Drill-Through Spool Body Sleeve Assenbly CROSS- REFERENCE TO RELATED

APPLI CATI ONS [0001] Not Applicable. STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT [ 0002] Not Applicable. BACKGROUND COF THE
| NVENTION Field of the Invention [0003] This invention relates in general
to well drilling and production equipnent, and in particular to a
drill-through spool body sl eeve assenbly for testing the spool body
transverse bores and valves and for protecting the spool body during
drilling operations. Description of the Related Art [0004] A wel| capable
of producing oil or gas will have a conductor housing secured to a string

of conductor pipe, tRe:s! i i depth into the
well. A wellhead 3 qugmsgngmggﬁﬁ%hﬁs%ﬁgyﬁ or housing. The
wel | head housing i s secured to an outer or first stri?g:of casing. The
first string of ERONG-BEFERENCE §OHRELATEPMBPLICAHGNEeeper dept h

into the well. Depending on the particular conditions of the geol ogi cal

“strat a[mﬂve M@Ab@;&%_ zone (typically, either an oil or gas producing
zone or a fluid injection zone), one or nore additional casing strings

will extend thr t {1 LNgY 1o J | depths in the
well until the %%%ﬁme@é@@?&ﬁﬁﬁ%%wgmm of casing is
supported at the upper eRESHARLTLQRREWE MENE casing hanger |ands in
and is supported by the well head housing. [0005] In typical wells, nultiple
stringpogl] camon@pMicapeuspended within the wellhead housing --------------
;%‘achleve structural support for the well to the depth of the target zone.
fere nmultiple stringsgo i e et uter casing, multiple
c‘a?i ng hangers are Ian@é%cmmpﬁmm%bﬁach set above the
previ ous one in the well head housi ng. Between each casing hanger

Field of the Invention

[0003] This invention relates in general to well drilling and production equipment, and in
particular to a drill-through spool body sleeve assembly for testing the spool body transverse bores
and valves and for protecting the spool body during drilling operations.

Description of the Related Art

[0004] A well capable of producing oil or gas will have a conductor housing secured to a
string of conductor pipe, the conductor pipe extending a short depth into the well. A wellhead
housing then is landed in the conductor housing. The wellhead housing is secured to an outer or
first string of casing. The first string of casing extends through the conductor to a deeper depth
into the Well. Depending on the particular conditions of the geological strata above the target
zone (typically, either an oil or gas producing.zone or a fluid injection zone), one or more
additional casing strings will extend through the outer string of casing to increasing depths in the
well until the well is cased to its final depth. Each string of casing is supported at the upper end
by a casing hanger. The casing hanger lands in and is supported by the wellhead housing.

[0005] In typical wells, multiple strings of casing are suspended within the wellhead housing




and the wel | head housi ng, a casing hanger seal assenbly is set to isolate
each annul ar space between strings of casing. The last, and innernost,
string of casing extends into the well to the final depth, this being the
production casing. The strings of casing between the outer casing and the
production casing are typically referred to as internediate casing strings.
[ 0006] When drilling and running strings of casing in the well, it is
critical that the operator maintain pressure control of the well. This is
acconmbi :zhieck hiyucasilabpporhiontheavetiobo ubndgith bHf thic dargetizohe. pWdet eultipleesttifgs ui d
density inside the well. During drilling operations, this fluid is
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the lower térmnal end of the drill string and back up the annul us around
the drill.string.to the surface. This c f. d | Ly- I led, fl uid
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running strings of casing in the well as another safety systemto ensure
t hat theewesnestratgs rof wasing. allslagy askionermosh sirigl of gisinghextends [into thpewglbte the

| ocat ed above the wel | head housing by running it on a drilling riser to

t he waliddndgdh hidieing thd HOBSJioAhsg. dThd dtting drasingisdtabdn thg otifer casig ang
strings is conplete, the well nmust be conpleted for production. In the
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flow through the production tubing to the surface. The tubing is supported
by a twith medemngimed fuid alensiyy invie the el aduringe felling wpsratigas, phisd fleid; n
casi ng hanger. [0009] At the well head, various arrangenents of production
cont r @fircviated e wariatoathe arf abrough fe indds ek ritjestrmgadult yheklopwnteasinal ¢ndeel. | n
some wells, a vertical tree is installed on the well head

the drill string and back up the annulus around the drill string to the surface. This column of

density-controlled fluid balances the downhole pressure in the well. When setting casing, the
casing is run into the pressure balanced well and then cemented in place.

[0007] A blowout preventer system (BOP) is employed dufing drilling and running strings of

e’

casing in the well as another safety system to ensure that the operator maintains pressure control
of the well. The BOP is located above the wellhead housing by running it on a drilling riser to
the wellhead housing.

[0008] After drilling and installing the casing strings is complete, the v;rell must be completed
for production. In the well, the production fluids flow through perforations made in the

production casing at the producing zone. A string of production tubing extends to the producing



housi ng. First, the production hanger and production tubing are installed
in the well head housing. Then, the BOP is renoved and then the vertical
tree is | ocked and sealed onto the wellhead housing. The vertical tree has
one or nore production bores containing actuated val ves and extending
vertically to respective lateral production fluid outlets in the wall of
the vertical tree. The production bores and production valves are in-line
wi th the production tubing. An exanple of a vertical tree would include a
nonobegpeae wethin t@l prodireon CAADI0 pisivilg avprisucatontn ek conduib | throsglp mbisheths
however. If it is necessary to pull the conpletion, consisting essentially
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renove replaced by the BOP. However, replacing the BOP invol ves
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This usually involves plugging and/or killing the well. (0011] In

addi t iassembilyngmslahdsegd titnks pbodube produdiian gasingales oducti on tubing in the
wel | head -3 housing can involve problens. For exanple, the well head

housi yao@gal Reihe vidllhéddevaions anhigiements b€ pridactiont dontrolhaigs erel ardgedioahd be
damaged. darmaged wel | head housing coul d cause significant problens
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Also, 't ousi ng nmay not be conpati ble for connection with the
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installing the production hanger and production tubing.in the ggllhead
housi megllheadsipoisingb dtly ventipalieeeihas prd ¢radonseradation braes ofNBRACHFedVAEE t he
wel | head housing. Wth a spool body, the production hanger and production
and extending vertically to respective lateral production fluid outlets in the wall of the vertical
tree. The production bores and production valves are in-line with the production tubing. An
example of a vertical tree would include a monobore vertical tree.
{0010] Using vertical trees involves problems, however. If it is necessary to pull the
completion, consisting essentially of the tubing string and tubing hanger, the vertical tree needs
to be removed and replaced by the BOP. However, replacing the BOP involves setting and
testing plugs or relying on downhole valves, which may be unreliable by not having been used or
tested for a long time. The well is also in a vulnerable condition while the vertical tree and BOP
are being exchanged and neither one is in position, which is a lengthy operation. This usually

involves plugging and/or killing the well.

[0011] In addition, installing the production hanger and production tubing in the wellhead




tubing are installed in the spool body instead of the well head housi ng.

[ 0013] One exanple of a spool body is a tubing spool. The tubing spool

provi des an undamaged bore in which the production hanger and tubing may
be installed. It may also act as an adapter with its lower term nal end
conpatible wwth the well head housing and its upper term nal end conpatible
with the lower termnal end of the vertical tree. It can also |ocate the
tree at a nore desirable elevation. A tubing spool also can provide a

posi t ilﬁblﬁsf:!/l\%rcaﬁ herolweyirogchanger etamplé,the exBiidad thbesisg seal homenitie 4the whetel head
housi ng. en drilling the well, the tubing spool is installed after the
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tubi ng spool, while alleviating sone of the problens associated wi th using

a - veh¢ wellheddrmay haverteen dtsidlled labav @sdastrabloelevation. 2Ak el the meellheadcBadineti on
whi |l e the tubing spool and BOP are being exchanged and neither one is in

posi t itaRe siffeRnt tdon Fori StubR@aRHAsYddeOtotit buinber efonuping thangers instiiied st heg
essentially of the tubing string and tubing hanger, the vertical tree needs

to be rgRysed and replaced by the BOP. [0015] Another exanple of a tubing
spool 1S a drill-through tubing spool, which is a type of 1 drill-through
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addi tional benefit of elimnating the need to make nultiple BOP trips.
[ 0016]vettimakirer andtthewdlihidafl hohming gWithutipne hogpche piodectiondwagar snd pEIPER t o
the drilling and conpletion operations. The drill-through tubing spool
i ncl udgising brRNBMElcEn BRsPSolMotih ifseap &€ theweellhead housing.
[0013] One example of a spool body is a tubing spool. The tubing spool provides an
undamaged bore in which the production hanger and tubing may be installed. It may also act as
an adapter with its lower terminal end compatible with the wellhead housing and its upper
terminal end compatible with the lower terminal end of the vertical tree. It can also locate the tree
at a more desirable elevation. A tubing spool also can provide a position for the tubing hanger in
the event there is none in the wellhead housing. When drilling the well, the tubing spool is
installed after the production casing has been installed in the wellhead. This requires that the
BOP must first be removed from the wellhead before installing the tubing spool. After the

tubing spool is installed, the BOP is then installed onto the tubing spool. After, the production

hanger and production tubing is installed in the tubing spool, the BOP is removed and the



valves that all need to be pressure tested not only at production operation
pressures, but also drilling operation pressures. The pressure tests can
be perforned before and/or after the drill- through tubing spool is
installed on the well head housing. To performthe pressure tests, a bore
protector sleeve is typically installed in the tubing spool through bore.
The bore protector sleeve nust be of sufficient thickness to be strong
enough to withstand the test pressures wi thout deformng. [0017] The

dri || <ehicagé it utdtallgd smoahe fubingupbolbor e nust al so be protected as the
equi pnment is run through the tubing spool prior to installing the tubing

hangerga{@ Pr C PR 1 o : i i lvithasikekre
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spool. After the drilling operations are conpleted, the qgre rof ect or

s| eeverg keipgieichangsd an peifligpong i i PesHiosy gHsq, it gresesdl thpylhihs cpppletion,
production tubing and tubing hanger are installed. [0018] Although bore

pr ot eabnsistiigesswatalivyf thetubsedtring andiessgihanger Stei vetficahiieeaicsds tolberaraevedg  t he
tubi ng spool, the bore protector sleeve nust have a | arge enough inner

di anetgy rdacdli bPhe MORI prent to pass through the protector sleeve bore. In
addition, 'the bore protector sleeve nust have a small enough outer
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r enovi-ng I'na e case of ore well, the bore
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t ubi ng spool bore_protector sleeve of sufficient sjze tqog wthstapd the
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drilling operations. One solutionis to install a testing bore protector

i nsi déotchenpabli bf pashing eghiptehi thepugh dod tubiog spead deter el hus etbe idrill-thigagh tubing
drill-through tubing spool. After the testing is conplete, the testing bore
pr ot eGh&d] prdvidds@RDARI dna Dienk fi€ofblii ihating tigigld tainkkgmealtiptd BOMéps, a drilling

bore protéctor sleeve of a larger inner dianeter is inserted into the
dri |1 [P UINEb W RS RED bk dHeR Yhn D RpSol tflsoPhiRbfd ploBRnfsUBi thE drilling and
completion operations. The drill-through tubing spool includes transverse bores with respective
valves that all need to be pressure tested not only at production operation pressures, but also
drilling operation pressures. The pressure tests can be performed before and/or after the drill-
‘ through tubing spool is installed on the wellhead housing. To perform the pressure tests, a bore
protector sleeve is typically installed in the tubing spool through bore. The bore protector sleeve
must be of sufficient thickness to be strong enough to withstand the test pressures without
deforming.
| [0017} The drill-through tubing spool through bore must also be protected as the equipment

is run through the tubing spool prior to installing the tubing hanger. To protect the drili-through




spool through bore during the drilling operations. The drilling bore
protector sleeve is retrieved before the production tubing and production
hanger are installed in the drill-through tubing spool. Thus, three
"trips" are necessary, a first trip to renove the testing bore protector
sleeve fromthe drill-through tubing spool, a second trip to install the
drilling bore protector sleeve, and -6 i a third trip to renove the
drilling bore protector sleeve. [0020] Instead of using vertical trees,

trees gobthp s;%dtﬂ? bafd Rl e Fﬂ)ftecﬂfr Qtbeed inap be gieral. Adoveproteofok sietvd is alsot he
production tubing, generally called horizontal trees, can be used. One type
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hange rcompiteds thsi berei rspteetan plagyeriaypubled paieh/ibe drilloihyqugh tihiag spq ¢ #svi ng
to renmove the horizontal tree fromthe well head housing. Horizontal trees

have grbductent tubhrponghuliing karighcare instablled.i cal tree and can thus allow the
passage of |arger equipnment than vertical trees. A problemw th horizontal

trees,jof@|eVeAlthdiphtdddd plofRibr aleBvdsiBiyabd @dd dbrit messuiteteftingdind talsopretactingg  has
been installed inthe wellhead. Therefore, horizontal trees require that
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hori zon r ori zont tree 1s Tnsta the BOP is then

installed onto the _horizpntal tree, thus requjring two "trips" i nst al |
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pressures before producing well bore fluids. The pressure tests can be
per f oremavibe tler BORNdh additibh,an thdrense of e offshdra stedll thedboonprotrstopsiep vremust
housing. If the pressure tests are perforned after installation on the
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downhol e nust be :
[0019] A drill-through tubing spool bore protector sleeve of sufficient size to withstand the
pressure testing is too thick to allow the passage of equipment during drilling operations. One
solution is to install a testing bore protector inside the drill-through tubing spbol for pressure
testing the drill-through tubing spool. After the testing is complete, the testing bore protector is
removed from the drill-through tubing spool. Then, a drilling bore protector sleeve of a larger
inner diameter is inserted into the drill-through tubing spool through bore to protect the tubing
"~ spool through bore during the drilling operations. The drilling bore protector sleeve is retrieved
| before the production tubing and production hanger are installed in the drill-through tubing

spool. Thus, three "trips" are mecessary, a first trip to remove the testing bore protector sleeve

from the drill-through tubing spool, a second trip to install the drilling bore protector sleeve, and




enpl oyed. -7 [0022] To performthe pressure tests, a bore protector sleeve
is typically installed in the tree through bore. The bore protector sleeve
nmust be of sufficient thickness to be strong enough to wthstand the test
pressures wi thout deformng. In addition, the bore protector sleeve
protects the tree through bore wall from equi pnent as it passes through
the horizontal tree. [0023] Another exanple of a horizontal tree is a
drill-through horizontal tree. Drill-through horizontal trees also |ock
and sesthirdmip toereielvé e akdlilibpusiaygrotesior lletvee BOP | anded on the drill- through
hori zontal tree. The production tubing hanger assenbly |ocks and seals in

the dr*]gir(gut hided oPRdihZ M trhdsCRedsNPkIERE afhndehchinNg piRiukiGacbntol®dlng. The

drill- gh horizontal tree hass a large through bore for allow ng

equi p t. Lo pass throu the {ree, bo 1 i I

ari || RO iR BB el abfe By e s ot R bE IR, Ome ey of,
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can be installed on the well head housing at the point when a BOP is needed
for drin¢drporgted Theeciprhybiefarencas sb dicaizentalnired atshdogker aridcsglst prde thg aeflhenad

regul ar horizontal tree are solved with the drill-through tree because the
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conpleting the well. Therefore, the well is always secure and only one BOCP
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be pressure tested. However, the pressure tests need to be -g is run not
only agn phuschlioni b repegat! breep cesipmentsthap yertigalsresr i4 proklgnd path diorigpntal
pressures, before ]
trees, however, is that they are installed after the production casing has been installed in the
wellhead. Therefore, horizontal trees require that the BOP must first be removed from the
wellhead before installing the horizontal tree. After the horizontal tree is installed, the BOP is
then installed onto the horizontal tree, thus requiring two "trips" to install the horizontal tree and
the BOP.
"% [0021]  The transverse bores of the horizontal tree, such as the production outlets and ports, as
well as the transverse bore valves, need to be pressure tested at production operation pressures
before producing well bore fluids. The pressure tests can be performed before and/or after the
- tree is installed on the wellhead housing. If the pressure tests are performed after installation on

the wellhead housing, a means of preventing pressure from being applied downhole must be

employed.




drilling the well and producing well bore fluids. The pressure tests can be
performed before and/or after the tree is installed on the well head

housi ng. To performthe pressure tests, a bore protector sleeve is also
typically installed in the tree through bore. The bore protector sleeve
must be of sufficient thickness to be strong enough to withstand the test
pressures without deformng. [0025] As with the regular horizontal tree,

the drill-through tree through bore nmust also be protected as the
equi PISYR2] i S To Perldtfnome Prdstire tosBpa Pofeqirotector sisdvelit typipatlp énstalibd ngthhdmeger . A
bore protector sleeve is also used to protect the drill-through tree bore
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Al t hough bore protector sleeves nay be used for pressure testing the tree
and f &iee thypeghdore wall fiemn equipanent et passes thrayeh thedorzptal ey st have a | arge
enough inner dianeter to allow equipnent to pass through the drill-through
tree f6023ygh Anvther examakidiftai tmmizonthletréois @ duillethemigh horiganta e miil-theangha
smal | enough outer dianeter to be retrieved fromthe drill-through tree
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bore protector sleeve nust be small enough to be retrieved through a
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protector inside the drill-through tree for pressure testi t he .
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protector is renoved fromthe drill-through tree. Then, a drill i%lg bor e
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through tree through bore to protect the tree through bore during the
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before the production tubing and production hanger are
through tree, the tree can be installed on the wellhead housing at the point when a BOP is needed
for drilling. The problems associated with the vertical tree and the regular horizontal tree are
solved with the drill-through tree because the well may be drilled and completed without pulling
the BOP off the well for completing the well. Therefore, the well is always secure and only one

BOP "trip" is necessary to drill and complete the well. Thus, the horizontal drili-through tree is

-

also another type of drill-through spool body, with the addition of housing the production ports
and valves.

[0024] However, the driil-through horizoﬁtal tree also presents problems to the drilling and
completion operations. As with the regular horizontal tree, the transverse bores and respective

valves of the drill-through tree need to be pressure tested. However, the pressure tests need to be




installed in the drill-through horizontal tree. Thus, three "trips" are
necessary, a first trip to renove the testing bore protector sleeve from
the drill-through tree, a second trip to install the ~rt f drilling bore
protector sleeve, and a third trip to renove the drilling bore protector
'sleeve. [0028] In drilling a well, especially an of fshore well, additional
time can significantly raise the cost of drilling a well. To | ower cost,
some wells are drilled with only with the drilling bore protector

i nst al-edot byt @l prodgtibhepdfatibh préssaag bt rabse dvillihg @pktptian dréskureh deBoe e
protector, however, sacrifices the ability to properly pressure test the

drillz ﬁlﬁfgutgg &eglfﬁdz FBBRYE! el hRFeauARd THa! preSure St c@b biiptiformetidmfordor e

prot ector. ed to properly test the drill-through tree
connections, ppErts,.an | ves an l.S0_.pLO eina
time AYOLHLST tg‘f %’F%fséﬁga]@n%‘et?‘? V@g%%agqhtfglﬁlg é'y?%fﬁgﬂtogﬁfﬂg:ﬁ?%e y@%tg’& %t;%\e
drill-through tree transverse bore,snt%nd v%vgél gnd hot ect t e, tr e%V‘[:hrough
bor e, Prttecterr deavatis iakso dynically ingtalledolrhe & typueh DEEn ke Te PFUCH S

advant ages of the invention wll| appear fromthe follow ng descrjption.
SUMVARYisOBe THEUERBED! tMEMTSs 10 08 (strofipeendngh fo withetarsh theptsst PRSTCSs

assenbly installs in the bore of a drill-through spool body. The sl eeve

assenplpr@RpPr i ses a test sleeve renovably installed within the drill- -10_
t hrough spool body bore. The sl eeve assenbly al so conprises a wear bushing

" emov i) | DL Bhdhfle tdubal Gofthdnkdl ticb! QUARIISARALL RS hrBRALLABMBERS be bor &

wal | he "out si test sleeve. The tTest sleeve sealingly engages
theé drill-through spool, .body. bor I t. f I Abyshi ng.
T’h? t€§t°§?£%t§g equigment, 15 F?‘thé?ﬂgittﬁ?bﬁ%ggg t@dﬁ%@ggé H%etu?gl P t%e transverse
bores and valves of the drill-through spqol body. The, test sleeve.also
seal sprdiectomseaye inalse H@ddPiPF‘l’t@‘ftHP‘bQ{jﬁ'ﬂ“g Feao]%‘ﬂ'é %’h’g‘hﬁ'ier%ﬂ]fl}ge&%%ssur e
tests. [0031] After the pressure tests are conpleted, the test sleﬁ. eis

r enpv eesifig airirgheantt ichding thaogegh pa through the drill-through tree. After the dnlling

operations are completed, the bore protector sleeve is pulled out of the drill-through tree before
the production tubing and tubing hanger are installed.

{0026} Although bore protector sleeves may be used for pressure testing the tree and for
protecting the tree, the bore protector sleeve must have a large enough inner diameter to allow
equipment to pass through the drill-through tree through bore. In addition, the bore protector
sleeve must have a small enough outer diameter to be retrieved from the drill-through tree
without removing the BOP. In addition, in the case of an offshore well, the bore protector sleeve
rﬁust be small enough to be retrieved through a drilling riser connecting the well to the water
surface.

[0027] A drill-through tree bore protector of sufficient size to withstand the pressure testing

is too thick to allow the passage of equipment during drilling operations. One solution is to




spool body bore, |eaving the wear bushing in place. The wear bushing
protects the drill-through spool body bore wall, transverse bores, valves,
hydraul i ¢ connections, and el ectrical connections while allow ng the

equi pnent to pass through the drill-through spool body bore. [0032] After
the well is drilled and the casing strings are installed, the wear bushing
is renoved fromthe drill-through spool body to allow conpletion of the
wel | by installing the production tubing and production hanger. After

conpl ginktay attékﬁng\%bfa profgtoniisidenBy dhR-tiroedieadiobprdshiowitesting Vil drilF-hriugh
through the drill-through spool body. [0033] If additional downhole work is

neede th I o [ R

drill qir Y o%% tfs?%gég‘lugg%défﬁ%%ég‘gttﬁ@egae r %gﬁér%gﬁ%lrist alﬂlq]:ei)(ljﬂ.i El%;Htﬂeltr]ﬂi;r)oru(%%lecti ng
the drill-thro . spool body bore during t.he di t.ional k, the
wear ﬂﬁ?hfﬁﬁni%Hggﬁﬁﬁ““?gﬁﬁvﬁﬁf‘ YF?ﬁ%hﬁgﬁdﬁ%??@%nqﬂﬂfﬁﬁwgﬁﬁﬂgfggdﬁﬁyon
hanger are reinstalled for additional well fluid roducti on. 0034I]he| n

anot hahraigh &rge thrangh bere to eseteds|thatree thseughnbare dutng e driling gprratiqns

drill-through spool body bore wall on both ends of the wear bushing.
| nst eadtilliag bdre pattectorasldeee is rajevahikfat thehmodwetion ulsig angl redudtiog byngshaigges
the drill-through spool body bore wall to seal off the inside of the drill-

t hr oughsEIRACH O AillDAFcRigh IHariastdalt kD, TG, Fhrbe ritiprabreaitdessaly, b astveiarto
bushi ng may sealingly engage the bore wall with the term nal ends of the

test S‘I'(ﬂ&%%%h%ﬁ%{}ﬁi.ﬂ%%}'&g@ eg,{al&gg# et EoRAL dRHSHL08 u}ﬁf, LRLYnd KpSotifal ARl end

of theée wear y engages the bore wall’, one term nal end of

tfe test.. sl eeve seal jngly engages the sa . _bushin rnal end while
thel ok RUIE PRI BP0 S e TE TP LrEByS nednreRy* BRAsES e RE bore wal 1
If both term nal ends of the wear bushing sealingly  engage %he ore wall,

t hen HB898]t er i ¢rilling A gecllp espepially é%Pff§llct§%\v‘@nséﬁhilﬁi?¥§i/§m@rf@8éégq Ha e Ese
bushing. F i [0035] Both enbodi nents may be used in any drill-through
spool thedyt ofdrilliex amellle, Td losver esshodineevells arvedrillsd wifiserdy with thedalling bore
drill-through horizontal tree installed between a wellhead housing and a
BOP. TheteabpRdianant Esﬂﬁﬂhﬁﬁ&h@ @rildehrbit de! with bilya dillihg bérarppetgdiot, hbwexgr.spool

i nstal'l ed between a wel | head housing and a vertical tree.
sacrifices the ability to properly pressure test the drill-through tree transverse bores and valves
such as with a test bore protector.
[0029] It is desired to properly test the drill-through tree connections, ports, and valves and
also protect the_tree through bore in a time and cost efficient manner. Consequently, to
} effectively test the drill-through tree transverse bores and valves and protect the tree through
bore, the present invention has been developed. Other objects and advantages of the invention

will appear from the following description.

SUMMARY OF THE EMBODIMENTS

[0030] The drill-through spool body sleeve assembly installs in the bore of a drill-through

spool body. The sleeve assembly comprises a test sleeve removably installed within the drill-

-10-



[ 0036] Thus, the enbodi nents conprise a conbination of features and

advant ages that overcone the problens of prior art devices. The various
characteristics described above, as well as other features, wll be
readily apparent to those skilled in the art upon reading the foll ow ng
detailed description of the enbodi ments, and by referring to the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0037] For a nore

detail ed description of the enbodi nents, reference will now be made to the
f ol | owhit@igR GEEUTPESHY Beredr BY Blgsve MsehiRly disé Sompfiseess wiar bushing tevartblpnal
view of a'drill-through horizontal tree with a sleeve assenbly installed;

Fl qJRlin%tglieﬁ iﬂ%@%ﬂ-ﬁ%b@%@?%ﬁ%ﬁ&%ﬁw ke WAR 2HA thd oltHaO WS the test

hori zon tree IS a cross sectional view of the

drill-through horjzontal tree with perti.on of, th sl eev

o leve By alePe seaebiedett e SRURBiFhu0 P! vl SR RE AR R e, o1
tree with the sleeve assenblfy renoved; FIGURE 5 is a _cross sectional, view
of t hevedt bhshinghr Barlestrbieve srrlaufficiens thigkngss lpereswe Jest theslEwsrse bopsda) | ed
and the production tubing and production tubing hanger installed; FIGURES 6
and 7 ~abes ehtlerdyiibthesugh speé dbilyndhe visevisevefalanwealdhe ivido oif wendrilbthreugh
sleeve assenbly; FIGQURE 8 is a cross sectional elevation view of a

dri || chBsi®eaNbdrt Binieh thopRisuW tbdks. t he sl eeve assenbly installed; and FI GURE
9 is an enlarged cross sectional view of the drill-through tubing spool of

nvend?OH e ARSRC BT P e AP BB SHECT Bey SR Beve AeRanny ng e

e . .
L ‘} spool body bore, leaving the wear bushing in place. The wear bushing protects the dritl-through

spool body bore wall, transverse bores, valves, hydraulic connections, and electrical connections

while allowing the equipment to pass through the drill-through spool body bore.

[0032]  After the well is drilled and the casing strings are installed, the wear bushing is removed

from the drill-through spool body to allow completion of the well by installing the production

tubing and production hanger. After completing the well, the well may be produced by flowing

well fluids through the drill-through spool body.

[0033] If additional downhole work is needed, the production tubing and hanger may be
removed from the drill-through spool body and the wear bushing reinstalled. After protecting the

drill-through spool boldy bore during the additional downhole work, the wear bushing is again

removed and the production tubing and production hanger are reinstalled for additional well fluid

production.

[0034] In ahother embodiment, the test sleeve does not sealingly engage the drill-through spool

body bore wall on both ends of the wear bushing. Instead, at least one terminal end of the wear

-1t -




i ncl udes enbodi nents of different fornms. The draw ngs and the description
bel ow di scl ose specific enbodi nents of the present invention with the
under standi ng that the enbodi nents are to be considered an exenplification
of the principles of the invention, and are not intended to limt the
invention to that illustrated and described. Further, it is to be fully
recogni zed that the different teachings of the enbodi nents di scussed bel ow
may be enpl oyed separately or in any suitable conbination to produce

desi r gdsHigstHalifel eﬂ%gés 1O Q3R khrdil® Pobll body Borugl 16 pedlofithe inskl ef e daiisenbl y
10 installs in %%e ore of a drill-through spool body. A drill-through

ot ooulP i 5] WHFBR" fa e, DR OB DU SRR AR g O e ey

drill-through spool body _thus include.,a drill-through ) ' alled
bet we e borgepll yatidhe, "Hﬁﬁftgg%%éﬁ'#?e & pea éﬁf’ngagmgﬁlqv%rt?r%ﬁn- Igg%l | body
may al so include a drill-through horizontal tree installed between a

wel | heneltempirsi eyl ofitlie svemdRishipg sabinglF papamesshe berestdlopipmokal %’F‘\Q@@é@ Ssenbl y
10 is used in a horizontal drill-through tree 14. FIGJRES 1 and 2 show a
dri || skbveostglinglp etaghotly saheexa msbiaginrnidkD eihwhié thechthen terianal end olidl bor e
12 of the tree 14. The through bore 12 forns a generally cylindrical wall

15. They le%éeaﬁnﬂ;ltﬂﬁ%%eﬂﬁé befe WAIE 1fTeh ffminsl eeRREckedeartthshiaglsedingly a
wel | head housi ng 16, ich in turn is connected to a conductor housing

t sh d t M| ] : t i
connoetaue I REs AT A orp G TpRRE oL iRy SRR R Rpar i o 14
OTPr i I |it ft b ' i.nto t t h
T2 ERD os Bethiinalaiar Be nebrods! d-Theeh Ryt ki d o haEE R ho:

18, an electronic connection port 19, a lateral produgtion outlehh%a
cont r embedintsytsampy bduostillsd wad dellslgough herizesipb trep dnglallsd befepnah W us
port 61, which are optionally controlled by one or nore valves such as an
annul 4sugdey tnd al BOP60Theaadbodimény enaypdsd by astedle 3o of ddlktroushf wbiagispeclt r ee
14 is installed on the well head housing 16, a wear bushing 22

installed between a wellhead housing and a vertical tree.

[0036] Thus, the embodiments comprise a combination of features and advantages that
overcome the problems of prior art devices. The various characteristics described above, as well as
other features, will be readily apparent to those skilled in the art upon reading the following detailed
description of the embodiments, and by referring to the accompanying drawings.

’, } BRIEF DESCRIPTION OF THE DRAWINGS
[0037] For a more detailed description of the embodiments, reference will now be madé to the

following accompanying drawings:

FIGURE 1 is a cross section elevational view of a drill-through horizontal tree with a sleeve

assembly installed;

FIGURE 2 is an enlarged cross sectional view of the drill-through horizontal tree of

-12-



conprising a lower termnal end 27 and an upper termnal end 29 is
installed in the bore 12 using a wear bushing running tool 23. The wear
bushi ng running tool 23 engages a running groove 68 in the wear bushing.
The wear bushing running tool 23 installs the wear bushing 22 in the bore
-14 12 until a wear bushing shoulder 40 on the lower termnal end 27 of the
wear bushi ng 22 engages an annul ar shoulder insert 42. The annul ar insert
42 is disposed in an annular groove 45 in the wall 15 of the through bore
12. TipggwRaAr; bushing 22 al so conprises ports 46 along the | ongitudinal

| ength of the wear bushing 22 that extend radially through the wear bushing
22. The ' | hors@alad trdBwitlh Q pbiiah obhal

agai nst tﬁgﬁ%ggg%agP?K%§$%E§%£6§ﬁggm§g?§§?FﬁgﬁhydrauIic conngction port 18
when tge wear _hushin d_22‘is install ed. The wear bushing port seals 48, 50
al so $¥aY° BFMPEIINEbore wal | 15 above an bel ow the el ectronic connection
port 19. Once in position, a wear buyshing. | ocki assenl t hen | ocks
the wear bUEAVRE 3 2 srass sgrienalj gy Oﬁéh%@%l-ﬂ%%hﬂ%"ﬁmﬁﬁcﬁ%@g He et he
wear bushing | ocking assenbly 55 nay conprise shear pins 54 that are

ext endedmbly remgegle a correspondi ng recess 56 in the bore wall 15. [0042]
After the wear bushing 22 is installed, a test sleeve 20 is inserted into

t he thr ougiFIGORESS &2a UfsH Gectioha Stievs lof eveedllithaiugy Hoviabnt@1trecTish tles slegsieeeve
runni ng tool 21 engages a test sleeve running groove 66 to install the

test Slembl il al Rt pRRSIS idind Mahbdioia] dbheheigemstllequgh  the 1 nner

di aneter e wear Ing 22, wth the test sl eeve 20 extendi ng past

30 need not tayRERG Ao« Rulizsifosd SRloft TP R AfmncRopbiEnent gné J8bvcy eeve

test sleeve 20 is put into position, a |ower test sleeve seal 24 seals
agai ngtsembl; bore wal |l 15 at the test sleeve lower termnal end 31. An upper
test sleeve seal 26 also seals against the bore wall 15 at ng test sleeve
upper t er mEHAURESds 8 8rosT$retionzbeltvajion aiavonf achilltheough fibing spaolavitnthe slgevene
bore wall 15 are such that the test sleeve 20 may not pass through the
Iomeraggﬁmhnﬁhmgﬂgmgﬁ the through bore 12. For exanple, the bore wall 15
and the outer dianmeter of the test sleeve 20 may have matching tapered
profiles Wg®UREEHYf Eilarged Bross sectional view of the drill-through tubing spool of FIGURE

8.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0038] The present invention relates to a drill-through spool body sleeve assembly and
includes embodiments of different forms. The drawings and the description below disclose
specific embodiments of the present invention with the understanding that the embodiments are
to be considered an exemplification of the pﬁnciples of the invention, and are not intended to
 limit the invention to that illustrated and described. Further, it is to be fully recognized that the
different teachings of the embodiments discussed below may be employed separately or in any

suitable combination to produce desired results.
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di aneter towards the |lower term nal end of the through bore 12. [0043] Once
installed, the test sleeve 20 is then |ocked into position using a | ocking
assenbly 28. As best shown in FIGURE 2, the | ocking assenbly 28 nmay
conprise a retaining collar 30 and an dogs 36 installed between a portion
of the outer dianeter of the retaining collar 30 and the bore wall 15. The
collar 30 outer dianmeter conprises a shoul der 34 that engages a
correspondi ng shoul der 35 on each dog 36. The dogs 36 are matched to

engagepesq)r of ThedRttirbudh\pobidiody wibte dBembty N0 tnsadlls yn thetterdafgsdidbtharughi n an
unengaged position showmn in FIGURE 2 on the |eft side of the lupper portion

f th | ' | . |
ghoLI 258%&3}4?(@ e&‘rﬂl-aa?ou#yrkg%l Sl ﬁf&l@lf]:se Ing{) ﬁgo%g%t hOBes Bl REdudho ﬁd?lgel%kl ar

acts on a ans onto t houl ders 35 to expand the dogs

36. Wen_the dqgs 3 pand . t ve to engaged, nogi.tJ i e

pr of i IREO&stIgR t‘{?ﬂ%‘ég zHglrtga W al?séﬂg’*'o PRY4S ‘%ﬁ@p “On Aﬁﬁ@"‘fr“{”gﬁt Xﬂg | Q%&%f t he
upper portion of the test sleeve 20. Engaged with the drill-throglgtp tree
bore 1@ maninchidgs dsdl-thewighspeo! destalled bebveen 2ovsliheds) hpuging qnd gaepicaletrop,

[ 0044] Once the sleeve assenbly 10 is installed in the tree 14, the tree

t r ansvedsidl-througs spoud botihenayadlsociscldis pasidlethiongh heritymtad srepragstaisd iboregen 2 be
pressure tested. After testing, the lower termnal end of the tree 14 is

engageghlifeidhdiimeil k@ housing 16 as shown in FIGURE 1. A BOP is then
connected and sealed with the upper termnal end of the tree 14. [0045]

onee ToRfs| LF 3 1NER! LR s bilembly 1 i sddi £ BhbPGNEtrofhessur e

tests be pertormed on I'nside o e tree 14 to test the valves and
connecti qns i rapsverse ores such,as,the hydrauli : | port
o, prisd: U LanEd SR G el sho BP et Hopa e oty! T RARRE Y AR, O
58, 60, and 65. Pressure tests can_al so be perforne& aqain;ﬁﬁ%ﬁe in@{de of
the hiovgk beg 1206 thamer b6 Bl tharuehdoss Fyigsme s geraallycyimdr Us- bESween
the test sleeve 20 and the -16 tree bore 12. The pressure tests are

per f orlower ttminaispd of fHehteeei Idtie gurinegtedfind veled ¢mh wellprad thousing  §.ayhich indpa
val ves under operating pressures. [0046] During the pressure tests, the

test sieauects@d) ScotfluctdPhdisREndt sRbwasdndahd wolln Prsepped terhixherivfthvetréensi de
of the test sleeve 20 and the hydraulic connection port 18 and el ectronic
14 is connected and sealed to a blowout preventer (BOP) (not shown). The tree 14 comprises a
plurality of transverse bores opening into the through bore 12. Examples of such transverse
bores include a hydraulic connection port 18, an electronic conmection port 19, a lateral
production outlet 59 controlled by a production valve 58, a workover port 63, and an annulus
\ port 61, which are optionally controlled by one or more valves such as an annulus port valve 60
.and workover port valve 65.
[0041]  Before the tree 14 is installed on the wellhead housing 16, a wear bushing 22
comprising a lower terminal end 27 and an upper terminal end 29 is installed in the bore 12 using

a wear bushing running tool 23. The wear bushing running tool 23 engages a running groove 68

in the wear bushing. The wear bushing running tool 23 installs the wear bushing 22 in the bore
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connection port 19. The test sleeve seals 24, 26 al so prevent pressure from
passi ng between the 1inside of the test sleeve 20 and the drill-through
tree outlet 59 and ports 61, 63. The test sleeve 20 is of sufficient
thickness to withstand the pressures of the pressure tests wthout
deformng. During the pressure tests, the pressure placed on the inside of
the test sleeve 20 does not act on the wear bushing 22 because of the test
sl eeve seal s 24, 26. However, the pressure applied through the tree

t r ansyenmgl PREADukKLS slidifdean0 uh U Ibwéventinilked 2 sf ttelveaybushing@dengdgss bor e
wal | 15 does act on the wear bushing 22. The wear bushing ports 46 act to

el | eug AMpPURIME e8! 904 PSRASE 457 TR bIGORR Xt

acros§ the wear seal s 50 at the “hydraulic connection port 18
and el ectroni.c connection port. 19 ri t € e 46 Lo Wear
bushi h’&"ﬁgéglog the thigh gﬂrec?%at@eawﬁig¥ﬁﬁg %e?g Ber%%i’i%g 5 gﬁszss the wear
bushi ng 22 because of the seal formed betwe he oytside, of.t ar
bushi hopgitediaaldength oftheavenn bushing 22tha exicad radﬂﬂi@ﬁﬁl%}g‘éﬁ’ﬁ|v?ah@}s£%ﬁoﬁﬁ\°a seal
to prevent any debris fromentering the hydraulic connection port 18 and
the ek@ei bashing 20furthet Gompriser port @alsri8ndb tiatwsahagainst thedorowalhil Hgbers @Ad t he
drill- through tree bore 12. [0047] In addition to the radial pressure

f or cepeRft inBBydAulid @nHit AR PoRSISaMRh helMear blsHirg 22 & inalied. Shb aleaf Tishisg
acting in the downhole direction on both the test sleeve 20 and the wear

bushi %ﬁt gs%&ﬁs 4§- % ﬁg%lcﬁ%%lf %&gﬁ?ﬁa b il B54Hobe 9h bALRIBEIctRIMEL donaskitidg port

b
r esul romthe ianeter o -17 the test sleeve seals 24 and

265 | i.nst wh t.h bushi i ' th
o ds s e Big 1f BSREOT PSP S9Ny i Giepr P U PR PR, o7

62. The |l oad sharing nenmber 62 woul d allow the do 6 to share.the |oads
Wit h tesitimarApbeshishgven FEQURESsHghh 3; ﬁlq:W@EE*sgfn%ﬁﬂéq{‘%gﬁe@ﬁ&r ?énén Tenber
62 may conprise a collapsible ring 64. As shown conparing the Ief} ﬁnd

ri ght ceimpeisodhethsnupbibnt o extendeddé engage & eerespprdingrepessisA Efhgbre wall the
collapsible ring 64 allows the test sleeve 20 to nove downhole relative to
wear hygping RBehdarear ashiax Ralis ivatlcdfa tehieslprvesXuisenteetsd intAghe Heougbad
sharing nmenber 62 adjusts under the axial |oad on

bore 12 using a test sleeve running tool 21. The test sleeve running tool 21 engages a test sleeve

running groove 66 to install the test sleeve 20. The test sleeve 20 is slidingly received through
the inner diameter 25 of the wear bushing 22, with the test sleeve 20 extending past both terminal
ends 27, 29 of the wear bushing 22. However, the test sleeve 20 need not extend past the ends

“ Y 27,29 of the wear bushing 22. As the test sleeve 20 is put into position, a lower test sleeve scal

24 seals against the bore wall 15 at the test sleeve lower terminal end 31. An upper test sleeve
seal 26 also seals against the bore wall 15 at the test sleeve upper terminal end 33. The
configuration of the test sleeve 20 and the bore wall 15 are such that the test sleeve 20 may not
pass through the lower terminal end of the through bore 12. For example, the bore wall 15 and

the outer diameter of the test sleeve 20 may have matching tapered profiles with a reduced
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the test sleeve 20, the dogs 36 interact with the profile 38 to absorb any
additional axial load. Thus, the | oad sharing nenber 62 works in
conjunction with the | ocking assenbly 28 to absorb the axial |oad placed
on the test sleeve 20 and prevent the test sleeve 20 from bearing down on
and deform ng the wear bushing 22. [0048] Once the pressure tests are
conplete and the connections, seals, transverse bores, and valves have
been tested, the test sleeve 20 is renoved. The test sleeve | ocking

assenglimetd tdwardf iheIdwehtsaigagatoftiht Agoldhebokerd. sl eeve running tool 21 to
rel ease the dogs 36 fromthe profile 38. The test sleeve running tool 21

21 50 FAPREES Ghde ARG, BF 88020 HBE10588!nf) ien Bink alockiplusbantty o

the t | eeve e runnin 21 re es the fest sleeve 20, the

wear _bushi ng | ockin I 5. mai nt ai.ns ,Lhe wear. | [Walol i

posi t 28n. AY ksgugiowa ‘Pgﬁlw’e‘é? ?‘lﬁk@@v@s%ﬂ izﬁdn%yocﬁ%{ pﬁ‘%g?‘g%%g%@z% ng 2ast

sl eeve 20, the wear bushing 22 remains in the tree 14 as s wa in tlﬁl GURE
3. Thand asiaps 3diiasteliedrbebrecn p@orioaof thesitergliameterof W%F@é“%%iﬂ’éﬁ Q& ow the
passage of equi pnent such as drilling and well head equi prent through the
tree bofeewdlls. Cihid dafiat Feowler didmheter aypgrizes ostopldehdt thetbanghiesvioegesPPNfgt ect s
the bore wall 15, 18 the hydraulic connection port 18, the electronic

connegfdAder BS'oh ??Jxé%h A%&gh% pfﬂédié?§ B®RreQhiithiRid 15 Sngagen prdfiks 3% ar the Gare waldl he

wor kover port 63. each section of the well is drilled, a drill string
with g drull bit iscrun thr S LIEURE 2 30dnd her yed bhead
housi ?1[81 ¥ tk?:tdggs ??131% lgea@tl?lg%%igé@g?l ne?iﬁ, t 1e drill string is renoved from

t A [ d. i tri i t ed.i th I i ia@ th

P BERET ROy at ok Setve 2, SERSE e i s ol g ¢4, 3G b1 Shoue s, L0
rocedure is repeated until the well is drilled t appropri,at e _dept h.

||On addsi‘s ioolmnd@a«l?lploét()efbg idﬁlgj shoyddery 32 t%%?ﬁ@ﬂmq ‘?OES 38r 0 ?Ihﬁigﬂggé 3@5%133 rill

string and casing strings through the tree 14, the wear bushin 2§ al so
pr ot egties icver bhengmsé pgdtiaf with sheqoulileF8eoftlardhose waktl S sagvipan $i ng
the drilling of the well. During the drilling operations, the wear bushing
ports ﬂf’eﬁng{t Q1B R thePuppeepeitibe obiht i@t sloéeal). fErpagddowith thy dedlrthemigh fese Wwetsr

bushi ng 22. Thus, the ports 46 prevent deformation of the wear bushing 22
dur i ng,t g 46 3d oRGRREE AEERMD iflPeact o e@RSyAe differentials.
[0044] Once the sleeve assembly 10 is installed in the tree 14, the trec transverse bores and
the valves disposed in the bores may optionally be pressure tested. After testing, the lower
terminal end of the tree 14 is engaged with the wellhead housing 16 as shown in FIGURE 1. A
""" BOP is then connected and sealed with the upper terminal end of the tree 14.
[0045] Once in position on the wellhead housing 16 with the BOP attached, pressure tests
can be performed oﬁ the inside of the tree 14 to test the valves and connections in the transverse
bores such as the hydraulic connection port 18, production outlet 59, electronic connection port

19, and the valves 58, 60, and 65. Pressure tests can also be performed against the inside of the

valves 58, 60, and 65 by introducing pressure to the annulus between the test sleeve 20 and the



During the drilling operations, the wear bushing seals 48, 50 al so prevent
debris fromentering the hydraulic connection port 18 and el ectronic
connection port 19 from between the wear bushing 22 and the tree bore 12.
[ 0050] After the casing strings have been installed and the well is ready
to be conpleted for production, the wear bushing running tool 23 is run
into the tree bore 12 for engagenent with the wear bushing 22. The wear
bushi ng running tool 23 engages with a running groove 68 for renoval of

the ek pausty. ngh@ﬁress@fw@stgagjﬁﬁdmém ihspact thgirtapeity aBheals potte owdats,
bushing 22 out of the tree 14 as shown in FIGURE 4. After the wear bushing

22 iseaglgqgmg{ib%g?ﬁ%&t SEukd as shown in FIGURE 4, the well is ready for

conpl et on. own 1n FIGURE 5, after the wear bushing 22 is

renoved fromihe tree 14, the -19 production, tubing 70 is i ed. jinto
e wadMelng. PHae e P e (e sk 300y ke 2\ g Rl okl 3R b
production hanger 72 may now be engaged with the production paort 59 for
_conpl detwegntthe insidd pf the testodesve 20ednd the Jiydepuliq gommetioy porg I §; fﬁla glefLronic
production of the well, there arises the need to perform additional
downh@ofinesivk poit 9. [The dise tleawe seullbi2Ag2d Slsapatvenilprasgurh frogepasTing befwepe theenoved
fromthe tree 14. Once renoved, the hydraulic connection port 18 and the

tree BoGg d2mBust sietiel Jo B RE BERGhBEgh HeY bullt Shendgstis 61063) Thewsshslbavewor k.
To this end, the wear bushing 22 may be reinserted into the tree bore 12.

The Ris t%gglwﬁ@gnﬂﬁ%ycﬁ ssflgw{h%_g&tﬁhéé&ggg 'Sto'ggfg& @xss@axeswmtam@em., For

exanp engagement force o O may be sufficient to
n@isnt ai n, t he wear bushin 22 in. position. .Aft t.h ddi & I ol e
Work Tuitisgrie Breasurs frath B2 priunies ah enisin o leg B sBER 80 AR o GO
the tree bore 12 to engage the wear bushing running grooyve 68 and then

r enov éha meanbashing2h beepuse of ﬂ@rﬁeﬁthﬂeﬁt"ﬁééaliidfaaﬁ-i OV VER rthe PECSHES 2P i ng
22 is renoved from the tree 14, the production tubing 70 and tubing hanger
72 ar ahraggh theitres tiahdverbeibores hweto dhed rinutus betrepian thertess sipave 2 ansdhe bereivwiy ohe
well. [0053] FIGURES 6 and 7 show an alternative enbodi mrent sl eeve assenbly
610. Taes st qhe wear bushing 22. The wear bushing ports 46 act to relieve any pressure

differentials across the wear bushing 22 except across the wear bushing seals 48, 50 at the

hydraulic connection port 18 and electronic connection port 19. During the pressure ftests, the

wear bushing scals 48, 50 can create a pressure differential across the wear bushing 22 because of

the seal formed between the outside of the wear bushing 22 and the bore wall 15. The wear

"} bushing seals 48, 50 form a seal to prevent any debris from entering the hydraulic connection

port 18 and the electronic connection port 19 from between the wear bushing 22 and the drill-
through tree bore 12.

| [0047]  In addition to the radial pressure forces acting on the sleeve assembly 10, there are

also axial forces acting in the downhole direction on both the test sleeve 20 and the wear bushing

22. The axial forces are a result of pressure end loading resulting from the different diameter of
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assenbly operates in the sane manner as the sleeve assenbly 10 except as
described below. In the sleeve assenbly 610, the test sleeve 620 does not
seal ingly engage the bore wall 615 on both ends of the wear bushing 622 in
the bore 612. Instead, the wear bushing 622 itself sealingly engages the
bore wall 615. [0054] To seal against the bore wall 615, the wear bushing
622 additionally conprises a |lower termnal end seal 629 shown in FlI GURE 6
and an upper term nal end seal 627 shown in -20 FIGURE 7. The wear bushing
seal s t82kst Qe peild DY andtdee Is barhé Mistahessottieanthe fvearttmshiag 22 i tee tan geabiserb 24,

26 of the sleeve assenbly 10 of preventing pressure from passi ng between

the ingl e load€ e a8 PUEiR2E2 AlAY cbﬁﬁri%bygfoﬁ&' lsh&irG AR i6an Thedad( not

shown) a e el ectronic connection port not shown). The wear bushing

he t cormy BEvESSH AN Ry PR of s LORY AROBMACH RENICRS URink 92008 Dor (6
(not shown). _The wear bushing 622 al so conprises (frt 646 ‘%fg é\gl i eve any
pr essdhewa i FIGERE aths lopdshardng memberebd may compsise Bfgl Eﬁlﬁ@’l‘i g S¥Bushi ng

seal s 627, 629. [00551 To prevent pressure from passing between the annul us

611 babwpering the hafand bighhidg of 6x2upped poriont efdhe sk slpeves2in FRERIE It thel eeve
620 seal ingly engages the wear bushing 622 with a test sleeve seal 624 at

its | QyBapsitde AhHal akies b teshsib@s&t20ab egwe ddaahol6 28atie tb veatipshingt22 unileral
end. The test sleeve seals 624, 626, work in conjunction with the wear

bushi ng. 3621158 the g ulDrestP PRUEL ool KR g Rorife? 62 RawS(k REdD EhNB@N ddaconi nsi de

of the test sleeve and the drill-through tree "outlet (not shown) and
ponts (not sho . 4100561, LAl t ernat.i ushi.ng: 2 14l Y
sedl i ﬁéﬁ %Steﬂ‘éeérﬁ t H% %5? éﬁvl\%tﬂacgﬁvgh \a{ﬁé grgiﬁﬁ{ggr YéIF s\f;oﬁ)paggrdatgl etéré) mglna e% or its
| ower termnal, instead of sealingly engaging.the bore wall .6 t both
ends. T|hausndh%?qnééharﬁwslﬁ?rﬁber@w#a%uﬁ%m%agn syt %&C@ln&ﬁ@%‘?&@x %%t%%bﬁg’%w |
615, then the test sleeve 620 ngal be configured simlarly to the test
s| eevehe@gxitldosbplapatginythe e glsevendl mast prevent (the Estssleevp 28 demt pepsingdawniaiis ¢
sl eeve 620 does not necessarily extend past both ends of the wear bushing
622. TEhé defeshinglteewear®ithingy2.ei t her be even with or inside the ends of the
wear bushi ng
[0048] Once the pressure tests are complete and the connections, seals, transverse bores, and
valves have been tested, the test slecve 20 is removed. The test sleeve locking assembly 28 is
first disengaged using the test sleeve running tool 21 to release the dogs 36 from the profile 38.
The test sleeve running tool 21 also engages a running groove 66 in the test sleeve 20 for
"% retrieval of the test sleeve 20. As the running tool 21 removes the test sleeve 20, the wear
bushing locking assembly 55 maintains the wear bushing 22 in position.
- 10049] After the test sleeve running tool 21 removes the test sleeve 20, the wear bushing 22
remains in the tree 14 as shown in FIGURE 3. The inside diameter of the wear bushing 22 is

'large enough to allow the passage of equipment such as drilling and wellhead equipment through

the tree bore 12. During the drilling operations, the wear bushing 22 protects the bore wall 15,
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sl eeve 622. [0057] As nentioned previously, the sleeve assenblies 10, 610
may be used in any drill- -21 through spool body. Another exanple of a
drill-through spool body is a drill-through tubing spool used with a
vertical tree. FIGQURES 8 and 9 show a sl eeve assenbly 810 as used in a
drill- through tubing spool 870. The sleeve assenbly 810 is installed in
the through bore 812 of the tubing spool 870. The through bore 812 forns a
generally cylindrical wall 815. The |ower term nal end of the tubing spool
870 i she apdraglicecormpcticsepdreds e alavabhib emdndutios ipog B 6he phvidodtionnoutleuph i s
connected to a conductor housing (not shown) and the well. The upper

ter m nahygPHo@l1, Ak WRirkse? BaP |63 8740 dash GQMORGT Rt wale isS@alcada tgllatingr ti cal
tree (not s omm) The tublng spool 870 conprlses a pIurallty of transverse

bor es _apeni to th I bor es
i ncl ud’QH‘a Wﬁr%{gﬁ ](':'mc t| o%oggtﬁ %%%1 ggrgl ?\erllu%(gﬂ%%} \A%ﬁ'%h IS
control |l ed by an annulu port val ve 0. 0 The sl eeve .asse 810
conpr ise@®ngs elled.phe Arill girgmos semoved tfg‘éri‘ %@ éJ“% PFAFIRG SFige 1%%6#%‘%% % he

sl eeve assenblies 10 or 610 descri bed above. The sl eeve assenbly 810 al so
oper atvesdl and iastslled inathe mealihesd hansingt Heat itsheppst éerminah saé Niihya Q@lftgrhﬂpﬁ%f sl eeve
assenbly 610 described above. The only difference being the type of

dri || Thiy progbdus® @9 kepeady unkie til @ell ds datisendlitye B@opriateideptht olnt akliticant
protect. fMgSQ] After the sleeve assenbly 810 is installed in the

drill 5 fcﬁﬁ’lwn‘i’rf%aéﬂd)b B8g PrASSthicigh@sied at
th e S %?g%g mﬁﬁgﬁhggggeﬁgggﬁég?F |ﬁg§%%he dril th?ou%h %gblngghspool 870

is ath nst al e S
ot anfetregisar bRERT M Hstbr o Sk af go B To Ly RAEBE e
drill-through tubing spo 870 i S ssure .tested to ver t integrity
of t nevERE VeSS Hape Selindrrios faciIbas b oE freatoishine, SFF Q% SR the
val ve 860 as well as the hydraulics connection port 818. After the
dri | | atiressuxghdiffateintigf Epoolormingzaceme thes weashwshingtFe Thuy By seletGPPVPY
renoved using a test sleeve running tool (not shown). The

deformation of the wear bushing 22 during the drilling operations due to pressure differentials.

During the drilling operations, thé wear bushing seals 48, 50 also prevent debris from entering
the hydraulic connection port 18 and electronic connection port 19 from between the wear
bushing 22 and the tree bore 12.
[0050] After the casing strings have been installed and the well is ready to be corﬁpleted for
"+ production, the wear bushing running tool 23 is run into the tree bore 12 for engagement with the
wear bushing 22. The wear bushing running tool 23 engages with a running groove 68 for
removal of the wear bushing 22. Once engaged, the running tool 23 pulls the wear bushing 22
out of the tree 14 as shown in FIGURE 4. After the wear bushing 22 is removed from the free 14
~ as shown in FIGURE 4, the well is ready for completion.

[0051] As shown in FIGURE 5, after the wear bushing 22 is removed from the tree 14, the
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well is then drilled as described above with the drill-through spool tree
10, 610. Once the production tubing and production hanger are ready to be
installed, the wear bushing 822 is renoved with a wear bushing running
tool (not shown). The production hanger and production tubing are then

installed in the drill-through tubing spool 870. Once the production hanger
and production tubing are installed, the BOP is renoved fromthe
drill-through tubing spool 870 and a vertical tree (not shown) is

i nst algreghcltn tulbghedriiik kstiddOH@thé Woil agd BeRUbd Bitfe froe 14pwiliucubiog hanger Ykl |
fluidS. [00601 Wil e specific enbodi nents have been shown and descri bed,
nodi fi I gq]?%' 1 1 At oW B@dd theg from
t he sp?\?ﬁlé Pﬁgﬁc@g}gﬁg& 697 0 tﬁ%“é@ﬁ?ﬁggﬁ {gﬁﬁ d'll'ék.ll%goalgcrtr%g iorrveﬁr??gpgosﬂgescgtri bed are
exenplaﬁg only and %%e not limting. Many variations and nodifications of
the syXPLInPLtce Yl BI%- are possibie and are within the scope of the
invention. Accordingly, the scope of protection is not limted ta the
enbodilAeM s dbsdwingethe production g the wallnithesel apiges; he nepditordetingm 2A4RPRRL ¢ he

scope of which shall include all equivalents of the subject matter of the
cl ai mxlownRdle ork Vihatpraduciidraiubing T0sandlmbig Hanger §2asaebbiemoved fram the tree
drill-through spool body having a bore having a wall, the assenbly

conpr g Mkice FemMRA! thE U§Halie ESHBMRRI port 1854ndl theded Pork N nhat @ill be pregicted| eeve
removably installed within the bore and within the wear bushing; the test

| ' Il i . and the
et o gtuRyk B DdoR bl MORY b 3800k, BRNed: Subiinb87 BRI ddifdkedn@nd the

I'ar ge enough to allow the

et S Bt oo ot YSRYne s Db B e o Sy RENIERRERY ¥or' "

conprising: a wear bushing renovably installed. in the bore; a test. sl eeve

r enov &8RGDleribe angagementiorics of the seady €8, AAanay hermHicient & Maintainihe gieanbushing ot

| east a portion of the outer dianeter of the test sleeve sealingly engaging
t he b&2en pesitibn. After the additional downhole work is complete, the wear bushing running tool

23 may again be run into the free bore 12 to engage the wear bushing running groove 68 and then
remove the wear bushing 22 from the tree 14 again. After the wear bushing 22 is removed from
the tree 14, the production tubing 70 and tubing hanger 72 are again installed in the drill-through
tree 14 for completing the well.
[0053] FIGURES 6 and 7 show an alternative embodiment sleeve assembly 610. The sleeve
‘ assembly operates in the same manner as the sleeve assembly 10 except as described below. In
the sleeve assembly 610, the test sleeve 620 does not sealingly engage the bore wall 615 on both
~ ends of the wear bushing 622 in the bore 612. Instead, the wear bushing 622 itself sealingly
engages the bore wall 615.
[0054] To seal against the bore wall 615, the wear bushing 622 additionally comprises a

lower terminal end seal 629 shown in FIGURE 6 and an upper terminal end seal 627 shown in
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3. The assenbly of claim2 wherein a first test sleeve term nal end
-sealingly engages the bore wall, a first termnal end of the wear bushing
seal ingly engages the bore wall, and a second term nal end of the test

sl eeve sealingly engages the wear bushing first termnal end. 4. The
assenbly of claim3 wherein the test sleeve is renovable fromthe spool
body wi thout renoving the wear bushing fromthe spool body. 5. The
assenbly of claim4 wherein the wear bushing protects at |east a portion of
t he b@leUnral 1. Bid wsar bhshing ®sls 637,629 @eifomi droieitbrifumnion bEthspe bletwsdygals 6. The
assenbly of claim5 wherein the wear bushing is renoved fromthe spool body

to conpl 6§ 6r &@%Iee% %%@ﬁtltﬁ%f‘gﬁé&]enﬁﬂ% preBRrARS ATk EbetGedl theInsiesfahe t he

test sleeve and wear bushing alingly engage the bore wall to allow

pressur est ) f, spool ..bady out | et v : enbly
b o1 Bl 2D RGP et Sord R 8oy aflf el tctiShic ekl B
between the outside and .the insjide of_ the wear bushﬁ'ﬁ&%. 9. TQFI-_wass nbly of
cl ai mleotghewa). nThaweardashing s38is QL 7o 879 @lsp MEsERt Prasspes ieiPiPgrrg PEWES 8%
bushing due to the pressure differentials during the pressure testing and
dur i nandideeofdhé teki siepvo 20 and thedrillabrough treacutaitioy sedw)| aad pods (s skavmk he
wear bushing conprises an interior bore that allows the passage of

equi pretwdah badaky 61Pealveesmirissh poiis 644 to Elieveaaseproisyreodiffeicaliats Bcrabsethei n t he
test sleeve interacts with the bore wall to prevent passage of the test

sIeev%w%yaﬁﬁﬁgQﬂgdﬁpgﬂheQ@QMF@?n bedoywnped e direction. 12. The assenbly of

claim1l eré€in a portion o he bore is of a decreased dianeter to
preve ssage of .the test sl|leeve,out of t r 2 Rt he
Chcor ]~ A prefee Bl Fym S HEPWseRing AL HEY behSoc BE proi¥iating 2C, ¢
with the bore wall to prevent passage of . the wear  bushi out af the | ower
ter m §3F apdhhegestiieeve g%th%t?aysleef&.ﬁ%h%ﬂg%)éﬁftﬂagﬂo © oeat Hﬁ%&,@?@ﬁg’f‘% 3 he
| ower term nal end of the wear bushing contacts a wear bushing . shoul der to
suppotst slheveweslr628 s s lnyver terminal eband bisdiysleeys seathdo akisewperytegningl eidm 3
wherein the wear bushing sealingly engages the bore wall to prevent
The test sleeve seals 624, 626, work in conjunction with the wear bushing seals 627, 629 to
- prevent pressure from passing between the inside of the test sleeve 620 and the drill-through tree
outlet (not shown) and ports (not shown).
[0056] Alternatively, the wear bushing 622 may only sealingly engage the bore wall 615 at
either its upper terminal end or its lower terminal, instead of sealingly engaging the bore wall 615
at both ends. If one wear bushing 622 end does not sealingly engage the bore wall 615, then the
test sleeve 620 may be configured similarly to the test sleeve 20 to sealingly engage the bore wall
615. In addition, the test sleeve 620 does not necessarily extend past both ends of the wear
bushing 622. The test sleeve 620 may either be even with or inside the ends of the wear bushing

| sleeve 622.

[0057] As mentioned previously, the sleeve assemblies 10, 610 may be used in any drill-
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introduction of debris into at | east one transverse bore through the spool
body fromthe spool body bore. 16. The assenbly of claim3 wherein the wear
bushing is connectable with a running tool for installation and I!. 25
renoval of the wear bushing fromthe spool body. 17. The assenbly of claim
3 wherein the test sleeve is connectable with a running tool for
installation and renoval of the test sleeve fromthe spool body. 18. The
assenbly of claim3 wherein the wear bushing further conprises a wear

bushi girohge kpdod bads e Mdbiher eeirapls alflaydrilbtkéuh sphel beetyris Budiil-figought tabinge

spool body. 19. The assenbly of claim 18 wherein the wear bushing | ocking

assembl, % ol CREPH e %%ﬁﬂaﬁa&eemmkﬁsf%d g @beasabiv¥ atRmndlyd Miastulel weadrilbushi ng
in the"bore during renmoval of the test sleeve. 20. The assenbly of claim3

wher ei est_si e furyher co I 1@§§§£b|y
rel ea§§8}@’ f‘-‘g’&}}% Sﬁ’ﬁof@? t o Sl%elvgél\s/e | r# §ﬁfﬁ2n§s@getgl lﬁbtg%lﬁﬁo%%rﬁg assenbly of
claim 20 wherein test sleeve | ocki assenbl ri.s n aged
with dehyag speme78i nlheethrqush dors ¢ ‘Pﬂnsﬁ g‘fr}?éﬁ]é'ow fln‘fag\%ﬁ]dggneﬁwéz Vgesl eeve
expands the dogs into engagenent with a correspondbﬁ% proflle in the bore
wal | . taindlked afthe ibiing ool 74k iscannsiied endisealed tava avelibeaiionging & fryich in
conprises a |load sharing nenber. 23. The assenbly of claim 22 wherein the

| oad hyarik BEni¥ERNes aCondictd @Busing 0ldt ahsi) adrthe grelngdgeppebemisalendid wear
bushing and the test sleeve, the collapsible ring designed to collapse

under ¢, ﬂg&:%%g@&%% i &ﬂﬂe&é@é&ﬁ%ﬁed INevéQlal %@@gr ok Shvi) 9 Th fubisEpoalssyenl y

of claim rein the spool body is adrill-through tubing spool

connect abl.e to a head h o 2 bRs 3gspAbl y of
cr o) e gt PO IS e b o G dERI2T mapehpRs 8
connectable to a mellhead h usi and a B 2 A sl.eeve or a
dri | | MeRssHgHbsEoieluge dy iy lﬁgmélg%lf’é H‘Pétv% a’é“G\ﬂ}m‘m‘ﬂPﬁé’o %&1 I
conprising: a wear bushing renovably installed in the bore; a test sl eeve
r enov abhtyolleddiyainlagoilvg pdrt valvh&hore and within

[0058] The sleeve assembly 810 comprises a wear bushing 822 and a test sleeve similar to

either of the sleeve assemblies 10 or 610 described above. The sleeve assembly 810 also

operates in a similar manner to either the sleeve assembly 10 or the sleeve assembly 610

described above. The only difference being the type of drill-through spool body the sleeve
assembly 810 is used to test and protect.

S [0059] After the sleeve assembly 810 is installed in the drill-through tubing spool 870, it may

- optionally be pressure tested at the surface. When ready for drilling, the drill-through tubing

spool 870 is then installed on the wellhead housing 816 and a BOP (not shown) is installed on

the drifl-through tubing spool 870. Once installed, the drill-through tubing spool 870 is pressure

tested to verify the integrity of the transverse bores and respective valves such as the port 861 and

the valve 860 as well as the hydraulics connection port 818. After the drill-through tubing spool
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t he wear bushing; and both the test sleeve term nal ends extendi ng past the
termnal ends of the wear bushing and sealingly engaging the bore wall.

27. The assenbly of claim 26 wherein the test sleeve is renovable fromthe
spool body w thout renoving the wear bushing fromthe spool body. 28. The
assenbly of claim 27 wherein the wear bushing protects at |east a portion
of the bore wall after the test sleeve is renoved fromthe spool body. 29.
The assenbly of claim 28 wherein the wear bushing is renmoved fromthe spool
body 90 ¢GOS tBe aRMsledvic@POGE rdnfievedrising a36st sTeee asméngoiogl @bt hoam Tbe
wherein the test sleeve and wear bushing sealingly engage the bore wall to

al | ow ﬁleiﬁscﬂérfg{iﬁé%ygﬁﬁibé&%vebﬂﬁy U B Brou@P b0l (RRd10/@10esOncdline The

assenbly of ¢ m ereln e wear bushing Turther conprises ports

ext endi bet ween th ut si and the inside. e i 2. The
assenﬂ‘{}!%ﬁtfo%},@% %’TF Rﬁg}‘%tfor‘i‘ HEAEE ™ ‘li.?'sﬁol ﬁg ngsféarlteg’ gﬁﬁﬁ‘%ﬂr{?ﬂ’*ﬁ@?ﬁ?&%g’% on of
the wear bushing due to the pressure differentials.during th ressure

t est i mgneved vt & mgan brshiae irpqningtogh @104 shayry- S.Prqfi’r@“%% E‘@}%T 9“%?‘%8 031.% 26
wherein the wear bushing conprises an interior bore that allows the passage
26  otutéqyiprisnt install@linithe Hellwerangtotubgrgool®F0. Thrcetbe praghgtiost hapeelianioe
wherein the test sleeve interacts with the bore wall to prevent passage of

the n%ﬁﬁﬁlctﬁlﬁ@Bﬁig% in6ihlléd) eneSBORlis Ratyed frofnde ddiirihoiugh dibirecipooing703Bd The
assenbly of claim 34 wherein a portion of the bore is of a decreased

e e G T

end o e spoo e assenbly of claim wherei n the wear
bashi n uhﬂ%fracts with the bore wall to prevent passage of the wear
bushi Sof the |ower terminal end of the spool body. 37. The assenbly .

of claim36 wherein the |lower termnal end of th ar, bushing contgcts a
wear IISAI ng White spegific erabadipgpds thavs, e%gﬁowﬂi‘u’gﬂi %ﬁ\é\%?di H@ﬁﬁ'}ﬁgﬁqns b"&‘ai"? 38.
The assenbly of claim26 wherein the wear bushing sealin%ﬁy_engagesrthe
bor e weide by onpsleliahin the art without departing from the spirit or teaching of this invention. he
embodiments as described are exeinplary only and arc not limiting. Many variations and
modifications of the system and assembly are possible and are within the scope of the invention.
Accordingly, the scope of protection is not limited to the embodiments described, but is only

limited by the claims that follow, the scope of which shall include all equivalents of the subject

matter of the claims.
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I ntroduction of debris into at |east one transverse bore through the spool
body fromthe spool body bore. 39. The assenbly of claim26 wherein the
wear bushing is connectable with a rupning tool for installation and
removal of the wear bushing fromthe spool body. 40. The assenbly of claim
26 wherein the test sleeve is connectable with a running tool for
i nst dVhatisicimediedl renoval of the test sleeve fromthe spool body. 41. The
assenbly of cIa|n126 mhereln t he wear bushln% further conprises a wear

gy

bushi'n S?Rgf " hro %@a?ﬂthar*aw 918 'rthaa%qernh cPRTingte
SpOO hrn g\] ep:g It]’ll
t%r;rt el A B PO 00,
égtes 94§ Sl IISLNLSE cIa|n126
mherern t e test sIeeve further conprrses a test sl eeve Iockrng assenbly

r el easAbleyvel REdANGol D@ilIl1RSEghShERYSIYINBLIR 4 B&e AR a PAMe addmbl) BEm@sHgND! y of
cl ai Meddoushieg @mdvAbBSihstSlbeRVIR: Hods kitdigsIas/s edidvithi¢ PBRNIIdSERIn thedBld s wahigaged
Wi t h tebogrsr busivngraail Bt least aportien sitheairentiamétet dichedtedt blasvetsesmgld ebdaging é=tbosd eeve
expam@ t he dogs into engagenent with a corresponding profile in the bore
mall 45. The assenbly of claim 26 wherein the wear bushing further
r3r E*@saS%P”I'WaEHC@ﬁh¥W erﬁeﬁ@étesfs'esﬁe terpieal ardssealinoly epsaces &P%Pwevattr?e“rer n the
d '%he QQQ{;I Trtfesr B oL RgSe Sbgy anages gﬁ@fﬁr\re" PHE S%‘f?@‘é&’éfa’”a' K58 dfdesictthe wear
bushr PG Cana PHE"IAEEY §I NS 'rtgng M bl e ring designed to col | apse
under, | | nbl y
of CG@'E}%%Q&I tglglén éﬁ%ﬂelgohg?& sf%é;e?sggrgg\%plleﬁr@_ﬁittﬁe %)oélhb%t ’Iﬂ‘%\gt rglﬂgvor%%ﬁg
connectable to a mellhead housing and a vertical tree. 48. The assenbl y of
cl ai B 22 asd@ibli of clhifes wippah thB O@dyr Bushisy SHbtekth af SO BEHIGHUT tHe®Bteatall ift@ehe
conné&st @dveistran@ved terh lidesadol badysi ng and a BOP. 49. A sl eeve assenbly for a
drill-through spool body having a bore having a wall, the assenbly
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8. The assembly of claim 7 wherein the wear bushing further comprises ports extending between the
outside and the inside of the wear bushing.

9. The assembly of ¢claim 8 wherein the wear bushing ports prevent deformation of the wear bushing due to
the pressure differentiais during the pressure testing and during the drilling operations.

10. The assembly of claim 3 wherein the wear bushing comprises an interior bore that allows the passage
of equipment through the wear bushing.

11. The assembly of claim 3 wherein the test sleeve interacts with the bore wall to prevent passage of the
test sleeve out of the spool body in the downhole direction.

12. The assembly of claim 11 wherein a portion of the bore is of a decreased diameter to prevent passage
of the test sleeve out of the lower terminal end of the spool body.

© 13.The assembly of claim 3 wherein the wear bushing interacts with the bore wall to prevent passage of
the wear bushing out of the lower terminal end of the spool body.

14. The assembly of claim 13 wherein the lower terminal end of the wear bushing contacts a wear bushing
* shouider to support the wear bushing in the spoo! body.

15. The assembly of claim 3 wherein the wear bushing sealingly engages the bore wall to prevent
infroduction of debris into at least one transverse bore through the spool body from the spool body bore.

16. The assembly of claim 3 wherein the wear bushing is connectable with a running tool for installation and




50. The assenbly of claim49 wherein the test sleeve is renovable fromthe
spool body wi thout renoving 27 the wear bushing fromthe spool body. 51.
The assenbly of claim50 wherein the ar bushing protects at |east a
portion of the bore wall after the test sleeve is renoved fromthe spool
body. 52. The assenbly of claim51 wherein the wear bushing is renoved from
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25. The assembly of claim 3 wherein the spool body is a drill-through horizontal tree connectable to a
wellhead housing and a BOP.

26. A sleeve assembly for a drill-through spool body having a bore having a wall, the assembly comprising:
a wear bushing removably installed in the bore; a test sleeve removably installed within the bore and within
the wear bushing; and both the test sleeve terminal ends extending past the terminal ends of the wear
bushing and sealingly engaging the bore wall.

27. The assembly of claim 26 wherein the test sleeve is removable from the spool body without removing
the wear bushing from the spool body.

28. The assembly of claim 27 wherein the wear bushing protects at least a portion of the bore wall after the
test sleeve is removed from the spool body.

29. The assembly of claim 28 wherein the wear bushing is removed from the spool body to complete and
produce the well.

30. The assembly of claim 26 wherein the test sleeve and wear bushing sealingly engage the bore wall to
_allow pressure testing of spool body outlets, ports, and valves.

31. The assembly of claim 30 wherein the wear bushing further comprises poris extending between the
outside and the inside of the wear bushing.

32. The assembly of claim 31 wherein the wear bushing ports prevent deformation of the wear bushing due
to the pressure differentials during the pressure testing and during the drilling operations.

33. The assembly of claim 26 wherein the wear bushing comprises an interior bore that allows the passage




and renoval of the wear bushing fromthe spool body. 63. The assenbly of
claim49 wherein the test sleeve is connectable with a running tool for
installation and renoval of the testgsleeve fromthe spool body. 64. The
assenbly of claim49 wherein the wear bushing further conprises a wear
bushi ng | ocking assenbly releasably |ocking the wear bushing into the
spoobf éspipmentSioudhites wes budhing. of cl ai m 64 wherein the wear bushing | ocking
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42. The assembly of claim 41 wherein the wear bushing locking assembly comprises shear members for
releasably retaining the wear bushing in the bore during removal of the test sleeve.

43. The assembly of claim 26 wherein the test sleeve further comprises a test sleeve locking assembly
releasably locking the test sleeve into the spool body.

44. The assembiy of claim 43 wherein test sleeve locking assembly comprises a collar engaged with dogs,
whaerein relative movement of the collar toward the test sleeve expands the dogs into engagement with a
corresponding profile in the bore wall.

- 45. The assembly of claim 26 wherein the wear bushing further comprises a load sharing member.

48. The assembly of claim 45 wherein the load sharing member comprises a collapsible ring engaged
between the wear bushing and the test sleeve, the collapsible ring designed to collapse under a designated
load placed on the collapsibie ring.

- 47. The assembly of claim 26 wherein the spool body is a drill-through tubing spool connectable to a
- wellhead housing and a vertical tree.

.' -48. The assembly of claim 26 wherein the spocl body is a drill-through horizontal tree connectable fo a
~wellhead housing and a BOP.

49. A sleeve assembly for a drill-through spool body having a bore having a wall, the assembly comprising:
a wear bushing removably installed in the bore; a test sleeve removably installed within the bore and within
the wear bushing; and the terminal ends of the wear bushing sealingly engaging the bore wall and the

_ terminal ends of the test sleeve sealingly engaging the wear bushing.

'50. The assembly of claim 49 wherein the test sleeve is removable from the spool body without removing




off at | east one of the transverse bores. 73. A nethod of pressure testing

a drill-through spool body conprising: renmovably installing a wear bushing
in a bore with a wall in the spool bo%y renovably installing a test sleeve
within the bore and within the wear shing and with the test sl eeve

term nal ends sealingly engaging the bore wall to prevent pressure from
passithfgvess bygbiag fromdhe spgdidediof t he test sl eeve and spool body ports,
outlets and val ves; and pressure testing the spool bod orts, outlets,
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claim 74 wherein the spool ody is a drill-through horizontal tree and
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and pEedyelipn of debris into at least one transverse bore through the spool body from the spool body bore.

62. The assembly of claim 49 wherein the wear bushing is connectable with a running tool for installation
and removal of the wear bushing from the spool body.

63. The assembly of claim 49 wherein the test sleeve is connectable with a running tool for instailation and
- removal of the test sleeve from the spool body.

64. The assembly of claim 49 wherein the wear bushing further comprises a wear bushing locking assembly
‘ releasably locking the wear bushing into the spool bady.

65. The assembly of claim 64 wherein the wear bushing locking assembly comprises shear members for
- releasably retaining the wear bushing in the bore during removal of the test sleeve.

66. The assembly of claim 49 wherein the test sleeve further comprises a test sleeve locking assembly
releasably locking the test sleeve info the spool body.

67. The assembly of claim 66 wherein test sleeve locking assembly comprises a collar engaged with dogs,
wherein relative movement of the colfar toward the test sleeve expands the dogs into engagement with a
corresponding profile in the bore wali.




79. A nethod of drilling a well bore using a drill-through spool body

conprising a bore having a wall, outlets, ports, and valves, the nethod
conprising: renovably installing a wegr bushing in the bore with the _
outside of the wear bushing contacting the bore wall; renovably installing

a test sleeve within the bore and within the wear bushlng with a first
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75. The method of claim 74 further comprising removing the wear bushing from the spool body, installing a
production tubing and hanger in the spool body, and producing well fluids through the production tubing.

76. The method of claim 74 wherein the spool body is a drill-through horizontal free and further comprising
connecting the drifl-through horizontal tree to a BOP.

77. The method of claim 74 wherein the spool body is a drill-through fubing spool and further comprising
connecting the drili-threugh tubing spool to a vertical free.

78. A method of pressure testing a drill-through spool body comprising: removably installing a wear bushing
in a bore with a wali in the spool body; removably installing a test sleeve within the bore and within the wear
bushing with a first test sleeve terminal end sealingly engaging the bore wall, a first terminal end of the wear
bushing sealingly engaging the bore wall, and a second terminal end of the test sleeve sealingly engaging
the wear bushing first terminai end to prevent pressure from passing between the inside of the test sleeve
and spool body ports, outlets, and valves; and pressure testing the spool body ports, outlets, and valves.

-79. A method of drilling a well bore using a drill-through spool body comprising a bore having a wall, outlets,
ports, and valves, the method comprising: removably installing a wear bushing in the bore with the outside
of the wear bushing contacting the bore wall; removably installing a test sleeve within the bore and within

* the wear bushing with a first test sleeve terminal end sealingly engaging the bore wall, a first terminal end of
the wear bushing sealingly engaging the bore wall, and a second terminal end of the test sleeve sealingly




of the wear bushing contacting the bore wall; renovably installing a test
sleeve within the bore and within the wear bushing with the term nal ends
of the wear bushing sealingly engaging the bore wall and the term nal ends
of the test sleeve sealingly engaging the wear bushing to prevent pressure
from passin between the inside of the test sleeve and spool body ports,
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within a drill-through spool body having a bore with the term nal ends of

t he %tﬁeﬂeth‘aﬁ ﬁﬁ@br@ra \tﬁ" bplﬁ%elsmés‘tdrfﬁsthé@o'esg)ebnorihgmypn@mga rA favinge Wl eutigig) | |

The Bﬁ’r@e é’ 2 {8 Ctl m wgﬁwsab!yanahﬂae ab‘(ﬁ*@'rﬁuﬁ “Q ‘y'“\th%%?':l'ged in
th i s of
sufue ns ] ﬁ“gt } i g%#ng *f:ire ki O Efzzié SR

val v F?éﬁ S, u%ts P tvanbe efr%eaﬁsff Lhsoogy e from

t he @Mi\ﬁéil &ad u§| 9&9@1.1 éﬁﬂgﬂwe@'ﬂf)él 'B Jﬁﬁets ports, and valves; removing the test sleeve
from the spool body wnthout removing the wear bushlng and protecting the bore wall and the outlets, ports,
and valves during the drilling of the well bore with the wear bushing.

85. The method of claim 84 further comprising removing the wear bushing from the spool body, installing a
production tubing and hanger in the spool body, and producing well fluids through the production tubing.

86. The method of claim 84 wherein the spool bedy is a drill-through horizontal tree and further comprising
connecting the drill-through horizontal tree to a BOP.

87. The method of claim 84 wherein the spool body is a drill-through tubing spoof and further comprising
connecting the drill-through tubing spool to a vertical tree.

-88. A method of testing a drill-through speol body having transverse bores and a vertical through bore with
.a wali, the method comprising: covering at least one of the transverse bores with a first member; sealing at
least one of the transverse bores with a second member by sealing with the through bore wall; and

~ pressure testing the transverse bores.




pressure testing. After the pressure tests are conpleted, the test sleeve
Is renoved fromthe spool body, |eaving the wear bushing in place. The

wear bushing protects the bore wall, outlets, ports, and valves while
al l owi ng _equi pnent such as drilling and3eel | head equi pnent to pass through
t he §ﬂ§ﬂﬁgﬁﬂgy After the well is drilled and the casing strings are

| net ataEr b gpUERee %@%%%%@%Sﬁﬁﬁﬁ?oéﬂit Ton hanger wi thin the

spool body. Fig. 2

[0061) A drill-through spool body sleeve assembly comprises a test sleeve removably
installed within a drill-through spool body having a bore with the terminal ends of the outer
diameter of the test sleeve sealingly engagingr the bore wall. The sleeve assembly also comprises
a wear bushing removably installed in the bore between the bore wall and the test sleeve. The test
sleeve is of sufficient thickness to pressure test the spool body outlets, ports, and valves before

drilling and production. The test sleeve seals the bore from the outside of the spool body during the
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~" pressure testing. After the pressure tests are completed, the test sleeve is removed from the spool
body, leaving the wear bushing in place. The wear bushing protects the bore wall, outlets, ports,
and valves while allowing equipment such as drilling and wellhead equipment to pass through the
spool body. After the well is drilled and the casing strings are installed, the wear bushing is

removed from the spool body to allow the installation of the production tubing and production

hanger within the spool body.

Fig. 2



