REAM NG TOOL SUI TABLE FOR RUNNI NG ON CASI NG OR LI NER AND METHOD OF

REAM NG TECHNI CAL FI ELD Enbodi ments of the invention relate to
a reamng boH4h1s@0bl € for running on casing or |iner,pandsAe RN
of ream ng a bore ,{ml e. BACKGROUND When runni ng cam%zg or

liner into a predrilled bore hole, it is desirable that the bore hole
wi |l have been drilled with intended cylindricity, to its designed

di aneter, and wi thout narked devi ations, such as doglegs, along its
path. Unfortunately, due to transitions between fornations,

irregularities s PPFN ey, (Y '
out-of-toler ancewg?l Eilt tdg@?éﬁlﬂéﬁ %ﬁfﬁ%ﬁ&%&ﬁ%@%@%ﬁo
the bore hole, bottom hole asse%i y E E contigurations enpl oyed by
the driller, and various other factors, the ideal bore hole is rarely
achi eved. Therefore, it is dggh t ovi de the casing or
liner being run into the existing bo.remﬁgll:‘gr‘vag?ﬁba cutting structure

at the |eadi ng end&Embpsimertts 06 theniaenionrtebte) e ntaming tord cedatde Wor miming on

portions of 0, . | liner may be run into

t he bore hol tec%qgé)t%gn%h%ﬁqaztg%ﬂéﬁtt%ﬁrlé;glﬁlg%%#%gglieOus appr oaches have

been attenpted in the past to provide a casing or liner string with a
ream ng capability, wth inconsi stenﬁAm )l SCLOSURE OF

| NVENTI ON Enbodi ments of the ream ng tool of the invention
conprise a subst arlWWheil rupningtsasiag obdidyr intova prediilled homviwla Gt is qesirdtilothat the
ext ending 0 pareShale Rl davh el ARuSy %Els{nh%tdkéﬂck%mﬁ{&tgﬂoe it8 HRUESS diameter
transition region. The reamng tool further conprise cut I'ng ?
structure forneitheyt marked deviatienspsuch ssedngleny, 2lond its paiby dJifottenately, due to

through cont aghsitbidbdrhEens fol@aMBld i %‘Eﬁeﬁﬂifes sudlfad %&%%bggg}uﬁé??éﬁ%gn’ the

herein in a non-lLimting sense, an e apparatus o
the present P& eheRH- p dpilidatse Hamaget tor drilbbitaafter moninerintotthe bore hole,

rean ng shoespottom hole assembly (BHA) configurations employed by the driiler, and various other

factors, the ideal bore hole is rarely achieved.

Therefore, it is desirable to provide the casing or liner being run into the
existing bore hole with a cutting structure at the leading end thereof to enable
enlargement, as necessary, of portions of the bore hole so that the casing or liner may
be run into the bore hole to the full extent intended. Various approaches have been
attempted in the past to providé a casing or liner string with a reaming capability, with

inconsistent results,

DISCLOSURE OF INVENTION

Embodiments of the reaming tool of the invention comprise a substantjally
tubular body having a concave nose portion extending to a side wall through a
substantially arcuate shoulder transition region. The reaming tool further comprises
cutting structure for enlarging, also termed “reaming,” of a bore hole through contact
with the side wall thereof. The term “tool” is used herein in a non-limiting sense, and
the apparatus of embodiments of the present invention may also be characterized as a
reaming bit or reaming shoe.

In some embodiments, the concave nose portion of the reaming tool may have
at least one port therethrough extending to an interior of the body. In some
embodiments, a plurality of circumferentially spaced, spirally configured blades may
extend on an exterior of the body from proximate the shoulder transition region and

-1-



In sone enbodi nents, the concave nose portion of the ream ng tool may
have at |east one port therethrough extending to an interior of the
body. I'n s@upueniedynents, a plurality of circunt erentlgét{yjsﬁ,

spirally configured blades may extend on an exterior of t ody rom
proxi mate the shoulder transition region and - | - define junk slots

t herebetween. An axially | eading end of each bl ade may conmmence with
substantially no standoff fromthe body and taper radially outwardly

to a portion having a substantially constant standoff and having a

radi al Iy i nwageghy Jlﬁﬂctﬁtﬁlg'tﬁlé}ebé?ﬁ&ﬁxl eﬂm aﬁ?ﬁll?llééﬂlﬁ%’ &id bﬁgacﬁ%qadepma ommence
plurality of cutting elenments | sposed a rotati onaﬁf

| eadi ng edge G @%%"B?Ib}ﬂ%o éﬂan@?%ﬁﬁﬁuﬁhﬁlhﬁy apﬁdmm@cbalémomasdlwo aportlon

| eadi ng end Th'ﬁ@irhgoi substannally%ﬁﬁtgﬁtr stadeel i i® rﬂavﬂ{g Bf}ﬁ?mﬁ%%\ghﬁg extending,

conprises a nethod of drilling out a reamng to con
shoe havi ng ®Heied axiallyfrailingiend, Acberehty ‘Erﬂ!lt@ﬂ%ﬂémﬁnfannﬁyabfsﬂldwmhlong a

ext endi ng aXirgtakidnaly 1EAHing B dERECPEIRde e BRIIAY CATRGL3E Sl 1l end

engagi ng the nose proximate a central porti

bit, rotati ndh¥®REfdrill bit inside the reaning tool, and drilling out
the nose from the AGRmidrad Iﬂﬁﬁﬁnéﬂ f“th%*'i‘ﬁ{f&ﬁi‘ r Ssdh 0 ﬁhmi d
a periphery thereof ané me sid v of tr?g bo JE%ISI é&ﬂ%ﬁ%@é }q%\(]’q't 2

OF DRAW NGS reaming tqnl @onfigyred as ﬁéhooed@mg\ﬂenw@wammauy tasdingiond theredf and a

ream ng tool speCRali B8edding RRiPLCRERe tdaY aBLOR: The et d:d gomg ibe ﬁntxally
perspective vi ew_of another enbodi nent of a ream ng acco 3

the present CREAZHE By5;nose proximpip@ centralopostion Bierept W—:lﬂb% dtllléﬁ; rqtaimg fhg il
toward the neasnsitie terdatang B, AQl drflfing bSthe nAB%rofn the central portion thereof

radially outwardly toward a periphery thereof and the side wall of the body.

BRIEF DESCilIPTION OF DRAWINGS

FIG. 1 is a perspective view of an embodiment of a reaming tool according to
the present invention;

FIG. 2 is a perspective view of another embodiment of a reaming tool according
to the present invention;

FIG. 3 is a frontal elevation, looking toward the nose of the reaming tool of
FIGS. 1 and 2;

FIG. 4 is an enlarged, side sectional elevation depicting an evoid-ended insert
disposed in a blade of the reaming tool of FIGS. 1 and 2 and protruding beyond the
major diameter of the tobl; and

FIGS. 5A through 5C are schematic depictions of a quarter-section of the
reaming tool of the present invention, as depicted in FIGS. 1 and 2 as a conventional
PDC rotary drag bit approaches and drills through the nose, depicting how drillout is
effected from the centerline of the nose of the reaming tool toward the side wall of the
body.

MODES FOR CARRYING OUT THE INVENTION

An embodiment of the present invention comprises a reaming tool, conﬁgured
as a reaming bit or shoe, suitable for running on a casing or liner string (hereinafier
referred to for the sake of convenience as a “casing string” to encompass such general

type of tubular string). The reaming tool includes a tubular body having structure at a
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FIG 4 is an enlarged, side sectional elevation depicting an

ovoi d-ended insert disposed in a blade of the reamng tool of FIGS 1
and 2 and QiPhyhH beyond the major dianeter of the t

FI GS. 5A through g??are schemati c depictions of a quartggfg%@ %h*%f
the ream ng tool of the present invention, as depicted in FIGS. 1 and

2 as a conventional PDC rotary drag bit approaches and drills through
the nose, depicting howdrillout is effected fromthe centerline of

the nose of the reanming tool toward the side wall of the body. MODES
FOR CARRY! NGr@hfheThla thBNMENFQinnecting th@fe.o&mpgrerr%mm tnd € aREEREY Uring and

i nvention conpri SES a reamng tool, configured as a eam n

shoe, sui tableéteﬂ@rﬂgrt%ﬁﬂﬁgwéﬁatéhéﬁﬁ%e@lﬂﬂllql'?@r string (here| nafter
referred to for thgeSake i9fconfBYRA GRS @l?al]?)w CaR gﬂafﬁé rshﬂ'gur{dil?ﬁ the center

enconpass such general type of "tubular string). ream ng
i ncl udes a t ifisaeedy WMQIUFPA\W ﬁﬁblé‘fi?slﬁ?‘tt%denattst@Plﬁmmhbfﬂ sRjrad gonfi greatiof from a

for connecti ﬁsenéﬁb@y BEthe e td&%&f&ﬂ@& thad Iéahmg e‘ﬁ?émtﬂ s%éthd}%n%% standoff

extendi ng toward nose at the | eadihg end
i s confi gur edoRt tﬂFP hodndprven Bsneaifingfond eofsie rhodyidi The bfﬂée@@neeramally and

thereof, andrgiflybdwatdly ?fonJP lﬂ?@? e B ieMmdde 35 %e Xtenp 'sh?ﬂ%%aﬁ?' o@tant

confi guratl on froma per| t'he "nose, comren
| eadi ng ends S#ngeft ﬁ?ﬁbﬂl&rﬁqdww Ineationmeintate ﬂﬁsmac‘if?él)fttwljﬂ}g ewlsaand defieing

trailing end;pfi 4he tﬁ&?giétwe@ﬁe ﬂ@%&rtﬁﬁﬁé n@s’é'xﬂt&lbé’esadqgori a'%sét?% # whlch

outwardly fromthe peri heré the nose to a greater;
constant st adgdme #yidferdh datspagementlamay digt ¢1mlq§¢d)5ipmwerdim&rroumﬂwl ¢a91ng

trailing endstmBdo@edtd Ofdct ) 115d H&s% éxﬁqﬁ?ﬁ@%\ﬁﬁﬁp slo?_ ?fragat@ctn I'nla? be

nose includes a port thereln throu h whic
later, cenmenfyiansgd Huoegh 8idp P@ﬁﬁdh'@!#gh ﬁ]@e perpheyy of the nose

string, out %ﬁﬂh&h&eﬁ&%tﬁbdd}e nose and into the junk slot, .which
circulation may bﬁaenhance t hrugh the use of additional si de ports

through the peri ph8fyoGHoRHlY [radwer pdaes t(aken incthe firestion (g iptrgged rotation,

The rotati onadd%ndleﬂa@lyngzl&ﬂtm (boke | dsiBe sfideeChhan R)ftatlo'ﬁﬁﬁnﬁi:gﬂmg is
rotation, conventi orégg Bg cl ockwi se, of the casr%(g string

rotational r gopfeRpta RcERirda ]é"(ﬂ"eﬁr thedexling ﬂlﬁéﬁﬁé@@l amtlaéerdmhgthe

end thereof Bblade deshetfuldtdishieh atd @rdlidde witBas Misality be gﬁ[?eli’mrgsﬁv@ chiting
provi ded wrthislalpgl ury@{rty of supera rasrve cuttl ng elenment’s, whic

may conpri se® i TRe RapelyrRysialling plyamopd ﬁqfﬂ@ﬁcél@m% sutting

facing int hdeﬁbﬁt@ﬁmﬂgﬁuﬂhe ditb@fsest inRhadd &&tm?;h@hg@@@ H&tﬁh?glements are set
ass through.dianmeter of a dri t

el enents are utsid
i ntended to B S‘fiﬁﬁeerparsﬁﬁ“?‘rﬁ?’o&?ﬁﬁtq 8hafRY Biggiendest todss Jptep pan infopthe reaming
fac |h Litat ? t tvel i drillout, t@ fasikate thadi{ulbﬂgpzeb@ae @u&urg el%@ﬁ’t% o%ﬁi%& h?értéuals
Ui tabl & 1 or EHEST BT PEETEIT BRERSH FONGHAY ) IHY AROSSEIPNRH 1HEge for th
cutting el enfonmstiagai foleitiogs aetba)uﬁcijﬁl&ré&&hébasmﬁﬁg eleginth A6HRA Peing set
Radi al | y outeurtmfa saof t he ,bl.ades ah'a the t ere rtjon thereo
are provi ded”Wi fi L pasy trpuEh Qapsiee g\?@? oBtFr G R ?’éﬁ#ﬁ%?@ﬁg the tapered
car bi de, pl gmeton dm{tdfcanabfqmdaelhwhﬁ at:lelenI?E)C} thick thyg oflcanBed SungBeA chidbide,
el enents in tch?edfr% rhooefﬂ??%r ‘ﬁé‘ g;j#(g % en c bi de or PDC O\ﬂgl ds of
are di sposed [ A rocEss T e ‘Eﬂm’ﬁ minitfcthe fopm of,
]'Ehet ':1 ape]r ed fPporkauopk, h.}mgsmh?rbhdwom?bmwd@ﬁ g cﬁs@bl &ﬁi(ﬂpi:‘e@t élsséﬁiﬁl &g%%ior
arther fro utep surfa e es e
cutting el e?éJ ge aﬁg{h% c?g’aini %‘ﬁ:ta?%f‘gﬁ’ 2p &Fr%ﬁﬂ’r?ag‘f%% outrerpRyed
el enent s. Tr(exbadmgrfg—ﬂmreﬁmmﬂse eadthllyh@iter suefaad bf eleanamey ﬂﬁml&h@?ﬂu cutting
potenti al | y act be wee rrent S d .the
interior of gﬂgr gérd u u a?nscré’ %‘ F"}f E?BH%%#@“? SE’F?I i Rfgring
i s run bef ordemegsand dreimglative egjpesore preeetipolendalip demiiohe cor'ﬁb@t between the
radi ally

PDC cutting elements and the interior of a larger tubular conduit through which the

casing string is run before encountering the open, predrilled bore hole. The radially
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WO 2007/ 133739PCT/ US2007/ 011543 outer surfaces of the blades axially
trailing the tapered portions bearing the PDC cutting elenents are

provi ded w r of tungsten carbide, at |east al )
rotationall'y O@éfé?%g and trailing edges of the bl ades. 015}(%%{1&‘307;011343

longitudinally trailing ends of thd blades may be tapered axially and
radially inwardly toward the body, and provided with a relatively
thick layer of crushed tungsten carbide. The interior profile
of the body is configured to optim ze drillout by conventional rotary
bi ts wi t hout ohavirfbel af G bRRGIRNAISy Q4B IR thi¥rePfordi L o0k
nose in the bore hole. _Ref eﬁi n;g;ﬁgow t%ér?:_l %’é?lg%l%%?g%%en%)ngng
the drawi ngs S'°FieEH; 31§ wrogfed withialayspismpgiien cerbides atrleast alamgdiic metatisnally
as respect i vidaglingemidatSling Bddek GBtheb1ARY, The '

CUfh P hIARS, S IORLAER WM 80 s

whi ch may be fornmed of .a single material, such as

bronze or ot A R fapsisH aialbganderadially inyardly teyard he dodycamsl prolviled  with a

easi |y dril| seMtivebythesk dgetof eRRhedibhes®én &0bidgr cone drill bits. The
body 12 incl udes @nose 14, which be configured with a shall ow,

may !
concave profile reCEsTEI¥ oREHP (HetheehPRY | iSneonfizureit toeaptimiget dallout by
10. The conceoteepticidl Iretafyayit@afstﬁo&haﬁxhﬁgvlé‘rgélgcglﬂém%?ﬁ{a]tﬁml%%%Vﬁflr%aining

concave prof{ I £: The nose 14 transitionsS into a side wa
tapers axi al P B9F P ARG YarPBolSut wardly toward a trailing end of body

10, which is provRefeing howsd FIGEUL ShroSpf B FShd BESHRZ, & dapﬁi:ng(?c?ol(l'?loﬁn two
shown) for cgn ctcijj:].q ream n tool 10 to the |eadi ng éen OP a casing

string. The ??ﬁd‘ﬁgi ’r‘ur‘f"o@‘Eﬂﬁ%‘gﬂle{‘ﬁea%’@é@qﬂdﬁﬁhpﬁﬁelwﬂqs- fearsbpeonsprises
a transitiontubblanbdey 12awhich8ngf be BhfleanifiadihMe M ,esn%ﬁ%ﬁfe%ﬁ%k%mn
and whi ch mey or not Fﬁﬁr}lhglt a constant radi us of curvaturé. ?

ma .

central port, ﬁzeoB‘éﬁg’ef ) arl metal; o5 allo whighy is, monethelsss, ersibyr driffabémby
the nose, anbnaeutidnabRBIC &irdRertohé rild bRX! TS bHA ' :
interior of IPOdélrgilz %ro gh trr nsi tli10n shoy erﬂ%%n?ﬁf%%&%éeoh,kﬁuéﬂﬁay
plurality of bfagEs” W’r“!‘ %F%@g’e&%‘f‘f“’? HEoilet epgsend tervardihe qenterbig of the
12, ext endi ngathingnoal 10CHhd @hciVePtbiRiBay Ba Sallbl e SHMM G suitfle concave
transition Sﬁ}gﬂied wall 18 with no stan&loff therefrom and - _

i ncreasing i'n s aﬁ[&%“f POsEs" % RO &0 aide el 16y Pitishdppera exiaHayand radially
exéI _enlclI t owa{Qiltw!ébr tmqb?d_faiim exd -of Bcgl_ﬁ Iﬂéitﬂﬂiélgi?ﬁﬂgﬁdé@rﬁdh%;ﬁh@&fé} such as
radi al |y out; r increasing diameter. The axially trailin
ends of the 1@%5%25&%83%&%?{;% I%b%(fg ‘Ope Iremirgrteel 19ite sheclsadipgid of a
decr easi ng dasingtring.exTien tangtioro beheerXhermods 16 add18ideoh) 1% cdfifrises a

bl ades 20 ar. [ i steeply.pitched, spiral configuration

on the ext er@ggﬁgp Sﬁﬁjeﬁ%ové{/h %?}ﬁuﬁgm‘xtf‘ﬁ FHEetPrssiectiqn ant whichaeayrpr may
bl ade 20 beineycghibiita @nstagtrations efisaiveres Nl @hRal [RRE PCEHLAE &6 Bfe ihfdBor of
exterior of ality aof hblades . ?20. Junk slots 24 are
defined on tb%ggg?(gt %rﬂ%’)er’&%%r% }13%6 WAl an%édg’ft’rc’&ﬁfsé ?}B@Tsﬁf grtend pm the exterior
2007/ 133739 thcligizoior o DiddyAI2 through rahstion shumider eanggoul der wal | 18,

each junk slot 2 j i rential l ligned with a side port, P.
Junk slots 24 i n_il}} iqgﬁagtfr?gfbg{ﬁseg ﬁlsdgbﬁpﬁser%r S%tgﬁe?xlter}oés E'{CL\% body 12,
| eadi ng end$xtendingdivio g ledation prxémste thatrsiliap dofd ofihe bhadesn AQuand wall 18
bei ng defi nggduybgd | f the latter. .
Super abr asi ve cut %@ﬁgbfg%ﬁ%ﬁq@ al?lg%? 3&%%%@%&% fapgr wetially putvasgly
aL e di sposeds QFeder?tQWetoﬁ@rfhtliebrraMeytNeadblﬂbgtreiliggsandél tepeiidel AfRIiaT. outer
The PDC cut Liyipg: : : commpL i any.suitabl e cuttjn 3
el enent confi gureatfieic?)iﬁgagﬁg%ﬁ%?#?rm | %\fﬁ %%5:%\“2“%?“ %%Dgﬂ?%s;&gc’mpme
“cutting el ehgYrled ar ehaseferedetirfaces(22f dateaning Hiatdder) @8tendiag it escttorior of
t he Assi gnegeGodyN®. PRESEMes HB%ENS not ed. above., the P .
cutting el errentos&g% are sg‘%eség‘ﬁtag‘?%den IR ARk e‘a’isé’ﬁé{‘é‘?n[)%cﬂ“aé’o“ on
drill bit iFeetkderpn of te hadyel2, tamciraunafetdntial eaentnef ¢ah|blidy 20 being great
drillout, t Qm;l%ﬁld) hak& c&ﬁlﬁle%[ '_’,tli(sc'oc%tvelgrgg &F ﬁ:l%'ex{etﬁolr of g(!tdsyolzcgyp gh% lllrg'{igrdof
blades 20. Junk slots 24 are defined on the exterior of side wall 16, from a position
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Radi al |y outer surfaces 32 of the blades 20 along the tapered portion
thereof are provided with a relatively thick [ayer of crushed

tungsten caiyfttizdhe Pl aced rotationally behind the PDq,@ﬂ{]%h?;gms“

el enents 30. In the enbodinment of FIG 1, the layer of crus
tungsten carbide 24 is relatively circunferentially wide, axially
short and commences axi ally above about the m d-point of the row of
PDC cutting elenents 30, while in the enbodinent of FIG 1 it is

pl aced in an el ongated groove extending axially at |east along the

entire axial peotignte ednsition shouldémgalel & wReH FnBGlot B@%&inggm%hx%?@éﬁt §§ulgned
arbi de ovoids are_disp oseJ

in the formaof., far, ex st.en.

recesses in tHE %%EPP‘%EPSTH’P# %E(?&% d’fm‘laﬁ}énlﬂ’é’ﬁ%én gepth ﬁﬁ"’cﬂ‘ié‘rfﬁp@%’d 1ead1ng
portions t hereﬁdé,,fonowmgrthe ligdedsalih WtapedbMRAbIAdee H kndCHibi @gﬁﬁéﬁﬂa%& the
30 and the rel tlve tﬁ t"%k | ayer of crushed tungsten carbi de 34.

is also conté ﬁ At2"8t her types and configurations of beari ng

el ements may be e'ﬂ“b%’ﬁﬂsw&%hu@eleﬁ@ﬁtsﬁﬁ&ﬁplfg *&Wﬁ@%&ﬁ Ly
headed PDC bgia“ n earing el emen?g f or med Ifga lﬁ*‘ems 30 are

sui tabl e mat FWF% a?ﬂ% tﬁ%a‘i’t&‘il?’gﬁﬂwﬁﬂ% GApsc ek each bhdali’&deg‘hgd’DC cutting
axially trai Ielangentmeo RRG @Uﬁbhﬁ&aﬂ}%ﬁﬁéﬁ]& L alutin Eﬁm‘eq€@m\£ff%}at§ﬁe One

or nore 'ayeé‘g{% LAng st en ca%bld ..In the enbo ment  of

| ayer of tun "gr%‘?aﬂ’é’ %8t atein Pslaﬁs?‘@ﬁ‘lg 51%%%#11991@5%!11 k% Patent

radial |y out él‘43§!41|033339§1gﬁéd b Abkigle Ahe érﬁ Mbnhbﬁf aahediaBble, e PDC
e i s subst i sposed I n two

FI G 2thetu carb$(g iZl tla%r

el ongat ed | ayé gngg PO BRPSE BYF YR dRs Bess ey eh S%a&ﬁt‘?fr%ﬂal qrill bidntepded to
and traili ngbedtgesunﬁntbltmlmam&(g tobl®@r Balladt RNRakiliyart B drilfdgs 1%!@55 335 also
ext endi ng amglrll %lpfaﬁ‘%@t nose, 14, so as tg extend raotational behi nd

the relatively FPEFPEasiYG Spithe iyt O@rm@rﬂ%@&wm elements, as
el enent 36 I weﬁgasccutnngrfeknmtsl af b\;hei hﬁt@hﬁ,\m@n e Unhl&yeddl dnplementing the
trilling, ﬁleesglﬁ I1:tlz;1ces 2 at Q?yéﬁ 11of the bl ades 20 are

provi ded wit \?élry ﬁleéﬂmP ergliy fiee Prodin ISR dizmonek cutting
40. ot . Thlenmntsedmfnr?mlh drmpeegihieg dutig s’b@;meﬁtsclemlt;gjgg?ﬁnﬁﬁa@(m) cutting
anal ytical l y _der e ess, sel ected faqr ease of
drillout. A nllgﬁll “\ée"‘”f’ Ln“"e‘%ﬁ“? G’gg ﬁ?fgag GlFmemis pay be ufilizad. heanyidesation
(FBA) for thef mmwmmsgw thardrhatioguer fo@mbﬁo@%ﬂ%@@ez&:ﬁadt:gﬁ m@admng to
ed so that_the desig

tool 10 duri ckness.is optim
affords a sa eFf)l/@ el Hé’r%l o?ésﬁ PREIVS SPinge clgmentse F’bd@f’ﬁ@“%r‘%ﬁé‘ﬁé‘ﬁ%ﬁm
under whi ch pe&ani.ng tool 10 is to be run. The concavity of the

i 11ty toguide. ReBNY Bouef BREEE ST HOKEblRe AR RIBERN Gig Poron bgiot ae
portion to berogidetl | withoat remttvlalyutthzbleahyﬂg ofaﬁrgﬂ:eﬁe@ﬂig@ﬁﬁ edrbiget 84 %haced
in the bore ltr:l)@eltﬁ)nalll); ble}ﬁn&llt}gé)PB ﬁim:l?%g hioe Erb %‘Rg’le’f?‘fg?fs ElG. 0 I , the

t he nose area proj ectin ove
uni nt er r upt eldyerue @ﬁshqrdtt@mgsmn aafb:dmzi imnbyatﬁflabal élrdumfbﬂéﬁtlﬂ!l}&@;deﬂakﬂanﬁ short

th

the bear| ng SlesameRey Biing dvod Wbt shs apidadins 86 B9 GPY. ORddae cutting

inserts or fdemees3ae, whitein e lemthlnmﬁtt af Fid.s] 1taﬂqulﬁnEdr1ﬁX=m0é16ﬁhdud froove
t to thge Ll_as t Ingst

respec 0 tQ& xﬂ% E?Hgﬁ)lf Qgﬁgteﬁgﬁ:% t?fg We ViZﬁ q?r#é[p(g L.u_‘ “%Se]glglF%té 30.

car bi de | ayer, revent Cont act
cutting el erﬁ#ﬂﬂslg g3 in ke s of Fomerhmpie tiumiston @itbidé oeaas 8@ difposed

l'iner through \whised lliletﬁ@e&%ﬂ%ggbrﬁ?c %?th %Ia%iﬂ{,: ag,t in,the t f:t%?ra%%%%{p:gg Igl(l)ereof

of both PDC cutting el
34, 38 and fircepdgeatialiydesvécnribé PHC mmmgxﬂemamm 39 ahé alnd n&gxtlvElt_sylthlck layer of

circunferent r nd 40 e

reci procati ndra%hgg(rah&%&%ggﬁﬁ%l%e ta?dr? con# %ﬁ% g’ﬁéﬁﬂ’@ glbdg? ’\'?émns
rotational r rearing B}@H@ntsdnme he mmédye(lckwhle&; ﬁ&) exdnrpdae;memisph&’ﬂ‘iéally headed
carbi de | ayessc %aﬁfgjeleﬁl%ntsy\’g} Bpax%)ét 591%3&8 f(t) OP or%er sul%bﬂaa%atenals

radially outer surfaces 32 of blades 20 axially trailing the PDC cutting elements 30 are

F'!—

C
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Referring now to FIGS. 5A-5C, FIG 5A depicts an outer, face cutter
profile of a conventional PDC rotary drag bit D di sposed within body

12 of reamyphhRRs7340 before rotary drag bit D engages § !

surface IS of nose 14. The PDC cutting elenments .carri ed@@}}lst 7%1 ace

of rotary drag bit D and which together exhibit a cutter proflle cP
substantially the same as face profile while being exposed

t her eabove, have been omtted for clarity. In FIG 5B, rotary drag

bit D has engaged the i nner surface IS of nose 14, and has partially
drilled therethr §q9 r -

concave portPoFi'“P’lf1 n%hs% 9 eg%elgfe?gﬁg“ I}ﬁ ?ﬁnlcgltr% ?c?:eo%% ];nﬁﬁ? ‘S“’t"gi“{‘ﬁ“’g‘?%?h}- 1
cutter profi hdaﬁ? ofahingeten hartode 88 exderfdscab&@ntidlbr ewr ehéntire gadially outer
steeper cone_g SY ta LR-a 1 e

centerline L™ re rﬁaeh iagg{%lg&ﬂgﬁ%%@ngﬁp?%ﬁﬁ f%%e%este&lgﬁe? carblde 18
14 will be dsuHstaatlal@utdlfspasnd cientwo | ¢lomgated: dawersl & dnsgiooves sehmtlnher along
wal | 18, whi

o ge mat or i Seeinalty iadife s etk GBS, or EALE 2000k MEuRRRAN Rty s 3
cutting el err@rttmdalﬁ@aagmﬂy tosregdmosent 440GS. tOBAFeﬁd:)otam@laﬂm’mphlad dheyretativelyalick
O W, P Wl Ty
nose 14 and fherdbetweedr |Tfh|e@mallgfh'aﬁlmbb‘tqlmmﬁg@d 2eat ﬂmabrhdsxif the blgdes 20 are
egrent s of DuiteBaBll 1SN Glthor Bt LALARS e ReiiiBlo 0 CT0Y"

i nvention has beeWheoessr oftbel réamingitoot 6 isesanfighredywith arusnalmceﬂy derived shell
exanpl e enbo S [ [ rec

and appreci aful ma‘{‘:kb%g ?ﬂgéﬁf?%n&%xﬁgp hé{l)t IR ﬁ]ﬂ-ﬁﬁﬁm g%él"ltn!e%sn% da%g%hé&by
nodi f i cat i on§nite cleaent dedlyis GIAY fopithe ittendgd gesighi crgddprtaelitenbatapplied to the
of ordinary SEITTE ot IR beery T hckifed RH RERPUET thd Bl ghOitfords 2
conprising: e&afetytfactenef 2itd 3 overie éembéégﬁdn@mﬁ@n%te@méawmﬁbs@ammg tool 10
portion extepdipd 4L @ side wall through a substantially arcuate

shoul der transition region; tgﬁhural ity of circunferentially spaced,
spiral |y confi gur &He lspaeaaiy & thmneset ki ingy befvaried indagreaxarevidinggthe repming

proxi mate t hg,oshewdsfiid 18 gaideiRar LGk ARk GBS I8 all s g ThOhSse portmn to
t herebetween, an axially |eading end of each bl ade commenci n

subst ant i al | §e delled aﬁﬁwhognleavaeéﬁrgﬁgemtepf {pagasialin meybqre%ale It is also

portion havi pG.gleSHiThe Bhdenkd ¥f GlQH‘é‘stﬁ‘in b aBeohka e,&qemgl éBGV@the face of the
radially i nwardl%1 ext endi ng, bevel ed, axi al I%/ trai]ling_end

and
cutting st ruBeserallovsPr guNamtaRwiesontt of grsendd of threbedyerbelldn |thwose=h@akmg

substanti al | metrggﬂjngrtoa%yp]j@bnmtag@t with a bore hole side wall,
the cutting structure conprising a plurali t%?of cutting . el ements

di sposed along a AtBRIPOPEPTIG L AlF Ryadeg & Grentach GPREESBE Tpgsten carbide
plurality prexidBhBedisaid ¢ doynéPatibthegr ftdbltheltaedls, are gveraiﬁﬁsécﬁﬁiﬂl m@pect

tool of claim wherein the concave nose portion i ncl ud
one port thef%%ﬁr%]aghc%??%ﬁ]&fr’r‘?@tst W aérﬁoot&‘e(ﬂm%sltf'é‘ ﬁ@ qayer’ to Pre"ent

damaging contact between the superabrasive cutting elements carried on blades 20 and

the interior of casing or liner through which reaming tool 10 may be run.

The provision of both PDC cutting elements 30 as well as tungsten carbide
layers 34, 38 and 40 enables rotational or reciprocating reaming. Full circumferential
coverage of the carbide layers 34, 38 and 40 enables reciprocating reaming. The PDC
cutting elements 30 enable aggressive, rotational reaming in a conventional (clockwise)
direction. The carbide layers 34 and, 38, which extend to the top of the gage on both
the rotationally leading and trailing edges of the blades 20, allow the reaming tool 10 to

ream in a counferclockwise rotational direction as well. Blades 20 also incorporate
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3. The ream ng tool of claiml1, further conprising at |east one
beari ng el ement on each bl ade of the plurality, |ocated proximte the

axially | eqe) f3g7/a9580t hereof and rotationally trailing t?g{fﬁ#%liﬁdﬁéd

of cutting el enents thereon. 4. The reanm ng tool of c

.further conprising a | ayer of tungsten carbide proxinmate the axially
| eadi ng end of each blade and rotationally trailing the at |east one
beari ng el enent. 5. The ream ng tool of claiml, further conprising
a plurality of additional ports extending through the arcuate

shoul der trapgjefdq0 Eotaﬁai.a@x@, Rx4iRB B {Prddee '?éucﬁeé 961-%9@ ahll Gefsidecutting
each port being substantially crrcunferentially aligned W th a Jun(T<
sl ot. 6. Thesressivenats- t Dlast thirk layer of crushah dyngstent qaebide ¢@ [oadhe axigBy Itrpiling

trailing end @gfq AYA ' | ayer of

crushed tunggl?&esn&ggggflage t Igf%{gﬁgmph%ﬁf%%m%g%%ﬁgn?ool of claiml,
wherei n a rot at i oRafarging savitnFle8geAdiC, FGh>hidapistsoin euter, fcarcalter yrofile of
axtally traibidvidionRl $H% HidyOfraf i DEeflsE8 RN ta) ABSSALLAME tool 10

relatively nonaggressive. 8. e reani ng tool clal m _
at | east a pbeforomwtal dag hitildlengaggs ther integiof sedacsfISeafotpspl4d ThsfPRE eutting
plurality iseOMaiedmid L 26 bit D%nd W ' i+ Of
claim1l, V\hef%?]nﬁ%mt | o%tsano g%cﬁﬁg ade % jbétcgn?n rolt%z;:'g1 ﬁg%éﬁ y%?étd?ﬁauer

and trail i ngpedde Pt wbptentialby the syve pefacniprdfile widlsthsinscarpbsadehereatiye, have
onfi qur at oo ot Tist i Jader, MEG! Tl s the 5 M SRR o imper surtyce 15
provi de at | efsesesiibepdhes prriglly drilled theratirpagle niis #an be vequa e ippen sysface S
bl ades about of RgntRPddoncave portion of nose 14 exhibits a similar cone angle to that of cutter
profile CP, while the outer surface OS thereof exhibits a steeper cone angle, resulting in
a thinner shell proximate the centerline L of reaming tool 10, and ensuring that the nose
portion 14 will be drilled out from centerline L toward transition shoulder wall 18,
which will be drilled out last, ensuring the absence of any large material segments from
nose 14. As noted previously, the PDC cutting elements 30 (not shown in FIGS.
5A-5C) are completely removed from and radially outward of the drillout diameter of
rotary drag bit D. FIG. 5C depicts completion of drillout of the concave portion of
nose 14 and partial drillout of transition shoulder wall 18, the radially
inward-to-outward drillout pattern ensuring that no uncut segments of nose remain after
- drillout.

While the present invention has been described in the context of an illustrated,
example embodiment, those of ordinary skill in the art will recognize and appreciate
that the invention is not so limited. Additions and modifications to, and deletions from,
the described embodiments within the scope of the invention will be readily apparent to
those of ordinary skill in the art.



11. The reaming tool of claim1, wherein the plurality
el ements conprises cutting elenents selected fromthe group

consisting of PDC cutting el enents,
di anond i npregnated cutting el enents,

of cutting

TSP di anond cutting el enents,
CBN cutting el ements, and WC

cutting el enents. 12. The reaming tool of claim1l1, wherein a
central portion of the concave nose portion exhibits a
than a peripheral portion of the concave nose portion.
ream ng tdamsHf claim 12, wherein a wall thickness of at least the
central portion of the concaye nose portion gradually i
a cent er 1t Keresaningtocl, COMPAISEELI vy t onard t he peripheral portion
t her eof . 4 subdtanthaly atnilagbbdghaving aaioncavewsegiartion

engaged i ni

di spos
i nner

e of a conventi onal

wWeRARHIGT MM gi%ﬁ_ro
ed 0ol proxipate the cepntral
suafplueality afcirmamfesentially spesechsparakiysanfigyrrs

of the CO“%EIV ﬁggcopagE.fcdeof'«ailsth%pg}g}%w&stahﬁany%@uaw

t hi nner wal |
13. The

ncreases from

i nner surface
tion, to be

PDC drill bit
portion of the
ein the

concave NOHE:dey bi AR ExtBHbIroT theidy éxteaklins Srqmproxkt e a centr al

portio
portio
surfac
conven

therew t h. radi]ai

nose p
t her eo
t her eo
bearin

N thel Sl il SRahltR BalSidod REIOACESd RICHIRB! fark
AR 1 e B R G
t i ongonABenbing titpsskstantialyma stende tapssing,

peri pher al
rein an inner
nter a

nd i n contact

Htieh lehvihg 4 Gubsteamtislly t he concave

ral portion

ortionelr?f-t‘l)siﬁts agmart?at ORAIS SktEpdd
f 1 eSOD8 S&“%&?.apﬂﬁgk égﬂ%E%§' e a gérlﬁﬁeral portion
18g €8, i3k

f. 1i8g, beecledamxia)ly ben .

9 erBgheemmd saiguted sl positimneddn theside wall
of the substantially tubular body for contact with a bore
hole side wall, the cutting structure comprising a plural-
ity of cutting elements disposed along a rotationally
leading edge of each blade of the plurality proximate an
axially leading end thereof.

2. The reaming tool of claim 1, wherein the concave nose
portion includes at least one port therethrough extending to an
interior of the body.

3. The reaming tool of claim 1, further comprising at least
one bearing element on each blade of the plurality, located

- proximate the axially leading end thereof and rotationally

trailing the plurality of cutting elements thereon.

4. The reaming tool of claim 3, further comprising a layer
of tungsten carbide proximate the axially leading end of each
blade and rotationally trailing the at least one bearing ele-
ment.

5. The reaming tool of claim 1, further comprising a plu-
rality of additional ports extending through the arcuate shoul-
der transition region extending to the interior of the body,
each port being substantially circumferentially aligned with a
junk slot.

6. The reaming tool of claim 1, wherein the beveled, axially
trailing end of each blade of the plurality carries a layer of
crushed tungsten carbide thereon.

, wherein the at | east one



19. The reaming tool of claim3, wherein the at | east one bearing

el ement conprises a superabrasive, substantially hem spheri cal
surface. 20. Areamng tool, conprising: a substantially tubular
body having a concave nose portion having no bl ades extending

t her eover and being devoid of cutting structure thereon, the concave
nose portion extending to a side wall through a substantially arcuate
shoul der transition region; a plurality of circunferentially spaced,
spirally configured bl ades on an exterior of the body extending from
proxi mate the shoul der transition region and defining junk slots

t her ebet weBn Thenreathihg tobeash othignd, oishepsih Q'l@@ﬂiéﬁﬁﬂtnd ng wth
i
av

subst antj f ' ' . y to a

porti on ﬁﬁﬂﬁeﬁg& stgi&i‘-‘f%?? Oﬁﬁﬁ??éﬁf@%ﬁﬁ!?ﬁ%@ 'ng a

radi al | yPIEREPGPS CHIHRR Sl et ipdrpgrechand irplatively momggend; and

cutting gXGseBMure disposed along a rotationally |eading edge of each

?Lgdfegf ®$hahd W%Eg ofichaine 1 awheyeidl dtleh @ﬁicﬁi\dg hg:} ZOL car iZﬁ-g

el enent @o#}uiglé%%ﬁ inﬁé{ié Eg?gep#ﬂéﬂﬁeﬁpﬁ%@gﬁ E?E%Eﬁgfe the axially

| eadi ng €ERd WHBBBESIERCASide onal |y trailing the plurality of

cutting el9rihe searhéngdool of 2kainTHe whereingpdrtionsadf eachh m 21, further
t btatHIGA1 PTeAfA bl PEDIHOTBASed iRrgFal |y | eading

conpri siggdaal
end of eath blgélicﬁ a d.rot tlonai)i#/ trailing east one bearing
el ement 8I¢ CO¥CT B’Bémg.ﬁe{lo%f . .claim 20, wherein_the concave nose

portion i Ad. (ke reamingsioodnf eleam havkenein agpitehiehtheg to an
spiral configuration of the blades of the plurality is suffi-
ciently steep to provide at least substantially full circumfer-
ential coverage of the blades about the body.

11. The reaming tool of claim 1, wherein the plurality of
cutting elements comprises cutting elements selected from
the group consisting of PDC cutting elements, TSP diamond
cutting elements, diamond impregnated cutting elements,
CBN cutting elements, and WC cutting elements.

12. The reaming tool of claim 1, wherein a central portion
of the concave nose portion exhibits a thinner wall than a
peripheral portion of the concave nose portion.

13. The reaming tool of claim 12, wherein a wall thickness

———— - of at least the central portion of the concave nose portion
gradually increases from a center thereof radially outwardly
toward the peripheral portion thereof.

14. The reaming tool of claim 1, wherein an inner surface
ofthe concave nose portion is configured, in cross-section, to
be engaged initially by a cutter profile of a conventional PDC
drill bit disposed within the reaming tool proximate the cen-
tral portion of the inner surface.

15. Thereaming tool of claim 14, wherein the concave nose
portion exhibits a wall thickness proximate a central portion
thereof less than a wall thickness proximate a peripheral
portion thereof.
~ 16. The reaming tool of claim 1, wherein an inner surface
of the concave nose portion is configured to center a conven-
tional PDCbit disposed within the reaming tool and in contact

therewith.
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interior of the body, and further conprising a plurality of

addi tional ports extending through the arcuate shoulder transition
region extending to the interior of the body, each port being
substantially circunferentially aligned with a junk slot.  24. The
ream ng tool of claim20, wherein the beveled, axially trailing end
of each blade of the plurality carries a layer of crushed tungsten
car bi de t hereon. 25. The ream ng tool of claim20, wherein a
rotationally | eading edge of each blade of the plurality axially
trailing the plurality of cutting elenepts is tapered and rel atively
nonag- gldsdbeacamingtoshef claim Ity wherleinthetenoahosther ei n at | east

ponii Ak al the plurality
ook gt i )
wher of Hegof nsqgage el itickiess. pkviximgie.a BREPLS eadi ng and
trailiR§ égelf reof are covered with tungsten carbide. 28. The
ream ng 180 rezinaing 2] ohekéng awdicreth tHe aheaspiondl configuration

of "t hehbhalg Bt ot A ubs s LhEOLL N oop (o provide at
Feast Subgtag iy BT ORI oI of whe”bl aes o

struct BEnplemaest @@mpﬁgesalaersapesahabh_ca, esubistantialy gr oup
consi shemdspHieridal sufadeng el enents, TSP dianond cutting el enents,

di anond ~ t: ting el ements, CBN cutting elenents, and WC
cutting zmg%@lﬁg 601, compHising;

a substantially tubular body having a concave nose portion
having no blades extending thereover and being devoid
of cutting structure thereon, the concave nose portion
extending to a side wall through a sub stantially arcuate
shoulder transition region;

a plurality of circumferentially spaced, spirally configured
blades on an exterior of the body extending from proxi-
mate the shoulder transition region and defining junk
slots therebetween, an axially leading end of each blade
commencing with substantially no standoff and tapering
radially outwardly to a portion having a substantially
constant standoff and having a radially inwardly extend-
ing, beveled, axially trailing end; and ‘

~ cutting structure disposed along a rotationally leading edge
of each blade of the plurality proximate an axially lead-
ing end thereof.

21. The reaming tool of claim 20, further comprising at
least one bearing element on each blade of the plurality,
located proximate the axially leading end thereof and rota-
tionally trailing the plurality of cutting elements thereon.

22. The reaming tool of claim 21, further comprising a
layer of tungsten carbide proximate the axially leading end of
each blade and rotationally trailing the at least one bearing
element.

23. The reaming tool of claim 20, wherein the concave nose
portion includes at least one port therethrough extending to an
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interior of the body, and further comprising a plurality of
additional porfs extending through the arcuate shoulder tran-
sition region extending to the interior of the body, each port
being substantially circumferentially aligned with a junk slot.

24. The reaming tool of claim 20, wherein the beveled,
axially trailing end of each blade of the plurality carries a
layer of crushed tungsten carbide thereon.

25. The reaming tool of claim 20, wherein a rotationally
leading edge of each blade of the plurality axially trailing the
plurality of cutting elements is tapered and relatively nonag-
gressive.

26. The reaming tool of claim 20, wherein at least a portion
of a radially outer surface of each blade of the plurality 1s
covered with tungsten carbide.

27. The reaming tool of claim 20, wherein portions of each
blade adjacent rotationally leading and trailing edges thereof
are covered with tungsten carbide.

28. The reaming tool of claim 20, wherein a pitch of the
spiral configuration of the blades of the plurality is suffi-
ciently steep to provide at least substantially full circumfer-
ential coverage of the blades about the body.

29. The reaming tool of claim 20, wherein the cutting
structure comprises cutting elements selected from the group
consisting of PDC cutting elements, TSP diamond cutting
elements, diamond impregnated cutting elements, CBN cut-
ting elements, and WC cutting elements.
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