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

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

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

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

'stratanﬁmpwe %H@Abﬁkﬁﬁk. zone (typically, either an oil or gas producing
zone or a fluid injection zone), one or nore additional casing strings

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

wel | helidldnbtieilm@gntien casi ng hanger seal assenbly is set to isolate each
annul ar space

[0003] This invention relates in general to well drilling and production equipment, and in

particular to a drill-through spool body sleeve assembly for testing the spool body transverse bores
and valves and for protecting the spool body during drilling operations.

Description of the Related Art

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

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




bet ween strings of casing. The last, and innernost, string of casing
extends into the well to the final depth, this being the production
casing. The strings of casing between the outer casing and the production
casing are typically referred to as internedi ate casing strings. [0006]
When drilling and running strings of casing in the well, it is critical
that the operator maintain pressure control of the well. This is
acconpl i shed by establishing a colum of fluid wth predetermned fluid
densi try dchisvel@richealwapport futhengelidioithd depgh opthe adrpaizene. t Wihsrefthultipleistrings
circulated down into the well through the inside of the drill string out

the | W&Fasfggra?é 88! wglhif Rf outthEasllpl klul§hls icRdn@ RshdeAClte Wihded &n A WeNligeadr ound

the dril ring to the surface. "This 'colum of ~ density-controlled fluid

bal anges 1 he hol e pressure in.the | S ' j

cas, ndiig e A gBp e BERASIGS ohf i 8 Withsad WiSilg" Bohield bbb ol
[ 0007] A bl owgut preventer system (BOP) is _enplo ed.dg{ti ng,dril ing and
runni edstoe iweljBeask housing; A Fanhe hpngensral agke st 1 430 %/e%s"‘sfl“’é'f#afé Kisure
that the operator maintains pressure control of the well. The BOP is

| ocat duttwiten\strittgh @f weding e Bt lastumidnignérymosiy sining @f icasingnexdends iintp ithrgwell dxthet o
the wel |l head housing. [0008] After drilling and installing the casing

St ri ngndl ScyThis Seihg thderod@dtion Khisihg, DEheconidsadf easing betwperndie otiieooasirgrandhe
wel |, the production fluids flow through perforations nmade in the

pr Oduﬁgé PRdf ﬁ)inrbgsig%afe i@illg‘i’éfsﬁ&gto_za@rﬁ%emﬁd%é ¢ Qfrings.0duct i on tubi ng

exten e producln

= | | ed dyit th h whi ch_t N d A
DL e 1P o e AR s U, O abl e S b i ol o Enpptiane,

production casing and the productjon tubing to ensure that the well fluids
fl ow MHAGUGPICFHE fﬂ”&?ij egﬂ‘ﬁﬁ“tlhb 1 Bcctoﬁlé’?@ﬁﬁdf @’c@?ﬂbﬁﬁ@ng ﬁtﬁoﬂﬁ"’f g% gﬁlﬁlpor ted

by a tubing hanger assenbly that |ands and | ocks above the production

casi ngvitlampaeterhingd Huidtdensity nsidenbadveliarPeing drilling geneetioss, ofhispflBuist i on
control valves are arranged in an assenbly generally known as a tree. In
sone whichiBtedalowarihioctht wietlekrough theshadd etithomrillsaingedut tealdwehtusinabendrolr st |
t he production hanger and production tubing are installed in the well head

housi Rge dhill&Ringt HHR BER vpSthé SRYGCarandl Hhemilt ifny & the Galfadel €Ehik Soluatket! and
seal ed onto the .
density-controlled fluid balances the downhole pressure in the well. When setting casing, the

casing is run into the pressure balanced well and then cemented in place.

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

e’

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

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

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

zone wWithin the production casing to provide a



wel | head housing. The vertical tree has one or nore production bores
contai ning actuated valves and extending vertically to respective |ateral
production fluid outlets in the wall of the vertical tree. The production
bores and production valves are in-line with the production tubing. An
exanple of a vertical tree would include a nonobore vertical tree. (0010]
Using vertical trees involves problens, however. If it is necessary to pull
the conpletion, consisting essentially of the tubing string and tubing
hangekzont hethite el [gaductioe easige s provizle keprasmvenitraticl cepiidegugy viink BoP.
However, replacing the BOP involves setting and testing plugs or relying
on do v ic I8 bR dB¥ing @bnd)aVvpdeReroral ths ephcor
testewgbﬁgyﬁ%engl%ﬁﬂﬁggl %h%?ﬁn?gﬁﬁeso :pn a v%l nerabl e conditi oﬁphV\hi | e
the vertical tree and BOP are,bein X j etk & 4

posi t PSRYeehihe praducon E%Bigh?}ldgﬁ‘gr%?ﬁ%é’ﬁ?ﬁw‘ggeg"sua é;ﬁ{al&%b végh% uggk?]ng
and/or killing the well. (0011] In_addition,, installi t he pr.odyction
hangefthieygh thoopmdpstn tubingny s race.e g dyping 13 Sﬁmgéﬁgbycgr’f&i”ﬂ%g‘a{}%ﬂ
problens. For exanple, the wellhead housing seal bore in the area where

t he posstudiy that landupexd lodks dsovedhe prodectivawagegihanaeidarmaged wel | head housi ng
could cause significant problens because wel | head housings are not able to
be regpo@yed ange vielséal vatbus Arairemehii@f pridubtemc:ontolsiahgs meyarmogedde an
conpati ble for connection with the vertical tree. In addition, the

wel | h gg%n@g gc—%%%’fﬁly%%ami RSt @dd el RineARIMNISi AR 8RNkl 8- thédlwehheadhe

wel | h have sufficient roomfor a tubing hanger due to the
niinber of. casi.n angers.installed jn the. ead. . 32 whfhead
al 1@2v &QP%“%O%H& &Fh@mg?%lﬁfle g%lrs%dc Plﬁdggloﬁ%kl{én%gaﬂn%d tgﬁe broduct i on
hanger and production tubing in the | I head, housi n a spool .bo may be
i nst alregngetlhernthe ROP (eromavsd aPﬁ& éléen\gﬁa Vf"ﬁ’ég{/\g?q ﬁelél%{elqo iﬁﬁzgl.ed\ﬂ'?(%thg spool
body, the production hanger and production tubing are installed in the
spool vixdlliyad lnsisiegd The vertiealizee hasore dronere medup o Breynataisipgpstdated vavepool
body is a tubing spool. The tubing spool provides an undanaged bore in
whi ch ahf exfehdidy oettizalli angspecting ldterbl prgductipn Hmid netletd nedie wall ofethe akgigalact as
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




an adapter with its lower termnal end conpatible with the well head housi ng
and its upper termnal end conpatible with the |ower term nal end of the
vertical tree. It can also locate the tree at a nore desirable el evation
A tubi ng spool also can provide a position for the tubing hanger in the
event there is none in the well head housing. When drilling the well, the
tubing spool is installed after the production casing has been installed
in the well head. This requires that the BOP nust first be renoved fromthe
vel | haaglsiagfcan eviohetpbblemg Fbeetantleghs pebhead Abugng sdabborelbitimgarspobirei s
installed, the BOP is then installed onto the tubing spool. After, the
pr Od‘%@é %?odu*e%g%énépgm@g%uﬁf bOWafHPdNI Al Garhdbli AldIMEad Roddhey bethi rgusepool

n e

the BOP i's renove -4 vertictal tree 1s installed onto the tubing

spool . .[0014] Thys, .t he tubj.n ool . whil.e, al Latl h

pr obl eﬁ%“‘ @k@ﬁogtégﬁ beFaue Wgtuﬁ%di'gusiu\’l%graﬁ %%Iabﬁertiéggg%téén%,g Oggﬁftgp%&év%go’t he
well in a vulnerable condition while the tuhi ng,t?lpﬂc;ol and BOP_ ar.e .being
excharfhe tvellherdrhousing may ot pg cpmpyigle forennesfign, withiihe yerfi ﬁEEeégﬁﬁ@“P% pul |
the conpletion, consisting essentially of the tubing string and tubing
hangerthe tielheagr iy bivetheer imstdldd at on bedestalde el¢vationd Alspl the avllbgad may mp,

[ 0015] Another exanple of a tubing spool is a drill-through tubing spool,

whi ch fia$e BufifitRat &fom ford tublipt I¥MBEIOMueSDAE nhmBsr. of Tdasing thahgers nstligd it thei ng
spool is installed on the well head housing at the point when a BOP is
needeqmﬁﬁ% grilling. The drill-through tubing spool has a |arge through
bore capa i€ of passi ng equi pnent through the tubing spool bore. Thus, the

dfid | - ugh..t uhi n spool. provides the .additio . I - eld nnating
the ndbbiAls ik atrire: e G5Bt BHHET 1o5Ree i BpuRERE! pocPrudh pakas

t ubi ng spool al so presents problens to the drjl]in nd etion

oper atandrioduptien dubing g {he wsHheadphopgingp 60?P°?anE‘?‘{Xd’§gy ?’F dﬁ%t@]gerr%getﬂ’(%‘?% by th
respective valves that all need to be pressure tested not only at |

pr oducteitival weeandtthoweliread bovsisg. With axipsel body.itht breguasisarhnnges snd Peducids. The

pressure tests can be perfornmed before and/or after the drill- through
t ubi nguisipgete ihSalidAsh &lel speoldady hisstaae of Heaekllheaddionging To perform the pressure

tests, a bore protector sleeve is typically installed in the tubing spool
througfpgr e olbexhep. & £LF6I1%ods! BEY Gubing spool. The tubing spool provides an
undamaged bore in which the production hanger and tubing may be installed. It may also act as
aﬁ 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



must be of sufficient thickness to be strong enough to withstand the test
pressures without deformng. [0017] The drill-through tubing spool through
bore nust al so be protected as the equipnent is run through the tubing
spool prior to installing the tubing hanger. To protect the drill-through

5 tubing spool bore wall, a bore protector sleeve may be inserted. A bore
protector sleeve is also used to protect the drill-through tubing spool
bore wall while the drilling string, casing strings, and casing hangers

pass tRftdDied B esthlled bnfohhombmgtspdilng spool . After the drilling operations
are conpleted, the bore protector sleeve is pulled out of the

aro 1 AP SThHCURA P e PG R gl LSRRV g o0e! L P,
01 covaeise] Trrnes L BoRRARETER ™ nepoblE sb 0P yhEP il ol SndBOB - 00
t hrough the protector sleeve bore. In addition, the bore [ tector .sl eeve

nust  avabringexshanged andgjfhen oneeis Ippegiane rAlsq Thig ISTIeeessEY &P coppletion,
drill-through tubing spool without renoving the BOP. In addition, in the
case abnsistimfeisintaléy efdhé tubingestigr andpubnebanger, $lcamtahtnestneedhialbe rap@iggh t o
be retrieved through a drilling riser connecting the well to the water
sur f aggd refdlfd 8y td BOP.! | - t hrough tubi ng spool bore protector sleeve of
sufficient size to withstand the pressure testing is too thick to allow

the p e o j i LAyl . | whethUb b @helsF t O

i nstalalﬁ a tes%ﬁgwb%rg@ﬂ%r%%eﬂ&ﬂ%g@Pér)](gil%jggpﬁgﬁlrgrﬂ%l? ﬁm?nﬁgrs?gglﬁ t ubi ngq@gool for
pressure testing.the dejll-1hrough tubing spoo fi [ S
orio! - hisigh B PR p5he d5i SRR EbE oiE Rtsef h e kO FRb 4

t ubi ng spool. Then, a drilling bore protector sleeve of | arger ., i nner

di anettey peist Whenet BEE is pewled der ‘éﬁllmg--{lzhc’r 6@@;14119%&31 ﬁ*}gmgﬁ%ﬂ%@w gt to
protect the tubing spool through bore during the drilling operations. The
dril | iboge dapalse pf passing equipnest/drdugh thet tubisg epool hefeor hus Hbe grilldirepgotybingbi ng
and production hanger are installed in the drill-through tubing spool.
Thus, shédl@eoviddsitReaddalddaliemes Selfefimifatinig tisd nded iiombloe mahipleeBONerifisest i ng bore

protector sleeve fromthe drill-through tubing spool, a second trip to

I nstalhodie dfrbikbichOnb U fi-BERLAGhBhe $hERVilso FaSknts froblems 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 drili-through




i athirdtrip to renove the drilling bore protector sleeve. [0020] Instead
of using vertical trees, trees with the arrangenent of production control
val ves offset fromthe production tubing, generally called horizontal
trees, can be used. One type of horizontal tree is a Spool TreeTM shown
and described in U S. Patent No. 5,544,707, hereby incorporated herein by
reference. A horizontal tree also |l ocks and seals onto the well head

housi ng. In horizontal trees, however, the tubing hanger |ocks and seals in

the t HEinPaped] b¥¥ed Wall, taord pRAleedr isavey alay 88 inisbitekt Afboanprotvetop sleekcit iatso
tubi ng, the production tubing hanger and production tubing may be renoved

from i ha i . t i : i
Ve o 5Ll R, SRR K6 0 DAL sl L, g,
vertical tree and can_.thu | | t he . passage qf l.arger uj { n
vort i il coyige b gean raHe B RSO GPPEE Bhads AREHE TN QR BRD, o
installed after the production casing has been_installed in th%P wel | head.

Ther efasmpleterh they bereairotester sleevegainutled puk of the dpibisthraugh talipg #pask bERLIED from

the wellhead before installing the horizontal tree. After the horizontal
tree iggoducbm@tubadg antihebiB Fariger are stalledist al | ed onto the horizontal tree,
thus requiring two "trips" to install the horizontal tree and the BOP. J

[ 0021 o013y tr ARBMRIhSRrOPIRR Rt R hEY bz @Rl Tbr Presare B4t and alsbrgreaiiget i on
outlet's and ports, as well as the transverse bore valves, need to be

press eﬁ Ituf???gt %qn ofitnd %Sgu}grbtegfsa QREC AT R %%ﬁéﬁg?@ e PRI GH RoWe! |

bore f e ‘pressur S can be perfo re and/or after the

tfee is installed on the well head, housi ng, 1f..the pressur e

p*e—?f o R e Qe oS BT SIeREE R LS gere Rlofictef Segydtis
preventing pressure frombeing applied downhol e nust be enployed., -7

[ 0022]haTa sl enpnghheuter dameferto kestelricvad frgpethg daills %‘Bhé‘il'%’é&/%mog“?%‘iﬁc ally
installed in the tree through bore. The bore protector sleeve nust be of
suf f i atraoting tecROBs dn taddikien,sih tancpse w6 ay bffsiwre wellntedwd: plotectos steeys B88fur es
wi thout deforming. In addition, the bore protector sleeve protects the
tree tshialWabudhab ®eVatibvedBipugos ien®ptiséohbeciag gesvdlhoahgwatthearfacs.i zont al

tree. :
[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 drili-through tubing spbol for pressure
testing the drill-through tubing spool. After the testing is complete, the testing bore protector is
removed from the drill-through tubing spool. Then, a drilling bore protector sleeve of a larger
inner diameter is inserted into the drill-through tubing spool through bore to protect the tubing

"~ spool through bore during the drilling operations. The drilling bore protector sleeve is retrieved

| before the production tubing and production hanger are installed in the drill-through tubing

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

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




[ 0023] Anot her exanple of a horizontal tree is a drill-through horizontal

tree. Drill-through horizontal trees also | ock and seal on the well head
housing, with the BOP | anded on the drill- through horizontal tree. The
production tubing hanger assenbly |ocks and seals in the drill- through
horizontal tree instead of in the well head housing. The drill-through

hori zontal tree has a large through bore for all ow ng equi pnent to pass
through the tree bore. The large horizontal drill-through tree bore also
al | owsa thiré tfys ckesiove thetduiliinaghosd prbtegtot slebe. pul | ed out through the BOP

Wi thout disturbing the drill-through tree and the pressure integrity of the
vel . i3d] @ Bistehli of bdihOWGHcdl BE&, tibhavitH M8 afapchent dTgkathlsh entbhealval | head
housi ng at the point when a BOP is needed for drilling. The problens

. : h cal _ .
cor ved it opride arriboh bl o FRITE R Rar R Hepy Uhh SORAL, PRETHRR
conpleted wi thout pulli

the BOP off th 1] f | et 1.
Ther eflotigontahsegys # SIPQOIQ%W& sse%’@’@u?“gi ‘é‘?‘?ﬂ“ﬁﬁ‘ﬁl\g 1131$e E‘ﬁ%gﬁ)’t iSBH’gpi’%%é‘?\ﬁssar y

to drill and conplete the well. Thus, the horizontal drill-through tree is
al so dnatrpentet yheecin fbydrefdréncehr & Uyhizegobired alsg , loglist and: sealsaere tthowveheadousi ng
the production ports and valves. [0024] However, the drill-through

hor i zaplghgt TeRodohenl Pices BoweveRr thd ity hangthidcldr dnkll seslg imthe treedwpd. eWithn
operations. As with the regular horizontal tree, the transverse bores and

respegpd \f)?%du\éﬁ‘llny Qarvel ofR& Bhih! the tbANEEN thGiBg, B8 CorbuchiBn REKIAS HaBgdredided.

However, e pressure tests need'to be -g isS run not only at production

PO PR AR e 2o A O SRR SR SEATE D 100

we he pressure tests can be

performed before nd/or after the tree is installed on the | ] head
housi dfpm e welfead ﬁ?‘ﬂsﬁ‘@- prerdzontal tregsshaye ajagggr é‘m‘ﬁk‘g’t"éecfﬂ’ﬂ? asvleﬁewlletr'esmgl so
typically installed in the tree through bore. The bore protector sleeve
nust Isen Giussalioti e gatsaghpt largss squipmient en yagicafegsh 4 proflenh ¥t herigemal est
pressures w thout deformng. [0025] As with the regular horizontal tree,
t he drticks,-HoWeotghs tiae ehdyhdare igitalled ragteimiist pratiswiobeasipg dire btedinatlilehén the
equi pnment is run through the tree prior to installing the tubing hanger. A
bore wellhead. Therefore, horizontal trees require that the BOP must first be removed from the

wellhead before installing the horizontal tree. Afier 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.




protector sleeve is also used to protect the drill-through tree bore wall

while the drilling string, casing strings, and casi ng hangers pass through
the drill-through tree. After the drilling operations are conpleted, 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 nust have a | arge enough

i nner [gi221et eTo pafahl Mwpresant RIBNA bbe passtot Heowdh typiallyinstdled r Gagiee t r ee
t hrough bore. In addition, the bore protector sleeve nust have a snall

enoug %Bﬂélﬁféor%'cgrﬁ% Tbﬁfealggtepﬁr Gebid AUGDef drabtridi ditliresd t@rlﬁuﬁﬁn% e@Sughyb t hout

renovi ng Itiron, 1n the case of an offshore well, the bore

protect.or sleeve nust be snmall.enough to.be [ Ll ing
riser ‘@&%W’B‘é CIERt PRRESHRES ‘Vlﬂfog‘? 9#8%6?" a&é&%oflaéhgfbojfc%g%&%l%? EF&% r%hg h
tree bore protector of sufficient  size to wthstand the pressure testing

i s t odree Hirewgh kyrewrb fonrauipiresh aeit gessepilronsh the hogizental %6€i | 1 ng oper ati ons.
One solution is to -9 install a testing bore protector inside the

dri | | {e023pughAncther dkamplerofsshorigontelstréeniy atduidl-tiraugh hotizantaj rees Dsdl-thrgugbr t he
testing is conplete, the testing bore protector is renoved fromthe

dri |l phRsaihrees ARG lockh@R, sedl 6 fHel wélthelD heusigy et the BX)Fekméedodn thel dxillger
inner dianeter is-inserted into the drill- through tree through bore to

pr ot e%o%%xﬁ?&ﬁz%%fatl q{eg.u.glkhebﬁf)@ucﬁ‘dﬁgﬂlggé hGngl: iabdehid® RRRS @hd Q&k3s inh@ drfil-i |11 ng

bore pro or sleeve is retrieve ore the production tubing and

s, SinpgorbnpL R g eREbfodf yelladelfplihy. ThOPRN A IRAGRRAA, wd R, |

protector sleeve fromthe drill-through tree, second trip to,install the
~rt f adaiep tiraetlgre forabiowingorquinmaeny & Pags alvaus}h&fe drep E’Pﬁ‘- t@wﬁa’i%s\%r‘%“r@a‘
drilling bore protector sleeve. [0028] In drilling a well, especiall¥ an
of f shdril-thehh trac tort iatsoallows the praducsipy bingsiring {o epuled ophireugl theBO
drilling a well. To | ower cost, some wells are drilled with only with the
dri | | isathobOaRUrFh@ iRC QI tlirosdtairbednd kiesprebdutenintdghiey df ilel welhr SMigh atdrék wi t h
only a drilling bore protector, however, sacrifices the ability to

Prope il ud €& HeGreb @8 bd RtaflEd bih tHe W QMO hdRRiglat BRPORI SRR QBHP Rideded! Ves
for drilling. The problems associated with the vertical tree and the regular horizontal tree are
solved with the drill-through tree because the well may be drilled and completed without pulling
the BOP off the well for completing the well. Therefore, the well is always secure and only one

BOP "trip" is necessary to drill and complete the well. Thus, the horizontal drili-through tree is
also another type of drill-through spool body, with the addition of housing the production ports
and valves.

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

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




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 val ves and
‘protect the tree through bore, the present invention has been devel oped.

O her objects and advantages of the invention w |l appear fromthe
foll ow ng description. SUMVARY OF THE EMBODI MENTS 100301 The drill-through
spool rhpet shigeaeprassaion| opeiarist rdssurks) tubeldodrilliof opewtiph |prashiretsdifore pool
body. The sl eeve assenbly conprises a test sleeve renovably installed

Wi L0 By iR T aridlfredddiO Wa AOALIAROMNe e Sure s shieBy perarartitieoral 50

conprises-a wear ng renmovably installed in the drill-through spool
body bore between the | _and t:he Si @lieeVisore The

t est ?P&@’(/%ﬁfggﬁ‘i’ f}ﬁf‘gwngaﬁg"% Hveeﬂg??idlr}?o}l ?1 ﬂé’oggﬁ)eggg% Fﬁ%{ggﬁeor e wall on
both ends of the  wear hushing. The test sleeve is sufficient thickness
to presdenter gleave is ﬁbt)ttym??élyemgéﬂ%‘owiw Liaty th%é[‘%/B%feo?f Henorg Pmt?c.f‘%fhsre&ﬁ%h
spool body. The test sl|leeve also seals the inside of the driII-throu?h
spool rstipe b exffiiert rihickinss o deswong tesgugh tq Gabspndthectest RESHFEWIRWT; est s
are conpleted, the test sleeve is renoved fromthe drill-through C spool

body Befogmingeavi ng the wear bushing in place. The wear bushing protects the
drill-through spool body bore wall, transverse bores, valves, hydraulic

connegtd,ans, Y i > ' b O\VhroGeH Bére Gt ple@bE t O
pass ﬁ]drzg gh jtilﬂgﬂtgrtﬁef;H@%?%ﬂg%@%?ﬁ’oﬁggy%ogg@[wgow] ﬁ’gAfte? the well is

df iy 1 ed and, the casing strings are jnstalled,. ' i 9\ pgaOVeEd
fr ﬁ}m Predd 19 e SRYBTRNEH O3t 8’5%“&57%%%5? 5{%366 tgo"rlrépt g{l on tgpfﬁ? hme ANy
installing the production tubin nd production hanger.. After.co eting
t he werqtectemsleayelis alggysaddo mf‘afafe}égﬂ gﬁﬂ-ﬂr%a) HieP O%te |VYaT]fg‘foi‘i1% et‘ﬁ lénégﬁw% e
drill-through spool body. [0033] If additional downhole work is needed, the
pr oducksingn strings,ngndasing hgegersrggssb royghntheedrif-thapghn &rogr i Aftey ﬁl}eoaa 1€noo0l
body and the wear bushing reinstalled. After protecting the

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




drill-through spool body bore during the additional downhole work, the wear
bushing is again renoved and the production tubing and production hanger
are reinstalled for additional well fluid production. [0034] In another

enbodi ment, the test sleeve does not sealingly engage the drill-through
spool body bore wall on both ends of the wear bushing. Instead, at |east
one term nal end of the wear bushing sealingly engages the drill-through
spool body bore wall to seal off the inside of the drill- through spool

body L@k@l alésting Gotd Hoteclde indideahednRhrengdsired fok pecsyaa testing Mendyilthyough
sealingly engage the bore wall with the term nal ends of the test sleeve

seal i ngly efgffﬁegﬁg% {%gtéﬁ R ¢ ﬁtl?élf@@fe%\%alﬁre nytéétorqgl?erﬁ&{eﬁiﬂ}% tRNilRfhrdugR vear

bushi ng s ages ore one termnal end of the test

sl eeve seal.ingly .en es the sanme wear bushing termnal. e i > ot her
Cerm e ohtinos GRS HES prodieud gipeut ol HS) oo iRl S i 1) b iR 01 ¢
term nal ends of the wear bushing seal iqnggl: y engage the bore wall ,ghgen

bot h ttéravigh see dhraugtobore e prefeqt the e threush) harg dyrieg heqdilling opalionsy sitng. F
i [0035] Both enbodinents may be used in any drill-through spool body. For
exanpldrillitgieore provatirnsiseys israyichel befiet did pddiation tuhing dndtroduegion handey it al
tree installed between a well head housing and a BOP. The enbodi nents may

al so BRghinst i@l the Arilithdugh HokizsfAlouah T Hited PEIRL" afensdcedshiga lfattveiprioa
wel | head housing and a vertical tree. [0036] Thus, the enbodi nents conprise

a co m%fle{lll[%{lé el t%%lg& %?hegﬁx\%%ecﬁ)? %e%ﬁ'ﬂﬁxatﬂg ﬁrifl—hﬂtrougtp WEE, GOt d RipPo QR A M heOf

prior a devi arious aracteristics described above, as well as

4 i ]| | | ik blogdd
e et 557 RS e TR R e 2 o

referri&gﬂto t he acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF. THE DRAW NGS
[ 0037][0028] a Wrokrdlisga avdlle @snseisly ppoffshpre wellpadditignsl timerer signiffcapibnralse, | |
now be nade to the follow ng acconpanying drawings: FIGURE 1 is a cross
sect i ahe edsevidriltingh weilleWolowar dost,Isbmt tweblagte dridled 2ot enly wvithghejiriting bereeeve
assenbly installed; FIGURE 2 is an enlarged cross sectional view of the
dri || grbleboinstanéd. ZRBiaBingtthegrikihrough 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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-12 FIGURE 1; FIGURE 3 is a cross sectional view of the drill-through

hori zontal tree with a portion of the sleeve assenbly renoved; FIGURE 4 is
a cross sectional view of the drill-through horizontal tree with the sleeve
assenbly renoved; 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; FIGJRES 6 and 7 are enl arged
cross sectional views of another enbodi mrent of the sleeve assenbly; FlGURE
8 s ghffugl SpSAChodINBdre! ENAtlcoVt Ndsembf algo doinplisdshs enegh bushirgngenspaldy Wi t h
the sleeve assenbly installed; and FIGURE 9 is an enl arged cross sectional

vi ew E@ﬁ%@dﬁ %@%@@Mﬁ@ﬁd&g RO BbtwREn fHe BdREw, | anPEALER DESERLRTI ON

OF TH present invention relates to a drill-through

spool bod | eeve, assenbly and incl.udes enbodjents qof ;dif LNs.
The i gEheTiR lepie R LE Betesn M rIR L RpeL o pare Lo kL R oh B G,
the present invention with the understanding that the enbodi me:ﬁq? arﬁ to
be cor¢adbnshinganllexispislaers isaefi ssficimt thiekngss; lqgressws test hef@nS I ROFS Adand
are not intended to |limt the invention to that illustrated and descri bed.
Fur t hevalves bf tl® drill-theouishlshool hedyp gihe et slhave dldvesealdithd msidatof tleadill-Agsigbf t he
enbodi nents di scussed bel ow nay be enpl oyed separately or in any suitable

conbi @gb&%ﬁ&)f@ﬂ%@tﬁﬁg@w&%ﬁesm ts. -13 | [0039] The drill-through

spool Dbody sl eeve assenbly 10 installs in the bore of a drill-through
spool (BEKY . AafL b ol ORAUEN, 5RABRAAY (LA YOS eRREEohRAL aeisagnt he
production hanger a q production“tubing and that nmay also allow the

pﬁs;s agsgocﬁfbog)g B«in%,nﬁag\tfihg edvr\niaalr Ibl-léhlill'{goilljlgp}lacsep Oﬁ{e \ang %ushing protects the drill-through
spool body bore wall, transverse bores, valves, hydraulic connections, and electrical connections
while allowing the equipment to pass through the drill-through spool body bore.
[0032]  After the well is drilled and the casing strings are installed, the wear bushing is removed
from the drill-through spool body to allow completion of the well by installing the production
tubing and production hanger. After completing the well, the well may be produced by flowing
well fluids through the drill-through spool body.
[0033] If additional downhole work is needed, the production tubing and hanger may be
removed from the drill-through spool body and the wear bushing reinstalled. After protecting the
drill-through spool boldy bore during the additional downhole work, the wear bushing is again
removed and the production tubing and production hanger are reinstalled for additional well fluid
production.
[0034] In ahother embodiment, the test sleeve does not sealingly engage the drill-through spool

body bore wall on both ends of the wear bushing. Instead, at least one terminal end of the wear
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thus may include a drill-through spool installed between a wel | head housi ng
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] FI GURES 1-5 show how t he sl eeve 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 fornms a generally cylindrical wall 15. The | ower

ter m palhignekaBhell BSdeb Sl IAlliiGoaANPESIRdy 806 v sehl ff the Waldchédd driliisi ng
16, which in turn 1S connected to a conductor housing (not shown) and the

wel | . The ,u t 1N : b SvemOMR insRah&gdet 0 a
bl omwoﬁ%%ﬁ{beord %3 E%D%L?C?E)\%ngﬁ%% : rf?ﬁ%dg g)g%lk?vf con%iglégggggﬁn%?ur%% ty of
transverse bores_opening jnto e through hore 12.. | es..qQf

tr ansﬁé’r@cwﬁ@l”ﬂg‘ ‘F\E?Fﬁg‘éf end, gt st Hee gﬁ%ﬁﬁ@?’ﬂfgagg\g%ﬁ%‘?m%ﬁ&é?%ﬁ ?%l%i c
connection port 19, a lateral production outlet 59 control |l eﬂ@?ﬁa

pr oduché tmmuwl vel Sthe weadnkling realingly camigesaihia bass vtk apasTmiggl qud@f thedeston ar e
optionally controlled by one or nore valves such as an annulus port valve
60 agReVDidsNGY ep@ipts thalsatac 6Bar iBRiIAE terRiabend while theahet 4eringnal 9sd af thed on
the wel | head housing 16, a wear bushing 22 conprising a |lower termnal end

27 ang. a0 MRP&ALLdEH l@h%g‘l:s BPBorOWAIE IMsiiatdnabhal ndsRE tikOWear IEhiskiag Bealinglywear

bushi ng runni ng too The wear bushing running tool 23 engages a running
groove 68 .in the r shi E\/@ﬂr | A, LA (hORE %ﬁ}ji%s_tal |'s
t he ﬁ%ﬂgﬁ&%oﬁﬁw e t{%ﬁjete%gg%l e;{@sio Zeﬁ%{éﬁy Sgg\/\é%%%hi ng asrhofjl er 40 on

tfie | ower term nal end 27 of {he ar bushi 22 en S ann

s’-h(?ul HUBS] s ePeth gpbogiments may g¢ Us lé‘r?ny4‘%ltu"@9‘ajlg§p588§§%% ‘ aI%) annu 5’?&‘& oove
45 in the wall 15 of the through bore 12. The wear bus(l;g ng 22 al mcl)

conpr isbedipentssmap bal iosigledhis a dohghrough hetizonish dten BtalleR Pefigssn $ 1€

that extend radially through the wear bushing 22. The wear bushing 22
f urt hgsusigaid 2e6BOPOT Thes aabaiiménts byt dist be dadlallad dir msdrill-eoughr wbing|spoals
above and below the hydraulic connection port 18 when the wear bushing 22

i s i ngialilesdetwbhea Welkea HSkiRGnd RO icSeRks 48, 50 al so seal against the
bore wall 15 above an bel ow the el ectronic connection port 19. Once in

PoSi t it @ WRRL, RS Rl BGuihRfK T hi RS RO RARINEN HAGKS ahli CadiBRBBUBRI NG 22

into

22

overcome the problems of prior art devices. The various characteristics described above, as well as
other features, will be readily apparent to those skilled in the art upon reading the following detailed
description of the embodiments, and by referring to the accompanying drawings.
’, } BRIEF DESCRIPTION OF THE DRAWINGS
[0037] For a more detailed description of the embodiments, reference will now be madé to the
following accompanying drawings:
FIGURE 1 is a cross section elevational view of a drill-through horizontal tree with a sleeve

assembly installed;

FIGURE 2 is an enlarged cross sectional view of the drill-through horizontal tree of
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position. As best shown in FIGURES 2 and 3, the wear bushing | ocking
assenbly 55 may conprise shear pins 54 that are extended to engage a
correspondi ng recess 56 in the bore wall 15. [0042] After the wear bushing
22 is installed, a test sleeve 20 is inserted into 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 dianeter 25 of the
wear pusbiRed;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 eRg§RRA is 2 rdd sdefibhalPRlv JTURNrMthddgh ASridohel keskitlsh peiien 3Dthes put
into position, a lower test sleeve seal 24 Seals against the bore wall 15
at the test sI?eve | oyer term nal end 31. An upper test sleeve seal 26

al so SEEYASSERBINEMAEL hore wal | 15 at the test sleeve upper terninal end
33. The configuration of the test sleeve, and .t he re wall 15 .are such
that the t SKGUREcbisca smsyasetinptl vigys of ﬂ%ﬁn&ﬂﬁ-&ﬁ%ﬂehqﬂ&%gﬁ s WS 88901 ¢t he
t hrough bore 12. For exanple, the bore wall 15 and the outer dianeter of

t he t asemblyaemevél) may have matching tapered profiles with a reduced -15
di aneter towards the lower term nal end of the through bore 12. [0043] Once

i nstal | ed, FidygREES s §RRBY SectiBndl vidwen theodilbthrouphchopiasitali wee with Wge sle¢vecki ng
assenbly 28. As best shown in FIGURE 2, the | ocking assenbly 28 nmay

conpr QS%&%M\E&J?%%@ &uﬁﬂ% bl%ﬁu&gnttg{?ﬁ% 24 HARRGAPubing haddeeMsiaBédieen a portion

of the™o aneter of‘'the re ng collar 30 and the bore wall 15. The

cohl ar 30 [ ter conprises a 1
dor' aspond P IRRER G s SaRew H fsoBE VG o ot sy PRRRECo e sesve
engage a profile 38 in the bore wall 15. Initially, the dogs 36 are in an

unengageabhosi ti on shown in FIGURE 2 on the left side of the lupper portion

of the test sleeve 20. Under an axial force on the collar 30,. Hﬁe col I ar
shoul der 3FIGHRES ien camsisections] davasion wiewadq dsbighroyeh &ibing peolovifthe slens dogs
36. When the dogs 36 expand they nove to an engaged position with the

profihgwﬁﬁhqﬁgmnggﬁmre 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, ‘P‘m’g 0Fis 38 chiGKd bRSs $eBBdnaieR\e 1RQrINhRfugh eubiiny, dpbel dffEGURE.
[ 0044] Once the sleeve assenbly 10 is installed in the tree 14, the tree

trans&erse bores and

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0038] The present invention relates to a drill-through spool body sleeve assembly and
includes embodiments of different forms. The drawings and the description below disclose
specific embodiments of the present invention with the understanding that the embodiments are

to be considered an exemplification of the pﬁnciples of the invention, and are not intended to

 limit the invention to that illustrated and described. Further, it is to be fully recognized that the
different teachings of the embodiments discussed below may be employed separately or in any

suitable combination to produce desired results.
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the val ves disposed in the bores may optionally be pressure tested. After
testing, the lower termnal end of the tree 14 is engaged with the
wel | head housing 16 as shown in FIGURE 1. A BOP is then connected and
sealed with the upper termnal end of the tree 14. [0045] Once in position
on the well head housing 16 with the BOP attached, pressure tests can be
performed on the inside of the tree 14 to test the val ves and connecti ons
in the transverse bores such as the hydraulic connection port 18,

pr oducmhsyg outhelrihhro@epbbIonide skeva@ednisn 10 distalls 19thednet dffwdnlhihveghs8,
60, and 65. Pressure tests can also be perforned against the inside of the

val vese 58 hodd. AA-fRolbh hAOIEY HoRBIePRESY Bk RolkedRR oD RIMGEMA! he

t est sspeeve an e - tree bore € pressure tests are perfor med

to inspect ithe.integrjty of the seals ort out | et . der
oper atiregpefipp bingan t%‘ﬁdﬂ%’] alﬁfﬁoﬁvgt%f ﬁéssgﬂee‘@ﬂwgmte%% t@ ?n{lﬁ%%fl%}g%p\és e%&\s}e
seal s 24, 26 prevent pressure from passing between the ingide of the test
s| eeveh@omaninctude ard,rdﬁﬂamugb spef} n@it,qlf‘):é e aveellhepd Rqusiog @Ba pyetEgifEct i on
port 19. The test sleeve seals 24, 26 also prevent pressure from passing
bet ween dtiliehroughs ispeol dlody heytabst includew elrildhmuogh hbszotal [tice tigntaled hetves aout | et
59 and ports 61, 63. The test sleeve 20 is of sufficient thickness to

Wi t hstyalifheldBoRiRSadaEOR! the pressure tests without deformng. During
the pressure tests, the pressure placed on the inside of the test sleeve 20

02°° JadC" PIbURBE 1€ Blow AP A defy RECANR RS b Bfin' ORFi-BEPAR BRGIG, 21,

26. e pressure roug tree transverse bores into
the annul us the test s|eeye 20 and.the bore wal/l . : on
the nde HadioHiEsn! mife hiwa TR st codBeadic ity 18 utes ik 00
differentials across the wear bushing 22 except across fhe wear, hushing
seal s ta@ughsborgti2iafdhe worithullhethedighdwors bhigpys g gfﬁe@%ﬂcﬂmgﬂfﬁeﬁﬁhcgcgﬂﬁect i on
port 19. During the pressure tests, the wear bushi ng@seal s 48, 50 can

cr eat dowerpemsingirend dif fifegreeritiintomectod and $veledbmn wolladaid hgusing begideindpm t he
seal forned between the outside of the wear bushing 22 and the bore wall

15. Thecoeméted RIS HinAGcEERN i not28oway Mdahseell. The ppey ennimahgnddelie seef r om
entering the hydraulic connection port 18 and the electronic connection
2(2)_” 13 i LOMePEl YRS Redl o ERbWEMS VG2 LB BPY (o ShdHid)! IThe ttRE QY $Bmbrias door e
plurality of transverse bores opening into the through bore 12. Examples of such transverse
bores include a hydraulic connection port 18, an electronic conmection port 19, a lateral
production outlet 59 controlled by a production valve 58, a workover port 63, and an annulus
\ port 61, which are optionally controlled by one or more valves such as an annulus port valve 60
.and workover port valve 65.
[0041]  Before the tree 14 is installed on the wellhead housing 16, a wear bushing 22
comprising a lower terminal end 27 and an upper terminal end 29 is installed in the bore 12 using

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

in the wear bushing. The wear bushing running tool 23 installs the wear bushing 22 in the bore
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[0047] In addition to the radial pressure forces acting on the sl eeve
assenbly 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 fromthe different dianeter of

-17 the test sleeve seals 24 and 26. In sone instances where the wear
bushing 22 is too thin to absorb the pressure end | oads, the wear bushing
22 may conprise a |oad sharing nenber 62. The | oad sharing nenber 62 woul d
al | owgbhetiiPasardRshife StAdr then irdewembiniindllvad @8 af thowedar bushit@ 22Asgages shown
in FIGURE 2, the |oad sharing nenber 62 may conprise a collapsible ring 64.

AS SNy SATBALIGRD IR ab € e ABShu e £ Hihsdd TR ARARKIAPELHYOE B the he

t est eeve 2, the psible’ring 64 allows the test sleeve
20 to mgve_downhol e rel ati t.Q wear bushi el %6 alonko@d of

t he p?‘@k E? é’?\t,}ggtth“’}ﬂ&h {bREs ﬁadﬂ?hgﬁrnlalsﬁ@ﬁ‘g%r %%ﬁ%ggjﬁ’bgissgﬁﬁsger thé axi al

| oad on the test sl|leeve 20, the dogs 36 int_?{% wﬁhﬁ’?’ t he hﬁ‘%i Ize g to
absor borgitpdiaddiength nhtheaxdanbushing2 thatgytend padeallydargueh Beirgr %6 rks
in conjunction with the |ocking assenbly 28 to absorb the axial |oad

pl acesven bighéngt 235furthtre@mepriats portiseelsele il thahseat againss thedwee wall 17 aMSSRF ng
down on and deforming the wear bushing 22. [0048] Once the pressure tests
are CeRRvelLe hpddulid @naetidaGPoltaBSyheh @i Wear bushisy 22 Bandidleds Thamdar wshings have
been tested, the test sleeve 20 is renoved. The test sleeve | ocking

assembl v, 28 u8 sof didsSdeal NG $Ud%e b8 BlloH (REYEctfoAR doRgedtionlpoRt1 t O
rel ea?gﬁtsﬁ%ség’g%o ?g%o %?g%gﬁg(rﬁo eiq?dé 38. gl'he tgst sl eeve running tool 21
al’so engages .a running groove 66 in the tes b5 hevak, of

the t 43¢ Breds eoson. A B g Prkhessrrnl v Bl Se il bekr nERRETZEY © 1
wear bushing | ocking assenbly 55 maintains the wear, Qushin i

posi t ipositiof.0 G0 beshshewn in FIEHRESS? gad & (lalﬁ]WPﬁg ‘{Sﬁeg‘lg 12‘9“%%\9@5& ?12 st

sl eeve 20, the wear bushing 22 remains in the tree 14 as shown iaﬂ H GURE
3. Theohmsisaitheat ginefethatdre titendoddo ehgagh i nerraRonding Teaesy SO amBEFRTS B2h1Y-ow t he
passage of equi pnent such as drilling and well head equi pnment through the
tree hoa4)12. AR ihBGvdab@udhing DD ngimplEdtd RRSsledvee0nansebad fitnghe thrpiadt ect s
the bore wall 15, 18

bore 12 using a test sleeve running tool 21. The test sleeve running tool 21 engages a test sleeve
running groove 66 to install the test sleeve 20. The test sleeve 20 is slidingly received through
the inner diameter 25 of the wear bushing 22, with the test sleeve 20 extending past both terminal
ends 27, 29 of the wear bushing 22. However, the test sleeve 20 need not extend past the ends

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

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

the outer diameter of the test sleeve 20 may have matching tapered profiles with a reduced
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the hydraulic connection port 18, the electronic connection port 19, the
production outlet 59, annulus port 61, and the workover port 63. As each

section of the well is drilled, a drill string with adrill bit is run
t hrough the BOP, the tree 14, and the well head housing 16. After the
section is drilled, the drill string is renoved fromthe well and a casing

string inserted into the well and installed in the well head housing 16 at
its upper terminal end with a casing hanger. . This procedure is repeated

unt i | gideetat@dwarll$thendwérasntiul theofdhp tapigheiope tept h. In addition to
protecting the tree bore wal | 15 fromthe passage of drill string and

[ f
he pELB i el 8 20 B e TR G 11 ng of

the well. During the atlons wear i revent
a pred8urls Qﬁs?a%ﬂﬂp%ﬂoﬂn%ﬁ HE %?8%‘%@? Ywed 9%%% ﬁlgt%& %&lﬂﬁw

ports 46 prevent deformation of the wear bushin 2 durin ? th?l ng
oper aand asdasS6tiostalledbetivesn @ipprtisneys theguier diamgtier ol thafetagyng q(::’qlfqb Q)ﬁrédr i ons,

t he wear bushing seals 48, 50 also prevent debris fromentering the
hy dr apbicow 4019 ETHd @illap3 sutdliandemsdoagirisena shoolsandcthrigmgpeasta CPgef’rHOB‘iir‘ilset ween
the wear bushing 22 and the tree bore 12. [0050] After the casing strings

have bR&Ndd: RS Lalchataqh. thr d&gé b6 i thaahd tb endage & pratlleBih theborepralbilict i on,

the wear bushing running tool 23 is run into the tree bore 12 for

engageamol, 4 %GPéh% ar\@e%ran%é%gc% §8s:t1§ﬂ;§n%>‘0ﬁﬁh HEPRENG of YR idRdsidosf tha3

engag nni ng groove of the wear bushing 22. Once
engaged, the. ru n l.ls the bushi [;]pﬁ_ hpee 14
as" shHRPFrlpﬁfth’f“@%n ‘Tetvéiﬁ ﬁ}ld%%a%ﬂ\f RiRg" |°219Ir ggﬁ&%ée)yla?%lrln etree 14
asshownlnFIGURE4 the well is readyforc 0051 shagwn in
FI GUREC!S onapd ¢pms wetw@aﬁlog;@hwlciﬁgs 219 §er6§%% gﬁr” m‘?ﬂ@l {‘?égggié%%‘ -19
production tubing 70 is inserted into the well and installed in the tree 14
Wit h eheyiiivego hargersed positidiheith theduofiied didmenre wall daghosviroBIEHRfadoR wit h

the production port 59 for conpleting the well to produce well fluids.
10052¢nd fight 9idE iofehe ippePpstlte bl 0B 1@t slehe 20| Engagddewieh feidsidlsthtdugh trse Hoteo

perform addl tional ownhol e work, the production tubing 70 and tubing
hangen, 7ge BB REloLEMRYEH sTbERD0A Bl Gfthe tree 14.
[0044] Once the sleeve assembly 10 is installed in the tree 14, the trec transverse bores and
the valves disposed in the bores may optionally be pressure tested. After testing, the lower
terminal end of the tree 14 is engaged with the wellhead housing 16 as shown in FIGURE 1. A
""" BOP is then connected and sealed with the upper terminal end of the tree 14.
[0045] Once in position on the wellhead housing 16 with the BOP attached, pressure tests
can be performed oﬁ the inside of the tree 14 to test the valves and connections in the transverse
bores such as the hydraulic connection port 18, production outlet 59, electronic connection port

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

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



14. Once renoved, the hydraulic connection port 18 and the tree bore 12
must still be protected during the additional downhole work. To this end,
t he wear bushing 22 may be reinserted into the tree bore 12. The wear
bushing may be maintained in position by any suitable neans. For exanple,
t he engagenent force of the seals 48, 50 nmay be sufficient to maintain the
wear bushing 22 in position. After the additional downhole work is

conpl ete, the wear bushing running tool 23 may again be run into the tree

bore YgeltRrENNaR fro@utddts PleseifotnédiiarhdgctghebvegriGBofahel sdalte ports, enibats t he
wear bushing 22 fromthe tree 14 again. After the wear bushing 22 is

rennv%gdggﬂggF%ngg&%ﬁméﬁgmﬁgg production tubing 70 and tubi ng hanger 72

are agaln’ins I'll-through tree 14 for conpleting the well

[ 0053]. FI GURES 6 and 7 show an alternative enhodi nent .sl eev 610.
he SIBMA aDeBRbNy WBHa et e (RLS e ater Rernaerte /I BaRE V10,
except as described below. In the sleeve assenbly 610, the test sl eeve 620
does. rhetwesedht rigige ohadest sevo@Deandcbe TdBuin coTERtOL ARt 1drandrecfioni
bushing 622 in the bore 612. Instead, the wear bushing 622 itself sealingly
engagesnidtton 9ok 19aIThe 6kbsle¢ @bl 2Ap26 dlad pryentpstssurh dropopassina betvges thet he
wear bushing 622 additionally conprises a |ower termnal end seal 629

shown 1} 3qFbFHRFsP s1deE ANardRBE Brill RhFh iRt re It SR hnOBoktsSE10\68. The tes?BleduleCURE
7. The wear bushing seals 627, 629 performthe simlar function of the test

sl eev ?gsig 2"? %{ﬁ%ﬂéphé?cikggssgg %Vgﬁ‘lsﬁﬁ% ale;ﬂ@ggq@ Yor #d pgéssWeQ¥§§Mtﬁ&tWeM§ from

passi en nsi t sleeve 620 and the hydraulic

connection port (not shown) and the, el ectronic.cannection t
§h§mnﬂm“¢W@RE€§F %gﬁﬁn§w§%§F@e ngﬁgm%W§@eBF§93ﬁ§S%‘gégﬁgé%fpgﬁﬁﬁg55ing
between the inside of the test sleeve 620 and the drill-through tree

out | etthq meer besbing) 22 hecaven o6 thenisst SeryRrepals 2h dondWeHES Hhs gregade FPRiy
conprises ports 646 to relieve any pressure differentials across the wear
bushi nigo6ZR ttdure tantverseboses ifto s angubie dkves the t62 Sleeyadba1 tre beye Nadnkd
pressure from passi ng between the annulus 611 between the wear bushing 622

gnd t hged @t of |t§@%aﬁ%@shiﬁ%"@2.t EThe Weaf \basHizd psalbngl Yo elirvgesmyt presswear
ushing 622 with a test sleeve seal 624 at i1ts lower termnal end and a
test %&ﬁ&gﬁiﬁseQérogz&ea\t\iee{rtb%sfﬁﬂgeﬂ E)@:rcﬁti B@bsseMd - wear bushing seals 48, 50 at the
hydraulic connection port 18 and electronic connection port 19. During the pressure ftests, the
wear bushing scals 48, 50 can create a pressure differential across the wear bushing 22 because of
the seal formed between the outside of the wear bushing 22 and the bore wall 15. The wear
"} bushing seals 48, 50 form a seal to prevent any debris from entering the hydraulic connection
port 18 and the electronic connection port 19 from between the wear bushing 22 and the drill-
through tree bore 12.
| [0047]  In addition to the radial pressure forces acting on the sleeve assembly 10, there are

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

22. The axial forces are a result of pressure end loading resulting from the different diameter of

217 -



The test sleeve seals 624, 626, work in conjunction with the wear bushing
seal s 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 |ower
termnal, 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 tiestestsdl@ey eeb2Bt s\ 6bdn sané ingtaned vetierd thamicyr bushing 82 fisted thih &eabsor®0 t o
sealingly engage the bore wall 615. In addition, the test sleeve 620 does

not ngﬁeggl%ésfdré YnEoh&D thePASE bRGiR 8P dHy RbmbA% MRAI shdhgthéibd 2. ThBfoddest

sl eev O may either be even with or“inside the ends of the wear bushing
sl eeve, 622. [ 00571, As i oped. previ,ous| t Rl 1 610
nay béhﬁygﬁn¥ﬁlgﬁ BPPﬁﬁﬂ%Fb@me§%§§ﬁ°g%%%?”ﬁ@%%ﬁ*ﬁﬁo ‘ggﬁexanpggzo *a
drill-through spool body is a drill-through tubingﬁﬁspgﬁl.usgﬂsgﬁ h a
ver t i capwp i EIGUHRIE2Rbe 1gad sharing memRerH2anaesrumntiss a plapsplaringo4, <4508,
drill- through tubing spool 870. The sleeve assenbly 810 is installed in
t he t koopgtingdrecdeB dd ofght kide of dlxi nppes podiongithe sk Sl)é

generally cylindrical wall 815. The lower termnal end of the tubing spool

870 i songnideting caaloweht et tleeva 20ab e diovabicle ngatBao weht bushing 22tumder i s
connected to a conductor housing (not shown) and the well. The upper

term nal ,80do0f of tﬁé%ﬁrgésﬂfé 8¢, 30qat }d%& Qhdrihg GRGRS 62 ddRnd us &R iRMaxiA Iehdwr t i cal

tree (not shown tubing spool 870 cConprises a plurality of transverse
bdres nj i nf.o.the through bor I f o e bores
el ade® B Pl wechian dbHEHep iR BafomisR SRofl o iohyaRefme B0
controlled by an annul us port valve 860. [0058]. The, sl eeve.as I 10
conpr i $ws the iﬁ@éﬁh‘HH@HP?@bgﬁ Hers F%WCEL%E‘{}TS the Ifcking atg‘i?mb(i‘i ?ﬁgr)a%?’%t he

‘sl eeve assenblies 10 or 610 descri bed above. The sl eeve assenbly 810 al so

oper attesaxial laadplatddaon thartess slepee 24 anbprevens thy teaisdeeys 28 sy baaping dopReOns| eeve
assenbly 610 described above. The only difference being the type of

dri || ahé defeghingphotvediddyhin22.s| eeve assenbly 810 is used to test and
et ec{(t]{-}48] 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.
- 10049] After the test sleeve running tool 21 removes the test sleeve 20, the wear bushing 22
remains in the tree 14 as shown in FIGURE 3. The inside diameter of the wear bushing 22 is

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

the tree bore 12. During the drilling operations, the wear bushing 22 protects the bore wall 15,

-18-
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[ 0059] After the sleeve assenbly 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 well head housing 816 and a BOP (not shown) is installed on
the drill-through tubing spool 870. Once installed, the drill-through
tubi ng 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 aghevaldradic tdimebtiodr part i1 8 Sthe @lvvaohic aonpativn §dA. 194fthee protihetiodr dutlet 5$hr ough
tubi ng spool -22 S70 is tested, the test sleeve 820 is renpved using a

test UEpb BT A8 O Workd\RE &IF%S‘“)AS choR sedﬁ%h'of tise WEIED; @Hlidd] £driBString
descri Bove Wth the dri IP t hrough spool tree 10, 610. Once t he

product.j,on t. and t n rer tad | e wear
bushi n hﬁ?ﬁlnﬁbb p?se tggo t{ﬁ ?%gﬁe %gésrl\?n%drﬁlgg%lﬁlg? ?ds{h%ofd s%ﬁk\%g The
producti on han and .producti on u are then installed i

dri | | Sediony ﬁlrlﬂ%ﬂh@ dg @Emgslﬁéem@f?éé? epwsléa%ﬂf P SRS FiGEE 1 ﬂe& H&%Hﬁ’cti on
tubing are installed, the BOP is renoved fromthe drill-through tubing
spool v&Tarsiniastabed, iy thie owdlihbadbousingt 1 6 Hoinypries tirminahlend avilbra gasing hanger.
drill-through tubing spool 870 for producing the well fluids. [00601 Wile
speci fiihgs probedlirered kepehiad ambib ait abI0\Vi dalicd desles afyredpriatodefthe alni mlddicnate be
made by one skilled in the art wi thout departing fromthe spirit or

teachi Fkgeccﬂln tehd t?‘eé BeRk1195 *fro}ﬁ"ﬁe pRERQO Rt s@m?arﬂeoﬁﬁﬁg bedgaheouak enentar ¥

onIy ;S’ not limting. Many variations an m)dlflcatlons of the system
0S e.and

Accor drnryreet REDESEL Asf pfe S he P s e ABEnfle e bt B beflecd

descrlbed but.is o Iy mted e claips that foll e of

whi ch 94ing thejdsitli the Webq&?‘%g él?i%/ ‘%ﬂlg’flg PPFéaté‘lPﬁj ‘Eﬁ’ve%‘isg’é"lg p(?% 4%

-23 24 Wat is clainmed is: 1. A sleeve assenbly for a dri II-through spool

body hawessyreadifisretitlafrpmgfoamingl dcross iee wsarehshipecBrpibas e perts 4R &FVBYshi ng

renmovably installed in the bore; a test sleeve renpvably installed within
t he bde@ramtbnirdftthe Wear bushing 22 during the drilling operations due to pressure differentials.

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

[0051] As shown in FIGURE 5, after the wear bushing 22 is removed from the tree 14, the
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t he wear bushing; the test sleeve allowing the drill-through spool body to
be pressure tested; and the inside dianeter of the wear bushing being

| arge enough to allow t he passage of equi pnent through the wear bushing.
2. A sleeve assenbly for a drill-through spool body having a bore having a
wal |, the assenbly conprising: a wear bushing renovably installed in the
bore; a test sleeve renovably installed within the bore and wthin the
wear bushing; and at |east a portion of the outer dianmeter of the test

sl eevgyrs@atibm@ibihgeTdadisaged e howell avdinstalléd infhetres Mewhh y tafinghanigen 2.
wherein a first test sleeve termnal end sealingly engages the bore wall, a

and 2 oD R B S o et e ncar

bushi n irst term.nal. end. 4. The assenbly of claim3 wherein the test
sleevé%ﬂL%ﬁEWB$%B@ ?wF§n1the spool body without renoving the wear bushing
fromthe spool body. 5. The assenbly of claim4 wherein the wear, hushing

prot edP@5%t | Kadwring derprpdustion of e tslle thase ariggs; be nead to pedpmy jaddiangls

removed fromthe spool body. 6. The assenbly of claim5 wherein the wear
bushi rigpvinkole emuk ctiie praimtidietubingdi0 aedybing hanga |73t mayabrirenmved fiom thhadregel | .
7. The assenbly of claim3 wherein the test sleeve and wear bushing

seal i n@l Yo:RB9@HSvINBe m?aﬁumcinnwionaﬁohom fdaps tbebdre L inngt afll sppotecteddy
outlets, ports, and valves. 8. The assenbly of claim7 wherein the wear

e T e

inside o e wear e asse 0 erein the wear

biighi t d t f t bushi due. t

i 71 el Fr e Qo | 16 G DGR IRG b BTSRRI PR TigHy pieel. PhESsHr e
operations. 10. The assenbly of claim3 wherein the wear bushin cgnprises
an i nesmple, the pegagement fprce aithe sealshdt Sqgray bersudisignb fempintn g‘f‘?ﬂ?w ear

bushing. 11. The assenbly of claim3 wherein the test sleeve interacts with
t he b@2en\patition.o Afteetherslditiasalatpenbbletwak is esmplsice theevesnbugiing waniigded! body
in the downhole direction. 12. The assenbly of claim 11 wherein a portion
of t heshpfyeghd RiruRife tetfs®dri PiRhgigetibe Rea\lRBking asmageroove 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
1 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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of the test sleeve out of the |Iower term nal end of the spool body. 13. The
-assenbly of claim3 wherein the wear bushing interacts with the bore wall
to prevent passage of the wear bushing out of the |ower term nal end of

t he spool body. 14. The assenbly of claim 13 wherein the |lower term nal end
of the wear bushing contacts a wear bushing shoulder to support the wear
bushing in the spool body. 15. The assenbly of claim 3 wherein the wear
bushi ng sealingly engages the bore wall to prevent introduction of debris
into FGUREST. Divewédr boshier als 627,620 pedugh tHehsemdqr dadetibo df thiertestrsledks ssgivol
body bore. 16. The assenbly of claim3 wherein the wear bushing is

Conne?ggzé 6F Welslbede aéé&ﬂbl g otdt evfeﬁﬁ%é pRbifkd AbmQRsdndbdtveer?the ingd@Dofahe of t he
us ol body. 1

wear ing fromthe sp .~ The assenbly of claim3 wherein the
test sleeve is co table with a runni i ' ;

r ermvi‘la’S SEer! Otaélggheeg?@é@@c FPIB}%C?%IJOS%QBQ’? Sl&)(’gﬁl)) .aquh.e é?‘%ctg%gjs? ?g #;[}818 %l aim3
wherei n the wear bushi r&g@further corrgrises a wear bushi n% I.oc%g atzlsenbl y
r el ea$B®I shovak kT hyweasdusiting selishd 27 3156 PERERSHISHHIe, 5K Pagsdng &bl y
of claim 18 wherein the wear bushing | ocking assenbly conprises shear
menbeissideosf the ehedeeabb0 ast te diilghtohgh wea puthat it shown and@ops (ot siyg

renoval of the test sleeve. 20. The assenbly of claim3 wherein the test

s| eeverhkutdah BhsheHI A8S canpried potte6d@ td alikvagnyamsenty differealidlasaiobsythk ocki ng
the test sleeve into the spool body. 21. The assenbly of claim20 wherein

test gl eeMBhl cdgbrag?%tst&gqgg%ug@ LidesA6s®! | ar engaged with dogs, wherein

rel ative novefrent o e co oward the test sleeve expands the dogs

iantso e t wth a correspondi r ofii | € - The
asdertlRhr oTapvert aitan g o PHESBE PRt vl pIod8ka, M8 blear idhin
shari n% menber. 23. The assenbly of 2§I aim 22 wherein t hebl ad arin
menbe 622 ga thesiest sheevs PR I8 Belslpsvis P2 cRpaETReEn e B&i‘ﬁ}g s‘ﬁ]iﬂ?“ng and
the test sleeve, the collapsible ring designed to collapse under a
desi gt deevel sesldb2p1at e hwen tearminat end anka isstesleavp geal 626 atriteunpssiepBgl &d- ¢l ai m
3 wherein the spool body is a drill-through tubing spool connectable to a
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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wel | head housing and a vertical tree. 25. The assenbly of claim3 wherein

the spool body is a drill-through horizontal tree connectable to a
wel | 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 renovably installed within
the bore and within the wear bushing; and both the test sleeve term nal
ends extending past the term nal ends of the wear bushing and sealingly
engagithguithepdodbadyaldnotidy exaiisle af sedrill-thrafghcipaclnb®ly wredni-throush twbisg

sl eeve is renovable fromthe spool body w thout renoving the wear bushing

from the 1SRAPHitRQWrticA8ree TREGBRES AN POhotd Ailé8vE AssehBIyed 11 dshigediardriibishi ng

protects at |least a portion of the bore wall after the test sleeve is

renoved fromthe s dy.29. I fi:clal {7iof fhg wear
bushi foPES Pt eorFiom Tiessssar B S RERhkaea £ (rofnbRt S ot Be I
30. The .assenbly of claim 26 wherein the test sl eeve and shin

seal i kBine ép@ig‘éot hEhephrueiidiore B42 f%imso%vgﬁiﬁé?@‘é/u‘iyi‘ng‘é%ﬂ? Iw‘“ﬁfsr s %% llilo%ody
outlets, ports, and valves. 31. The assenbléﬂof cl ai m 30 wherein the wear
bushi menfinal ehéof do tybingspeoliiiltis centeeind ardysepled i a ivellhead hoysiag 410, FHich IRe

i nside of the wear bushing. 32. The assenbly of claim31 wherein the wear

bushi REnA9 chinepled (& Blcof@fcar Matiiag (wft shéven)wedrthdusHi rihedpper teominhleendradssur e
differentials during the pressure testing and during the drilling .

oper attfleolﬂﬁing%éool-gbﬁ ifRf ddar@fseSlb @i ABtidn fe8irot SiRvie ahe BibsY $pEOIATOPI | ses

an interior ret ows the passage 26 of equi pnent through the wear
bgghi ng. 34. The assembly of .l aj r.el I D LELRGE S
wron ehEpDsee NErTD g s SpalOhghedtElfL hubll baF 12 FRUBHIFOERRE C
body in the downhole direction. 35. The as |y of cl.aim 34 Lehn. a
port i drngrIenorgoelude %hydéa"g’éc?oé&%’&nd?oﬁgﬁg%m{ﬂnﬁ%ygﬁtpogagséggvﬁ dho]fS t he

test sleeve out of the lower term nal end of the spool body. 36. The
assenkbytrdicddyanmmagduyvpret wilve 868 wear bushing interacts with the bore wal
to prevent passage of o

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

C

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 instailed 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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t he wear bushing out of the lower termnal end of the spool body. 37. The
assenbly of claim36 wherein the lower term nal end of the wear bushing
contacts a wear bushing shoulder to support the wear bushing in the spool
body. 38. The assenbly of claim 26 wherein the wear bushing sealingly
engages the bore wall to prevent introduction of debris into at |east one
transverse bore through the spool body fromthe spool body bore. 39. The
assenbly of claim26 wherein the wear bushing is connectable with a running
t ool 94 id Rstdl thatdsDflecv@rB2orie rv@led afing hetestaievd nairinggtobl @ot sheevndpdbe body.
40. The assenbly of claim 26 wherein the test sleeve is connectable wth a

runni %%gglg%%gaﬁ%d“ﬁé BblcAbLP B ARt SROUAIL Mbubingpdck siecsiip@ie. fOmm tibe

spool e asse y of clalm26 wherein the wear bushing further

conprises a wear bushi ng | ocki ng assenb l. | Y.l i 4 r
bushi FEPHE TiRGEs oL pRRgEyD ter RS L i S i BRIR, e G5 PAgRAST
bushi ng | ocki ng assenbly conprises shear nenbers for. el easapl y .r et ai ni ng
t he weemovsdswitthg wiepr bushing symning,fooh (ot gkl PrercHie Lmﬁe’é%%‘%ﬂ‘?%"%he
assenbly of claim 26 wherein the test sleeve further conprises a test

s| eeveuing kenemoinstelidl in the dtikdlsabghytubingkipnel §29e @rostthe prdyetignhageeridds pool
body. 44. The assenbly of claim43 wherein test sleeve | ocking assenbly
conpr igaRfcort@binglareReanay thi BOP dogsmoveditrenetha dritithtougle tubingsspeo 876fandhe
collar toward the test sleeve expands the dogs into engagenent with a

corr e%%ggéaf‘ Hed ;rﬂ)ftt) 'a s(ﬁfﬂr?gs ?JE!;?@(]EQ ré R dkill-thrugl Bbi I8y0 @br SrodbdgZ the

wherei'n e wea er conprises a |load sharing nenber. 46. The
%§%enbllgftdclain145 wherein the | oad sharing nmenber conprises a
col’'l a %% ing engaged between the wear bushing and the test sleeve, the

col l apsible ring designed to coll apse under a designated .load placed on

t he cd68psi bWhile ispﬁjlﬁ%4 nborfiaenis digkp PeEnoFhoRm, %9 dr B}Oﬂlffcﬁt orgpcc%ﬁ)ebody
is adrill-through tubing spool connectable to a wellhead housing and a
vert i mmkde by eee slded ifitike ars sahiitydepdrting &pm thespinieordpachingeol dhs dvepiyy ﬁ? a
drill-through horizontal tree connectable to a wellhead housing and a BOP.
49.  Acflb8@MRNE SHE HRNbIdO kredexbiripldry tdnlpugh spaot lmityghalany ‘aribiome #dvi ng a

wal |, the assenbly conpri sing:
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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a wear bushing renovably installed in the bore; a test sleeve renovably
i'nstalled within the bore and within the wear bushing; 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 renovable fromthe spool
body What selsimeddsiovi ng 27 the wear bushing fromthe spool body. 51. The
assenbly of claimb50 wherein the mear bushln protects at |east a portion
of tHeAB ?‘@ %ﬁéﬁ"rbhafpt%ﬁir"'tt'rreughtSésq'b v \r P ERtecive " sﬁ@b %rrbes
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r ore wall to
aI I ow pr essure testr ng of spool body outIets ports and val ves. 54. The
assemnbh ¥iedle bt o MMLKBUGA shEU? bdMSMaviRy'S hdr aa\fnrgrat T the 858RMbIS 8SmARRMGSa
ext encangishieg e vablyestallofinShaldraadest Sieeve Réhdlabiphstaie iBia thelidRinB @ithik 5.  The
ass e ti# weaobusbing;i antl tieash e peartion df re cveadialeishif g te slesvepeaingln enghgihg thebiteon of
t he walhr bushing due to the pressure differentials during the pressure
testing and during the drilling operations. 56. The assenbly of claim49
wher &i etﬁﬁée"t%'aﬁf ciltrs%w el B st esleleeymieimina prdealinglvengiags halbpswelltaféstpassage
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t)heegpgg Ssrt@@krsf‘%’%%?%ths&’re 57'? HEBEPEal | to pr eve:?npassagle of theerel "
test, h%%éfen%'fuctf Qlfa p\ﬁheﬁ‘aﬁ ﬁ)'rle té%?ggevlens rgllﬂg a‘ﬂ%%mh@ é%blrb%g# r%(crjt rg"lﬁow y]g
asse DbuSHindHord e Yepel n a port t he bor ecrea

di aneter to prevent passage of the test sl eeve out of the | ower term nal

end 6fTHelzesenidBaF claitd/whdpéin thE Readssendprteath aQbat Apdriorndl Gle@br vidl @favainy

bus hteatgsieent Braodved Wb thetdpaolbodye wal | to prevent passage of the wear

bushi ng out of the |lower term nal end of the spool body. 60. The assenbly

of cPaihmasBmuhyerl epip & Weer¢imie weardiuphingls resrriedifont e speohpody ittt act s a
wear P'BEi‘éﬂ‘?r '?’?g”e”shoul der to support the vvear bushing in the spooI body. 61.

-tl)-(r)]?e? as eﬁ B é@ wherern hgrte%{seetvg (aan wear buslblsnglsggmslt;%rltg}ag lh% bore ﬂ?s the
al p!res ds pool 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 differentiais during the pressure testing and during the drilling operations.

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

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

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

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

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

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

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




I ntroduction of debris into at |east one transverse bore through the spool
body fromthe spool body bore. 62. The assenbly of claim49 wherein the
wear bushing is connectable with a rupning tool for installation and
renmoval of the wear bushing fromthe spool body. 63. The assenbly of claim
49 wherein the test sleeve is connectable wth a running tool for

i nst aehewal oftheaveadr bysginp frarh thefspedibodyest sl eeve from the spool body. 64. The
assenbl of cl ai m49 vvherel n the wear bushi nP further conprises a wear
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cl ai mel&famp iy thehbar Bl@igan the bk AGHRTERMNI of teasREkses a col | ar engaged
wi th dogs, wherein relati ve novenent of the collar toward the test sleeve

ex parlsrhhelaesethtyf £laitne3 gy thentast slewve Further comprises pastislerye prlofig 4seembly t he bor e
wal | re"?aSQlSy|0€@9tﬂm@sté§§@mﬂo3ﬁhecﬁ90@lba¢)m 49 wherein the wear bushing further
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connectable to'a well head housing and a vertical tree 1. The assenbly of
cl ai .49 whemelyof ¢4 amedemhﬁwhyad shafindthérhber b SHde a EdsdshbRtnglenddoee
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25. The assembly of claim 3 wherein the spool body is a drill-through horizontal tree connectable to a
wellhead housing and a BOP.

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

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

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

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

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

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

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

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




havi ng ends extendi ng past the first nenber, the ends sealingly engagi ng
the through bore wall and sealing off at |east one of the transverse
bores. 73. A nethod of pressure testijpg a drill-through spool body
conprising: renovably installing a wear bushing in a bore with a wall in

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

Wi t hichequipsendbroughiostigangushing. Wi t h the test sleeve termnal ends sealingly
engaal r%[grI the bore wall to prevent pressure from passing between the inside
of t & theapseglysfeaimig V‘é‘@@tﬁ‘lth%fﬁﬁfffeﬁtﬁ interactsth Redorexrpl QRIPKPELPAsEIYY ofott‘%ssure
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bor etramatrbushihdlout bitAe R8T tefirenNertihf WetsBodl bedyt est sl eeve term nal ends
sealingly engaging the bore wall to prevent pressure from passing between
t he Bh3hdassemblyltcliimst whbreipvie lame tgpoel erdobithe peartbsshingLiohietts a waadbuslihy es;
conneltauldagio swpport ieaesier inshipg indhesspaellbbiiead housi ng; pressure testing the
spool body outlets, ports, and valves; renoving the test sl eeve fromthe
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dr i | leriolrl olrgdrtebicideyoindnathetspetbaiyd f urt her conprising connecting the
drill-through horizontal tree to a BOP. 77. The nethod of claim 74 wherein
t he 4hobe assembly piclaim @6 wherein ftreovaghbushivi fugthenseobrisgn d Weairiuplng leddnerasssnitly
conn@eesakly 'Q%@QH}elweﬁtft%P‘B@@W the)toalPodpool to a vertical tree. 78. A nethod
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and orresrending prefle indep borewalpool body ports, outlets, and val ves.

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

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

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

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

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

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

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




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

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

a test sleeve within the bore and within the wear bushing with a first

t est the weaybushing fromdite sppel bedal i ngl y engagi ng the bore wall, a first termnal
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61. The assembly of claim 49 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.

CS ure

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

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

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

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

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

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




t he wear bushing with the term nal ends of the wear bushing sealingly
engagi ng the bore wall and the termnal ends of the test sleeve sealingly
engagi ng the wear bushing to prevent pressure from passing between the

i nside of the test sleeve and spool body ports, outlets, and val ves;
connecting the spool body to a well head housing; pressure testing the
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spool body to a wellhead housing; pressure testing the spool body outlets, ports, and valves; remaving 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.

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

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

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

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

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

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




body, |eaving the wear bushing in place. The wear bushing protects the bore
wal |, outlets, ports, and valves while allow ng equi pnent such as drilling
and wel | head equi pment to pass througly the spool body. After the well is
drilled and the casing strings are installed, the wear bushing is renoved
fromthe spool body to allow the installation of the production tubing and
prod (FREAGHHY thmy@@@psmqgtﬁmt termpifyl eadledreverf dessyRe jom passing between the inside of the

test sleeve and spool body ports, outlets, and valves; connecting the spool body to a weilhead 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 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 herizontal tree and further comprising
connecting the driil-through horizontal tree to a BOP.

82. The method of claim 79 wherein the spool body is a drill-through tubing spool and further comprising
connecting the drili-through tubing spooi to a vertical tree.

83. 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 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, outtets,
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 instaliing 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; 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 well bore with the wear bushing.

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

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

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

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

.a wali, the method comprising: covering at least one of the transverse bores with a first member; sealing at

least one of the transverse bores with a second member by sealing with the through bore wall; and
 pressure testing the transverse bores. :






