REAM NG TOOL SU TABLE FOR RUNNI NG ON CASI NG OR LI NER
AND METHOD OF REAM NG TECHNI CAL FI ELD Enbodi nment s of

wo b@7i1ss7ent i on relate to a ream ng tool suitabPer/is2007/011543
running on casing or liner, and a nethod of ream ng a
bore hol e. BACKGROUND When runni ng casing or |iner
into a predrilled bore hole, it is desirable that the
bore hole will have been drilled with intended
cylindricity, to its designed dianeter, and w thout

mar ke R EIRVMIING POOL SULPABEEJAOR FUSNNENCNON EASPREOR LINER

Unfortunately, due tanpmaSTHOWNORREAREHNEOr mati ons,
irregularities such as stringers within a formation,

the use of out-of-tolerance drill bits, damage to

drill bits after runningrg i hol e, bottom

hol e assenbl y (BHA) confg’lrgg%%t]l ons%gérr]g]?oyed by the

dri | | eEmbodiments of the trviestion sclaterte, a rdaeningéed] dwmitable for running on
h | S, 1 ' e her ef.or it is desirable to

o istha B it LR e IR B eld 170 ne

existing bore hole with a cutting structure at the

| eadi ng end thereof to en nt, as

necessary, of portions of %@K%W so that the

casi ng Wiierd fuf@ingh@yinReor litier liftota peArilled BolOhdle ! i@ id Asirable that the
e tenﬁ i nt ended, _Vari ous approaches_have been

ful l .Various ] ] ) . .

2bore g ilPavR eﬁasf{ﬂl%eg‘ BHBvntraded culindrisityy to itgedesigned diameter,
Shfid R@hBiLE Matket QRVIBBnS @R Iak 'Ja%leé‘ﬁﬁ' 416ng ﬂg?ﬁﬁi. SURNrtunately, due to
results. DI SCLOSURE OF | NVENTI C nmbodi nent's of the

r Bapsitiops beiween fqrmatiops.dmeplaritienpushses striggerstvithing foymation, the

t U@bﬁéutb&d%lle:?ﬁ'}@eQﬂ*ilﬁbﬁ?,%’(aegegﬁftﬁigfpiﬁ LS ﬁ?ﬁkﬁfédinw the bore hole,

to a side wa t hrough a subst arcuat e

sheftmadrole pssersblyi GHApgonfiguratinnsresanivyegl by tie drillernd various other
f}@déﬂj’rgﬁﬁéi&% E%I@glgfii%%%ﬁtey %‘%ﬁ&;edenl arging, also terned

reamng,"” o rough contact with the
si de wdlhereférer éofs. dghmble tonprovde "the scasgdoh diner eing aun into the

NQL=J: 1 J1id | a e r at of, enbodi ts

T, B R St 0 o
aenlargeimnegt, s tneoessarya o pgrtizimse)ﬁ the bemleﬂbolhhtﬁhabﬁsing or liner may
e 0 R B R, Bl BB v e
| atternpted iwthet it Ophyvidena 644 or liner string with a reaming capability, with

inconsistent results.

DISCLOSURE OF INVENTION

Embodiments of the reaming tool of the invention comprise a substantially
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
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enbodi nents, a plurality of circunferentially spaced,

spirally configured blades may extend on an exterior
w@boorhas7hody from proxi mate the shoul der transPCT/082007/011543

regi on anddefine junk slots therebetween. An axially

| eadi ng end of each bl ade nmay comence with

substantially no standoff fromthe body and taper

radially outwardly to a portion having a substantially

constant standoff and having a radially inwardly

eaéfmdjmng 51016 Hedresbiwadsi. ahYaxidlB} leadidgeshd. oﬁ“edéh Widde ta¥y commence
enents may. be di sposed. al ong

PR BHERY 1 B SRS L e e BaDn ot iaRer pditlioutwardly to a portion

PhaVidg 1ol YulRERKaTH @neRnA¥iaalbl hRPRLTGE
Anotﬁéeral embod |lmt of 1!al{]he i nvent i onhcgﬁpéllqggggﬁgq%,ﬁdgé extending,

opevgiad, priay drpiling P@fbnﬁﬂuraé@y of enttingrlenients naaysb@éiSposed along a
gil% éetngvgﬁ?’@ext e@éddg%rbf%bﬁHaﬁe Brat { %1?1 e.an daelﬁl leading end

axi a e rea ereof .
nibeteod conprl ses initially engagl ng the nose prOX| mat e

a centr t here Wi t bit, ro i1

e ar AP uRP enRa BEtndibaod chmontey i G arting out 2
oxgamti e tawd senﬁgmml tahe shemha\ahg porotse anart heialpleadry @id tiiereof and a
gghgﬁvgggy en I&glg;ry th %%];QA\?\V ! he I(F efo%njges initially
paiggigt ihe@owé pm)@ﬁ:awu edtiveatl poRitn mfere@frvﬁﬂfm ﬂﬁlltlﬁﬂ lrotating the drill

ordln othe se ventlo FIG. 2 is
aﬁ‘?é’bsé‘&‘? mf’f ﬂ’aﬁ dbfaese drom, ﬂFee‘é\?ﬂ“ﬁ‘b portion thereof
t @aialmﬁfewdfdng tdvﬂarﬂ Iaqaeﬁpﬁ@mheﬂeamm {he¥ideF WAl o?tﬁx‘ef’ooay

frontal elevation, |ooking toward the nose of
reamng tool of FIGS. 1 and 2; FIG 4 is an enl arged,

si de sectional el Br#:F BIESERIPATDRIORDRAS A @aded
insert disposed in a blade of the ream ng tool of

FI GS. FlGnk ipa peesppetive viewnef degwhadiment efjaccaningnieok pccording to

thetﬂ?é‘sehpﬂxlve @ FIGS. 5A through 5C are schematic
depi'ctions 0112 a quarter-sectl on of the ream ng tool of

t he pr E¥end is aperppdctivg viesy dbpiathedmbodiings. ofla mani @] according
atoc[ﬁgégghhqgg at lRC rotary drag bit approaches and
dri

roug Fe nose, depicting how drillout is
ef f ect EHGS B asnat frentak legatiom dogdlting tewank ¢heofiodehef the reaming tool of

R G oot e Tt o o N

FIG. 4 is an enlarged, side sectional elevation depicting an ovoid-ended insert
disposed in a blade of the reaming tool of FIGS. 1 and 2 and protruding beyond the
major diameter of the tool; 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 (hereinafiter
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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An enbodi nent of the present invention conprises a
ream ng tool, configured as a reamng bit or shoe,

w@iorakd7eo f or running on a casing or |iner strP@muUS2007/011543

(hereinafter referred to for the sake of convenience

as a "casing string" to enconpass such general type of

tubul ar string). The ream ng tool includes a tubul ar

body having structure at atrailing end thereof for

connecting the body to the | eading end of a casing

stirgilifig et dhénsdLfudi comnbetingf thecbodysto tAt 1édtng eadlofd @B string and
theregf. The nose is configured with a shall ow cone

proending tayrard amesn gt thrdeading end thseotof | and a

pl ural Thy ke ik adasigtredeRithi A shaBdWEeRIné Ploled %grré{i’ﬂcﬁﬂ% the center
confi guratl on froma periphery of the nose, comrencin

athererbiand acplurakisy efibladay exfend,insa steeplyinitghed spiral wanfiguration from a

: pst G .
PR osk WAL ol PR BB o santrs

t fiempthei btk yowhard the tredimet endaofjteabedy. sThs blates ahper axially and

f fromthe bogy,tq a location .
SEABNR Ry B o Bl 0" Bl RO, ggantaly constant
j tandodf Gom thiedroelyabveloraticih proxémbiertheilr akislynesdlng ends and defining

i.ncl udes .a port therein through which decilling fluid )
(N5 54 ke T, Aot b R ot koA, netd yein through which
t drilting Hldid (asdiSlatty, 6érhént) mBbe WicOlatdieddwaRaflly th@ugh the casing
ngse and int tEae Jngntg slot, which circulation may be

SRRt RS ey Frcetnd the o8 audh o) R Apaic pigb ich girculation may be
téihanesd thheufletiePhRy ¥f additibRalNREE pbid 'ﬁutolilgltlitﬂé %Efigl‘ietrgfeof the nose

The rotationally | eading edges aken |

t he body.
dg?’@ég?gﬁe%qrqfﬁ?%h%ﬂ rotation, conventionally ‘

cl ockwrgé€ roftiohdl§y lQ@a?h eggéé. kSR et @ldcnpal ?fiinntended rotation,

reamng i s contenpl ate each bl ade between

| RPRiEoIEHY tdheieidse,armf dhpoicatinat swinigchwher itadenal reaming s
r QARSI afed) bt dhHBLEE b eﬂrtﬂg'lga%gn%%ﬁchﬂl%r&)lf%au é(yinpgt which the
super aprasi ve cutti ng e enments, | may conpris

pakge rgaches |fukhedidingten rate compaled ¢RDG) ptwhtityngf superebtasive cutting

f i . Lrect] of inte d rotatiaon. The P .
AehBs JOE Sl Sl por i GHEFRe flsBlond pafifet GDO) cutting
chlemrents facifig & dheiditection of irtemidddotatiohe ThetPC kufingill@nents are set

t he .rream n ool fqr drillout..to.faciljtate the )
TS THE fiis LBBueh fiapieerph i hitanGihdesl fsche Tnistapn g the reaming
suohfasirilfoar, toXadifitate tHeld@dd 1B proddsk] EuthiVioleiNMtsfbBS&her materials,
be lpyed if suitable for the formation or .

& ﬁ%% g’ff?"?lapl?e nesintachida (Whbmay @l bs gmplaygd Af suitable for the
AoRh BRI iof FofBaticHst & 86 drdBulessd, ttﬂés‘éu&htiﬂ% &lts again being set
Radi.al |y outer faces of the -blades along the ta ereg

dBYE1S HiG pass QHPUQ? diameten draighy auigr fagesof the lglatfqﬁ alng the tapered

| jir6n HerbdfUib §hovilBd Hifa ARG thitkAsHS Jr0kdiHeANBhbsfen carbide,
behind the PDC cutting el ements. Bearing elenents In
tm%chd'pfﬁt@pglly behind the PDC cutting elements. Bearing elements in the form of,

for example, tungsten carbide or PDC ovoids are disposed in recesses in the exterior

surfaces of the blades, in the tapered portions thereof, the ovoids being overexposed
(extending farther from the radially outer surface of the blades) than the PDC cutting
elements and in locations rotationally behind the PDC cutting elements. The bearing
elements and their relative exposure prevent potentially damaging contact between the
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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for exanple, tungsten carbide or PDC ovoids are

di sposed in recesses in the exterior surfaces of the
whb@daes373d n the tapered portions thereof, the PUDUS07/011543

bei ng overexposed (extending farther fromthe radially

outer surface of the blades) than the PDC cutting

el ements and in |ocations rotationally behind the PDC

cutting elenments. The bearing elenments and their

rel ati ve exposure prevent potentially damagi ng contact

batteramfacheoBE biadet axngllg lraitiaigg the adpéréd\p‘brhﬁhﬁbéz@fng‘iﬁe ?DC cutting

I t | ar. hr o e casing_stri
QS P Brlia RA b 1 R et ers ot e otasionaly
Heading Bhd tfaalﬁhglbdlgeé Wiehe Bl4OEACERe [tfngith&rﬁh%%hx?%hﬁisl of the blades

trailin red poytions bearing t

PP PEFFE %E\i %{l% 1y ipwargly tagrard the dody, and prowded with a
aeldnivel; thﬂ;ik 1hy&&ifcaksﬂe&td tehQpAlidonal | y | eading and

trailin softhe bl ades. The longitudinally

t;%?gl Iéliltl'lll‘-lg QSLprfge botidbe bedy He eordigueet] awi @k)tl;mzmctlnllout by
rdivahtiohal RY@H '

rel ati velay t hi ckycs té‘%?hg éa%éb%g%ﬁ f%q ?geg&(car%nagﬂ ot tnd remaining
tRel nasedr it bgsedpld. e of the body is conf| gured to

optim t Y nal t bits w I hout

| eavi n% eﬁ'iﬁ hgggtr?ebp’nlps%o (rJif & %‘ 7 ffﬂgef gf%'éngse [FEFRinggool 10 (in two
tsbightly ogﬁ'enent embotiorentd) @k eesﬁaeﬁeélyldegxdﬂﬂil\id BIG$.GBand 2) comprises

4y O A B i M e, s

d:sfpnzrt eﬂoth&r Eumly hafihehe®) o€ AMPYivlEsh tis) manaﬂleteeg yealﬁy drillable by
such

d of a le _material
PPl BB P fons il B cThabod bt jnchiied amesal, which may
dre edrfipared indth a?shalw CEdIRhOS %roiﬁ@sﬂebéésgi 'ttwvﬁjal l‘ﬁe t}%nterlme of the

conventi o gé gﬁc rol | er cone dril bits.
TS 108 Bsencpye piile maydie fb%hﬂél@m GGy eﬂomﬁt wxable concave

qiﬂaﬁleovﬂ"h&ﬂwytﬁtrﬁﬁﬂﬁbﬂsemf@ ﬁ%ﬁﬁegaﬁ QW LAidH Bipers axially and radially
centerl ine of the ream ng tool “The concave pro ot 1] &

ﬁ)ﬁ]ytwﬂ'g 3ty | 2otRpiting end b@tilii élos S‘{thl‘abl womhdamdn structure such as
Rhtefdall @hredBie (mss‘?xo%) tf&a@ é:'cﬁffg réz[}}ut%\%gto t8 ? Aeaéhng end of a

whi.ch t apers axi al and y ou
{CRNE| sgnendThe tt?@dsflomobetwherc thé snope: dvli ded smiet wall 16 comprises a

HanSiEoH sBoullERaR 8107 ts?ﬂs’f%ltltahg aﬁ&aﬁ é‘g(ﬁ)stn &chﬁ a%fl V\gnch may or may

connectlng ream ng t oo
&at exgbifta ¢angtanT heslity eihgirvatore. batosatal pdre Iﬂﬁpéhslﬂorﬂrtﬁe interior of

I S . atr i.,tion shoul de walll
BpA 193 thd BUBAOPL B8 oo, ahfatiiont SAS B bt fiign the extesior
&0 thedptenior oékhdl)blz throegnishditiod shbultfer &fallCL8. vat ur e. A
centr s fromthe i ter| r of hody 12 t
t he e% e‘gl ?Ba?ﬁ Nt ﬁ@gﬁsogg 15y figPazed OPoRs expRer ﬁérttlg‘ﬂ?f body 12,
exteadihgf framat loeatiod wrokidiaté €hd ﬂﬁﬁllh%b&éé of theftrdeionMoulder wall 18

ough, tr, n shoul der wal |l
w}{h NS tandgfrtl%ere om, ancij &ncreasmg in standoff as they taper radially outwardly

as they extend toward their respective axially trailing ends to provide a radially outer
surface of increasing diameter. The axially trailing ends of the blades 20 comprise
beveled or chamfered surfaces 22 of decreasing diameter, extending to the exterior of
the body 12. The blades 20 are configured in a steeply pitched, spiral configuration on
the exterior of the body 12, the circumferential extent of each blade 20 being great
enough to ensure complete, 360° coverage of the exterior of body 12 by the plurality of

blades 20. Junk slots 24 are defined on the exterior of side wall 16, from a position
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A plurality of blades 20 is disposed on the exterior
of tubul ar body 12, extending froma | ocation
w@e@ilsEse the trailing edge of the transiti onPGHUS100B011543
wall 18 with no standoff therefrom and increasing in
standoff as they taper radially outwardly as they
extend toward their respective axially trailing ends
to provide a radially outer surface of increasing
diameter. The axially trailing ends of the blades 20
cpropimste trevitiosshonldehwall dBpehchyuiflasies 22 Beinlg mrcumferentlally aligned

deg eaS|n endi to the exterior _of th

S0 G940 Bart Pp TEHE Gostd iR int Gasectn o Bopbbginyespective leading

peﬂidsl;‘l €d10\81pgrthé in@eidedinl AAddFf 61 blddes @0t d Eélngfdetﬁﬂ‘é‘d between the
a% & é)ghth ircunferential extent of each bl ade

bR §IE % Btﬁf;h to ensure conplete, 360 coverage of

t he eXBﬁﬁélﬁBra@vaeWﬂné-%lé?ﬂenkhﬁl rﬂlléJ G to¥ qu) bo]:lﬂglqgc‘ ?ﬁ%ents 30 are

Junk slots 24 are defined on the exterior
18ispesednalang dhe roatipnalli teading ccégﬂgu off ga:phshhdboeo Vigid PDC cutting

Sy ATl Sl ) UL SO S o fn. one
i ﬁoréepmngffrx@mnlhenfra Sm@}ié@ﬂ’in@ cuttay akynmndss dieldsedingU.S. Patent

an f ades 20 an
defql:)’% gggbe ; é&] tcﬁl])e 12.?%; g 85 g% %Fsei:% anye lf)g.r _Asgnoted above, the PDC
Wén&b}mnm3@ atd sat putdiderdietmss thrbligh tixnmeted ofPDErill bit intended to

I 1 30 are.dis ed al t he
0 B TR eata S BTG R BPiee Bp ereutopesess s also
ccmttemglaﬁfldelhemﬁupeﬁdbrmye CEIRg iefnaily ofHék iRdH PDE[&ttm% elements, as
i ng Tt configuration., One nonlimting exa

oWeQ SUPHRE SlmeRts, g & wpiraln may he sovplered i iwplsmenting the
Predit 1Euwéxﬁﬁm40%oré‘ézﬁsinﬁiﬂ@dtﬂe@mﬁﬂ'ﬁ3 HE B 8uf ﬁlﬁ diamond cutting

present |nvent| on. not ed above, the PDC cu

eFemeniss @G‘%deu%ﬁg‘tﬁﬁ?ds PeEing HHegiants, thledghomnaMBdCBN) cutting
Odleehltsiahll i stéd"éﬁﬁ‘ﬂ@‘é\ﬁ@) Qﬁm'f;g"h% eﬁﬁ@m‘ 1% Fﬁl in conS1derat10n

reams‘g]tool or drill out, aC| tate
argcferjsicg 0§ ghe &mtnpnazre’@nmhmnsugagabmasd mad the ability to

#lbpgreﬂtﬁ%ﬁmléssog dnshd Rgeglgltnt Q958 nFO,ﬂgg?th characteristics

as cutti'ng ele ntso er|
el?ﬂﬁm@fyed in inmplementing the present inventi on For

g)ljta {rlp |nga del %ﬁ ie{]%; A %f?sr%? fqﬁ-pﬁfééﬁsaé(l S@gﬁ&bfz ﬁaé)ered portion thereof are

segwviged s withu i (:elhmlvdjn thiidle ildger( GBNrushtd itigestdrerdRide 34, placed

PR oG8 5 U8 TS Bt i 1,

tlhgerfcﬁfrmhedrtuﬁgstéxo emmdmlshelam@e ye&mﬂnfémltiah? wide, axially short
ablllt%éo enplge{ atlvlyless expensive cuttin
SRfih ¢ it i AMGrpeiat 9 ey row Of PDC cutting

Raethedts $00wWhee if Uhé %ﬁﬂ)‘bdﬁﬁexﬁfoftﬁl@} b 3ARSp1aLe i aE didtpated groove
ta ered or}|onthereof are
xtending axially at least along the entire axial extent of PDC cutting elements 30.

Bearing elements 36 in the form of, for example, tungsten carbide ovoids are disposed
in recesses in the exterior surfaces of the blades 20, in the tapered portions thereof,
circumferentially between the PDC cutting elements 30 and the relatively thick layer of
crushed tungsten carbide 34. It is also contemplated that other types and configurations
of bearing elements may be employed, such as, for example, hemispherically headed
PDC bearing eleménts, or bearing elements formed of other suitable materials. The

radially outer surfaces 32 of blades 20 axially trailing the PDC cutting elements 30 are
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provided with a relatively thick [ayer of crushed
tungsten carbide 34, placed rotationally behind the
wOoRKe7a83789 ng el enents 30. I n the enbodi ment of PEX/G52007/011543
the | ayer of crushed tungsten carbide 24 is relatively
circunferentially wide, axially short and conmences
axi al |y above about the m d-point of the row of PDC
cutting elenments 30, while in the enbodinent of FIG 1
it is placed in an el ongated groove extending axially
g%rowﬂ@é tm% &[égmt 16rSBYed 8F BRhden SxbRIM 30 RkE eﬁ%ﬁhﬂ&lt of FIG. 1,
enent s Bearing el enents 36 in the form of
eaxwpt of tnggsn errride b°18d exignds gubsipntialiys puerethe wtlre radlally outer
sse
rf%‘f apgr e%1 ‘6%? fi‘ons 11 er eo{e Cl réllg}fe {a!r;f;ﬁf& a??ﬁe aﬂrgs{eﬂ carbide is
tsabmmnltyh alisioGed uint itwg eloagemdsla@@rsarw tit eg:roelvas w@d:r;dmg along

68*’??18%?%?%?{% g{léj iliaﬁd ; u&y%s ésb%(? et&gf'rg atlgﬁal‘?)(f) ?ra%mg layer 38

Qﬁ&!ﬂdﬁkﬁg £tiele Kveard@ypsd 4 eopb ﬁyedencsmiihcﬁ&llyfn@hmd the relatlvely thick

, h h | d PDC
gPY%‘e 8 |Hﬁlegg1]]egﬁg%§)§q? &4%@%}%2 efalpﬁgr £emarl n? e1y1ng mrcumferentlally

NRbRbbeen. TH dx@liyatkdiMing BeRtledbuffA6@2 B2 tAE chlifsEthe Hades 20 are
axi al I% trailing the PDC cutting el enments 30

arepdsd vdde Wlfetweém@né? laygr of qrushed tupestenEbids 4Qar bi de
38. | nrhbRo&O0de FBMin8ltodll 10 iskbonBghRURKitIPhn biAIYBERT) derived shell

carbi de 38 extends substantially over the entire
rGral thicknesse pelseted fovease efadiillontadd minimpm thickness g designed by
[
AT flalfHC(nEa) T I 1ARAAR SRTE P Braue g be applicd o the
@mmgtce»ltlé)ndhmrgg s nFhe shigknessdb loptimdzed Bﬁgﬂmﬁdhe deSIgn affords a

t I

sra?ét& fgcgmeg?% ?1%? g é/glla t%gg%ﬁggc} lé)vta\glr 2 p%%%éét%%%rld\ér Wia?dh feglgung tool 10
emt@belrmmt ationally behi nd the relatively thi ck | ayer

of tu t en_catbi bear i ele t 36

ol r cunfBr SHRTRTRySt e Aok o amhy bk gy Htbre? pioidifle the reaming

bewel @dxesalﬁlﬁ@aegui’& wetelﬁthﬁnghdﬁfoﬁﬁaﬁdﬁewhﬁladﬂewﬁig theaose portion to
rovi.dJed with a relatively thick |ayer of _ crushed .

P ufien obt gt fes e Braotsintites AL Rustin 15 e GProsppte. Tt is also

| Sote®IBfthatUhe db¥énich o blatea 2ptihane wsed@rea\pe@je&heg hbove the face of the

(wal ') thickness, selected for ease of drillout

RReANEISHIOE R audntrrupied icghatmayerial o tiae Bpdyyshl in {the nose, making

aiRlryshihe560 POC dihgriigiended wei ght and torque to
be applied to the ream ng tool 10 during use. The )
t hi ckn@ssneted apevigpsled the beprdne elrmeds |3§n CRPEisHE fngsten carbide

SN ¥nbEs iRErObr goﬁrféd%f‘?)‘ﬂ%r shnﬁblg %Atfn@;ﬂs | £8d8%xposed with respect
par anmet ers under which reamn o 10 is to be run.
Ena@f e

TieetheoMo &y ¢utiing felqerpents §9eas) we thg Aupgden garbids jayer, to prevent
P?ag}é%@hg goﬁﬂ@%ﬁeﬁ@ngx{] fhel éﬁgtara\il\)ﬁa ? 5 ﬁ%%mleltr%leﬁlﬁ’s GHtiélfon bladés 20 and

hrou or mat t he nose
ptetintsriot 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 counterclockwise rotational direction as well. Blades 20 also incorporate
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be drilled out wthout |eaving |arge segnments of

material in the bore hole. It is also notable that the
wabwensy3onf bl ades 20 in the nose area projectpPemusivovel1543

the face of the nose allows for an uninterrupted cut

of material of the body shell in the nose, naking the

ream ng tool 20 PDC bit-drillable. As noted

previously, the bearing elenents 36, conprising

tungsten carbi de ovoi d-ended inserts or fornmed of

Qhp&ed Stothidialy Rh&inpaddies 3b Ge@YR! RAPOEE torghé i&nﬂ a%Re&d sidecutting
to the PDC cutting elenents 30 as well as.to th

tageessvAnessy bl fethicky kyer ohomshedotinestsnegiiide 60 r?pafél? axially trailing
b&h%mémsdélmﬁ,s@b{&% Iax%peﬂﬂtremnglcsgmt@ carried on

bl ades 20 and the interior ca3|n% or liner through

whi ch Reteniizgynewdp FIGSmap- E@, Figh . SATHepigisan @liter, fade cutter profile of
b t t;n .

CEBEpFHRPRY PORSAhTB D SRl VAL 9085 19"of reaming ol 10

rlmfomrmwyldn% bﬂd'mmgagdﬁuhé uuenwm‘r&ce dSl ofl noseldr dfiee PDC cutting
f, th bi 3
ralgis Ao BTy Strintm B bt PR BRb dpgetaey exbivit a cutter

emaﬁleecng;gbaaﬁmauy theGhaiel asr’faée pmﬁﬂﬂ W@)llb Iheiilg exposed thereabove have

onvent.i.on cl.oc irection. T carbi de_ |l a
3PS PG o IR SRRt SBoraii s b b erEaged HiF ione surface IS
bett hostNet, bad abs padially driRdithgreticudh. ahk ich bedgas Beé i mner surface S
the es 20, allow the reamng tool ;1) to ream.in
r\ér@& SRS BORIORRE Bas! LLEKBBYT grpidlanépne angls dadhat of cutter

Zﬁ'oﬁ'leSQP' WAL BRY Silte KRB8OS !h@?e%tf eRmBlts X stel ?&4 e @HPRSresulting in
to reduce reactive tor que and reduce sidecu

agythiessishelh p@@umwpethp sentRrling lepf rorming tolpb 40 qmg@wmng that the nose

;;861%9614491119%4 FH %nd baltbAig %Qﬁ&ax‘&fn iQ G fder wall 18,
rovi des an up ream ng capabi erring

nwwchowllill @HM @ﬂ; laSFJ @sufng thepibstcearf amrtlmg,e nfx:acreal segments from

dﬁgsteggllé 8 r.r%; ?edoéreglo‘il%glv qgé Irl“g?r: C#BIDI%% %ﬁh%yso g? g(ggp isltlovl\?n in FIGS.

r m:ﬂ@b ate xguipldtely leng:afgé drdnin@end mdaalﬂy) puisward af'ehd Srilbut diameter of

noe14 he P utt.i ng. el enen ca e face
iy WD BIG- T T EORPITgB Ol R ISH i e goRcave portion of

Cmﬂisfeam pared i pertiaP ﬁuitl)lshanbf aldapsitibe showldes falle 18, the radially

I‘Oflée whil e 2‘?"]1 n sed therﬁabove have been

ol te-pgrvard “P@t P*F rippsurigg that foyricuisegmants ofnqsggemain after

emgrgfd the inner surface IS of nose 14, and has

partially drilled therethrough. As can be seen,

i nner S\hileathe psessnt inventign hag bermadescrbed rrbﬂleoqonff'a% @f g illustrated,

aetynmm %n?ooahﬂbﬁtaih&enﬁ ROasy Elﬁlltxhsﬁqe q&t Al }@Jogmze and appreciate
profile CP, whi e the outer surface OS thereof

ethat Bieraventionds pet sckmitedn didditions end madifications toiand deletions from,
sfgl |

Sl deo BN Rl aitBs SRR AG R8pk oP g IR, L Tfbe {(ddily apparent to

otmos¢ oﬁmdmekﬂhlnéhQMOward transition shoul der wall

18,




which will be drilled out |ast, ensuring the absence

of any large material segnents from nose 14. As noted
w@e@vilzgarsd y, the PDC cutting el enments 30 (not BEDUA200TIO1543

FIGS. 5A-5C) are conpletely renoved fromand radially

outward of the drillout dianeter of rotary drag bit D.

FIG 5C depicts conpletion of drillout of the concave

portion of nose 14 and partial drillout of transition

shoul der wall 18, the radially inward-to-outward

drillout pattern ensuring thgtAmoSuncut segnents of

nose remain after drillout. Wile the present

i nvention has been described in the context of an

[ r.al: xanpl e enbodi ment, those of ordinary

st{sicﬁat@%g SZrt wi |l recognize and appreciate that

the invention is not so limted. Additions and

nodi figcations. to ions from the described

enbodi rfnsnt st. nr‘?’at{&g%éggc hsgl the invention will be

r &£ aubstantiaflp aubular body Ihasmgcnf conchvea aroge plortidn gxtendhigg to a side wall

art. CLAI M5, Wha ainmed is: 1. eam ng. t ool

conpr | Sirekgh "’as‘@lﬁjﬁ?é’{l frk’( rpte Sf‘ﬁ%@f’raﬁ?ar SRR % g\ﬂnn 824,

CANGRY SrfReR deafichd eﬁmtpﬁsﬁidﬁ@d o tHe sidd evatbdf thelsubstaitially tubular

a substantjally arcuate sho nsition region;

and cuPePBHIPT seRtget With 2’8 ‘Sl posi tioned on the

side wall of the substantially tubul ar body for

contact with a bore hole side wall. 2. The ream ng
tool o2 cl alhe reamipg terlipfickaimch e feseonsaye Ress “portion includes

| AGLAEBRe g&t hashr AR RMHdid B AlieAepbr S%tRagi ng to
an Interior of the body 3. The ream ng tool of claim
1, further con‘pr|S| ng: a plurality of

circungerentd ral bl ades

on anméxt eri or o%{n&%%@%gcﬁg{)&gﬁé}m Q;;&B{éﬂg roxi mat e

t & phuhlyl o:femrcumfclsnhalbnspaegd,cnplraﬂ}d cdaﬁglmed! @lqum lenginogaserior of the
t her ebgt n_axi

comeng? rPé n 1n§%b éx?gl'c%gcll ?%&h%ghog{f ?ﬁﬁ%tﬂ c]jg%l geand deﬁnmg junk
radi al Ist)tso tlienélied\bvyeﬁ, mnaaxnarlyl leadihg windgofa esa;lb:bmht C(ahiny:ncmg with
const ant tan of f and a .radi walr.

ext end?‘fﬁf anh ¥In€osm51? re'é{f‘g i alh)% S“R’%\aﬁgg' 0 a portion having 2
pl ur al khpstaftiaiyt Edrzehne! Qﬂiﬁiﬁfﬁ #hids pesiag al@dglly inwardly extending,

rotationall | eadi n ,edg‘% of _.each bl ade of the
pl ural P?‘fﬁlffi/ é‘Pfly | eadi ng end t hereof.

a plurality of cutting elements disposed along a rotationally leading edge of each blade

of the plurality proximate an axially leading end thereof.

4. The reaming tool of claim 3, 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.

5. 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 element.



4. The ream ng tool of claim3, further conprising at

| east one bearing el enent on each bl ade of the
w@bkwrasisy, | ocated proxi mate the axially | eadP@ryus2ed7/011543

thereof and rotationally trailing the plurality of

cutting elenents thereon. 5. The ream ng tool of claim

3, further conprising a |layer of tungsten carbide

proxi mate the axially | eading end of each bl ade and

rotationally trailing the at | east one bearing

el emens.. 6. The lwaexairfg {ﬁ@oltf'cﬂlegidif Z;:,_Cﬂ'uﬁhle?r é?om}%ﬁgiﬁﬁtﬁrphanality of additional
conpri Si a. plurali of additional ports exténdin
tqﬁ}%ﬁﬁﬂ{ﬁ%{g QF@EEA’( thegtenate éhoqquﬁgqnﬁit&q r,egi@p(ﬁaptendinggto the interior
ERABOAN ehéh e bbidztbRhnt@lily dRuRFEknt iRl e h fhik
substanti al | yf)ci rcu%f erenti alylt y g [ gngo}g@\f?ﬁ@%ﬁjmﬁﬁh slot.
slot. 7. The ream ng tool of claim 3, wherein the

bevel efl, axirgh kantibghddi £hth 9waG T —
plurality carri es_lagl ayer co gglcjr)’uvgﬁégg&tt%gs eé%icaéﬂagllyaﬁeaﬂmg end of
t4aeh blgde of thempluraliby pimigs v dayer of cuished@gstah eadide thereon.
rotationally | eadi ng edge of each bl ade of the

plurality axially trailing the plurality of cutting

el enerd.s i sThepsnedg soul of elaini 3;evhereiama@gitioasily fadfhg edge of each

1.ng tqgql of .claim 3, wherein aj | east a )

AEd GRS Pk i il g il oF B R3el mes is tapered and
bleltieclyaopaggressivedf each bl ade adjacent a rotationally
| eadi ng edge and a portion of each bl ade adjacent a
rotationally trailing edge is covered with tungsten
carbi dg. 10Thd hearh@@Mody of QPAinP B, Ghirkdh it MG £1Brifon of one of a
pi E!ﬁ%g of the gpiral configuration of the blades of the
gty jqufer; suriice rqiceacht blode taopprtios of eachgblade adiagent a rotationally
JuREA@BAgA DA ' ' i

&l % E(ﬁéﬂtﬂﬁg&dﬁ&%ﬁﬁ@ 34 a@&ntﬁ%ﬂtﬁgﬁllg Eraglp% ercrl]ge is covered

bl ades about t The ream ng too

Jvithy ppesten carbides) ural ity of cutting el ements conprise
a cutting elenents selected fromthe group consisting
of PDC cutting elenents, TSP dianond cutting el enents,

di anonkd-i npfegreamddg ¢enltafidpiz ehérsin £BiXcle uf tHengpiral configuration

i : ts, 12. Th ' .
RUTHE Bjatcy B bl s0 LB GTRY Spent s preiod A Sptantiatty fun
parchinderentidlicoverage of thertiadeswbblit thedodg peri pher al

portion of the nose portion. 13. The ream ng tool of
claim 12, wherein a wall thickness of at |east the

cent r all. por The feadfing hEolNGSEa® 3, iveHerdh aBe! Plirility of cutting elements
i ncreases from a, center ngr e%]t‘o radi ally outwardly , )

tGRR§e t%§“ﬁt€}3 lfEpepts 6 Fe&n FertBereredp cpmsistipgRfnfDC cutting
tebhentd, TIFditinbnd WL dedBnts\digfnonl lifnpf@mafed (ORI Ements, CBN

1S .
cutting elements, and WC cutting elements.

12. The reaming tool of claim 1, wherein a central portion of the nose

portion exhibits a thinner wall than a peripheral portion of the nose portion.

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

central portion of the nose portion gradually increases from a center thereof radially
outwardly toward the peripheral portion thereof.



configured, in cross-section, to be engaged initially

by a cutter profile of a conventional PDC drill bit
wa@re7as3Ber the PDC bit as di sposed within thePCPEAINY011543

tool proximate the central portion of the inner

surface. 15. The ream ng tool of claim 14, wherein the

nose exhibits a wall thickness proxinmate a centra

portion thereof greater than a wall thickness

proxi mte a peripheral portion thereof. 16. A nethod

of dri{4ingTRYtefninEABbNGf (P FOWhEAM &M iARerdsu#iR8 of the nose is
having a nose at an axially Ieadlnq end thereof and a

sionéigwed) inestossstictign.oiwi el angages! mitiallycy a ewitar @spfileiafa conventional
od. . | A .

P PAIF BBy Sl ol B Hhe 2 SR DR tNoBRIY tool proximate the

t demtrabportioh lof thednnér sufate. rotating the drill bit

inside the reaming tool; and drilling out the nose

fromthe central portion thereof radially outwardly

t owar d1s pemhpkemsing pesltdfalaibcnbs, adiereih fhe dbse axtibitch whll thickness

claim 16, further .conprisjng centering, the drill bit ;

VPORimAte Beeepalpastion Sterentergater than g vl tgkacsy ppx{ihete @ peripheral

ChHibRndp&Stt i on of the interior surface. 18. The

net hod of claim 16, further conprising using a drill

bit bearing PDC cutting elenents to drill out the

reami nggt 0oly dat?( ARG GRY RGMiAY tddh@ofBkureltak iaghoe having a
elements of the drill bit wth cutting structure on

tnesesitoan awially deading epd ghenegf rodla side wath exigadingpxiglly to the rear
ch@té@flltﬁe Wé@é&ﬁﬂﬁélﬁ#' ng out the nose fromthe
( t her eof”

central portion radially outwardly toward the
pimitigiheengaguigan setsridr siffacegodHthe moseairaxinease y central portion thereof
t hi nner - wal entral portion before drilling out the

46l bt

rel ative nner-wal | ed peripheral portion. 20. The

nidtatig the deilllebitindfile theirdaheing cadparidsi ng |'eavi ng a nmaj or
of .the sidewal | substanti.al

E Stk ek oo R e SHED; PHan Heist Hdially outwardly oward 2

peripheral portion thereof.

17. The method of claim 16, further comprising centering the drill bit within

the nose by contact of the drill bit with the central portion of the interior surface.

18. The method of claim 16, further comprising using a drill bit bearing
PDC cutting elements to drill out the reaming tool, and avoiding contact by the PDC
cutting elements of the drill bit with cutting structure on the side wall of the reaming

tool.

19. The method of claim 16, wherein drilling out the nose from the central
portion thereof radially outwardly toward the periphery comprises drilling out a
relatively thinner-walled central portion before drilling out the relatively thinner-walled

peripheral portion.

20.  The method of claim 16, further comprising leaving a major portion of

the sidewall substantially intact subsequent to the drill out of the nose.
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