EARTH BORI NG DRI LL BITS WTH CASI NG COVWONENT DRI LL OUT CAPABI LI TY, CUTTING
ELEMENTS FOR SAME, AND METHODS OF USE TECHNI CAL FI ELD 5 The present

invention relates generally to drilling a subterranean borehole and, nore
specifically, to drill bits for drilling subterranean formations and havi ng
a capability for drilling out structures and materials which may be | ocated

at or proximate the end of a casing or liner string, such as a casing bit
or shoe, cenenting equi prent conponents and cenent. 10 BACKGROUND The
drilling of wel EARTEr BORINGDRUISBITOWITH CASING CONMPONENY DRIPLAYST

l'ongi t udi nal |y cadtABTIITY, CETNREELIXVENTSH ORSAME! ANDMETHODS OF UBIe to

which, at one end, 1is secured a drill bit of a larger dianeter. After a

sel ected portion of the borehole has been drilled, the borehole is usually
lined or cased with a string or se @ﬁ’@ castpg. Such a 15 casing or liner
usual Iy exhibits a | arger dianeter Gjt%an %%?ltplg pi pe and a smaller

di ameter fthan t heTldr predenbinventibhetlafes egeradlyi tb| driliingam dultasnea bodmidamiy t o
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drill string #Griflnklobt ﬁm&uﬁeggﬁahﬁ@ﬁ&%ﬁi@ﬁhﬁ?b@n&aﬁaap&%@&na@a@eﬂapmto the
borehole. Further, often after a section of the boreholé is lined with

casi ng, 20 whicesing o lipersiringy sushme atcasing bit o shoa cemending ieqyipment campenenisgnédeyond
t he end of th%mﬁ??i ng may be desired. Unfortunately, sequential drilling

. il - - .

and casing nmay D€ 'time consum ng because, as nmy be appreciated, at the
consi der alibe depths reached duri ng oBACHGRQ@ASDproduction, the tine
required to inplenent conplex retrieval procedures to recover the drill
string may be 25 gﬁi‘fsidﬂ‘gméb%.w_ u®r G ofsr BIONBASD ESAVERIOBYSE ISRPIYS vel |,
since, for ex %Hgit@dinaﬁlp%xtel%% 5%:{8’?]6}& &E?Eélﬁg;‘hﬂﬂés@_o]?]gﬁﬂ'Bﬁa%'t&ﬂzh&ﬁ,nat%ﬁe gieatly

del ayed. Mor-eover, contro e wel be difficul't during the period
of time that tsssculed 4 drilbbipef 4 largbrdiangetere diee el selertbdipogioned dierbgrehgle thes brgn

di sposed into . grehol £.. 'S oaches_.have .been_d | t ddr ess
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previously dri .
-attached thereto, removing the drill string and drill bit from the borehole, and disposing

casing into the borehole. Further, often after a section of the borehole is lined with casing,
20 which is usually cemented into place, additional drilling beyond the end of the casing may
be desired.
Unfortumately, sequential dﬁlling and casing may be time consuming because, as
may be appreciated, at the considerable depths reached during oil and gas production, the
~ time required to implement complex retrieval procedures to recover the drill string may be
25  considerable. Thus, such operations may be costly as well, since, for example, the
beginning of profitable production can be greatly delayed. Moreover, conirol of the well
may be difﬁctﬂt during the period of time that the drill pipe is being removed and the
casing is beingf disposed into the borehole.
Some épproaches have been developed to address the difficulties associated with
30  conventional drilling and casing operations. Of initial interest is an apparatus which is
known as a reamer shoe that has been used in conventional drilling operations. Reamer -
shoes have become available relatively recently and are devices that are able to drill

through modest obstructions within a borehole that has been previously drilled. In
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1 addition, the reamer shoe may include an inner section manufactured froma
material which is drillable by drill bits. Accordingly, when cenented into
pl ace, reamer shoes wusually pose no difficulty to a subsequent drill bit.
For instance, U S. Patent No. 6,062,326 to Strong et al. discloses a casing
shoe or reamer shoe in which the central 5 portion thereof may be configured
to be drilled through. In addition, U S. Patent No. 6,062,326 to Strong et

al . discloses,a,.casj ng shoe that nmy.i ncl.ude di.anond cutters over . the
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the wel | bore, not at the desire ept h. Thus, er I ng nust pass
t hrough or amotienly tchérilbithe lebrtthformationabitediotto gtide therrdsing inththe seetiberg. This t he
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20  retrieved from the well bore, further drilling may be required. For instance, cementing

may be done for isolating certain subterranean strata from one another along a particular
extent of the wellbore, but not at the desired depth. Thus, further drilling must pass
through or around the drill bit attached to the end of the casing.
In the case of a casing shoe that is drillable, further drilling may be accomplished
25  with a smaller diameter drill bit and casing section attached thereto that passes through the
interior of the first casing to drill the further section of hole beyond the previously attained
depth. Of course, cementing and further drilling may be repeated as necessary, with
correspondingly smaller and smaller components, until the desired depth of the wellbore is
achieved.
30 However, drilling through the previous drill bit in order to advance may be
difficult, as drill bits are required to remove rock from formations and, accordingly, often
include very drilling resistant, robust structures typically manufactured from materials

such as tungsten carbide, polycrystalline diamond, or steel. Attempting to drill through a
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include very drilling resistant, robust structures typically manufactured
frommaterials such as tungsten carbide, polycrystalline dianond, or steel.
Attenpting to drill through a 2 drill bit affixed to the end of a casing
may result in damage to the subsequent drill bit and bottom hole assenbly
depl oyed or possibly the casing itself. It may be possible to drill through
adrill bit or a casing with special tools known as mlls, but these tools
are unable tog penetrate rock fornations effectively and the mill woul d have

to be retri edrdbbibafiined fothgend of a casng mperemul e damase te pheawbepavant drilhbiend | it .
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fromthe 15 gasing. For exanp S. Patent No. 5,271, 472toLtur 0
di sl oses 5 HPVPIE, mtheréegr@ﬂoépsjhavegﬁweah et oF B sgpisiuaSigns oalon
i nsertabig 'Bte%ﬂﬁféﬂt%%ﬁaeﬁtﬁ@]ﬁ&orﬁé]ﬁ tﬂ@ﬁ%ﬁ%ﬁ&?@% 2 therewith by rel easabl e

| ock means which may be pressure fluid operated by the drilling fluid. Upon
conpl et i on of drilhlonagpppachat idoling asstrmblmmiudmgda delhbitahd et o merbhade bi t

portion omthewe re so that f h
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be carried osiffiédnt dishiche fo ¥eRbmbotse &J?étc@ﬂﬁlg nglwdmlncg"ashdmbiglstm@baa‘dl ke may be
conducted. Since.the central, portion of the drill bit is. renpvable, it may

i ncl ude’ r el afqveRaige sndik dhe Gasing r The dsillybitpan 3? etaeiable iemotablevptihoth, fae thee
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of a 20  of the drillstring or casing in place, may be carried out or further wellbore extending or

drilling operations may be conducted. Since the central portion of the drill bit is
removable, it may include relatively robust materials that are designed to withstand the
rigors of a downhole environment, such as, for. example, tungsten carbide, diamond, or
both. However, such a configuration may not be desirable since, prior to performing the

25  cementing operation, the drill bit has to be removed from the well bore and thus the time
and expense to remove the drill bit is not eliminated.

Another approach for drilling with casing involves a casing drilling shoe or bit
adapted for attachment to a casing string, wherein the drill bit comprises an outer drilling
section constructed of a relati&ely hard material and an inner section constructed of a

30  drillable material. For instance, U.S. Patent No. 6,443,247 to Wardley discloses a casing
drilling shoe comprising an outer drilling section constructed of relatively hard material

and an inner section constructed of a drillable material such as aluminum. In addition, the
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30 drillable material. For instance, U S. Patent No. 6,443,247 to Wardl ey

di scl oses a casing drilling shoe conprising an outer drilling section
constructed of relatively hard material and an inner section constructed of
a drillable material such as alumnum In addition, the 3 outer drilling

section may be displaceable, so as to allow the shoe to be drilled through
using a standard drill bi t. Al so, U. S. Patent Application 2002/0189863 to
Wardl ey dis f l] ] i.nt onehpl e, . wher ei n
the. pr opor t PSRy &elpt gt b, Brlacble o8 Ao ERSIE: s e AEhR) e

provi des suitiaph eamdatd dripbigand bor| ng of the wellbore while being able to be

drilled through ubse ent dri bi sed i s -wearing
mat eri al coati ngRYSaSHSS egten Pﬂ%’éat@&s%oﬁg/oiq%é “%écﬁ lﬂﬁ i hl?lb T appl yi ng
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addressed many of the deficiencies associated with the War dI ey structures.
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super abrlfisi wEmatatisls ngludingmllyslnllable lmtﬂﬁais fnel, thes imag bk enddstatiipespensicrtol | bi t
of fering the cap bility of drilling through such a casing bit and, if

enpl oyed, offfEHag onents disposed in a casing or liner string thereabove

as well as 20 cegridg bist aPf dildsBD &Hecfaﬁﬁéﬂatmmsdr{)dtéﬂtnﬂﬁ;;ﬂiéﬁﬁhl ISkfidies of a
conventional drill b| t enpl oyi ng superabrasive cut enents. DI SCLOSURE

OF THE | NVERTPH 87 8mE0pretasensed phpranirom ivhichrrrionty ia clegmed, dave gddsssed gennyi gur ed
for drilling Qﬁ_{ﬁp rranean. formati on, and

conti nui ng tﬁ{hgg |%§a%§%ét§(?}vgiﬁh1\?\n %@uf tﬁ%ﬁ‘& ripping the drill siring. The
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connecting the dril Stri N _one

bod ment, TRl 3P0 AL YOF FelreiLiieh et STIPIE A EnAT A6 FaES Gl s posed
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at | east one cutting. el enen
to have a drill bit offermg the capability of drilling through such a casing bit and, if

employed, other components disposed in a casing or liner string thereabove as well as

20  cement, yet offering the formation drilling capabilities of a conventional drill bit
emplbying superabrasive cutting elements.

 DISCLOSURE OF THE INVENTION

The present invention contemplates a drill bit configured for drilling through a

casing bit into a subterranean formation, and continuing the drilling operation without

25  tripping the drill string. The drill bit of the present invention may include a connection

structure for connecting the drill bit to a drill string and a body which may, in one

embodiment, bear a plurality of generally radially extending blades disposed on a face

thereof, wherein at least one of the plurality of blades carries at least one cutting element

adapted for drilling a subterranean formation and at least another cutting element having a

30  greater exposure than the at least one cutting element and adapted for drilling through a

casing bit and, if employed, cementing equipment components disposed in a casing or

liner string above the casing bit and in which the drill bit of the present invention is run, as

well as cement inside and exterior to the casing or liner string.
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adapted for drilling a subterranean formation and at | east another cutting
el ement having a 30 greater exposure than the at | east one cutting el enent

and adapted for drilling through a casing bit and, if enployed, cenenting
equi pnment conponents disposed in a casing or liner string above the casing
bit and in which the drill bit of the present invention is run, as well as

cenent inside and exterior to the casing or liner string. 4 In practice, the
present invention contenplates that a first plurality of superabrasive
cutting el enent s i mpaced thep qmesentd davehtidn tcomtemplatehi that arfirgx phsalite ahd a

d plurality of abrasi tti | i £ h hi bi t
o exposur e B THEG SR GOthEER A4ral P RV SEhbi AR CEBE LA | ng
el enents. Theca@GRREP o8 bkt clfindel@RERsS Hifosed iHet0l nflyXBIBl SnBRYoRR

configured, located and oriented, and exhibit the afofementioned greater
exposure to gredteritaanithe enemerofihaiiagi pluplityiof Guititg eternents. aTh sesend phiealitoels of t he
casing big, ting _equi nt d to.secur casi ng
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oriented to &Eﬁﬂégﬂh?e?gtrﬂg Ilithirt MO Obte, dp@Tthdr GHY Bfbrémt ﬁdﬁ?s&%&@% mﬁ%ﬂé&al ity of
abrasive cutting elements may conprise, for exanple, tungsten carbi de
cutting el eamdnegionnel subterhigas tfomhativad dhtepd of and pateritr msibe easing bit g thel enent s

may co | se, for X | e ol ycr allin Lampnd ¢ act (P cutting -
el enen{rgfd 150 eﬁ%?&&'f?@%e‘?@o@ﬁ%ﬁt@{églﬁeé‘ té’i‘g%lbty gf ﬂ}pﬁﬁaﬁ’ggw%?u%%%lﬂe&%el enent s
may include is Stifglufd] ReiNEaniedrRhied S ehdagd Bel §AT thdtigh. Prrioal R ftheeabid ti ng
exanpl e, superabrasive- inpregnated cutting el enents, wear knots inpregnated
with super abE@ityof ppsiys ating glemeninanay cRBHLSS, for exavenle Gngsten saabidepuiiind. As
used herein, y ' : ¢ S [ ures, .
super abr asi i g S Teechil LGS BN Sebradp RS a R AT S 15T
azpe;l abr asi v@(amateepdh&tssitaﬂmefﬁanmnﬂi;mhpaoa(ﬂﬂﬁ)tcnﬂﬂggelamainis.l\i ty, Iregar dl esls of

et her t t ar onfigured as conventional. cutting el ement.s n yet
anot her Brboth fadiper B Bedighe. b ciedRo FRBE oo GRling |t by SRS bl
confi gurati ofiperclradive Mbtegalsid tHetbein 6HHy Wey efig@Sindlingélhpld, Bepetidpires of
exposure, cutting faces of such cutting el enents conprjsing, by way of
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el enments may conprise a srngle, or multiple, bevels or chanfers.

encompasses abrasive structures, superabrasive structures and structures including both

20  abrasive and superabrasive materials which exhibit a cutting capability, regardless of
whether or not they are configured as conventional cutting elements. .
In yet another embodiment, cutting elements of the second plurality may exhibit
configurations comprising multiple cutting edges at differing degrees of expdsure, cutting
faces of such cutting elements comprising, by way of nonlimiting example, 90° steps, 45°
25  steps, jagged, tooth-like steps, or a scalloped configuration. Alternatively, cutting faces of
such cutting elements may comprise a single, or muliiple, bevels or chamfers.
In other embodiments, cutting elements of the second plurality may comprise a ductile
core, such as steel, bearing a wear-resistant coating, such as tungsten carbide or titanium
| nitride. In still other embodiments, cutting elements of the second plurality may comprise
30  a cutting structure supported from the rear by a gusset or buttress, or comprise a plurality
of laterally adjacent, intégral cutting faces.



I n other enbodi nents, cutting elenents of the second plurality may conprise
a ductile core, such as steel, bearing a wear-resistant coating, such as
tungsten carbide or titanium nitride. In still other enbodi nents, cutting
el enents of the second plurality may conprise 30 a cutting structure
supported fromthe rear by a gusset or buttress, or conprise a plurality of
| aterally adjacent, integral cutting faces. 5 In a further enbodi nent,

cutting structures incorporate hoth a first cuttin el enent portion
exhi bi ting a firdh 2oRPEE ST O%Hn%cg@%ﬁfa}%ﬁmgmép@ﬁ@%b%uﬂt T PRI bi ti ng
a second, gLRARIpEIRASHIbRIng A Hest le%ﬁlg@tmd Dyentd (ﬁﬂin%:etfeﬂqeﬁ filg? drill

bit configured as a reaner as we as a casing I ncl udi ng asi ng
bit that is asewhdgueated egppsurer eamer. More particularly, the drill bit or

casing bit reaner, of the.present invention i.ncl ude pilot drill bit at
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transi tigQn fréMer Jf MRS prebedf GHBRA ABE b8 ohfufed” B34 bidentel HifBBMbly L Whithe
present invention al so enconpasses configurations for cutting €l ements

particul ar | ymplays i longibwdingtly isimerigpesedi bifgreeionp otk daterally effseh exesgn sgishpnent
conponent s, e S t t
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bit of the present invention; . _ 2 shows an enl arged perspective view
of a porti opagiculaknstitabledior Krillipg tcasifg eanepongits sisprentingvesuinnesnt components,
and cement.

Other features and advantages of the present invention will become apparent to
~ those of ordinary skill in the art through consideration of the ensuing description, the
20 accompanying drawings, and the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings, which illustrate what is currently considered to be the best mode
for carrying out the invention:
FIG. 1 shows a perspective view of a drill bit of the present invention;
25 FIG. 2 shows an enlarged perspective view of a portion of another drill bit of the
present invention; ‘
| FIG. 3 shows an enlarged view of the face of the drill bit of FIG. 2;
FIG. 4 shows a schematic side cross-sectional view of a cutting element placement
. design of a drill bit according to the present invention showing relative exposures of first
30 and second types of cutting elements disposed thereon;
FIGS. 5A is a perspective view of one configuration of a cutting element suitable
for drilling through a casing bit and, if present, cementing equipment components within a

casing above the casing bit, FIG. 5B is a frontal view of the cutting element, FIG. 5Cisa
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FIG 3 shows an enlarged view of the face of the drill bit of FIG 2; FIG 4
shows a schematic side cross-sectional view of a cutting el ement placenent
design of a drill bit according to the present invention showing relative
exposures of first 30 and second types of cutting el enents di sposed
thereon; FIGS. 5A is a perspective view of one configuration of a cutting -
element suitable for drilling through a casing bit and, if present,

cenmenting equi,pment conmponents within a__ casi n%é above the easi ng bit, FIG
5Bis a froﬁﬁcmnabwewt@«nﬁlﬁ@ug&utnpﬁﬁgﬁ%%’ﬁ%t5 , 1d&1Gs tDjis amenlaeedetey 8hal vi ew

t aken thr ougllg %?%g()?ﬁieg@m?%g e?r?t%lth@@ﬁjcléﬁfeao??l@ss@” enl arged vi ew of

t he cuttlnge he cut int circled area of FIG 5C;
FI GS. 6A-6H shovF*IﬁShéAwﬁ-l shaiv syhantaltladlyanim coniigataiiomssofehttiog eleiment sitshient -

i tabl || th bi t and/. f t, ti
cqui prent cBgolamieo s 5 buGeTA dP e rfRut pulonth SSRR S her of 1
FIGS. 6As Gfssodieieiefifs SIAM 4 EBRG VS 10K, icause! 6088 66 shi\e ikl

elenents, and FIGS. 6B, 6D, 6F and 6H show si de Vi ews, FIGS. 7A-7B show a
confi gur at i eenfighragionsiehhesuitips slemenis, R BIGS. 6BeT, 68 and GHIshow side viewst dri | | i ng

thr ough & casi ol 780K B, d LoBLESRLr SRIBILLAS BN DURDL sSRAogeNt s and

associ ated materia a casrng an ing through a

su ﬁt err anela:ﬁrst dfllihg thicigh amasriri{)glamdaﬁﬂfortxhprems lcagexbnng cqxﬁpﬁelﬁamgbmwﬁts and ] f
schenat | ca casl nNg, assge y avi ng a casi ng hi.it af the bottom thereo
and a cenen Sﬂ‘ijaé‘ﬁ g Subpsayenily guiing Haropgly ?r?é‘{’tﬂf%nea‘% he

casi ng 18ss&hiorting %éﬁ&&gbﬁ‘ a bor ehole; FIG 9 shows a detailed, side
cross-sectional vi ew an exanpl e cementing 15 equi pnent conponent

assenbly such asFIﬁi @rsllo‘besoh@memaﬂy ah@img&sm@l:abs\ém)ayasiﬁg it @ thg bottd® G 10
shows a sch %ﬁ“dcr 0SS~ ectional , view of ord to._the-

present inve feo e&% AR %On&pé??xﬁﬁssﬁ Hyhév}'eh%' Fl%fl%l e

aswel | as assseublgdispeued mithi asiobgibrnt i al |y conform ng to a dr| |1 | ng profile
defined by cutting elenments of the drill bjt; 20 FIGS. 1IA—11E are side
el evations of enBibbi DS Brckikd isklg Cé?-“éﬁ%wtogalsﬂ?‘tfapél@ eXagPled PYPSHAG t hr ough

a casingsbi g ﬂﬁﬁéﬁeomwneﬁrags%ﬁm? suflP A hﬂﬂ u§é11‘{h BERALnE QRS bf Gand

associated materials wthin a casing; is afrontal elevation of a
cutting el ement %llﬁlimwgarmhetmqub@rcbsasmgmalyfwvadi ackifit bit accoiding edes and

suitable for, drk Hv'er’&ﬂmtc{‘sp%e% Buirt 2242 08 v B Hier biofi S3%H as an outer
profile substantially conforming to a drilling profile defined by cutting elements of the
drill bit;
20 FIGS. 11A-11E are side elevations of embodiments of cutting elements suitable

for drilling through a casing bit and/or, if present, cementing equipment components and
associated materials within a casing;

FIG. 12 is a frontal elevation of a cutting element exhibiting multiple laterally
adjacent cutting edges and suitable for drilling through a casing bit and/or, if present,

25  cementing equipment components and associated materials Wlthm a casing;

FIGS. 13A and 13B, are respectively, side and frontal elevations of a cutting
element suitable for drilling through a casing bit and/or, if present, cementing equipment
components and associated materials within a casing;

FIG. 14 A is a schematic depiction of a superabrasive grit-impregnated cutting .

30  element suitable for drilling through a casing bit and/or, if present, cementing equipment

components and associated materials within a casing;
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25 cenenting equi pnent conponents and associ at ed mat er i aI S W|th| n a casing;
FIGS. 13A and 13B, are respectively, side and frontal elevations of a
cutting elenent suitable for drilling through a casing bit and/or, if
present, cenenting equi pnment conponents and associated materials within a
casing; FIG 14 Ais a schematic depiction of a superabrasive
grit-inpregnated cutting 30 element suitable for drilling through a casing
bit and/or, if prgf(gg cenmenti ng ng pment  conponents,and associ at ed
materials wthin 4Prigy schoppils sidugievationofaweprabre Ve giampregiasd SEngr a
super abr asi Ve gidn} obR0RANE Mk Wbl HltablE!GTERY %%B@ua eskiRSbiR B ifknot
suitable. for drilling through a casing bit an }1 present, cefrenting
equi pment  compeRsiNeseniig @spoChiaoaponstseni ad;sscmscﬂ tmiaterials Mnrag:asmgl@ndtl G 14C

is an elevation o n ment C as hav] a 5
plurality of nat u%g(? g‘itta ?‘fggle‘é ChrA L ’f‘g&?&% e’&?@ %ﬂ“%gﬁ’%&‘?taﬁé‘rpé’gﬁ" r?lg%l‘ﬁ%la

sui tabl e fsor ghirhlity iof atuiah HRUBAdAsce@BE BYthei dista el Meredff ardr REHM for ting
equi pnent conponents and associated materials within a casin MODE(S) FOR

CARRYI NG QUT h Nosire b {opgf presant,; qemgatingaRaBIPEeesaIPop et j asppsiatTd an
enbodi ment of hm? %’é in the 10 formof a fixed cutter or so-called
"drag" bit, accor ng "present invention. For the sake of clarity,

l'i ke nuneral s have been M6EBE(S)F ORIEARRVYNGIET THAEINVENTIONFI GS. 1- 3. As

shown in FIG 1-3 t 12 includes a pody 4 havi 26 .and
general Iy radiall ;EI(?% %h’&s%}e 5P % Beié’a‘?é‘on? 8t & ?C}l’ﬁ‘F‘g @%u‘?@@%g%mhe

t her ebet vygen ek 8NSIERGI dulted dHR6-calAL: %ra%’ébxt,b&éé‘i@ﬁg t&tHe%EExﬁfiﬂéhﬂl&J Ipor iy acent
bl ades 22. Bit_body 14 may conprlseatu@gsten 5 carbide matrix or a steel

body, both assakgepf clmmkeummwés bave beg) u gomnﬁﬁrylﬂelfsfameﬁmﬁw lpfoe%ets 30,
- Which may be g g&{éhﬁb&fﬁ? gt E‘E%Y%lu‘d%'é% &gfﬁ'}ﬁ{lﬁg‘ﬁac%fzfﬁ%g%éé a?ltyl o for

i nst ance, supe rasive (‘: 1°eien ormao ement s
- 32. General Ieyrtenémg Iblaaed?{x:fmuﬁﬂg figidedoensen?4 thaiebeiorir e)smdalgstogmﬂahlbasi5ve

regi on that bonded oa ubtrat . R ar .. gr its e n

Cutt P of erRrEehAvETBeRtSE Shisey e g oy dodl 1ebRueaiBbe Cogteig

el ements 13r e dadideCAathyY oﬁ@&@él'b@@;d b%a@we‘ﬁ'k%&wﬁ neie drdbraRd matFae@Jo%clﬁdy med on
and bonded under a hlg pressure_and high-tenperature gl | P process to a

supporting sutoskatsuite thnearsbeccen@mr@wtrmg@tcewng ckrihige elw}ype achebdgh ot her
configurati OQEstéfcgeéﬂ@r s % ch&mg él%n{ﬁs | n'ﬂ?ﬁﬁ of Wi ’?:ang {Fﬁéh‘tsse whi ch,

for exarrpl e i Nto It face sin Iades
Generally, such a PDC cuiting element may comprise a superabraswe region that is

bonded to a substrate. Rotary drag bits employing PDC cutting elements have been
20 employed for several decades. PDC cutting elements are typically comprised of a
disc-shaped diamond “table” formed on and bonded under a high-pressure and
high-temperature (HPHT) process to a supporting substrate such as cemented tungsten
carbide (WC), although other configurations are known. Drill bits carrying PDC cutting
elements, which, for example, may be brazed into pockets in the bit face, pockets in blades
25  extending from the face, or mounted to studs inserted into the bit body, are known in the
art. Thus, PDC cutting elements 32 may be affixed upon the blades 22 of drill bit 12 by
way of brazing, welding, or as otherwise known in the art. If PDC cutting elements 32 are
employed, they may be back raked at a constant, or at varying angles. For example, PDC
cutting elements 32 may be back raked at 15° within the cone, proximate the centerline of
30 the bit, at 20° over the nose and shoulder, and at 30° at the gage. It is also contemplated
that cutting elements 32 may comprise suitably mounted and exposed natural diamonds,

thermally stable polycrystalline diamond compacts, cubic boron nitride compacts, or



25 extending fromthe face, or nounted to studs inserted into the bit body,
are known in the art. Thus, PDC cutting elenents 32 may be affi xed upon the
bl ades 22 of drill bit 12 by way of brazing, welding, or as otherw se known
inthe art. If PDC cutting elenents 32 are enployed, they may be back raked
at a constant, or at varying angles. For exanple, PDC cutting elenents 32
may be back raked at 15 within the cone proxi mate the centerline of 30 the

bit, at 200vr enosean shoul nd at 30 at the gage. It j s .al so
cont enpl at ed &p F{HEPIRE qde‘??gﬁlf:’% 3”2"‘ ﬁ%’mc’é‘n%?i%eml‘ﬂﬁst gﬁ?j’eﬁ&ﬁ{%dﬂand
exposed nat urghsidbrAGR 0fiGe sub&éﬂﬁﬁémlfbﬁhaﬁw&l BruR@ioNo s Ualldd. ne di anond
conpacts, cubic boron nitride conpacts, or 8 dianond grit-inpregnated

segnents, as knowAlsoneacheofladendd may inglpdna eees egioadly which dnsprfigiiaditen of
h b bl ad
the subterr agﬁﬁﬁb &95\5@&1&0@&&155&9%%11%%2%% Btusdhd %hﬁg of @% N neﬁé%g oph bl ades

22 may include a gage re I's corfigure out er nost
radi us of 5t héorbhole Idnbcd1hér’z’b3armagetrdfgums12[ieompmhel]mguﬁdmmy upilatd (@sithbddBbaf a 5

borehole drilled the e regions rls tudinally rd (as
Dot 1 b 1258 ol B e G0 R s S arsteBrioe GPob e aerten 20 dtandi oo
from nose pOfrﬁdyQﬁv@QzeﬁQQsmtﬂRhs@@svﬁ MR sl %ﬁ'ﬂh | NRntsSin Ae F6RRbE E&%et such

as cutting elenents in the form of glm trimrers of natural or synt
di anond; or Hamufeacmhgatmat @rlsalllthet@n dirda| dryhapdfacing neatariah cens radisdly eatteras

knowninthe n it exc ve thereto. .10 Drill bit 12 may al so
be provi ded Wi ioed ?“orreo g‘ﬁ% %’t‘g"mg‘geﬁcﬁssﬁ?gﬁgsﬂlﬁﬁmmhl ch may be
configured to reC@rMQnt&UQrIﬁﬁ/la‘Ys‘é belptdvhdw withefoE extaspBS pevke8 B0 i Iadek PP evhithf f er ent
from the first type su% for instance, tungsten carbldegﬁtéttlg
el enents. |t 1ay bycopfigy tPéFﬁfrFVétaéﬂ‘SWﬁSWé%? emenis 36 alngther, wpe ditferenprePenent s

36 may conpr 'tﬁ@,ﬁritot%é?%@éﬁpbse foft indEAe0)] HRgHER! @e[rlnﬁl: c‘i’t&fﬂ rel&rﬁéﬁ?s t LIE‘Q§ta?sB (W

car bi de, such as a Elf,” Ta, Cr, , carbii de,
a ceramc. Amoafsmvbtequwemq, éiaianluaﬁm %mm}ermtsmMedommsm ﬁor emnnl@etas 34 by

wel di ng, brazj Qr._.as herw se kn d

abr asi ve cut t9 rf’gdeé?aee aﬁ?@“"%%?gs C@@ g’%ﬁ% ?T@%ﬂ&%@?hﬁgm Q%Z s
taken in wshe Aldefsicest taabidgfor larﬂemﬂedAlﬁaﬁver@ittﬁigl é)étnerf@’l% il thiele@uraéhdlithin
nonlimting depth or. thickness for abrasjve cutting elenments 35 .is 0.175

i nch. As showieckets 34 bxsweldingnbrazing gppseihaywise kpqwihg the a) Andpictedsp Fdylne of
varying thi ckpesge chifig r&lénﬁn{s;% g'{afr %tdfos‘&bﬁéntﬁal}f uhiP4dH Rdknedhek&l B tRbr asi ve

cutting elenents 36 at nore r y outwardly 1ocations (and, thus, which
traverse rel ahnemnyofgnfeadedrblthomtlamc é)nbcsrm&béﬂ:mdr aindimitorg @ﬂ)ﬂdwn ﬂlickmss far2 t han
éggﬁre e ;8; qﬁ)a(lat Xﬁfu@w%%l%l%g% m81 k‘AOWIl? L1rJE FI%J%) 2”32{ 3,a rgs?\llecclﬁ?cmgt 0
20  elements 36 may be of varymg thmkness, taken in the direction of bit rotation, wherein
abrasive cutting elements 36 at more radially outwardly locations (and, thus, which
traverse relatively greater distance for each rotation of drill bit 12 than those, for example,
_ within the cone of dill bit 12) may be thicker to ensure adequate material thereof will
remain for cutting casing components and cement until they are to be worn away by
25  contact with formation material after the casing components and cement are penetrated.
For example, abrasive cutting elements within the cone of drill bit 12 may be of 0.175
inch depth or fhicknesé, while those at more radially outward locations may be of 0.25
inch thickness. It is desirable to select or tailor the thickness or thicknesses of abrasive
cutting elements 36 to provide sufficient material therein to cut through a casing bit or
30  other structure between the interior of the casing and the surrounding formation to be
drilled- without incurring any substantial and potentially damaging contact of

superabraéive cutting elements 32 with the casing bit or other structure.
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remain for cutting casing conponents and cenent until they are to be worn
away by 25 contact with formation material after the casing conponents and
cenment are penetrated. For exanple, abrasive cutting elenments within the
cone of drill bit 12maybe of 0.175 inch depth or thickness, while those at
nore radially outward | ocations may be of 0.25 inch thickness. It is
desirable to select or tailor the thickness or thicknesses of abrasive
cutting elenments 36 to per'f ufficient material therein to, cut through a
casing bit or 30 ﬁé?hoé"f“rlﬁ? @'2“%@?’5@%‘“@?@ exeatsi3gmaytbe pligetiBap Aaand t he
surroundi ng fogf PRI of et oulid oGl oWtlidr B Hhe ARG UEITh G &Hﬁéﬂﬁﬂé@&ﬁ%&g‘e?l and
potential | y damagi ng contact of superabrasive cutting elements 32 Wth the
casing bit aeSigBR) te prayiteunaximgm Airstectivs fohowthing elempis32,1wBich ater bighlye
cutting el ene .1 36 be placed.i.n an.area fromthe cong.of.the bit out to
Che. shoul dervermtinis Bateer v il Biudl Fidl ‘Dbl Rbgrisheted (o
provi de BSaXiefuen iy &6 bhdktaked] fof ehtaiphy aehefEe b 582Broalily Lttt @ldiegRI3Y
susceptible tqg dana‘%gghmhen drilling casing assenbly conponents._ Abrasive

cutting 5 eloBAEEES Bay brdatinpdaesuriacedat lesy thep PE° prafle angles et anglss with
Broadly, cuttd g el j rfaces
at | ess thatr{égggtggr?(k) I g{ ezsilﬁg e%%gﬂ%grlﬁgﬁﬁﬁ%%g' \;M@ ge?%}ségg?tsqﬁ%, E({:igog‘fetaa@ |§e L, are
desirabl y prsdt@tlydlonguiie profile ef thetime 2636 pronide ahlsncddeprptb@ivado caireatdsvel y
along the prafile of .the face 26 t rovi de enhanced protection to certain
areas of tﬁgh?i@gaﬁq]ﬂlq@lﬂ%lﬂ@mgzéﬁﬁ%’s 32 thereon. 10 Superabrasive cutting
el ement 5032 and ghfcpibrasRre CatlitidgNEleRbRIBL HA34braBYE Afting’ SIERERS 136ChMy be

di mensi oned and configured, in conbination with the respective depths and

| ocat i ons oftesperdively slimensioned @l conBoyped v dembibationiwith herespergvedentksrand 36 with
a greater nelatjv rasl.Vv thi S As used
herein, the lfcgra%{s & )‘i(sglgegsﬁr egnéj?%go }gﬁéeﬁ%r%ﬁjgﬁg%%ggeyﬁ%g gﬁ@%ﬁél %g es i ts

di st ance of r¢latter exposune dianveperatirhsiyro tittian eleents d2i | Ashistd héein, ekargahe a

bl ade surfage or the.profile thereof, taq which, ié- IS rp)unted.' However, in
ref erence spBHOFYE a_P’lc 5 ping (lenre gevially d’{)‘g?ﬁt?so'itﬁ istARACART] RFETEPARE i s
used .t 0 18eNQbRiod-of &l driiE b YBL exdinph P DRME QuitRb WB T FrofilélthéBar, & ®ARALt 32 of the
one type and a cutting elenent 36 of the another, different type. Mre

speci fi cal | ynounied. Heswewier, 'in edferenop epesidseldiutocthe pigsenbmvension, trelaiinerrspesuze”

di fference i. ‘ t f type and
anot her out t1 HEB S PRIHERN, RISGEUI bohechh Gl Hhyel 32 bt I8 e
proxi mat el y ahéd catethgosleshent! 36 bf thel Znoder,Sdiffelent typadMate gesificallynshe elmat i ve to

a centerline.L (see FlI 4) of dri]Jl bit k12 and which, optionally, may be
pr oxi nat el ;,Q‘Feéegigé E@osure’gmay)be used toIJenote Ia di erencecljn explosure betEve(len one cutting y

20 element 32 of the one type and another cutting element 36 of the another, different type

—

which are proximately located on drill bit 12 at similar radial positions relative to a
centerline L (see FIG. 4) of drill bit 12 and which, optionally, may be proximately located
in a direction of bit rotation. In the embodiment depicted in FIGS. 1-3, abrasive cutting
elements 36 may generally be described as rotationally “following” superabrasive cutting
25  elements 32 and in close rotational proximity on the same blade 22, as well as being
located at substantially the same radius. However, abrasive cutting elements 36 may also
be located to rotationally “lead” associated superabrasive cutting elements 32.
By way of illustration of the foregoing, FIG. 4 shows a schematic side view of a cuiting
element placement design for drill bit 12 showing cutting elements 32, 32' and 36 as
30  disposed on a drill bit (not shown) such as drill bit 12 of the present invention in relation
to the longitudinal axis or centerline L and drilling profile P thereof, as if all the cutting
elements 32, 32', and 36 were rotated onto a single blade (not shown). Particularly, one

phurality of cutting elements 36 may be sized, configured, and positioned so as to engage
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in a direction of bit rotation. In the enbodi nent depicted in FIGS. 1-3,
abrasive cutting elenents 36 may generally be described as rotationally
"fol |l owi ng" superabrasive cutting 25 elenents 32 and in cl ose rotational
proximty on the sane blade 22, as well as being |ocated at substantially
t he sane radius. However, abrasive cutting elenents 36 may al so be | ocated
to rotationally "l ead" associ ated superabrasi ve cutting el ements 32. By Way
of iIIustratio o t fore tic side view. o
cutting. - er erBeel e Rl matr LR st oA ol SR B cefeRtr R S ron:
32, 32' and 3%mpsnenBOr @thérmbmﬂol@ Bor@pdhent] | Fulthér, (he @he plueatity oﬁdiﬁhlgaﬁenﬁﬁhw | bit
12 of the present .invention in relation to the Ion(%ltudl nal axis

centerline L 39d8eyde; GPW%GCHP(S‘FU F@O@htaﬁégl@b‘?f cegpgnt; that gproundga %%{H&Shf& if# ement s
32, 32', and r i net | arly,
one pl ural i t}éggéf%ccﬁltﬂté @%‘gmhod%al &%% ag%&ge ?ﬁgaelgl &c%dﬁpggft}%lg%?@%féﬁ ¥

posi tioned sofaetting elgrge 32 Gnaynte dizetl) cwﬁgmeét arr@tlmsltlanedorco rdeidi oy asuch as

a casing shoe caS| b|t ntin i en ot her wnhol e
conponent . uﬁujf’tﬁ’é‘?n p‘{i‘ﬁsﬂ’éﬁﬂﬁ%ag‘fl r@‘g??ia’r‘?gs%% ?ﬁ”i- %WFFE %aglo

confi gured t couilidrily ohsﬁtwgas and REitBAb ceBiRE diafRter SEAAIPHINYS bat ma?agag shoe,
if it has been cenented within a well bore, as_known in the art

addi tion, anoegier opthgroaiting ywlement pl@@memr@esané%dnlbbm@ ey 3w isfludegoutting
confi ured SO,
cutti ng o) emanuRfl LROREE R AL bl shOhd plhr ReRERA0 TS D i
oriented H at®nemglasshd teroed pluvalityibf mﬁg@@%mhn&rﬁﬁmay b:a‘ mdxrel elxposbd thaft e but

th f ot tti | t des drill bit 12
my o120 i not tateie st il BretSE dahSRER ety o b Sl sisetts
plurality, resnegtiteknificial BereRAGHSMe dnbiheMhinakty bPc@iY Qeidntd BS HxPRinidghe one

plurality of cutting elements 36 may be npre exposed than the another
plurality of forikari the ovy sl of ggtting ﬂemmt%%/my be Mm@dmm@ly P%gaéﬁf andut t i ng
el ement s. [ t I t of
cutting el ene d}?ﬁ&%@gﬁéﬁ& e&élga% réﬁonrste[{@ érQ %fé)rg%tgﬁ% ura ﬁ{leynpo t%[nrﬁ1

el ements BS nmgiotrethatchd atglthee;ﬂurahty mﬁmlttmglekngn‘géqes eordiguetd itd bngagﬁ amdghlll

mat eri al s and reglhons that are different from subsequent materials and 15
regi ons that not her plurality of cutting elenents 32 is configured to

engage and drill Acbsainghy, tﬂ@cdhédjfnlﬂﬂhw of hRtPBeclphetts| 36t Yna9f be Wbhfighged
el emrents 36 ma%(f be configured differently than the another plurali ty of

cutting el emediierensly thamhe) angthar plyralityref cyging slementsalloRartiquislyopnd 35 npted i ty of
tti | t whi |
the anther pavcit; SopEay oG MahaR SORM Sonplll bigglRiETRIg il e

20 elements while the another plurality of ‘cutting elements 32 may comprise PDC cutting

elements. Such a configuration may facilitate drilling through a casing shoe or bit as well

as cementing equipment components within the casing on which the casing shoe or bit is

disposed as well as the cement thereabout with primarily the one plurality of cutting

elements 36. However, upon passing into a subterranean formation, the abrasiveness of

25  the subterranean formation material being drilled may wear away the fungsten carbide of

cutting elements 36, and the another plurality of PDC cutting elements 32 may engage the

formation. As shown in FIGS. 1-3, one or more of the another plurality of cutting

elements 32 may rotationally precede one or more of the one plurality of cutting elements

36, without limitation. Alternatively, one or more of the another plurality of cutting

30  elements 32 may rotationally follow one or more of the one plurality of cutting elements
36, without limitation. ‘

Notably, after the tungsten carbide of cutting elements 36 has been worn away by

the abrasiveness of the subterranean formation material being drilled, the PDC cutting
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el enents. Such a conflguratlon may facilitate drllllng t hrough a casing shoe
or bit as well as cenenting equi pnent conponents within the casing on which
the casing shoe or bit is disposed as well as the cenent thereabout with
primarily the one plurality of cutting elenents 36. However, upon passing
into a subterranean formation, the abrasiveness of 25 the subterranean
formation material being drilled my wear away the tungsten carbi de of

cutting ele nts 36, and th ot her. pl urallty of PDC cutting elenments 32
may engage tHETCNDH? eréhﬁveiémgﬁ%ﬁf@ limqre cficieptly. Fther, &t isslieved that e anot her

plurality Ofw&’ﬂtéu'ttﬁlg lGhGFETY $hap Fuiti¥n athQEH\APQEérl the W@@mﬁ’@l@m@ﬁm gy e of

the one plurality of cutting elenents I'tmtation.
Al t er nat i vel ydingganewslly inpthe pashs qub in tae Sirmetionphateridl by shediDE mtnmg'ﬂjelﬁ@lt&ﬁ@nent S

32 may rotatl e t he one Iur uttlng
clemonts . acmaanbindie Sebip e REIDar g redRed R s el e i o
cutting & e@ﬂ%ns%@ldﬂﬁﬁﬂl&ﬁﬁ@dﬂ@?ﬁﬂty&ﬂ@)ﬂn@m effloRn@ldfasili barness of the

subt erranean fornatjon naterial being dri FI ed, the PDC cutting 11 elenents

32 are relieved J?‘rﬁmﬁa‘lﬁ lipg mithngrple béf 13, chluihtcoyrsesr24 thgeen  qircpaferrabialliy ed t hat
the worn Cuédjd S‘HHedfMﬁF&h@%S dﬁ@\%fﬁﬁ 9 Mol&s BEeufeett L1 Ng

el ements 36, i ng gener alfé Inth cut ormation material by
t he PDC cut tmmgerairarwﬁms’uféﬁendanﬁpasngwthatmgtesd bdjiwéentﬂye mtenbmf tabrdrdil bibi2t 12,

enabl in nc e of .t tting, gl ement nd..co enhanced
Gur abi 11ty o170 1 1t £GPt QitBes Y retcifl o ppemement s TGS SERA Moo 1 1
drill bito 1236 drk bvéht GRAY B&H tR4ulbil WRERNtS BY Mﬁnﬁ@ﬁﬂhﬁé bl¥merdél3 BERIEG oR) ades 22
may be provided with drilling flurd flow ng t hrough nozzles 33 secured in

apertures atcwkébym@mgéh&orommba@émg@ b@?@@ﬁdﬂﬁém@ﬁwm dridk %t i or of
the drill bi i r

engagenent o# cutt?& épgﬁekﬁpgmégﬁ&gq%gﬁg&%@%s%cyt&g\’/{gé%&aﬁn# 'Iﬁ&ag)uttl ng
el enents 32 eutdar@fy thmdgfcﬂmﬂ cogses 2é amdithen ﬁfzweadigl t186ugrjenk daeBetb dmyanoulid | i ng
fluid or ed down the bore of a dri ch driJl bjt 12
o o R 1O RS Sontig pBleb st el o,

radi al | y15 oufheekiehior dffarRiciidg ot WhielP 8IS B8 124s @RsdsddI ©F cbué helbndriiigiorgh j unk
slots 35 to an annulus between an interior wall of a caS| neg section within

whi ch the drhas|drified throughsthe gadh of thedcasing a&%mbhre 2 gpiEtysols forned kefwaep tha ring on
which drill Q&%‘O}Efﬂlﬁdgmﬁgﬂ ﬁﬁilthg %ﬁ\'ﬁuﬁg:w é['bcgéhélé bit 12 has drilled
n annu

through the e casl g asse us I's formed between. the
exterior of the dEGSH. %t—ﬁDd@lwWebmnmuoﬁwnmlm@nﬁgMat1m for aititpeleméntd e.

FIGS. 5A-5D onllaflg AXATR'Sa9 108 2Hidilh Sasoll b0t AR ansil b

20  having a circumferential chamfer 102 at the rear (taken in the direction of intended cutter

movement) thereof, surrounding a flat rear surface 104. A cylindrical side surface 106
extends from chamfer 102 to an annular flat 108 oriented perpendicular to longitudinal
axis 110 and extending inwardly to offset chamfer 112, which leads to flat cutting face
114. An area from the junction of side surface 106 with annular flat 108 to the junction of
25  offset chamfer 112 with cutting face 114 may be generally termed the cutting edge area,
for- the sake of convenience. The angles of chamfer 102 and offset chamfer 112 may be,
for example, 45° 1o longitudinal axis 110. However, other angles are contemplated and a
specific angle is not limiting of the present invention. Cutting elements 36 may be
disposed on the face 26 (as on blades 22) of drill bit 12 at, for example, a forward rake, a
30  neutral (about 0°) rake or a back rake of up to about 25°, for effective cutting of a casing
shoe, casing bit, cementing equipment components, and cement, although a specific range

of back rakes for cutting elements 36 is not limiting of the present invention.
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36, including a disc-like body 100 of tungsten carbide or other suitable
material and 20 having a circunferential chanfer 102 at the rear (taken in
the direction of intended cutter novenent) thereof, surrounding a flat rear
surface 104. A cylindrical side surface 106 extends fromchanfer 102 to an
annular flat 108 oriented perpendicular to |ongitudinal axis 110 and
extending inwardly to offset chanfer 112, which leads to flat cutting face
114. An area fromthe junction of side surface 106 with annular flat 108 to
"the junction of ZFIGSfétéﬁHd&pim atherlstiRable tdnﬁguﬁahbrmgfojf aatinglddnenss/3@eThener al | y

ternmed the cuttin ea, ,.f S onveni ence. The angl es of

chanfer 102 SHPEARSET Srienred i Fosop 81 6D fori Ol i ratevette F9TEBRER adi nal

axi s 110, Homvﬁisho%ﬂﬁrﬂénélﬂ% Sifas A @HUEGRUSIRLALO AR SmilFRE Gak bﬁcuﬂﬂ% eis

not I|mt|ng of theocg3 resent invention. Cutting elenents 36 nay be I sposed
P

on the face dem¢nisootepisteddad @D, SAHDdHomevasi tear surface 164 is émﬁrﬁp‘éardéhff or war d
rake, a 39 nﬁ?){l‘crcﬁl th% acgﬁﬂg e?&nen?glﬁ L 11%61?(%8 i%u%%kedn%]::tlolflp? ggdld‘l;[ pman f or

effective cu ng o

clorrponent 3 A pzradldhgml&mbker&bgerm?glﬂames paen édlge forangeg, t@%ﬁhg@fagmg fivgén g utting
el enent s IS not limting o rese |nve ion. 12 Fl A- 6H depi ct
ot her sui t abfPETRERPEEHal s m@quoﬁlﬁ%ammaq el@Flér?é egicted inFHaS. Q,ij“iqﬂal%l ement

36 d ted d,
30 Sﬁglwg ed h8o & E}c%ruﬁ%nsr%egﬁlgf%gl%ﬁagb%gﬁﬂé%sﬂo%ﬁﬁﬁ gure§°’ £ I 5 S an

area con sim [Far to that of
~cutting el eomﬁtgutéé sielar tt that of nuiﬁngﬁcmﬁm 35|Ilep1biad/avE]GS BAXD. Hovesierpred04 i s

sl oped t rd the5fr utti el ement t he i ntende utting
directioﬁ(\{va aﬁ?rgf}v)‘s OP OO eéeatrl?? gle E’ﬁf‘“ﬁnaer out er
edge for cut hidkes bels@aﬂmﬂﬂﬁhﬁl@r bast ee YR ANHMAEH enﬁ&&é‘ﬁ%ﬂe@ﬁedf&ﬂ@h'f&’mah@n o
engaged. The cutting el ement 36 depicted in FIGS.  6C and 6D is  also

circul ar i n MeigHahisengagedo ke @M@l%n@@ep@@dm ﬁﬁapd@lsglgo ciigdardn cut ti ng
d t
P o, Sacsp, sy Eftrpndhddina, & high iObICE W bl ORI, afh OBRELEM T\

rear of the siutilai toghalofeomtig elgneany Bal depictad 1ntFHiGSIde% SDaHewaml cattrng favaéi4 out er

edge for uttl 0 _enhance faster.we n for mat er i al

engaged. el e Bidre of dieiing Qeith TPCE® PRENG RAEGReR, SR B 1 cul ar
in tr ansver &mféms&sb gt ethicRer cibsl edRFoSE@IME, fobrévide meE cutfias el@memtinhdtéial edge
area configuration simlar to that of cutti n el ement 36 depicted in FIGS.

5A-5D. Howev & exispded; cyiiing o€ easipgpomponentsyng thedikeohhe eptingeeleraent 3gdepipied cut t i ng
el ement fronyffigsC Hétahﬁ'@Hqgg@m&‘Bxe o- SRR i v Erse %Jﬂﬁ”gﬁt%ﬁmpﬁﬁie?ﬁﬁgwﬁ (;JI? hi cker

outer edge for cutting, to provide nore cutting e mat et i a
ext ended cut FithgIhhacasuttingg ectgmmaesnnﬁm&mdlat becuttingeslendne 36 depictad)ineFlei¥ent 36

depl ctedyy  sa.5p. Cutting face 114 and rear surface 104 are mutually parallel. The ovoid

configuration provides enhanced loading of material being cut by the cutting element, to
facilitate initial engagement thereby.

FIGS..7A and 7B depict a cutting element 136 which may be disposed on a drill

bit 12 to cut casing-associated components as well as a subterranean formation, rather than

25 using separate cutting elements for cutting casing-associated components and,

subsequently, the subterranean formation. Cutting element 136 comprises a superabrasive

element 138 bonded to an abrasive element 140, the outer transverse configuration of

cutting element 136 being defined as an ovoid by abrasive element 140, superabrasive

‘element 138 being of circular configuration and offset toward the base B of cutting

30  element 136 to be tangentially aligned at the base with abrasive element 140. Thus, an

exposure of an outer extent of abrasive element 140 is greater than an exposure of an outer

~extent of superabrasive elerhent 138, as shown at 142. The cutting edge area of element

140 may be, as shown in FIG. 7B, configured similarly to that of cutting element 36
13



in FIGS. 6G and 6H is ovoid or egg-shaped in transverse configuration and,
as showmn in FIG 6H has a cutting edge area simlar to-that of cutting

el enent 36 depicted in FIGS. 20 5A-5D. Cutting face 114 and rear surface 104
are nutually parallel. The ovoid configuration provides enhanced | oadi ng of
material being cut by the cutting element, to facilitate initial engagenent
thereby. FIGS.. 7A and 7B depict a cutting el enent 136 which nmay be di sposed
on adrill bit 12 to cut casiqg-associated conponents as well as a

subt er r anean depictegtin FHGS.r5dt presk SB.Hamcutting alesnen 1 e aneuntedctatar drifigbiewithadist s f or
cutting casing- | G t , J ean
ormat ton- ubps B SE el Bk SRERRER LR I el BE BB ! SEPRUREBERR®E0 o
t?) an abrasi \éBLOeW'fHdTﬂ:ablelngo dohacﬂ)cﬁsiﬁg-aﬁbsroaia&&%ﬁ@omlmf (ogsing@tshaen cading gt ti ng

el enent 136 bei ng,defined as .an ovoi \ rasive el egqent, 140, superaprasive
el ement 138 HEMTBIRECIEIPFCH A CEBftti f‘@&%ﬁ@ﬂ t_ﬁqﬁﬁhraf% &trer 818?@%&5 B of

cutting 3G el gaRAL eldfnl UPRith IAEEPER fo¥mAlonINaLiA il REseIRREwWH iR Rr asi ve
el enent 140. Thus, an exposure of an outer extent of abrasive el‘enment 140

i s greater t handreslt xgugagereniodf saperabiasiye eleaentel 38 voth thafoenationasi ve el ement

138, h t T tt]. .of el at 140 may be. .. h
R G 7B cont i glse A e Yot B RuBtn b T e it T oIS, O o
in FIGS. 5A a@théBaveAonC Which NBcd2pdRate Multdpd cirbingRdgdsedr tefhacdll bfficieldyt inM t h

the base B received in a single pocket on die bit face, the greater
exposur e of aBiking sias! @dathon metaliponajgrials eapamiered;ip penstrating sseasing shoe or other

casi ng- asgpci ats n ' - j [ ”ﬁ-‘grgf t i prent
and cerrenltsd,) e%%:].ﬁ cgﬂn}gﬁ gé‘lg'l %*%%g‘?@%ﬁggug ,ngc‘%gﬂrxﬁ%’xlgcthe Céung geér}r%ér# gjof

abrasive el enentecdif@ i pockstsbixemdiap delowf drentit ifawn. Thdserdndlodiments cfassting to -
wear quickly .and result.jn_en epent of superabrasive elenent 138 with the
Formatton. PSR E A bith SEE RGP iy DERG GRTHE At ST (0 TR B Een:
36 accordi ng tohBstbite et ) ¥iEabieQPos¥idctibnal BsiPiaRiaficd. BIGUIA RbRisGWutting Glegdges f or
enhanced efficiency in m]l |&g steel and other netallic materjals

encount ered i1 Pelding & plaglity °sigpsshee agiuttipgfase 1id beasph grovilipoibing . As
h S : . > Cfi _ ’
Focel ved [yl CESID Rttt Snol Motahde e HETRT bomaul BY iy
cutting el enderhent 36, weass. Which actohBgurativingutovidastasrelatimgly thighodiress comtdndratior ot her
ovoi d, rectangul ar t onbstone,..etc.) sujt.abhle cr - i pna .
((:oxf : gur ati on” %g‘l &2iven RIRS edgesCE & § ﬁ’é{eﬂaet??é‘}gt °u?-§@¢ ﬁghl}%ﬂ?ﬁ aaSIB’FIEFr ality
of 90steps S Qnfigurstitnl Wherefra6€ps134rd BBpREd ot PSANgIEH, Rehichupioliaes 4 2el@g@rs CE

whi ch are sequentially exposed to engage the _material_ belng.cut as cutting
ower stress concentration than the 90° steps of FIG. 11A . FIG. 11C depicts a cutting

20  element 36 exhibiting a series of teeth T, providing cutting edges CE, which are
sequentially exposed by cutting element wear. FIG. 11D depicts a cutﬁng element 36
having a plurality of scallops SC on cutting face 114, providing a plurality of cutting edges
CE. FIG. 11E depicts a cutting element 36 of similar configuration to that of FIG. 11D,
but employing larger, or extended, scallops SC which may function as “chip breakers™ to

25 fragment or comminute cuttings of casing material or other material being drilled through
which might otherwise be sheared by cutting elements 36 into elongated chips difficult to

- hydraulically clear from the wellbore with circulating drilling fhuid.
FIG. 12 depicts yet another embodiment of cutting element 36, wherein multiple, laterally
adjacent cutting edges CE are provided on the same cutting face 114. Such an

30  arrangement may be highly useful, particularly in the relative crowded cone area of a drill
bit 12, to provide multiple, closely'spaced points of engagement with casing components
and associated materials being drilled without the use of an excessive number of cutting

elements 36, which might later compromise drilling efficiency of cutting elements 23.
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. |

el ement 36 wears. Such a configuration provides a relatively high stress
concentration when a given cutting edge CE engages material being cut. FIG
11 B depicts a simlar configuration, wherein steps S are di sposed at

45angl es, which provides a relatively |ower stress concentration than the
90 steps of FIG I1A . FIG | I1C depicts a cutting 20 el enent 36 exhibiting
a series of teeth T, providing cutting edges CE, which are sequentially
exposed by cutting elenent wear. FIG [111) depicts a cutting el enent 36

havi ng a pl ur aFiGS 194 as¢ 48B dpsictSE antley thbodimériad cilitidg clementi 236 for dxilligur al ity

of cutting edges CE. FIG I 1E depicts.a cytting el engnt 36 _.of sim.lar
confi gurati on‘%_tﬂBg tcaxgpmgptsr_qné agﬁ@?e% rﬁﬂ?“ainﬁ%%%ﬁ e‘i‘lﬁrr‘tﬁg,cog‘rpn%e)?taeﬁ‘b%‘?ﬁ
scal | ops SC waushiren@ynprigig! fof Bxaple, GhiuRind! G@K&H 36 o depeted hADIRBIibed with
commi nute cuttings of. cggﬁ&g materi;al _or "other material being drilled

t hrough whi clespeFigRtanh o sA-BB, 6hdEk ddAP Ecend 1her b demeied igBlG. 488,
| ted chips.di ffi | ' . , | i th
i rouratt g i AR o8 gl cpRBAE S iarofditich; Glhd elGie B0

cutting _‘eljeg‘eaiﬁbeﬂm@,dﬂp%ﬂéﬁ A rdativelyfleén pdchétSrabd yuppat¢dan theawdrt(tahen Bdges CE
are provide

n the sane cutting face 114. Such an 30 _arrangenen y be
hi ghl y usef ul @reﬁafert oIl TRfatign) by %P@ﬁ%?fa%lx? b%%e DR ah SISRE e ol |1 bt
12, to provid | a4 j it i ng
component s e aeaomEte FRRACAPAC I B0l by pTHNARRIRh o aeFHl 70
excessi ve nunbstresp24¢ extendimg ateineaveietangls Gronwhingorrplaytet of| caitting ebeorept dningke -
drilling figien of cutting elenents 23., 14 FI GS....13A and .depi ct yet .
anot her enbod O%ﬁtfx%@ lglajtf??lnad%e'foéﬁg?{?u%%o g H‘tﬁﬁg °¢ thé%(?é Shent s
and associ at egifficidngly, fat exaGipld fonrderl] E/MBBjundBéh Bedwithi chittihg @ledieht 304hd gaksetiCt ur e
conprising, for_ exa le,‘@i cutting.el ement 36 as depicted and described with

respect to anff WISt fagfpn  stpuptieewil collappeq Shysy thepgeqgaigionnding j n
FIG 13B, 5 C‘H{ﬁm , 1 e ok i .
Cutting el enent gggﬁ@{%ﬁﬁ@@%Fggggsgp%%@_@ﬁdagwﬁgm velc%lH eegﬂ;ocket

34 and suppor petdrhignoencf te dridlabit {2 Hieegusseh ot bugtresdi2de ey sampfiseh far exanpiei on). by
a portion,of the bit body, . extend.slightly into a shallow pocket 34s
and be sub%orﬁh%lg OF F’SW)&IH%&?%Z%“% enacag?“ieclf‘g. ‘”cée‘?"i A SPRRCT ?@%ygtcwg "9 & gusset
or buttress gdéhsient &t gt dbdygroraakl Rompiieea fr€fiindednBie@berdbB gy @fategidl ti ng
el ement 36 and 10 formed of a material and configuration so that, when

cutting el emefiioedlyrebugdasustyin fores aad fmpact Joading eneapnigred By guitfing clement 23¢,¢
junction bet waen QGHfiib3e d%in% gon%ﬁts%a mat@iabuttress 240 will fail
& Wit €o pse us, t

and cutting structure . . e area surrounding cutting
el ements 32 (not sHiftn IHA-CldeSict figthenautb&)iments |of pattinigeceraent t36. e RKANA
hydraul i c

20  depicts a cutting element 36 formed of a superabrasive material in the form of natural or
synthetic diamond grit, or a combination thereof (either or both commonly identified as G,

_ carried in é matrix material such as tungsten carbide. Such structures, as known in the art,
may comprise sintered bodies, infilirated bodies or hot isostatic pressed (HIP) bodies of

any suitable configuration, that of FIG. 14A being only one nonlimiting example. FIG.

25  14B depicts a cutting element 36 formed of a superabrasive material in the form of,
natural or synthetic diamond grit or a combination thereof G carried in a matrix material

such as tungsten carbide and configured as a wear knot. The wear knot may be formed as

an integral part of a matrix-type bit body or preformed and secured, as in a pocket, to the

bit face. FIG. 14C depicts a cutting element 36 configured as a post and including a

30  plurality of natural diamonds ND on a distal end thereof. The material of the post may be,
as with the wear knot configuration, formed of a matrix material. Further, the structure of

FIG. 14C may be configured as a wear knot in accordance with FIG. 14B, and the
structure of FIG. 14B may be configured as a post in accordance with FIG. 14C. It is also
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performance of the drill bit 12. The gusset or buttress 240 may conprise, for
exanple, a 15 strut of matrix material (tungsten carbide infiltrated with a
copper alloy) conprising an extension of the bit body, or may conprise a
preformed nenber of any material sufficiently robust to sustain force and

i npact | oadi ng encountered by cutting el enent 236 during drilling of casing
conponents and associated material. FIGS. 14A-C depict further enbodi nents
of cutting elenent 36. FIG 14A .20 depicts a cutting elenent 36 fornmed of a
super abr asi ve Hatefpladd that chii€ bbreh Musde RBIUIRIDIYEA aSyY HpB@biasivéin@eRAIth Gkl t . Or
a conbi nation thereof (either or both comonly identified as G carried in
a matrix mat er¢fafiangapdh as tungsten carbide. Such structures, as known in-the

art, my conprise gj i inf.jlt - hodli k i
pressed (H P) bodi é@}%‘?ﬁ%‘é&e@@g@ ?@Bﬁ%%%f#’%%%%éﬁ%ﬁgé “%?%E'@%%ﬁé“ﬁei ng
only one nonl iinithé figmeofanplting dirtent Abvidgl B telghiot idactie coretdomgd eh ene ot mdfe
fornmed of superabrasive nmaterial .in the formaof, natural qr synthetic

di anond gr?ﬁ o&%loﬁaﬁ%i:??a‘i’l _W?aﬁ'é‘?sg?f]t eating Urles trpesten gl‘%fr"jrtﬂ“@%inétpge‘such
as tungsten canpidexaffles Qfléﬁefgﬂé eekiAS _el@m\éf?c%nféﬁ?&tit())ndhﬁ HRAE cKﬁ%as@@eYat%ﬁ-

formed as an integral part 'of a matri x-type ody or preformed an

secured, as i ncompoveriteand cemenheon thé ond had, akl @btelr@addfoinedtion anatertal on ghe

el enent 36 confjgured,as st. .and 4 ncl udi a 3 lurality. at ural

Gi amonds ND. on i eSE g% feaf BRkipBlihd Gt B RuetoPistiolnd bl Z0EUR
Wi th the wear d&néntconfigugations ao disclbsd REEID hreamerBlyr éxemiphes i dbignsFwhich éle, t he
structure of FIG 14C may be configured as a wear. knot in accordance with

C
FIG 14B, Hhd Weors beligee é‘ﬁéui&blem er pWBingelgmens designsifo uinaasiee-fraasated,
accordance wi t&ﬁrgg&ntéxﬁgé ethplof, Solbdiple ot SRBLIAL Bétwbditthe SHOLEMOOAT:

nitride my be enploye super abt assi ve nate of  di anond.
Any of the' fordegoénignd thefquiimg dadepmnathef than an offset chagnfet, envo ch@dfenatyalleay be

i nplenented in the.fqormof a cutti.n .enent havi ng a.tou or .ductile core
coat ed on one APPISHe LSS %@F@%’ra§lﬁ$f3§4&1&n§%ﬂ?’t\q Colgll 2 p it 808 Phg
such as tungst ésvelopsd)i phisticatetit ROhsMOR] tahd de.is Wkl eknewanil ake alit spegdtéh C
cutting el e,:tnent configurations for cutting casing-assqciatedq conmponents and
cenent, onlt heSUBFaORRFRCUtIEFInAN desican arthmpisHHRIA BIPerilE &rmaioner fPHRationt her
hand, have beepideRitchedsmad described, the invention is not so linited. The
cutting elenent configurations as disclosed herein are nerely exanples of
desi gns whi ch the 4 shawedin BiGs 8betasingsectior 26U andshtasing it 43F dispased erpthe prshrent
designs for cuit, sing-associ,.ated co ent | o .Of  ex le, a
“chanfer bri dgi 1 BeSERE B RRRUAL BT eqBORRPE AP BRI b oS40
cement the casing bit CB and casing section 200 within borehole BH, after borehole BH is -

20  drilled. Cement 202 may be forced through the interior of casing section 200, through (for

example) apertures formed in casing bit CB, and into the annulus formed between the wall .-
of borehole BH and the outer surface of the casing section 200. Of course, conventional
float equipment F as shown schematically above casing bit CB may be used for
controlling and delivering the cement to the casing bit CB. Cementing the casing bit
25  assembly 206 into the borehole BH may stabilize the borehole BH and seal formations
penetrated by borehole BH. In addition, it may be desirable to drill past the casing bit CB,
so as to extend fhe borehole CB, as described in more detail hereinbelow. '
Casing bit CB may include an integral stem section S (see FIG. 9) extending
longitudinally from the nose portion of casing bit CB that includes one or more frangible
30 regions. Alternatively, flow control equipment F, such as float equipment, may be
included within the integral stem section S of casing bit CB. Casing bit CB may include a
threaded end for attaching the casing bit CB to a casing string, or it may be attached by

another suitable technique, such as welding. Alternatively or additionally, casing bit CB

16



el ement and the cutting face, rather than an offset chanfer, or no chanfer
at all may be enployed. Likew se, superabrasive cutting el enments design and
manuf acture is a highly devel oped, sophisticated technology, and it is well
known in the art to match 15 superabrasive cutting el enent designs and
materials to a specific formation or formations intended to be drilled. As
showmn in FIG 8, a casing section 200 and a casing bit CB disposed on the
end 204 thereof maly be surrounded by cenent 202, or other hardenabl e
material, so a8axigclude rv@thputtlﬁ@ta@a@i%%Dabmlvmeﬁmsr@a% Fefpensiag stegmioobe flgpt hi n
bor ehol e BH, I ' i ; : :

t hrough the i?\e'zogg"lr%r %ﬁé}g’aﬁ&@g}%@é%?sgﬂg%o, %rhcr oug g( 0 nﬁﬁ%,(’gﬁc%é aglg%rtur es
fornmed i n casitheredfi 4s KaBwn anithe et vaithirhan iatepgral siem fextioe 8, dreticke@mpbhentamdst be of
bor ehol e BH anqcli th‘%1 Qtte_r surface o the.caﬁtﬁg section 200. O course,
conventional FfROSH EHER BREHNgS PGRA™ tically above casing bit CB
may be used for  combk Pattichigrl@ng HehiaV semn@clidhcoCQRRP bit OBINS, Fertd sk t CB.
Cenenting the casing bit 25 assenbly 206 into the borehole BH may stabilize
t he borehol e Bimpaesens asembly Fnegnenting (lgsé ridvesas digclosedtio eth Bpie NB# 3,997,089t t i on,
it may be desi il ey I (I . t he
bor ehol e CB, a%%%@c%’?%%%’lsi 1!rcf Qﬁ%?%" ttet%l(s:ﬁ?&h%?é)? ﬁ%hé(f o"j'v{f/.e 1%;%5[?0 %%t&g})?%@%g%ey

i ncl ude an i ntiegial Futhemnvalees and Beafing sssemitietcorfhosiy issddh bgmentiay gpdratidnsnad | y

R N AN U S
equi pment , 10TRYqiRoskie ! ¢d | h‘(’j\éeft (hitht e ih&%}ﬁﬂ&té’d b5t RIIERE HeRiin, Sme¥ oRpHRY bi t

CB. Casing bit CB nmay inclu a threaded end for attaching ‘t he” casing bit
CB to a casi ngeostpoheny assenblytF. faythéreflent callatred disploscalinih® Pateal Natil 82156 ¢ i que,

such as welding., Alfernativel t,addi tionally,. casin it. CB ,16.m

hol ude, v ¢ hostort I CBPIogHE of viep 26 MebirdB T b P el e e
tool, a float co@mnnb‘!saeonm_ aﬂraiss;?mbl}al;.l Bﬂdiﬂilzﬁn,CIOJS! BﬁterﬁNdSCﬂ,%(ESSlﬁ@ glameg Nt | nlg
equi pnent, or conbinations thereof, as known.in the art, within an integra
stem secti on Sac1 B %‘%@ﬂ & §hpsienths disglpsues of rhigloae gneqippratsd 1 HsUeaETeREbYt ri ng
above casify) DleferdBe RrdR BisPBke! lcEHbRbL Y uﬁﬂnénf“x?lﬂ&l@' %H)n?ﬁé‘e“ 8Rp&entasi ng
bit CB may inclelf(rje, asra’ clgnpgngnt asge?ﬂ)l y F, ‘cenenl}tlﬁlg f.I oat 9yaneeg as

di scl osed in UsgmiBaf. Nog.of3hoeRvedderenced Romenting SUPENB38 meshiismd el t he
di scl osures  of i gl &8 JNGOLRRLALSH. BY L eherensea NBEelfle FUELBLoal ves
and sealing ass I'es comonly used in’cerenting operations as disclosed
in U S Pat. Nogl.may, corrisldniponddalFdieiedfe, et al. and 5, 450,903 to Budde, the

In one embodiment, component assembly F may comprise a float collar, as shown .

20  in FIG. 9, which depicts a partial side cross-sectional view of integral stem section S. As’
shown in FIG. 9, component assembly F may include an inner body 82 anchored within |
outer body 84 by a short column of cement 83, and having a bore 86 therethrough
connecting its u,pper and lower ends. The bore 86 may be adapted to be opened and closed
by check valve 88 comprising a poppet-type valve member 89 adapted to be vertically

25 movable between a lower position opening bore 86 and an upper position closing bore 86,
thus permitting flow ddwnwardly therethrough, but preventing flow upwardly
therethrough. Therefore, poppet-type valve member 89 may be biased to an upper
position by biasing element 91, which .is shown as a compression spring; however, other
biasing mechanisms may be used for this purpose, such as a compressed gas or air

30  cylinder or an arched spring. Thus, cement may be delivered through check valve 88 and
through apertures (not shown) or frangible regions (not shown) formed within the integral

stem section § or the integral casing bit CB, as discussed hereinabove.
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10 di scl osures of each of which are incorporated by reference herein, may
conprise conponent assenbly F. Further, float collars as disclosed in U S.
Pat ent No. 5,842,517 to Coone, the disclosure of which is incorporated in
its entirety by reference herein, may conprise conponent assenbly F. In
addition, U S. Patent Nos. 5,960,.881 to Allanon et al. and 6,497,291 to
Szarka, the disclosures of which are incorporated in their entirety by 15
ref erence herein, disclose cenenting equi pnent which nay conpri se conponent
assenbly F. Any offidrlaelliabovehsle BEnshgeesiserestinigy eosidiriemtatingQesingEshani sms
and equi pnent as otherw se known in the art, gﬁﬁhbe included within

integral st efis¥RRlY ivathinsborghole By 1t @asprde; degirabbrigsthtrongh Hiered of cpsngobie
enbodi ment, ﬁ%ﬁﬁ?@% aRPRRTRE Yorfaf SUTDF oS Bitl Qb PRIe, /M rwlf?&l sagwn 20

in FIG 9, depicts a partial side cross-sectiondl viewo nt egr al
st em sect i onbiSof thspresshbmmentinn Slegpeci@lly smtaplenent assenbly F may i ncl ude an

i body 82 d withi ter body 84 b hort col f t 83,
and havi g & bor dgeronlr BB abHe St s e aiipat SRe STSIerEite The
bore 86 may bfEixeri®nd edingGedon QRE BeHeAdiICkvEhiR S bretBle GhediboréahMEhSRN);BOPT i Si ng

a poppet-type valve nmenber 89 adapted to be vertically 25 novabl e between a

| ower posi t i SivepaihngtbBlie 1@chawa anrtitppess-spiionali caboeinst oip pUHen 862 t hus
et ot g eARPARAO b ol enl 81 oGyl BESYSB G RRORMRIIY

t her et hr ough poppet -type valve~ne

upper posi t thenntejorhifaasimg bie ICBnfon tiriBibg thenétimougls Sedibwre assemblyoWhis ebsimon
spring; wever, ot her biasin chani sns, . e ysed for this ose,
SOch 95 30 coMbaus sttt aphed B3 e T BB, BF cliRBhairbiayts Handh B
cement may bendégtdod @hfcthé RinBoEMeRE OF kveliBdr¥ QsBHbRNW af REGHOh BERMUngs (not
shown) or fran%ébl e regions (not shown) forned within the integral stem
section S or inchide 2 pasingsegtiop adichandyibe capeniedswitia a beshele pelmemnandyart and Af t er
drilling bor%@b@tﬁﬁ'ﬂh | g casing bit assenbly 206 and cementing casing bit
assenbly within"borehole BH, it nmay be desirable to drill through the end of
casing bit , assetdiesallpOefering to Al 10hdilf ot Iamayinchbiea drildifg padieRyddiined
assenbl y, 206,, for, ich adrill .bit of the present invent.ion.,is especially
o tabl 2155 Hopg e 1y SRt tatgieoponsigine nl REEng ) SUIE SrREOVEE n
casing bit Chibmyind@ forgfafibx ERkplnifs figbér e SALE Profidd Rl o£BEBHI BiE 1Mnbbé a

borehol e or wel | bore (not show;é as _known in the art. Flog 10_shows a
partial crosdetined by sHtne eemes Hethet a5y disposedt alprge path gr prpfile o Gieclilditeltn y w

and a drill #pls de RAAFBHHMIPIP dlillBit AP EER Yo HRVEMidvAbSPaS R e ik BEd
that would be formed by a full rotation of the drill bit 12 about its drilling axis (not

20 shown). Of course, drilling profile P may be at least partially defined by generally radially
extending blades (not shown in FIG. 10, see FIGS. 1-3) disposed on the drill bit 12, as
known in the art. Moreover, drilling profile P may include arcuate regions, straight
regions, or both.

Casing bit CB may include an inner proﬁle IP which substantially corresponds to
25  the drilling profile P of drill bit 12. Such a configuration may provide greater stability in
“drilling through casing bit CB. Particularly, forming the geometry of drilling profile P of
drill bit 12 to conform or correspond to the geometry-of the inner profile IP of casing bit
CB may enable cutting elements 36 of relatively greater exposure disposed on the drill bit
12 to engage the inner profile IP of casing bit CB at least somewhat concurrently, thus

30  equalizing the forces, the torques, or both, of cutting therethrough.
For instance, referring to FIG. 10, the drilling profile P of drill bit 12 substantially
corresponds to the inner profile IP of casing bit CB, both of which form a so-called
“inverted cone.” Put another way, the drilling profile P slopes longitudinally upwardly
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the interior of casing bit CB for drilling therethrough. Wellbore assenbly W
is showmn 10 without a casing section attached to the casing bit CB, for
clarity. However, it should be understood that the enbodi nents of well bore
assenbly Was shown in FIG 10 may include a casing section which nay be
cemented within a borehole as known in the art and as depicted in FIG 8.
Cenerally, referring to FIG 10, drill bit 12 may include a drilling profile
P defined 15 along its lower region that is configured for engagi ng and
drilling throbgm thheterslinetsr phthe anll bib A réaricoind ashpva imthe drafving figare) toved

drilling prof] 0 O | > ined by cutfj nts
36 that are dlmse chlgtgldg féﬁ%%b]p%& %)iét ﬁl‘e%eff&%f %S?t?{? ggltl)})ﬁi? %5’1‘%%?% T%l'e Eﬂn%‘ llﬁirgl?le %I'gﬁg t he
drilling prof cdstngPoipCBolthiel drilbbit 122nsiyebgra 1éa0t pdrgalit pbdifiched dviat egpective
drilled surface that would be forrr\v’%/gI by a full rotation of the drill bit 12
about its dri Beamegies,of thedrlling pepfdebRhihe defl betdgead thegrmer profide 180 the|casing nay be
at | east partigl efiped r jal ' ; t
shown in F?G b@&};{sg\e ugg.};&l{%% nﬁi%gg%eei on%tjr%Ofﬁél(P@rtgl: @i@%ggé ngvvn in
the art. Mor epuodite IPaf ittelchsigg (it OBishigstaRtialyunifoohlydbe trquearscratedjingesponsste ai ght

regi ons, or bgth. sin it. : include an inper profile.]R which
Substant i al 1y Hedprad i de ishivtaa T Nemdiprith fne peBhy mackfigmifit 01 ¢ 1o
Such a confi gur ati 88 R@¥hdWOMi 6. 19! 8dtoRter pEaHM OPLAf chding Bit IdB bfsdnblypWgh
casing bit CB. Particularly, formng the geometry of drilling profile P of

drill bit 12 8Ybayerasenely. senas gpbvertadsopngcogebiadhat yerstantidlyicarespopsdti | e | P

f i it | i t . relati
Ol po2st N9 DL e BTGB o 199 ERTOR! 91 80 Aok SLRLIYSS e DS B
casing bit CBeah dideg(siith yenpemtia thecmnical raxis rutf lthye, drilhbis 12)36f the) dell ibiti 1B gartdhaze

f , the t s bot h, tting thereth h. For inpst |
eferting to At i g g Plemgits B OBIGr g A TP e STEGBE DT al 1y
corresponds 1t gurdogs {cOif cBERlaidas) dPnelovaRiphbig ch&ﬁ% CRmeARLIB fokmWhd Qﬁ'lliﬁ%)r m a

so-called "inverted cone.”™ Put another way, the drilling profile P slopes

| ongi tudi nal | Profifadelodrifl bin k2, the drilling@rofile B referringto the diifing prvelppe formpd by a 2

(orientedas e awe] | QU center of the drill
bit 12. Tkllgre ore, “S‘g°§‘ﬁ§d‘§¥m%°{‘h%%§)ﬁ§§g§gﬁ°? hec}v\gl ner profile | P of
casing bit CB, theAsnifirthebadpedtfigeyprbeent avertionst caping bitaflthe presesi inventienl by
t he respective eonetries of the drilling profile P_.o

t.he .11 bit 12 d
Lhe [ eopeCl oy e B es s o, ' s5repiis Bh Rbarties PL Aotk at £t - o

cutting el emeginsle3 Qliffetd-nad @hll)s!e?&hﬂ #2a GRRLAChrgbN GiainBRL " AR the pleker®f t he
casing bit CB substantially uni n¥y, the torgue generated in response to
invention may refer fo a “drill bit,” the term “drill bit” as used herein also encompasses the

TR

20  structures which are referred to conventionally as casing bits, reamers and casing bit
reamers.

Although the foregoing description contains many specifics, these should not be
construed as limiting the scope of the present invention, but merely as providing
illustrations of some exemplary embodiments. Simﬂarly, other embodiments of the

25  invention may be devised which do not depart from the spirit or scope of the present
invéntion. Features from different embodiments may be employed in combination. The
scope of the invention is, therefore, indicated and limited only by the appended claims and
their legal equivalents, rather than by the foregoing description. All additions, deletions,
and modifications to the invention, as disclosed herein, which fall within the meaning and

30  scope of the claims are to be embraced thereby.
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the contact may be distributed, to sonme extent, nore equally upon the drill
bit 12. As also shown in FIG 10, the outer profile OP of casing bit CB of
assenbly W nmay have a geonetry, such as an inverted cone geonetry, that

substantially corresponds to 10 the drilling profile P of drill bit 12. In
FIG 10, all the cutting elements 36 are shown on each side (wth respect to
the central axis of the drill bit 12) of the drill bit 12, and are shown as

if all the cutting elenments 36 were rotated into a single plane. Thus, the
| ower surfaces (cutting edges areas) of the overlapping cutting el enents 36

formthe drilling profile P of drill bit 12, the drilling profile P
referring to the drilling envel ope fornmed by a 15 full rotation of the
drill bit 12 about its drilling axis (not shown). As a further aspect of the

present invention, a casing bit of dhgmypsesent invention nay be configured
as a reaner. A reanmer is an apparatus that drills initially at a first
smal | er dianeter and subsequently at a second, |arger dianmeter. Although the
present invention may refer to a "drill bit,"” the term"drill bit" as used
- herein al so enconpasses the 20 structures which are referred to

conventiona ly as casing bits, ne . i j ﬁr?rgiﬁ . Al though the
f or egoi ng diéscr[pti on contains é&%ﬁ%@?ﬁ@g?ﬁpﬁ%}ggﬁ% gu [ﬁ;ﬁ)t be
const r subsequsnt to dritlingghrohgh &degseormeicoinpengnt esedittal enderitaicasing brlinemstrlgy as
providing . illustrations of sone exenplary enbodinments. Simlarly, other
enbodiﬁﬁ%f’élbbtfcoﬁwgs’%' i nvention may be devised which do not depart fromthe
SPi I ta Bt beGPRRIRY a fabCatANIERBIY end/ tRMESY | ON. Features fromdifferent
enbodi ments ‘'may be enpl oyed im conbination. The scope of the invention is,
t her ef @fisst plunaity of euttingrierhénts ¢fead leastlope iypetdisposadponuithd bisibailyyeutting  t heir
| egal equival ents ather than b he .foreqgoi ng description. Al additions,
del et i ons, eﬁ%ﬁ}tsn%fc}f‘? ?tggatsf %‘ngy?%gafﬁsﬁ?lﬁ@&ﬁ S@S'érg’ %ﬁdscl osed herein, which
fall whbdtbid placalifEeiutteh nen@bf9€ RRG aBbthé) Giffekett ffpe AisPoded oRer BFBItaced
t hereby. 19 CLAIMS 1. drill bit for drilling a subterranean formation

subsequent hadycrerh FitHag elamouig tha at legisanotiee diférpns mpexbibitingnexaesend of a
o eadi rAav EaRd tn s Spste off shonfiBfR ch g Rlennt b nDBE, B, 87, 207
one t ypherdins teastcbne vetting blemant ofttixclyne tepe dndrag leastl carentting efenteheofahe hteast one
type each el)e(et]slt Erllc} | err] gdiﬁ!e]regtx OeS grre gﬂar?grég together in a single structure and disposed in a

single pocket on the bit body, the at least one cutting element of the one type having a

first at least substantially planar, exposed cutting face‘extending to a first cutting edge

exposed prior to drilling a subterranean formation with the drill bit, the at least one

cutting element of the at least another, different type having a second at least substantially

planar, exposed cutting face extending to a second cutting edge prior to drilling a

subterranean formation with the drill bit, the second cutting edge having an exposuré

greater than an exposure of the first cutting edge.

2. The drill bit of claim 1, further including a plurality of generally
radially extending blades extending over the face, wherein at least one cutting element of the at
least one type and at least one cutting element of the at least another, different type are disposed

on each blade.
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a second plurality of cutting elenments of at |east another, different type
di sposed over the bit body, each cutting elenent of the at |east another,
different type exhibiting an exposure relatively greater than an exposure .
of a proximate cutting elenent of the at |east one type; wherein at |east
one cutting elenent of the one type and at |east one cutting el ement of the
at |east another, different type are arranged together in a single
structure and disposed in a single pocket on the bit body, the at |east one
cutting el enent of the one type having a first at |east substantially

pl anar, exposed cutting face extending to a first cutting edge exposed

prior to dsilling a sulfhedfilbRanclhi PBRVhdREn Wiplitalifyef iitihg elhlentsoftheat | east
one cutting elenment of the at |east another, different type having a second

at | eatleass apestynp enda plyralipt efraringelementscpl dha atilopst mether.«lidiferartitiRy a9 a second

cutti A& g%g%ngééhoorla&eo drilling a subterranean formation with the drill bit,
the secBnd cut i ng edge having an exposure greater than an exposure of the
first cutting edge. 2. The drill bit of claim1l1, further including a :

plurality of generally radjally extending bl ades extendi ng over the face,
wherei n at4l east one cuhe Rl bipEeam 3. gvharea apleast|seme cuigng clemeats ghtheat | east

one c ] %TRNF i-gngﬁ . LEf Pe. .sposed on
each f%édsg.gn%ﬁ : géx ri ltﬁ%?t%) %%? {nggglfék]{%%o%\ﬁ%%@%&gﬁ 0p é&?‘gﬁ?{e;ﬁ/t tg#’é'cut ting
el enents of the at |east one type and a plurality of cutting el enents of
the at | east another-, _different t) re . disposed on each blade. 4. The
drill bit of claim3, j%fhé]i?ﬁ“éz%Clﬁégg’tv%ﬁﬁ%_%ﬁﬁﬁ?aﬁbsoé}eeﬁ%%§ Bt at

| east 4N 1da¥tRBe ?ﬁ)\é Qn@ prdBStelNfme Rnfenf ot thl BSLtBECAPREnPiypé AR 16datddeast
another, different type. 5. The drill bit of claim4, whérein the at |east

sone eta subsigntisllysinilas rafiug fiem atcentedine obthe drillbét- and t he proxi mate cutting

el ement of the.another, different type are located at a substantially

simlar radius froma centerline of the drill bit. 6. The drill bit of claim
2, whereingthe cutting el enent Thelrllbhefthgh 2awHersRabichtthdi¢lameits 66 ar e
di sposed_in pockets forned in the plurality of the blades., 7. The drill bit

of cl Eierfiret angysesond! Aluralitien aredispeseddn ogkpisdompeddpiths plpraliy ehbgbldebnpri ses
superabrasive cutting elenents and the at |east another, different type of
cutting elenments conprises abrasive cutting elenents.. 8. The drill bit of
claim?7, wherein the slipbedabbusf vleint 6t wherein dheardeastonedgpeoficatinBeDC cutti ng

el eme Qfe%egtrs] (51:01'%191'e1se§l ts)llip%%b\faesiv%uéutcthg%le%‘lle%gse arﬁh%ecg}t TRt ésn%ﬂ;[.elfl,n él%lll]t tgf)iero de

cutting elements comprises abrasive cutting elements.

8. The drill bit of claim 7, wherein the superabrasivé cutting elements.
comprise PDC cutting elements and the abrasive cutting elements comprise tungsten carbide

cutting elements.

9. The drill bit of claim 1, wherein the at least one type of cutting
elements comprises superabrasive cutting elements and the at least another, different type of

cutting elements comprises abrasive cutting elements.

10. ' The drill bit of claim 9, wherein the superabrasive cutting elements
comprise PDC cutting elements and the abrasive cutting elements comprise tungsten carbide

cutting elements.



cutting elements. 9. The drill bit of claim1, wherein the at |east one type
of cutting elenents conprises superabrasive cutting elenents and the at
| east another, different type of cutting elenents conprises abrasive

cutting elenents. 10. The drill bit of claim9, wherein the superabrasive
cutting elements conprise PDC cutting elenments and the abrasive cutting
el ements conprise tungsten carbide cutting elenents. 21 11. The drill bit

of claim1l, wherein a central portion of an outer profile of the face is
configured as an inverted cone and is surrounded by a nose. 12. The drill
bit of claim1l, wherein at |east a majority of the plurality of cutting

el ements dfl-the at | eaSke élbbihetclaig brdeesin 2 conseel partign sharsetenireflett he
cent '@l fal Y ddnfBuRBds AirlyBfed OAE and R oud il bl b nfld Of cialm 1. whereln

“cutting elene east one type are selected fromthe group
consisting of a PDC cutting elenment,.a thermally stable dianond cutting

el enent , d a natural dianond_cutt.| lement. .14.. The drill bit _of claim
1, wherei r}cutti ng el ements ofTﬁﬁé“%Bg"F%lé’é‘ilgﬁg’feFFé‘??t B?SFFé‘}aé‘?’:"ftyP§/§@ are

sel ecligfllify dFuld %&&mﬁéa%ﬂf iR s ARp S Fifhit fhbk Rehera! €MENt
anot ﬁ%r r%é{al ca gl e cutting eFerrgnter’alll ac ra?ﬁ%ﬁ 15. 1T e dri tfa bit of
cl ai npattionvdrelromithe nodee second plurality of cutting elenents is configured to
initially engage and drill through a selected region; and the first

plurality of cutting elements is configured to engage and drill through a

region tofge subsequently encoundsl s obYlatde, Widrlih cliihg clbfren®it@ i del I bit
of claim 15, wherein each of the second plurality of cutting elenents

conpr least onaxtype angselepted fnopi the group connistink efre BD Caowdtingal¢mett, & thermadyt plural ity
of cybLtln | IS ,conprises P t1ing el t. 17. The drill bit of
cl ai r#%b,le %ﬁl@(ﬁ%‘?ﬁ%d@g%h@ p'af s aﬁ?%g?& B %%%‘gg“& enents is disposed

between a centerline of the drill bit and a gage region thereof. 18. The
drill bit of claiml1l, wherein the second plurality of cutting elenments is
di sposed dfer the face thereof Thednllbit of claim 1, wheréin cutting elements of the at

least another, different type are selected from the group consisting of a tungsten carbide cutting

element, another metal carbide cutting element and a ceramic.

. 15. The drill bit of claim 1, wherein:
the second plurality of cutting elements is configured to initially engage and drill through a
selected region; and
the first plurality of cutting elements is configured to engage and drill through a region to be
subsequently encountered by the drill bit.

16. The drill bit of claim 15, wherein each of the second plurality of

cutting elements comprises a tungsten carbide cutting element and each of the first plurality of

cutting elements comprises a PDC cutting element.

17. The drill bit of claim 1, wherein the second plurality of cutting

elements is disposed between a centerline of the drill bit and a gage region thereof.

18. The drill bit of claim 1, wherein the second plurality of cutting

elements is disposed over the face thereof.
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19. The drill bit of claiml1, wherein cutting elenents of the second
plurality are oriented at a forward rake, a neutral (about 0') rake or a
back rake of up to about 25. 20. The drill bit of claim1l, wherein the at
| east one cutting element of the at |east another, different type is

di sposed rotationally behind the at |east one <cutting elenent of the one
type. 21. A method of drilling, conprising: drilling through at |east one
conponent or material of a casing assenbly to expose material of a
subterranean formation using at |east one cutting structure conprising a
cutting element of a first type and a cutting elenent of a second type

- disposed in a single pocket of a bit body of a drill bit, the cutting

el enent of .the first type dispased, r.ot.ational behi nd.t h cutt] el ement
of the secdid type, drilling t%@f@fﬂﬁfgﬁ&f’m&m&ﬂ%ﬁ%ﬁﬁmﬁsﬂt@gnal of
the cagbdl PeaRRRtYorfarEars & fdte aRNERE laMBuirdl fatRiut DD ase 2ADACIOFARSBEHH tdOF
material of the  casing assenbly with a first cutting edge at a periphery of
a firsabont 258ast substantially planar, exposed cutting face of the cutting
el ement of the first type; engaging the exposed material of the subterranean
formation with the cutting structure and wearing the cutting elenent of the
first type away to an extent sufficient at |l east to cause a second cutting

edge at a periphery of a second at |east substantially planar, exposed
cutting face of the cutting, el ement of the second type to engage the exposed

mat eri al of ygt he subterranean fﬁ%ﬂ?ﬂﬁﬁgéﬁﬁﬂgﬁﬁéh%ﬁ%ygwgiﬂﬁaang&ﬁn-nto t he

subterranean formation with the e cutting elenent of the
seconctlémqae of A8 at least another, different type is disposed rotationally behind the at least one

cutting element of the one type.

21. ' A method of drilling, comprising;
drilling through'4t least one component or material of a casing assembly to expose material of a

subterranean formation using at least one cutting structure comprising a cutting element
of a first type and a cutting element‘ of a second type disposed in a single pocket of a bit
body of a drill bit, the cutting element of the first type disposed rotationally behind the
cutting element of the second type, drilling through at least one component or material of
the casing assembly comprising engaging the at least one component or material of the
casing assembly with a first cutting edge at a periphery of a first at least substantially
planar, exposed cutting face of the cutting element of the first type;

engaging the exposed material of the subterranean formation w'ith.the cutting structure and
wearing the cutting element of the first type away to an extent sufficient at least to cause
a second cutting edge at a periphery of a second at least substantially: planar, exposed
cutting face of the cutting element of the second type to engage the exposed material of
the subterranean formation; and

drilling a well bore into the subterranean formation with the drill bit using the cutting element of
the second type. .





