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ABSTRACT

Methods comprising: lowering a downhole tool into a wellbore extending 1nto a subterranean
formation, wherein the downhole tool comprises a coring tool and a measurement tool;
performing a measurement regarding the formation using the measurement tool; determining a
section of interest within the formation relative to an axis of the coring tool based on the

measurement; orienting a coring bit of the coring tool relative to the section of interest; and

extending the oriented coring bit into the formation.
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Formation Coring Apparatus and Methods

Cross-Reference to Related Applications

[0001] The present application claims priority to U.S. Provisional Patent Application No.
61/187,126, filed on June 15, 2009, and titled “Sealed Core,” the entirely of which 1s hereby
incorporated herein by reference.

[0002] The present application also claims priority to U.S. Provisional Patent Application
No. 61/320,579, filed on April 2, 2010, and titled “Formation Coring Apparatus and Methods,”

the entirely of which is hereby incorporated herein by reference.

Background of the Disclosure

[0003] Wells are generally drilled into the ground or ocean bed to recover natural deposits of
o1l and gas, as well as other desirable materials that are trapped in geological formations in the
Earth’s crust. Wells are typically dnlled using a drill bit attached to the lower end of a dnll
string. Drilling fluid, or mud, is typically pumped down through the drill string to the drill bit.
The drilling fluid lubricates and cools the bit, and may additionally carry drill cuttings from the
borehole back to the surface.

[0004] In various o1l and gas exploration operations, it may be beneficial to have information
about the subsurface formations that are penetrated by a borehole. For example, certain
formation evaluation schemes include measurement and analysis of the formation pressure and
permeability. These measurements may be essential to predicting the production capacity and
production lifetime of the subsurface formation.

[0005] While formation testing tools may be primarily used to collect fluid samples, other
downhole tools may be used to collect core samples. For example, a coring tool may be used to
obtain a core sample of the formation rock. The typical coring tool includes a hollow coring bit
that 1s advanced 1nto the formation to define a core sample which is then removed from the
formation. The core sample may then be analyzed in the tool in the borehole or after being
transported to the surface, such as to assess the reservoir storage capacity (porosity) and the
permeability of the material that makes up the formation surrounding the borehole, the chemical
and mineral composition of the flurds and mineral deposits contained in the pores of the

formation, and/or the irreducible water content contained in the formation, among other things.
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10006] However, traditional coring tools are limited to obtaining sidewall core samples

perpendicular to the longitudinal axis of the coring tool (or equivalently the wellbore axis),
because the coring bit cannot be independently tiited and extended into the formation at an angle
other than 90 degrees relative to the coring tool axis. Consequently, for laminated formations
that exhibit anisotropy, where the intrinsic formation properties depend on a direction of
measurement, a core sample extracted at a 90 degree angle must be subsequently cut along lines

of anisotropy. The resulting sample is often not suitable for measurement ot the desired

formation property.

Brief Description of the Drawings

[0007]  The present disclosure is best understood from the following detailed description
when read with the accompanying figures. It 1s emphasized that, in accordance with the standard
practice in the industry, various features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for clarity of discussion.

[0008] Fig. 1 1s a schematic view of apparatus according to one or more aspects of the
present disclosure.

[0009] Fig. 2 1s a schematic view of apparatus according to one or more aspects of the
present disclosure.

[0010] Figs. 3A-3D are schematic views ot apparatus according to one or more aspects of the
present disclosure.

[0011] Figs. 4A and 4B are schematic views of apparatus according to one or more aspects
of the present disclosure.

[0012] Fig. 5 1s a flow-chart diagram of a method according to one or more aspects of the

present disclosure.

[0013] Fig. 6 1s a schematic view demonstrating one or more aspects of the present

disclosure.

Detailed Description

[0014] It 1s to be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of various embodiments.
Specific examples of components and arrangements are described below to simplify the present

disclosure. These are, of course, merely examples and are not intended to be limiting. In
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addition, the present disclosure may repeat reference numerals and/or letters 1n the various

examples. This repetition is for the purpose of simplicity and clarity and does not in itself dictate
a relationship between the various embodiments and/or configurations discussed. Moreover, the
formation of a first feature over or on a second feature in the description that follows may
include embodiments in which the first and second features are formed 1n direct contact, and may
also include embodiments in which additional features may be formed interposing the first and
second features, such that the first and second features may not be in direct contact.

[0015] Referring to Fig. 1A, illustrated is a schematic view of a tool string 100 according to
one or more aspects of the present disclosure. The tool string 100 1s suspended 1n a wellbore at
the end of a wireline cable 102. The cable 102 is spooled on a winch (not shown) at the Earth's
surface. The cable 102 may provide electrical power to various components included in the tool
string 100 and/or a data communication link between various components 1n the tool string 100
and a surface electronics and processing system (not shown). The tool string 100 comprises a
sidewall coring tool 114 according to one or more aspects of the present disclosure. The tool
string 100 may also comprise an anchor and power sub 104, a telemetry tool 106, an
inclinometry tool 108, a near wellbore 1imaging tool 110, and a lithology analysis tool 112.

[0016] Example descriptions of the anchor and power sub 104 may be found 1in U.S. Patent
Publication No. 2009/0025941, which 1s incorporated herein by reference 1n 1ts entirety. For
example, the anchor and power sub 104 may comprise two sections. A first section 104A may
comprise an anchor 105 configured to secure the first section 104A with respect to the wellbore
wall 101, as shown, and a power mechanism (not shown) to controllably translate and/or rotate a
second section 104B via an arm. The telemetry tool 106, the inclhinometry tool 108, the near
wellbore imaging tool 110, the lithology tool 112, and/or the coring tool 114 may be attached to
the second section 104B of the anchor and power sub 104. The anchor and power sub 104 may
also include one or more sensors (e.g., linear potentiometers) configured to continuously monitor
the position of the second section 104B relative to the first section 104A. The anchor and power
sub 104A and 104B may be used to bring the coring bit 116 into positional alignment with
geological features of the formation, which may be detected, for example, by the near wellbore
imaging tool 110. '

[0017] The telemetry tool 106 may comprise electronics configured to provide power
conversion between the cable 102 and the multiple components 1n the tool string 100, as well as

to provide data communication between the surface electronics and processing system and the

LI
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tool string 100. The inclinometry tool 108 may comprise magnetometers, accelerometers, and/or

other known or future-developed sensors. The data provided by these sensors may be used to
determine an orientation of the tool string 100, such as with respect to the magnetic North

direction and/or the inclination of the tool string 100 with respect to the gravitational field ot the

Earth.

[0018] The near wellbore imaging tool 110 may be or comprise a resistivity imaging tool, for
example, as described in U.S. Patent Nos. 4,468,623, 6,191,588 and/or 6,894,499, each
incorporated herein by reference in their entirety. The near wellbore imaging tool 100 may
additionally or alternatively comprise an ultrasonic imaging tool, such as described in U.S Patent
No. 6,678,616, the entirety of which is incorporated herein by reference. The near wellbore
imaging tool 100 may additionally or alternatively comprise an optical/NIR (near infrared)
imaging tool, such as described in U.S. Patent No. 5,663,559, the entirety of which 1s
incorporated herein by reference. The near wellbore imaging tool 100 may additionally or
alternatively comprise a dielectric imaging tool, such as described 1in U.S. Patent No. 4,704,581,
the entirety of which 1s incorporated herein by reterence. The near wellbore imaging tool 100
may additionally or alternatively comprise an NMR (nuclear maghetic resonance) imaging tool,
such as described in PCT Publication No. 03/040743, the entirety of which 1s incorporated herein
by reference. The near wellbore imaging tool 110 may be used together with the anchor and
power sub 104. For example, the anchor and power sub 104A and 104B may be actuated to
align sensing areas of the imaging tool 110 with selected portions of the wellbore wall 101. A
measurement may be taken by the imaging tool 110 at multiple positions along the wellbore wall
101. In addition, relative positions of the first and second sections 104A, 104B of the anchor and
power sub 104 may also be measured with respect to each of the measured multiple positions. A
formation image may then be produced from the measurements. Once the image 1s produced,
geological teatures (e.g., beds, fractures, inclusions) may be identified.

[0019] The lithology tool 112 may comprise nuclear spectroscopy sensors configured to

determine concentrations of one or more elements in the formation. The lithology tool 112 may
be implemented, tfor example, as described 1in U.S. Patent Nos. 4,317,993 and/or 5,021,653, both
ot which are incorporated herein by reference in their entirety. The lithology tool 112 may be
used to provide additional information about the mineralogy content of the geological features
detected on the image produced with the near wellbore imaging tool 110. For example, the

anchor and power tool 104 may be actuated to align sensors of the lithology tool 112 with a
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particular geological feature. A measurement may be taken by the lithology tool 112 and

concentrations of one or more elements of the particular geological feature may then be

determined.

[0020] The sidewall coring tool 114 comprises a core storage section 120 and a dnlling
section 118. The drilling section 118 comprises a coring bit 116 configured to fit into the coring
tool 114 in a retracted position. The coring bit 116 i1s configured to extend beyond the coring
tool body outer surface and into the wellbore wall 101 (sidewall) in an extended position
(shown). Moreover, the coring bit 1s configured to obtain core samples at one or more angles
that are not perpendicular to the longitudinal axis of the sidewall coring tool 114.

[0021] Referring to Fig. 2, 1llustrated 1s a schematic view of a bottom hole assembly
(“BHA”) 200 attached at the end of a drill string 202 according to one or more aspects of the
present disclosure. The BHA 200 comprises a sidewall coring assembly 214 having a coring bat
216. Like the wireline sidewall coring tool 114 shown in Fig. 1, the “while-drilling” sidewall
coring assembly 214 shown in Fig. 2 1s configured to obtain core samples at one or more angles
that are not perpendicular to the longitudinal axis of the coring assembly 214 and/or the BHA
200.

10022] The drill string 202 comprises a central bore therethrough to circulate drilling fluid or
mud from the surface towards a drill bit 201. Pressure pulses may be generated in the drilling
fluid column inside the drill string 202 to convey signals (encoding data and/or commands)
between a surface system (not shown) and various tools or components in the BHA 200.

Alternatively, or additionally, the drill string 202 may comprise wired drill pipe.
[0023] In addition to the sidewall coring assembly 214, the BHA 200 may comprise a drill

bit 201, a near wellbore 1maging tool 210, a directional drilling sub 206, a lithology analysis tool
212, and/or a measurement/logging while drilling (“MWD/LWD”) tool 204. The MWD/LWD

tool 204 may comprise a mud turbine generator (not shown) powered by the flow of the drilling
tluid and/or battery systems (not shown) for generating electrical power to components in the
BHA 200. The MWD/LWD tool 204 may also comprise capabilities for communicating with
surtace equipment. The MWD/LWD tool 204 also comprises one or more devices or sensors or
measuring or detecting weight-on-bit, torque, vibration, shock, stick-slip, direction (e.g., a
magnetometer), inclination (e.g., an accelerometer), and/or gamma rays.

[0024] The near wellbore imaging tool 210 may comprise one or more current-measuring

electrodes. The current may be generated in the BHA 200 by a coil 218 of the near wellbore
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imaging tool 210. The current may then exit the BHA 200 (e.g., at the drill bit 201) and may

return to the BHA 200 through the one or more electrodes of the near wellbore imaging tool 210.
The current at the electrodes may be measured as the BHA 200 is disposed within the formation
for drilling, as the BHA 200 is rotated within the formation, and/or as the BHA 200 1s tripped out
of the formation. Thus, resistivity images of the formation may be generated from data collected
by the near wellbore imaging tool 210, such as with relation to the wellbore depth and/or the
BHA 200 orientation within the wellbore.

[0025] The near wellbore imaging tool 210 may be similar to those described 1n U.S. Patent
No. 5,235,285 and U.S. Patent Publication No. 2009/0066336, both of which are incorporated
herein in their entirety. An example lithology analysis tool suitable for drilling operations 1s
described 1n U.S. Patent No. 7,073,378, hereby incorporated by reference in its entirety. The
BHA 200 may additionally or alternatively comprise other imaging tools, such as an ultrasonic
1maging tool, an optical/NIR imaging tool, a dielectric imaging tool, and/or an NMR 1maging
tool, each disclosed above.

[0026] Referring to Figs. 3A-3D, multiple side views of a downhole tool 321 according to
one or more aspects of the present disclosure are shown. As with the apparatus shown 1n Figs. 1

and 2 and described above, the downhole tool 321 comprises a coring assembly 323 having a

motor 325 and a coring bit 327 operatively coupled to the motor 325. The motor 325 1s attached
to an end of the coring assembly 323. The motor 325 may be disposed horizontally adjacent to
the coring bit 327 (as shown) or vertically adjacent (above or below) the coring bit 327. The
coring bit 327 is configured to slide axially and rotate with respect to the coring assembly 323.
The motor 325 1s configured to drive the coring bit 327 such that the coring bit 327 rotates and

penetrates into the formation to obtain a core sample.

[0027] The downhole tool 321 comprises a tool housing 341 extending along a longitudinal
axis 300 of the tool 321. The coring assembly 323 and a storage area 361 are disposed within the
tool housing 341. The tool housing 341 also comprises a coring aperture 343 defined therein.
[0028] As discussed above, the coring bit 327 1s disposed within the downhole tool 321 such
that the coring bit 327 1s movable between multiple positions with respect to the downhole tool
321. The downhole tool 321 comprises rotation link arms 345 and a rotation piston 347
configured to rotatably mount the coring assembly 323 within the downhole tool 321. The
rotation link arms 345 are pivotably coupled to the coring assembly 323. The rotation piston 347

1s mounted within the tool housing 341 and is pivotably coupled to the rotation link arms 345.
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The piston 347 may be actuated to extend and/or retract, in which the movement of the piston

347 may be transferred to the rotation link arms 345 to correspondingly move (e.g., rotate) the
coring assembly 323. As used herein, the terms “pivotably coupled” or “pivotably connected™

may mean a connection between two tool components that allows relative rotating or pivoting
movement of one of the components with respect to the other component, but may not allow
sliding or translational movement of the one component with respect to the other.

[0029] Extension of the rotation piston 347 correspondingly enables the rotation link arms
345 to rotate the coring assembly 323 and the coring bit 327 in the counter-clockwise direction,
such as shown in a movement from Figure 3B to Figure 3A. Similarly, retraction of the rotation
piston 347 correspondingly enables the rotation link arms 345 to rotate the coring assembly 323
and the coring bit 327 in the clockwise direction, such as shown in a movement from Figure 3A
to Figure 3B. This arrangement enables the coring bit 327 to be movable between multiple
positions with respect to the downhole tool 321.

[0030] For example, the coring assembly 323 is able to move between coring positions and
an eject position. In the coring positions, the coring bit 327 is disposed adjacent to the
formation, such that the coring bit 327 may extend from the coring assembly 323 and penetrate
into a wall of the formation. Figures 3B-3D show examples of the coring bit 327 disposed 1n
coring positions. In the coring positions, the coring bit 327 may be disposed substantially
perpendicular to the longitudinal axis 300 of the downhole tool 321, and/or the coring bit 327
may be disposed at an angle with respect to the longitudinal axis 300 of the downhole tool 321
(such that the coring bit 327 is not disposed substantially perpendicular to the longitudinal axis
300 of the downhole tool 321). In the coring positions, the coring bit 327 can extract a core

‘sample from the formation. In the eject position, the coring bit 327 is disposed substantially

parallel to the longitudinal axis 300 of the downhole tool 321. Figure 3A shows an example of
the coring bit 327 disposed in the eject position.

[0031] When the coring bit 327 is in a coring position, the coring bit 327 may be able to
extend and retract from the downhole tool 321, such as shown through the movement of the
coring bit 327 in Figures 3B-3D. For example, extension link arms 351 and an extension piston
353 are provided within the downhole tool 321 for extending and retracting the coring bit 327
from the downhole tool 321. The piston 353 is configured to extend and/or retract, and such
movement 1s transferred to the extension link arms 351 to correspondingly move (e.g., extend

and/or retract) the coring bit 327 from the coring housing 325. Thus, in a coring position, the
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open end of the coring bit 327 registers with the coring aperture 343 of the tool housing 341,

while 1n the eject position, the open end of the coring bit 327 registers with the storage area 361.
As used hereln, the term “register” may be used to indicate that voids or spaces defined by two
components, such as the open end of the coring bit and the storage area and/or the coring
aperture, may be substantially aligned with each other.

[0032]  The downhole tool 321 further comprises a system to handle and/or store multiple
core samples, in conjunction with the storage area 361 in which core samples may be stored until
the coring tool 1s brought to the surface.

[0033] The downhole tool 321 and components thereof may be configured to operate
independently from each other. For example, rotation of the coring housing 325 can be
independent from the extension and retraction of the coring bit 327. That is, the rotation system
comprising the rotation link arms 345 and the rotation piston 347 can operate independently from
the extension system comprising the extension link arms 351 and the extension piston 353.

Thus, the coring bit 327 can extend and/or retract from the coring housing 325 regardless of the
rotation position of the coring housing 325. As such, the coring bit 327 may be extended and/or
retracted to capture core samples from a formation at multiple positions and/or multiple angles
(such as an angle across a diagonal plane) with respect to the downhole tool 321. This
independence enables the coring bit 327 to capture core samples at various angles with respect to
the downhole tool 321.

[0034] Those having ordinary skill in the art will appreciate that, in addition to the above
embodiments shown and described above with respect to a coring tool, other arrangements and
mechanisms may be used to enable a coring assembly and/or a coring bit to move between

multiple positions within a coring tool without departing from the scope of the present
disclosure. Additional examples of mechanisms that may be used within a coring tool are

disclosed within U.S. Patent Nos. 4,714,119, 5,667,025, and 6,371,221, which are incorporated

herein by reference in their entirety.

[0035] Reterring to Figs. 4A and 4B, illustrated are schematic views of a downhole tool 421
according to one or more aspects of the present disclosure. The downhole tool 421 may be
substantially similar or identical to the tool 321 shown in Figs. 3A-3D. For example, as with the
above embodiments, the downhole tool 421 comprises a coring assembly 423 having a coring

motor 425 and a coring bit 427 operatively coupled to the motor 425. The motor 425 is
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configured to drive the coring bit 427 such that the coring bit penetrates into the formation to

obtain a core sample.

[0036] The downhole tool 421 comprises a control assembly 433 configured to control the
driving and/or extending of the coring bit 427 into the formation, such as when the coring bit 427
1S being pressed against and into the formation while also being rotated. The control assembly
433 may include an electric motor 431, a hydraulic pump 434, a controller 435, and a piston 453.
The motor 431 may be used to supply power to the hydraulic pump 434, in which the flow of
hydraulic fluid from the pump 434 may be controlled and/or regulated by the controller 435.
Fluid may flow through hydraulic line 410, a one-way valve 411 and a multiple position valve
412, such as a four port two position valve, to communicate with the piston 453. A pressure
gauge 452B may indicate the amount of pressure applied to the piston 453. Pressure from the
hydraulic fluid from the pump 434 may be used to drive the piston 453 to apply a weight on bit
(WOB) upon the coring bit 427. The piston 453 may be extended or retracted to insert the coring
bit 427 into the formation and to retrieve a core sample from the formation.

[0037] Torque tor the coring bit 427 may be supplied by a motor 437 and a pump 439. The
motor 437 may be an AC motor, a brushless DC motor, and/or any other power source. The
motor 437 may be used to drive the pump 439, which may supply a flow of hydraulic fluid to the
coring motor 425. As such, the coring motor 425, which thus may be a hydraulic coring motor,
may 1mpart a torque to the coring bit 427 that rotates the coring bit 427, such as when drilling or
coring with the coring bit 427.

[0038] The downhole tool 421 comprises a coring angle control system 470A configured to
control and set a coring angle of the coring assembly 423 prior to drilling a core sample. In The
piston 447 is configured to rotate the coring bit 427 to a determined coring angle. Hydraulic
fluid to power piston 447 may be supplied thereto, such as by control system 433 previously
described. Hydraulic fluid may flow to piston 447 through a one-way valve 460 and a multiple
position valve 462 to power piston 447. Fluid pressure in the piston 447 may also be monitored
by a pressure gauge 452A. A control valve 454 and a position sensor 450A may be used in
conjunction to maintain the coring bit 427 at the desired coring angle, such as while drilling core
samples with the coring bit 427. To do so, the position of piston 447 may be monitored and
converted 1nto a coring angle (i7.e., the linear movement of the piston 447 may be converted
and/or correlated with rotational movement of the coring bit 427). Once the position of piston

447 corresponds to the desired coring angle, control valve 454 may be closed to prevent



CA 02707236 2010-06-11

Attorney Docket No. 20.3232 Customer No. 93083

movement of piston 447 and maintain the coring bit 427 at the desired coring angle. The piston

453 may also have a position sensor 450B coupled to the piston 453. The position sensor 450B
may similarly be used to monitor the position of piston 453. The downhole tool 421 may also

comprise one or more fluid reservoirs 409 configured to facilitate movement of fluid within the
downhole tool 421.

[0039] Figure 4B shows an alternative configuration of the downhole tool 421 that includes a
coring angle control system 470B configured to control the coring angle of the coring bit 427
prior to drilling a core sample. The piston 447 i1s configured to rotate the coring assembly 423 as
described above. The control system 470B comprises a handling piston 481 configured to limit
rotation of the coring tool assembly 423 at a desired coring angle. The handling piston 481 may
be or comprise a ball screw (or lead screw 482), and may be coupled to motor 484. Extension of
the handling piston 481 may be monitored by a sensor (such as a resolver included with the
motor 484). The handling piston 481 may be controllably extended into a position selected to
obstruct the rotation of the coring bit 427 past a desired coring angle. The linear extensioﬁ of the
handling system may be converted and/or correlated with an angular rotation of the coring
assembly 423. Once the handling piston 481 1s extended and set, the coring bit 427 may then be
rotated until the coring bit 427 abuts the handling piston 481. Abutment of the coring bit 427
with the handling piston may thus prevent the coring bit 427 from rotating further. At this point,
the coring bit 427 may be aligned at the desired coring angle and may then be extended into the
formation to obtain a core sample.

10040] Reterring to Fig. 5, 1llustrated is a flow-chart diagram of at least a portion of a method
of obtaining core samples from a sidewall of a formation according to one or more aspects of the

present disclosure. A sidewall coring tool may be lowered into the wellbore using any of the

conveyance methods discussed previously and/or using a downhole tool according to one or

more aspects described above.

[0041] In a step 502, the sidewall coring tool is lowered into the wellbore in conjunction with
a near wellbore 1maging tool. Means for controllably locating the sidewall coring tool at a
particular location 1n the well are provided, and may include an anchor and power sub (e.g., as
shown 1n Fi1g. 1) or a drill string with an MWD/LWD tool (e.g., as shown in Fig. 2).

[0042]  In a subsequent step 504, an image of a particular location of the formation near the
wellbore and/or the formation wall may be acquired. For example, a formation image near the

wellbore may be measured (i.e., a measurement of the formation up to a few inches deep from

10
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the sidewall may be taken), as the sidewall core samples may be shallow. If extended reach

sidewall core samples (i.e., sidewall core samples extending deeper into the formation from the
sidewall) are sought (see for example PCT Publication No. 2007/039025, incorporated herein by
reference 1n its entirety), deeper imaging tools may alternatively or additionally be used.

[0043] In a subsequent step 506, the acquired formation image may be analyzed to detect
geological features of the formation. Geological features may include fractures, bedding planes,
stylolites, cross-beds, vugs, faults, and/or other geological features of interest that may be
included or present within the formation. One method to analyze such an image is described in
U.S. Patent No. 7,236,887, incorporated herein by reference in its entirety. Analyzing the
formation image may also be performed using Schlumberger Technology Corporation's
Porospect (described for example in “Analysis of Carbonate Dual Porosity System from
Electrical Images” by B.M. Newberry, L.M. Grace and D.D. Stief, SPE 35158, March 1996,
incorporated herein by reference in its entirety). A lithology tool may be used to measure the
mineralogy of the geological features analyzed from the acquired image (e.g., formation beds).
Mineralogy properties may be used to decide on a particular portion of the formation to be
sampled (e.g., sandstone beds, stylolites, shales).

[0044] After the formation image has been analyzed and properties of the formation are
known, a coring bit orientation may be determined in step 508 based on the known properties of
the formation (acquired and analyzed in previous step 506). For example, the image and data
previously acquired and analyzed may indicate a specific position or location along a
circumference of the formation sidewall in which resides a section or plane of interest (a section
or plane ot the formation to be sampled). From this determined location of interest along the
circumference of the formation sidewall, a desired orientation for the coring tool and/or the
coring bit may be determined, such as a desired orientation that may align the coring bit with the
location of interest. For example, an orientation of the coring tool and/or the coring bit may be
determined such that the coring tool and/or the coring bit within the coring tool may be disposed
at a desired depth and/or a desired rotation such as to align with the determined location of
interest within the formation sidewall.

[0045] For example, Fig. 6 1s a schematic view of a wellbore 600 demonstrating one or more
aspects of the present disclosure. A coring tool, such as those described above, disposed in the
wellbore 600 may comprise a longitudinal axis 602 extending through the wellbore 600, and may

turther include a coring direction 604 for a coring bit. The coring direction 604 may be disposed
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at a desired coring angle 606 with respect to the axis 602, and the coring tool may have a desired

coring shaft orientation 608, in which the coring shaft orientation 608 may be measured about
the axis 602, such as with respect to a magnetic field 610 within the wellbore 600 (such as with
respect to the magnetic North direction of the Earth). Accordingly, based upon these multiple
degrees of freedom for the coring tool, such as desired angle 606 and orientation 608 for the
coring tool, the coring tool may have a coring direction that may be able to align with a
determined location (or plane) of interest 612, such as a bedding plane within the formation.
[0046] Returning to Fig. 5, after an orientation for the coring tool and/or the coring bit 1s
determined, the method 500 comprises a step 510 in which the coring tool is disposed at the
depth of the location of interest and/or oriented (if needed), such as by rotation about the
longitudinal axis of the coring tool, such that the coring bit is aligned with the location of interest
along the circumterence of the formation sidewall. If desired, downhole sensors may be used to
provide real time measurements to confirm proper alignment of the coring tool.

[0047] Similarly, from the acquired and analyzed data previously obtained (such as within
steps 504 and 506), a coring angle for the coring bit of the coring tool may also be determined
based on formation properties in step 512. This step pertains to determining a proper angle of
the coring bit and/or the coring assembly with respect to the central axis of the downhole tool
(i.e., tilting the coring bit up or down). For example, as previously mentioned, it may be
advantageous to minimize the need to re-cut (i.e., cut a second sample from a first sample) the
core sample. In the presence of geological features such as beds or fractures, this may be
achieved by taking a core sample from a location of interest, such as taking a core sample along
the bedding or fracture plane (i.e., in the direction of certain features or properties of the
formation). Similarly, the core sample may be taken orthogonally to a bedding or fracture plane.
As such, the coring angle for the coring bit may be determined to position the coring bit at a
proper angle relative to the central axis of the downhole tool, an angle at which the core sample
may be taken (as mentioned above with respect to Fig. 6). It is apparent that this angle is not
necessarily perpendicular to the coring tool axis, but may be taken at any angle along a 180
degree arc, relative to the central axis of the downhole tool. For example, as shown particularly
in Fig. 3D, the coring bit 427 may be disposed at an angle a. from perpendicular to a longitudinal
axis of the downhole tool 321. As such, a core sample may be retrieved from the formation at

the angle a from perpendicular to the axis of the downhole tool 321.
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[0048] Once the proper coring bit angle is determined, the coring bit itself may be adjusted

or tilted relative to the central axis of the downhole tool, if not already disposed at the desired
angle, to align with properties of the formation, in step 514. A tilting mechanism according to
one or more aspects of the present disclosure may be operated for such tilting of the coring bit.
Once the coring tool is oriented properly in the weilbore (steps 508 and 510) and the coring bit 1s
adjusted at a proper angle relative to the central axis of the downhole tool (steps 512 and 514),
the coring bit may be extended and inserted into the formation sidewall to capture the core
sample 1n a step 516.

[0049] Once the core sample is captured, properties of the core sample may be measured in
step 518. For example, a confirmation of the correct capture of the core sample may be obtained
by performing an X-ray scan of the core sample in situ, together with other measurements such
as acoustic impedance, Young's modulus and/or torsion modulus. Also, permeability anisotropy
and compressive strength (or other properties) may be measured once the core sample 1s brought
to the surface. In addition, the measurement step 518 may be used for quality control, i.e., to
verify if the captured core sample has indeed been taken at a desired or proper angle relative to
the central axis of the downhole tool (e.g., parallel to the bedding or fracture planes).

[0050] An optional step 520 may comprise determining whether the coring operation at the
current location is finished. For example, the determination may be based on the
measurement(s) performed in one or more previous steps. Depending on the determination,
another attempt to capture a core sample may be made at the current location or an adjacent
location. The coring angle used for the additional capture may be based on the measurements
performed in one or more previous steps, and/or based on new wellbore 1images of a portion ot
the wellbore taken at a new location. Otherwise, other imaging operations may be performed,
and/or the tool may be unset by retracting the coring bit and moving to another location.

[0051] One or more aspects of the present disclosure may provide for one or more of the
following advantages. A tool and/or method within the scope of the present disclosure may be
included within one or more of the embodiments shown in Figs. 1-5, in addition to being
included within other tools and/or devices that may be disposed downhole within a formation.
Further, a tool and/or method within the scope of the present disclosure may be able to detect the
presence of a core sample within a core sample holder before the core sample holder 1s disposed
within the storage area of the coring tool. This may enable the coring tool to re-drill to attempt

to retrieve a core sample for the core sample holder, thereby preventing an empty core sample
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holder from being disposed within the storage area of the coring tool. Furthermore, a tool and/or

method within the scope of the present disclosure may be able to determine the length of a core
sample within a coring tool. Furthermore, a tool and/or method within the scope ot the present
disclosure may be able to obtain core samples at angles other than perpendicular (90 degrees)
with respect to the longitudinal axis of the downhole tool.

[0052] In view of all of the above and the figures, those skilled in the art should readily
recognize that the present disclosure introduces a method comprising: lowering a downhole tool
into a wellbore extending into a subterranean formation, wherein the downhole tool comprises a
coring tool and a measurement tool; performing a measurement regarding the formation using
the measurement tool; determining a section of interest within the formation relative to an axis of
the coring tool based on the measurement; orienting a coring bit of the coring tool relative to the
section of interest; and extending the oriented coring bit into the formation. Orienting the coring
bit of the coring tool relative to the section of interest may comprise rotating the coring tool
about the axis of the coring tool such that the coring bit is substantially radially aligned with the
section of interest. Orienting the coring bit of the coring tool relative to the section of interest
may comprise adjusting an inclination angle of the coring bit with respect to the axis of the
coring tool such that the coring bit is substantially aligned with the section of interest. The
method may further comprise capturing a core sample from the formation using the oriented
coring bit. The method may further comprise measuring a property of the captured core sample
using the downhole tool. The measurement tool may comprise a near wellbore 1maging tool,
wherein performing the measurement comprises using the near wellbore 1maging tool to acquire
an 1mage of at least a portion of the formation, and wherein determining the section of interest is
based on the acquired image. The measurement tool may comprise a lithology tool, wherein
performing the measurement comprises using the lithology tool to acquire an image of at least a
portion of the formation, and wherein determining the section of interest 1s based on the acquired
image. The method may further comprise: determining an orientation of the coring tool within
the formation; and determining an inclination of the coring bit with respect to the axis of the
coring tool. Orienting the coring bit of the coring tool relative to the section of interest may
comprise: rotating the coring tool about the axis of the coring tool such that the coring bit is
substantially radially aligned with the section of interest; and adjusting an inclination angle of the
coring bit with respect to the axis of the coring tool such that the coring bit 1s substantially

aligned with the section of interest. Extending the oriented coring bit into the formation may
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comprise extending the coring bit into the formation at the inclination angle substantially aligned

with the section of interest. Lowering the downhole tool into the wellbore may comprise
lowering the downhole tool via wireline or drnll pipe.

[0053] The present disclosure also introduces an apparatus comprising: a downhole tool
configured for conveyance within a wellbore extending into a subterranean formation, wherein
the downhole tool comprises a coring tool comprising: a sidewall coring assembly having a
coring bit; an extension system configured to extend and retract the coring bit from the sidewall
coring assembly; and a rotation system configured to rotate the sidewall coring assembly relative
to the coring tool; wherein the extension system and the rotation system are independently
operable. The coring bit may be configured to extend at a non-perpendicular angle with respect
to an axis of the sidewall coring assembly to capture a core sample. The extension system may
comprise an extension piston and an extension link arm collectively contigured to extend and
retract the coring bit from the sidewall coring assembly. The rotation system may comprise a
rotation piston and a rotation link arm collectively configured to rotate the sidewall coring
assembly with respect to an axis of the sidewall coring assembly. The apparatus may further
comprise a position sensor and a controller coupled to at least one of the extension system and
the rotation system. The apparatus may further comprise a coring angle control system
configured to maintain the coring bit at a desired coring angle with respect to an axis of the
sidewall coring assembly. The coring angle control system may comprise a handling piston
configured to abut a housing within which the coring bit 1s disposed. The coring angle control
system may comprise a valve coupled to a piston of the rotation system, wherein the valve 1s
configured to prevent movement of the piston.

10054] The toregoing outlines feature several embodiments so that those skilled in the art

may better understand the aspects of the present disclosure. Those skilled in the art should
appreciate that they may readily use the present disclosure as a basis for designing or modifying
other processes and structures for carrying out the same purposes and/or achieving the same
advantages of the embodiments introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the spirit and scope of the present
disclosure, and that they may make various changes, substitutions and alterations herein without
departing from the spirit and scope of the present disclosure.

[0055] The Abstract at the end of this disclosure 1s provided to comply with 37 C.F.R.

§1.72(b) to allow the reader to quickly ascertain the nature of the technical disclosure. It is
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submitted with the understanding that 1t will not be used to interpret or limit the scope or

meaning of the claims.
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WHAT IS CLAIMED IS:

1. A method, comprising:

lowering a downhole tool into a wellbore extending into a subterranean formation,

wherein the downhole tool comprises a coring tool and a measurement tool;
performing a measurement regarding the formation using the measurement tool;
determining a section of interest within the formation relative to an axis ot the coring tool
based on the measurement;
orienting a coring bit of the coring tool relative to the section of interest; and

extending the oriented coring bit into the formation.

2. The method of claim 1 wherein the orienting the coring bit of the coring tool relative to
the section of interest comprises rotating the coring tool about the axis of the coring tool such

that the coring bit 1s substantially radially aligned with the section of interest.

3. The method of claim 1 wherein the orienting the coring bit of the coring tool relative to
the section of interest comprises adjusting an inclination angle of the coring bit with respect to

the axis of the coring tool such that the coring b1t 1s substantially aligned with the section of

interest.

4. The method of claim 1 further comprising capturing a core sample from the formation

using the oriented coring bit.

5. The method of claim 4 further comprising measuring a property of the captured core

sample using the downhole tool.

6. The method of claim 1 wherein the measurement tool comprises a near wellbore
imaging tool, wherein performing the measurement comprises using the near wellbore imaging
tool to acquire an 1mage of at least a portion of the formation, and wherein determining the

section of interest 1s based on the acquired image.
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7. The method of claim 1 wherein the measurement tool comprises a lithology tool,
wherein performing the measurement comprises using the lithology tool to acquire an 1image of

at least a portion of the formation, and wherein determining the section of interest 1s based on the

acquired 1mage.

8. The method of claim 1 further comprising:

determining an orientation of the coring tool within the formation; and

determining an inclination of the coring bit with respect to the axis of the coring tool.

9. The method of claim 1 wherein the orienting the coring bit of the coring tool relative to
the section of interest comprises:

rotating the coring tool about the axis of the coring tool such that the coring bit is
substantially radially aligned with the section of interest; and

adjusting an inclination angle of the coring bit with respect to the axis of the coring tool

such that the coring bit 1s substantially aligned with the section of interest.

10. The method of claim 9 wherein extending the oriented coring bit into the formation
comprises extending the coring bit into the formation at the inclination angle substantially

aligned with the section of interest.

11. The method of claim 1 wherein lowering the downhole tool into the wellbore

comprises lowering the downhole tool via wireline.

12. The method of claim 1 wherein lowering the downhole tool into the wellbore

comprises lowering the downhole tool via drill pipe.
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13. An apparatus, comprising:
a downhole tool configured for conveyance within a wellbore extending into a
subterranean formation, wherein the downhole tool comprises a coring tool comprising:
a sidewall coring assembly having a coring bit;

an extension system configured to extend and retract the coring bit from the

sidewall coring assembly; and

a rotation system configured to rotate the sidewall coring assembly relative to the
coring tool;

wherein the extension system and the rotation system are independently operable.

14. The apparatus of claim 13 wherein the coring bit is configured to extend at a non-

perpendicular angle with respect to an axis of the sidewall coring assembly to capture a core

sample.

15. The apparatus of claim 13 wherein the extension system comprises an extension

piston and an extension link arm collectively configured to extend and retract the coring bit from

the sidewall coring assembly.

16. The apparatus of claim 13 wherein the rotation system comprises a rotation piston
and a rotation link arm collectively configured to rotate the sidewall coring assembly with

respect to an axis of the sidewall coring assembly.

17. The apparatus of claim 13 further comprising a position sensor and a controller

coupled to at least one of the extension system and the rotation system.
18. The apparatus of claim 13 further comprsing a coring angle control system

configured to maintain the coring bit at a desired coring angle with respect to an axis of the

sidewall coring assembly.

19. The apparatus of claim 18 wherein the coring angle control system comprises a

handling piston configured to abut a housing within which the coring bit 1s disposed.
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20. The apparatus of claim 18 wherein the coring angle control system comprises a valve

coupled to a piston of the rotation system, wherein the valve is configured to prevent movement

of the piston.
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Fig. 2
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Fig. 3B

Fig. 3A
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Fig. 3D

Fig. 3C
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Fig. 6



<
-
i




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - abstract drawing

