TUBI NG SHCE The present invention relates to a tubing shoe, and in
particul ar, but not exclusively, to liner shoe or a casing shoe for use in
t he downhwDeomvpseesennent in wel | bores. A tubing shoe i sPCyBRaidosomsed t o
hel p enpl ace tubul ar casing sections or liners in a desired section of a
wel | bore, and is widely used in the oil aﬂd gas exploration and production
i ndustry. A tubing shoe is typically connected to the | eading end of a
string of tubing to be enplaced in the well, and has a nose which is
shaped, typically tapered, to push aside deposits and debris and fluids as
it is run down hole into the wellbore. It is typically formed with a

t hi ckened ti FURINGSHOE is strong enough to remain intact while the tubing
is being inserted into the well, and to withstand i npacts fromdebris and
or other conmponents in the wellbore. Wien a required well bore depth is

reached duri qgeaydEbht iho&tw?ﬁ%@ategif@an@wﬁqy Mokl hed %rggéﬁiaalﬁ, bgt igar mal Iy

lined with nmetal tubing, such as casing of |iner. ubing I's usually
formed from éxslsdely, tehigehshaoshdrch casiogshosdor ese emithetdovenitblén a string as
t he tubi#g IS run intg.theI borehol e. When the bottom of the tubing string
reaches % he &RYTOPMEALINNEYIABSsection, or the required depth for the
tubing, the string is installed at that |ocation by introducing cenent to
an annul ar space formed between an outer surface of the tubing string and
the i nner walA tuping shoaisr¥picREy uTe@ta helereraplare dabulaeCcaring BEFKONS@r be t he

e o e b T Plctor S OB BRI 5 ddged 1 o

gas exploration and production industry.

10
A tubing shoe is typically connected to the leading end of a string of tubing
to be emplaced in the well, and has a nose which is shaped, typically
tapered, to push aside deposits and debris and fluids as it is run down
hole into the wellbore. It is typically formed with a thickened tip so that it is

15 strong enough to remain intact while the tubing is being inserted into the
well, and to withstand impacts from debris and or other components in the

wellbore.

When a required wellbore depth is reached during a drilling phase, the
20 newly drilled borehole is normally lined with metal tubing, such as casing
or liner. The tubing is usually formed from discrete lengths which are
connected end to end in a string as the tubing is run into the borehole.
When the bottom of the tubing string reaches the end of the drilled section,
or the required depth for the tubing, the string is installed at that location
25 by introducing cement to an annular space formed between an outer
surface of the tubing string and the inner wall of the borehole. The inner
wall of the borehole can be the newly drilled formation, or it can comprise
a section that was lined in an earlier operation. The cement is typically
pumped under pressure from the surface down through the inside of the

30 tubing string and emerges through a flow passage of the tubing shoe into



punped under pressure fromthe surface down through the inside of the
tubing string and energes through a fl ow passage of the tubing shoe intothe
bor ehol e. wDue1wes26she applied pressure, the cenent fl owsPOUGBD10K(3@0460Se and
up towards the surface along the outside of the tubing string in the
annul ar space surroundi ng the tubing andé%s |l eft to set thereby securing
the tubing string in place. The tubing s€als the borehole, prevents the
formation walls fromcollapsing into the bore, and provides a |lined hol e of
consi stent dianeter through which equi pment can be introduced in controlled
conditions to carry out |later stage operations in the well. After the

tubi ng i s poshe¢ boretdles Ddegothdagplidrbpesssara]ithe testent figwsayt béthenser t ed

t hrough the inner bore of the tubin nd ed to dri]l out through the nose
of the 'shoe SOSEIRAC TR RiAOR e S4Bk ABaTE RSB Phie EROSRERSTr mat i on
at the bottom@bnhhier Qﬁbé‘e s%@uﬁﬁih%'th@ttfﬂi‘r’i BRA iss@?tttb%t'ﬂ'ﬁerbbﬁ vell. As it

is drilled through, the nose breaks up and the thickened tip of the nose
typi cal |y falsesunifg thestupirg stghg im atage. bieckupingseals e hetdholelhi s can be

probl e i ¢ because.l arge hl ock f this nature nmay interfere with the
PLLL ng 3 uncErSIFT LiedAP Wils Trarh doliaP S e o J8% bofupnair Sy el

I owfriction|jheamhordof €dnsidientdibmeter thidugh whghRieM@hERdcdr B8 engagi ng
properly to cut into the formation. According to a first aspect of the

i nventi on t hétteodusegrinepatialled eommiienssitoearcpapt lptarsiagaoperdfions dpthed t o be
connected to section of tubing to be enplaced in a well bore; and a nose
provi ded on the body;

10 After the tubing is positioned as described above, a drill string may be
inserted through the inner bore of the tubing and used to drill out through
the nose of the shoe so that it can access, through the tubing, the open

formation at the bottom of the hole, and drill a further section of the well.

15 As it is drilled through, the nose breaks up and the thickened tip of the
nose typically falls off as a single large block, into the well. This can be
problematic because large blocks of this nature may interfere with the
cutting function of the drill bit, and in some cases may act as a low-friction
bearing for the bit so that it is prevented from engaging properly to cut into

20 the formation.

According to a first aspect of the invention there is provided a tubing shoe
comprising:
a body adapted to be connected to a section of tubing to be
25 emplaced in a wellbore; and
a nose provided on the body;
wherein the nose includes a failure guide structure for controlling

break-up of the nose upon being drilled out from inside the nose.
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wherein the nose includes a failure guide structure for controlling
break-up of the nose upon being drilled out frominside the nose. The
failure gaiDaelcsnseeset ure is adapted to fail during drill iPag/GR29/SN4bY
resulting in a reduction in the strength of the nose, and typically
facilitating rapid break up of the nose i% a consi stent and predictable
manner, typically at a predictable stage during the drill-out process.
Typically, the nose is adapted to be drilled out frominside the nose. The
nose can be provided at the end of the body. The nose can be eccentric. The
failure guide structure may be adapted to control break up by limting the
maxi mum si ze Tote fpilereeguidé stroetune seadapike o tif durprgndrdlting, ItypiuaIJy The failure
gui de structure faC| litate fracture t| onal | defl akened
areas of the' ﬁ%&gﬁ RRedyiopa e ¢ e'f‘%tlhl @9088‘?’1 %?(s)kg’lpi'(}?ﬁy

speci fical y,raﬂalBEbréék Ligrot tr%’h9§eﬁwté‘é%h&l%%rﬂ%)ﬁd'd?ébl%%lé%drﬁ%?t one

di scontinuity formed in a wal he nose, facilitating failure of the
nose in the tyycaly affa pmmablecﬂ’ﬁag@dutlw \m&édrlli bet posess.s dril | ed.
Optionaldy, the failure guide structure has a plurality of such
di sconti*nuities fornmed in the wall of the nose. The failure guide structure

can be provi degically!the rfyseas aeBptedf totdedMREEoWEdm ($side tRd nbse out er
surface). The discontinuities may be formed by the renoval of material from

the wall of the nose, and can be in the formof slots, bores, partial

bores, punct bl*h%%ﬂ(?éé%ﬂ{b@?%\%@& LoRS d&htﬁelddﬁg One or nore such

di scontinuities nmay e om an ou surf of the nose. Alternatively
or in addition, oneor nore of the discontinuities my extend from an inner

surface of the nose. ,
10 The nose can be eccentric.

The failure guide structure may be adapted to control break up by limiting
the maximum size of pieces of the nose broken off upon drill out. The
failure guide structure may facilitate fracture, optionally by defining

15 weakened areas of the nose which are prone to failure upon drilling.

More specifically, the failure guide structure may include at least one

discontinuity formed in a wall of the nose, for facilitating failure of the nose

in the region of the discontinuity when the nose is drilled. Optionally, the
20 failure guide structure has a plurality of such discontinuities formed in the

wall of the nose.

The failure guide structure can be provided at the outer end of the nose
wall (e.g. at the outer surface).

25
The discontinuities may be formed by the removal of material from the wall
of the nose, and can be in the form of slots, bores, partial bores, punctures
and/or perforations or the like. One or more such discontinuities may
extend from an outer surface of the nose. Alternatively or in addition, one



The discontinuities may extend from an opening provided in the inner or
outer surfaces and nmay define a gap or cavity in the wall of the nose. In
certain enbadionspiss, one or nore of the discontinuitiesPERIGERRTI0046hhr ough
the wall of the nose, for exanple in the formof a throughbore. In sone
enbodi nents, one or nore of the discontinpities may extend a certain

di stance into the nose wall, w thout reaching across to the other side of
the wall. One or nore discontinuities may be blind ended bores, typically
extending fromthe outside of the shoe toward the inside. One advantage of
arranging at |east sone of the discontinuities in this way is that the

i nner surf aceroforeld tisbdescontinlites stayosrdend froeman nevsueiace wf tieee of the
shoe, and so the relatively stronger inner surface holds the shoe intact

t hrough the i"SErtion process. However, when the nose of the shoe is
drilled fromthe inside out, the break up of the nose occurs in a
predi ct abl e manner, when the drill bit reaches (e.g. the blind end of) one
or nore di scdmeidistarntiesitiegunay eatdng, frarhendepening providedt i thg inhérsordept h i n
t he nosgsof th? shoge can hnter%Oﬁnect al | disconb%guih%ﬁgqhaving t he sane
depth of bl i QY EHLECEEARY MA% IPHLT A 9GO (R 3 PR RS PP¥ gt h of the
nose can cause relatively rapid break up of the nose in a consistent and
predi ctabl e manner, and at a predictable stage during the drill-out
process. The Ipgertain erppedifiesntsmnenei MPEsOhilg decantingiipsdney eytenidne or

del it subregi R 08 WA fost For BXATRIEi0RNESERN bf a3k BGKs Dounded.
at least in part;y by one or hore o e disconti hui ti es. e or ‘nore
di scontinuitiescan be arranged at the borders or apexes of the sub regions,
e.g. at the corners. The nose is thereby adapted or pre-disposed for
preferréd br &aRome embodiments, one or more of the discontinuities may extend a

certain distance into the nose wall, without reaching across to the other

side of the wall.

One or more discontinuities may be blind ended bores, typically extending
15 from the outside of the shoe toward the inside. One advantage of
arranging at least some of the discontinuities in this way is that the inner
surface of the shoe is then stronger than the outer surface of the shoe,
and so the relatively stronger inner surface holds the shoe intact through
the insertion process. However, when the nose of the shoe is drilled from
20 the inside out, the break up of the nose occurs in a predictable manner,
when the drill bit reaches (e.g. the blind end of) one or more
discontinuities. Optionally, the drill bit reaching this depth in the nose of
the shoe can interconnect all discontinuities having the same depth of
blind ended bore. The resulting reduction in the strength of the nose can
25 cause relatively rapid break up of the nose in a consistent and predictable

manner, and at a predictable stage during the drill-out process.

The one or more discontinuities may be arranged to define or delimit sub-
regions of the nose, for example prismatic sub-blocks bounded, at least in

30 part, by one or more of the discontinuities. One or more discontinuities



up into pieces of a size dependent on, determ ned by and/ or corresponding
to the size of the sub-regions. The discontinuities can be aligned in

strai ght wo2aroq82i5¢ | i nes to define the sub-regions. TheCTds2y/shae s
typically provided with one or nore flow ports, and one or nore

di scontinuities may be provided in a portion of the wall of the nose

| ocat ed between flow ports. The tubi ng shoe and/or the nose nmay be provided
with cutting or mlling blades or surfaces, and one or nore discontinuities
may be provi ded between bl ades. The nose may be connected to the body of
the tubing shoe at a fixing point, for exanple, via engaging pins or a
screw t hr ead.cafie aramgeccatihedmnt erswrtapexesay thespb osgidesl, e.9. at thel | of t he

nose in a region be en fixin oints, One or nore djscontinuities nay be
o ovi ded i - CREVSIR! 11T BasdS HUdeDy AoaDieccpr b RRRRT P ORE CHITESRT o
port, a fixing AR Fbodd ofialblZtGepdNdet BA! bl Bynaddigl L1 on, one or more

discontinuities may typically be provided int . of the nose in a
regi on bet weenrrespondipg éd thehsizaod thenndb-aegionse Toe diggantinbiddswantlss cutting

bl ades, and/qr. fixin ojnts. One or nore of the discontinuities nmay have
an i 5 Sunselsed T SrAhCHTarc0B Hies BisfaiBe bR BURBARES! ongi ¢ udi nal axi <
of the tubing shoe. Typically, one or nore of the discontinuities may have

an axis which is substantially Par allel to and spaced apart fromthe
| ongi t udi nal T&%i tybimgt sagdsityritgllyoprovidegawith Pae or srrediowiperss.And ere

wh on are 1 ndl TR PR ALES ey B BEETPEE ot BRI ePe RIFS e sy
shoe, or withodatspeetwden fitwe ports.
10
The tubing shoe and/or the nose may be provided with cutting or milling
blades or surfaces, and one or more discontinuities may be provided

between blades.

15 The nose may be connected to the body of the tubing shoe at a fixing
point, for example, via engaging pins or a screw thread. One or more
discontinuities may be provided in a wall of the nose in a region between
fixing points. One or more discontinuities may be provided in the wall of
the nose in a region between any one of a flow port, a fixing point or a

20 blade.

Alternatively or in addition, one or more discontinuities may typically be
provided in the wall of the nose in a region between the tip of the nose and
any one or more flow ports, cutting blades, and/or fixing points.

25
One or more of the discontinuities may have an axis substantially parallel
to and coincident with a longitudinal axis of the tubing shoe. Typically, one
or more of the discontinuities may have an axis which is substantially
parallel to and spaced apart from the longitudinal axis.
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axes of other discontinuities. Axes of one or nore of the discontinuities
may be oriented along intersecting directions. Two or nore of the

di scont i D098y be i nt erconnected. Wiere there i s aPpGBRDIN030046 he

di scontinuities nmay be arranged in groups or sub-sets of discontinuities.
Each group or subset of discontinuities W?y have a characteristic kind,

| ength, orientation, position, such as referred to above in relation to the
one or nore discontinuities in their own right, and the characteristic may
be consistent or forma set relationship between nenbers of the subset or
group. In one enbodi ment, a sub-set has discontinuities spaced apart on a
strai ght or @uteveativielyner, infamditiorgmpleayr rmoeuofdhe discontinbidiesmesy oéve he nose.

Al t tivel j ddi , .. a sup-set have. ies aqf .
e e X 3 B e AV AR R P8 gt 1o 11
Cr 0SS Sect | ORe G361 10hANInBPikis Bt tid RiDIRPehocl 7 vifh fedpecadifle Structure

may include a plurality of such lines, wherein one |line is angled wth
respect to aaxesohothdarmiscopsionitieabrees atwyelar ragreafithe aisapintinuigiepar ti cul ar

cross-sectional plane jntersecting the nose. and each subset nmay have a
i frorom spaipnge PRl ARRE TpRBAING sRECHins o WS BT Sk e (T 2 may be
spaced evenl WigdontAEvies nyayap@iite@®opRgcted. an arcuate line in cross-section
across at |east part of the nose. The failure structure nmay include a

plurality of such lines, wherein one line is angled with respect to a
be. assoct at eV AP s PRty B eEpr RSy b e b ISR A Yhe nose.
and each subseb-gsty ohdiéeontinliifidsr Bath grap drdsubset of discontinuities may
10 have a characteristic kind, length, orientation, position, such as referred to
above in relation to the one or more discontinuities in their own right, and
the characteristic may be consistent or form a set relationship between

members of the subset or group.

15 In one embodiment, a sub-set has discontinuities spaced apart on a
straight or curved line, for example, around a circumference of the nose.
Alternatively or in addition, a sub-set may have a series of discontinuities
spaced evenly or unevenly apart along on a straight line in cross-section
across at least part of the nose. The failure guide structure may include a

20 plurality of such lines, wherein one line is angled with respect to a second
line. Each sub-set may be associated with a particular cross-sectional
plane intersecting the nose, and each subset may have a different

spacing.

25 In one embodiment, one or more discontinuities may be spaced evenly or
unevenly apart along on an arcuate line in cross-section across at least
part of the nose. The failure structure may include a plurality of such lines,
wherein one line is angled with respect to a second line, for example, such
that their axes intersect. Each sub-set may be associated with a particular



The nose may be tapered, and typically has conical or frustoconical shape.
The nose is typically fornmed froma netal, such as alum niumor other |ike
mat er i al swotzbos2arse sufficiently strong to w thstand expeS@B20t0050036

bor ehol e environnent, but which can be drilled out using a standard drill
bit when required. One or nore discontinu}ties may be spaced apart from
each other around a circunference of the nose and a different spacing may
be adopt ed between discontinuities according to the circunferential |ength,
thus, the circunferential spacing between discontinuities nmay not be
consistent wthin the group and may reduce as the nose tapers toward the
ti p. The noserossysdctioaahplaoklinersersiaglioeyobeyvameach sulpsat nsay haeeadef i ni ng

one or nore stfgqps. The surface is configured to be drilled by a drill bit
for drill ouflTH PR3P, and the steps may present a hi gh-pressure
contact point or area for contact with the drill bit. In enbodi mrents where

the discontinuities include partial bores, the partial bores are |ocated
bet ween an odthernasermay dedbpetes, aoddypinally has comeal atdtustoqinicglarti al bore

may be sitioned dially to.al| with the steps anpd/or, step corners
analor Hep cagae: gnentises bl ABrieh ey pabeB SN B ERTELT hor es
may be posi t iogerdikei rhbterialseRBicAfark RefRadrtiyadtrdder t WiRRESed axpogreeder m ned
distance fromthe internal wall and/or stép. This configuration allows

break up of thebathwle snyeonraert byt whichi carele grillechgelesteaie sandard dri | |

nner “surt ac SRS dR e o Tmor e bores o readi 1y influence the

manner of break up at the early stages of being drilled out. Some or all of

the bor1eos One or more discontinuities may be spaced apart from each other around

a circumference of the nose and a different spacing may be adopted

between discontinuities according to the circumferential length, thus, the

circumferential spacing between discontinuities may not be consistent

within the group and may reduce as the nose tapers toward the tip.

15
The nose may have a hollow nose body having an inner surface defining
one or more steps. The surface is configured to be drilled by a drill bit for
drill out of the nose, and the steps may present a high-pressure contact
point or area for contact with the drill bit. In embodiments where the

20 discontinuities include partial bores, the partial bores are located between
an outer surface of the nose and the inner wall. The partial bore may be
positioned radially to align with the steps and/or step corners and/or step
edges or faces of the inner surface, and/or the partial bores may be
positioned with an end of the partial bore spaced a pre-determined

25 distance from the internal wall and/or step. This configuration allows
break up of the nose to be readily initiated on engagement of the drill bit,
and provides a short distance between the ends of the bore and the inner
surface allowing the one or more bores to readily influence the manner of
break up at the early stages of being drilled out. Some or all of the bores

30 may have a different depth, width, length, and/or cross-sectional shape.



may have a different depth, width, |ength, and/or cross-sectional shape.In

sone enbodi nents, discontinuities nmay extend through the nose wall, and the
fail ure gapaelcseeset ure may further include a fracture RED/GBAMIT0M46i tial |y
may hol d toget her separable sub-blocks of the nose wall, such as may be
defined by the discontinuities. The fractyre web nay be adapted to be
engaged by a drill bit directly or indirectly via another surface to

fracture and rel ease the sub-bl ocks when drilled out. The fracture web may
be a nesh structure separating bl ocks of the nose wall whilst holding the
bl ocks in place until drilled out. The nesh structure may be fornmed froma
different material to the nose material, and which nay have favourable

fracture characterlstba (% Jeashatte in charaterlstlc
fagilitate coh 6906 SPOSREaNtSRscoRTlRs Y E5leRoantBl Dediase Welt h

i nvention, t'é%lethe?ralFUrégutt@stﬁJ&EFé‘ﬁ%@g‘?urtﬁéﬂ ihtiuge aafré‘@chté)%S whit@ met hod
conprising: a . coupling a tubing shoé having a nose wth failure guide

structure to lratlaltyonnag hola faggthds. septanable@ubktdo@tswfrtgemmee veallyslichtas an
installation Ioc ion: drilling a h,the nose the t ybi ng shoe
| nto-thd vel M B¢ FETed e dissolfn s Th8 ik He 0ftHose v a
the failure %'b@%r@%ﬁ@@tbyr;?drlﬂbﬂ‘ drf%bh'%dr Webﬂ‘;ﬁl/iadéhdtﬁémmfhc@’t@ or nore

di scontinuities in the nose of the tu shoe. The various aspects of the

present i nvefiecsiecand reteq@eatbeusebobleq:l@w en driled exbi hae ifestuie etone or nore
of e ot her 4SPcL.Sncdt b rPE-ARRERG LNAL Dot BRSE Rl RS HolliAge

rel evant arts e vartous as venti
the blocks in place until drilled out. The mesh structure may be formed

10 from a different material to the nose material, and which may have
favourable fracture characteristics, for example a shattering characteristic,
to facilitate release of the blocks.

According to a second aspect of the invention, there is provided a method
15 of drilling a wellbore, the method comprising:
a. coupling a tubing shoe having a nose with failure guide structure to
a tubing string;
b. running the string into a well to an installation location;
c. drilling out through the nose of the tubing shoe into the wellbore
20 formation; and

d. controlling break up of the nose via the failure guide structure.

The method may include forming one or more discontinuities in the nose
of the tubing shoe.

25
The various aspects of the present invention can be practiced alone or in
combination with one or more of the other aspects, as will be appreciated
by those skilled in the relevant arts. The various aspects of the invention
can optionally be provided in combination with one or more of the optional

30 features of the other aspects of the invention. Also, optional features



can optionally be provided in conbination with one or nore of the optional
features of the other aspects of the invention. Al so, optional

f eat ur esawoCpidsebsiin rel ati on to one enbodi nent can typiPCaldBROese@rbi ned
al one or together with other features in different enbodi nents of the

i nvention. Various enbodi nents and aspectg of the invention will now be
described in detail with reference to the acconpanying figures. Still other
aspects, features, and advantages of the present invention are readily
apparent fromthe entire description thereof, including the figures, which
illustrates a nunber of exenplary enbodi nents and aspects and

i npl ement at i descriddein relaivn tororiesermbedinapiaahdypitaly becoarinet alioaeent

enbodi nents and aspects, and its several details . can be dified in various
o ere o1 P e daBet i olikn REreS i dileral ROt REn S BB divaienor ceant
invention. Accordingly, the drawi ngs and descriptions are to be regarded as

illustrative i n nature, .and not as restri ctj ve. .Furt.herm)re, th.e
t er mi nol ogy Madiophremskadingytugrd anpees 0f the kwestign wikdowde drsosibegt | ve

el udthg, » 1 Baraiy BT tegSreR 15 i Bec Baap b s oL S RGEPOP IS, and
var i ati ons. t ResigRls, ohl doVeRDARA danBpresRthANoR RFETEAS AtRremb] ect

matter |isted thereafter, equival ents, and additional subject nmatter not
recited, and fiosn e entirecrasetirtion thereaidichidieg thaitiguresewhicodhyriraies 8,

i ntegers or o el i .erm.’ I Si.pg" i I synonynous
with the ter @%ﬁ&kﬁgg%ﬁxr&&&r@&ﬂﬁ %'3&8% %éétg%gpi'cgﬁ%§+%géﬁg'pur poses.
Any di scussi medfvestiumnertiso casdlsie ofatiariandsdiffelevit eabodanénslasl and t he

like is included in the specification solely for the purpose of providing a
cont ext10 aspects, and its several details can be modified in various respects, all

without departing from the spirit and scope of the present invention.

Accordingly, the drawings and descriptions are to be regarded as

illustrative in nature, and not as restrictive. Furthermore, the terminology

and phraseology used herein is solely used for descriptive purposes and

15 should not be construed as limiting in scope. Language such as

"including," "comprising,” "having," "containing," or "involving," and
variations thereof, is intended to be broad and encompass the subject
matter listed thereafter, equivalents, and additional subject matter not
recited, and is not intended to exclude other additives, components,

20 integers or steps. Likewise, the term "comprising" is considered
synonymous with the terms "including" or "containing" for applicable legal

purposes.

Any discussion of documents, acts, materials, devices, articles and the like

25 is included in the specification solely for the purpose of providing a context
for the present invention. It is not suggested or represented that any or all
of these matters formed part of the prior art base or were common general
knowledge in the field relevant to the present invention.



for the present invention. It is not suggested or represented that any or
all of these matters forned part of the prior art base or were conmon
general kwowowdgeosin the field relevant to the present POYER20WD5V036t hi s

di scl osure, whenever a conposition, an element or a group of elenments is
preceded with the transitional phrase "chprising", it is understood that
we al so contenplate the sanme conposition, “elenent or group of elenments with
transitional phrases "consisting essentially of, "consisting"”, "selected
fromthe group of consisting of, "including", or "is" preceding the
recitation of the conposition, elenent or group of elenents and vice versa.
Al'l numeri calln #as deslosuré hwiserkdvee laosampositien, ardelestend dr aggrbapod nodi fi ed by

"about". Al singular for of elenments, or any ofher conponents described
ner el n 1 nel uSHBETRHE RERREGR I ) RO GRERRS DI Gp B at Us Lo
col l ect cuttinggrd6sd H@!%&é@@%d&@@&@% éﬁlddé%brﬁdi’fsffﬁznt, BRIG&It gind vice

versa. |In the acconpanying draw ngs: Figure I's a sectional representation
of a tubing ghoen of elemeanithyith traxisitidyat pheasesdconsistingassastiialinof.n a

di sassenbl ed,conf.i,qurati on cordi ng to an _enbodi nent. of ,the invention;
i gure s AComs Bl Ciosed it e bl g ot BPorndlghie &Kt h Che
body and noseregsiing e ditatiem oR&ReEh SesiGom diemeat 610 r?ouE!cﬁlél@rnén!sS a
per spective view of the tubing shoe of Figures 1 and 2; Figure 4 is an
end- on cont o@dWieeWemsat he t ubi ng shoe of the above figures |ooking toward
t he nose cone; Figure 5 is a cross-sectional view along the line A-A of
Figure 1;

All numerical values in this disclosure are understood as being modified by

10 "about". All singular forms of elements, or any other components
described herein including (without limitations) components of the
apparatus to collect cuttings are understood to include plural forms thereof

and vice versa.

15 In the accompanying drawings:
Figure 1 is a sectional representation of a tubing shoe, including a
main body and a nose cone shown in a disassembled configuration,
according to an embodiment of the invention;
Figure 2 is a 3/4 sectional view of the tubing shoe of Figure 1 with

20 the body and nose cone shown in an assembled configuration;
Figure 3 is a perspective view of the tubing shoe of Figures 1 and 2;
Figure 4 is an end-on contour view of the tubing shoe of the above
figures looking toward the nose cone;
Figure 5 is a cross-sectional view along the line A-A’ of Figure 1;

25 Figure 6 is a cross-sectional view along the line B-B’ of Figure 1;
Figure 7 is a schematic 3D representation of an arrangement of
bores in a wall of a nose of a tubing shoe according to a further

embodiment of the invention;



Figure 6 is a cross-sectional view along the line B-B' of Figure 1; Figure
7 is a schematic 3D representation of an arrangenent of bores in a wall of
a nose ofwe@2uiseishoe according to a further enbodi nreRCTEIB20IOSNEGent | on
Figures 8 and 9 are end-on contour views simlar to Fig. 4, |ooking toward
t he nose cone of two alternative tubing ﬁoe noses having different
patterns of failure guide structures; Fia res 10 and 11 are views simlar
to figs 5 and 6 of a further enbodi mrent of a nose of a tubing shoe; and
Fig. 12 is a side view of the enbodinent of figs 10 and 11. A tubing shoe
10 has a main body 12 and a nose 14, as shown in Figure 1 in a disassenbl ed
arrangenent, for d¢Higuresy arkhg arelendeprstoeousviessesiil@diof [Eig. 4sleokimgcan be

seen with further reference to Figure 2, in which the nose 14 is fitted to
o ond 126 of 1 e ST BBdPseaANE ot tHorlie e Shine s ees S ol ed to a
t ubi ng string (nOTdiﬁ‘é}eH{l@at?érng%f%mp@ggimrmegf the shoe. In this

exanple, the nose 14 is typically a unitary, generally hollow structure
optional |y fornmedHguwesdOwandi Lare siedvsheimilagtaafigab landsonoivhfwtheatef i nes an

outer sy face 14s of the npse extengiﬁﬁa fromthe walls of the main body and
tapering toward a® IMERt QLR NORE O AYHPINGSNOSE ANl bores 14p are provi ded

through the outer Fgrfage siae view of theemBblirdh dr¥igsci@ and 1 nt r oduci ng
discontinuities to the wall of the nose 14 that act to control break-up of

the nose when it is to be drilled out frominside the shoe 10. The
br okcen of - f PoMEITES QRS T PLEdy 12 sR6iFndd: 124 bl psBeds. °°°
in a disassembled arrangement, for clarity. The tubing shoe is assembled
10 for use as can be seen with further reference to Figure 2, in which the
nose 14 is fitted to an end 12e of the main body, which in turn is
configured to be coupled to a tubing string (not shown) at an up-hole end

12u of the shoe.

15 In this example, the nose 14 is typically a unitary, generally hollow
structure optionally formed from aluminium, and having a wall 14w which
defines an outer surface 14s of the nose extending from the walls of the
main body and tapering toward a nose tip 14t. A number of partial bores
14p are provided through the outer surface and into the wall 14w typically

20 introducing discontinuities to the wall of the nose 14 that act to control
break-up of the nose when it is to be drilled out from inside the shoe 10.
The arrangement of discontinuities typically acts to limit the size of pieces
broken off from the nose 14 as a result of the drill through process.

25 In terms of general structure of the tubing shoe, the nose 14 has a tubular
end portion 14e which fits tightly into the bore of a complementary
receiving section 12r of the main body, and is attached to the main body
12 by retaining pins 16. The retaining pins 16 are provided through
locking holes 12l in the receiving section 12r, which are spaced

30 circumferentially around the receiving section, so that the pins 16 engage



In terms of general structure of the tubing shoe, the nose 14 has a tubul ar
end portion 14e which fits tightly into the bore of a conplenentary

recei vi ngveeotwas1i2r of the main body, and is attachedPCo/GB2e108)0¥6body 12
by retaining pins 16 . The retaining pins 16 are provided through | ocking
holes 12 1 in the receiving section 12r, \Q/ni ch are spaced circunferentially
around the receiving section, so that thé pi ns 16 engagewi th recessed slots
14b in an outer face 140 of the tubular end portion of the nose. The
recessed slots 14b accommodate |imted rotation of the nose with respect to
the main body, around its central axis, to facilitate its running in the
wel | bor e enviwithmeesssed bletgi4is inlén alitey faed 440 of thee tubsitar ehdf partioaorf al

di spl acenent with respect to the main body. The nose 14 typically has a
Gener ai 1y cofieAPs&nIBE easpechroR: tashEofs e el eh 87elst ocone.
In this way, jbae vﬂf?ﬁ%sﬁ_@&teto'tﬁel?ﬁ‘ﬁg_tdda@?gro%ﬁntolﬂgé é‘mﬁﬁflfdﬁt%é%gﬂ% F%dl‘g:_ilitﬁt@ itsubi ng

shoe to facilitate running the tubing’into th “tubing
i nst al | ati onruniagiinthe wallloréeanvironmend rihe pine tudibagetiaint thetasened |, t he

shoe 10 /has angl ed m.lljng blades 12b on its outer surface which have
cutting surfir(? a '@EPGR[@&%{Q?”?W@WFBG?H?B tt\%l”l'a”ﬂg’loﬁﬁ{ti on as the string is
rotated and run into the well. In addition, the nose 14 is provided with

circunferential fluid outlet ports 14f extending through the nose wall 14w
The ar r angendie rgseptt typically has aaenerally cenigat ehapeseaddn tiie example dual

ports 14f for ' p & r P I . [ of the
tool. The po@ﬁs@ﬁ@ﬂgﬂr@ f\éﬂsﬁtg%cgrgeé @g[h S\A\/g?%rs}ﬁ?qu\?/grgcfroﬁgégbg-gfﬁéﬁéagﬁ% 12u so
that fluid pll'éﬁlﬂlﬁ%tehd@ﬂ@ietdhﬁhgp@lﬁcb@toH-HciIit@tetrMphm@lthE tabing ¢tedhéagiiwar ds and

upwar ds_onto the bl ades 12b to hel p cool themduring running in, and to
clear tHem f t@®mtdRipgiigstaftatinn location.

In order to help run the tubing into the well, the shoe 10 has angled milling
blades 12b on its outer surface which have cutting surfaces designed to
cut into the well formation as the string is rotated and run into the well. In

15 addition, the nose 14 is provided with circumferential fluid outlet ports 14f
extending through the nose wall 14w. The arrangement of ports 14f is
shown in Figure 3 where the individual ports 14f form an angle with
respect to the true radial direction of the tool. The ports 14f are directed
backwards toward the up-hole end 12u so that fluid pumped through the

20 ports 14f is typically directed backwards and upwards onto the blades 12b
to help cool them during running in, and to clear them from debris. Flow
channels are located between the blades 12b to facilitate upward flow of
well fluids past the tool in the wellbore annulus (not shown) surrounding
the shoe and the tubing.

25
The nose structure and arrangement of bores 14p is described now in
more detail. The partial bores 14p of this example are aligned
longitudinally, in parallel to a longitudinal axis 18 of the shoe, spaced apart
from each other and the longitudinal axis 18. The partial bores 14p extend

30 from openings in the outer surface 14s and terminate in the wall 14w a



channel s are | ocated between the bl ades 12b to facilitate upward fl ow of
well fluids past the tool in the well bore annulus (not shown) surrounding

t he shoe woaots2asubi ng. The nose structure and arrangeREMGRD1IMSO@ES 14p iS
described now in nore detail. The partial bores 14p of this exanple are
aligned longitudinally, in parallel to a gongitudinal axi s 18 of the shoe,
spaced apart from each other and the Ionaltudinal axis 18 . The parti al
bores 14p extend from openings in the outer surface 14s and termnate in
the wall 14w ashort distance froman inner surface of the wall 14i
configured to be net by a drill bit upon being drilled through the nose.
The bores 1l4ghardistanee penamgmdrispriaa lof treeiviati € 46 odnfieged s befméthe wal |

14w bet ween the hores 14p, governi th Xxi mum si ze of the pieces which
are able to %WéhamLBEPP°$F5%¥1ﬁ@ﬂﬁggﬁoﬁ diPS% is drilled out. The bores
14p are also typically arranged in groups or sub-sets of closely spaced
bores, located in the wall in between the flow ports 14f and the central

port 14c, to Téweshorestihatanchbereraagingrgsiiyplcatiy define sbbeagionatod theawallsmal |

pi eces. i '4t ed tdi sta}Hc% fron%t he i nner t\ﬁval | to the. ter%nat ed end of the
partial bor es WAPEWERRINE bores AP FYEMIE e MAXIOHBLRYS Of 'SRESER t he i nner
wal | and reagjHioh BRNGHIEabDrésk 6P Fronthe9sse 14 whenfif Rcdrilledl dindeahecont r ol
and gui dance of the partial bores 14p. In sonme enbodi nents, the term nated

ends of the bones b#p eralsertypighllharraagedin GOURECaRYEdEtH of pleseime pl ane,

optionally i il bit to
be used, so {g Hgfg?ﬁgﬁécfrﬁ}%&%w @%ﬁ%’%ﬁ%&%gh&gﬁ%ﬁé& Or{(;gs?aﬂll%drj@gc hes a
nunber (e.g. ceptrabpat Hycatol gnsofre th thieragioatvel temdito bfeakhetopaany al bores at
the sane tine. The effect of , , ,
10 small pieces. A limited distance from the inner wall to the terminated end
of the partial bores 14p means that the drill bit (not shown) can engage the
inner wall and readily penetrate to cause the nose 14 to fracture under

control and guidance of the partial bores 14p.

15 In some embodiments, the terminated ends of the some of the partial
bores can be arranged in the same plane, optionally in a manner that
matches the outer surface of the drill bit to be used, so that the drill bit
advancing through the nose 14 reaches a number (e.g. optionally all) of
the terminated ends of the partial bores at the same time. The effect of

20 this is that the regions bounded by the partial bores that are reached at the
same time by the drill bit advancing through the nose will be weakened
substantially as the bit moves into the partial bores, and preferential break
up of that region will be more likely to occur at that point of the drill through
process.

25
The inner surface 14i is also provided as a stepped surface which defines
a succession of edges which present high pressure contact points for the
drill bit. This helps the drill bit to bite into the nose piece and initiate break
up of the nose more effectively. In addition, in Figure 1 and also in Figure

30 6, a number of circumferentially-spaced radial slots 14m are milled into the



this is that the regions bounded by the partial bores that are reached at
the sane tine by the drill bit advancing through the nose will be weakened
subst ant i&DI2g10482G5e bit noves into the partial bores, &ad/gaefoasensi al
break up of that region will be nore likely to occur at that point of the

drill through process. The inner surface,}4i is also provided as a stepped
surface which defines a succession of edges which present high pressure
contact points for the drill bit. This helps the drill bit to bite into the

nose piece and initiate break up of the nose nore effectively. In addition,
in Figure 1 and also in Figure 6, a nunber of circunferentially-spaced
radi al sl ot s tukaaerd pottioad 4etowvard enulpthale el por Thisnstiubturtecoiethd an

up- hol e end u. Thi tructure of the tubular end_14e is alsq designed to
ol o br eak upidiiat s 4384 Glso dasianselin afp e Gan s nose &t Bile Shial

addi tion in Higids8pheéh 8Afedrout. the partial bores 14p of particular sub-sets
of bores are spaced apart fromeach other at generally even intervals

across the surface 14s and along pre-defined |ines 141. The respective
lines 1 are _typi.cal.ly.oriented intersecting,directions angled with
respect do edtAUBLREN FigHres il PhebaridEeyer 4 48 of Sapictih SB5G5 are al so
typically evenbyredaeesheti@prerSmntdathl othar atgehdray Baseintdrvart different
cross-sectional planes. The spacing between bores of a specific

ci r cunf er enc @ceRssribasesfags Tiseansoaleng pre-geéned linedd dl- t e respective | n ot her

erbodi ent s 1hBe 1P5 s B JRLAIAU P EISLLAIE AT LorEl Sty fiifiows an

i
exanpl e arrangénen simlar or es ove, but where the
bore axes 1l4gspact t®ehembeteratin dbhfotir @dw ANBigae 4 othedsdrestinprare Bigd bor es
114x define a prismati ¢ sub-block 114 k in the wall of the
10 typically evenly spaced circumferentially around the nose 14, at different
cross-sectional planes. The spacing between bores of a specific

circumference decreases as the nose 14 tapers toward the tip 14t.

In other embodiments, the bores are distributed differently. Figure 7

15 shows an example arrangement of bores 114p similar to the bores above,
but where the bore axes 114x are oriented at different angles to each
other. The bores 114x define a prismatic sub-block 114k in the wall of the
nose 114, which is susceptible to break off in the form indicated, or to at
least lead to break off of a piece that is dimensionally similar to that of the

20 block defined between bores 114p. In this way, the positioning of bores
114p, and the definition of sub-regions of the nose controls how the nose
will break up when drilled out.

In the embodiment of Fig. 8, the bores 214p are similar to the bores 14p
25 above but are more numerous and closer together than in the first
example (contrast Fig. 4 with Fig. 8) and make the nose 214 more
susceptible to break up into smaller pieces along the lines 214l than the
nose 14. Accordingly the pattern of the bores can be changed to obtain a
particularly desirable break-up behaviour from the nose 214.
30



nose 114, which is susceptible to break off in the formindicated, or to at
| east lead to break off of a piece that is dinensionally simlar to that of
t he bl ockwoebiwisebsibet ween bores 114p. In this way, the peTiGB201w050046f bores
114p, and the definition of sub-regions of the nose controls how the nose
wi |l break up when drilled out. In the enhodi nrent of Fig. 8, the bores 2
14p are simlar to the bores 14p above b are nore nunerous and cl oser
together than in the first exanple (contrast Fig. 4 with Fig. 8) and nake

t he nose 214 nore susceptible to break up into smaller pieces along the
lines 2141 than the nose 14. Accordingly the pattern of the bores can be
changed to ol thenembpdimertishawryindegi 8 abeedres k4 pardsimildraothé borest he nose

214.1n th di t h 4 I to th
bor s 14p. ab0d8 VNS trathdif dphrsin arReorsRser Bndl dirimsand, © |
uni form - and t&igo %%r:‘?ﬂpgarje‘%o?éée@élg PHBREFLY tHRAGIA Ginkfipseaitly & of the

nose 314 than at the radi al peripher contrast Fig. Fig. 9) and
this makes trhrmrnatsﬂae:mdlairpeephers/depmrmtd:lg08 wiitbakig up) &arnd mlsmweerth@ eces

along t 1 at the ¢ re of the .nose ich is often mai n
sourge o 1 nooe R dmBle.tuePRBlE Bathek 45 A0eraald) rirseste8y e e Thus
the pattern gff4f BetheQUeddreCethEPosBaRERH is @fteAfthe! aRae sbRIGTthe 3rger Pi eces
of the broken up nose are derived fromthe periphery rather thanthe

centre. O c®irces thaktesritplagyerselsafieqtidrillingadBis thedpatiein of Heeseorsanpl es

are only illustr té%é},qe%r}g Rﬁd}ﬁ{ce%@étﬁ erﬁgﬁ%ggeéj%&e"ﬁr%ng gq%%%rh Ing

fromthe scope o fvent i on
shown in Fi gard @efived froﬂfhmermqahférwether trdanhedehrec @ingsiresltieo a body 12
as described for previou
1 skilled person WI|| understand that these examples are only illustrative,
and other patterns can be used without departing from the scope of the

invention.

A further embodiment of a nose 414 is shown in Figs 10-12. The nose

15 414 is adapted to connected to a body 12 as described for previous
examples. The Fig. 10-12 embodiment has similar features to the
previous embodiments, which are designated with the same reference
number prefixed by “4”. In the nose 414, the wall 414w is partly made up
of an interlacing fracture mesh or web or lattice 414| formed by interlocking

20 linear strips surrounding weakened areas or spaces, creating a
honeycomb structure with the spaces or weakened areas supported
between the linear strips of the lattice. The lattice 414l and optionally the
whole of the nose 414 can optionally be cast, for example using lost wax
casting procedures. The spaces or weakened areas in between the

25 supporting strips of the lattice 414 provide discontinuities in the wall 414w.
The lattice 414l presents an internal surface which is arranged to be met
and penetrated by a drill bit, causing the lattice 414l to break up and
thereby release small and discrete segments leading to break up of the
nose.

30



exanples. The Fig. 10-1 2 enbodi nent has simlar features to the previous
enbodi nents, which are designated with the sanme reference nunber prefixed
by "4". Iwothw/oseese 414, the wall 4 14w is partly nade ®pTEIB2atV/G5MA46r | aci ng
fracture nmesh or web or lattice 4141 formed by interlocking linear strips
surroundi ng weakened areas or spaces, crggti ng a honeyconb structure with
t he spaces or weakened areas supported between the linear strips of the

| attice. The lattice 4141 and optionally the whole of the nose 414 can
optionally be cast, for exanple using | ost wax casting procedures. The
spaces or weakened areas in between the supporting strips of the lattice
4141 provi de Qpteoaiy thundsed 14 s ebeentdd With déwvallBédwahickeethébdbepr esent s
an internal surface i,ch i s arranged to be pet and net r d by a drill
b1t "caue: ng Ol Bathatiae sl Ty NBH SR s PenA e arE b P and

di screte segnRAbRaleeRAbIh fHe itBRKuMRACOR 149161 hRSRSEY BREIE (hith thase 414
is eccentric wwth one wall 4 14w thicker than the other, so that the drill
bit whi ch i stRihnghedll)Wheafore the atbart, théredoregethinisgwine tipgddéondbe noeeough t he
outer syface 414s of the,nose.on one side (wth.the thinnper || ), before
the ot het, ¢ RBRgeedyindinG drlinterddess At ncisesing e dUdiad el duri ng
the drillingtps a6 sk.onARe tibwraasi ng the grinding effect of the drill bit
on the tip 4 14t. In this enbodi nent, the fragnment size can typically be

substantially pre determined on fabrication of the nose, and the lattice is

ypical |y degd ged i ABNETAL Faih he Lragupals oL paldbiemd oet her as

required and emrnag pre € ‘manner
drilling. Theeteragnedba falamicdionsotahé nasd, agtHealatticesp agscallyf designepl e,

| i ke the regul ar , ,

10 to cooperate with the fragments to hold them together as required and
release them in a generally predictable manner during drilling. The
fragments can be small and regularly spaced, for example, like the regular
interconnections between the strips of the lattice 414l, or can be formed as
larger segments of the wall which can be themselves interconnected by

15 lattice structures. In some cases, the lattice structure and fragment

spacing can be irregular.

In some embodiments, the nose 414 can optionally have bores and/or slot
discontinuities in the nose 414 similar to the bores 14p and similar in the
20 previous embodiments, in addition to the lattice structure 414l. In various
other embodiments, the lattice may form a discontinuity in the nose, and
may be formed of a different material to the nose segments. However, in
this embodiment, the lattice 414l may be formed from an intact web of the
same material, from which the segments are pre cut or drilled or cast or
25 otherwise machined or formed to fail at specific areas during the drilling

process.

In some examples, through bores may be provided to penetrate
completely through the nose cone wall instead of the partial bores, but in

30 such embodiments the through bores would not be used primarily for fluid



I nt erconnections between the strips of the lattice 4141, or can be fornmed
as larger segnents of the wall which can be thensel ves interconnected by

| atti ce swouotwunsess1 I n some cases, the lattice structur @CaGB2HroAgoEnt
spacing can be irregular. In some enbodi ments, the nose 414 can optionally
have bores and/or slot discontinuities iﬁ the nose 414 simlar to the bores
14p and simlar in the previous enbodi ne Fs, In addition to the lattice
structure 4141. In various other enbodinments, the lattice nay forma

di scontinuity in the nose, and may be forned of a different material to the
nose segnments. However, in this enbodinment, the lattice 4141 may be forned
from an i nt acircuebonf In hedisianethedgiares ahay e ceplated by slots segthent s are pre

cut or drilled or cast or otherw se nachined qr. forned to fail at specific
areas duri ng HRONERYIRES ENOPRIELS PGS iRG, dIBIeR MelkTil i BEWRemy be
provided to %%S&ﬂic%?@ué?@%r@b%’eya HEEQH@#Ui%hﬁtWOFi%‘ﬁ‘]a‘f@Jiél. i nstead of the

partial bores, but in Such enbodi nents theé through bores would not be used
primarily for fluidcirculation. In addition, the bores nay be replaced by

slots or. other discontinuities,.and could be plug ith a different
mter i 215 1 ofh BErbrauaNg ol 1R MR s Hors T iePEitegnln e 0G5 ¢ er s
of its matericghe wdll ¥6@is tybfcallyRittaghsd &S thEOmair Bodan £ okthdstigs 164p, 114p
formed in the nose cone wall 14w is typically attached to the main body 12

of the shoe Y®ickil g isntypigefly edached knihejtubingdetedinstalleddn thewal- t o be
installed in (0 ' | | eadi ng end
of the tubi ng-;ﬁhrséﬁy}gﬁ , wltgqﬁ%&]b@hgghpﬁngttm% Ié%f]j)ﬁb‘gé egf&%ﬁtu@@g{%ﬁn%@ shoe
circul ates f lruh ¢hto nihe well @o \seddsirdideduptiofl Theesholkerdialaass fitidiisto thenesiuced. The
tubing is then secured in place . o ,
10 ahead of the string as it is introduced. The tubing is then secured in place
in conventional fashion, typically by pumping cement into the annular

wellbore space surrounding the tubing, which is then left to set.

Once installed, a drill string is run into the well through the inside of the

15 tubing and drills out the nose 14 so that it can bore into the next section of
the well downhole. As the drill bit engages an internal surface 14i of the
nose 14 of the tubing shoe, it bites into it and causes it to fracture and
break up. The partial bores which pierce into the outer surface and wall of
the tubing shoe nose cone, act to guide the break up of the nose cone into

20 pieces of debris limited in size as controlled by the bores, by virtue of their
configuration, and arrangement in the nose wall 14w as described above.
The nose debris from the broken nose is then readily washed out of the

well with the drilling fluid used in the drilling process.

25 Embodiments of the present invention provide a number of advantages.
In particular, break up of the tubing shoe nose is facilitated so as to reduce
the time required to conduct the drill out operation. This in turn provides
cost savings. In addition, it controls the size of the pieces of debris broken
off the nose, reducing wear and interference of debris with the drilling bit

30 as the drilling operation is progressed into the formation.



in conventional fashion, typically by punping cenment into the annul ar
wel | bore space surrounding the tubing, which is then left to set. Once

i nst al | edyoaodyaskdsistring is run into the well through Phe/dBr8iodsoab t he
tubing and drills out the nose 14 so that it can bore into the next section
of the well downhole. As the drill bit engages an internal surface 14i of
the nose 14 of the tubing shoe, it bites I'nto it and causes it to fracture
and break up. The partial bores which pierce into the outer surface and
wal | of the tubing shoe nose cone, act to guide the break up of the nose
cone into pieces of debris [imted in size as controlled by the bores, by
virtue of their configuration, and arrangenent in the nose wall 14w as
descri bed abgye. The ngse debris fromthe broken nose s then readily
Cooret out oV aaubBed eaianS AN BNy SRE TS SATCREERa WiERANG SePbe A5
process. Enmbged pRIYeht HvehSn RESEMEd hengt i on provide a nunber of
advantages. In particular, break up of the tubing shoe nose is facilitated
so as to reduce the time required to conduct the drill out operation. This
in turnéfrovides cost savings. In addition, it controls the size of the

pi eces debris broken off the nose, reducing wear and interference of
debris with the drilling bit as the drilling operation is progressed into
the formation. Vari ous nodifications and i nprovenents can be made within the
scope of the present invention described herein.Clains 1 A tubing shoe
conprising: a body adapted to be connected to a section of tubing to be
enpl aced in a well bore; and a nose provided on the body; wherein the nose
includes a failure guide structure for controlling



break-up of the nose upon being drilled out frominside the nose. 2 A
tubing shoe as clainmed in claiml, wherein the failure guide structure
limts thworsawieseosisi ze of pieces of the nose broken of PCugB2otvishA460ut . 3
A tubing shoe as clainmed in claim1l or claim2, wherein the failure guide
structure defines weakened areas of the,pose which are prone to fracture
upon drilling. 4 A tubing shoe as clainég in any preceding claim wherein
the failure guide structure includes at |east one discontinuity forned in a
wal | of the nose, adapted to facilitate failure of the nose in the region
of the discontinuity when the nose is drilled. 5 A tubing shoe as cl ained
in claim wh@&laimsthe discontinuity is in a formselected fromthe group
conprising a slot, a bore, a partial bore, a puncture and/or a perforation.
6 A tubing shoe as clained in claim4 or claimb5, wherein the at |east one

di scontinuity ext W%irfg{%é‘&orﬂgﬁ@ih surface of the nose.7 A tubing shoe as
clainmed in any one of clains 4-6, wﬁerei n the at | east one discontinuity

ext ends from one supddycadarited e baaionnettedie ansrationmitubiapitg bent o t he wal |
of the se, w thou .reactﬂhn across to the other surface of the wall. 8 A
t ubi ng oe ggn%a%q i 9%’&93 of clainms 4-7, wherein the at |east one

di scontinuity conprisRsprdvilddsh giedsshypore. 9 A tubing shoe as clainmed in
any one of clainms 4-8, wherein the tubifnﬂ| shoe has a | ongitudinal axis, and
aifur

wherein at | east mrqinstbemqssadmlydm@ erauides sidetere foalcoptrplingl 1 el to
the [ongit Ud'b?é%k-%'o? tr‘?é n&?@uw#'b@%gsm%d out from inside the nose.

10 2 A tubing shoe as claimed in claim 1, wherein the failure guide
structure limits the maximum size of pieces of the nose broken off upon

drill out.

3 A tubing shoe as claimed in claim 1 or claim 2, wherein the failure
15 guide structure defines weakened areas of the nose which are prone to
fracture upon drilling.

4 A tubing shoe as claimed in any preceding claim, wherein the
failure guide structure includes at least one discontinuity formed in a wall
20 of the nose, adapted to facilitate failure of the nose in the region of the

discontinuity when the nose is drilled.

5 A tubing shoe as claimed in claim, wherein the discontinuity is in a
form selected from the group comprising a slot, a bore, a partial bore, a
25 puncture and/or a perforation.

6 A tubing shoe as claimed in claim 4 or claim 5, wherein the at least

one discontinuity extends from an outer surface of the nose.



10 A tubing shoe as clainmed in any one of clainms 4-9, wherein the failure
gui de structure has a plurality of discontinuities formed in the wall of

t he nose.wo20W/@8%1ng shoe as clainmed in claim210, wher@Ch/GHe10pi5004al i ty of
di scontinuities conprise a plurality of blind ended bores extending from
the outer surface of the wall of the nozﬁ toward the inner surface of the
wal | of the nose, and wherein at | east me of the plurality of blind ended
bores term nate at a comon axi al depth of the nose, whereby a drill bit
reaching this conmmon depth in the nose of the shoe interconnects all

di scontinuities having the same depth of blind ended bore. 12 A tubing shoe
as claimed i cl aiAmubihgoshad as clalrhed whangionetdielgimsrab| wherdin the at

di scontinuities are arranged in the nose to define or delimt subregions of
the nose.  bolfRRaneAISIEREENY frisads TX5) OB SUERCRGN S TG Tof B3R | nut (1 oo,
wher eby the 'b‘é?t?allyﬁnt%%et\@l 6ﬁh§rr1%%5:'b\'/ﬁhb@ttr_%a€hfﬁ§ea%r8§sﬁ)tﬁ'ezcﬁhé’tepe”de”t on,
determ ned by and/or corresponding to the size of the sub-regions.13 A

t ubi ng shoe @&srfataoftite wallany one of clains 10-1 2, wherein one or nore of

t he di s&onti nuiti es have axes that are inclined with respect to the
| ongi tudi nal axis of the tubing shoe. 14 A tubing shoe as clainmed in any

one of claimg 10- ] @bingeficd Bs tmed ifMahg odk dfiteaifiss-PNivhBEdih RS ahave axes
that are oriented along intersecting directions. 15 A tubing shoe as

clai med i n afgasb®Bestisceaniingity compriges gHalingi endegledarescontinuities are
arranged in sub-sets of discontinuities, with each nmenber of each subset
havi ng a shared characteristic shape, depth, kind,

9 A tubing shoe as claimed in any one of claims 4-8, wherein the
10 tubing shoe has a longitudinal axis, and wherein at least one discontinuity
has an axis substantially parallel to the longitudinal axis of the tubing shoe.

10  Atubing shoe as claimed in any one of claims 4-9, wherein the
failure guide structure has a plurality of discontinuities formed in the wall of
15 the nose.

11 A tubing shoe as claimed in claim 10, wherein the plurality of
discontinuities comprise a plurality of blind ended bores extending from
the outer surface of the wall of the nose toward the inner surface of the
20 wall of the nose, and wherein at least some of the plurality of blind ended
bores terminate at a common axial depth of the nose, whereby a drill bit
reaching this common depth in the nose of the shoe interconnects all
discontinuities having the same depth of blind ended bore.

25 12 A tubing shoe as claimed in claim 10 or claim 11, wherein the
plurality of discontinuities are arranged in the nose to define or delimit sub-
regions of the nose, bounded, at least in part, by one or more of the
discontinuities, whereby the nose is adapted to break-up into pieces of a
size dependent on, determined by and/or corresponding to the size of the

30 sub-regions.



| ength, orientation, alignnment or position. 16 A tubing shoe as clained in
claim 15, wherein sub-sets of discontinuities are spaced apart al ong at

| east onewepHV(gRiS10r arcuate |ine on the nose. 17 A tultCmgBRhmdsasoc! ai med
in claim16, wherein the failure guide structure includes at |east two
subsets of discontinuities, and wherein pne line is angled with respect to
a second line, whereby the axes of the ?ines intersect. 18 A tubing shoe as
claimed in any preceding claim wherein the nose has a holl ow nose body
havi ng an inner surface defining one or nore steps. 19 A tubing shoe as
clainmed in claim18, wherein the failure guide structure incorporates
discontinuities in the formof partial bores extendingat |east part of the
di stance between an outer surface of the nose and the inner wall, and
wherein the partial bores are positioned to align with the steps and/or
step corners 1a3nd/ of 1 BiRPsKSIISS c%ﬁméé%?n?lfonbhﬁ ddimar (ﬁmﬁbf\ﬁﬁéneir%ﬁle"‘her el n

the partial bores term™ate wth an end of the partial bore spaced a

pr e- det er mi ned nbretaitiee discontintites haee axés dtlaraimblioed stidprespoctdot ubi ng
shoe as cl ai ned, in.any precedin |. ai wherein the failure guide structure
conpriség a.F%ﬁFY%@PH%aﬁaﬂsfgQW%Bﬁﬁﬂ%g%%% clained in any preceding claim
wherein the nose is eccentric around a central axis of the nose, so that a
drill bit which is aligned with the central axis of the nose is guided by

the central dfis totublitgeshen as claimeaghin any ene«af caimsalie 13 waereisivwe of the
nose before torl)?néjr%rb‘?rthe discontinuities have axes that are oriented along

intersecting directions.

10
15  Atubing shoe as claimed in any one of claims 10-14, wherein the
discontinuities are arranged in sub-sets of discontinuities, with each
member of each subset having a shared characteristic shape, depth, kind,
length, orientation, alignment or position.

15
16 A tubing shoe as claimed in claim 15, wherein sub-sets of
discontinuities are spaced apart along at least one straight or arcuate line
on the nose.

20 17 A tubing shoe as claimed in claim 16, wherein the failure guide
structure includes at least two subsets of discontinuities, and wherein one
line is angled with respect to a second line, whereby the axes of the lines
intersect.

25 18 A tubing shoe as claimed in any preceding claim, wherein the nose

has a hollow nose body having an inner surface defining one or more

steps.

19 A tubing shoe as claimed in claim 18, wherein the failure guide

30 structure incorporates discontinuities in the form of partial bores extending



22 A nethod of drilling a wellbore, the nethod conprising: a . coupling a
tubi ng shoe having a nose with failure guide structure to a tubing string;
b. runni gotzhw/eseesing into a well to an installation | o®aTiGB2010005004dri || i ng
out through the nose of the tubing shoe into the wellbore formation; and d
controlling break up of the nose via é?e failure guide structure.

at least part of the distance between an outer surface of the nose and the
inner wall, and wherein the partial bores are positioned to align with the
steps and/or step corners and/or step edges or faces of the inner surface,
and wherein the partial bores terminate with an end of the partial bore

5 spaced a pre-determined distance from the internal wall and/or step.

20 A tubing shoe as claimed in any preceding claim, wherein the

failure guide structure comprises a lattice.

10 21 A tubing shoe as claimed in any preceding claim, wherein the nose
is eccentric around a central axis of the nose, so that a drill bit which is
aligned with the central axis of the nose is guided by the central axis to

penetrate through an outer surface of one side of the nose before the

other.
15
22 A method of drilling a wellbore, the method comprising:
a. coupling a tubing shoe having a nose with failure guide structure to
a tubing string;
b. running the string into a well to an installation location;
20 c. drilling out through the nose of the tubing shoe into the wellbore

formation; and

d. controlling break up of the nose via the failure guide structure.



