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STABILIZER AND REAMER SYSTEM HAVING EXTENSIBLE BLADES
AND BEARING PADS AND METHOD OF USING SAME

PRIORITY CLAIM
This application claims the benefit of the filing date of United States Patent
Application Serial Number 12/058,384, filed March 28, 2008, pending.

TECHNICAL FIELD
Embodiments of the present invention relate generally to a system for drilling a
subterranean borehole and, more particularly, to a stabilizer and reamer system having
extensible blades and bearing pads for enlarging a subterranean borehole beneath a casing

or liner, and including methods of use therefor.

BACKGROUND

Expandable reamers are typically employed for enlarging subterranean boreholes.
Conventionally in drilling oil, gas, and geothermal wells, casing is installed and cemented
to prevent the well bore walls from caving into the subterranean borehole while also
providing requisite shoring for subsequent drilling operation to achieve greater depths.
Casing is also conventionally installed to mutually isolate different formations, to prevent
crossflow of formation fluids, and to enable control of formation fluids and pressure as the
borehole is being drilled. To increase the depth of a previously drilled borehole, new and
smaller diameter casing (such term including liner) is disposed within and extended below
the previous casing. However, while adding additional casing allows a borehole to reach
greater depths, the additional, smaller casing has the disadvantage of narrowing the
borehole. Narrowing the borehole restricts the diameter of any subsequent sections of the
well because the drill bit and any further casing must pass through the smaller casing. As
reductions in the borehole diameter are undesirable because they limit the production flow
rate of oil and gas through the borehole, it is often desirable to enlarge a subterranean
borehole to provide a larger borehole diameter beyond previously installed casing to
enable better production flow rates of hydrocarbons through the borehole.

A variety of approaches have been employed for enlarging a borehole diameter.
One conventional approach used to enlarge a subterranean borehole includes using

eccentric and bi-center bits. For example, an eccentric bit with a laterally extended or
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enlarged cutting portion is rotated about its axis to produce an enlarged borehole diameter.
An example of an eccentric bit is disclosed in U.S. Patent No. 4,635,738, assigned to the
assignee of the present invention. A bi-center bit assembly employs two longitudinally
superimposed bit sections with laterally offset axes, which when rotated produce an
enlarged borehole diameter. An example of a bi-center bit is disclosed in U.S. Patent No.
5,957,223, which is also assigned to the assignee of the present invention.

Another conventional approach used to enlarge a subterranean borehole includes
employing an extended bottom hole assembly with a pilot drill bit at the distal end thereof
and a reamer assembly located at a proximal distance above. This arrangement permits
the use of any conventional rotary drill bit type, be it a rock bit or a drag bit, as the pilot
bit, and the associated extended nature of the assembly permit greater flexibility when
passing through tight spots in the borehole, as well as the opportunity to effectively
stabilize the pilot drill bit so that the pilot hole and the following reamer will traverse the
path intended for the borehole. This aspect of an extended bottom hole assembly is
particularly significant in directional drilling. The assignee of the present invention has, to
this end, designed reaming structures as so called “reamer wings,” which generally
comprise a tubular body having a fishing neck with a threaded connection at the top
thereof and a tong die surface at the bottom thereof, also with a threaded connection. U.S.
Patent Nos. 5,497,842 and 5,495,899, both assigned to the assignee of the present
invention, disclose reaming structures including reamer wings. The upper midportion of
the reamer wing tool includes one or more longitudinally extending blades projecting
generally radially outwardly from the tubular body, the outer edges of the blades carrying
PDC cutting elements.

As mentioned above, conventional expandable reamers may be used to enlarge a
subterranean borehole and may include blades pivotably or hingedly affixed to a tubular
body and actuated by way of a piston disposed therein as disclosed by U.S. Patent No.
5,402,856 to Warren. In addition, U.S. Patent No. 6,360,831 to Akesson et al. discloses a
conventional borehole opener comprising a body equipped with at least two hole opening
arms having cutting means that may be moved from a position of rest in the body to an
active position by exposure to pressure of the drilling fluid flowing through the body. The
blades in these reamers are initially retracted to permit the tool to be run through the
borehole on a drill string and once the tool has passed beyond the end of the casing, the

blades are extended so the well bore diameter may be increased below the casing.
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The blades of these conventional expandable reamers utilize pressure from inside
the tool to apply force radially outward against pistons which move the blades, carrying
cutting elements, laterally outward. Still other conventional reamers utilize pressure from
inside the tool to apply force axially against a piston which forces attached blades,
carrying cutting elements, laterally outward. Still further, fluid and pressure operated
expandable reamers are disclosed in United States Patent Application Nos. 11/875,241,
11/873,346, 11/949,259, and 11/949,627, currently pending, each of which is assigned to
the assignee of the present invention, overcome some of the difficulties associated with
conventional expandable reamers while providing for enhanced lateral movement of the
blades.

Various approaches to drill and/or ream a larger diameter borehole below a smaller
diameter borehole may include stabilizer blocks or pads used longitudinally above or
below an expandable reamer to increase stability and reduce dysfunctional loads, i.e.,
lateral vibrational loading, thereupon while reaming. Use of stabilizers to improve the
drilling performance of an expandable reamer is generally known to a person of ordinary
skill in the art. In most instances, fixed stabilizer pads or blocks, being sized and
configured for a corresponding hole diameter cut by a pilot bit or drill bit, are located in a
drill string between the bit and the expandable reamer. It is recognized that an expandable
reamer may be run through a borehole without a pilot bit or drill bit, particularly when
reaming or expanding an existing borehole. The stabilizer pads or blocks help to control
stability, particularly when conducting a so called “down drill” operation, e.g., drilling in
the down-hole direction. Also, as understood by a person of skill in the art, stability is
further improved by providing a point of control above an expandable reamer to decrease
the flexibility of the drill string about the expandable reamer. In this respect, an
expandable reamer may include, when used in “down drill” operations, expandable
stabilizer blocks or pads above the reamer. The expandable stabilizer blocks or pads are
also known as expandable stabilizers, such as the movable bearing pad structure disclosed
in United States Patent Application No. 11/875,241 referenced above, such apparatus
being operated to an expanded state by the flow of fluid, such as drill mud, or pressure
within the drill string. The expandable stabilizer blocks or pads may also be included in
the drill string below the expandable reamer, either by replacing or augmenting the

function of the fixed stabilizer pads or blocks. The expandable reaming blocks or pads,
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when placed above an expandable reamer, are conventionally sized and configured to
extend to a diameter corresponding to the reamed borehole diameter.

The fixed and expandable stabilizer blocks or pads may be integral with a tool
body of an expandable reamer or may be included with other down-hole tools serially
connected above and/or below an expandable reamer, such as part of a drill bit or a
stabilizer tool. The expandable reamers and the expandable stabilizers, operated by the
flow of fluid or pressure within respective flow bores, overcome some of the limitations
associated with bi-center and reamer wing assemblies in the sense that the pass-through
diameter of such tools is nonadjustable and limited by the reaming diameter; and improves
upon the tendency associated with conventional bi-center and eccentric bits to wobble and
deviate from the path intended for the borehole. Moreover, the fluid or pressure operated
expandable reamers and expandable stabilizers may overcome other limitations associated
with conventional expandable reaming assemblies, such as being subject to damage when
passing through a smaller diameter borehole or casing section, becoming prematurely
actuated, and difficulties in removal through the casing after actuation.

Notwithstanding the various prior approaches to drill and/or ream a larger diameter
borehole below a smaller diameter borehole, a need exists for improved apparatus,
systems or methods for doing so. For instance, conventional systems for stabilizing while
reaming a borehole (especially while back reaming a drilled borehole) may encounter
subterranean formation changes within the formation of the drilled borehole (i.e., a tight
spot of swelled shale or filter cake in the formation, or other obstructions) making
retraction of the stabilizer and reamer necessary, while trimming or back reaming, this
being undesirable in that an under-gage borehole results. Thus, encountering changes in
the previously reamed formation may necessitate deactivation (retraction) of an
expandable reamer and stabilizer in order to trip back up the borehole and, then begin
reaming, again, in the down-hole direction in order to trim the borehole to the proper
diameter.

Accordingly, there is an ongoing desire to improve or extend performance of a
stabilizer and reamer system having extensible blades and bearing pads for enlarging a
subterranean borehole beneath a casing, including a method of use therefor. There is a
further desire to provide a stabilizer and reamer system having extensible blades and

bearing pads capable of trimming a reamed or drilled borehole in the up-hole direction,
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particularly during a so called “up drill” or “back ream” operation, while improving

stabilization of the bottom hole assembly.

DISCLOSURE OF INVENTION

In order to prevent sticking of an expandable stabilizer during upward movement
in a borehole, or for enabling a reamed or drilled borehole to be trimmed more efficiently
in the up-hole direction while simultaneously providing reduced lateral vibration in the
bottom hole assembly, drilling systems and methods for enlarging a borehole are
provided.

The invention relates generally to a system for drilling a subterranean borehole
and, more particularly, to apparatus having both extensible blades and bearing pads, and
methods of use thereof, for enlarging a subterranean borehole below a restriction, such as
casing or liner. Furthermore, the invention relates to improved methods and apparatus for
improving stabilization of a drilling assembly while under-reaming in either the
down-hole or up-hole directions and controlling directional tendencies and reducing
undesirable vibrational effects of the drilling assembly within an enlarged borehole.
Moreover, the invention provides up-hole cutting structures upon the bearing pads of an
extensible stabilizer for trimming a previously enlarged subterranean borehole,
particularly when so called “back reaming” of the enlarged borehole is desired and when
the bearing pads of extensible stabilizer are expanded to the same lateral extent as the
extensible blades of the expandable reamer.

In accordance with an embodiment of the invention, a drilling system for enlarging
a borehole includes an expandable reamer and an expandable stabilizer axially coupled
above the expandable reamer. The expandable reamer includes a tubular body having a
longitudinal axis and a drilling fluid flow path therethrough, a plurality of generally
radially and longitudinally extending blades carried by the tubular body, and a cutting
structure carried by at least one blade of the plurality of blades, wherein at least one blade
of the plurality of blades is movable outwardly, with respect to the longitudinal axis. The
expandable stabilizer includes a tubular body having a longitudinal axis and a drilling
fluid flow path therethrough, a plurality of generally radially and longitudinally extending
bearing pads carried by the tubular body, wherein at least one bearing pad of the plurality
of bearing pads includes an up-hole cutting structure carried thereupon and is movable

outwardly with respect to the longitudinal axis.
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According to other embodiments of the invention, a drilling system for enlarging a
borehole in a subterranean formation is provided. The drilling system includes an
expandable reamer comprising a tubular body having a longitudinal axis and a drilling
fluid flow path therethrough, a plurality of generally radially and longitudinally extending
blades carried by the tubular body, and a cutting structure carried by at least one blade of
the plurality of blades, wherein at least one blade of the plurality of blades is movable
outwardly with respect to the longitudinal axis. The drilling system also includes an
expandable stabilizer axially coupled above the expandable reamer and comprising a
tubular body having a longitudinal axis and extending the drilling fluid flow path
therethrough, a plurality of generally radially and longitudinally extending bearing pads
carried by the tubular body, wherein at least one bearing pad of the plurality of bearing
pads includes up-hole cutting structure carried thereupon and is movable outwardly with
respect to the longitudinal axis. Optionally, the expandable reamer may include a plurality
of generally radially and longitudinally extending lower bearing pads disposed axially
below the plurality of blades and may include down-hole cutting structures carried
thereupon.

The drilling system in accordance with embodiments of the invention may
comprise a second expandable stabilizer axially coupled below the expandable reamer and
comprising a tubular body having a longitudinal axis and a drilling fluid flow path
therethrough, and may include a plurality of generally radially and longitudinally
extending lower bearing pads carried by the tubular body, wherein at least one lower
bearing pad of the plurality of lower bearing pads includes down-hole cutting structure
carried thereupon and is movable outwardly with respect to the longitudinal axis. The
blades, the bearing pads and the lower bearing pads may be outwardly extensible with
respect to the longitudinal axis by a fluid flow or pressure.

In still other embodiments of the invention, a stabilizer and reamer system for
enlarging a borehole in a subterranean formation includes a tubular drill string assembly
having a longitudinal axis, an upper segment, a mid segment and a drilling fluid flow path
therethrough; at least one movable reamer blade carried by the mid segment; and at least
one movable bearing pad carried by the upper segment having an up-hole edge and at least
one trim cutting element thereon, wherein the at least one movable bearing pad is

outwardly extensible with respect to the longitudinal axis by fluid flow or pressure. The
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upper segment and the mid segment may form a unitary portion of the tubular drill string
assembly or may be individual assemblies making up the drilling assembly.

In further embodiments of the invention, a reamer-stabilizer system for enlarging a
borehole in a subterranean formation comprising a portion of a drill string includes a
longitudinal axis, an expandable reamer, an expandable stabilizer axially associated above
the expandable reamer, and a drilling fluid flow path therethrough, where the expandable
stabilizer includes a tubular body, and at least one bearing pad carried by the tubular body
is outwardly extensible with respect to the longitudinal axis responsive to a pressure of
drilling fluid passing through the drilling fluid flow path. The at least one bearing pad
carries cutting structure thereon for up-hole trimming.

In still further embodiments of the invention, an assembly for trimming a
subterranean borehole includes at least one laterally movable blade, and at least one
laterally movable bearing pad longitudinally spaced above the at least one laterally
movable blade and comprising at least one trimming element configured for up-hole
drilling.

Methods for trimming a subterranean borehole may include positioning ina
borehole, with a drill string, a first tubular body carrying at least one generally laterally
movable blade and a second tubular body carrying at least one generally laterally movable
bearing pad longitudinally spaced above the at least one laterally movable blade and
comprising at least one trimming element configured for up drilling; moving the at least
one generally laterally movable blade into contact with a wall of the borehole with a
pressure or fluid flow from within the drill string; moving the at least one generally
laterally movable bearing pad into contact with the wall of the borehole with the pressure
or fluid flow from within the drill string; and rotating the drill string in the up-hole
direction to trim formation material from the wall of the borehole.

Methods for trimming a subterranean borehole may also include positioning in the
borehole, with the drill string, a third tubular body carrying at least one generally laterally
second movable bearing pad longitudinally spaced below the at least one laterally
movable blade and comprising at least one trimming element configured for down
drilling, and moving the at least one generally laterally second movable bearing pad into
contact with the wall of the borehole with the pressure or fluid flow from within the drill

string.
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Other advantages and features of the present invention will become apparent when
viewed in light of the detailed description of the various embodiments of the invention

when taken in conjunction with the attached drawings and appended claims.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a longitudinal schematic view of a drilling assembly in accordance with
an embodiment of the invention.
FIG. 2 is a longitudinal schematic view of a drilling assembly in accordance with
another embodiment of the invention.
FIG. 3 is a longitudinal perspective view of a stabilizer blade suitable for use in

accordance with embodiments of the invention.

MODE(S) FOR CARRYING OUT THE INVENTION

The illustrations presented herein are, in most instances, not actual views of any
particular reamer tool, stabilize tool, drill string, cutting element, or other feature of a
stabilizer and reamer system of a drilling assembly, but are merely idealized schematic
representations that are employed to describe the present invention. Additionally,
elements common between figures may retain the same numerical designation. Moreover,
the lateral and longitudinal dimensions shown in the figures are merely idealized
representation, as the actual dimensions are expected to vary according to specific
application requirements in the field.

FIG. 1 is a longitudinal schematic view of a drilling assembly in accordance with
an embodiment of the invention. A section of a drilling assembly generally designated by
reference numeral 20 is shown reaming a borehole 12 extending through a formation 10
with an expandable reamer 100 followed by an expandable stabilizer 200. The
expandable reamer 100 and the expandable stabilizer 200, respectively, include reamer
blades 101 and bearing pads, or stabilizer blades 201 expanded to their full lateral extent
for reaming and stabilizing the drilling assembly 20. The expandable stabilizer 200 may
be adjacently located co-axially with the expandable reamer 100 in the drilling
assembly 20 or separated by one or more drill pipe segments (not shown) in the drilling
assembly 20. Optionally, the expandable reamer 100 and the expandable stabilizer 200
may comprise a single tool having a unitary body, of the drilling assembly 20. In any

case, the expandable reamer 100 and the expandable stabilizer 200 are coupled together
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coaxially along a common central or longitudinal axis L of the drilling assembly 20. The
expandable stabilizer 200 helps to control directional tendencies of the drilling assembly,
reduce vibration, and stabilizes the expandable reamer 100 as the borehole 12 is reamed to
a larger diameter beneath the smaller diameter borehole 32 of the casing or liner 30. This
section of the drilling assembly 20 is shown having reamed the diameter of borehole 32 in
the “down-hole” direction with the reamer blades 101 carrying cutting elements (not
shown) thereon while being fully extended, and now back-reaming in the “up-hole”
direction while the stabilizer blades 201, configured with cutting structures 210 on their
up-hole surfaces, remove, by trimming, formation material from the wall of the
borehole 12 while still providing stabilization for the drilling assembly 20. In this respect,
the drilling assembly 20 provides capability for reaming while stabilizing in either
direction within borehole 12 without having to retract respective blades 101 and 201 of the
expandable reamer 100 and expandable stabilizer 200 in order to clear obstructions in the
borehole 12, such as slump, swelled shale or filter cake, or other borehole obstructions
and/or anomalies existing or occurring after reaming portions of the borehole 12.

Advantageously, the drilling assembly 20 of the present invention allows reaming
and stabilizing to be provided in either direction without having to deactivate the
expandable reamer 100 and the expandable stabilizer 200 in order to retract the blades 101
and 102, respectively, in order to get past a section of formation 10 encroaching on (i.e,,
by formation slumping, formation swelling, or caking upon the borehole wall) the
previously reamed or drilled borehole 12. The formation slump or swell, or caking in
borehole 12 is indicated generally by reference numeral 14. The drilling assembly 20
enables reaming in the down-hole direction and then back-reaming in the up-hole
direction without having to deactivate the expandable stabilizer 200 in order to bypass
formation irregularities (shown at reference numeral 14) in the borehole 12. Another
advantage afforded with the drilling assembly 20 is the ability to ream and then back
ream-without retraction of the stabilizer blades 201 to get past a restriction 14 in the
borehole 12 of the formation 10, particularly when the expandable blades 101 and 201 of
the expandable reamer 100 and the expandable stabilizer 200, respectively, are activated
and deactivated by the same operational mechanism, such as hydraulic flow of drilling
fluid through the flowbore (not shown) of the drilling assembly 20.

As also shown in FIG.1, the drilling assembly 20 may also include conventional

fixed stabilizer blades or bearing pads 22 configured for allowing the drilling assembly 20
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to pass through the borehole 32 of the casing 30 while sized to provide stabilization
behind a drill bit (not shown) as it drills a smaller borehole 12' (shown in broken lines)
than the expanded borehole 12 through the formation 10. Moreover, the fixed stabilizer
blades 22 provide stabilizing support for expandable reamer 100 thereabove due to its
5  presence in the smaller borehole 12' being drilled as the expandable reamer 100 enlarges
the borehole diameter to that of borehole 12 when drilling in the down-hole direction
through the smaller borehole 12', while the expandable stabilizer 200 provide stabilizing
support for the expandable reamer 100 in the expanded borehole 12.
FIG. 2 shows a longitudinal schematic view of a drilling assembly 40 in
10  accordance with another embodiment of the invention, wherein like reference numerals
previously employed in FIG. 1 represent like components. A section of the drilling
assembly 40 is shown reaming a formation 10 in the down-hole direction with an
expandable reamer 100 followed by an expandable stabilizer 200, both the expandable
reamer 100 and the expandable stabilizer 200, respectively, being expanded to their full
15 lateral extent. The expandable stabilizer 200 helps to control directional tendencies or
reduce vibrations of the drilling assembly 40 and stabilizes the expandable reamer 100 as
the borehole 12 is enlarged to a larger diameter below a smaller diameter borehole 32 in
the casing or liner 30. The section of the drilling assembly 40 is shown having enlarged
the diameter of borehole 32 in the “down-hole” direction as the fully extended reamer
20  blades 101 carrying cutting elements (not shown) removes the material of the formation,
while the expandable reamer 100 is stabilized by the expandable stabilizer 200 making
stabilizing contact with the wall of the larger borehole 12 as it follows the expandable
reamer 100 and is further stabilized by fixed stabilizers or bearing pads 22 that are in
stabilizing contact with the wall of the drilled borehole 11 below expandable reamer 100.
25  As with the embodiment of the invention shown in FIG. 1, the stabilizer blades 201 of the
expandable stabilizer 200 are configured with cutting structure 210 for removing, clearing,
or trimming obstructions on the wall of the borehole 12 caused by the formation, such as
slump, swelled shale or filter cake, or other anomalies reducing the size of or causing
irregularities in the shape of the borehole 12 (generally referenced by numeral 14) when
30 the drilling assembly 40 back reams the borehole 12.
Additionally, the fixed stabilizers 22 may be configured with cutting structure 24
upon its down-hole surfaces for removing or clearing obstructions (generally referenced

by numeral 15) on the wall of the borehole 11 formed in the subterranean formation by the
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drill bit 50. The obstructions 15 may form as formation slump or swelled shale, or filter
cake deposited upon the wall of the borehole 11 after the borehole 11 is drilled by the drill
bit 50, or may comprise other anomalies in the borehole size or shape. In this
embodiment, the cutting structure 24 upon the fixed stabilizers 22 provides for removal of
obstructions 15 that may impede smooth passage as the fixed stabilizers 22 pass through
the borehole 11 of formation 10 while providing stability desired for the expandable
reamer 100 during the drilling and reaming operation. Moreover, the fixed stabilizer
blades 22 are sized and configured for allowing the drilling assembly 40 to pass through
the borehole 32 of the casing or liner 30 while also being sized and configured to provide
stabilization behind a drill bit 50 as it drills a pilot borehole 11. In this respect, the fixed
stabilizer blades 22 provide stabilizing support in the pilot borehole 11 for the expandable
reamer 100 as it enlarges the borehole diameter to that of borehole 12 during down-hole
drilling, while the expandable stabilizer 200 provides stabilizing support for the
expandable reamer 100 in the expanded borehole 12, above the expandable reamer 100.

In other embodiments, the fixed stabilizers 22 may be designed and configured for
allowing the drilling assembly 40 to pass through the borehole 32 of the casing or liner 30
while also being sized and configured to provide stabilization behind a drill bit 50 having
a reduced lateral diameter as it drills a pilot borehole 11. In this respect, the drill bit 50 is
undersized (however slightly) relative to the fixed stabilizers 22 in order to account for
material washout caused by hydraulic fluid flowing about the drill bit 50. Thereby,
allowing the fixed stabilizer 22 to make stabilizing contact with pilot borehole 11 drilled
by the drill bit 50.

The expandable reamer 100 and/or the expandable stabilizer 200 of the drilling
assembly 20 according to the embodiments of the invention as shown in FIGS. 1 or 2 may
include a generally cylindrical tubular body 108 having the longitudinal axis L. The
tubular body 108 may have a lower end and an upper end. The terms “lower” and
“ypper,” as used herein with reference to the ends, refer to the typical positions of the ends
relative to one another when the drilling assembly is positioned within a well bore. The
lower end of the tubular body 108 of the expandable reamer apparatus 100 may include a
set of threads (e.g., a threaded male pin member) for connecting the lower end to another
section of a drill string or another component of a bottom-hole assembly (BHA), such as,
for example, a drill collar or collars carrying a pilot drill bit 50 (shown in FIG. 2) for
drilling a well bore. Similarly, the upper end of the tubular body 108 of the expandable
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reamer apparatus 100 may include a set of threads (e.g., a threaded female box member)
for connecting the upper end to another section of a drill string or another component of a
bottom-hole assembly (BHA).

Typically, the expandable reamer 100 and the expandable stabilizer 200 may
include a plurality of sliding cutter blocks or reamer blades 101 and a plurality of stabilizer
blades or bearing pads 201, respectively, that are positionally retained in circumferentially
spaced relationship in the tubular body 108 of the respective tool as further described
below and may be provided at a position between the lower end and the upper end. The
blades 101 and 201 may be comprised of steel, tungsten carbide, a particle-matrix
composite material (e.g., hard particles dispersed throughout a metal matrix material), or
other suitable materials as known in the art. The blades 101 and 201 are retained in an
initial, retracted position within the tubular body 108 of the expandable reamer 100 and
the expandable stabilizer 200, but may be moved responsive to application of hydraulic
pressure into the extended position (shown in FIGS. 1 and 2) and moved back into a
retracted position (not shown) when desired. The expandable reamer 100 and the
expandable stabilizer 200 may be configured such that the blades 101 and 201,
respectively, engage the walls of a subterranean formation surrounding a well bore in
which drilling assembly 20 (or 40) is disposed to remove formation material when the
blades 101 and 201 are in the extended position, but are not operable to so engage the
walls of a subterranean formation within a well bore when the blades 101 and 201 are in
the retracted position. While the expandabie reamer 100 may conventionally include three
reamer blades 101, it is contemplated that one, two or more than three blades may be
utilized to improve performance in a given application. While the expandable
stabilizer 200 may conventionally include three stabilizer blades 201 it is contemplated
that one, two or more than three blades may be utilized to advantage. Moreover, in one
embodiment, the blades 101 and 201 are symmetrically circumferentially positioned axial
along the tubular body 108, and in other embodiments, the blades may also be positioned
circumferentially asymmetrically as well as asymmetrically along the longitudinal axis L
in the direction of either end.

The blades 101 and 201 of either of the expandable reamer 100 or the expandable
stabilizer 200 may be operationally configured to extend or retract within the tubular
body 108 as described in United States Patent Application No. 11/949,259, mentioned

above. Optionally, any conventional expandable reamer or expandable stabilizer modified
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and reconfigured in accordance with the teachings of the invention herein may be utilized
to advantage to provide an improved system or drilling assembly for stabilizing the drill
string while reaming, particularly when back reaming. For example, any one or all of the
blades of such conventional reamer or stabilizer may be replaced with a stabilizer

blade 201 as shown in FIG. 3 configured in accordance with the invention herein
presented. Specifically, the stabilizer blade 201 is configured to extend laterally and
axially outward upon the application of hydraulic fluid pressure flowing through the
drilling assembly as provided for in the United States Patent Application No. 11/949,259,
however, it is also recognized that the stabilizer blade 201 (or the reamer blade 101) may
be configured for lateral outward extension by other hydraulic fluid pressure or by any
other mechanical means, such as a push rod, wedge or actuating motor or as
conventionally understood to a person having ordinary skill in the expandable
reamet/stabilizer art.

The stabilizer blade 201 as shown in FIG. 3 may include a rail 203 for engaging
the blade tracks of the tubular body 108 allowing the stabilizer blade 201 to be extended
outwardly and retracted inwardly into the drilling assembly 20 or 40 of FIGS. 1 and 2,
respectively. The stabilizer blade 201 carries a plurality of cutting elements 212
comprising the cutting structure 210 configured upon an up-hole portion 220 thereof that
are for engaging the material of a subterranean formation defining the wall of an open
expanded borehole when the blades 101 and 201 (as described above with respect to
FIGS. 1 and 2) are in an extended position. The cutting elements 104 may be
polycrystalline diamond compact (PDC) cutters or other cutting elements known to a
person of ordinary skill in the art and as generally described in United States Patent No.
7,036,611 entitled “Expandable reamer apparatus for enlarging boreholes while drilling
and methods of use.” While providing the cutting structure 210 upon the up-hole
portion 220, the stabilizer blade 201 further comprises a bearing surface 206 for engaging
the wall of the borehole during stabilization as is generally understood by a person of
ordinary skill in the art. The cutting structure 210 may extend from the bearing
surface 206 (i.e., at gage) radially and longitudinally inward on a portion of the up-hole
portion 220 of the stabilizer blade 201. Generally, the bearing surface 206 is configured to
be substantially parallel to the longitudinal axis L.

In other embodiments, a drilling system for enlarging a borehole in a subterranean

formation is provided comprising an expandable reamer that includes a tubular body
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having a longitudinal axis and a drilling fluid flow path therethrough, a plurality of
generally radially and longitudinally extending blades carried by the tubular body, and
cutting structure carried by at least one blade of the plurality of blades, wherein at least
one blade of the plurality of blades is movable outwardly with respect to the longitudinal
axis; and an expandable stabilizer axially coupled above the expandable reamer and
comprising a tubular body having a longitudinal axis and extending the drilling fluid flow
path therethrough, a plurality of generally radially and longitudinally extending bearing
pads carried by the tubular body, wherein at least one bearing pad of the plurality of
bearing pads includes an up-hole cutting structure carried thereupon and is movable
outwardly with respect to the longitudinal axis. Optionally, the expandable reamer may
include a plurality of generally radially and longitudinally extending lower bearing pads
disposed axially below the plurality of blades and may include down-hole cutting
structures carried thereupon.

The drilling system in accordance with embodiments of the invention may
comprise a second expandable stabilizer axially coupled below the expandable reamer and
comprise a tubular body having a longitudinal axis and a drilling fluid flow path
therethrough, a plurality of generally radially and longitudinally extending lower bearing
pads carried by the tubular body, wherein at least one lower bearing pad of the plurality of
lower bearing pads includes down-hole cutting structure carried thereupon and is movable
outwardly with respect to the longitudinal axis. The blades, the bearing pads and the
lower bearing pads may be outwardly extensible with respect to the longitudinal axis by a
fluid flow or pressure.

In still other embodiments, a stabilizer and reamer system for enlarging a borehole
in a subterranean formation includes a tubular drill string assembly having a longitudinal
axis, an upper segment, a mid segment and a drilling fluid flow path therethrough; at least
one movable reamer blade carried by the mid segment; and at least one movable bearing
pad carried by the upper segment having an up-hole edge and at least one trim cutter
element thereon, wherein the at least one movable bearing pad is outwardly extensible
with respect to the longitudinal axis by fluid flow or pressure. The upper segment and the
mid segment may form a unitary portion of the tubular drill string assembly or may be
unitary assemblies making up the drilling assembly.

In further embodiments, a reamer-stabilizer system for enlarging a borehole in a

subterranean formation comprising a portion of a drill string includes a longitudinal axis,
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an expandable reamer, an expandable stabilizer axially associated above the expandable
reamer, and a drilling fluid flow path therethrough, wherein the expandable stabilizer
includes a tubular body, and at least one bearing pad carried by the tubular body being
outwardly extensible, with respect to the longitudinal axis, responsive to a pressure of
drilling fluid passing through the drilling fluid flow path. The at least one bearing pad
carries cutting structure thereon for up-hole trimming.

In still further embodiments, an assembly for trimming a subterranean borehole
includes at least one laterally movable blade, and at least one laterally movable bearing
pad longitudinally spaced above the at least one laterally movable blade and comprising at
least one trimming element configured for up-hole drilling.

Methods for trimming a subterranean borehole may include positioning ina
borehole, with a drill string, a first tubular body carrying at least one generally laterally
movable blade and a second tubular body carrying at least one generally laterally movable
bearing pad longitudinally spaced above the at least one laterally movable blade and
comprising at least one trimming element configured for up drilling; moving the at least
one generally laterally movable blade into contact with a wall of the borehole with a
pressure or fluid flow from within the drill string; moving the at least one generally
laterally movable bearing pad into contact with the wall of the borehole with the pressure
or fluid flow from within the drill string; and rotating the drill string in the up-hole
direction to trim formation material from the wall of the borehole.

Methods for trimming a subterranean borehole may also include substantially
concurrently positioning a third tubular body, in the borehole, with the drill string,
carrying at least one generally laterally second movable bearing pad longitudinally spaced
below the at least one laterally movable blade and comprising at least one trimming
element configured for down drilling, and moving the at least one generally laterally
second movable bearing pad into contact with the wall of the borehole with the pressure or
fluid flow from within the drill string.

While particular embodiments of the invention have been shown and described,
numerous variations and other embodiments will occur to those skilled in the art.
Accordingly, it is intended that the invention only be limited in terms of the appended

claims and their legal equivalents.
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CLAIMS
What is claimed is:
1. A drilling system for enlarging a borehole in a subterranean formation,

characterized in that:

an expandable reamer comprising a tubular body having a longitudinal axis and a drilling
fluid flow path therethrough, a plurality of generally radially and longitudinally
extending blades carried by the tubular body, and cutting structure carried by at
least one blade of the plurality of blades, wherein at least one blade of the plurality
of blades is movable outwardly with respect to the longitudinal axis; and

an expandable stabilizer axially above the expandable reamer characterized in that a
tubular body having a longitudinal axis and a drilling fluid flow path therethrough,
a plurality of generally radially and longitudinally extending bearing pads carried
by the tubular body, wherein at least one bearing pad of the plurality of bearing
pads includes up-hole cutting structure carried thereupon and is movable

outwardly with respect to the longitudinal axis.

2. The drilling system of claim 1, wherein the up-hole cutting structure is

characterized by a plurality of PDC cutting elements.

3. The drilling system of claim 1, wherein the expandable reamer further is
characterized in that a plurality of generally radially and longitudinally extending lower

bearing pads disposed axially below the plurality of blades.

4, The drilling system of claim 3, wherein at least one lower bearing pad of
the plurality of lower bearing pads is characterized by down-hole cutting structure carried

thereupon.

5. The drilling system of claim 3, wherein at least one lower bearing pad of
the plurality of lower bearing pads is movable outwardly with respect to the longitudinal

axis.
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6. The drilling system of claim 1, further characterized in that a second
expandable stabilizer axially below the expandable reamer and characterized in that a
tubular body having a longitudinal axis and a drilling fluid flow path therethrough, a
plurality of generally radially and longitudinally extending lower bearing pads carried by
the tubular body, wherein at least one lower bearing pad of the plurality of lower bearing
pads includes down-hole cutting structure carried thereupon and is movable outwardly

with respect to the longitudinal axis.

7. The drilling system of claim 6, wherein the at least one blade, the at least
one bearing pad and the at least one lower bearing pad are each outwardly extensible with

respect to the longitudinal axis by a fluid flow or pressure.

8. A stabilizer and reamer system for enlarging a borehole in a subterranean

formation, characterized in that:

a tubular drill string assembly having a longitudinal axis, an upper segment, a mid
segment and a drilling fluid flow path therethrough;

at least one movable reamer blade carried by the mid segment; and

at least one movable bearing pad carried by the upper segment having an up-hole edge
carrying at least one trim cutter element thereon for selective engagement with a
formation upon rotation of the tubular drill string assembly, wherein the at least
one movable bearing pad is outwardly extensible with respect to the longitudinal

axis by fluid flow or pressure.

9. The stabilizer and reamer system of claim 8, further characterized in that at
least one lower bearing pad is carried by a lower segment of the tubular drill string

assembly below the at least one movable reamer blade of the mid segment.

10. The stabilizer and reamer system of claim 9, wherein the at least one lower
bearing pad is characterized by a down-hole edge and at least one trim cutter element

thereon for selective engagement with a formation upon rotation of the tubular drill string

assembly.
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11. The stabilizer and reamer system of claim 8, wherein the at least one

movable reamer blade and the at least one movable bearing pad are each outwardly

extensible with respect to the longitudinal axis by a fluid flow or pressure.

12. A method for trimming a subterranean borehole, characterized in that:

positioning in a borehole, with a drill string, a first tubular body carrying at least one
generally laterally movable blade and a second tubular body carrying at least one
generally laterally movable bearing pad longitudinally spaced above the at least
one laterally movable blade and characterized in that at least one trimming element
configured for up drilling;

moving the at least one generally laterally movable blade into contact with a wall of the
borehole with a pressure or fluid flow from within the drill string;

moving the at least one generally laterally movable bearing pad into contact with the wall
of the borehole with the pressure or fluid flow from within the drill string; and

rotating the drill string in the up-hole direction to trim formation material from the wall of

the borehole.

13. The method of claim 14, further characterized in that substantially
concurrently positioning in the borehole, with the drill string, a third tubular body carrying
at least one generally laterally second movable bearing pad longitudinally spaced below
the at least one laterally movable blade and characterized in that at least one trimming
element configured for down drilling, and moving the at least one generally laterally
second movable bearing pad into contact with the wall of the borehole with the pressure or

fluid flow from within the drill string.
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