

3 hevedmaii@rs tae anoflartspee casiundingtiteachieg (ooshows) wigh the exterior
hanger 13. The outer diameter of the upper portion of
addns Hudi 339 18%his samble engippattaring 4nnalns pdseage 8§ extends between
di aneter of the |ower portion, and the thickness of

hdae 2 1 peee rthepppkt @1 dfboreglseatiry extéidreA Vavedi hgitlin @ppet Bybing
test fluid pressure can be applied to each port or
pasiengsssié,35 cddirolSHuidfidwith apmer tobittg aanelds prstagnds. Hhaddition,
This pressure exerts a radial inward force on wear
dhstighngt §Dwnt pardiwil) ekist foasipplying hiydradlal fluag pressuterto pbres in the
enbodi nent of Figure 1, a tool 47 has features to

tabing diingeofok dgibiengthtongh lindgitghtdoohinds vifge valec uAlso, treetllairsay
enbodi nent, tool 47 has a connector 49 that connects
Ha0®lone 47 niode poree fdvileetrizbl firaes leading fagn ttheextdfor to bore 25 for
Connector 49 may be conventional and has a | ocking
heweot bith ttb@peratsreu gk thressiiraasahsirnt ande pgageiendn wildctrical
a grooved profile 53

submersible pump.

In some applications, a tubing spool would be employed rather than horizontal
tree 15. A tubing spool would resemble tree 15 but it would not have a production
passage 27. As a tubing spool, it would have a shoulder for landing a tubing hanger

within, and it would have ports for hydraulic fluid and optionally electrical lines.

Prior to lowering tree 15 into the sea, a wear bushing 39 is installed within bore
25. Wear bushing 39 is a sleeve that provides protection to bore 25 against damage
during drilling operations. Wear bushing 39 covers all of the ports or passages
mentioned, including production outlet passage 27, and tubing annulus passages 31 and
35. Preferably wear bushing 39 has an upper shoulder 41 that lands on a mating shoulder
in bore 25. Also, wear bushing 39 preferably has an upper seal 43 located above the

point where upper tubing annulus passage 35 enters bore 25. A lower seal 45 locates



formed in bore 25. A stemor mandrel 55 extends

t hrough connector 49. In this exanple, stem55 and
connector 49 have nmating threads so that rotating stem
55 in one direction pushes |ocking elenent 51 outward
and rotating in the opposite direction allows |ocking

el ement 51 to collapse inward. Alternatively, this
connection may be activated by 10 hydraulic pressure
supplied via a renote operated vehicle or by an
unbilical Iine to the surface. Stem 55 has an upper
behove g Paink hers oven abing gpmdust3d ipterseetharg 5. di fhipgrample, lower
rotating stem55. Stem 55 has an axial passage 59

ek Brislosged wrtbeigheridiameter phorienisiiamplpeve 2h Whidepayolhs considered
menber 61 is secured to stem 55 for engagi ng the inner
W@ibarpet of trest 15at Wegrdnshing:3Graiantinie the lopenaendng fptigioggleeve 21
Reacti ng nmenber 61 is shown engagi ng a | ower and
adicayrat hebieal grasme 8%, pigdarblbushi ng 39, but the position
could differ. Reacting nenber 61 nmay have a variety

of coyfy @btk ARASURR diamStefsl @iwdal Bushiig 38 XATRAS, Bfshown. The
Figure 1. Preferably, it conprises a plurality of

FRe dridh 6XtheNEHePdiaRleRt &S grekterothad @ loRB pdriiorC RUth[ Rhififle,
be solid because there is no requirenent for fluid to
RERDg LA LAWAD i BN WouI84 460 unelimgr ShRERAHT thd BwktHostion
exanple. In the nethod of Figure 1, tool 47 is

sFae6dsatlg 39 i E(ﬁﬁl dSgrddtertthd B EfidmOmWhidd didnfeter of any tubular
connector 49. The operator lowers tree 15 fromthe

SHEDLRCB AN B8] Llrad thoupbNGahdter of YRI G8thk Yatthded to casing
connecting a string of drill pipe to tool 47. The

HR&E 3t OrrhaGhiptiBRetdebt A€ afper GORIBE GF Wearltushifg 39 is also greater
conventional manner. The operator nmakes up vari ous

tRAARE SlitePBBmMER: of A6 IR tp3rtRAJarkEdS AHESeR o tthe@rpbPpaiish is
supplies test fluid pressure to the various ports to

&&l. the various valves 29, 33 and 37. The operator
tests the valves in a conventiona

After landing tree 15, test fluid pressure can be applied to each port or passage 27,
31, 35 and those mentioned but not shown. This pressure exerts a radial inward force on

wear bushing 39, tending to cause it to collapse.

In the embodiment of Figure 1, a tool 47 has features to arrest collapsing that
might otherwise occur. In this embodiment, tool 47 has a connector 49 that connects tool
47 to tree bore 25 for running tree 15. Connector 49 may be conventional and has a
Jocking element 51 that is urged outward into engagement with a grooved profile 53
formed in bore 25. A stem or mandrel 55 extends through connector 49. In this example,
stem 55 and connector 49 have mating threads so that rotating stem 55 in one direction
pushes locking element 51 outward and rotating in the opposite direction allows locking

element 51 to collapse inward. Alternatively, this connection may be activated by

10



manner. The test fluid pressure communicates and is
applied to the outer dianmeter of wear bushing 39

bet ween upper and | ower seals 43, 45. Valves 29, 33

and 37 and valves for any other ports will be closed

at this tinme, enabling the operator to determ ne

whet her pressure holds. The radial inward force due

to the test pressure is resisted by the rigid

reacti ng nenber 61. Because of the | arger outer

di aneter of the upper portion of wear bushing 39,
hidradicwirdsburd eupphieduypnarembto vpeated mghdicie nt bydarcurhigli¢ahdine to the
external test pressure. The engagenent of | ocking
edrée n$terd 55 Wt in dpper threaddd| ead 57 tHaocan@ds oesirgitsgringhfer rotating
upward |l force. After testing, the operator rotates
steia 55 5 Steinrd Sthiaearopqixd passaze db retetdimgnthtonglalt irothis ekoaie.ng
element 51 to retract or unl ocks the interface

hydr aAl eagt | ere ef SP ?sl secfur Afffg Fteﬁ%‘?t@%d%@k%%e %glg&%ugg?r of at

The opera or pu rom wear I'ng

e%’ca Gitio P—a'ga W& ﬁ’ ligzl ttheS %eeg%?‘ sashg\%!: g% i a?o%cr and
P o Paflon o ey PSR ? rgtrﬁ the

nces er dr|

I

Wfrléqeru orﬁ1 ?nzcggw?am ?\m tB\e %L_f,tmqb%m J@%?%@?cggg %\E\n}%ers&
[ 1 d f' t
%g%g{r% ay r"ilet 4 %on%gl?r%%oens élagx 2}5%{ 19%&: %gﬁlé o% k‘%ﬁ%ﬁ ulf]}?fterably,
%%gwér%gs :pugaél?y o%ra]é )ﬁtendmgapqg%& brﬁdfgg 11%% ﬁgrﬁéld %%2%}@ solid
I ff fluid f

Cecéz)ue d[}%rg(r)ls% e Lll’llheéneglr %ﬁvﬂgg&) %asg {h{ou\ggrﬁwce?algm gﬁg n%u%rsgem 55
mtls ﬁﬂ?&? are sized for closing across the full bore
or dicamet er of pi pe. BOP 62 al so has a nunber of

choke and kill lines 66 that extend al ongsi de the
ri serdn thadnathdent Rigvee il nipedrd7ds cofme@e@PtoptBee 15 at the surface with its

connector 49. The operator lowers tree 15 from the surface onto wellhead housing 11,
typically by connecting a string of drill pipe to tool 47. The operator actuates wellhead
connector 17 in a conventional manner. The operator makes up various connections to
the ports and passages of tree 15 and supplies test fluid pressure to the various ports to
test the various valves 29, 33 and 37. The operator tests the valves in a conventional
manner. The test fluid pressure communicates and is applied to the outer diameter of
wear bushing 39 between upper and lower seals 43, 45. Valves 29, 33 and 37 and valves
for any other ports will be closed at this time, enabling the operator to determine whether
pressure holds. The radial inward force due to the test pressure is resisted by the rigid
reacting member 61. Because of the larger outer diameter of the upper portion of wear
bushing 39, there will be an upward force component due to the external test pressure.

The engagement of locking element 51 with the profile in bore 25 resists the upward
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at different points between BOP el enents 64 and
bet ween the | owest BOP elenment 64 and tree 15. In the
exanple of Figure 2, tool 63 differs fromtool 47 of
Figure | inthat it is not used to run tree 15.
Rat her, tool 63 is |owered through the drilling riser
and BOP 62 for testing the BOP and the val ves of tree
15. Tool 63 has a supporting nenber 65 with a | ocking
element 67, normally a split ring that selectively
noves radially froma retracted position outward into
gngagenent with profile in bore 25. Supporting nenber
65 lands on rim4l of wear bushing 39 in this

as a bore seal_ 69 .that i.

exa . Tool 63 h YpJ.ca

ol as LA R0 0 SBRRT SR SET, Fan Ui hroti GRG0 Hiow
ner gi zed. stem 71 t hr, h ..65 .
ST ishe! btk o GG L0 0T RGO CSgel B

h.as drill pipe 12 72. A J-slot and pin t

Bl btz S mes ot B 97 bt et pbiPegd % phegurtuce
unni ng- | iti ith | ocki I t Q7 t
Hrred U Hitere P grUB e B et | hiSoBFeEs finegiufite e
diqection di sengages the J-slot and pin, allow ng stem
YLt 0 nove downward relative to supporting nmenber 65.
The downward novenent causes | ocking elenent 67 to

nove In tigtemdosdimentiod Fignga) éigsarhe mintdmald dve upliet fdreree hS.bABOP

25 and al so pushes downward on seal 69 to deformit
6N¢'BOBBAEL shvgvnesnlymupeina it conhdcled o b graded Profilamt theigpper end of
menber 73 is nounted to a |l ower portion of stem55 for
BRJagBIOPIR is tdnReritiogal iuni &icated atnied leweradhd wéarrd fotnsihg mpart of a
39. In this enbodi nent, reacting nmenber 73 is annul ar
dhithghéssr. SRAP 62 K omuinilies olément064 foorlosieabffiyidaf@y.nSéme of
the inner dianmeter of wear bushing 39. Optionally,

the alementd 6¢ atgl sizebefori clbdin@hoyndr gip¢ al veduodiameess setothers are
within the outer

sized for closing across the full bore or any diameter of pipe. BOP 62 also has a number
of choke and kill lines 66 that extend alongside the riser and enter the interior of BOP 62

at different points between BOP elements 64 and between the lowest BOP element 64

and tree 15.

In the example of Figure 2, tool 63 differs from tool 47 of Figure 1 in that it is not
used to run tree 15. Rather, tool 63 is lowered through the drilling riser and BOP 62 for
testing the BOP and the valves of tree 15. Tool 63 has a supporting member 65 with a
locking element 67, normally a split ring that selectively moves radially from a retracted
position outward into engagement with profile in bore 25. Supporting member 65 lands
on rim 41 of wear bushing 39 in this example. Tool 63 has a bore seal 69 that is typically
elastomeric and seals against tree bore 25 when energized. A stem 71 extends through

connector 65 and has an upper end that connects to a string of conduit, such as drill pipe
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di aneter of reacting nenber 73. Ports 76 lead to the
bases of the grooves containing seals 75 for
supplying fluid pressure to push seals 75 outward into
seal i ng engagenent w th wear bushing 39 at the
appropriate tinme. The annul ar space surroundi ng stem
71 between upper seal 69 and reacting nenber seal 75
conprises a seal ed chanber 77. Supporting nenber 65
and seal 69 serve as an upper packer, and reacting

menber 73 and seal 75 serves as I %ﬁﬁagggg. Stem .
T2 MASIoARARR @0t PRELGE MBI G HEHAIE 8 oL
79 is closed at the |ower end, and has.one_ or _.nore 71
prsitioavgthgackingzalemeahy Teirasied e ser & vaenergizefiaRpapnesem 71 In
Preferabkg, each outlet 81 has a pr isure r;%&efd lati
ol djisct@ dissagagesl thedwslot angwins ployias %‘Fﬂ“g 43 gy cpgvnpgrd relative
chanmber 77 onlg when a sel ected pressure has bee%7
WeHPROyiEng, mesehsr 6% nBieglonnivgrdgpeemenigausey (ofkipg Elgpent 07 to move
directly with stem passage 79. |In the operation of the1
ertyerdi infe engagement it dhoprofiledn bats 25 and gljo pghes dymyardey sea
conventionally with a conventional running tool. Then

¢hie deformiitriefo seding prgagedient WilkberaAYd 13 the riser and
BOP 62 attached. The operator then |owers tool 63

t hr ougReatdi thénSRF 73 BQRounted taAdowepdaios WP preint S Snendrgagdbtent
on upper shoul der 41. The operator rotates drill pipe

Wih tHeQndeELRAS@: S0 Bidshin@ 39DVE tHEOMBA Nt WHctiy watised3 is
| ocki ng menber 67 to engage the profile in tree bore

Arulad AR RREEAL 05 oH S8 %xicAO! f0bIedling Bgidbt tikSiind3@RinGZer af wear
wel | as prevent collapsing of wear bushing 39 during

Bi86hE NG, ObtiddaBe sV Y£8oulPhe BBiaB ebtrdoted BQRcHR iveithireht eter
conventionally by closing el ement 64 around drill pipe
&t 2m&@BdofREsmRh S thelbet 15, t PrBUBNeQN® the bases of the grooves containing

seals 75 for supplying fluid pressure to push seals 75 outward into sealing engagement

with wear bushing 39 at the appropriate time.

The annular space surrounding stem 71 between upper seal 69 and reacting
member seal 75 comprises a sealed chamber 77. Supporting member 65 and seal 69
serve as an upper packer, and reacting member 73 and seal 75 serves as a lower packer.
Stem 71 has an axial passage 79 extending downward. Passage 79 is closed at the lower
end, and has one or more outlets 81 that lead from passage 79 to chamber 77. Preferably,
each outlet 81 has a pressure relief valve 83 that allows flow from stem passage 79 to
chamber 77 only when a selected pressure has been achieved. Seal energizing ports 76

communicate directly with stem passage 79.

In the operation of the embodiment of Figure 2, tree 15 is run and installed

conventionally with a conventional running tool. Then the running tool is retrieved and
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of the choke and kill lines 66 into the chanber

defined between test tool seal 69 and bl owout

preventer elenment 64. The operator nmay performthe

bl owout preventer test before or after testing valves
29, 33 and 37. The dinensions of supporting nmenber 65
may be selected to transfer the downward force on

seal 69 during testing of BOP 62 through | ocking

element 67 to tree 15 rather than to wear bushing rim
41 or vice-versa. Furthernore, if wear bushing 39 has
tefefsbCAn@ o6 8RS, the 5}?&&’(@3 th@d']%“gg%’l\@@ b Ph G riser, BOP

during BOP testing, and if the upward force conponént

6N iR ds RESHRHAENBE: Ghn d}gcxlsﬁ&h&ié?gl Ofrpd &}%raY(ﬁlrélt%s &}f 1 plge 72

tree 15 is not particularly high, |ocking el enent

f'o%iegset%?en? hi i RedEbwnh@rd %‘chtclal?seél RJcVRS mehiBér @pt%reﬁé&'é the
punps fluid through drill pipe 72 and passage 79.

BhleligltdhorPsLssure relief valves 83 will prevent
luid flow into chanber 77 until sufficient fluid

pressure passes through seal energizing ports 76 to
ener gilg OPFIRIRE tfeH goqlréﬁg% potgdegt §0P7%2 %has PRt pellapsing of
flows out pressure relief valves 83 and pressurizes
VesnBEhing 29 duiise tehiae af drecayhis e phedduse RO Kanppsted
77 to a level that either matches the external test
GorEaEonadly by 0@@“&515411%&41&69“}5%%%1&@1@@ T2emd pyppigdluibthigpgh one
creates a differential where the _external test

Hrtbs shipke and kilhlines r?%%@é&% chpmben defingd bpfivepn feglstoglf sepletf and
bushing 39 and/or the 14 annul ar void between the
RiQH U PERvaREt Blpmestt Gtedhe BPRHPHEABPeHpr theddowt dreysnter test
The pressure in chanber 77 exerts an outward force
befesg Orcaétﬁhtle?ﬂ“g velNes 29ndkad 3 or ce caused by the test
pressure to prevent collapsing of wear bushing 39. The

upwarte fdah&Rioao P BUFditingd heWBa 6HUBAY BY s3Bctell!@o ttRANEHE the
val ve test pressure is resisted by the engagenent of

downward force on seal 69 during testing of BOP 62 through locking element 67 to tree
15 rather than to wear bushing rim 41 or vice-versa. Furthermore, if wear bushing 39 has
sufficient strength to resist the downward force during BOP testing, and if the upward

force component on wear bushing 39 during testing of the valves of tree 15 is not

particularly high, locking element 67 could be eliminated.

To test the valves, the operator pumps fluid through drill pipe 72 and passage 79.
Initially, pressure relief valves 83 will prevent fluid flow into chamber 77 until sufficient
fluid pressure passes through seal energizing ports 76 to energize reacting member seals
75. Then, the fluid flows out pressure relief valves 83 and pressurizes chamber 77. The
operator applies pressure to chamber 77 to a level that either matches the external test
pressure to be applied to passages 27, 31 and 35 or creates a differential where the

external test pressure is far in excess of the capabilities of wear bushing 39 and/or the
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| ocking element 67 with tree 15. After conpleting the
testing, the operator bleeds off the pressure in stem
passage 79, which allows seals 75 to retract. Once

retracted, the pressure within chanber 77 bleeds off
bel ow reacti ng nmenber 73. The operator then retrieves

tool 63 and comences drilling through the riser, BOP
62 and wear bushing 39 in a conventional nanner.
After the drilling has been conpl eted, the operator

runs casing and a casing hanger through riser and BOP
6analad veib demean tpushérnga@er oFheead pashaigos9 walilret bh€NS. The
conplete the well by retrieving wear bushing 39 and

| pressiark lin chgmbert Thixengs dvanugedrd Warédthat cositérs g i0karl Bt @used by
t he tubi ng hanger |anding on a shoulder in tree bore

28e g presype vduekhonllapng sagear Bishidy 390 oTighupSARVIBre@omponent
part of a BOP isolation test tool, tool 63 could

aint eeandbushigd §9 dbe tagedvahe @strpuergirads k@Bledf 1 the le@gigdBent of
In that instance, supporting nenber 65 would be
ilogkegctarged witlt teecddnnect or 49 of Figure | and a seal
simlar to seal 69 (Fig. 2) added. Figure 3

' f h
port; SePHe %p?&uﬁ Vﬁ SR TRL oagpgpbegsu&eo e passage
'7§ Olvﬁlta}k ?povtlsef %]st’)% to’ retrac %crzree re?rgcg?‘? ?’i‘ﬁ(s]?%ﬁ“ﬁe Wi in Xhaniber 77

except nponent “nod

%E\%&sg Qﬁt q)%log\y re%ct‘?r[% mem%grnp? hlgfef?l gth%rt @ﬁ{‘ -fitrxe\'/&s rfml @% and

as a renova conponen

Soidbifees ﬁx%ﬂﬁf% Mr]('%ng g eg%r [ OP Hétv%gr]n%v,éspggggqa ggo%vennonal

engagement rea

glrahl%Pl DGrer HEn:gtglrm 82astbgc§nt C I’Pé o f,tl%S@e%%rrug%gaglgtg gnd afcasmg

wear bushi ng p|ng d b
H&]géreﬁ%ugﬂ rlgé&%§ ’B(ﬂ’é BZITE rgb vgzir usshl%g 38m'f(}%ropera{o?§v%uld then
complete the well by retrieving wear bushing 39 and installing a tubing hanger with a

string of tubing, the tubing hanger landing on a shoulder in tree bore 25 above production

passage 27.

Although shown as part of a BOP isolation test tool, tool 63 could alternatively
be used as a running tool for tree 15. In that instance, supporting member 65 would be

interchanged with connector 49 of Figure 1 and a seal similar to seal 69 (Fig. 2) added.

Figure 3 illustrates an alternate embodiment for the lower portion of tool 63 when
tool 63 is part of a BOP isolation test tool. The same numerals are employed, except for
the component modified, which is designated by a prime symbol. Reacting member 73'
is shown as a removable component from stem 71. A nut 80 secures reacting member 73'
to stem 71 by threaded engagement. In Figure 3, reacting member 73' has a gripping

member 82 that grips the inner diameter of wear bushing 39. Gripping member 82 may
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Is constructed to retrieve wear bushing 39 when too
63 is retrieved. The operator would not want to
retrieve wear bushing 39 prior to drilling through
tree 15, rather the retrieval occurs just before
runni ng the tubing hanger. Normally, a conventiona
retrieval tool is enployed to retrieve wear bushing
39, but this requires an extra trip of the running
string just for retrieval. By changing out reacting
menber 73 (Fig. 2) for reacting nmenber 73', the

bp e varedr ofcures v isghPyn pean qubyad Riasad splitsiien &rmmgbmnber 82
also re-test the valves of tree 15. Tool 63 is run
isfoBiiypicROpetg oveakcap pushing 38 WperliesldSiipetiievethd | anded on
top of wear bushing 39 as shown in Figure 2. At this

poi nt Theto?gra@pﬁlﬁélﬁ @bt waRtd RBRVE WedFBYshHg I8P & dr@fel tRio3h
a test BOP 62. Prior to applying test pressure to

e 1y 3hiNGShe thRVIPSLAYL Glist WBdteCtuARRY dhe REIRAS Hirel ONormally, a
chanber 77 in the same manner as previously described

EvBRNAI d&ridval %@Fts'eﬂg)ld(y@& ELreRRM Wedr buElg B, BeSHIsRedultes an
t he various ports , and 35 and others. After

Lestiiper tffeh@nr@rp{ﬁﬁﬁéJIuslle' besriddvasdciaRgih @ 8ht BabtinyietBer 73
causes wear bus 39 to nove upmard al so due fo the

@f‘@@ O RTRRb R mEhidp F?B'n@le @E&B@J can 88t odlPrekit®e Ve MAAng 39, but
shown, reacting nmenber 7 and grippi ng nmenber 82 are

519; re-l-!é%?ﬁlxe vElVEs S Grel NS Y1 b3 Blrud ﬁﬁ)tu?lpgopmeéy pRévEduly AbdcBbed
| andi ng tree 15, as nentioned her than provide

inmarﬁi%)@ﬁ ﬁ{p%f r\/\%@lcwsﬂﬂg e D Sowvn i3 FRAL ¥ 3At thids [SitPRE Bekrator
shown) could be enployed in a manner such

Jﬂf‘l@ﬁall'y m yedir%égfsnof E&f@ﬁtaetgst@‘ﬁ BOP%2t Mok B zgﬂ'pﬂlingt R&tpkddhre to

retrieval e gripping nmenber coul

tﬁ@ |v§l‘3&s’ Vil Npe%r\%lﬂ@ Applh Pres@XQEPLIRMbEY 77 ¢ Al Rhe hdiBer as
drill string in a reverse direction after the tree

M@ch‘/l% VR8BIt IBEL RaGRFIbet 88hinsHedWr&Surd 1?Me virious ports
| lustrate a third enbodi ment. This enbodi nent al so

Mt, Bl 32835 LA others. After testing, the operator pulls upward on tool 63, which

causes wear bushing 39 to move upward also due to the engagement of gripping member

82.

In the example shown, reacting member 73' and gripping member 82 are not used
during the initial testing immediately after landing tree 15, as mentioned. Rather than
provide two separate reacting members 73 and 73, a gripping member (not shown) could
be employed in a manner such that it remains retracted during the initial testing and
retrieval. The gripping member could be selectively energized, for example, by rotating

the drill string in a reverse direction after the tree valve testing had been completed.

Figures 4 and 5 illustrate a third embodiment. This embodiment also utilizes the

same numerals for tree 15 and wear bushing 39. Tool 85 has a supporting member 87
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same nunerals for tree 15 and wear bushing 39. Tool 85
has a supporting nmenber 87 16 that is constructed in
the sane manner as supporting nenber 65 of Figure 2

and may have a | ocking el enent 86. Supporting nmenber
87 has a seal 88 that will seal against bore 25, when
energi zed, to serve as a bl owout preventer isolation
test tool. A stem 89 extends through supporting

menber 87. A plurality of elongated segnents 91 are
carried by stem 89. Segnents 91 are spaced around the
thiatr is woliseueat & b sshema@Br ancdupprring orebgused Figuki and may
closely within the inner dianmeter of wear bushing 39.
Exe la lsekiperidmadi 861aSuppottangenanbes B hihdescaD8 that wilkseal against
exterior that |ands on wear bushing shoul der 46.

Seg oE Mien Slergiedd, heseave aarrildwacut embar isojdtioh tegt weht 4 glem 89
bore 93 of varying inner diameter. An upper annul ar
anveghgethmegb erpp&Bing aadba 87ower annul ar wedge nenber 97
are rigidly connected to sten189 In this exanple,

the Co fuga% by of el (ﬁag?tleli Seghen by stom» 899 'S ABRE 9§ Qre

a redu Ina MMMBF I rection. Central

el a?og‘mg' AR c@r@ur}i@%ﬁge élfas?e% §§i ar?(?&rg' 1g§1%d%]gt aoée@’\@fthm the

apered sect are engage ge nenbers

1%?& tdza%egg %? (\jv%{ie ? g%g%:/ %%%h %%}Q%%}Eg lqias Iarl ﬁeﬁ%bsﬁglﬁfié}t%% its

S pre era ower ed
e{xperlgy& &J”I %n g?fet{utsl’ﬂpgsh%ggieltﬁ%n (S%h['gént[)se 9 lzaeéﬁ %ﬂg‘?g’%ﬁger
n
vgglug g@ntr?ﬁbérﬁl; 9? :OEUJY%F% I%n-gpﬁ iaBEL. akgg?éeg%gﬁggaz »&%E@m@%bér%
gV\g[r:(])gVeIS tagnu a§ wedgg' age 1 Jt%eé%&ie {ogétgrﬁ 889seain this
connects ocC |ng to tree 15.

egcar\rﬁ\ﬂ\é\ﬁfxe co%\éﬁgfr&wallg&sﬁlgedgg%%%%ers 95, 97 taper to a reduced diameter in a
downward direction. Central bore 93 has an upper tapered section 99 and a lower

tapered section 101 that are engaged by wedge members 95, 97 when stem 89 moves

downward.

In the operation of the third embodiment, tool 85 is preferably lowered through
the riser and BOP 62 (Figure 2) and connected to tree bore 25 with supporting member
87 in the same manner as in Figure 2. The operator rotates stem 89 to causes the J-slot
(not shown) to disengage, and lowers stem 89. The downward movement energizes seal
88 and connects locking element 86 to tree 15. The downward movement also causes
wedge members 95, 97 to push segments 91 radially outward. Figure 5 shows lower
wedge member 97 in a lower position, wedging segments 91 outward. The operator tests

the BOP utilizing seal 88 and tests the valves of tree 15 in the same manner as in the

embodiment of Figure 2.
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wedge nenbers 95, 97 to push segnents 91 radially
outward. Figure 5 shows | ower wedge nenber 97 in a

| ower position, wedging segnents 91 outward. The
operator tests the BOP utilizing seat 88 and tests

the valves of tree 15 in the sane manner as in the
enbodi nent of Figure 2. 17 After the testing is

conpl eted, the operator retrieves tool 85 by lifting
stem 89, <causing it to nove upward relative to

segnents 91. This renoves the engagenent of upper and

| over Afedde teseind &y SnfPheted theWdpehatdd pREEVea D] BOBRNifting stem 89,
tapered surfaces 99 and 101. A gri pping nenber

Shamingalt td emogé upPart GelnR6 sediner®f 9Fi Fhik @endoveOtHetbngdBent of
be wutilized with upper and | ower wedge nenbers 95,

Qipperi dnd N@Vdriveddgd membseas, dTusiih Dfped Ind Bwed@BdrEEslirfadR®9 and
novenent of wedge nenbers 95, 97 between the retracted
daod. wedged positions could be handled in a nunber of

ot her ways ot her than by downward novenent, such as

2 R S S
SRR, B Wt 52 ok
I e
Y Sl e 8 Bk g s
TS5 3 5 e o538 ST e 21
AR PU 5 205 PR TRy RsBURR" 0

%lstagc%esupp]émng mem%er wou?c? geo mn?errclzh%ngaeg r}url cggnector 9 of Pﬁg]u%é 1.

Referring to Figure 6, in this embodiment, tool 103 may also be incorporated as
part of a BOP isolation test tool or as part of a tree running tool. As shown, supporting
member 105 has a seal 107 that seals against tree bore 25 for testing of a BOP. Stem 109
is rotated and lowered to actuate the locking element of supporting member 105. A
bladder 111 is mounted to stem 109. Bladder 111 is an elastomeric annular member that
has upper and lower ends sealed to stem 109. Bladder 11 can be sized to support the
majority of the internal bore of wear bushing 39. A stem passage 113 extends through
stem 109. Passage outlets 115 communicate the interior of bladder 111 with stem

passage 113.

The operator utilizes tool 103 by pumping fluid from the surface down the drill
string into stem passage 113 to inflate bladder 111. Once inflated, the operator will test

valves 29, 33 and 37 in the same manner as described in connection with the other
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has upper and | ower ends sealed to stem 109. Bl adder

| can be sized to support the mmjority of the

i nternal bore of wear bushing 39. A stem passage 113
extends through stem 109. Passage outlets 115

conmuni cate the interior of bladder 111 with stem
passage 113. The operator utilizes tool 103 by punping
fluid fromthe surface down the drill string into
stem passage 113 to inflate bladder 11 1. Once
inflated, the operator will test valves 29, 33 and 37
pmbadireendane manner as described in connection with the
other 18 enbodi nents. The invention has significant

adv anﬁ@gﬁ}\%ntl@l%s ts%mﬁcﬁt L @WStagest MihB (Mg @lﬁov@l'hstmn%aﬁ Sush@g to
used, which provides a |arge bore for drilling

PPEEAL H?axspro;r B& 119Qt bbbk BidgNPe@ULRT ML toof RESS e external

bei ng appl1ed to t he wear bushing. Al so, the tool can

Q%eg 951”% et el tJ BEGILORShih® ARBYBie kdd RS T%é: FRFm SHRFRIn&ions to
the to can be used to run the tree. e tool can

?alvé fpd a?&] Katible, 118 BRI LA te®8dd thhgh Bk QRO UThR6Q \CeNhIRENately be

he tool can selectively retrieve the wear bushing

ﬁis% kDgst ME bmﬁt %Ire{/eﬁ’iter Wil @0l Rn bé"ééﬁ@élj/ AridRIhPRER bushing
shown in a few of its forns, it should be apparent to

&Hgggw§ghg % inthe art that it is not so limted but
I's Susceptible to various changes wi t hout departi ng

fromthe scope of the invention. nenti oned, rather
t han Whiferthainvergign hashsen SHlowain ¢ fov ?frl@d@twsﬁ% should begapagent to
be a tubing spool, with the tree npunted _on top, of

thegsi siled p’@;é‘?e ar st el ok salimited Out & WRGRIDIS o r-‘?rw é}‘@g“

coul d be nodified and i ncorporated wth othe
withogtdepaising from the scope of the invention. As mentioned, rather than a tree, the

tubular drill-through member could be a tubing spool, with the tree mounted on top of the

tubing spool. The retrieval feature shown in Figure 3 could be modified and incorporated

with other embodiments.
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19 W Cdaim 1. A nethod for pressure testing a subsea
wel | head assenbly having a tubular nenber wth a bore
and at | east one port extending fromthe bore to the
exterior of the tubular nenber, the nethod

conprising: (a) placing a wear bushing within the bore
of the tubular nenber and sealing conmmunication

bet ween the port and the bore with the wear bushi ng;

(b) providing a tool having an upper supporting

menber, a stem extending downward fromthe supporting
mM¥ekddim: and a reacting nenber on the stem (c) |anding

t he upper supporting nmenber in the tubular nenber and
engagi ng %n i nner di aneter of the wear bushin? with
tIhe MR itpPraRsis desting pappseay el hssl 3ssemply henieg pRbylaymember
to the port, which acts inwardly agai nst the wear

BUgng Pye apiat lsast gg Rarbextging feont télﬁgmenf@ thefreeior ob thetpfular
met hod according to claim1, further conprising:

TR tHedRptpdisPBRELRS pr event er to the tubul ar menber;
seal ing the upper supporting nmenber of the tool to the
bor e @? PRIBE 12U WeAr ushipg kiR the bere Of ks Whulanmempe\adsealing
preventer and applying fluid pressure between the
Gppernicatiep Seiveshige Rerhisrthalnge vileths meadushipgevent er to
test the bl owout preventer. 3. The nmethod according to
cl ai mbl Previding &r toglo Afings pth $PPes cDRATiiRg Memberpgestem extending

supporting nmenber to a grooved profile formed in the
Heywawasd from the supporting member, and a reacting member on the stem;

(c) landing the upper supporting member in the tubular member and engaging an
inner diameter of the wear bushing with the reacting member; then
(d) applying fluid pressure to the port, which acts inwardly against the wear

bushing and is resisted by the reacting member.

2. The method according to claim 1, further comprising:

connecting a blowout preventer to the tubular member;

sealing the upper supporting member of the tool to the bore of the tubular
member; and

closing the blowout preventer and applying fluid pressurc between the upper

supporting member and the blowout preventer to test the blowout preventer.

3. The method according to claim 1, further comprising:
securing the upper supporting member to a grooved profile formed in the bore of

the tubular member above the wear bushing; and

20



t he tubul ar nenber above the wear bushing; and 20
connecting the tool to a conduit and | owering the
tubul ar nenber with the conduit froma surface
platformonto a subsea wel | head housing. 4. The net hod
according to claim1, further conprising gripping the
wear bushing with the reacting nenber and retrieving
the wear bushing with the tool after step (d). 5. The
met hod according to claim1, wherein the reacting

menber in step (b) conprises a rigid nenber. 6. The

met hoanasedngthe gl i@ cendyitrend lowgring &F fbyleppernper with the condui
conprises: sealing the reacting nenber to the inner
aprarevice pltferreonipa pubseastilliepd herdrd ng t he supporti ng
menber to define a chanber between the supporting
nmenber, the reacting nenber, the stein and the i nner

di aneter of the wear bushlng and step (d ri ses:
4ppheingthod scaprdingrieslsint & fugher lsempiirieowsipping t ‘é?'atr afrﬁlmg with
outward reactive force on the wear bushi
theraagiingaessetindgettievied 4 weg buwﬁr@‘éiﬂhthg@@bafg% ytep (d)
conprises providing the stemwith a central passage
and at | east one outl et passage |eading through a
sidewal | of the stem above the reacting nenber: and .
St B methodasapding éxselaipuhpihstsir the regctingtraerplise instiemibipranprises
out the outlet passage into the chanmber. 21 8. The
aegihodmagcording to claim 1, wherein step (c)

conprises radially expanding the

6. The method according to claim 1, wherein step (c) comprises:

sealing the reacting member to the inner diameter of the wear bushing;

sealing the supporting member to define a chamber between the supporting
member, the reacting member, the stem and the inner diameter of the wear bushing; and
step (d) comprises:

applying fluid pressure to the chamber to exert an outward reactive force on the

wear bushing.

7. The method according to claim 6, wherein step (b) comprises providing the stem with
a central passage and at least one outlet passage leading through a sidewall of the stem

above the reacting member: and step (d) comprises:

pumping fluid into the stem and out the outlet passage into the chamber.
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reacting nenber. 9. The nmethod according to claim1,
wherein step (b) conprises: providing a plurality of
radi al |y novabl e segnents that are arranged in a
circunferential array around the stemto define the
reacting nenber; and step (c) conprises wedging the
segnents radially outward. 10. The nethod according to
claim1, wherein step (b) conprises: nmounting an

el astoneric bl adder to the stemto define the reacting
menber; and step (c) conprises punping fluid through
Bhdhe methd accondingtip sldied. thetchrsiept() somwripts dgtily expanding the
met hod for pressure testing a subsea wel | head assenbly
padtinggneanbeabul ar menber with a bore and at | east one
port extending fromthe bore to the exterior of the
tubul ar nenber, the nethod conprising: (a) placing a
wear bushing within the bore of the tubular nenber and
8.e8hd mephodaseatding toeddimr . pherglaster (heowprisesiand t he bore
with the wear bushing; (b? provi ding a seal ed chanber

Wi t himowading st pluradity of redidlywewevatte spammgts the agppirgiesd in 2
fluid pressure to the port, which creates an i nwardly
diovaderentiaf eravearonrshihesttern e define thrusdepting; manbero2nd @b (©)
applying fluid pressure to the seal ed chanber to exert
empsgeswar dly directed force against the wear bushing

to resist inward deflection of the wear bushing due to
t he wedging the segments radially outward.

10. The method according to claim 1, wherein step (b) comprises:

mounting an elastomeric bladder to the stem to define the reacting member; and

step (¢) comprises

pumping fluid through the stem to the bladder to inflate the bladder.

11. A method for pressure testing a subsea wellhead assembly having a tubular member
with a bore and at least one port extending from the bore to the exterior of the tubular

member, the method comprising:

(a) placing a wear bushing within the bore of the tubular member and sealing
communication between the port and the bore with the wear bushing;
(b) providing a sealed chamber within an interior of the wear bushing;

(c) applying fluid pressure to the port, which creates an inwardly directed force

against the wear bushing; and
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inward directed force. 12. The nethod according to
claim1ll, wherein step (c) conprises: nounting upper
and | ower packer nmenbers to a stem then inserting the
| ower packer nenber sealingly into the wear bushing
and positioning the upper packer nmenber sealingly
above the | ower packer nenber to define the seal ed
chanber between the upper and | ower packer nenbers.
13. An apparatus for pressure testing a subsea

havi ng . a tubul ar, nmenber with

mellhead sse bor e
and Ao reediies Be PRSI P ﬁeafeﬂgchw%t? REFTr iy sy Higecied
xterior of the tubular pne and wear

FogeAeEst il WFH bbsHinede reélsbPWﬁweJeﬂa%ﬁp a?tmre‘?%@n%l it to the
seal i ng cgnnunlcatlon bet ween the port and the bore,
WN@“HB%QF {4 conpri sing; a supporting menber for

| anding in the tubul ar nmenber; a stem extending
downward fromthe supporting nenber; and a reacting
menber on the stem for engagenent wi t h an inner

th- almstrsthogreoffdng i £121m BhsHicRy 16 CE Y Stshuar d

defl ectigon of the wear bushing when test flu

pr es SEAUBURE URRSH A d 9 Wer eacmemfmws t013 Stea*h@e%\prﬁa% the lower
according to claim 13, further conprisin a se on

Raqker SFIO6T RIS NBIoERT Ve Pushing and gositinaing | WEW r amber
nmenber to the bore of the tubul ar nenber

BpPEnAaYe Be lgiapaberemieaio s, thograrce .%Wh%beﬁ\é%?e#prﬂ

menber conprises: a rigid nmenber extending radially
25 e BRTKEIRFRRE- st em and def i ni ng an outer

13.  An apparatus for pressure testing a subsea wellhead assembly having a tubular
member with a bore and at least one port extending from the bore to the exterior of the
tubular member, and a wear bushing located within the bore of the tubular member and
sealing communication between the port and the bore, the apparatus comprising:

a supporting member for landing in the tubular member;

a stem extending downward from the supporting member; and

a reacting member on the stem for engagement with an inner diameter of the wear

bushing to resist inward deflection of the wear bushing when test fluid pressure is applied

to the port.
14. The apparatus according to claim 13, further comprising:

a seal on the supporting member for sealing the supporting member to the bore of

the tubular member.
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di aneter substantially the sane as the inner dianeter
of the wear bushing. 16. The apparatus according to
claim13, wherein the reacting nmenber sealingly
engages the inner diameter of the wear bushing. 17.
The apparatus according to claim 13, wherein: the
supporting nenber and the reacting nenber have seal s
for defining a sealed chanber in the wear bushing;
and the stem has a central passage and an outlet from
the central passage between the seals of the
supporting nenber and the reacting nenber for applying
fluid pressure to the sealed chanber. 18. The |
AppEheAPDY 2 EPEINGEO tlaimt] 3aphereis the iRt iBg empg CPBBE T ng
menber is radially _expansible. 19. The apparatus
accordifigg menker sxtprding radiplb @tward Heom Big sterheidRshpias an outer
conprises: a plurality of radially novabl e segnments
figmeteniubstantioln 8 dampasgheinpss dipmstes 9f the weanushipe-ar ound
the stem and at | east one wedge nenber nounted to the
stem for wedging the segnents radially outward in
response to axial nmovement of the stem 24 20. The

K pHieappEataTrEPdingde tlaime] 3apherein thegeastiag methe spdinghicpgpsees
menber conprises: an el astoneric bl adder nmounted to

the énngx Epmetend thorvesd PrsbinBg a central passage | eading
to an interior of the bladder for punping fluid
through the stemto the bladder to inflate the

bl adder .

17. The apparatus according to claim 13, wherein:

the supporting member and the reacting member have seals for defining a sealed
chamber in the wear bushing; and

the stem has a central passage and an outlet from the central passage between the
seals of the supporting member and the reacting member for applying fluid pressure to

the sealed chamber.

18. The apparatus according to claim 13, wherein the reacting member is radially

expansible.

19. The apparatus according to claim 13, wherein the reacting member comprises:
a plurality of radially movable segments that are arranged in a circumferential

array around the stem; and

at least one wedge member mounted to the stem for wedging the segments

radially outward in response to axial movement of the stem.
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21. The apparatus according to claim 13, further
conprising a gripping nenber on the reacting nenber
for gripping the wear bushing to retrieve the wear
bushi ng. 25

20. The apparatus according to claim 13, wherein the reacting member comprises:
an elastomeric bladder mounted to the stem, the stem having a central passage
leading to an interior of the bladder for pumping fluid through the stem to the bladder to

inflate the bladder.

21. The apparatus according to claim 13, further comprising a gripping member on the

reacting member for gripping the wear bushing to retrieve the wear bushing.
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