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

APPLI CATI ONS 10001] Not Applicable. STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT [ 0002] Not Applicable. BACKGROUND COF THE
| NVENTI ON 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 [00041 A well capable
of producing oil or gas will have a conductor housing secured to a string
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[0002] Not Applicable.

BACKGROUND OF THE INVENTION

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 .geologica,l 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



by a casing hanger. The casing hanger lands in and is supported by the -,
el | head housing. [0005] In typical wells, nmultiple strings of casing are
suspended within the. well head housing to achieve structural support for
the well to the depth of the target zone. Where nultiple strings of casing
are set within the outer casing, multiple casing hangers are |anded in the
wel | head housing, each set above the previous one in the well head housi ng.
Bet ween each casing hanger and the well head housing, a casjng hanger seal
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with predetermined fluid density inside the well. During drilling operations, this fluid is
circulated down into the well through the inside of the drill string out the lower terminal end of
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 se’c‘cingr 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
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 well 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



10008] After drilling and installing the casing strings is conplete. the
wel |l must be conpleted for production. In the well, the production fluids
fl ow through perforations nmade in the production casing at the producing
zone. A string of production tubing extends to the producing zone within
the production casing to provide a pressure-controlled. conduit through
which the well fluids are produced. At sorne point above the producing
zone, a packer seals the. space between the production casing.and the
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housing. First, the production hanger and production tubing are installed in the wellhead
housing. Then, the BOP is removed and then the vertical tree 1s locked and sealed onto the
wellhead housing. The vertical tree has one or more production bores containing actuated valves
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



[ 0010] Using vertical trees involves problem however, If it is necessary
to pull the CODII)letiAIl, consisting essentially ofthe tubing, string and
t ubi ng hanger, the vertical tree needs to be renoved md replaced by the
BOP. However. replacing the BOP involves setting and testing plugs or
relying on downl oad val ves, which may be unreliable by not having been used
or tested for along th-ne. The well is also in a vul nerable condition
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[0012] To alleviate some of the problems associated with installing the production hanger
and production tubing in the wellhead housing, a spool body may be installed between the
vertical tree and the wellhead housing. With a spool body, the production hanger and production
tubing are installed in the spool body instead of the wellhead 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



tubing are installed in the spool bodN, instead of the well head housincy
100131 One exanple of a spool body is a tubinc, spool. The tubing spool
provi des all undanaged bore in which the production hanger and tubing nmay
be installed. It may also act as an adapter with its lower term nal end
conpatible with the well head housing and its Lipper termnal end
conpatible with the lower termnal end ofthe vertical tree. It can also
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vul nerabl e condition while the tubing spool and BOP are being exchanged
andamiieplaerd ke BOA.n position. Also, ifit is necessary to pull the
conpletion, consisting essentially of the tUbing string and tubi ng hanger,
t hejpoes)t i cAnokie@exABME of a.tubiifg BRool @VAN-through tubing spool, which is a type of
drill-through spool body. The drill-through tubing spool is installed on the wellhead housing at
the point when a BOP is needed for drilling. The drill-through tubing spool has a large through
bore capable of passing equipment through the tubing spool bore. Thus, the drill-through tubing
spool provides the additional benefit of eliminating the need to make multiple BOP trips.
[0016] However, the drill-through tubing spool also presents problems to 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 drill-through



and replaced by the BOP. 10015] ADQ( her exanple of a tubing spool is a
drill-th-rough tubing spool, which is a type of drill-through spool body.

The drill-through tubing spool is installed on the wellhead housing at the
poi nt when a BOP is needed for drilling. The drill-through tubing spool has
a large ttirough bore capable of passing equi pnent through the tubing
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t heprodustiop tehing arktuiging hanger agdngpllst nsa. [0017] The drill-through tubing
spool through bore Miust al so be protected as the equipnment is run th-rough
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st récﬁlgﬁnent to pass through the protector sleeve bore. In addition, the bore protector sleeve must
have a small enough outer diameter to be retrieved from the drill-through tubing spool without
removing the BOP. In addition, in the case of an offshore well, the bore protector sleeve must
small enough to be retrieved through a drilling riser connecting the well to the water surface.
[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 drifl-through tubing spool 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 necessary, 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



and casi ng hangers pass through the drill-through tubing spool. After the
drilling operations are conpleted, the bore protector sleeve is pulled out
of the drill -tl-D-O Ugh tubing spool before the production tubing wd
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can thus allow the passage of larger equipment than vertical trees. A problem with horizontal
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.



athird trip to renmove the drilling, bore protector sleeve. 100201 Instead
of using vertical trees, trees with the arrangenent ot 'prodUCi On control
val ves offset fromthe production tubing. generally called horizontal
trees, can be used. One type of horizontal tree is a Spool Trcc"'~,' shown
and described in U S. Patent No. 5,,544,707, hereby incorporated herein
b~, reference. A horizontal tree also locl-s and seals onto the Nvell head
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drill-through tree bore also allows the production tubing string to be pulled out through the BOP

without disturbing the drill-through trec and the pressure integrity of the well. With a drill-
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 drill-through tree is
also another type of drill-through spool body, with the addition of housing the production ports
and valves.

[0024] However, the drill-through horizontal 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



enpl oyed. [0022] To performthe pressure tests, a bore protector sleeve is
typically installed in the tree throu-11 bore. The bore protector sleeve
nmust be of sufficient thickness to be strong enough to wthstand the test
"pressures without deformng. In addition, the bore protector sleeve
protects the tree throuoli bore Nvall 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 Jock
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protector sleeve is also used to protect the drill-through tree bore wall while the drilling string,
casing strings, and casing hangers pass through the drill-through tree. After the drilling
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
must 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 oo thick to allow the passage of equipment during drilling operations. One solution is to



10024] flowever, the drill-through horizontal tree al so presents problens
to the drilling and conpletion operations. As with the regul ar horizontal
tree, the transverse bores and respective valves of the drill-throuah tree
need to be pressure tested. However, the preSSLII-e, tests need to be run
not only at production operation pressures... but also drilling operation
pressures. bef'ore drilling the ""Tell and producing well bore fluids. The
pressure tests can be performnmed before and./or after the tree is

i nsinathll adtcgingttoee peitddeadsitio tei drgl-tiToughearde for pressise gasting theedrlbgraugha bor e
protector sleeve is also typically installed in the tree through bore. The

bOr @edd REGCHE festihe BV Eomplete, TRdSésting tofe protdeion liefimdved dionestse drill-tieowdir ong
enough to withstand the test pressures without deformliff [00251 As with

the, e?gr'llle?lr a?@i@ﬁ%@?r&té&& kAR &d iak%'e?] hiRMAhnidi&Ss ieRP hibeedMust al so

be "protecte qui prment is run rough the tree prior to installing

t he tubj D, hange A bore otector sleeve.s al,so ed t t he
dri ‘thO-“@h rtf?ﬁdﬁmggé@O’E?otroepr\ﬂﬁlcf){%tfﬁieet%{%ghg}oﬁ fhilrrlflgg {sbtercllrﬂgl,lg "é%%‘?‘gn“g' stTi ngs,
and casi ng hangers pass thnough the drill-throUL111 treg. fﬁ&éﬁ t he

dr i drfllingborgpeetastphiiecvar e retidensH detoae t,hetm%dl%%t“%ﬂt& ad ppdugtion hange afgy| | ed
out of the drill-through tree before the production tubing and tUbing,
hangenlldd irethendilhtired:h had@6ial Alethdllgh, thoeee "tppst aeteeesimendishiiip e used
16r pressure testing the tree and for protecting the tree, the bore

Pr OfcBfol kheSteQENEEDArE PidteAGY Gedvel fodil ehee Ml girongingee, Gi Romidetrip 1o iabthidithe
equi pnent to pass throuoh the drill-through tree fl-trough bore. In

add&rﬁlliggborte rf)?ot?&&@sl&%@,t £0tadhird trip to remove the drilling bore protector sleeve.

[0028] In drilling a well, especially an offshore well, additional time can significantly raise
the cost of drilling a well. To lower cost, some wells are drilled with only with the drilling bore
protector installed. Installing the drill-through tree with only a drilling bore protector, however,
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-
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sl eeve nmust have a small enough Quter dianeter to be retrieved fromthe
drill-tID."Ottc' Il tree wthout renovinL, the BOP. In addition, in the
case of an offshore well, the bore protector sleeve nmnust be small enough
to be retrieved through a drilling riser connectij.ig the well to the water
surfam 10027] A drill-through tree bore protector of sufficient size to
wi thstand the pressure testing is too thick to allow the passage of

equi prent durino drillim operations. One solutionis to GC L install a
t esthtaugh bapoel podyt doteor Thassletwe tdseerably | dlset howpriest & eear dpsipng sapewdbliest i ng
the drill-through tree. After the testing is conplete, the testing bore
Pr ofh@seAd@r inl the laBMMRAH &RH1 oGy Botel betivEunotp-Hore wak@nd Tieoytside df ithd testg bor e
protector sleeve of a harger iriner diameter is inserted into the drill-

LNF SHGe L TRELYRYORRONP o BeBY L ggﬁ-ﬂhtaegﬁsr 851 802 B Wal Y Borklidsng thche

dri nNg Operati ons. bore protector sleeve is retrieved

bef ore the producti t ubi d ti h i in th

or VR g RBF b pe it pE e R 1 PR RE sy Mot ald!, | 0P

trip to renpve the testing bore protector sleeve fromthe drjil| -t h

tr :ap,l\{e,s od ﬂzﬂeé@h@l\{ H@‘llghp‘sp;@ll bc%é(t athe éﬁeﬂleeﬂﬁ' iaiSP;SSﬁ@‘S E‘Eﬁ wside of dhg g‘rr‘lll‘gfrg‘gg’re?ugnd a

third trip to renove the drilling bore protector sleeve. [0028] In drilling
a Vbl bods peridatihy theprasfire kestse wel L, additional time can significantly
raise the cost of drilling a well. To | ower cost, sorne wells are drilled

W tqoogﬂl N, Aflet thelpo@sle idstsi a@cdimpleted AhoteeCdl@dve iigimbéd ftoml the tallthrogelt he
drill-through tree with only a drilling bore protector, however,

i L S T S R
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
drili-through spool body 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 another 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

-1l -



100291 It is desired to properly test the drill-through tree corinections,
ports, and valves and also protect the tree through bore in a tinme Luid
cost efficient manner. ConseqUently, to effectivelv test the

drill-tl-trougli tree transverse bores and val ves and protect the tree

t hrough bore, the present invention has been devel oped. O her objects and
advant ages of the invention w/ll| appear fromthe follomﬁng descri ption.
SUMVARY OF THE EMBODI MENTS [ 00301 The drill-throu o] body sl eeve

as seutithy séalisglglchgagesthi keillktbrosgio spook bethi hdre waH de oﬁbg@uww@ eihdl-s| eeve
assenbly conprises a test slecve renovably installed within the drill - 10
s pqgﬂou%s)ﬂ%obw@-bo_@? g SHEENE bamSemihat cadsef (BOWpdr meling@map atalibgls lehgrpe

renova Iy L|p | installed in the dr|II-through spool body bore between the

bor 3 S t tlkﬂ? 1P deis Ok ﬂ{qufbtsféﬁe seSRBY Engadit® theShdar Bh@@YL 1568l Ngl Y

rough spool bore "val I" on"both ends of the wear

Tt eéﬁlaﬁéfgreﬁébip%ﬁ%m% L %Vl‘%lfg‘ﬁ&iep%ﬂ?l%}ﬁeé‘éf*’“f%ét@ﬁtesE e

sl eeve al so seals the inside of the drjl]l-throug ol bo ore during

t helgsve sealingly teagagss tecome Woaf b@ﬂllﬂ%‘@%ﬂé‘s@&‘r‘@lﬂree@f’ ot W?ﬂ%’é‘f ijﬁ‘ ®the test
sleeve is renoved fromthe drill-through spool body bore, |eaving the wear
bushit Rigevasqalingle enddpes weasorbwahi i bpthdtmuing ande off thel wear thuglugg] seadigdlyl body
bore wall, transverse bores, valves, hydraulic connections, and electrical
Corbﬂgz?gfglﬂa?@&re w1 BerPbd R WrREhal &fls 0fthE REEEItcveeiaghy cnbigeuidwedidughing. | - t hr ough
sSpoo ody bore.

[0035] Both embodiments may be used in any drill-through spool body. For example, the
embodiments may be installed in a drill-through horizontal tree installed between a wellhead
housing and a BOP. The embodiments may also be installed in a drill-through tubing spool
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 made 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
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[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 well by installing the production tubing and production
hanger. After conpleting the well, the well nay be produced by fl ow ng

wel | fluids through the drill-through spool body. [0033] If additional
do~wi i hole work is needed, the production tubing and hanger may be renoved
fromthe drill-through spool body and the wear bushing reinstalled. After
pr diifetiREhgy the drill-through spool body bore during the additional
downhol e work, the wear bushing is again renoved and the production tubing

and pr odyGURA Rangsds saénkleiias badhk dellftbrougtdhbirtzontabitresneith a pbuiod of the
production. [0034] In another enbodinent. the test sleeve does not

sealin e drill though spool body bore wall on both ends of the
meé$ﬁ%%%%9ﬁggq%ﬁ%%@hd, at least one termnal end of the wear - |l brushing

of 1 ho diOTIRE TR agigis eppel B, O < Hrlh etBhat e B B MR (001

t he wear bushing may scalingly engaoc the bore wall with the term nal ends
of askemblermoyedieve seal ingly engaging the wear bushing. If only one

term nal end of the wear bushing sealingly engages the bore wall, one

t er mi nal FIGRIRIDS it hecromsdectimlabeiew stk mgu-t@r@ﬁgd@égontﬂen@awﬁhw%ﬁl%% hi ng
termnal end while the other termnal end of the test sleeve sealingly

enoagesHly HnRANR M8 e produchon fublrgrai prddueisuisihg hivgrenimamllashi ng scal i ngly
1-Y engage the wear bushing. engage the bore wall, then both term nal

end. s OfFIblﬂﬁ?ﬁSeé tndY %V&ﬂﬁgéi 4B sectional views of another embodiment of the sleeve

assembly;

FIGURE 8 is a cross sectional elevation view of a drill-through tubing spool with the sleeve

assembly installed; and

FIGURE 9 is an enlarged cross sectional view of the drill-through tubing spool of FIGURE

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 embodimentis are
to be considered an exemplification of the principles 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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100351 Bot h enbodi nents niaN, be used in any drill-through spool body. For

exanpl e, the enbodinments may be installed in a drill-through horizontal
tree installed between a wellhead housinc, Lind a BOP. The embodinents mav
also be installed in a dri'll-through tubing spool installed bet~, Nieen a

wel | head housino and a vertical tree. 10036] Thus, the enbodi nents conprise
a conbi nation of features and advantages that overcone the probl ens of
prior art devices. T he various charac ter-i sties described above., as

wel j003%] ofThedriflehtougle spooibbdy dieeveesctinibly Hpparabinin the botrosfer diili-trewghi n t he
art upon reading the followi ng detailed description of the enbodinents,

ands Ry b&fyerA Hﬂmﬁ@ugm@oapmgnﬁamm@mw @S houses thBPrdncRESRReBTAdN OF THE
DRAW NGS 100371 For a inore detail ed description ofthe enbodi nents,

" el S8R Yibihe ROYIHRPARHR, hilod B pdsBlab APbAGpACRO PRI R oGSy FI GRE

I Cross’s on efevational roug I'zontal” tree
Sectiorar el HitEAEow 105 HealghosersbedtA g o R ORI RERE 3 i s
a cross sectional view of the dril.l.-through horizontal tree with a
por Aj dsitl-dfoughespoell kasty anais aleprinojudeendribdhropghchymizontal &reg installed bevqendhal vi ew
of the drill-through horizontal tree with the sl eeve

wellhead housing and a BOP.

[0040] FIGURES 1-5 show how the sleeve assembly 10 is used in a horizontal drill-through

tree 14. FIGURES 1 and 2 show a drill-through spool body sleeve assembly 10 installed in the

through bore 12 of the tree 14. The through bore 12 forms a generally cylindrical wall 15. The

lower terminal end of the tree 14 is connected and sealed to a wellhead housing 16, which in turn

is connected to a conductor housing (not shown) and the well. The upper terminal end of the tree

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 connection 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 instalied 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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assenbly renmoved; FIGURE 5 is a cross sectional view of the drill-through
horizontal tree with the sleeve assenbly uninstalled and the production
tubi ng and production tubing hanger installed; FIGURES 6 and 7 are enl arged
cross sectional views of another enbodiment of the sleeve assenbly; FIGURE
8 is a cross sectional elevation view of a drill-through tubing spool wth
the sleeve assenbly installed; and FIGURE 9 is an enl arged cross sectional
view of the drill-through tublng spool of FI GURE DETAI LED DESCRI PTI ON OF
THE! EMBDRIWMENGS hiROR8 Al ddiv) @ ths dmweriteradnalicod 27 of gheavear budiing 73 engagisough
spool body sl eeve assenbly and includes enbodi nents of different forns.

The, AR 9Bo1ald ihder ALSTRE MiruR ilettol ididkpbesien apaailki groenbdbliiment s of
t he present invention with the understanding that the enmbodinents are to

be C%rgsr' 1{en {8 dpt@iﬁeﬁq}é i C%&b%ﬁfbugﬁiﬁ P Reh RloBrivds héies |46Veﬁ g and

Ereth f II e |nvent|o to that |IIus r at ed an descri bed.
urt he is.tao, be u e zed %ﬂﬁﬁ of t he
enb@H@ﬂ%%Wél ég %gg 8@&@Y2@83 ﬁwlf%EPU§l ANy ~ suitabl e

conmbi nation to produce desrred results he drjl hr ough spool
bodyeas|basiviag 33 Sephsy pomprises OB Fals HR, 3(isaBisak s g el 18&5&%
body. A drill-through spool body includes any body that houses the
pr osklew itlehykisautie commedtionppart g tihom thewdsian Yusihing 2histinsialieda The vesar bushinge
passage of equipnent. A drill-through spool body
port seals 48, 50 also seal against the bore wall 15 above an below the electronic connection port
19. Once in position, a wear bushing locking assembly 55 then locks the wear bushing 22 into
position. As best shown in FIGURES 2 and 3, the wear bushing locking assembly 55 may
comprise shear pins 54 that are extended to engage a corresponding recess 56 in the bore wall 15.
[0042] After the wear bushing 22 is installed, a test sleeve 20 is inserted into the through
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
27, 29 of the wear bushing 22. As the test sleeve 20 is put into position, a lower test sleeve seal
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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thus may include a drill-through spool installed between a wellhead housing
and a vertical tree. A drill-through spool body may al so include a
drill-through horizontal tree installed between a wellhead housing and a
BOP. [0040] FIGURES 1-5 show how the sleeve assenbly 10 is used in a

hori zontal drill-through tree 14. FIGURES 1 and 2 show a drill-through
spool body sl eeve assenbly 10 installed in the through bore 12 of the tree
14. The through bore 12 cornms a generally cylindrical wall 15. The [ ower

t erdidnneadr tewardo thetlhwet tepeindlendsf trtheogbbdonwnd- seal ed to a wel | head housing
16, which in turn 1is connected to a conductor housing (not shown) and the

velpp43fhe OpRShsthiédTiHRAbst 8REVOI0 fshigentbeleed idid positiopnsieg héetkanrhsseabled to a
bl owout preventer (BOP) (not shown). The tree 14 conprises a plurality of

E ; gﬁs VA B&t vy inofﬁjg%lg% 2 HiOlobfRe LRGP RIS cbiprif 8 FotRidngOdoBESD

S5ver se ores e a hydraulic connection port 18, an electronic

connection port 19, a |lateral. duction outl I

pr ?Hgé’? lﬂ;b%? %P%@ﬁ%}??ﬁe‘?ﬁ& %b%rf 8{)@? puEs ,&aglﬁ r gﬁhgﬁ%ﬁﬁ%{sg ‘50818% ?61 %@thghi ch are
optionally controlled by one or nore val ves such as an annul us port val ve
60 baredwalbl koVks cqlier 80 pufey diagster pomarises pehegplder Hehetcogages aiCQTfF?PQg Bed on
the wel | head housing 16, a wear bushing, conprising a |ower termnal end 27
andhaulderdsam dael dognad. Ehad@s J6siré metchbd tkrigaga hiprofilodt i the bawiwall 1% wear
bushi ng running tool 23. The wear bushing running tool 23 engages a running

9r ORWRIGStheiddgh D6 AERY arPUShibAgd poitionsaowh is FIGYRELD oh nige Teicdid8f thest al | s

the weaf” bushi'ng 22 in the Eore -14 12 until a wear bushing shoul der 40 on

t h%pl)&%rrtiéneéfﬁlg Alst §0e20. Afnded &n WRAT fRESH 18 BBac) AL llar shoulder 34
acts on and cams onto the dog shoulders 35 to expand the dogs 36. When the dogs 36 expand
they move to an engaged position with the profile 38 of the bore wall 15 shown in FIGURE 2 on
the right side of the upper portion of the test sleeve 20. Engaged with the drill-through tree bore
12, the dogs 36 lock the test sleeve 20 in place in the tree 14.
[0044] Once the sleeve assembly 10 is installed in the tree 14, the tree 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 on 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
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an annul ar shoul der insert 42. The annular insert 42 is disposed in an
annul ar groove 45 in the wall 15 of the through bore 12. The wear bushi ng
22 al so conprises ports 46 along longitudinal |ength of the wear bushing 22
that extend radially through the wear bushing 22. The wear bushing 22
further conprises port seals 48, 50 that seal against the bore wall 15
above and bel ow the hydraulic connection port 18 when the wear bushing 22
is installed. The wear bushing port seals 48, 50 al so seal against the
borgeeviré 11.5Thb pressume tesislapmpdriremet] ec tnspenit ¢hecintogaot éfche pats, portg outlige in
position, a wear bushing | ocking assenbly 55 then | ocks the wear bushing 22

I Nt ghd VARRSE Lh@P opdatiRelessu@Wn in FI GURES 2 and 3. the wear bushing | ocking
assenbly 55 nay conprise shear pins 54 that are extended to engage a

cor ondi rece [t r bushi n
22 PBFc: LRk TFEPRaTR: (Pine I8 98 TeeVlbalo 2, po Hdatk phlshe ot piERls Y5 1
using a test, sl eeye running tool . The test sl|leeve r ing tool 21

eng ‘é%cnathFégild:%P e test ﬁ}ﬁ%‘iengf?ﬁ}‘%%l?ﬁehﬁga‘fll? FOTEpEqn P?{gq? eagxﬁ esl?cgré)\%: 20. The
test sleeve 20 is slidingly received through the inner dianeter 25 of the
weasonbersionpgri2l®, Thetthstisivsve esals 24, @o\absodpe et BreaTuag gaspasyBg heveenilifal  ends
27, 29 of the wear bushing 22. However, the test sleeve 20 need not extend

pasinsitibef drdest sRéve 20 and thchizilMthesughuskionget2? andspdrisehlt 63t Thedmvele@® is put
into position, a |lower test sleeve seal 24 seals against the bore wall 15

at 3§ Jreafficin® Mkl R! wiRitdak f%@.@hf@élof B pARPEE tésesvithhigRermigal 26
al so seal s against the bore wall 15 at the test sleeve upper term nal end

?E?P‘E‘?‘E?eﬁlf% %2%8';%?é%%%‘ﬁ%fﬁ%%ﬁ%l%ie%é%’ﬁ%@?ﬁ%ﬁgﬂz’? ﬁ%sz oA R of “The
S 00 2 DS sk DS el s s oL
through the tree transverse bores into the annulus between the test sleeve 20 and the bore wall 15
does act on the 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 tests, the
wear bushing seals 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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-15 diameter towards the lower terminal end of the through bore 12. [0043]
Once installed, the test sleeve 20 is then | ocked into position using a

| ocki ng assenbly As best shown in FIGURE 2, the | ocking assenbly 28 may
conprise a retaining collar 30 and an dogs 36 installed between a portion
of the outer dianmeter of the, retaining collar 30 and the bore wall 15.
The collar 30 outer dianeter conprises a shoulder 34 that engages a
correspondi ng shoul der 35 on each dog 36. The dogs 36 are natc%sd to
engthgéeshsipevsiseale 248nd R6.t esopsriastapees where the weanbashipe 22 g gys taghsgie i n an
unengaged position showm in FIGURE 2 on the |eft side of the upper portion
of thBerdsewmt el éeide, RO wetii Idbing®? axy edmpriseceload siianing ondrhizar 630, TheHeadcol | ar
shoul der 34 acts on and cans onto the dog shoul ders 35 to expand the dogs

36. NKRR ridifhet @Swoifld SHARMEE dodieds DMRrd edbadngiag el Was itukling a2t M4 he
pro?l e 38 of the bore wall 15 shown in FIGURE 2 on the right side of the

upper.. por ti f, the : . ] : t RE i, tree
bor O@Pﬁﬁg@ozgéh%lggfg%ﬁﬁ Erge eeg tg 2 gﬁgg{i}gﬁ%% Ir:l&%ﬁtpg@leéiljl’léé dﬁieﬂ% ree 14.

[ 0044] Once, the sl eeve assembly 10 is .ins led in t tr e tree
¢ aSrORIIRG o s e e e Gl SPeh RIHEBAT (e e Bed) hGTRE Ghaf , be
pressure tested. After testing, the lower termnal end of the tree 14 is
engenjlegsibietrngtideliams trectget shsys LA &o meve downimralafive|teyrer bushing 22mdes s t hen
connected and sealed with the upper termnal end of the tree 14. [0045]

Once iaRiapRail bf tie posssiinb eesve Ak teddahdusing getend? hdjnste uBEP it saadheat] opr essur e
tests can be perforned on the inside of the tree 14 to test the valves and

<1> gnﬁh@%d't QRsve D, tthe dB%saﬁ?' UREE8 wilPtRSprofiiBe® dtherbhatgrad]tiogalcaxialdead. on port
, production outlet 59, electronic connection port
Thus, the load sharing member 62 works in conjunction with the locking assembly 28 to absorb
the axial load placed on the test sleeve 20 and prevent the test sleeve 20 from bearing down on
and deforming the wear bushing 22.
[0048] Once the pressure tests are complete and the connections, seals, transverse bores, and
valves have been tested, the test sleeve 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.
[0049] 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

Jarge 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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19, and the valves 58, 60, and 65. Pressure tests can al so be perforned
agai nst the inside of the valves 58, 60, and 65 by introducing pressure to
t he annul us between the test sleeve 20 and the -16 tree bore 12. The
pressure tests are perforned to inspect the integrity of the seals, ports,
outlets, and valves under operating pressures. [00461 During the pressure
tests, the test sleeve seals 24, 26 prevent pressure from passing between
the inside of the test sleeve 20 and the hydraulic connectjon port 18 and
el eh¢ hedaclic canretidri port J8y theldectine caviectiinepwt 18etiesproducting @ltlsb SBr event
pressure from passing between the inside of the test sleeve 20 and the

dri dnhaLB PN, hicmeQiirkeber PIrtasdd ROBich RtiorbE thElveell isskrillel cedsl] sithgi s of
sufficient thickness to withstand the pressures of the pressure tests

W t@@gaocﬁﬁl‘; ﬁ%’f% A t%@g{/ﬂgg B Rk gRSULe ah@%ﬁeswefrllﬁh%dmcﬁ@ﬁgrl%. ph@eeeheon t he

i nsi 0 does not act on the wear bushing 22 because
of the test.sleeve seal.s 24, 26. weyer, th ressu Led. ough the
t r BCHqR pikied ot Bglf@ssni“?ﬁ B KFWQV%%EEH § Vi S S {tﬁﬁﬂéﬁ}efg@c\ggﬁég{ “and t he
bore wall 15 does act_on_ the wear bushing 22. The wear hushi orts 46
actwelbandinsialled dnjhepwelihead doudng 1@ 2 HE URPE faew&%’se%@lt\[xéa?a%’&gﬁﬁﬂgﬂ- 22

except across the wear bushing seals 48, 50 at the hydraulic connection
porThid fravedurelie atpeatedcuntidrihe stellois grdted tbothe Dypptapgiatehdepth.e Joadditiatistos, t he
wear hushing seals 48. 50 can create a pressure differential across the

Ve afrofRetelY thE tré2bHe GAlISS Pém thidyassgabof BAN Meitighal vawy dtiirgsohitaigh chetfect he wear
bushing 22 and the bore wall 15. The wear bushing seals 48, 50 form a seal

o PRSI AP ORI 0Bl s pescmneepicies b o1

dr i(lulri_ng the drilling of the well. During the drilling operations, the wear bushing ports 46 prevent
a pressure differential from forming across the wear bushing 22. Thus, the ports 46 prevent
deformation of the wear bushing 22 during the drilling operations due to pressure differentials.
During the drilling operations, the 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.
[06050] After the casing strings have been installed and the well is ready to be completed 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 tree 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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through tree bore 1.2. [00471 In addition to the radial pressure forces
acting on the sleeve assenbly 10, there are also axial forces acting in

t he downhol c direction on. both the test sleeve 20 and the wear bushing The
axial forces are a result of pressure end |loading resulting fromthe
different dianeter of -17 the test sleeve seals 24 and 26. In sone

i nstances where the wear bushing 22 is too thin to absorb the pressure end
| oads, the wear bushing 22 may conprise a | oad sharing menber 62. The | oad
shagrodg:tior ntbéng BRisvimsekteld aitd tw welkarddgsalis! insheter B with alteioz hegeen72he wear
bushing 22. As shown in FIGURE 21, the | oad sharing nenber 62 may conprise

a cqhé pRAIubEGH Kdnpsr BHmaPhodievehgagdnpiah thegprofietibepbortavdor bghpletingletheof t he
upper portion of the test sleeve 20 in FIGURE 2, the collapsible ring 64

al | ows. t ve 20 to nove downhole relative to wear hushing 22
und $?“H£§h%§$%ﬂﬁ$$%%d of the pressure test. As the | oad sharing nmenber 62

adj usts under, the axial, |oad th est sl eeve 20, .the . .ot eract
wi t02He plodnring 35 PEARELS) Bpgﬁwﬁﬁd%}{efeoﬁ%ese{%? Jecd 5o, 4° rfg%?ﬁaggﬁlob e | oad
sharing nmenber 62 works in conjunction with the |ocking a enbuy 28 to

ab otehworkx thel produstiop [talig) 7{% ng febing banger déveayols wvsi ZRPé‘h e RS t est
sl eeve 20 from heari ng down on and deform ng the wear bushin [00481 Once
t hel pr@acuemovas tis ideavtionphxicionpdrt t1R @nd draieest hased 2 nyshstsl be prtepiask se
bores, and valves have been tested, the test sleeve 20 is renoved. The

t eSfyrlkQRY 8ddi@sel BOwARSIE WY, 38 this chil] Gt whas BROMGELR Rl g rbinsertedsintos| eeve
running tool 21 to release the dogs 36 fromthe profile 3 The test sl eeve
rui i 0de 890 1 211 §QarNGRAE nd BHRARINNGn APRitBE Uy b RGithiRE ncahgevsr 20 for

example, the engagement force of the seals 48, 50 may be sufficient to maintain the wear bushing

22 in position. After the additional downhole work is complete, the wear bushing running tool

23 may again be run into the tree 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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retrieval of the test sleeve 20. As the running tool 21 renoves the test

sl eeve 20, the wear bushing | ocking assenbly 55 mai ntains the wear bushing
22 in position. [00491 After the test sleeve running tool 21 renoves the
test sleeve 20. the wear bushing 2 remains in the tree 14 as shown in

FI GURE 3. The inside dianeter of the wear bushing 22 is |arge enough to
all ow the passage of equi pnent such as drilling and wel | head equi pnent
through the tree bore 12. During the drilling operations, the wear bushing
22 RIGOIRET.s Théheeidrushinglstal 1627, 629 gerforhethh yunidan finction ehdhetipd slepvst fealsg, t he
el ectroni c connection port 19, the production outlet 59, annulus port 61,
and4 hg Ptk avRE aBREibl 30 oAprevatihgsaedsuenfrah pabingsdtivetrsthdrindiledf the dri | |
string with adrill bit is run through the BOP, the tree 14, and the

We'tgg%%g?rcb@ibs%rﬁxgm\%\gﬁh‘?f{llti(%orﬁ@&ionﬁgﬁ n8NsHoSyrg hd h%delgcttﬂ&ﬁic@ohhécti%fxrpbﬂg i's

renove rom and a casi string inserted into the well and

installed in the welhead LN at _its uppe ! i a
casPAghRERYe Le e ‘fﬁ?‘B’c,gesﬁgnﬁ @Ps&%@é‘ép & eﬂrﬁr?ﬁgu{ehﬁé&ﬁmga%gsﬁgg?ﬁ {e}% to the
appropriate depth. In addition to protecting the treg bore wall 15 from

t henpde ebige test slgeve 420qndithgydrlinthreugh e e Hps S@‘Wéd’&ﬁ PPﬁé?W é*éo““h, t he
wear hushing 22 also protects fromthe passage of any downhole tools that
nayTHeewes etishidg 6RAglsbhengristd party @6 torreliews! any wessiegdiffarentials [aptoggthe
operations, the wear bushing ports 46 prevent a pressure differential from

f oryRRGuAALOED diltQo IRAK e BEIHIRYsedR.62Th6R. the ports 46 prevent deformation
of the wear bushing 22 during the drilling operations due to pressure

di f@ﬁgssﬁnt g, zymve@égg&greti{?&n %ﬁésﬁﬂé%@&ﬁﬁ@%ﬁﬂ% 6 LINGetWEAT thb Yeht Pgshigal s 48,

50 prev bris fromentering the hydraulic connection port 18 and
el E&Era%gltﬁe %ecs);p &ggvtel &6, Bl%rttéstlslegevg (L sgeﬁltng ee':’]nggge% thE Wear bushing 622 with a

test sleeve seal 624 at its lower terminal end and a test sleeve seal 626 at its upper terminal end.
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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bushing 22 and the tree bore 12. [00501 After the casing strings have been
installed and the well is ready to be conpleted for produc.tio n, the wear
bushing running tool 23 is run into the tree bore 12 for engagenent wth
the wear bushing 22. The wear bushing running tool '230 engages Wth a
running groove 68 for renpval of the wear bushing 22. Once engaged, the
running tool 23 pulls the wear bushing 1) out of the tree 14 as shown in
FIGURE 4. After the wear bushing 22 is renmoved fromthe tree 14 ~as shown

i n thioGEREpeh] Hote werdthdr expmattyoff @ drildhisngh ispel todpsa  daill-Sweiigh hing| GURE 5,
after the wear bushing 22 is renoved fromthe tree 14, the -19 production

t ubjohd vE8d ithiaRgRidabled. TRIGURES 8/ahd 9 ahslv ankted hsembly 8lhes us@kinbAlrili-t h a
t ubi ng hanger 72. The production hanger 72. may now be engaged with the

Iplt ?E@ﬁé]lﬁ ﬁg)ir%ggé}ogp 978 0T Qfgpxlree%shéelﬂl\)ﬂlg lhilqo i¥estalle@ P frRAMESRIgWote 811bfthe [ 0052]

i tiona mnro?uc&ggﬂ OI € t_thereb_arlses the need to perl'orm
oy paveh A T TR RGER Por V1740 Oh deheRambY uial RO, Al | DR IRRECT o
I REE et e UM RO
the tree bore 12. The wear bushing may he maintained in. position by any
s uittumbik @ometesl. to orondectaniiusingt (net Shoyay endthe welk.céhe vrp¢rdesripplsendl 50 may
be sufficient to maintain the wear bashing 22 in position. After the
addi¢ {8l speVETHaL BonMREd bad Sandltekaertichierass@nt shosin.nGhe tbinigrsgooldyio
comprises a plurality of transverse bores opening into the through bore 812. Examples of such
transverse bores include a hydraulic connection port 818 and an annulus port 861, which is
controlled by an annulus port valve 860.
[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.
[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 drill-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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2 may again be run into the tree bore 12 to engage the wear bushing running
groove 68 and then renove the wear bushing 22 fromthe tree 14 again.
Alter the wear bushing 22 is renoved from the tree 14, the production
tubing 70 and tubing hanger 72 are again installed in the drill-through
tree 14 for conpleting the well. 10053] FIGURES 6 and 7 show an alternative
enbodi nent sl eeve assenbly 610. The sl eeve assenbly operates in the sane
manner as the sl eeve assenbly 10 except as described below. In_the sleeve
as $0tik yes@BOthetthe steewt 820 savmosadusings terdslesearinaingyioaln@agehovye. bdee wal |
615 on both ends of the wear bushing 622 in the bore 612. Instead, the wear
bushiing #2g driiceld deatticd atongages tHehdrilbdreuginlpoob hise D0@34] Foces thel

agai nst the bore ,vall 615, the wear bushing 622 additionally conprises a

'Sgﬁﬁé}dégg&gﬁﬁﬁhg ehd ﬁ?@lﬁg%%g@%&gvﬂ}e iBad5 GURE I fRt-ARE, B8 weReushiapngxals end

own~in wear bushing seals 627, 629 performthe
simlar

function of .the test sleeve.seals . enbly 10
(. )rFmBY"éX/‘é'Hﬁiaﬁ”éeaf)BBsé’é%ﬁ ’émfl}ngrﬁof)la@g]e?lulé’ Hét vl\ﬂ/}elélnér cﬁlgmlgn}slﬁgr %@ﬁ\égug‘fﬁ@gt sl eeve
620 and the hydraul ic connection port (nqt shown) and the. el.ectroni.c
corinking awsrtheinstalled dt therfihthroughdubiag rSP‘Efﬁ $ ﬁn §ree éll?%pré’ﬁ‘?‘,’noélz@“ﬁ?rs%ldp revent
pressure from passing between the inside of the test s|leeve 620 and the
dr iproduction uiing are énstalletl ethe BOR isshmanyd fom thodtd-tiraueh shierspool Sleandear
bushi ng 622 al so conprises ports 646 to relieve any pressure differentials

acrPestitd1@ree WBS' shBuah isms@Aed dehd arilligrowgiatubingsiyool 83@ fbrsprédicing#@.  10055]
To prevent pressure from passi ng between the annulus 611. between the wear

busxgﬂyﬂﬁd 22 and the test sleeve 620, the test sleeve 620 scalingly engages
t he wear bushing 622 with a

[0060] While specific embodiments have been shown and described, modifications can be
made by one skilled in the art without departing from the spirit or teaching of this invention. The
embodiments as described arc exemplary only and are 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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test sleeve seal 624 at its lower termnal end and a test sleeve seal 626
at its upper termnal end. The test sleeve seals 624, 626, work in
conjunction with the wear hushing seals 627, 629 to prevent pressure from
passi ng 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 termnal end or its lower termnal, instead of scalingly engaging the
bor@ . AWAMS 615 at both ends. If one wear hushing 622 end does not sealingly
engage the bore wall 615, then the test sleeve 620 nmay be confi gured

si g lar st sleeve 20 to sealingly engage the bore wall 615 1In
adgppggh¥(@§%ﬁﬁ€gﬁ§sleeve 620 does not necessarily extend past both ends of

the wear bushing 622. The fest sleeve 620 may either be even with or
ok do. theBRASEION e ek Rg! Pabdsyiegbere haeet WA FEAFTBRYG

previous]y, the sleeve assenblies 10. 610 may be used in any drill 1
t hrcomghisisgiool body. Anot her exanple of a drill-through spool body is a
drill-through tubing spool used with a vertical tree. FIGJURES 8 and 9 show

a sl eeve asseridayb@&hthpasmussdll instakkeddnithd bor¢;hr ough t ubi ng spool 870. The
sl eeve assenbly 810 is installed in the through bore 81 2 of the tubing

spool 870. The.d BEAGEmBEILS, RLANIANHANS 1R WROAT@Vn Gl vidadbhshalg; wal | 815.
The lower termnal end of ‘the tubing spool 870 is connected and sealed to

| | head h ' 816, Whi [ ' t h [
(not shown) SdeRRESUEONAE Be ok b e ERRRTE bEprel rAFEEIRET O o7 570

is connected and sealed to vertical tree (not shqvwn). The tubi ng spool
870 the inside %ameter of the ‘wear lbus%ung ﬁeei\ng g¢ enough {o azllow tﬂe passage of 5P

equipment through the wear bushing.

2. 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
at least a portion of the outer diameter of the test sleeve sealingly engaging the bore
wall.
3. The assembly of claim 2 wherein a first test sleeve terminal end sealingly engages the bore

wall, a first terminal end of the wear bushing sealingly engages the bore wall, and a second terminal

end of the test sleeve sealingly engages the wear bushing first terminal end.
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conprises a plurality of transverse bores opening into the through bore
812. Exanples of such transverse bores include a hydraulic connection port
818 and an annul us port 861, which is controlled by an annul us port val ve
860. [00581 The sl eeve assenbly 810 conprises a wear hushing 822 and a test
sleeve simlar to either of the sleeve assenblies 10 or 610 descri bed
above. The sl eeve assenbly 810 also operates in a simlar manlier to
either the sleeve assenbly 10 or the sleeve assenbly 610 described above.
Thet.onl yltdiasfearbéyncleliisi hgrhetein thy st géevdns temavale dions hesbod) dagdy wiaow eeve
assenbly 8 10 is used to test and protect. [0059] After the sleeve assenbly
81Qch8vind HealdafBushihglthen theishbolbBdugh t ubi ng spool 870, it may optionally

be pressure tested at the surface. Wien ready for drilling, the
drill-through tubing spool 870 is then installed on the well head housing
816 and a BOP (,not shown) is installed on the drill-tlu.ough tubing spool

870. On installed, th ril.l-through t.ubin |l 870 1.8 p tested
to verif etaﬁ%mfaqlﬂf Bgflf”ﬂ/go emxétliergﬁag&)éllslggg B{)reecgspgﬁaas ggéjﬁg?ﬂnl é@%gpl\%es such
as the port 861 and the valve 860 as well as the hydraulics connection
porwallfgr thaftess slegvgds removed framdbgytpopladg spool :-): ") 870 is tested, the,
test sleeve 820 Is renoved using a test sleeve running tool (not shown).
The well is then drilled as described above with the drill-d-trough spool
tree 10, 610. Once the production tubing and production hanger are ready

to de i nglealsb@sbly bRRlaNBa whtrehi thg &2 bushidg is refovsd Hi@ni del spoobbodyhtevn) . The
producti on hanger and production renoved with a wear bushing

complete and produce the well.

7. The assembly of claim 3 wherein the test sleeve and wear bushing sealingly engage the bore

wall to allow pressure testing of spool body outlets, ports, and valves.

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 differentials 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.
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tubing are then installed in the drill-throuoh tubing spool 870. Once the
producti on hanger and prodaction tubing are installed. the BOP is renoved
fromthe drill-d-irough tubing spool 870 and a vertical tree (not shown)
is installed on the drill-through tubing spool 870 for producing the well
fluids. [00601 Wile specific enbodi nents have been shown and descri bed,
nodi fi cati ons can be nmade by one skilled in the art w thout departing from
the spirit or teaching of this invention. The enbodinments as described are
exenplary only and are riot limting. Many variat.ions and nodifications
of the systemm d assenbly are possible and are witl-tin the scope ofthe

i nviant i Ofhe asdaidy af BRIN 3 WhereinCiap @eso klepveoinetadtowithstheborel wall teedreventt he
enbodi ments described. bUt is 01-dVv limted by the clains that follow.,

the ' | DGRy B the BSWANGM BiRlcBoRf the sut~ject matter
ofﬁﬁ%ggﬁgpﬁé? k%%i@g%kgﬁﬁﬁ 'S d{AIN%D I'S: 1. A sleeve assenbly for a
drill-through spool having a bore having a wall the assenbly conprising: a
wear bushing renovably installed in the bore, a test sleeve renovably

installed within the bore and within, the ywear bus&én%; t he test sgeeve
al 118w nghetassembly of claimy Huyhersiod Popisayolt e fhers Pedlst Hecreased dipmelgf o

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 shoulder to support the wear bushing in the spool body.

15. The assembly of claim 3 wherein the wear bushing sealingly engages the bore wall to

prevent introduction 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 removal of the wear bushing from the spool body.
17.  The assembly of claim 3 wherein the test sleeve is connectable with a running tool for
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the inside diameter of the wear brushing being | arge enough to allow the
passage of equi pnent through the wear bushing A sleeve assenbly foi- a
drill-through spool body having a bore having a wall, the assenbly

conpri si ng: a wear bushing renovably installed in the bore-, a test

sl eeve renovably installed within the bore Lind within the wear bushing,
and at least a portion of the outer dianeter of the test sleeve sealingly
engaging, tile bore wall. 3. The assenbly of claiD . 2) wherein a first

t eshstsllation end emoivalaif thertekt sleete frgh thesngadedy.t he bore wall, a first
termnall end of the wear bushin, sealingly engages the bore wall, and a
second ter-iiiinal end of the test sleeve scalingly engages the wear
bushing tirst tenlinal end. Z7.1 L_ The assenbly of claim 3 wherein the
L eSfe S! oYl TR 31}0}%9@11%% %%buﬂ%%’ﬁiﬁh%ﬁ@&hpﬁ@gfwwaﬂ bilRingear -

hushi ng ron1 e’ spoo e assenbl cl a|n14 wherein the wear
hushi ng. protec n of e bo alter the test sleeve
is lP‘éﬂ%aer?l?lﬁfﬁH?aﬁ%’tl%l%@f" i?‘r‘? %gté)n%f Sfoo a| m 5 wherein the wear
bushing is renoved fron1the spool body to

19.  The assembly of claim 18 wherein the wear bushing locking assembly comprises shear

members for releasably retaining the wear bushing in the bore during removal of the test slecve.

20.  The assembly of claim 3 wherein the test sleeve further comprises a test sleeve locking

assembly releasably locking the test sleeve into the spool body.

21.  The assembly of claim 20 wherein test sleeve locking assembly comprises a collar engaged
with dogs, wherein relative movement of the collar toward the test sleeve expands the dogs into

engagement with a corresponding profile in the bore wall.

22.  The assembly of claim 3 wherein the wear bushing further comprises a load sharing
member.
23.  The assembly of claim 22 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 collapsible ring.
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conpl ete and produce the well. The assenbly of claim3 wherein the test

sl eeve and wear bushing sealingly engage the bore wall to all ow pressure
testing of spool body outlets, ports, and valves. The assenbly of claim?7
wherein the wear hushing further conprises ports extendi ng between the
outside and the inside of the wear bushing. 9. The assenbly of claim8
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. 10. The assenbly of claim 3 wherein the wear bushing
conprises an interior bore that allows the passage of equi pnent through the

weay busiii Agembly: of ThEm3S8iRFEth Yheddpool Widgnis3a aviibtreoughtthising smtol soreenteblent er act s
with the bore wall to prevent passage of the test sleeve out of the spool

ggg%/?iwguﬁ gthﬂg%ﬂdea%(%pﬁé@n. 12. The assenbly of claim 11l wherein a

on o re 1s of a decreased dianeter to prevent passage ol'the
test sleeve out of the |ower termnal end of the spool body. 13. The
assenbly of claim3 wherein the wear busliing interacts with the bore wall

to prevent passage of the wear bushing out of t |, owe erm pal_end of
t h@3spodlhe asggmbly Zof qlaian ok Sdierisy the seeol; BRdY 5 w@bthﬁ%g eﬁ?r&%{;‘?t%e?m nal
end of the wear bushing contacts a wear hushing shoul der to support the
we abnizubieng a wellhdad opsiog alglodBOP15. The assenbly of claim 3 wherein the

wear hushing sealingly engages the bore wall to prevent introduction of
debris into at | east one transverse bore through the spool body fromthe

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

-8 -



spool body bore. 16. The assenbly of claim 3 wherein the wear bushing is
connectable with a running tool for installation and renoval ol'the wear
bushing fromthe spool body. 17. The assenbly of claim3 wherein the test

sl eeve is connectable with a running tool for 26 installation and renoval
ol"the test sleeve fromthe spool body. 18. The assenbly of claim 3 wherein
the wear bushing further conprises a wear hushing | ocking assenbly

rel easably | ocking the wear bushing into the spool body. 19. The assenbly
of hnplee 4 prbdicette wdlle wear hushi ng | ocki ng assenbly conprises shear
menbers for rel easably retaining the wear hushing in the bore during
renoval of the test sleeve. 20. The assenbly of claim3 wherein the test

sl eeve Further conprises a test sleeve |ocking assenbly rel easably | ocking
t he test.sleeve.in . i ! thaher ei n
tego' sl tér eaSTeggtﬁJf H%agélgggb ypéé%lan%?t?ég[esgéege gﬁ?@?@ﬁg@éeﬁ%ﬁﬁﬂ%ﬁs, wherein

rel ative novenent of the coll t.ona the test sl eeve expands the dogs

i nthyre @ﬂb@g”é‘ﬁ%’rﬁreWFﬁeSHn%B%P@gl;)WHPH g?)rp(?%f’lagéiv Y®he bore wall. 22. The
assenbly of claim3 wherein the wear hushing fin-ther conprises a | oad
sharing nenber. 23. The assenbly of claim 22 wherein the |oad sharing
menber conprises a collapsible ring engaged between the wear bushing and
t he1t estTiel seanshly tofielahal 3(apditeirethei wepr deshigs darthen comiptisgssports 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 duc 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 of equipment through the wear bushing.

34.  The assembly of claim 26 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.

35.  The assembly of claim 34 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.
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under a designated |oad placed on the collapsible ring. 7 24. The assenbly

of claim3 wherein the spool body is a drill-through tubing spool
connectable to a well head housing and a vertical tree. The assenbly of
claim 3 wherein the spool body is a drill-through horizontal tree
connectable to a well head housing and a BOP. 26. A sleeve assenbly for a
drill-through spool body having a bore having a wall, the assenbly

conprising: a wear bushing renovably installed in the bore; a test sleeve
r ey ablTyie hessindlyl efdlaidmt26i whetrdin tHeower hnshing intaraets wish tediorhwalhtngrevahd  bot h
the test sleeve term nal ends extending past the term nal ends of' the wear

hugﬁésa% AL HERLLAGHY 0 R BYAGITRAGr ik ead betht spobhBodgssenbl y of cl ai m 26
wherelh the test sleeve is renovable fromthe spool body w thout renoving

t he wear hashing fromthe spool body. The assenbly of claim 27 wherein the
wear hushing protects at |least a portion of the bore wall after the test

I [ d ) dy.. Th I =Y [ h
ety budReASEMED: SrUBLS PARED e JR BBy T8 O e IR e e N

well. 30. The assenbly of claim 26 wherein the test sleeve and wear bushing
s eavdanigshing shyawdder thsupport the wear bushing in the spool body.

38.  The assembly of claim 26 wherein the wear bushing sealingly engages the bore wall to

prevent introduction of debris into at least one transverse bore through the spool body from the

spool body bore.

39.  The assembly of claim 26 wherein the wear bushing is connectable with a running tool for

installation and removal of the wear bushing from the spool body.

40.  The assembly of claim 26 wherein the test sleeve is connectable with a running tool for

installation and removal of the test sleeve from the spool body.

41.  The assembly of claim 26 wherein the wear bushing further comprises a wear bushing

locking assembly releasably locking the wear bushing into the spool body.

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.
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bore wall to allow pressure testing of spool body outlets, ports, and

val ves. The assenbly of claim 30 wherein the wear bushing further conprises
ports extendi ng between the outside and the inside of the wear hushing. 32.
The assenbly of claim 31 wherein the wear bushing ports prevent deformation
of the wear hushing due to the pressure differentials during the pressure
testing and during the drilling operations. 33. The assenbly of claim 26
wherein the wear bushing conprises an interior bore that allows the passage
of equi pnent through the wear bushing. 34. The assenbly of claim 26 wherein
the test sleeve interacts with the bore wall to prevent passage of the

tegt, sl GBYGsQ@Hblt difith SOMerdROthe k9D stebee fethvimednTfiisee adést aetvolockid. The
assenbly of clai'm 34 wherein a portion of the bore is of a decreased

di anet t - eeve out o I' the lower term nal
en3$%?%bﬂgggﬁggﬁ&%ggvggﬁﬁgﬂggg%ﬁ%P%S@%ﬁ&mg*ajn126 wherein the wear bushing
interacts with the bore wall to prevent passage of the wear hushi ng out of
the lower termnal end of the spool body. 17. The assenbly of claim 36
wherein the [ower term nal end of the wear bushin% contacts_a wear .bushing,
shdd! defThe essemplyorficlaimetvikaretb (eshslprycilorkingeasssmely Cerpyses 8gollafisagasd enpl y of
claim 26 wherein the wear bushing sealingly engages the bore wall to

pr evgindogsNwhadidatiatve mbvetadt iof thentadlantowashidte tosteslacvanspeads thepdngs intar ough

t he spool body fromthe spool body bore. 39. The assenbly of claim 26

Wh e, SleBmbRavitEAEorRYSINING prsfile ARe bR Wi th a running tool. for

45.  The assembly of claim 26 wherein the wear bushing further comprises a load sharing
member.
46.  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 collapsible 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 spool body is a drill-through horizontal tree

connectable to a wellhead housing and a BOP.
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installation and renoval of the wear bushing fromthe spool body. 40. The
assenbly of claim26 wherein the test sleeve is connectable with a running
tool for installation and renoval of the test sleeve fromthe spool. body.
41. The assenbly of claim 26 wherein the wear bushing further conprises a
wear hushing |ocking assenbly rel easably |ocking the wear bushing into the
spool body. 42. The assenbly of claim41l wherein the wear bushing | ocking
assenbly conprises shear menbers for releasably retaining the mear bushi ng
i N 4ohe bosleevduasiently foemdriithohgh speol ksly hevisgwdoraBvings) wal%ﬁ BBl y of
claim 26 wherein the |l est sleeve farther conprises a test sleeve | ocki ng
asqgﬁgrﬁn%eleasably | ocking the test sleeve into the spool body. 44. The
asse f claim43) wherein test sleeve | ocking assenbly conprises a

col I ar engaged(wpg&glgqgﬁ%W1 [8hikdigYAtioke novenent of the collar toward

the test sleévE expands I'ogs 1 nto engagenent wi th a corresponding

profile in the bore wall T wear
bushi ng furt Rd¢st Elﬁ?fi?rrf’@%‘éa 85@5%5‘?@?‘ Hgbé‘% dWI A‘g{h%%\épg%sgie%bwof claim
45 wherein the |oad sharing nmenber conprises a coIIa sible rin ngaged
bet ween t he Weaterminghemdy efniéie tyear tbéﬂlm%ﬁfé‘@%ly etnﬁ%gl%ﬁi LT %}dngl desi gned

to coll apse wunder a designated | oad placed on the collapsible ring. 47.
The assesalinal efidsaif diees? Slewressealinglyt dnpagippdic wradushinga dril | -t hr ough t ubi ng
spool connectable to a well head housing and a vertical tree.

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

removing the wear bushing from the spool body.

51.  The assembly of claim 50 wherein the wear bushing protects at least a portion of the bore

wall after the test sleeve is removed from the spool body.

52.  The assembly of claim 51 wherein the wear bushing is removed from the spool body to

complete and produce the well.

53.  The assembly of claim 49 wherein the test sleeve and wear bushing sealingly engage the

bore wall to allow pressure testing of spool body outlets, ports, and valves.

54.  The assembly of claim 53 wherein the wear bushing further comprises ports extending

between the outside and the inside of the wear bushing.
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48. The assenbly of claim 26 wherein the spool body is a drill-through

hori zontal tree connectable to a well head housing and a BOP. -1 49. A
sl eeve assenbly for a drill-through spool body having a bore having a
Nval I, the assenbly conprising a wear bushing renovably installed in the

bore; a test sleeve renovably installed within the bore and within the wear
bushi ng; and the term nal ends of the wear bushing sealingly engaging the
bore wall and the termnal ends of the test sleeve sealingly engaging the
wear bushing.. 50. The assenbly of claim49 wherein the test sleeve is
removabl e fromthe spool body w thout renoving the wear bushing fromthe

spagl  bagly asEhBlASEIR! 94 Wherbihahdwad boktene ports frevene defobusionred thpreeaect s at
| east a portion.” of the bore wall after the test sleeve is renoved fromthe

spqol, .body. .T | y: =hai g Lie tiBGinveald Buskd fg tallihenoved
fr3%¥Wﬁ%q%%&8ﬁﬁ%3%§§@§ %gﬁ%P@¥§‘§%§é3§% d%gﬂ?he mgfl. Sg§m%he asse%bly of
claim49 wherein the test sleeve and wear bushing sealingly engage the
boroPeiAHPNS- t 0 al | ow pressure testing of spool body outlets. ports, and

val ves. 54. The assenbly of claim53 wherein the wear bushing further

conprises ports extendi ng between the outside and the inside of the wear
bushing. - vy o
56.  The assembly of claim 49 wherein the wear bushing comprises an interior bore that allows

the passage of equipment through the wear bushing.

57.  The assembly of claim 49 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.

58.  The assembly of claim 57 wherein a portion of the bore is of a decreased diameter to

prevent passage of the test sleeve out of the Jower terminal end of the spool body.

59.  The assembly of claim 49 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.

60.  The assembly of claim 59 wherein the lower terminal end of the wear bushing contacts a

wear bushing shoulder to support the wear bushing in the spool body.
61.  The assembly of claim 49 wherein the wear bushing sealingly engages the bore wall to
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55. The assenbly of claimb54 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. 56. The assenbly
of claim 49 wherein the wear bushing conprises an interior bore that allows
t he passage of equi pnent through the wear bushing. 57. The assenbly of
claim49 wherein the test sleeve interacts with the bore wall to prevent
passage of the test sleeve out of the spool body in the do"nbole direction.
58. praveat aswdodiion affdebtininm 57 leastemei transvepier haro throight the shenlebody s ghe
decreased dianeter to prevent passage of the test sleeve out ol'the | ower
terﬁb&ﬁbd ¢Bere0f the spool body. 59. The assenbly of claim49 wherein the
bushing Interacts with the bore wall to prevent passage of the wear
bushing out of the | ower term nal end of the spool body. 60. The assenbly
of claimb59 wherein the |lower termnal end of the wear bushing contacts a

1 T2 o BRI of Srim 30 WHRERLPR Rt abae haentg LR IRk Rk Oh

bore wal | to prevent introduction of debris into at Ieast one transverse
boriestelfationghd remeveldhe wer pushingtion e ppeldiodbody bore. 62. The assenbly of
claim49 wherein the wear bushing is connectable with a running tool for
installation and renoval of the wear bushing fromthe spool body. 63. The
assenbly of claim49 wherein the test sleeve is connectable with a running

t 00d3. f orrienat@hbitor uidng wheFEMahe @t blbevetie SbmsdcRbMewitl @muirtiag s@ddbr body .

installation and removal of the test sleeve from the spocl 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 body.

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 into 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 collar toward the test sleeve expands the dogs into

engagement with a corresponding profile in the bore wall.
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64. The assenbly of claim49 wherein the wear bushing Further conprises a
wear bushing |ocking assenbly rel casably | ocking the wear bushing into the
spool body. 65. The assenbly of claim64 wherein the wear bushing | ocking
assenbly conprises shear nenbers for releasably retaining the wear bushing
in the bore during renoval of the test sleeve. 66. The assenbly of claim49
wherein the test sleeve further conprises a test sleeve | ocking assenbly
rel casably | ocking the test sleeve into the spool body. 67. The assenbly of
claim 66 wherein test sleeve | ocking assenbly conprises a collar engaged

wi th dogs, wherein relative novenent of the collar toward the test sleeve
expands tHee,daaslyi 6t Qainf IY AARKEA theVwiechr Bushiipr REfaen comgrises af lobé shaxifghe bore
wal | . -34 68. The assenbly of claim49 wherein the wear hushing, further

co Eiﬁgs a |l oad sharing nenber. 69. The assenbly of claim®68 wherein the

| oa éring menber conprises a collapsible ring engaged between the wear
bushing and the test sleeve, the collapsible ring designed to coll apse
under a designated |oad placed on the collapsible ring. 70. The assenbly of
cl ai m 49 wherein the spool body is a drill-through tubing s OQL connect abl e
to 6. vel Theerseenmdy of algimd8 wheyen the lord shasing membgrirempasesh pqlagsivle) hem 49

wherein the spool body is a drill-through horizontal tree connectable to a
vel drpgrd tromsnnye ardr busBRRR and2the Asst alssenitieycdllapsible tringedchiguechty collinsver se
bores and a vertical through bore with a wall. the

under a designated load placed on the collapsible ring.

70.  The assembly of claim 49 wherein the spool body is a drill-through tubing spool

connectable to a wellhead housing and a vertical tree.

71.  The assembly of claim 49 wherein the spool body is a drill-through horizontal tree

connectable to a wellhead housing and a BOP.

72.  An assembly for a tree having transverse bores and a vertical through bore with a wall, the
assembly comprising:
a first member disposed within the vertical through bore and covering at least one of

the transverse bores; and

a second member disposed within the vertical through bore and first member and
having ends extending past the first member, the ends sealingly engaging the through bore

wall and sealing off at least one of the transverse bores.
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assenbly conprising: a first nmenber disposed within the vertical through
bore and covering at | east one of the transverse bores; and a secoi. d
menber di sposed within the vertical through bore and first nenber and
havi ng ends extendi ng past the first nenber, the ends scalingly engagi ng
the through bore wall and scaling off at |east one of the transverse
bores. - i 73. A nethod of pressure testing a drill-through spool body
conprising: renovably installinn.g a wear bushing in a bore with a wall in
t he spool body; reniovahly installing a test sleeve within the bore and
within the wear hushing and wth the test sleeve termnal ends scalingly

engagi ngy HBRod6F FreWatd tedidg Bidglabiougl geelib@ly comprisipgssi ng bet ween the inside
of the lest sleeve and spool body ports, outlets, and valves: and pressure

testing the §33@Jabgﬁg%&?@ﬁgh%eﬂtﬁh§%g% la%h@ Wit K8l infifle spdolBddypd of drilling

a well bore uSing t hr oug body conprising a bore having a

wal |, outlets, portts, d val t he .met F 810G I
installing af ‘g‘fai’i}'dgﬁ%giageﬁ\{ﬁéé%eo ghl\?n\ﬁltl%&gﬁgﬂmdsllﬁfd@ggfe tﬂe“@gé‘%ﬁd bushi ng
contacting the bore wall; renpvably instaLIigg%g t est §Ieeve within the
bore anavithi Gkitestisirsvoamingl SR scalingly engpaing e afk T BEVTH AFCSENE s
sealingly engaging the bore wall to prevent pressure f om

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.

74. 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
the test sleeve terminal ends sealingly engaging the bore wall to prevent pressure from
passing between the inside of the test sleeve and spool body ports, outlets, and valves;
connecting the spool body to a wellhead housing;
pressure testing the spool body outlets, ports, and valves;
removing the test sleeve from the spool body without removing the wear bushing;

and

protecting the bore wall and the outlets, ports, and valves during the drilling of the
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passi ng between the inside of the test sleeve and spool body ports,
outlets, and val ves; connecting the spool body to a well head housi ng:
pressure testing the spool body outlets, ports, and val ves; renoving the
test sleeve fromthe spool body w thout renoving the wear bushing; and
protecting the bore wall and the outlets. ports, and valves during the
drilling of the -36 well bore with the wear bushing. 75. The nethod of
claim74 further conprising renoving the wear hushing fromthe spool body,
i nst al | el barepwiddihe weanbitsbdagng and hanger in the spool body, and producing
wel |l fluids through the production tubing.. 76. The nethod of claim 74
wherein the spool body is a drill-through horizontal tree and further
conprising connecting the drill-through horizontal tree to a BOP. 77. The
met,hod of., cl ajm,7 Aer gl ﬁﬂ&% i I BER thelkpétd Spoo
anﬁgfurtﬁ@?“@%ﬁ%#ﬁéﬁ@@fﬁkgﬁﬁgﬁ%. g Pﬁggg$?% j?ﬁ?%ﬁghu%%%$ng spoof to a
vertical tree. 78. A nmethod of .pressure testing a i ] ol body
compdy, spstgling @nprodennign  tHaipg apd Hﬁ“%ervééatf‘e B BB %‘q‘g ph‘lﬁulél gnq”tyﬁh e o

t he spool body; renovably installing a test sleeve within the bore and

wi throwghtthe produetiopuiehingig with a first test sleeve termnal end sealingly
engagi ng the bore wall, a first termnal end of the wear bushing sealingly
engagi ng the bore wall, and a second term nal end ol'the test sleeve

76.  The method of claim 74 wherein the spool body is a drill-through horizontal tree and further

comprising connecting the drill-through horizontal tree to a BOP.

77 The method of claim 74 wherein the spool body is a drill-through tubing spool and further

comprising connecting the drill-through tubing spool to a vertical tree.

78. A method of pressure testing a drill-through spool body comprising:
removably installing a wear bushing in a bore with a wall 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 terminal 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.
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sealin V engaging the wear bushing first termnal end to prevent pressure
from passing between the inside of the test sleeve and spool body ports,
outlets, and val ves; and pressure testing the spool body ports, outlets,
and valves. - 17 79. A nethod of drilling a well bore using a
drill-through spool body conprising a bore having a wall outlets, ports,
and val ves, the nethod conprising: renovably installing a wear hushing in
the bore with the outside of the wear bushing contacting the bore wall;

r erft9v ablA mictiotl af tiligg a wellSoresiseeedrill-thinughspeol bedyecommsigaons kyagvear
hushing with a first test sleeve termnal end sealingly engaging the bore
wal J walB ofifldts okt aill Pabesehd nafihddempwisiap: bushi ng seal i ngly engaging the bore
wal |, and a’'second termnal end of the test sleeve sealingly engaging the

wear bushing fi IR 2eRGr tRSRInE B the DORS ith &thé rRBIRAGS Hikgwedtet ween
t he inside OF&#ﬁ%ﬂ%%g%ﬁ%l ege and gpogl bo%y ports, outlets, and val ves;

connecting .t he spaol .body tqg,a well head housing; pressure testing the
spool bdWy BHte ‘@PgﬁﬁﬁPﬁfwﬁhd val ves; renoving the test sleeve fromthe

spool body w thout renoving the wear, hushing; apd.protecti hhe bore wal l
and the out | aemovapbrinstallingd teshplpess Wil A lfqgﬁ‘é ﬂ'&f Y"Ttﬁ‘i“ ° BF éf‘mg vt

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 terminal end to prevent pressure from passing
between the inside of the test sleeve and spool body ports, outlets, and valves;

connecting the spool body to a wellhead housing;

pressure testing the spool body outlets, potts, and valves;

removing the test sleeve from the spool body without removing the wear bushing;

and

protecting the bore wall and the outlets, ports, and valves during the drilling of the

well bore with the wear bushing.

80. The method of claim 79 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.
81.  The method of claim 79 wherein the spool body is a drill-through horizontal tree and further
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wel | bore with the wear bushing. SO. The nmethod of claim79 further
conprising renoving the wear bushing fromthe spool body, installing a
production tubing and hanger in the spool body, and producing well fluids

t hrough the production tubing. 81. The met hod of claim 79 wherein the spool
body is a drill--through horizontal tree and further -38 conprising
connecting the drill-through horizontal tree to a BOP. 8?. The nethod of
claim 79 wherein the spool body is a drill-through tubing spool and further
Conginipsising conmenting thadrifl lerocgh hdrizomalonegho adithg spool to a vertical tree.
83. A nethod of pressure testing a drill-through spool body conposi ng:
renovably installing a wear bushing in a bore with a wall in the spool

body; renovably installing a test sleeve within the bore and within the
Weathb bu Sﬂe"%tﬂ%% (gf ctl&{illlﬂewtv@l{e?éiﬁ' ﬁ'le sgﬁcggogi is:ahhﬁili“-‘ﬁf’dugﬂ Wi \Qosembinialey engagi ng

Eﬂe ore ﬁa § e termna e test “sl eeve sealingly engagi ng
e wear. hushing t r.event .pressure.from passing between the inside of
théxWE%§“§P8@V§§%¥@@EﬂﬁﬂwoﬂgﬁvgﬁﬁﬁP%¥“%%Y@ﬁ?@,e%nd val ves; and pressure

testing the spool body ports, outlets, and valves. 84. A nethod of drilling
a well bore using a drill-through spool body conprising a bore having a
wall, outlets, ports, and val ves, the nmethod conprising: renovably

i nsgzl | | Aenethoded prebsisdiesting adrilhthrdughepaedl bhdy ¢renpisingt de of the wear  bushi ng
contacting the bore wall;
removably installing a wear bushing in a bore with a wall in the spool body;
removably installing a test sleeve within the bore and within the wear bushing with
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 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.

84. 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
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 to prevent pressure from passing

between the inside of the test sleeve and spool body ports, outlets, and valves;
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removably innstalling a test sleeve within. the bore and within the wear
bushing with the term nal ends of the wear hushing sealingly engaging the
bore wall and the termnal ends of the test sleeve sealingly engaging the
wear bushing to prevent pressure from passing between the inside of the
test sleeve and spool body ports, outlets. and val ves; connecting the spool
body to a well head housing; pressure testing the spool body outlets,
ports, and valves; renoving the test sleeve fromthe spool body w thout
renovi ng t he cnemectibgithhispapl badydtoprvetiibead mysinge bore wal | and the outlets,
ports. and valves during the drilling of the well bore with the wear

bushi ng. 85. pfaeurdish@dihekpdl 8bdn @lefsppdrseandoaties;i si ng renovi ng the wear
bushing fromthe spool body, installing a production tubing and hanger in

the spool b Ogﬁmgﬁﬂg f&r@gégéegﬂﬁw the kbddl §8dy WREGMIBmbiBs PROVNE tHuGKIng;UbI Ng.

86. The neth aim erein the spool body is a drill-through
hori zontal, tree and further conprising connecting the drill-through
horizont¥f tree to a BOP. 87. The method of claim 84 wherein the spool body

is adrill-through tubing spool and ftirther conprisin onnect i t he
dri |l -t hr ougtretegingghes pesswallqng thepitietss ports é%‘f vgges ‘i‘fﬁ’%ﬂﬁ%gﬂ f’g ®ing a
drill-through spool body having transverse bores and a vertical through
bore wi twelisbonaivith theheeanbtshow. conpri si ng: covering at |east one ol 'the
transverse bores with a first nmenber;

8s. 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 body 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 spool and further

comprising connecting the drill-through tubing spool to a vertical tree.

88. A method of testing a drill-through spool body having transverse bores and a vertical

through bore with a wall, 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
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scaling at | east one of the transverse bores with a second nenber by
sealing with -40 the through bore wall; and pressure testing the transverse
bores.

the through bore wall; and

pressure testing the transverse bores.
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