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FIGUHE 1A

(57) Abrege/Abstract:
A drill bit for forming a hole In a formation. The drill bit has a shank and an annular crown that cooperate to define an interior space

that receives water or other drilling fluid. The annular crown defines inner channels spaced circumferentially about an inner surface
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(57) Abrege(suite)/Abstract(continued):

of the crown and outer channels spaced circumferentially about an outer surface of the crown. The annular crown can completely
circumferentially enclose the interior space of the drill bit, or the annular crown can be provided with a single waterway extending
between the inner and outer surfaces of the crown.
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FIGURE 1A

(57) Abstract: A drill bit for forming a hole in a formation.
The drill bit has a shank and an annular crown that cooperate
to define an interior space that receives water or other drilling
fluid. The annular crown defines inner channels spaced cir-
cumierentially about an mmner surface of the crown and outer
channels spaced circumferentially about an outer surface of
the crown. The annular crown can completely circumfteren-
tially enclose the interior space ot the drill bit, or the annular
crown can be provided with a single waterway extending
between the mner and outer surfaces of the crown.
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NO-WATERWAY OR SINGLE WATERWAY DRILL BITS AND
Y STEMS AND METHODS FOR USING SAME

CROSK-REFERENCE TO RELATED PATENT APPLICATION

LY This application claims prigrity to U.S. Provisional Patent Application No.

61/921,847, filed December 30, 2013, which 1s mcorporated by reference herein in its entirety,
FIELD

{BGH2] This mvention relates to dridl bits for forming a hole in a formation, and, more

particularly, to annular drill bits for fornung a hole n a formation.

BACKGROUND
{B003] Existing dridl buts typrcally have a central waterway and a series of channels or slots

that provide fluid communication between a side surface of the bit and the central waterway.
These channels and/or slots decrease the etficiency of cooling and flushing at the bit face. The
channels and/or stots also lumit the height of the crown of the bit - i a crown with the channels
and/or siots 153 madce too tall, the crown will fail dunng drilling. Thus, the presence of the
channels and/or slots eftectively decreases the hifespan of existing drill bits, thereby increasing

the cost of driil bit production.

(384 Many drilling arcas, such as South Amcrica and Australia, have hirnited water
- L , >
supphies. In these areas, it can be challenging to perform driliing operations using conventional
drill bits, which require large arnounts of water. Even in arcas with larger water supplics, water

trucks are required to haul water to the drill site, thereby increasing the cost of drilling

Oporations.
LLHHIRY Thus, there 1s a need m the pertinent art for stronger drill bits that improve flushing

and cooling, as compared to existing drill bits. There 18 a further need in the pertinent art for
driil bits that reqguire less water {or other drilling fluid) than conventional drill bits, thereby

decreasing the cost of drilling operations.

SUMMARY
| 3006 Described herein 1s a drill bit for forming a hole in a formation. The drill bit has a

longitudimal axys, a shank, and an annular crown. The annular crown has a cutting face, an wner
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surtace, and an outer surtace. The annular crown and the shank cooperate to define an mterior
space about the longitudinal axis. The interior space can be configured 1o receive water or other

dritling fiuid during usc of the driil bit.

{BBO7] in one aspect, the annular crown can detfine a plurality of imner channels spaced
circurnterentially about the mner surtace of the annular crown and extending radially outwardly
away from the longitudinal axis. The annular crown can also define a plurality of outer channels
spaced circurnterentially about the outer surtace of the annular crown and extend radially
inwardly toward the longitudinal axis. The annular crown can completely circumferentially
enclose the mterior space. In exeraplary aspects, the annular crown does not have waterways
extending radially between the outer surface of the annuiar crown and the imterior space.

Systems for forming a hole 1 a formation using the dnll bit are also described.

L HEY Additional advantages of the immvention will be set forth wn part in the description
which follows, and m part will be obvious from the description, or may be learned by practice of
the mvention. The advantages of the mvention will be realized and attained by means of the
clements and combinations particularly pointed out in the appended claims. ft1s to be
understood that both the foregoing ceneral description and the following detailed description are

exemplary and explanatory only and are not restrictive of the mvention, as claimed.
DETAILED DESCRIPTION OF THE FIGURES

LHEHY Thesc and other features of the preferred embodiments of the mvention will become
maore apparent 1n the detatled description m which reference 15 made to the appended drawings
wheremn:

L1 Figure 1 A 18 a perspective view of an exemplary driil bit having no waterways or
notches, as disclosed herem. Figure 1B 1s a top view of the dridl bit of Figure 1A,

G011 Figure ZA 15 a perspective view of an exemplary drill bit having a single waterway as
disciosed heremn. Figure 2B 18 a top view of the drill bit of Figure 2A.

{B012] Figurce 3 18 a perspective view of an exemplary drill bit having a single waterway as
disciosed herein,

LHHR] Figure 4 is a perspective view of an excemplary dridl bit having a single waterway as

disciosed herein, showing g raised central portion of the crown of the drill bit with respective

2



CA 029349545 2016-06-22

WO 2015/103213 PCT/US2014/072683

inner and outer portions that respectively adioin the mner and outer surfaces bemg lowered

relative to the raised central portion .

{3014} Figure 5 18 a perspective view of an exemplary dridl bit having a singie waterway as
disclosed herein, showing a lowered central portion of the crown of the drill bit with respective
inner and outer portions that respectively adjoin the 1oner and outer surfaces being raised relative

to the lowered central portion.

{331 5] Figure 6 depicts an exeraplary drill bit having no waterways or notches, as disclosed
heren, before and after use of the dnll bt i dridiing operations.

{3016} Figure 7 1s a perspective view of any exemplary dridl bit having a single outer

channel, a single inner channel, and g single waterway as disclosed herein.

(G817} Figure R 18 a perspective view of the dnll bt of Figure 7.
{81 8] Figure 9 depicts an exemplary drilling system comprising a drill bit as disclosed
herein.

DETAILED DESCRIPTION
{3019 The present wvention can be understood more readily by reference to the following
detailed description, cxamples, drawings, and claims, and their previous and following
description. However, betore the present devices, systems, and/or methods are disclosed and
described, it 1s to be understood that this invention 18 not iimited to the specific devices, systems,
and/or methods disclosed unless otherwise specified, as such can, of course, vary. s also to be
understood that the termunology used herein 18 for the purpose of describing particular aspects

only and 1s not intended to be limiting.

{628 The tollowng descrniption of the wvention 18 provided as an enabling teaching of the
invention in its best, currently known ecmbodiment. To this end, those skilled in the relevant art
will recognize and appreciate that many changes can be made to the various aspects of the
invention described herein, while still obtaining the beneticial results of the present invention, It
will aiso be apparent that some of the desired benefits of the present invention can be obtained
by selecting some of the features of the present mvention without utihzing other features.
Accordimgly, those who work m the art will recognize that many modifications and adaptations

to the present mvention are possibie and can even be desirable i cerfain circurnstances and are a
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part of the present mmvention. Thus, the foliowing description 1s provided as iliustrative of the

principles of the present mvention and not 1o bivoitation thercot,

{36211 As used throughout, the singular torms “3,” “an’ and “the” mclude plural reterents
unless the context clearly dictates otherwise. Thus, for example, reference to “a channel” can

mciude two or maore such channels unless the context mdicates otherwise.

(8227 Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range 18 expressed, another aspect mncludes from
the one particular value and/or to the other particular value. Simtlarly, when values are
expressed as approximations, by use of the antecedent “about,” it will be understood that the
particular value forms another aspect. It will be further understood that the endpomits of each of
the ranges arc signtficant both i relation to the other endpoint, and independently of the other

cndpoimt,

{33231 As used herem, the terros “optional” or “optionally” mean that the subseguently
described event or circumstance may or may not occur, and that the description includes

mstances where said event or circumstance gecurs and mstances where it does not,

(4824} The word “or’” as used herein means any ong member of a particular hist and also

inciudes any combination of members of that list,

[ GG25] Described herein with reference to Figures 1A-3 18 a drill bt 10 for forming 4 hole in
a formation. The dnil bit 10 has a longitudinal axis LA, In exemplary aspects, the drill bit 10
can comprisc a shank 20 and an annular crown 30, It 18 contemplated that the drill bits disclosed
heremm can wcrease the strength of the dnll it compared to conventional drdl bats. It 15 further
contemplated that the increased strength of the drill bits can permit manufacturing of taller dril
bits than are convenhionally manutfactured, thereby mcereasing the hitespan ot the dril bits. This,
in turn, can greatly decrease the costs associated with the production of drill bits (compared to
conventional dridi bit production). It 1s still further contemplated that the drili bats disclosed
herein can provide improved flushing and cooling relatyve to conventional drill bits, which
comprise siots or windows extending between an outer surtace of the dridl bit and a central
waterway {(interior space) of the dridi bit. Thus, 1t 18 contemplated that the drdi bits disclosed

herein can operate more cificiently than conventional drill bits,
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{(626] More particularly, it 1s contemplated that, during operation of the drill bits disclosed
herein, substantially all ot the water {or other dridling thuid) can contact the face of the dnll bt

it 18 turther contemplated that the wearing of diamonds m conventional drill bits 18 due {o the
high friction and heat caused by the rock of a tormation. It s further contemplated that the faster
the rock cuttings are flushed from the tace of the drill bit to the outer diameter of the drill bit, the
less regrinding and/or re-cutting of the formation will be encountered, thereby mncreasing the
production and cutting life of the drill bit. It 1s still further contemplated that this improvement
in flushing and cooling can reducce the abradimg of matrix which can mncrease the diamond
exposure by mereasing the roatrix tail that supports dramonds on the bit face. It s still further
contemplated that this can create a larger displacement of formation by the exposed diamond and
the creation of more secondary fracturing of the formation bemg drilied, thereby leading to

increased drilling performance.

{BG271 it 18 further contemplated that the dnil bits disclosed herein can be casier to
manuflacture than conventional drdl bus. It 18 contemplated that the methods of manutacturing
the drill bits disclosed herein can employ reduced amounts of cold pressing cycies, placing of

tace waterways and/or windows, and/or hand-setting face waterways and/or windows.

| B028] it 18 still turther conteraplated that the ethiciency of flushing and cooling provided by
the drill bits disclosed herein can reduce the amount of water required for drilling operations. In
exemplary aspects, it 1s conternplated that the dnll bits disclosed herewn can be ideally suted for

usage n arcas with hmited water supplies, such as South America and Austrahia.

{(629] in one aspect, the annular crown 3{ can have a cutting face 32 that adjoins an outer
arcumicrential surface 34 and an mner circumterential surface 35, It 1s contemplated that the
annular crown 3€ and the shank 2€ can cooperate to define an mterior space 235 about the
longitudimal axis LA, 1t 1s further conterplated that the wnterior space 23 can be configured 1o
recetve water or other dritling fluid during use of the drill bit 18, In one aspect, the water or

other dribling thuid can be supplicd to the interior space 25 at a desired pressure,

{BO30] in still another aspect, the annular crown 30 can completely circumterentially
enclose the intertor space 25. Optionally, in exemplary aspects, as shown in Figures 1 and 3, the
annular crown 30 docs not comprise a waterway extending radially between the outer surface 34

of the annular crown and the mmner surface 335 (and the intertor space 253,

LA
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LIRSS However, in other optional aspects {discussed further below), 1t 18 contemplated that
the annular crown 30 can comprise a smgle waterway extending from an mner surface of the
annilar crown to the outer surface of the annular crown, thereby providing communication
between the exterior of the drill bit and the wnterior space 25, In these aspects, it 18 conteraplated
that the single waterway can optionaily be a notch extending from the cutting face of the annular
crown toward the shank along at lcast a portion of the axaal length of the annular crown.
Optionally, 1t 1s contemplated that the notch can extend along the entire axial length of the
annular crown until it reaches the shank., When the annular crown 30 comprises a single
waterway, it 18 contemplated that the single waterway can butier the pressure spike expenenced
at the cutting face and decrease the maximum pressure required at the cutting face. It s further
contemplated that the single waterway can be selectively sized depending upon the pressure
and/or velocity required for a particular drilhing application. In use, it is contemplated that drill
bits having a single waterway (e.g., a single notch} as disclosed herein can be easier to control i
operation than conventional drill bits having a phlurality of waterways. It is further contemplated
that the usc of a single waterway {e.g., a single notch} can ensurc that the drill bit is stronger than
conventional bits, which have a plurality of waterways. In particular, it 18 contemplated that by
using only a singic waterway, the possibility of lever action, which typically occurs at the
location of a waterway, 18 stgmbicantly reduced. Whereas conventional drill bits use a plurality
of watcrways that are balanced relative to a conter point of the drill bit, it 1s further contemplated
that the use of a single waterway yields unexpected benehicial resulls as disclosed herem. 118
stit further conterapiated that the single waterway disclosed herein can {unction as a pressure
relcase mechanmisin and can have Littie or no mopact on the cooling of the driil bit or the fhud flow
proximate the drill bit, This 18 contrary o conventional drill bits, which use a plurality of

watcrways to cool the drill bit and promote more cthicient fluid flow proximate the dridl bat.

(G632 in an additional aspect, the mner surface of the annular crown 34 can dehine at least
one mner channet 36 extending radially outwardly away from the longitudinal axis LA, In
exemplary aspects, it 18 conieraplated that the at feast one inner channcel 36 can comprise &
plurality of mner channels 36 spaced circumiterentially about the mner surface of the annular
crown and cxtending radially outwardly away from the longitudinal axis LA, Optionally, in

some exemplary aspects, the plurality of iner channels 36 can be substantially equally

circumicrentially spaced about the inner surface of the annuiar crown 30. In onc aspect, 1t 18

0



CA 029349545 2016-06-22

WO 2015/103213 PCT/US2014/072683

contempiated that the plurality of mner channels 36 can optionally be substantially equally sized.
in other aspects, 1t 1s contemplated that at least one of the wner channels can have a difterent size
than at least one other mmner channel. As used herein, the “size” of an inner channel 36 generally
refers to the two-dimensional arca of the channel, as measured within a plane that 18 substantially

perpendicular to the longitudinal axis of the dridl bt 10,

{8331 in another aspect, it is contemplated that, 1n cross-section to the longitudinal axis
{.A, the area of the surface of the plurality of the mner channels 36 {o the percentage of the area
ot the nner curcumiferential surface 35 can range between about 8% to about 830%. Optionally,

the arca of the surtace of the plurality of the mner channels 36 to the percentage of the ares of the

A

mner curcumierential surface 33 can range between about 23% to about 3%, between about

45% to about 64%, or about 55%..

{3034 ] in a turther aspect, the outer surface of the annular crown 30 can deline at least one
puter channel 38 extending radially mwardly toward the longitudinal axis LA, In exemplary
aspects, it 18 conteraplated that the at least one outer channel 38 can comprise a plurality of outer
channels 38 spaced circumferentially about the outer surface of the annular crown and extending
radially mnwardly toward the longitudinal axis LA, In other exemplary aspects, it 1s contemplated
that the annular crown 30 can have an outer diameter that 18 greater than an outer drameter of the
shank 20 such that the annular crown projects radially outwardiy relative to the shank.
Optionally, m some exemplary aspects, the plurality of outer channels 38 can be substantially
cqually circumiterentially spaced about the outer surface 34 of the annular crown 3G, In onc
aspect, 1t 18 conternpiated that the plurality of outer channels 38 can optionaily be substantially
cqually sized. In other aspects, it 1s conterplated that at least one of the outer channels can have
a difterent size than at least one other outer channel. As used herein, the “size” of an outer
channel 38 generally refers to the two-dimensional area of the channel, as measured within a

plane that is substantially perpendicular to the longitudinal axis of the diidl bit 10,

LURRY in one aspect, the annular crown can have a radial thickness between the imner
surface and the ouler surface that corresponds to difference between the suter diameter and the
mer diameter of the annular crown.  In this aspect, 1t 1s contemplated that cach mnner channel of
the plurality of mmer channels can have a radial dimension (substantially corresponding to a

radial depth relative to the mnncr surface} that is less than the radial thickness of the annular
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crown. It 1s further contempiated that cach outer channel of the plurality of outer channels can
have a radial dimension (substantialiyv corresponding to a radial depth relative to the outer
surface} that 15 fess than the radial thickness of the annular crown. In exemplary aspects, it 1s
conternpiated that the ratio between the radial thackuoess of the annular crown and the radial
dumension of the plurality of inner channels can range from about 1.25:1 to about 131 and, more
preferably, can range from about 1.5:1 to about 3.5:1. In cxomplary aspects, 1t 1s contemplated
that the ratio between the radial thickness of the annular crown and the radial dimension of the
plurahity of outer channels can range from about 1:25:1 to about 15:1 and, more preferably, can
range from about 1.5:1 o about 3.5:1. In additional exemplary aspects, it 1s contemplated that
the radial dimension of the plurality of mner channels can be greater than the radial dimension of
the plurahity of outer channels. In various exemplary, non-hmbimg aspects, it 1s contemplated
that the radial dimension of inncer and outer channels can range from about §.050 mches to about

0.30 mches and, more preferably, from about 0.090 inches to about 8.250 inches.

{3836} in ong aspect, the number of inner channels can be the same as the number of outer
channels. In another aspect, it 1s conicmpiated that the number of mner channels can be greater
than the number of outer channels. In a further aspect, it is contemplated that the number of

inner channels can be less than the number of outer channels.

3837 in cxcmpiary aspects, it 18 contemplated that an mner diameter of the annular crown,
which generally corresponds to the distance of a line extending from a first point on the 1nner
surtace of the crown to an opposed second point on the mer surface of the crown, with the ling
passing through a center point of the crown that coincides with the longitudinal axis LA, can
range {rom about (.9 mches to about ¥ mches. For crowns having a substantially circular cross-
section, this mnner diamctier can correspond to an mmner circumifcrence ranging from about 2.8
inches to about 25.1 inches. In these aspects, it 18 contemplated that an tner channel can be
provided for every 1 to 2.5 inches along the inner circumicrence. However, it 1s contemplated
that annular crowns having larger or smaller mner diameters and 1oner circurnferences can be
used. In some exemplary aspects, it 1s contemplated that the number of inner channels can range
trom 3 to 16 mner channels. However, 1t 18 contemplated that some exemplary annular crowns
can have up to about 40 mner channels. In some exemplary aspects, it 18 contemplated that the
inner diarncter of the annular crown can vary about the mncer surface. In additional exemplary

aspects, 1t 18 contemplated that the annular crown can have a non-circular profile, such as, for
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cxample and without limutation, an clliptical profile. In these aspects, it 1s contemplated that the
inner circumiterence of the annular crown can correspond o the total arcuate dimension defined
by the mnner surtace of the annular crown as it extends completely around the longitudinal axis

LA ofthe crown.

+ N

{038 Optionally, as shown im Figures 1A-3, 1t 18 contemplated that cach outer channel of
the pluraiity of outer channels can be positioned circumiferentialiy betweoen sequential mner
channels of the plurahity of wnner channels. It 1s further conterapiated that the annular crown Can
optionally have a substantially serpentine radial profile. In exemplary optional aspects, it 1s
conternpiated that cach outer channel can be substantially aligned with a respective mner channel
along a line extending through the longitudinal axis LA across the diameter of the annular crown
(perpendicular to the longitudinal axis LA}, In these aspects, it 18 further contemplated that cach
inner channel can be substantially aligned with a respective outer channel along a hine extending

through the longitudinal axis LA across the diameter of the annular crown (perpendicular to the

longitudmal axis LA},

{839} in one optional exemplary aspect, as shown m Figure 4, it is contemplated that at
icast one outer channcl can substantially overlap with at least one inmer channel such that a hine
extending radially from the longitudinal axis LA passes through both an inner channel and an
puter channcel. In this aspect, it 1s contemplated that the at lcast one outer channel of the crown
can optionally comprise a stngle outer channel, s turther contemplated that the at least one

inner channel of the crown can optionally comprise a single inner channel.

LLEE S in additional aspects, cach channel 36, 38 of the pluraiity of inner channels and the
plurality of outer channels can have a width, Optionally, 1o these aspects, 1t 18 contemplated that
cach channel 36, 38 of the plurality of inner channels and the plurality of outer channels can have
a vanable width, For example, the width of cach outer channel 3% can optionally decrease from
the outer surtace of the full tace crown moving radially mwardly toward the longitudinal axis.
Thus, 1t 18 conteraplated that cach channel 38 of the plurality of channcls can be mwardly tapered
moving toward the longitudinal axis LA, In another exemplary aspect, it 1s contemplated that the

mer and outer channels can be substantially U-shaped channels.

G041 in cxemplary aspects, it 1s contemplated that the annular crown 30 can have a

plurality of curcumierentially spaced outer portions 40 that define the outer surtace {and outer
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diameter) of the annular crown. In these aspects, it 1s contemplated that a respective outer
channel 38 can be positioned between adjacent outer portions 40 of the plurahity of outer
portions. In other cxempiary aspects, it is contemplated that the annular crown 30 can have a
plurality of circumierentially spaced mner portions 42 that define the mner surface {and mney
diameter) of the anmudar crown. In these aspects, it 1s contemplated that a respective 1nner
channcl 36 can be positioned between adjacent inner portions 42 of the plurality of inner

portions.

30421 Optionally, in some cxemplary aspects, it 1s contemplated that an outer surface of the
shank 20 can detine at [cast one fluie {(or groove) extending substantially parallel to the
longitudinal axis LA of the bit 18, In these aspects, cach thite of the at least one flute of the
outcr surface of the shank can optionally correspond to a rounded groove extending radially from
the outer surface of the shank 20 toward an inner surface of the shank. As shown i Figure 3, i
1s contemplated that cach flute of the at least one fluic of the outer surface of the shank 20 can
optionally be positioned in flnnd comraunication with a respective outer channel 3% of the

annular crown 30,

{3043] Optionally, i further exeraplary aspects, it 15 contemplated that the inner surface of
the shank 20 can define at least one flute {or groove) extending substantially paralicl to the
iongitudinal axis LA of the bit 10, In these aspects, each tlute of the at lcast one flute of the
mmner surtace of the shank can optionally correspond to a rounded groove extending radially tromn
the mner surface of the shank 20 toward an outer surface of the shank. It 1s contemplated that
cach flute of the at lcast one flute of the mner surface of the shank 20 can optionally be

positioned m thud communication with a respective mner channel 36 of the annular crown 30,

{3044 ] As turther described above, i some optional aspects, and as shown 1 Figures 2A-
2B and 4, 1t 18 contemplated that the annular crown 30 can comprise a single waterway extending
from an mner surface of the annular crown to the outer surtace of the annular crown. In these
aspects, 1t 18 contemplated that the single waterway Can be configured to mcerease the velocity of

dritling fiuid at the waterway entrance, and thereby, provide improved flushing of cuttings.

| B845] in exemplary aspects, it 1s contemplated that the single waterway can be an axially-
tapered waterway (tapered relative to the longitudinal axis of the drill bit). In these aspects, 1t 1s

contemplated that the axially-tapered waterway can ensure that the opening of the waterway in

10
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the inner surface of the drill bit can be smaller than the opening of the watcrway in the outer
surtace of the dnldl bat. Thus, the waterway ¢an act like a nozzle by increasing the velocity of the
drifling fluid at the waterway entrance in the inner surface of the drill bit. The capability of the
axiatly-tapered waterway {0 mncrease the velocity of the dnlhing Huid at the waterway entrance
can provide increased flushing of cuttings, and can help prevent clogging of the waterway.
Furthermore, 1t 1s contecmplated that the axually-tapered waterway can provide improved flow of
driiling thad without signiticantly sacrificing bit body volume at the inside diameter or reducing
the cuthing surface of the bit face. Thus, it 18 conterplated that the axually-tapered watcrway can

provide for mcereased driliing performance and wcreased dritling e,

{34 6] in some aspects, 1t 18 contemplated that the single waterway can be an axially- and
radially-tapcred waterway, or i other words, a double-tapered watcrway. It 18 contemplated that
such a double-tapered waterway can help ensure that the waterway increases in dumension in
gach axis as it extends from the inner surface of the dnidl bit to the outer surface of the drll bit, I
is contemplated that the mcereasimg size of the double-tapered waterway can reduce the likelthood
of debris lodging within the watcrway, and thus, mncrease the drilling pertormance of the drill bit,
it 15 further contemplated that the double-tapered waterway can allow tor a smaller waterway
opening at the 1side diameter, while still allowing for a large waterway opening at the outside
diameter of the drill bit. 15 contemplated that this configuration can aliow for an mcrease
the amount of matrix material at the mwside diameter, and thus, help increase the life of the dnidl
bit while also providing effective flushmg. It 1s further contemplated that the increased hife of
such a drill bit can reduce dritling costs by reducing the need to trip a dnll string from the bore

hole to replace a prematurely worn drill bat.

{3847 ] As shown m Figures 2A-2B, the single waterway can be a notch 112 detined by at
lcast three surfaces 112a, 112b, 112¢. In particular, the notch 112 can be defined by a first side
surface |12a, an opposing side surface 112b, and a top surface 112¢. Optionally, it s
contemplated that cach of the sides surtaces 112a, 112b can extend from the mner surface of the
crown to the oguter surtface of the crown 1n a direction gencrally normal to the inner surface of the
crown. Thus, it is contemplated that the width of the notch 112 at the outer surtface of the crown
can be approximately equal to the width of the notch 112 at the mner surtace of the crown. In
other words, the circumiterential distance between the first side surtace 1123 and the second side

surface 112b of the notch 112 at the outer surface can be approximately equal to the

il
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circumicrential distance between the first side surface 1124 and the second side surface 1120 of
the notch 112 at the mner surtace. Alternatively, in other optional aspects, and as explaimned in
orcater detail below, 1t 1s contempiated that one or more of the side surfaces 1i2a, 112b can have
a radial and/or a circurnterential taper.,

(G048} it 1s conterapiated that the notch 112 can have any shape that allows 1t to operate as
intended. In particular, it 1s contemplated that the shape and configuration of the notch 112 can
be altered depending upon the charactenstics desired tor the dnll bit and/or the characteristics of
the formation to be drilied. For cxample, it 1s contemplated that the notch can optionally have a
rectanguiar shape when viewed from cutting face. Alternatively, in other optional aspects, if 18
contemplated that the notch can have a square, triangular, circular, trapezoidal, pelygonal, or

cliiptical shape or any combination thercof.

{3049] it 18 turther conteraplated that the notch 112 can have any width or length that allows
it to operate as mtended. In exemplary aspects, it 18 contemplated that the notch 112 can have a
length (1.¢., distance from the inner surtace to the outer surface) that 1s greater than its width (i.¢.,
distance between opposing side surfaces 112a and 112b). In alternative implementations of the
present mvention, however, the notch 112 can have a width greater than its fength, or 4 width

that 1s approximaiely equal o s length,

{3056 As mentioned previously, the waterway (1.¢., notch 112} can be axially tapered. In
exemplary aspects, the top surface 112¢ of the notch 112 can taper from the mner surface to the
outer surface in a direction generally from the cutiing tace toward the shank. In other words, 1t 18
contemplated that the height or longitudinal dimension of the notch 112 can increase as the noich
112 extends frorn the mner surface to the outer surface of the crown. Thus, 10 sorne exeraplary
aspects, the longitudinal dimension of the notch 112 at the outer surface can be greater than the
longitudimal dimension of the notch 112 at the mner surface. In other words, the notch 112 can
extend mnto the cutting face a first distance at the mner surlace and extend mto the cutting {ace a

second distance at the outer surface, where the second distance 1s greater than the first distance.

G581 ] it 18 contemplated that the axial~taper of the notch 112 can help ensure that the
opening of the notch 112 at the mner surface 18 simaller than the opening of the notch 112 at the
outer surface of the crown. It 1s further conternplaied that this difference in opening sizes can

increase the velocity of drilling thud at the mner surtace as it passes to the guter surtace of the

17
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crown. 1hus, as cxplained above, the axial-taper of the notch 112 can provide for more etficient
Hlushing of cuttings and cooling of the cutting face. Furthermore, it 18 contemplated that the
increasing siz¢ of the notch can also help onsure that debris does not jam or clog in the notch 112

as drilling thud torces it from the mner surface to the outer surface.

{B052] Additionally, 1t 1s contemplated that the axial-taper of the notch 112 can provide the
notch 112 with increasing size without reducing the size of the cutting face. It s further
contemplated that an mncereased surtace arca of the cutting face can provide for more efficient
drifling. Furthermore, it 1s contemplated that the axial-taper of the notch can provide for
mereased flushung and cooling, while also not decreasing the volume of crown matcernial at the
inner surface. s still further contemplated that the increased volume of crown material at the

mner surface can help increase the dritling hife of the dndl bat,

{BOS3] Optionally, in exeraplary aspects, it 1s contemplated that the crown can dehine at least
one mner tlute positioned m thud communication with the notch 112, In these aspects, 1t 1S
conternpiated that the at feast one mmner flute can extend from the shank axially along the mner
surface of the crown to the notch 112, it 1s further contemplated that the at least one mner flute
can help direct driling thuid to the notch 112, In another optional aspect, if 18 conteraplated that

the at least one inner fhute can exiend frovn the shank o the cutting face, or even along the shank.

{B054] Optionally, m other exemplary aspects, it 1s contemplated that the drill bit can
comprise at lcast one outer flute. In these aspects, it 18 conteraplated that the at least one outer
flute can extend radially from the outer surface toward the mner surtace of the crown. Itis
contcmpiated that the at feast one outer flute can help divect drilhing fluid along the outer surface
of the drill bit from the notch toward the shank. Optionally, it 1s conterapiated that the at least
one outer tiute can extend from the notch 112 axially along the outer surtace to the shank. In
another optional aspect, i 1s conternplated that the at least one outer tlute can extend from the

cutting face to the shank, or even along the shank.

LLERRT: As mentioned previcusly, 1 exemplary aspects, the singlc waterway 112 can be a
double-tapered waterway. In these aspects, the notch 112 can have a radial taper i addition {o
an axial taper. In some aspects, the second side surface 1120 of the notch 112 can taper from the
mer surtace to the outer surface 1 a dircction generally clockwise around the circumicrence of

the cutting face. As used herein, the terms "clockwise” and "counterclockwise” refer o
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dircctions relative to the longitudinal axis of a drill bit when viewing the cutting face of the dnill
bit. Thus, the width of the notch 112 can increase as the notch 1172 extends from the wnner surface
to the outer surtace of the crown. Thus, in some aspects, the width of the notch 112 at the outer
surface can be greater than the width of the notch 1172 at the mner surface. In other words, the
circumtcrential distance between the first side surtace 11Za and the second side surface 112b of
the notch 112 at the outer surface can be greater than the cwrcumierential distance between the

first side surtace 112a and the second side surtace 112b of the notch 112 at the inner surtace.

B056] in operation, it 1s contemplated that the radial taper of the notch 112 can ensure that
the opening of the notch 112 at the inner surface 18 smalier than the opening of the notch 112 at
the outer surtace of the crown. It 18 further contemplated that this difference i opening sizes can
increase the velocity of drilhing tluid at the mner surtface 4s 1t passes to the outside surtace of the
crown. Thus, as explained above, it is contemplated that the radial taper of the notch 112 can
provide for more efficient flushing of cuttings and cooling of the cutting face. Furthermore, it 18
conternpiated that the wcreasing width of the notch 112 can also help ensure that debris does not

jam or clog i the notch 112 as drnlling fluid forces it from the mner surface to the outer surtace.

{BG8T] Optionally, 1n some aspects, the radial taper of the notch 112 can be formed by a
tapered second side surface 112b.  Alternatively, 1o other aspects, 1t 1s contemplated that the first
side surface 112a can be tapered. For example, it 18 contemplated that the fivst side surface 112a
can taper from the mner surtace to the outer surface m a direction generally counter-clockwise
around the circumicrence of the cutting face. Optionally, in some aspects, the first side surtace
1124 and the sccond side surface 112b can both comprise a taper extending frorn the mner
surtace to the outer surface m a direction generally clockwise around the circumierence of the
cutting tacc. In these aspects, it 15 contemplated that the radial taper of the second side surface
112b can have a larger taper than the first side surface 112a 1 a manner that the width of the

notch 112 increases as the notch 112 extends from the mnner surface to the outer surtace.

{ BO5K] Optionally, 1n exermplary aspects, the top surface 112¢ of the notch 112 can taper
trom the mner surface to the outer surface in a direction generally from the cutling tace toward
the shank. In other words, 1t 18 contemplated that the longitudinal dimension of the notch 112 can
increase as the noteh 112 extends frow the mner suriace to the outer surface of the crown. Thus,

In soIme aspects, it 1s contemplated that the longitudinal dimension of the notch 112 at the outer

id
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surtace can be greater than the longitudinal dimension of the notch 112 at the mner surface. In
other words, 1t 1s conteroplated that the notch 112 can exiend into the cutting face a first distance
at the mner surface and extend mnto the cutting face a sccond distance at the outer surtace, where

the second distance 1s greater than the first distance.

{B05Y] in use, it 1s conternplated that the axaal taper of the notch 112 can help ensure that the
opening of the notch 112 at the inner surface 1s smaller than the opening of the notch at the outer
surtace of the crown. It 18 conteraplated that this difference 1 opening sizes can mcrease the
velocity of driling fhud at the inside surface as it passes to the outer surtace of the crown. Thus,
as explamed above, 1t 1s contemplated that the axial-taper of the notch 112 can provide for more
etficient tlushing of cuttings and cooling of the cutting face. Furthermore, it is contemplated that
the mcrcasing size of the notch 112 can also help ensure that debris does not jam or clog in the

notch 112 as drilhing thud forces it from the inner surface to the outer surtface.

{3060 in exemplary aspects, it 1s contemplated that the double-tapered notch 112 can
ensure that the notch 112 mcereases in dimension i cach axis (1.¢., both radially and axzally) as if
extends from the 1nner surface of the drill bit to the outer surface. The increasing size of the
double-tapered notch 112 can reduce the ikelithood of debns lodging within the notch 112, and
thus, mcrease the drilbimg performance of the drill bit. Furthermore, as previously discussed, if 18
contemplated that the moereasing size of the double-tapered notch 112 can help maximize the
volume of matrix matenal at the mner surtace, and thereby can increase the e of the dnll bt by

reducing premature drili bit wear at the inner surface.

{661 ] in cxemplary aspects, the drill bits 10 disclosed herein can be diamond-impregnated
bits, with the diamonds impregnated within a matrix. In these aspects, it 1s contemplated that
cach driii bit 10 can comprise a plurality of selected materials, with cach material being provided
as a selected weight percentage of the drdi bit. I s contemplated that cach drill bit 10 can
comprise carboun {(not meluding diamond} 1 any desired amount, such as, for example and
without limitation, an amount ranging trom about 0.00% to about 7.00% by weight of the drill
bit. In exemplary aspects, the carbon of the drill bits 10 can be provided as at {cast one of carbon
powder and carbon fibers. It 1s further conterapliated that cach drill bit 10 can comprise
chromium n any desired amount, such as, tor example and without irmtation, an amount

ranging from about $.00% to about 1.00% by weight of the drill bit. It 1s further contempiated
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that cach driil bit 1 can comprise cobalt in any desired amount, such as, for example and
without limitation, an amount ranging from about 0.00% to about 1.00% by weight ot the dril
bit. Optionally, it 15 further contemplated that each drill bit 10 can comprise copper in any
desired arnount, such as, for exaraple and without himitation, an amount ranging from about
(.00% to about 30.00% by weight of the dridl bit. {t s further contemplated that cach drill but 10
can comprise won i any desired amount, such as, tor example and without limitation, an amount
ranging from about 30.00% to about 90.00% by weight of the drdl bt. 1t 18 further contemplated
that cach drill bit 10 can comprise mangancse in any deswred amount, such as, for example and
without hmitation, an amount ranging from about 0.00% to about 8.00% by weight of the dnill
bit. 1t 1s further contempiated that cach drniil bit 10 can comprise molybdenuim i any desired
amount, such as, for exarnple and without iimitation, an amount ranging from about 8.80% to
about 8.20% by weight of the drill bit. It 1s further contemiplated that cach dnidl bit 10 can
comprise mickel in any desired amount, such as, for example and without lirnitation, an amount
ranging from about 0.00% to about 6.00% by weight of the drill bit. It 1s further contemplated
that cach drill bit 10 can comprise sihicon 1in any desired amount, such as, for example and
without limitation, an amount ranging from about §.00% to about §.50% by weight of the drii
bit. It is further contemplated that each drill bit 10 can comprise silicon carbide in any desired
amount, such as, for example and without limtation, an amount ranging from about 0.00% to
about 2.00% by weight of the dnil bit. It 1s further contemplated that cach dnill bit 10 can
coraprise suver i any desired amount, such as, for example and without limatation, an amount
ranging from about §.00% to about 12.00% by weight ot the drill bat. 1t 18 turther contemplated
that cach drill bit 10 can comprise tin 1 any desired amount, such as, for example and without
limtation, an amount ranging from about (.00% to about 6.00% by weight of the drill bit, f1s
turther contemplated that cach drill bit 10 can comprise fungsten n any desired amount, such as,
tor example and without tuyatation, an amount ranging from about §.00% to about 41.80% by
weight of the dridl bit. It 1s further contemplated that cach drill bit 18 can comprise tungsten
carbide m any desired amount, such as, for exaraple and without imitation, an amount ranging
from about 8.00% to about 35.00% by weight of the drill bit. | 1s further contemplated that cach
drifl bit 1 can coraprise zine m any desired arnount, such as, for example and without himtation,
an amount ranging from about 0.00% to about 24.00% by weight of the drill bit. H s further

conternpiated that the matrix of the full face drill bits disclosed herein can be configured to form
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supporting structures behind the diamonds withm the drill bits, thereby preventing the polishing

of the 1mpregnated diamonds during operation.

{30621 it 18 further contemplated to radially vary the composition of the matrix to provide a
more consistent wear across the operative drilling tace ot the crown of the dnill. In one aspect, i
is contemplated that the crown can be divided between at least three integrally adjoming sections
that cxtend from the inner surface of the crown to the outer surface of the crown m a direction
cenerally normal to the mner surtace of the crown. The first section 18 generally cylindrical 1o
shape and cxtends sutwardly from the formed mner surface of the crown to a first surface spaced
radially a desired distance from the mner surface. The third, outer, section 18 generally
cyhindrical i shape and extends mwardly from the tormed outer surface of the crown to a third
surtace spaced radially a desired distance from the outer surface. Finaily, in this example, at
lcast one second section 1s provided that 18 generally cylindrical and extends radially between
and is mtegrally formed thereto the first and second sections. In one aspect, the at feast ong
second section can comprise 8 single second section or a plurality of radially lavered second
sections. In this exampie, at lcast one of the plurality of radially layered second scctions would
have a matrix composition that wears at a rate that differs from at anotbher of the radially layered
second sections. In an exemplary aspect, as a conventional bit wears more proxumate the inner
and cuter surfaces of the crown 1n operation due to the decreased support of the diamonds or
other cutting clements that are impregnated within the matrix near the respective mnner and outer
diameters, it 1s contemplated that the respective first and third sections could be formed from a
raatrix cornposition that has a higher wear rate that the at least one second section. Forming the
second section of @ matrix material that has a decreased wear 18 beneticial as the bit will require

less energy and create a more unitform wear pattern across the crown i operation.

{3863} in exemplary aspects, and with reference to Figure 3, the dridl bits disclosed herein
can be provided as part of a drilling system 500. In these aspects, it 1s contemplated that the
driiling system 300 can comprise a drill head 510, a roast 520, a drill rig 330, and a driil siring
550 contigured to be secured to and rotated by the drill rig, as are conventionally known 1n the
art. It 1s turther conteraplated that a drill bit 560 can be operatively coupled to an end of the drill
string 5503, For example, it 1s contemplated that a dridl bit 10 as disclosed herein can be coupled

to the dnll string 550, In operation, as the dridl string 530 18 rotated and pushed by the drill nig
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>34, it 1s contemplated that the drill bit 360 {Corresponding to a drill bit 10 as disclosed herein)

can grind away materials m a formation 570.

{30641 In use, 1t 18 contemplated that the absence {or minimuzation} of waterway siots or
windows m the disclosed drill bits can mcrease the strength of the drill bits (as compared to
conventional dril bits having such slots or windows). It 1s further conteraplated that the dnll bis
disclosed herein can permit improved efficiency of flushing and improved cooling of the drili bit
by mncreasing the velocity of the cooling fluid proximaie the it face and duwrecting the Hud

across the bit face without losing thid to the waterway slots, channels, or windows.

LK) Due to the mncreased strength and improved flushing cificiency of the annular drili
bits disclosed herein, i 18 conteraplated that the disclosed annular drill bits can show less wear
and have an increased functional product life compared to known drill bits. It is further
contemplated that the mcereased strength and tlushung ot the disclosed full tace drill bits can
permit the manutacture of taller annular crowns, thereby turther extending the functional product

lite of the drill bits.

Experimental Examples

{(366] in one experumental example, during normal operation, an annular driil bit as

disclosed herein was shown to reguire about 25% less water than conventional drill bits.

{36671 in another experimental exaraple, duning normal operation, an annular drill bit as
discigsed herein was shown o experience a Huid velocity at s face that 18 over three times
higher than the velocity experienced at the face of conventional drill bit designs.

{BU68] in still another experimental cxample, 1t was shown that a drill bit having no

waterway, as disclosed herein, had a substantially constant velocity at any impregnation depth.

Excmplary Aspects

{3069 in exerapiary aspects, a drill bt for forming a hole m a formation 1s provided, the
driil bit having a longitudinal axis and comprising: a shank; an annular crown having a cutting
tace, an mner surtace, and an outer surtace, the full face crown and the shank cooperating to
define an nterior space about the longitudinal axis, wherem the annular crown defines a
plurality of mner channels spaced circumierentially about the mner surface of the annular crown,

wheremn the anoular crown defines a plurality of outer channels spaced circumierentially about
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the outer surtace of the annular crown, and wherein the annular crown complietely

arcumicrentially encloses the mterior space.

{307 in another exemplary aspect, the annular crown does not comprise a walerway
extending radially from the mner surface of the annular crown to the outer surface of the annular
crown. o an alicrnative exemplary aspect, the annular crown comprises a single waterway
cxtending radially from the inner surface of the annular crown {0 the outer surface of the annular

CTOWI,

{8711 in another exemplary aspect, the annular crown can have a radial thickness between
the inner surface and the outer surface, wherein cach nner channel of the pluraiity of inner
channels has a radial dimension less than the radial thickness of the annular crown, and wherein
cach outer channel of the plurality of outer channels has a radial dimension less than the radial

thickness of the annular crown,

{30721 in another exemplary aspect, the ratio between the radial thickness of the annular
crown and the radial dumension of the plurality of inner channels can range from about 1.5:1 to

about 3.5:1.

{387 3] In another exemplary aspect, the ratio between the radial thickness of the annular
crown and the radial dimension of the plurality of outer channels can range from about 1.5:1 t©

about 3.5:1.

{3074 in another exemplary aspect, the radial dimension of the plurality of inner channels

can be greater than the radial dimension of the plurality of outer channcls,

{B875] in another exemplary aspect, the number of mner channcels can be the same as the

number of outer channels.

{387 6] in another exemplary aspect, the number of mmner channels can be greater than the

number of outer channels,

{30771 in another exemplary aspect, the number of 1nner channels can be less than the

number of outer channels.

{3078} in another exemplary aspect, cach outer channel of the plurality of outer channels
can be posttioned circumierentially between sequential inner channels of the plurality ol 1nner

channcls.

i
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{GG79] in additional cxemplary aspects, a drilling system can be provided, the drilling

system compnsing: a doidl nig; a dridl string conhigured to be secured to and rotated by the driil
rig; and a drill bit for forming a hole in a formation, the drill bit having a longitudinal axis and
comprising: a shank; an annular crown having a cutting face, an mner surface, and an outer
surface, the full face crown and the shank cooperating to define an mterior space about the
longitudinal axis, wherein the annular crown defines a plurality of mmmner channels spaced
circumicrentially about the mner surface of the annular crown, wherein the annular crown
defines a plurality of outer chanmels spaced circumicrentially about the outer surface of the
annular crown, and wherein the annular crown completely cuorcumierentially encloses the mtenor

Space.

{ OB in another exemplary aspect, the annular crown of the drill bit does not comprise a
waterway extending radially trom the mner surtace of the annular crown to the outer surtace of
the annular crown. In an alternative exemplary aspect, the annular crown comprises a single

waterway extending radially from the mner surface of the anmular crown {0 the outer surface of

the annular crown.

{3681 in another exemplary aspect, the annular crown of the drill bit can have a radial
thickness between the mner surface and the outer surtace, wherein each mner channel of the
plurality of mmner channels has a radial dimension fess than the radial thickness of the annular
crown, and wherein each outer channel of the plurality of outer channels has a radial dimension

icss than the radial thickness of the annular crown.

(682} in another exemplary aspect, the ratio between the radial thickness of the annular
crown of the drill bit and the radial dimension of the plurality of mner channels of the annular
crown can range from about 1.5:1 to about 3.5:1.

{BUS3] in another exemplary aspect, the ratio between the radial thickness of the annular

crown of the dridl bat and the radial dimension of the plurality of outer chanuels of the drili bit

can range from about 1.5:1 to about 3.5:1.

{84 in another exemplary aspect, the radial dimension of the plurality of mmmner channcls
of the drill bit can be greater than the radial dimension of the plurality of outer channels of the

driil bit.

20
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83 in another exemplary aspect, the number of inner channels of the dridl bit can be the

same as the number of outer channels of the dnll it

LY in another exemplary aspect, the number of mner channels of the dridl bit can be

orcater than the number of outer channcls of the drill bt

{BU87] in another exemplary aspect, the number of inner channels of the drill bit can be less

than the number of outer channels of the drili bit.

LR in another exemplary aspect, each outer channel of the plurality of outer channels of
the drill bit can be posttioned circumierentially between sequential imner channels of the plurahty

of mner channels of the drill bt

{ BOBYY Although several embodiments of the mvention have been disclosed i the foregoing
specilication, it 18 understood by those skalled in the art that many modifications and other
cmbodiments of the mvention will come to nund to which the invention pertains, having the
benefit of the teaching presented in the foregoing description and associated drawings. 1 is thus
understood that the invention 1s not iumited to the specific emboduments disclosed hercinabove,
and that mmany modifications and other embodiments are mtended to be mchuded within the scope
of the appended claims. Moreover, although specific terms are employed herein, as well as in
the claims which follow, they are used only in a generic and descriptive sense, and not for the

purposes of hrmting the described mvention, nor the claims which follow.
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CLAIMS
What 1s claimed 1s:
i, A drill bit for formung a hole m a formation, the driil bit having a longitudinal axis and
COMprising:
a shank;

ant annular crown having a cutting face, an inner surface, and an outer surface, the full

tace crown and the shank cooperating to define an mierior space about the longitudinal axis,
wherein the annular crown defines a plurality of mner channels spaced circumicrentiaily
about the mner surtace of the annular crown,
wherein the annular crown defines a plurality of outer chanunels spaced circamicrentially
about the outer surtace of the annular crown, and

wherein the annular crown completely circumiferentially encloses the mterior space.

,‘

2. The dnil bit of claim 1, wherein the annular crown docs not comprise a watcrway

extending radially from the mner surface of the annular crown {0 the outer surface of the annular

CTOWN,
3. The driil bit of ¢claim 1, wherein the annular crown has a radial thickness between the

inner surface and the outer surtace, wherein cach 1nner channel of the plurality of inner channels
has g radial dimension less than the radial thickness of the annular crown, and wherein each
outer channel of the plurality of outer channels has a radial dimension less than the radial

thickness of the annular crown,

4. The drill bit of clamm 3, wherein the ratio between the radial thickness of the annular
crown and the radial dimenston of the plurahity of inner channels ranges from about 1.5:1 to

ahout 3.5:1.

F o

5. The drnll bt of clauim 4, wherein the ratio between the radial thickness of the annular
crown and the radial dimension of the plurality of outer channels ranges from about 1.5:1 to

about 3.5:1.

6. The dridl bit of clamm 3, wherein the radial dimension of the plurality of inner channels 18

orcater than the radial dimension of the plurality of outer channels.
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7. The drill bit of claim 1, wherein the number of inner channels 18 the same as the number

of outer channels.

5. The drill bt of claim 1, wheren the number of mner channels 1s greater than the number

of outer channels.

9. The drill bit of claim 1, wherein the number of mner channcls 18 less than the number of

guter channels.

13,  The dril bit of clamm 1, wherein cach outer channel of the plurality of outer channels is

positioned circumicrentially between sequential inner channels of the plurahity of inner channels.

11, The dnil bit of claimn 1, wheremn the annular crown comprises a single waterway
extending radially from the mmner surface of the annular crown to the outer surface of the annular

CrOWTL,
12, A dritling system comprising:

a drill ng;

a drill string configured to be secured to and rotated by the drill rig; and

a drill bit for formung a hole m a formation, the drill bit having a longitudinal axas and
COMpPrising:

a shank;

an anniiar crown having a cutting face, an mner surface, and an outer surface, the
full face crown and the shank cooperating to define an interior space about the

longitudinal axis,

wherein the annular crown defines a plurality of inner channels spaced
circumifcrentially about the 1oner surface of the annular crown,

wheren the annular crown defines a plurality of outer channels spaced
circumiterentially about the outer surtace of the annular crown, and

wherein the annular crown completely circumferentially encloses the mierior

space.
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13, The drilling system of clamm 12, wherein the annular crown of the drili bit does not
cornprise a waterway extending radially {from the inner surface of the annular crown to the outer

surtace of the annular crown.

I4.  The drilling system of claim 12, wherein the annular crown of the drill bit has a radial
thickness between the inner surtace and the outer surtace, wheremn cach inuner channel of the
plurality of inner channels has a radial dimension iess than the radial thickness of the annular
crown, and wherein each outer channel of the plurality of outer channels has a radial dimension

iess than the radial thickness of the annular crown.

{5.  The dniling system of claim 14, wherem the ratio between the radial thickness of the
annular crown of the driil bit and the radal dimension of the plurality of inner channels of the

annular crown ranges from about 1.5:1 to about 3.5:1.

16, The driiling system of claim 15, wheremn the ratio between the radial thickness of the
annular crown of the dnll bit and the radial divacnsion of the plurality of outer channels of the

driil bit ranges from about 1.5:1 to about 3.5:1.

17.  The drnlling system of claim 14, wheremn the radial dimension of the plurality of mner
channels of the drill bit 18 greater than the radial dimension of the plurality of outer channels of

the drill bt

18, The driling system of claim 12, wherein the number of mner channels of the drill bif s

the same as the number of outer channels of the drill bit

19, The drilling system of claim 12, wherein the number of inner channcls of the drill bit is

orcater than the number of outer channcls of the drill bt

20, The drndhng system of clamm 12, wheremn the number of mner channels of the drill bit 1s

icss than the number of outer channels of the driil bt

21, The driling system of clarm 12, wheremn cach outer channel of the plurality of outer
channels of the drdl bit 18 positioned curcumierentially between sequential inner channels of the
plurality of imner channeis of the drili bit.

22.  The dniling system of claim 12, wherem the annular crown comprises 4 single waterway
extending radially from the mner surface of the annular crown to the outer surface of the annular
CTOWN.
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