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HYBRID REAMER AND STABILIZER
CLAIM OF PRIORITY
[0001] This application claims priority to U.S. Patent Application No.

16/997,366 filed on August 19, 2020, the entire contents of which are hereby

incorporated by reference.

TECHNICAL FIELD
[0002] This disclosure relates to drilling in subterranean formations.
BACKGROUND
[0003] Wells are utilized for commercial-scale hydrocarbon production from

source rocks and reservoirs. A well is created by drilling a hole (wellbore) into the
Earth. Afterward, casing is installed in the hole. Casing provides structural integrity to
the wellbore and also isolates subterranean zones from each other and from the surface
of the Earth. Some wells are vertical wells, and some wells are non-vertical wells. The

drilling of non-vertical wells is also referred to as directional drilling.

SUMMARY

[0004] This disclosure describes technologies relating to drilling in subterranean
formations. Certain aspects of the subject matter described can be implemented as an
apparatus for cutting into a subterranean formation includes a body and multiple cutting
blades distributed around a circumference of the body. The cutting blades are
configured to cut into the subterranean formation in response to being rotated. Each
cutting blade includes a ball embedded in the respective cutting blade. At least a portion
of the ball protrudes towards the subterranean formation from the respective cutting
blade in which the ball is embedded. Each ball is configured to roll against the
subterranean formation to reduce friction while the cutting blades are rotating.

[0005] This, and other aspects, can include one or more of the following

features. In some implementations, each cutting blade defines a cavity within which

the respective ball is embedded. In some implementations, each cutting blade includes

a spindle positioned within the respective cavity. In some implementations, each ball

is mounted to the spindle of the respective cutting blade. In some implementations,

each ball is free to slide longitudinally relative to the spindle of the respective cutting

blade. In some implementations, each ball is free to rotate about a longitudinal axis of
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the spindle of the respective cutting blade. In some implementations, each cutting blade
includes a leading edge and a trailing edge with respect to a direction of rotation of the
cutting blades. In some implementations, each leading edge and each trailing edge
includes a polycrystalline diamond compact cutter. In some implementations, each
cutting blade includes a tapered crown including a polycrystalline diamond compact
cutter. In some implementations, each cutting blade is spring loaded, such that each
cutting blade is biased radially outward from the body. In some implementations, each
cutting blade has a straight or spiral shape.

[0006] Certain aspects of the subject matter described can be implemented as a
bottom hole assembly. The bottom hole assembly includes a drill bit, a drill collar, and
an apparatus. The apparatus includes a body and multiple cutting blades distributed
around a circumference of the body. The cutting blades are configured to cut into a
subterranean formation in response to being rotated. Each cutting blade includes a ball
embedded in the respective cutting blade. Atleast aportion of the ball protrudes toward
the subterranean formation from the respective cutting blade in which the ball is
embedded. Each ball is configured to roll against the subterranean formation to reduce
friction while the cutting blades are rotating.

[0007] This, and other aspects, can include one or more of the following
features. In some implementations, each cutting blade defines a cavity within which
the respective ball is embedded. In some implementations, each cutting blade includes
a spindle positioned within the respective cavity. In some implementations, each ball
is mounted to the spindle of the respective cutting blade. In some implementations,
each ball is free to slide longitudinally relative to the spindle of the respective cutting
blade. In some implementations, each ball is free to rotate about a longitudinal axis of
the spindle of the respective cutting blade. In some implementations, each cutting blade
includes a leading edge and a trailing edge with respect to a direction of rotation of the
cutting blades. In some implementations, each leading edge and each trailing edge
includes a polycrystalline diamond compact cutter. In some implementations, each
cutting blade includes a tapered crown including a polycrystalline diamond compact
cutter. In some implementations, each cutting blade is spring loaded, such that each
cutting blade is biased radially outward from the body. In some implementations, each
cutting blade has a straight or spiral shape. In some implementations, the drill collar is

positioned longitudinally intermediate of the drill bit and the apparatus. In some
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implementations, the apparatus is positioned longitudinally intermediate of the drill bit
and the collar.

[0008] Certain aspects of the subject matter described can be implemented as a
method. During a drilling operation in a subterranean formation, a cutting blade is
biased outward from a body by a spring, such that a ball embedded within and
protruding from the cutting blade contacts a wall of the subterranean formation. During
the drilling operation in the subterranean formation, the cutting blade is rotated to cut
into the wall of the subterranean formation. The ball rolls against the wall of the
subterranean formation to reduce friction while the cutting blade rotates.

[0009] The details of one or more implementations of the subject matter of this
disclosure are set forth in the accompanying drawings and the description. Other
features, aspects, and advantages of the subject matter will become apparent from the

description, the drawings, and the claims.

DESCRIPTION OF DRAWINGS
[0010] FIG. 1 is a schematic diagram of an example well.
[0011] FIG. 2A is a schematic diagram of an example reaming apparatus that

can be implemented in the well of FIG. 1.

[0012] FIG. 2B is a schematic diagram of an example reaming apparatus that
can be implemented in the well of FIG. 1.

[0013] FIG. 3A is a schematic diagram of an example system that can be
implemented in the well of FIG. 1.

[0014] FIG. 3B is a schematic diagram of an example system that can be
implemented in the well of FIG. 1.

[0015] FIG. 4 is a flow chart of an example method that can be implemented in
the well of FIG. 1.

DETAILED DESCRIPTION
[0016] A bottom hole assembly (BHA) is the lower portion of a drill string used
to create wellbores in subterranean formations. The BHA provides force for a drill bit
to break rock to form the wellbore, is configured to operate in hostile mechanical
environments encountered during drilling operations, and provide directional control.
In some cases, a section of a wellbore changes direction faster than anticipated or

desired. Such sections are also known as dog legs.
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[0017] The apparatus described exhibits both reaming and stabilizing
capabilities for a BHA and can be used to remove dog legs or other sections in a wellbore
that otherwise restrict an inner diameter (ID) of the wellbore. The apparatus includes
cutters (and in some cases, hardfacing) for reaming and roller balls for stabilizing and
reducing friction during movement of the apparatus in the wellbore. In some
implementations, the apparatus utilizes spring loading to improve stabilization of the
BHA. The subject matter described in this disclosure can be implemented in particular
implementations, so as to realize one or more of the following advantages. The
apparatus described can improve wellbore condition and quality while a wellbore is
being drilled, which can facilitate smooth deployment of tubulars in a well. The
apparatus described can be used to re-direct a wellbore to be located in a planned path
for the well. Dog legs can be removed while a wellbore is being drilled, which can save
on rig time and additional costs associated with additional wiper and/or dedicated hole
conditioning trips. By removing dog legs, repeated abrasion and resultant wear of tools
on a drill string or casing to be installed in the wellbore can be mitigated or avoided.
Further, by removing dog legs, particularly during drilling operations, can mitigate or
eliminate the risk of the drill string becoming stuck or not reaching a planned total depth.
The apparatus described can be implemented for vertical wells, deviated wells, and high-
angle wells (for example, extended-reach drilling).

[0018] FIG. 1 depicts an example well 100 constructed in accordance with the
concepts herein. The well 100 extends from the surface 106 through the Earth 108 to
one more subterranean zones of interest 110 (one shown). The well 100 enables access
to the subterranean zones of interest 110 to allow recovery (that is, production) of fluids
to the surface 106 (represented by flow arrows in FIG. 1) and, in some implementations,
additionally or alternatively allows fluids to be placed in the Earth 108. In some
implementations, the subterranean zone 110 is a formation within the Earth 108 defining
a reservoir, but in other instances, the zone 110 can be multiple formations or a portion
of a formation. The subterranean zone can include, for example, a formation, a portion
of a formation, or multiple formations in a hydrocarbon-bearing reservoir from which
recovery operations can be practiced to recover trapped hydrocarbons. In some
implementations, the subterranean zone includes an underground formation of naturally
fractured or porous rock containing hydrocarbons (for example, oil, gas, or both). In

some implementations, the well can intersect other types of formations, including

PCT/US2021/046305
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reservoirs that are not naturally fractured. For simplicity’s sake, the well 100 is shown

as a vertical well, but in other instances, the well 100 can be a deviated well with a
wellbore deviated from vertical (for example, horizontal or slanted), the well 100 can
include multiple bores forming a multilateral well (that is, a well having multiple lateral
wells branching off another well or wells), or both.

[0019] In some implementations, the well 100 is a gas well that is used in
producing hydrocarbon gas (such as natural gas) from the subterranean zones of interest
110 to the surface 106. While termed a “gas well,” the well need not produce only dry
gas, and may incidentally or in much smaller quantities, produce liquid including oil,
water, or both. In some implementations, the well 100 is an oil well that is used in
producing hydrocarbon liquid (such as crude oil) from the subterranean zones of interest
110 to the surface 106. While termed an “oil well,” the well not need produce only
hydrocarbon liquid, and may incidentally or in much smaller quantities, produce gas,
water, or both. In some implementations, the production from the well 100 can be
multiphase in any ratio. In some implementations, the production from the well 100 can
produce mostly or entirely liquid at certain times and mostly or entirely gas at other
times. For example, in certain types of wells it is common to produce water for a period
of time to gain access to the gas in the subterranean zone. The concepts herein, though,
are not limited in applicability to gas wells, oil wells, or even production wells, and
could be used in wells for producing other gas or liquid resources or could be used in
injection wells, disposal wells, or other types of wells used in placing fluids into the
Earth.

[0020] FIG. 2A is a schematic diagram of an implementation of an apparatus
200 for cutting into a subterranean formation, for example, to form the well 100. The
apparatus 200 includes a body 201 and multiple cutting blades 203. The cutting blades
203 can be rotated (for example, about a longitudinal axis of the body 201) to cut into
the subterranean formation. Each of the cutting blades 203 include a ball 205 that is
embedded in the respective cutting blade 203. At least a portion of each ball 205
protrudes outward toward the subterranean formation from its respective cutting blade
203. The balls 205 are configured to roll against the subterranean formation to reduce
friction while the cutting blades 203 rotate. The apparatus 200 can provide both reaming
and stabilizing functions for a BHA. The reaming capability of the apparatus 200 allows

for a drill bit of a BHA to do more work on drilling while doing less work in maintaining
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wellbore gauge. The stabilizing capability of the apparatus 200 helps to guide the drill
bit of the BHA in the hole.

[0021] The body 201 is elongate and defines a central bore for circulation of
drilling fluid through the body 201. Although shown in FIG. 2A as being generally
cylindrical, the body 201 can be of other geometric shapes. For example, the body 201
can have a rectangular or other polygonal cross-sectional shape. The body 201 is
configured to connect (for example, by threaded connections) to other drill string
components, such as a drill bit or a drill collar. The body 201 can be made of a metallic
material, such as an alloy.

[0022] The cutting blades 203 are distributed around a circumference of the
body 201. In some implementations, each cutting blade 203 defines a cavity 203a within
which the respective ball 205 is embedded. In some implementations, the cavity 203a
is a recess formed on a surface of the cutting blade 203. In some implementations, the
cutting blades 203 are made from similar or the same material as the body 201.

[0023] In some implementations, each cutting blade 203 includes a spindle 203b
that is positioned within the respective cavity 203a. In such implementations, each ball
205 is mounted to the spindle 203b of the respective cutting blade 203. The spindle
203b can be made of the same material as the body 201.

[0024] Each ball 205 is free to rotate about a longitudinal axis of the spindle
203Db of the respective cutting blade 203. In some implementations, each ball 205 is free
to slide longitudinally relative to the spindle 203b of the respective cutting blade 203.
In some implementations, the spindle 203b is fixed to its respective cavity 203a. In
some implementations, the spindle 203b is spring loaded, and a spring retains the
position of the spindle 203b within its respective cavity 203a. Because the balls 205
protrude outward from the cutting blades 203, the balls 205 define an outer
circumference of the apparatus 200 when rotating with the cutting blades 203.

[0025] In some implementations, each cutting blade 203 includes a leading edge
204a and a trailing edge 204b with respect to a direction of rotation of the cutting blades
203 (depicted by a dotted arrow in FIG. 2A). In some implementations, each leading
edge 204a includes a cutter 207. In some implementations, each trailing edge 204b
includes a cutter 207. In some implementations, the apparatus 200 includes additional
cutters 207. In some implementations, each cutting blade 203 includes a tapered crown

209. In some implementations, the tapered crown 209 includes a cutter 207. When the
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cutting blades 203 are rotated, the cutters 207 perform the reaming function. The
reaming performed while the cutting blades 203 rotate can remove a dog leg.

[0026] The cutters 207 can be included in the form of various shapes and sizes
as desired. The cutters 207 are made of a material that is strong enough to cut into the
subterranean formation. In some implementations, the cutters 207 are polycrystalline
diamond compact (PDC) cutters. In such implementations, the cutters 207 can, for
example, be in the form of PDC cutter inserts that are inserted and bonded to grooves
formed in the cutting blades 203.

[0027] In some implementations, each cutting blade 203 is spring loaded, such
that the cutting blades 203 are biased radially outward from the body 201. In such
implementations, the spring loading can serve as a shock absorber that dampens sudden
mechanical loads that the cutting blades 203 may be subjected to during drilling
operations. In some implementations, as shown in FIG. 2A, each cutting blade 203 has
a straight shape (for example, generally rectangular). Optionally, the shapes and sizes
of the cutting blades 203 can be different from the implementation shown in FIG. 2A.

[0028] In some implementations, each cutting blade 203 includes hardfacing to
mitigate wear, for example, from erosion. Hardfacing involves applying a
harder/tougher material to a base to increase wear resistance. The hardfacing can be
included in the form of various shapes and sizes as desired. For example, each cutting
blade 203 includes hardfacing at the tapered crown 209. For example, each cutting blade
203 includes hardfacing near the leading edge 204a. For example, each cutting blade
203 includes hardfacing near the trailing edge 204b. Some examples of hardfacing
materials include cobalt-based alloys (such as stellite), nickel-based alloys, chromium
carbide alloys, and tungsten carbide alloys.

[0029] As the apparatus 200 travels longitudinally through a wellbore, the balls
205, which define the outer circumference of the apparatus 200, can reduce friction. As
the apparatus 200 rotates within a wellbore, the balls 205 can reduce friction. The balls
205 can also reduce friction when the apparatus 200 is simultaneously rotating and
traveling longitudinally through a wellbore. In implementations in which the cutting
blades 203 are spring loaded, the cutting blades 203 are biased to protrude radially
outward from the body 201 toward the subterranean formation. If a cutting blade 203
encounters a mechanical force that overcomes the compressive spring force, that cutting

blade 203 can temporarily retract toward the body 201 and work as a shock absorber.
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The spring-loaded cutting blades 203 and balls 205 can work together to stabilize a BHA
during drilling operations. While the apparatus 200 is rotating, the cutters 207 disposed
on the cutting blades 203 perform reaming which can condition a wellbore and remove
dog legs or other shape irregularities of the wellbore.

[0030] FIG. 2B is a schematic diagram of another implementation of the
apparatus 200. The apparatus 200 shown in FIG. 2B is substantially similar to the
apparatus 200 shown in FIG. 2A. As described previously, the apparatus 200 includes
a body 201 and multiple cutting blades 203. The cutting blades 203 cut into the
subterranean formation as they rotate. Each of the cutting blades 203 include a ball 205
that is embedded in the respective cutting blade 203. At least a portion of each ball 205
protrudes toward the subterranean formation from its respective cutting blade 203. The
balls 205 are configured to roll against the subterranean formation to reduce friction
while the cutting blades 203 rotate. In some implementations, as shown in FIG. 2B,
each cutting blade 203 has a spiral shape that wraps around the body 201 (for example,
similar to a thread of a screw).

[0031] In some implementations, as shown in FIG. 2B, each cutting blade 203
includes two balls 205 that are mounted on a single spindle 203b positioned within a
respective cavity 203a. Although shown in FIG. 2B as including two balls 205, each
cutting blade 203 can include more than two balls 205 mounted on a respective spindle
203b, for example, three or more balls 205. In implementations where multiple balls
205 are mounted on a single spindle 203b, the balls 205 can be free to slide
longitudinally with respect to the respective spindle 203b, or the balls 205 can be fixed
longitudinally with respect to the respective spindle 203b. In either case, the balls 205
are free to rotate about the longitudinal axis of the respective spindle 203b.

[0032] In some implementations, the spindles 203b are omitted. In such
implementations, each cavity 203a can be shaped as a pathway through which the ball
205 (or multiple balls 205) disposed within the respective cavity 203a can move, while
also being free to roll without rotational restrictions to any particular axis (for example,
rotation of the ball 205 is not restricted to rotation about a longitudinal axis of the spindle
203b). For example, each cavity 203a can have a shape that is similar to the inverse
shape of a pill. In some implementations, each cavity 203a has a shape that is similar to
the inverse shape of a sphere, such that the respective ball 205 resides within the cavity

203a and is free to roll in any direction. Regardless of the shape of the cavities 203a, at
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least a portion of each ball 205 protrudes outwardly from the respective cavity 203a of
the cutting blade 203 toward the subterranean formation.

[0033] FIGs. 3A and 3B are schematic diagrams of implementations of a BHA
300 that include the apparatus 200. The BHA 300 includes a drill bit 301, a drill collar
303, and the apparatus 200. The drill bit 301 is used to drill into a subterranean
formation to form a wellbore. The drill bit 301 can be rotated to scrape rock, crush rock,
or both. The drill collar 303 provides weight on the drill bit 301 to facilitate the drilling
process. In some implementations, as shown in FIG. 3A, the drill collar 303 is
positioned longitudinally intermediate of the drill bit 301 and the apparatus 200. In some
implementations, as shown in FIG. 3B, the apparatus 200 is positioned longitudinally
intermediate of the drill bit 301 and the drill collar 303.

[0034] Some examples of additional components that can be included in the
BHA 300 include a crossover, a heavy wall (heavy-weight) drill pipe, and an additional
reamer tool. For example, the BHA 300 can include, in the following order starting
from the bottom: the drill bit 301, an additional reamer tool, the drill collar 303, the
apparatus 200, two additional drill collars, a crossover, and a heavy wall drill pipe that
is connected to a remainder of the drill string. For example, the BHA 300 can include,
in the following order starting from the bottom: the drill bit 301, the apparatus 200, the
drill collar 303, an additional implementation of the apparatus 200, two additional drill
collars, a crossover, and a heavy wall drill pipe that is connected to a remainder of the
drill string.

[0035] FIG. 4 is a flow chart of a method 400 that can, for example, be
implemented by the apparatus 200 in the well 100. The method 400 occurs during a
drilling operation in a subterranean formation (for example, while the well 100 is being
drilled). At step 402, a cutting blade (such as the cutting blade 203) is biased outward
from a body (for example, the body 201) by a spring, such that a ball (for example, the
ball 205) embedded within the cutting blade 203 and protruding from the cutting blade
203 contacts a wall of the subterranean formation. For example, the cutting blade 203
is spring loaded, such that the cutting blade 203 is biased radially outward from the body
201 toward the wall of the subterranean formation. As described previously, the ball
205 can be embedded within a cavity 203a in such a way that at least a portion of the
ball 205 protrudes from the cutting blade 203. The spring loading of the cutting blade
203 puts the ball 205 in contact with the wall of the subterranean formation.

PCT/US2021/046305
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[0036] At step 404, the cutting blade 203 is rotated to cut into the wall of the
subterranean formation. The ball 205, which is also in contact with the wall of the
subterranean formation, rolls against the wall of the subterranean formation to reduce
friction while the cutting blade 203 rotates at step 404. As described previously, the
cutting blade 203 can include a cutter 207 that is made of a material that is strong enough
to cut into the wall of the subterranean formation. For example, the cutting blade 203
includes multiple PDC cutters embedded on a surface of the cutting blade 203, and when
the cutting blade 203 rotates, the cutters 207 cut into the subterranean formation. In
some implementations, the ball 205 rolls against the wall of the subterranean formation
to reduce friction while the apparatus 200 is moving longitudinally through the wellbore
and while the cutting blade 203 is not rotating.

[0037] While this specification contains many specific implementation details,
these should not be construed as limitations on the scope of what may be claimed, but
rather as descriptions of features that may be specific to particular implementations.
Certain features that are described in this specification in the context of separate
implementations can also be implemented, in combination, in a single implementation.
Conversely, various features that are described in the context of a single implementation
can also be implemented in multiple implementations, separately, or in any sub-
combination. Moreover, although previously described features may be described as
acting in certain combinations and even initially claimed as such, one or more features
from a claimed combination can, in some cases, be excised from the combination, and
the claimed combination may be directed to a sub-combination or variation of a sub-
combination.

[0038] As used in this disclosure, the terms “a,” “an,” or “the” are used to include
one or more than one unless the context clearly dictates otherwise. The term “or” is
used to refer to a nonexclusive “or” unless otherwise indicated. The statement “at least
one of A and B has the same meaning as “A, B, or A and B.” In addition, it is to be
understood that the phraseology or terminology employed in this disclosure, and not
otherwise defined, is for the purpose of description only and not of limitation. Any use
of section headings is intended to aid reading of the document and is not to be interpreted
as limiting; information that is relevant to a section heading may occur within or outside

of that particular section.

10

PCT/US2021/046305



10

15

20

25

30

WO 2022/040183

[0039] As used in this disclosure, the term “substantially™ refers to a majority
of, or mostly, as in at least about 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%,
99%, 99.5%, 99.9%, 99.99%, or at least about 99.999% or more.

[0040] Values expressed in a range format should be interpreted in a flexible
manner to include not only the numerical values explicitly recited as the limits of the
range, but also to include all the individual numerical values or sub-ranges encompassed
within that range as if each numerical value and sub-range is explicitly recited. For
example, a range of “0.1% to about 5% or “0.1% to 5% should be interpreted to
include about 0.1% to about 5%, as well as the individual values (for example, 1%, 2%,
3%, and 4%) and the sub-ranges (for example, 0.1% to 0.5%, 1.1% to 2.2%, 3.3% to
4.4%) within the indicated range. The statement “X to Y has the same meaning as
“about X to about Y,” unless indicated otherwise. Likewise, the statement “X, Y, or Z”
has the same meaning as “about X, about Y, or about Z,” unless indicated otherwise.
[0041] Particular implementations of the subject matter have been described.
Other implementations, alterations, and permutations of the described implementations
are within the scope of the following claims as will be apparent to those skilled in the
art. While operations are depicted in the drawings or claims in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed (some
operations may be considered optional), to achieve desirable results. In certain
circumstances, multitasking or parallel processing (or a combination of multitasking and
parallel processing) may be advantageous and performed as deemed appropriate.
[0042] Moreover, the separation or integration of various system modules and
components in the previously described implementations should not be understood as
requiring such separation or integration in all implementations, and it should be
understood that the described components and systems can generally be integrated
together or packaged into multiple products.

[0043] Accordingly, the previously described example implementations do not
define or constrain the present disclosure. Other changes, substitutions, and alterations

are also possible without departing from the spirit and scope of the present disclosure.
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CLAIMS
WHAT IS CLAIMED IS:

1. An apparatus for cutting into a subterranean formation, the apparatus comprising:

a body;

a plurality of cutting blades distributed around a circumference of the body, the
plurality of cutting blades configured to cut into the subterranean formation in
response to being rotated, each cutting blade of the plurality of cutting blades
comprising a ball embedded in the respective cutting blade, wherein at least a portion
of the ball protrudes toward the subterranean formation from the respective cutting
blade in which the ball is embedded, and each ball is configured to roll against the
subterranean formation to reduce friction while the plurality of cutting blades are

rotating,

2. The apparatus of claim 1, wherein each cutting blade of the plurality of cutting blades

defines a cavity within which the respective ball is embedded.

3. The apparatus of claim 2, wherein each cutting blade of the plurality of cutting blades
comprises a spindle positioned within the respective cavity, each ball is mounted to the
spindle of the respective cutting blade, each ball is free to slide longitudinally relative
to the spindle of the respective cutting blade, and each ball is free to rotate about a

longitudinal axis of the spindle of the respective cutting blade.

4. The apparatus of claim 3, wherein each cutting blade of the plurality of cutting blades
comprises aleading edge and a trailing edge with respect to a direction of rotation of the
plurality of cutting blades, each leading edge and each trailing edge comprising a

polycrystalline diamond compact cutter.

5. The apparatus of claim 4, wherein each cutting blade of the plurality of cutting blades

comprises a tapered crown comprising a polycrystalline diamond compact cutter.
6. The apparatus of claim 5, wherein each cutting blade of the plurality of cutting blades

is spring loaded, such that each cutting blade of the plurality of cutting blades is biased
radially outward from the body.
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7. The apparatus of claim 6, wherein each cutting blade of the plurality of cutting blades

has a straight or spiral shape.

8. A bottom hole assembly comprising:
a drill bit;
a drill collar; and
an apparatus comprising:

a body;

a plurality of cutting blades distributed around a circumference of the body,
the plurality of cutting blades configured to cut into a subterranean formation in
response to being rotated, each cutting blade of the plurality of cutting blades
comprising a ball embedded in the respective cutting blade, wherein at least a
portion of the ball protrudes toward the subterranean formation from the
respective cutting blade in which the ball is embedded, and each ball is
configured to roll against the subterranean formation to reduce friction while the

plurality of cutting blades are rotating.

9. The bottom hole assembly of claim 8, wherein each cutting blade of the plurality of

cutting blades defines a cavity within which the respective ball is embedded.

10. The bottom hole assembly of claim 9, wherein each cutting blade of the plurality of
cutting blades comprises a spindle positioned within the respective cavity, each ball is
mounted to the spindle of the respective cutting blade, each ball is free to slide
longitudinally relative to the spindle of the respective cutting blade, and each ball is free

to rotate about a longitudinal axis of the spindle of the respective cutting blade.

11. The bottom hole assembly of claim 10, wherein each cutting blade of the plurality
of cutting blades comprises a leading edge and a trailing edge with respect to a direction
of rotation of the plurality of cutting blades, each leading edge and each trailing edge

comprising a polycrystalline diamond compact cutter.
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12. The bottom hole assembly of claim 11, wherein each cutting blade of the plurality
of cutting blades comprises a tapered crown comprising a polycrystalline diamond

compact cutter.

13. The bottom hole assembly of claim 12, wherein each cutting blade of the plurality
of cutting blades is spring loaded, such that each cutting blade of the plurality of cutting
blades is biased radially outward from the body.

14. The bottom hole assembly of claim 13, wherein each cutting blade of the plurality
of cutting blades has a straight or spiral shape.

15. The bottom hole assembly of claim 14, wherein the drill collar is positioned

longitudinally intermediate of the drill bit and the apparatus.

16. The bottom hole assembly of claim 14, wherein the apparatus is positioned

longitudinally intermediate of the drill bit and the drill collar.

17. A method comprising:
during a drilling operation in a subterranean formation,
biasing, by a spring, a cutting blade outward from a body, such that a ball
embedded within and protruding from the cutting blade contacts a wall of the
subterranean formation; and
rotating the cutting blade to cut into the wall of the subterranean formation,
wherein the ball rolls against the wall of the subterranean formation to reduce

friction while the cutting blade rotates.
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