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(57) Abregé/Abstract:

A reamer Is designhed to enhance operation of a bottom hole assembly in which it is included. One or more capabillities and/or
characteristics of the cutters carried by the reamer blocks of the reamer may be varied even in the same profile portion to enhance
the functionality and/or durabillity of the reamer.
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hole assembly in which it 1s included. One or more capabilities and/or
characteristics of the cutters carried by the reamer blocks of the reamer
may be varied even in the same profile portion to enhance the function-
ality and/or durability of the reamer.



(84)

CA 02881147 2015-02-03

WO 2014/028457 A1 |00 000 VP AR 0 1

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SA, SC, SD, SE, 8SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
A, IM, IW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



CA 02881147 2015-02-03
WO 2014/028457 PCT/US2013/054683

REAMER WITH IMPROVED PERFORMANCE
CHARACTERISTICS IN HARD AND ABRASIVE
FORMATIONS

CROSS REFERENCE

(07) This application claims priority from U.S. non-provisional application no.
13/585,5595, filed on August 14, 2012, and U.S. Continuation-in-Part application no.
13/961,660, filed on August 7, 2013, which are incorporated herein by reference In

its entirety.
FIELD

(02) The disclosure relates to the design of reamers for use in the drilling of holes

through which hydrocarbon materials are extracted.
BACKGROUND

(03) Bottom hole assemblies are part of the drill string. Specifically, a bottom hole
assembly typically refers to the lower part of the drill string, extending from a drill bit
to a drill pipe. In some configurations, a bottom hole assembly may include a
reamer. A reamer may follow the drill bit down the hole, and may serve to increase

the diameter of the hole initially drilled by the drill bit.

(04) Conventional reamers have been designed to match the drill bits with which
they are paired. Generally, this matching includes physically matching the
configuration of cutters disposed on a reamer, in terms of size, diameter, and/or back
rakes with the cutters used on the matched drill bit, and/or attempting to match
operating characteristics of the reamer with operating characteristics of the drill bit so

that the reamer and the drill bit will react the same to changes in rotary speed and/or
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weight on bit. As used here, the term "match” means pairing and working together to

exhibit predictable behaviors and outcomes.

(05) During operation, however, the attempt to match operation characteristics
may prove futile as the drill bit and the reamer proceed in series through different
formations, experience wear at different rates and/or in different ways, and/or
experience other phenomena that cause mis-matched operation. These sources of
misalignment between the operation characteristics of the drill bit and the reamer
may become sources of vibration, which, in addition to causing failures to bits and/or
reamers, may also cause failures to much more expensive downhole tools, such as
logging, imaging, and rotary steerable systems. In additions, these dynamic
conditions can contribute to shorter and slower runs, which may in turn force multiple
trips and increase operational costs. . |In hard and/or abrasive formations, and as
well depths have gotten deeper, these failures have significant effects on project
costs. To bring these costs in line, industry researchers have focused on solutions

that will address these problems.

SUMMARY

(06) One aspect of the disclosure relates to a reamer configured for use in forming
a hole for the extraction of hydrocarbon materials. The reamer includes a
longitudinal body and one or more reamer blocks that are extendible from and
retractable toward a rotational axis that runs longitudinally through the reamer. Each

of the reamer blocks carries a plurality of cutters that are configured to engage the

formation.

(07) On a given reamer block, the cutters may be disposed in a plurality of rows.

The cutters on the rows, may run generally perpendicular to the reamer block profile,

704693911v1
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or be disposed at a tilted angle from perpendicularity. The rows on any said block
may run generally parallel to each other. The rows may include a leading row, a
trailing row, and/or other rows. The values of one or more design parameters of the
cutters in the leading row may be different than the design conditions of one or more

parameters of the cutters in the trailing row along the profile of the reamer block.

(08) For example, the leading row may include a first cutter disposed along a
profile position that at least partially overlaps with a profile position of a second cutter
included In the trailing row of the same block. |In other scenarios, a first cutter of a
specific row may partially overlap with another cutter in a leading or trailing row on a
different block. In addition, a first cutter on a specific row may have total overlap or
engulfment with a second cutter on a different row that may be situated in the same
or different block. One or more of the size, diameter, and/or shape of the first cutter
may be different from the second cutter. A larger size of the first cutter with respect
to the second cutter may refer to one or more of a larger extension from the external
surface of the reamer block, a cross sectional area, or a diamond area or volume. A
different shape of the first cutter with respect to the second cutter may include a
difference In geometric cross-sectional shape. A larger diameter may refer to a
diameter along a major axis. These cutters may have different geometric cross-
sectional shapes, such as round, elliptical, oval cutters, and/or other geometric
shapes. The first cutter and the second cutter may have a common geometric cross-
sectional shape, but may have different geometric parameters. For example, the
first cutter and the second cutter may have different radii, different orientations In
axis of symmetry, different numbers of axis of symmetry, different foci, different focal
length, different eccentricity, and/or other geometric parameters that are different

from each other. A different shape of the first cutter with respect to the second cutter
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may Include a different angle of the face of the cutter with respect to the sides. The
back rake and/or side rake of the one of the cutters, in such a first and second cutter
description may be different. The first and or second cutters, as described above,
and having different sizes, diameters, geometries, back rakes, and/or other

parameters, may have common or different radial locations.

(09) The differences In the sizes, shapes, diameters, and/or other parameters of
the first cutter and the second cutter (and/or other overlapping cutters in the leading
row, the trailing row, and/or other rows) may have different characteristics or
properties along the same section of the profile of the reamer block. For example,
the first cutter and the second cutter may have different abrasive capabilities as well
as impact capabilities. The design parameters, as discussed earlier will establish
different levels of efficiency and/or aggressiveness, thereby leading to different

performance characteristics.

(10) The plurality of cutters carried on the reamer block may include a hole-
opening set of cutters, a hole maintaining set of cutters, and/or other sets of cutters.
The reamer block and the opening set of cutters may be formed such that
engagement of the opening set of cutters with a surrounding formation opens the
diameter of the original hole drilled by the drill bit, that is situated at the end of the
BHA to the required hole diameter. The hole-maintaining set of cutters may be
carried by the reamer block at a different location and longitudinally away from the
opening set of cutters. The cutting tips of the hole-maintaining set of cutters (when
reamer IS fully opened) share common radial locations with the final hole size that
the reamer Is expected to open to. The hole-opening and the maintaining set of
cutters (deployed on the rows of the reamer blocks) may be formed such that

engagement of the maintaining set of cutters with the surrounding formation
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maintains the diameter of the hole. One or more of the sizes, diameters, and/or
shapes (and/or other parameters) of the cutters in the opening set of cutters may be
configured to make the opening set of cutters more resistant to wear than the cutters
In the maintaining set of cutters. This said configuration may be reversed in some
iInstances, based on the drillability characteristics, in terms of impact and/or abrasion,

of the formations being drilled.

(11) These and other objects, features, and characteristics of the system and/or
method disclosed herein, as well as the methods of operation and functions of the
related elements of structure and the combination of parts and economies of
manufacture, will become more apparent upon consideration of the following
description and the appended claims with reference to the accompanying drawings,
all of which form a part of this specification, wherein like reference numerals
designate corresponding parts in the various figures. It is to be expressly
understood, however, that the drawings are for the purpose of illustration and
description only and are not intended as a definition of the limits of the invention. As
used In the specification and in the claims, the singular form of "a”, "an”, and “the”

Include plural referents unless the context clearly dictates otherwise.
BRIEF DESCRIPTION OF THE DRAWINGS

(12) FIG. 1 lllustrates a bottom hole assembly configured to excavate a hole

section.
(13) FIG. 2 illustrates a block and cutters of a reamer.
(14) FIG. 3 illustrates a block and cutters of a reamer.

(15) FIG. 4 illustrates a method of designing and/or assembling different reamer

types.
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(16) FIG. 5 illustrates a method of designing and/or assembling different reamer

types.

DETAILED DESCRIPTION

(17) FIG. 1 lllustrates a bottom hole assembly 10 configured to excavate a hole
section 12. Hole section 12 is disposed down hole from casing 14 having a first
diameter. The hole including hole section 12 and casing 14, in some
iImplementations, is for the extraction of petrochemical materials (e.q., fluids, and/or
other materials). Bottom hole assembly 10 is configured to excavate rock formations
to form hole section 12. Bottom hole assembly 10 is connected to the surface, and
rotated in hole section 12 by a drill string 16. Bottom hole assembly 10 is configured
to enhance the efficiency, effectiveness, resilience, ruggedness, and/or other
aspects of convention bottom hole assemblies. Bottom hole assembly 10 may

iInclude a drill bit 18, a reamer 20, and/or other components.

(18) Drill bit 18 is disposed at a distal (or "bottom™) end of drill string 16. Drill bit 18
IS configured such that as drill string 16 rotates drill bit 18, drill bit 18 scrapes,
shears, crushes, and/or cuts rock to deepen the hole. Drill bit 18 may be a
polycrystalline diamond compact (PDC) bit with one or more PDC cutters. In other
iInstances, drill bit 18 could be a roller-cone bit, a drag bit,, a natural diamond or an
iImpregnated bit, and/or other bits. The diameter of drill bit 18 i1s smaller than the
casing diameter, and thus facilitates insertion of drill bit 18 into hole section 12

through casing 14 after casing 14 has been set and cemented in place.

(19) Reamer 20 is configured to enlarge the hole initially formed by drill bit 18.
Reamer 20 includes a body 227 and one or more blocks 24. Body 22 and blocks 24

(when In a retracted position) have a diameter that is less than the internal diameter
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of casing 14. Blocks 24 are configured to axially retract into and/or extend from body
22. With blocks 24 retracted within body 22, reamer 20 can be lowered into hole
section 12 through hole casing 14 without impacting casing 14. Once reamer 20 has
cleared casing 14, blocks 24 are extended from body 22. This facilitates the
excavation of hole section 12 by reamer 20 at a larger diameter than the first
diameter of casing 14. In a general sense, the final hole size drilled by blocks 24 Is

always bigger than the hole size drilled by bit 18.

(20) Individual blocks 24 carry cutters 26. Cutters 26 are cutting elements carried
on exterior surfaces of blocks 24 that are configured to excavate rock and enlarge
the hole originally drilled by drill bit 18. Such excavation may include one or more of
scraping, shearing, crushing, cutting, and/or other excavation. One or more of
various design parameters of cutters 26 are configured to control the operation of
reamer 20 during the rock removal process. These parameters may include one or
more of size, diameter, shape, composition, and/or other parameters. The size of a
cutter 26 may include one or more of a surface area of cutter 26 extending from a
block 24, a volume of cutter 26 extending from a block 24, a height of cutter 26
extending from block 24, a length of a cutting edge of cutter 26, and/or other sizes.
The orientation or shape of a cutter 26 in block 24 may refer to a geometric cross-
sectional shape, geometric parameters of the geometric shape, an angle of the face

with respect to the side, a back rake of the cutter 26, and/or other variations in shape

(21) By varying one or more of the size, diameter, shape, composition and/or other
design parameters of cutters 20, the operation of reamer 20 in excavating rock can
be controlled. Two aspects of the operation of reamer 20 that can be controlled
through the design of cutters 26 are efficiency and aggressiveness. Aggressiveness,

measured as a slope, refers to the effect on torque as a result of changes in weight
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as rotary speed is held fixed. As used herein, “weight” refers to the weight on bit or
reamer, or the force applied by bottom hole assembly 10 on the bit or reamer during
the drilling action. The more aggressive a cutting tool (e.q., drill bit 18 and/or reamer
20) 1s, the more torque will increase for an increase Iin weight. Similarly, for a more
aggressive tool, a decrease in weight will cause a greater decrease in torque. . The
efficiency of a cutting tool refers to the torque produced by the cutting tool at a given
rotary speed and weight. As such, at a given set of operating parameters (e.q.,
rotary speed and weight) the relative efficiency of two cutting tools can be compared

by comparing the torques generated by the two cutting tools.

(22) FIGS. 2 and 3 illustrates a block 24 having disposed thereon a plurality of
cutters 26. As can be seen in FIGS. 2 and 3, cutters 26 may be arranged in a
plurality of rows that run longitudinally along block 24. The rows may or may not
have similar exposures, with regards to how they contact and/or fail the formation.
For example, In some implementations, cutters 26 disposed toward a down hole end
of block 24 may have higher exposure (e.qg., be disposed to contact a formation
before) than cutters 26 in the same row disposed toward an up hole end of block 24.
A given row may or may not form a straight line through the centroids of cutters 26 in

the given row.

(23) Cutters 26 may include a plurality of sets of cutters 26. The sets may include
one or more opening sets (e.q., a first opening set 28, a second opening set 32,
and/or other opening sets), a maintaining set 30, a back-reaming set 33, and/or other
sets of cutter 26. An exterior surface 34 on which cutters 26 are disposed may have

different shapes for the different sets of cutters 26.

(24) Exterior surface 34 carrying opening sets 28 and/or 32 may be configured to

Increase a diameter of the hole being formed by the bottom hole assembly. As such,

3
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for first opening set 28 exterior surface 34 may be graded such that at a down hole
end of exterior surface 34, exterior surface 34 is closer to the longitudinal axis of the
reamer carrying block 24 than the rest of exterior surface 34 carrying first opening
set 28 of cutters 26. This will cause the diameter of the hole being formed by the
bottom hole assembly to be widened by first opening set 28 of cutters 26 as the

reamer IS moved down into the hole.

(25) Exterior surface 34 carrying second opening set 32 of cutters 26 may have a
similar grading to the portion of exterior surface 34 carrying first opening set 28.
However, exterior surface 34 carrying second opening set of cutters 26 may be
slightly less graded than the portion of exterior surface 34 carrying first opening set
of cutters 26. This may provide a transition in the grade of exterior surface 34 with
respect to the longitudinal axis of the reamer between the portion of exterior surface
34 carrying first opening set 28 of cutters 26 and the portion of exterior surface 34

carrying maintaining set 30 of cutters 26.

(26) At maintaining set 30, exterior surface 34 may be parallel with the longitudinal
axis. By virtue of this shaping of exterior surface 34, at least a portion of cutters 26
In up hole set 30 carried by exterior surface 34 may be disposed farthest from the
longitudinal axis. These cutters 26 in maintaining set 30 may extend farthest from
the longitudinal axis into the rock. As such, cutters 26 included in maintaining set 30
may act to maintain the widening of the hole effected by cutters 26 in the opening

sets 26 and/or 28 as the reamer is moved deeper into the hole.

(27) Back reaming set 33 of cutters 32 is provided up hole from maintaining set 30.
Back reaming set 33 may be configured to facilitate movement by the reamer back
up the hole. As such, exterior surface 34 of the reamer may be graded such that the

portion of exterior surface 34 carrying cutters in back reaming set 32 farthest from

9



CA 02881147 2015-02-03
WO 2014/028457 PCT/US2013/054683

maintaining set 30 of cutters 26 is closer from the longitudinal axis of the reamer
than the portion of exterior surface carrying cutters in back reaming set 32 that is

adjacent to maintaining set 30.

(28) Conventional reamers have typically been designed under the assumption
that failure 1s most likely in cutters 26 in maintaining set 30. Convention wisdom
suggests these cutters 26 are most likely to fail because they are carried farthest
from the radial axis of the reamer and do the most work, due to their higher radial
distances from the central axis of the reamer.. As such, in conventional reamers,
cutters 26 in maintaining set 30 are higher in count, due to the desire to increase
diamond density, and control or minimize wear. This disclosure, on the other hand,
suggests that in some implementations reamer block 24 may be designed to reduce
fallure by cutters 26 in one or both of opening sets 28 and/or 32. This may include
designing cutters 26 in one or both of opening sets 28 and/or 32 more resistant to
wear and/or impact damage. The cutters 26 in one or both of openings sets 28
and/or 32 may be provided with sizes, diameters, shapes (e.g., back racks, and/or
other shape parameters), composition, and/or other features that enhance wear and
Impact resistance with respect to cutters in maintaining set 30. This is because the
present disclosure recognizes that cutters 26 involved in opening the diameter of the
hole (e.q., cutters 26 in opening sets 28 and/or 32) can be more susceptible to failure

IN some operating conditions.

(29) Returning to FIG. 1, while varying the size, diameter, shape, composition,
and/or other design parameters of cutters 26 may provide some level of control over
the aggressiveness and/or efficiency of reamer 20, varying these parameters may
also impact a force balance, bit to reamer weight distribution, and/or other

characteristics of the operation of reamer 20. In particular, the design of cutters 26

10
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on blocks 24 of reamer 20 may be determined with a specific weight distribution in
mind. The weight distribution may include one or more of the weight distribution of
reamer 20 as a whole, the weight distribution of the individual blocks 24, and/or other
weight distributions. The weight distribution of reamer 20 and/or blocks 24 may
impact which drill bits 18 reamer 20 can be employed with since this distribution
affects dynamic performance, vibrations and impact loading on the two cutting tools

— that 1s bit and reamer..

(30) As has been described herein, one or more of the size, diameter, shape,
composition, and/or other parameters of various ones of cutters 26 may be designed
to enhance durabillity, that is impact and abrasion resistance of specific cutters 26
and/or sets of cutters 26, and/or to control efficiency and/or aggressiveness of
reamer 20. These parameters may further be adjusted based on the stratas in which
reamer 20 and bit 18 will be drilling at specific times during the drilling operation.

For example, In certain types of formations, an enhanced impact ability may provide
better results. In other types of formations, an enhanced abrasive ability may
provide better results. If the design of the layout of cutters 26 is not matched to the
formation(s) in which it is being deployed, the aggressiveness, efficiency, and/or
wear-resistance of reamer 20 may be compromised, thus leading to vibrations,
Impact damage and accelerated wear, short footages drilled by BHA, low ROP etc —
all of which lead to downhole tool failures, unplanned trips, and high operational

costs..

(37) In order to enhance the customizability of the design of the layout of cutters
26 on blocks 24, cutters 26 may be disposed on blocks 24 so that the parameters of
cutters 26 along an individual portion of the profile of reamer 20 are different. As

used here, the “profile” of reamer 20 may include an individual longitudinal section of

11
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reamer 20. The cutters 26 along a portion of the profile of reamer 20 would include
the cutters 26 within the same longitudinal section that contact the same annular
section of the hole as reamer 20 rotates during operation. Providing cutters on the
same section of profile with different parameters may enhance wear resistance,
cutting capabillities or performance, and/or other operational aspects of reamer 20

while maintaining proper weight distribution.

(32) By way of illustration, FIG. 4 depicts a profile of a reamer block. In the
depiction shown in FIG. 4, individual cutter spaces 40 are depicted. A cutter space
40 may correspond to one or more cutters disposed at a given longitudinal location
along the reamer block. As such, a single cutter space 40 may represent a plurality
of cutters disposed at an identical location along the profile of the reamer block (e.q.,
offset on the reamer block at the same longitudinal position) with an identical size —
along different segments of the reamer blocks profile, as defined and discussed

earlier.

(33) As can be seenin FIG. 4, at a down hole end 42, the hole opening section of
the reamer block, the profile includes a set of nested cutter spaces 40a nested inside
of a set of larger cutters spaces 40b. As discussed earlier, cutter spaces 40a and
40b will be on different leading and/or trailing rows on the same or different reamer
blocks. This may signify that the average cutter diameter disposed on the reamer
block at the profile portion corresponding to cutter spaces 40a and 40b may be
larger In cross-section than cutters disposed on different sections of the reamer’s
profile. In other instances, cutters spaces 40a and 40b while deployed on different
rows may be of the same diameter in the specified region, with complete
circumferential overlap, whereby the average cutter diameter in this specific region

remains larger than the average diameters in the next region. Likewise, the average

12
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diameter in the next region. By such a deployment, the average cutter diameter in
region 28 may be larger than that of regions 32 and 30. In all instances, one region
or cutter space on the reamer as required by the current invention and based on the
specific drilling project or application will always have at least one region or cutter
space where the average cutter diameter is larger than those of the other regions or
cutter spaces along the reamer’s profile. In the design shown in FIG. 4, the profile
portion corresponding to cutter spaces 40a and 40b may correspond to an opening
set of cutters. The cutters in the opening set of cutters may include a set of cutters
on the leading edge of the reamer block (e.qg., in a leading row of cutters) that have a
larger cross section (corresponding to larger cutter spaces 40b). Cutters In this
section of the block that trail the cutters at or near the leading edge (e.g., in one or
more rows trailing the leading row of cutters) may have a smaller cross section
(corresponding to nested cutter spaces 40c). This may enhance the resistance of
this section of the profile of the reamer block to wear, as the larger cutters
corresponding to larger cutter spaces 40b withstand the largest amount of force
during use. The nesting of different diameter cutters along a common section of
profile in this way may facilitate control over wear-resistance, aggressiveness,
efficiency, abrasiveness, impact resistance, and/or other operating characteristics of
the reamer while maintaining an appropriate weight distribution along the reamer
and/or reamer block. An example of this type of cutter lay out can be seen, for

example, in first opening set 28 of reamer block 24 shown in FIGS. 2 and 3.

(34) FIG. 5 depicts a profile of a reamer block. In the cutter layout represented in
FIG. 5, cutter spaces 40 of different diameters are overlapped along the profile. This
may correspond to a cutter layout in which cutters of different diameterss are

staggered In different cutter spaces, where the average diameters of cutters in the

13
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different cutter spaces that have been deployed longitudinally across a plurality of
rows of cutters are different along the reamer’'s profile. Such a layout may ensure
coverage along longitudinally along the profile, while facilitating inclusion of cutters
having different shapes, diameters, sizes, and/or other parameters tailored to
provide different characteristics to the reamer. For example, some of the cutters
may be designed with sizes, diameters, shapes, design parameters and material
properties that improve durability characteristics, specifically,enhanced abrasion
properties, while other ones of the cutters may be designed with sizes, diameters,
shapes, design parameters and material characteristics that improve impact
properties. The staggering of the cutters having different parameters along the
profile, while achieving the appropriate weight distribution ensures improved
performance In hard and/or abrasive formations by ensuring improved durability
characteristics. Although the system(s) and/or method(s) of this disclosure have
been described in detall for the purpose of illustration based on what is currently
considered to be the most practical and preferred implementations, it is to be
understood that such detail is solely for that purpose and that the disclosure is not
limited to the disclosed implementations, but, on the contrary, Is intended to cover
modifications and equivalent arrangements that are within the spirit and scope of the
appended claims. For example, it i1s to be understood that the present disclosure
contemplates that, to the extent possible, one or more features of any
implementation can be combined with one or more features of any other

Implementation.
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CLAIM AMENDMENTS

This listing of claims will replace all prior versions, and listings, of claims in

the application:

1.

(Original) A reamer configured for use in forming a hole for the extraction
of hydrocarbon materials, the reamer comprising:

a first reamer block that is extendible from and retractable toward a
rotational axis that runs longitudinally through the reamer:

a second reamer block that is extendible from and retractable toward the

rotational axis; and

multiple cutters carried on the first reamer block and the second
reamer block, the cutters being disposed in multiple rows of cutters that run
generally longitudinally along external surfaces of the first and second reamer
blocks, wherein the rows include a leading row of cutters carried on the first
reamer block, the leading row on the first reamer block including a first cutter,
and wherein the rows further include a trailing row of cutters carried on the

first reamer block or the second reamer block that trails the leading row and

- A A ey e N —— CR— N - T L — — el - g = e - . - —— - - - T — & 4 en tamt - - - - - - - .- T == . - - fisss. 8

includes a second cutter, wherein the first cutter and the second cutter are

disposed in the same section of the profile of the reamer, and wherein an

aspect of the geometrical cross-sectional shape of the first cutter is different

from the second cutter.

(Original)  The reamer of claim 1, wherein the aspect of the geometrical

cross-sectional shape of the first cutter that is different from the second cutter

Is geometrical shape.

&
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3. (Original)  The reamer of claim 2, wherein the geometrical shape of the

cross-section of the first cutter is circular, an oval, or an ellipse.

4. (Original)  The reamer of claim 1, wherein the first cutter and the second
cutter are both ovals, and wherein one or both of an orientation of axis of
symmetry and/or a number of axis of symmetry are different between the first

cutter and the second cutter.

S. (Original)  The reamer of claim 1, wherein the first cutter and the second

cutter are both ellipses, and wherein one or both of eccentricity and/or focal

length are different between the first cutter and the second cutter.

6. (Original)  The reamer of claim 1, wherein a face of the first cutter has a
different orientation with respect to a side of the first cutter than a face of the

second cutter has with respect to a side of the second cutter.

7. (Currently Amended) A reamer configured for use in forming a hole for the
extraction of hydrocarbon materials, the reamer comprising:
a first reamer block that is extendible from and retractable toward a
rotational axis that runs longitudinally through the reamer;

5 second reamer block that is extendible from and retractable toward

the rotational axis; and

multiple cutters carried on the first reamer block and the second

reamer block, the cutters being disposed in multiple rows of cutters that run
- w -
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10.

705307216v1

generally longitudinally along external surfaces of the first and second reamer
blocks, wherein the rows include a leading row of cutters carried on the first
reamer block, the leading row on the first reamer biock including a first cutter

and a second cutter, wherein the first cutler and the second cutter are

disposed in the same section of a cutting profile of the reamer, and the

diameter of the first cutter is different from the diameter of the second cutter.

(Original)  The reamer of claim 7, wherein the leading row of cutters on the
first reamer block further includes a third cutter having a diameter that is
different from the diameter of the second cutter and the diameter of the first

cutter.

(Original)  The reamer of claim 7, wherein the multiple rows of cutters
includes a trailing row of cutters on the first reamer block, the trailing row of

cutters including a third cutter and a fourth cutter, and the diameter of the third

cutter is different from the diameter of the fourth cutter.

(Original) A reamer configured for use in forming a hole for the extraction
of hydrocarbon materials, the reamer comprising:

a first reamer block that is extendible from and retractable toward a
rotational axis that runs longitudinally through the reamer,

a second reamer block that is extendible from and retractable toward
the rotational axis; and

multiple cutters carried on the first reamer block and the second

reamer block, the cutters being disposed in multiple rows of cutters that run

-1 -
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11.

12.

13.

14.

15.

generally longitudinally along external surfaces of the first and second reamer
blocks, wherein the rows include a leading row of cutters carried on the first
reamer block, the leading row on the first reamer block including a first cutter,
and wherein the rows further include a trailing row of cutters carned on the
first reamer block or the second reamer block that trails the leading row and
includes a second cutter, wherein the first cutter and the second cutter are
disposed in the same section of the profile of the reamer, and wherein the
diameter of the first cutter is different from the second cutter, and

wherein the first cutter and the second cutter are part of an opening set

of cutters on the reamer block that expand the diameter of the hole.

(Original)  The reamer of claim 10, wherein the first cutter has a larger

diameter than the second cutter.

(Original)  The reamer of claim 11, wherein the first cutter has a larger

cross sectional area than the second cutler.

(Original)  The reamer of claim 10, wherein the first cutter has a different

shape than the second cutter.

(Original)  The reamer of claim 10, wherein the back rake of the first cutter

is different than the back rake of the second cuiier.

(Original) ~ The reamer of claim 10, wherein the first cutter and the second

cutter have different abrasive resistance capabilities.
- 1R -
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16. (Original)  The reamer of claim 10, wherein the first cutter and the second

cutter have different impact resistance capabilities.

17.  (Orniginal)  The reamer of claim 10, wherein a center of a cross section of
the first cutter has the same position along the profile of the reamer block as a

center of a cross section of the second cutter.

18. (Original)  The reamer of claim 10, wherein a center of a cross section of

the first cutter has a different position along the profile of the reamer block

than a center of a ¢ross section of the second cutter.

19. (Original)  The reamer of claim 10, wherein a center of a cross section of
the first cutter has a different position along the profile of the reamer block
than the center of a cross section of the second cutter, and where the

diameter of the second cutter is totally engulfed in the periphery of the first

- cutter.

20. (Original)  The reamer of claim 10, wherein a center of a cross section of

the first cutter has a common radial position along the profile of the reamer
block with the center of a cross section of the second cutter, and where the
diameter of the second cutter is totally engulfed in the periphery of the first

cutter

21.  (Original) A reamer configured for use in forming a hole for the extraction
-'Eg..
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of hydrocarbon materials, the reamer comprising:

a reamer block that is extendible from and retractable toward a

rotational axis that runs longitudinally through the reamer; and

multiple cutters carried on the reamer block, the cutters compnsing:

an opening set of cutters carried by the reamer block toward a
down hole end of the reamer block, the reamer block and the opening set of
cutters being formed such that engagement of the opening set of cutters with
a surrounding formation opens the diameter of the hole; and

a maintaining set of cutters carried by the reamer block toward
an up hole side of the reamer block from the opening set of cutters, the
reamer block and the maintaining set of cutters being formed such that
engagement of the maintaining set of cutters with the surrounding formation
maintains the diameter of the hole,

wherein one or both of the sizes and/or shapes of the cutters in
the opening set of cutters are configured to make the opening set of cutters

more resistant to wear than the cutters in the maintaining set of cutters.

22, (Original)  The reamer of claim 21, wherein the cutters are disposed on the
reamer block in rows that run generally longitudinal to the reamer block, and

wherein the cutters in a leading row of cutters that are also part of the opening

set of cutters have a larger size than the cutters in the leading row of cutters

that are also part of the maintaining set of cutters.

23.  (Original)  The reamer of claim 22, wherein the larger size of the cutters in

the opening set of cutters in the leading row with respect to the cutters In the

1% -
20)
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24.

25.

26.

27.

28.

maintaining set of cutters in the leading row refers to one or more of a larger
extension from an external surface of the reamer block, a larger cross

sectional area, or a larger volume.

(Original)  The reamer of claim 21, wherein an average size of the cufters
in the opening set of cutters Is larger than an average size of the cutters in the

maintaining set of cutters.

(Criginal)  The reamer of claim 17, wherein an average size of the cutters
in the opening set of cutters is smaller than an average size of the cutters In

the maintaining set of cutters.

(Original)  The reamer of claim 24, wherein the larger average size of the

cutters in the opening set of cutters with respect to the cutters in the
maintaining set of cutters includes one or more of a larger average extension

from an external surface of the reamer block, a larger average cross sectional

area, or a larger average volume:

(Original)  The reamer of claim 21, further comprising:

a second block that is axially retractable and extendible with respect to

the reamer in the same manner as the reamer block; and

a plurality of cutters carried by the second block.

(Original)  The reamer of claim 22, wherein the cutters carried by the

second block compnse:

- 15 -
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29.

30.

31.

an opening set of cutters carried by the second block toward a down
hole end of the second block, the second block and the opening set of cutters
being formed such that engagement of the opening set of cutters with a
surrounding formation opens the diameter of the hole; and

a maintaining set of cutters carried by the second block toward an up
hole side of the second block from the opening set of culters, the second
block and the maintaining set of cutters being formed such that engagement
of the maintaining set of cutters with the surrounding formation maintains the
diameter of the hole,

wherein one or both of the sizes and/or shapes of the cutters in the
opening set of cutters are configured to make the opening set of cutters more

resistant to wear than the cutters in the maintaining set of cutters.

(Original)  The reamer of claim 22, where different cutter sizes occupy
different cutter spaces along the reamer’s longitudinal profile, and have

partial overlaps. An d where the average cutter sizes of the different cutter

" sizes deployed in the different cutter spaces are different.

(Original) The reamer of claim 10, wherein the first cutter has a different

height than the second cutler.

(Original)  The reamer of claims 30 wherein the first cutier has a smaller

height than the second cutter.

1§ -
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