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ABSTRACT OF THE DISCLOSURE

Apparatuses, methods, and systems include rotary drilling a first segment of a wellbore
by rotating a drill string with a top drive forming a part of a drilling rig apparatus for a first
period of time; obtaining data from a sensor disposed about the drilling rig apparatus while
rotary drilling for at least a part of the first period of time; and based on the data from the sensor,
determining a proposed oscillation revolution amount for the drill string to reduce friction of the

drill string in the downhole bore without changing the direction of a bottom hole assembly while

shide drilling.

- 95 .
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DRILL PIPE OSCILLATION REGIME FOR SLIDE DRILLING

BACKGROUND OF THE DISCLOSURE

[0001] Underground drilling involves drilling a bore through a formation deep in the Earth
using a drill bit connected to a drill string. Two common drilling methods, often used within the
same hole, include rotary drilling and slide drilling. Rotary drilling typically includes rotating
the drilling string, including the drill bit at the end of the drill string, and driving it forward
through subterranean formations. This rotation often occurs via a top drive or other rotary drive
means at the surface, and as such, the entire drill string rotates to drive the bit. This is often used
during straight runs, where the objective is to advance the bit in a substantially straight direction
through the formation.

[0002] Slide drilling is often used to steer the drill bit to effect a turn in the drilling path. For
example, slide drilling may employ a drilling motor with a bent housing incorporated into the
bottom-hole assembly (BHA) of the drill string. During typical slide drilling, the drill string is
not rotated and the drill bit is rotated exclusively by the drilling motor. The bent housing steers
the drill bit in the desired direction as the drill string slides through the bore, thereby effectuating
directional drilling. Alternatively, the steerable system can be operated in a rotating mode in
which the drill string is rotated while the drilling motor is running.

[0003] Directional drilling can also be accomplished using rotary steerable systems which
include a drilling motor that forms part of the BHA, as well as some type of steering device, such
as extendable and retractable arms that apply lateral forces along a borehole wall to gradually

ettect a turn. In contrast to steerable motors, rotary steerable systems permit directional drilling
to be conducted while the drill string is rotating. As the drill string rotates, frictional forces are
reduced and more bit weight is typically available for drilling. Hence, a rotary steerable system
can usually achieve a higher rate of penetration during directional drilling relative to a steerable
motor, since the combined torque and power of the drill string rotation and the downhole motor
arc applied to the bit.

[0004] A problem with conventional slide drilling arises when the drill string is not rotated

because much of the weight on the bit applied at the surface is countered by the friction of the

drill pipe on the walls of the wellbore. This becomes particularly pronounced during long

lengths of a horizontally drilled bore hole.
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[0005] To reduce wellbore friction during slide drilling, a top drive may be used to oscillate
or rotationally rock the drill string during slide drilling to reduce drag of the drill string in the
wellbore. This oscillation can reduce friction in the borehole. However, too much oscillation
can disrupt the direction of the drill bit sending it off-course during the slide drilling process, and
too little oscillation can minimize the benefits of the friction reduction, resulting in low welght-
on-bit and overly slow and inefficient slide drilling.

[0006] T'he parameters relating to the top-drive oscillation, such as the number of oscillating
rotations, are typically programmed into the top drive system by an operator, and may not be
optimal for every drilling situation. For example, the same number of oscillation revolutions
may be used regardless of whether the drill string is relatively long or relatively short, and
regardless of the sub-geological structure. Drilling operators, concerned about turning the bit
off-course during an oscillation procedure, may under-utilize the oscillation features, limiting its
effectiveness. Because of this, in some instances, an optimal oscillation may not be achieved,
resulting in relatively less efficient drilling and potentially less bit progression.

[0007] What is neceded 1s a system that can recommend an effective slide drilling oscillation

amount during a drilling process. The present disclosure addresses one or more of the problems

ot the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure is best understood from the following detailed description

when read with the accompanying figures. It is 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.

[0009] FIG. 1 1s a schematic of an apparatus according to one or more aspects of the present

disclosure.

[0010] FI1G. 2 1s a block diagram schematic of an apparatus according to one or more aspects

of the present disclosure.
[0011] F1G. 3 1s a diagram according to one or more aspects of the present disclosure.

[0012] I'1G. 4 15 a flow-chart diagram of at least a portion of a method according to one or

more aspects of the present disclosure.

[0013] FIG. 5 1s a diagram according to one or more aspects of the present disclosure.
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DETAILED DESCRIPTION

[0014] [t 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
addition, the present disclosure may repeat reference numerals and/or letters in 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 in 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] This disclosure provides apparatuses, systems, and methods for improved drilling
etficiency by evaluating and determining an oscillation regime target, such as an oscillating
revolution target, for a drilling assembly to reduce wellbore friction on a drill string while not
disrupting a bit alignment during a slide drilling process. The apparatuses, systems, and methods
allow a user (alternatively referred to herein as an “operﬁtor”) or a control system to determine a

suitable number of revolutions (alternatively referred to as rotations or wraps) and modify the
number of revolutions to oscillate a tubular string in a manner that improves the drilling
operation. The term drill string is generally meant to include any tubular string. This
improvement may manifest itself, for example, by increasing the slide drilling speed, slide
penetration rate, the usable lifetime of components, and/or other improvements. In one aspect,
the system may modify the oscillation regime target, such as the target number of revolutions
used in slide drilling based on parameters detected during rotary drilling. These parameters may
include, for example, rotary torque, weight on bit, differential pressure, hook load, pump
pressure, mechanical specific energy (MSE), rotary RPMs, tool face orientation, and other
parameters. In addition, the system may modify the oscillation regime target, such as the number

of revolutions based on technical specifications of the drilling equipment or other factors
including bit type, pipe diameters, vertical or horizontal depth, and other factors. These may be

used to optimize the rate of penetration or another desired drilling parameter by maximizing the

-3 -
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number of revolutions, which in turn reduces the wellbore friction along the drill string for a
desired length of the drill string, while not changing the orientation of the drill bit during a slide.
[0016] In one aspect, this disclosure is directed to apparatuses, systems, and methods that
optimize an oscillation regime target, such as the number of revolutions to provide more
etfective drilling. Drilling may be most effective when the drilling system oscillates the drill
string sufficient to rotate the drill string even very deep within the borehole, while permitting the
drilling bit to rotate only under the power of the motor. For example, a revolution setting that
rotatcs only the upper half of the drill string will be less effective at reducing drag than a
revolution setting that rotates nearly the entire drill string. Therefore, an optimal revolution
setting may be one that rotates substantially the entire drill string without upsetting or rotating
the bottom hole assembly. Further, since excessive oscillating revolutions during a slide might
rotate the bottom hole assembly and undesirably change the drilling direction, the optimal
angular setting would not adversely affect the direction of drilling. In another aspect, this
disclosure is directed to apparatuses, systems, and methods that optimize an oscillation regime
target, such as a target torque level while oscillating in each direction to provide more effective
drilling. Therefore, a target torque level may be one that rotates substantially the entire drill
string without upsetting or rotating the bottom hole assembly. An oscillation regime target 15 an
optimal or suitably effective target value of an oscillation parameter. These may 1nclude, for
example, the number of revolutions in each direction during slide drilling or the level of torque
reached during oscillations during slide drilling, among others.

[0017] The apparatus and methods disclosed hercin may be employed with any type of
directional drilling system using a rocking technique with an adjustable target number of
revolutions or an adjustable target torque, including handheld oscillating drills, casing running
tools, tunnel boring equipment, mining equipment, and oilfield-based equipment such as those
including top drives. The apparatus is further discussed below in connection with oilfield-based
equipment, but the oscillation revolution selecting device of this disclosure may have
applicability to a wide array of fields including those noted above.

[0018] Reterring to FIG. 1, illustrated is a schematic view of an apparatus 100 demonstrating
one or more aspects of the present disclosure. The apparatus 100 is or includes a land-based

drilling rig. However, one or more aspects of the present disclosure are applicable or readily

adaptable to any type of drilling rig, such as jack-up rigs, semisubmersibles, drill ships, coil
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tubing rigs, well service rigs adapted for drilling and/or re-entry operations, and casing drilling
rigs, among others within the scope of the present disclosure.

[0019] T'he apparatus 100 includes a mast 105 supporting lifting gear above a rig floor 110.
The lifting gear includes a crown block 115 and a traveling block 120. The crown block 115 is
coupled at or near the top of the mast 105, and the traveling block 120 hangs from the crown
block 1135 by a drilling line 125. One end of the drilling line 125 extends from the lifting gear to
drawworks 130, which is configured to reel out and reel in the drilling line 125 to cause the
traveling block 120 to be lowered and raised relative to the rig floor 110. The other end of the
drilling line 125, known as a dead line anchor, is anchored to a fixed position, possibly near the
drawworks 130 or elsewhere on the rig.

[0020] A hook 135 is attached to the bottom of the traveling block 120. A top drive 140 is
suspended from the hook 135. A quill 145 extending from the top drive 140 is attached to a saver
sub 150, which is attached to a drill string 155 suspended within a wellbore 160. Alternatively,
the quill 145 may be attached to the drill string 155 directly. It should be understood that other
conventional techniques for arranging a rig do not require a drilling line, and these are included
In the scope of this disclosure. In another aspect (not shown), no quill 1s present.

[0021] The drill string 155 includes interconnected sections of drill pipe 165, a bottom hole
assembly (BHA) 170, and a drill bit 175. The BHA 170 may include stabilizers, drill collars,
and/or measurement-while-drilling (MWD) or wireline conveyed instruments, among other
components. The drill bit 175, which may also be referred to herein as a tool, is connected to the
bottom of the BHA 170 or is otherwise attached to the drill string 155. One or more pumps 180

may deliver drilling fluid to the drill string 155 through a hose or other conduit 185, which may
- be fluidically and/or actually connected to the top drive 140.

[0022] In the exemplary embodiment depicted in FIG. 1, the top drive 140 is used to impart
rotary motion to the drill string 155. However, aspects of the present disclosure are also
applicable or readily adaptable to implementations utilizing other drive systems, such as a power
swivel, a rotary table, a coiled tubing unit, a downhole motor, and/or a conventional rotary rig,
among others.

[0023] The apparatus 100 also includes a control system 190 configured to control or assist
in the control of one or more components of the apparatus 100. For example, the control system

190 may be configured to transmit operational control signals to the drawworks 130, the top

-5
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drive 140, the BHA 170 and/or the pump 180. The control system 190 may bc a stand-alone
component installed near the mast 105 and/or other components of the apparatus 100. Tn some
embodiments, the control system 190 is physically displaced at a location separate and apart
from the drilling rig.

[0024] F1G. 2 illustrates a block diagram of a portion of an apparatus 200 according to one or
more aspects of the present disclosure. FIG. 2 shows the control system 190, the BHA 170, and
the top drive 140, identified as a drive system. The apparatus 200 may be implemented within
the environment and/or the apparatus shown in FIG. 1.

[0025] The control system 190 includes a user-interface 205 and a controller 210.
Depending on the embodiment, these may be discrete components that arc interconnected via
wired or wireless means. Alternatively, the user-interface 205 and the controller 210 may be
integral components of a single system.

[0026] The user-interface 205 may include an input mechanism 215 permitting a user to
input a left oscillation revolution setting and a right oscillation revolution setting. These settings
control the number of revolutions of the drill string as the system controls the top drive or other
drive system to oscillate the top portion of the drill string. In some embodiments, the input
mechanism 215 may be used to input additional drilling settings or parameters, such as
acceleration, toolface set points, rotation settings, and other set points or input data, including a
torque target value that may determine the limits of oscillation. A user may input information
relating to the drilling parameters of the drill string, such as BHA information or arrangement,
drill pipe size, bit type, depth, formation information, among other things. The input mechanism
215 may include a keypad, voice-recognition apparatus, dial, button, switch, slide selector,
toggle, joystick, mouse, data base and/or other conventional or future-developed data input
device. Such an input mechanism 215 may support data input from local and/or remote locations.
Alternatively, or additionally, the input mechanism 215, when included, may permit user-
selection of predetermined profiles, algorithms, set point values or ranges, such as via one or
more drop-down menus. The data may also or alternatively be selected by the controller 210 via
the execution of one or more database look-up procedures. In general, the input mechanism 215
and/or other components within the scope of the present disclosure support operation and/or

monitoring from stations on the rig site as well as one or more remote locations with a
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communications link to the system, network, local area network (LAN), wide area network

(WAN), Internet, satellite-link, and/or radio, among other mcans.

[0027] The user-interface 205 may also include a display 220 for visually presenting
information to the user in textual, graphic, or video form. The display 220 may also be utilized
by the user to input drilling parameters, limits, or set point data in conjunction with the input
mechanism 215. For example, the input mechanism 2135 may be integral to or otherwise
communicably coupled with the display 220.

[0028] In one example, the controller 210 may include a plurality of pre-stored selectable
oscillation profiles that may be used to control the top drive or other drive system. Thc pre-
stored selectable profiles may include a right rotational revolution value and a left rotational
revolution value. The profile may include, in one example, 5.0 rotations to the right and -3.3
rotations to the left. These values are preferably measured from a central or neutral rotation.
[0029] In addition to having a plurality of oscillation profiles, the controller 210 includes a
memory with instructions for performing a process to select the profile. In some embodiments,
the profile is a simply one of either a right (i.e., clockwise) revolution setting and a left (i.e.,
counterclockwise) revolution setting. ~ Accordingly, the controller 210 may include instructions
and capability to select a pre-established profile including, for example, a ri ght rotation value and
a left rotation value. Because some rotational values may be more effective than others in
particular drilling scenarios, the controller 210 may be arranged to identify the rotational values
that provide a suitable level, and preferably an optimal level, of drilling speed. The controller
210 may be arranged to receive data or information from the user, the bottom hole assembly 170,

and/or the drive system 140 and process the information to select an oscillation profile that might

enable effective and efficient drilling.
[0030] The BHA 170 may include one or more sensors, typically a plurality of sensors,
located and configured about the BHA to detect parameters relating to the drilling environment,

the BHA condition and oricntation, and other information. In the embodiment shown in FIG. 2,
the BHA 170 includes an MWD casing pressure sensor 230 that is configured to detect an
annular pressure value or range at or near the MWD portion of the BHA 170. The casing

pressure data detected via the MWD casing pressure sensor 230 may be sent via electronic signal

to the controller 210 via wired or wireless transmission.
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[0031] The BHA 170 may also include an MWD shock/vibration sensor 235 that is
contigured to detect shock and/or vibration in the MWD portion of the BHA 170. The
shock/vibration data detected via the MWD shock/vibration sensor 235 may be sent via
electronic signal to the controller 210 via wired or wireless transmission.

[0032] The BHA 170 may also include a mud motor AP sensor 240 that is configured to
detect a pressure diffcrential value or range across the mud motor of the BHA 170. The pressure
difterential data detected via the mud motor AP sensor 240 may be sent via electronic si gnal to
the controller 210 via wired or wireless transmission. The mud motor AP may be alternatively or
additionally calculated, detected, or otherwise determined at the surface, such as by calculating
the ditterence between the surface standpipe pressure just off-bottom and pressure once the bit
touches bottom and starts drilling and experiencing torque.

[0033] The BHA 170 may also include a magnctic toolface sensor 245 and a gravity toolface
sensor 250 that are cooperatively configured to detect the current toolface. The magnetic toolface
sensor 245 may be or include a conventional or future-developed magnetic toolface sensor which
detects toolface orientation relative to magnetic north or true north. The gravity toolface sensor
250 may be or include a conventional or future-developed gravity toolface sensor which detects
tooltace orientation relative to the Earth's gravitational field. In an exemplary embodiment, the
magnetic toolface sensor 245 may detect the current toolface when the end of the wellbore is less
than about 7° from vertical, and the gravity toolface sensor 250 may detect the current toolface
when the end of the wellbore is greater than about 7° from vertical. However. other toolface
sensors may also be utilized within the scope of the present disclosure that may be more or less
precise or have the same degree of precision, including non-magnetic toolface sensors and non-
gravitational inclination sensors. In any case, the toolface orientation detected via the one or
more tooltace sensors (e.g., sensors 245 and/or 250) may be sent via electronic signal to the
controller 210 via wired or wireless transmission.

[0034] The BHA 170 may also include an MWD torque sensor 2535 that is configured to
detcct a value or range of values for torque applied to the bit by the motor(s) of the BHA 170.
The torque data detected via the MWD torque sensor 255 may be sent via electronic signal to the
controller 210 via wired or wireless transmission.

[0035] The BHA 170 may also include an MWD weight-on-bit (WOB) sensor 260 that is
configured to detect a value or range of values for WOB at or near the BHA 170. The WOB data
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detected via the MWD WOB sensor 260 may be sent via electronic signal to the controller 210
via wired or wireless transmission.

10036} The top drive 140 may also or alternatively may include one or more sensors or
detectors that provide information that may be considered by the controller 210 when it selects
the oscillation profile. In this embodiment, the top drive 140 includes a rotary torque sensor 265
that 1s configured to detect a value or range of the reactive torsion of the quill 145 or drill string
I55. The top drive 140 also includes a quill position sensor 270 that is configured to detect a
value or range of the rotational position of the quill, such as relative to true north or another
stationary reference. The rotary torque and quill position data detected via sensors 265 and 270,
respectively, may be sent via electronic signal to the controller 210 via wired or wireless
transmission.

[0037] The top drive 140 may also include a hook load sensor 275, a pump pressure sensor
or gauge 280, a mechanical specific energy (MSE) sensor 285, and a rotary RPM sensor 290.
[0038] The hook load sensor 275 detects the load on the hook 135 as it suspends the top
drive 140 and the drill string 155. The hook load detected via the hook load sensor 275 may be
sent via electronic signal to the controller 210 via wired or wireless transmission.

[0039] The pump pressure sensor or gauge 280 is configured to detect the pressure of the
pump providing mud or otherwise powering the BHA from the surface. The pump pressure

detected by the pump sensor pressure or gauge 280 may be sent via electronic signal to the

controller 210 via wired or wireless transmission.

[0040] The mechanical specific energy (MSE) sensor 285 is configured to detect the MSE
representing the amount of energy required per unit volume of drilled rock. In some
embodiments, the MSE is not directly sensed, but is calculated based on sensed data at the

controller 210 or other controller about the apparatus 100.

[0041] T'he rotary RPM sensor 290 is configured to detect the rotary RPM of the drill string.
This may be measured at the top drive or elsewhere, such as at surface portion of the drill string.
The RPM detected by the RPM sensor 290 may be sent via electronic signal to the controller 210
via wired or wireless transmission.

[0042] In FIG. 2, the top drive 140 also includes a controller 295 and/or other means for
controlling the rotational position, speed and direction of the quill 145 or other drill string

component coupled to the top drive 140 (such as the quill 145 shown in FIG. 1). Depending on

_ 9.
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the embodiment, the controller 295 may be integral with or may form a part of the controller
210.

[0043] The controller 210 is configured to receive detected information (i.e., measured or
calculated) from the user-interface 205, the BHA 170, and/or the top drive 140, and utilize such
Information to continuously, periodically, or otherwise operate to determine and identify an
oscillation regime target, such as a target rotation parameter having improved effectiveness. The
controller 210 may be further configured to generate a control signal, such as via intelligent
adaptive control, and provide the control signal to the top drive 140 to adjust and/or maintain the
oscillation profile in order to most effectively perform a drilling operation.

[0044] Moreover, as in the exemplary embodiment depicted in FIG. 2, the controller 295 of
the top drive 140 may be configured to generate and transmit a signal to the controller 210.
Consequently, the controller 295 of the top drive 170 may be configured to influence the number
of rotations in an oscillation, the torque level threshold, or other oscillation re gime target. It
should be understood the number of rotations used at any point in the present disclosure may be
a whole or fractional number.

[0045] F1G. 3 shows a portion of the display 220 that conveys information relating to the
drilling process, the drilling rig apparatus 100, the drive system 140, and/or the BHA 170 to a
user, such as a rig operator. As can be seen, the display 220 includes a right oscillation amount
at 222, shown in this example as 5.0, and a left oscillation amount at 224, shown 1n this example
as -3.0. These values represent the number of revolutions in each direction from a neutral center
when oscillating. In a preferred embodiment, the oscillation revolution values are selected to be

values that provide a high level of oscillation so that a high percentage of the drill string

oscillates, to reduce axial friction on the drill string from the bore wall, while not disrupting the

direction of the BHA.

[0046] In this example, the display 220 also conveys information relating to the torque
settings that may be used as target torque settings to be used during an oscillation regime while
slide drilling. Here, right torque and left torque may be entered in the regions identified by
numerals 226 and 228 respectively.

[0047] In addition to showing the oscillation rotational or revolution values and target
torque, the display 220 also includes a dial or target shape having a plurality of concentric nested

rings. In this embodiment, the magnetic-based tool face orientation data is represented by the

- 10 -
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line 230 and the data 232, and the gravity-based tool face orientation data is represented by
symbols 234 and the data 236. The symbols and information may also or alternatively be
distinguished from one another via color, size, flashing, flashing rate, shape, and/or other graphic
means.

[0048] In the exemplary display 220 shown in FIG. 3, the display 220 includes a historical
representation of the tool face measurements, such that the most recent measurement and a
plurality of immediately prior measurements are displayed. However, in other embodiments, the
symbols may indicate only the most recent tool face and quill position measurements.

[0049] The display 220 may also include a textual and/or other type of indicator 248
displaying the current or most recent inclination of the remote end of the drill string. The display
220 may also include a textual and/or other type of indicator 250 displaying the current or most
recent azimuth orientation of the remote end of the drill string. Additional selectable buttons,
Icons, and information may be presented to the user as indicated in the exemplary display 220.
Additional details that may be included or sued include those disclosed in U.S. Patent No.
8,528,663 to Boone.

[0050] FIG. 4 1s a flow chart showing an exemplary method 400 of improving slide drilling
effectiveness by reducing the amount of friction or drag by optimizing the oscillation revolutions
to reduce wellbore friction while maintaining the BHA on course. A portion of the method will
be described with reference to FIG. 5 showing exemplary expected results of a drilling function
during a rotary drilling procedure and transitioning to a slide drilling procedure. The method
begins at 402, where the controller 210 receives an oscillation revolution selection. In some

instances, this input may be given at the input mechanism 215. In some instances, this may be
carried over from a prior drilling segment, such as from a prior slide drilling segment. In some
Instances, this may be estimated by the controller 210 based on information relating to input

information.

[0051] At 404, the controller 210 receives drilling parameter information at the input
mechanism 215. This information may include structural parameters of the drilling system, drill
pipe, the BHA type or features, or other parameters that might impact the rotational resistance of
the drill string. In some embodiments, this is input by a rig operator. In others, it is detected

during assembly or setup. The information may include a drill pipe size, such as a diameter of

the drill string pipes, information relating to the BHA, such as bit type, size, number of

-11 -
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stabilizers, and other information relating the BHA. Additional embodiments allow the rig
operator to manually enter, or allow the system to automatically account for bit depth, formation
information, and other information. All this information may bc received at the controller 210
and stored for consideration.

[0052] A1 406, the controller 210 controls the drive system 140 to perform a rotary drilling
procedure. This includes rotating the drill string to rotate and drive the BHA through the
subterranean formations. While performing rotary drilling, and at 408, the controller receives
feedback data from sensors. This includes, for example, feedback from the drive system 140, the
bottom hole assembly 170, and/or other information relating to the performance of the rig
operation during the rotary drilling procedure.

[0053] [n some aspects, the controller stores a historical record of the feedback generated
during the rotary drilling procedure. For example, the controller 210 may receive and store
information and data detected over the course of a period of time of the rotary drilling procedure,
In some non-limiting examples, the time period may be between about twently and ninety
minutes, although longer and shorter tracking times are contemplated. In some instances, only a
short time period immediately prior to slide drilling procedure is recorded. In some Instances,
rather than taking a sample based on a length of time, the controller 210 may receive and record
information based on the amount of time it takes to accomplish a task, such as advance a single
tubular stand into the ground. For example, the drive system 140 may take 45 minutes to
advance a 90-foot stand, and the controller 210 may store all or a part of the data detected by the

sensors during that period of time.

[0054]) At 410, the controller 210 processes the information detected by the sensors at the
drive system 140 and the bottom hole assembly 170 and processes the information received at
the input mechanism. This includes generating a drilling resistance function that may be based,
tor example, on the received information over time. This drilling resistance function may
include, for example, weighting different information received or detected to output a value
representative of the input and detccted information. In some embodiments, this is calculated
and stored in real-time during the rotary drilling procedure. The drilling resistance function may
be determined based on one or more factors of weight on bit, differential pressure, hook load,
pump pressure, rotary torque, MSE, rotary RPM, tool face, depth, bit type, drill pipe size.

subterranean formation information and other factors either cntered or detected by sensors about

_12.-
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the drilling rig apparatus 100. In some examples, rotary torque is weighted more heavily than
other factors. In some examples, the drilling resistance function is a function of only rotary
torque, weight on bit, and drill pipe size. In yet other examples, the drilling resistance function is
a function of rotary torque, weight on bit, drill pipe size, and one or more additional input or
detected factors. In yet another example, the drilling resistance function is based only on rotary
torque and weight on bit, with rotary torque being weighted more heavily than weight on bit.
However, other factors are also contemplated.

[0055] F1G. 5 15 an exemplary graph 500 showing the representative drilling resistance
function 502 during the rotary drilling period. This information is used to determine a
recommended oscillation revolution value for both the right and left rotations during a slide
drilling procedure that follows. Referring to Fig. 5, the graph 500 includes a drilling resistance
function 502 along the y-axis representing the calculated representative value. The x-axis
represents time including a rotary drilling segment or period followed immediately thereafter by
a slide drilling segment or period.

[0056] The exemplary chart of FIG. 5 shows the drilling resistance function over time during
the rotary drilling segment. In this example, the drilling resistance function is relatively stable
during the rotary drilling segment. As indicated above, the rotary drilling segment may be a
period of time immediately prior to a slide and may be any period of time, and may be, for
example, an amount of time in the range of about 20 minutes to about 90 minutes. It also may be
the time taken to accomplish a task, such as to advance a stand. The controller 210 may pProcess
and output the drilling resistance function in real-time during drilling so as to have a real-time

output. In other examples, the data from all sensors is saved and averaged, and the controller

may then provide a single drilling resistance function for a time period of the rotary drilling

segment.

[0057] In this chart in FIG. 5, the controller 210 assigns an average value to the drilling
resistance function over the designated time period, which in this example, for explanation only,
1s shown as 100%.

[0058] Returning to the flow chart Fig. 4, after processing the received information to
generate a drilling resistance function at 410, the controller 210 outputs a new oscillation
revolution value based on the received feedback data and/or drilling parameter information at

412. For example, based on the drilling resistance function shown in Fig. 5, the controller 210 is
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configured to output a recommended number of right oscillation revolutions and a number of left
oscillation revolutions. The right and left oscillation revolution numbers may be selected to be
revolution values that provide rotation to a relatively high percentage of the drill pipe while not
disrupting the direction of the BHA. Because of this, frictional resistance is minimized, while
maintaining a low risk or no risk of moving the BHA off course during the slide drilling. To
make this sclection, the controller 210 may include a table that provides an oscillation revolution
value based solely on the drilling resistance function. In some embodiments, the controller 210
may include multiple tables that correspond to the drilling resistance function and additional
factors.

[0059] In some embodiments, the controller 210 outputs the oscillation revolution values to
the user-interface 205, and the values on the display, such as the display 220 in FIG. 3, are
automatically updated. In other embodiments, the controller 210 makes recommendations to the
operator through the display 220 or other elements of the user-interface 205. When
recommendations are made, the operator may choose to accept or decline the recommendations
or may make other adjustments, for example, to move the oscillation revolution values closer to
the recommended values. In the examples shown, the oscillation revolution values may be, for
example, and without limitation, in the range of 0-35 revolutions to the right and 0-17
revolutions to the left. Other ranges and values are contemplated. In some examples, the
recommended right and left oscillation values arc different.

[0060] At 414, the controller 210 may operate the drilling rig apparatus 100 to perform a
slide drilling procedure while oscillating at the new recommended oscillation revolution value.
Accordingly, by operating at the recommended oscillation revolution values, the slide drilling

procedure may be made more efficient by reducing the amount of friction on the drill string

while still having low risk of moving the BHA off course.

[0061] For explanation only, the slide drilling segment is shown in FIG. 5 immediately
tollowing the rotary drilling segment. Here, the recommended oscillation revolution values are
such that the drilling resistance function, measured during the slide drilling segment, has a target
peak range of about 70% to 80% of the average drilling resistance function taken during the
rotary drilling segment time period immediately preceding the slide drilling segment. For
example, a target range of about 10.2 oscillation revolutions to the right and 7.9 oscillation

revolutions to the left may provide a peak drilling resistance function in a desired range. In FIG.
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5, the right and left oscillations appear as spikes in the drilling resistance function during the
time period of the slide drilling segment. In other instances, the target peak range 1s about 80%
ol the average drilling resistance function taken during the rotary drilling segment and in yet
others, the target range is greater than about 50% of the average drilling resistance function taken
during the rotary drilling segment.

[0062] In some embodiments, at 416 in FIG. 4 the drilling resistance function is monitored
during a slide drilling procedure. It may also be taken into account, along with the drilling
resistance function, to determine the recommended oscillation revolution values for a subsequent
shde drilling procedure. For example, with reference to FIG. 5, the slide drilling segment may
be monitored and compared to a threshold determined by the controller. In this example, the
threshold is 80% of the average drilling resistance function during the rotary drilling segment.
Depending on the embodiment, the 80% threshold may be a ceilling, may be a floor, or may be a
target range for the drilling resistance function during the slide drilling segment. By monitoring
the drilling resistance function during a slide drilling procedure, the controller 210 may
recommend oscillation values taking into account all available information. In some
embodiments, the process steps 406 to 414 may be repeated for each rotary drilling procedure
followed by a slide drilling procedure. Accordingly, as the BHA proceeds through different
subterranean formations, the system may respond by modifying or adapting the approach to
address increases or decreases in wellbore resistance for each slide.

[0063] While the above method is described to determine a target range of rotational
oscillation, the systems and methods described herein also contemplate using the drilling
resistance function to determine a target range, threshold, ceiling or floor for any oscillation
regime target, including a torque limit used to control the amount of oscillation. Accordingly,
the description herein applies equally to other oscillation regimes. For example, it can determine
a target torque to be achieved when rotating right and a target torque to be achieved when
rotating left. This target may then be input into the controller to provide a more effective
operation to increase the effectiveness of slide drilling.

[0064] By using the systems and method described herein, a rig operator can more casily
operate the rig during slide drilling at a maximum cfficiency to minimize the effects of frictional

drag on the drill string during slide drilling, while still providing low or minimal risk of rotating
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the BHA off-course during a slide. This can increase drilling efficiency which saves time and
reduces drilling costs.

[0065] [n view of all of the above and the figures, one of ordinary skill in the art will readily
recognize that the present disclosure introduces a method including rotary drilling a first segment
of a wellbore by rotating a drill string with a top drive forming a part of a drilling rig apparatus
for a first period of time; obtaining data from a sensor disposed about the drilling rig apparatus
while rotary drilling for at least a part of the first period of time; based on the data from the
sensor, determining a proposed oscillation revolution amount for the drill string to reduce friction
of the drill string in the downhole bore without changing the direction of drilling of a bottom
hole assembly on the drill string; and slide drilling a second segment ot the wcllbore while
oscillating the drill string using the proposed oscillation revolution amount during a second
period of time.

[0066] [n an aspect, the method includes automatically assigning the proposed oscillation
revolution amount to a control system of the top drive so that the slide drilling 1s performed
while oscillating at the proposed oscillation revolution amount. In an aspect, obtaining data from
a sensor comprises: obtaining data from multiple sensors measuring multiple different
parameters about the drilling rig; and combining the data to create a drilling resistance function
rcpresentative of the data from the multiple sensors, wherein determining the proposed
oscillation revolution is based on the drilling resistance function. In an aspect, the second
segment of the wellbore immediately follows the first segment of the wellbore. In an aspect,
obtaining data from a sensor includes obtaining data relating to rotary torque from a torque
sensor. In an aspect, obtaining data from a sensor includes obtaining data relating to at least one
of: weight on bit from a weight on bit scnsor, differential pressure from a differential pressure
sensor, hook load from a hook load sensor, pump pressure from a pump pressure sensor,

mechanical specific energy from an MSE sensor, rotary RPM from a rotary RPM sensor, and a

tool face orientation from a tool face sensor. In an aspect, the method includes recetving data
from a user and whercin determining a proposed oscillation revolution comprises taking into
account the received data from the user. In an aspect, the received data from a user comprises at
lcast one of bit type, drill pipe size, and borehole depth. In an aspect, the method includes
presenting the determined proposed oscillation revolution to a user as a recommended setting so

that the user can accept the recommendation. In an aspect, the method includes obtaining data
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from the sensor disposed about the drilling rig apparatus while oscillating the drill string during
the slide drilling, and based on the data from the sensor during the slide drilling and based on
data obtained during rotary drilling, dctermining an updated proposed oscillation revolution for
the drill string to reduce friction of the drill string in the downhole bore usable during a
subsequent slide drilling procedure.

[0067] T'he present disclosure also introduces a drilling apparatus comprising: a top drive
controllable to rotate a drill string in a first rotational direction during a rotary drilling operation
and to oscillate the drill string in the first rotational direction and an opposite second rotational
directional during a slide drilling operation; a sensor configured to detect a measurable parameter
of the drilling rig apparatus when the top drive rotates the drill string 1n the first rotational
direction during a rotary drilling operation; and a controller configured to receive information
representing the detected measurable parameter from the sensor and based on the received
information from the sensor, determine a proposed oscillation revolution amount for the drill
string to reduce friction between the drill string and a wall of a borehole while not impacting the
direction of slide drilling.

[0068] In an aspect, the controller is in communication with the top drive and configured to
output control signals to the top drive to oscillate the drill string at the proposed oscillation
revolution amount during the slide drilling operation. In an aspect, the controller 1s configured to
determine a proposed oscillation revolution amount for the drill string in the first rotational
direction and in the second rotational direction to reduce friction between the drill string and a
wall of a borehole while not impacting the direction of slide drilling. In an aspect, the sensor is a
torque sensor configured to measure torque during the rotary drilling operation. In an aspect, the
sensor comprises at least one of: a weight on bit sensor configured to detect a weight on bit, a
differential pressure sensor configured to detect differential pressure, a hook load sensor

configured to detect a hook load, a pump pressure sensor configured to detect a pump pressure, a

mechanical specific energy sensor configured to detect mechanical specific energy, a rotary
RPM sensor configured to detect a rotary RPM, and a tool face sensor configured to detect a tool
face orientation. In an aspect, the apparatus includes an interface configured to receive data
relating to a configuration of the drill string. In an aspect, the data relating to the configuration

of the drill string comprises at least one of bit type, drill pipe size, and borehole depth.
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[0069] The present disclosure also introduces a drilling method, comprising: rotary drilling a
first segment of a wellbore by rotating a drill string with a top drive forming a part of a drilling
rig apparatus for a first period of time; obtaining data from a plurality of sensors disposed about
the drilling rig apparatus while rotary drilling for at least a part of the first period of time,
wherein obtaining data from the plurality of sensors comprises obtaining data relating to rotary
torque from a torque sensor and relating to at least one of: weight on bit from a wei ght on bit
sensor, ditfercntial pressure from a differential pressure sensor, hook load from a hook load
seénsor, pump pressure from a pump pressure sensor, mechanical specific energy from a MSE
sensor, rotary RPM from a rotary RPM sensor, and a tool face orientation from a tool face
sensor; and based on the data from the plurality of sensors, determining a proposed oscillation
revolution amount for the drill string in a clockwise direction to reduce friction of the drill string
in the downhole bore while not impacting the dircction of slide drilling; and based on the data
from the plurality of sensors, detcrmining a proposed oscillation revolution amount for the drill
string 1n a counterclockwise direction to reduce friction of the drill string in the downhole bore
while not impacting the direction of slide drilling, wherein the counterclockwise amount and the
clockwise amount are different.

[0070] In an aspect, the method includes slide drilling a second segment of thc wellbore
while oscillating the drill string with the top drive at the proposed oscillation revolution amount
during a second period of time. In an aspect, the method includes rece1ving data from a user and
wherein determining a proposed oscillation revolution amount for both the right and left
directions comprises taking into account the received data from the user.

[0071] The present disclosure also introduces a drilling method including rotary drilling a
first segment of a wellbore by rotating a drill string with a top drive forming a part of a drilling
rig apparatus for a first period of time; obtaining data from a sensor disposed about the drilling
rig apparatus while rotary drilling for at least a part of the first period of time; based on the data
from the sensor, determining a proposed oscillation regime target for the drill string to reduce
friction of the drill string in the downhole bore without changing the direction of drilling of a
bottom hole assembly on the drill string; and slide drilling a second segment of the wellbore

while oscillating the drill string using the proposed oscillation regime target during a second

period of time.
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[(0072] [n an aspect, the oscillation regime target is an oscillation revolution amount. In an
aspect, the oscillation regime target is a target torque limit for a clockwise revolution and a
counterclockwise revolution. In an aspect, the method includes automatically setting the
oscillation target regime in a control system and automatically oscillating the drill string while
slide drilling the second segment in a manner corresponding to the oscillation target regime.
[0073] I'he foregoing outlines features of several embodiments so that a person of ordinary
skill 1n the art may better understand the aspects of the present disclosure. Such features may be
replaced by any one of numerous equivalent alternatives, only some of which are disclosed
herein. One of ordinary skill 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.
One of ordinary skill 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.

[0074] The Abstract at the end of this disclosure is 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
submitted with the understanding that it will not be used to interpret or limit the SCope or
meaning of the claims.

[0075] Moreover, 1t is the express intention of the applicant not to invoke 35 U.S.C. § 112,
paragraph 6 for any limitations of any of the claims herein, except for those in which the claim

expressly uses the word “means” together with an associated function.
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What 1s claimed is:

1. A drilling method stored as a set of instructions in memory for execution by a
computer processor for:

rotary drilling a first segment of a wellbore by rotating a drill string with a drive system
forming a part of a drilling rig apparatus for a first period of time;

obtaining feedback data from a sensor disposed about the drilling rig apparatus while
rotary drilling for at least a part of the first period of time to obtain historical information taken
over the at least a part of the first period of time;

based on the obtained historical information from the sensor, determining a proposed
oscillation revolution amount for the drill string to reduce friction of the drill string in the
wellbore without changing a direction of drilling of a bottom hole assembly on the drill string;

transmitting operational control signals to the drive system including the proposed
oscillation revolution amount in order to modify said rotating; and

slide drilling a second segment of the wellbore while oscillating the drill string using the

proposed oscillation revolution amount during a second period of time.

2. The method of claim 1, comprising automatically assigning the proposed
oscillation revolution amount to a control system of the drive system so that the slide drilling is

performed while oscillating at the proposed oscillation revolution amount.

3. The method of claim 1, wherein obtaining the feedback data from the sensor
COMPprises:

obtaining data from multiple sensors measuring multiple different parameters about the
drilling ng apparatus; and

combining the feedback data to create a drilling resistance function representative of the
feedback data from the multiple sensors,

wherein determining the proposed oscillation revolution is based on the drilling

resistance function.
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4. The method of claim 1, wherein the second segment of the wellbore

immediately follows the first segment of the wellbore.

5. The method of claim 1, wherein obtaining the feedback data from the sensor

includes obtaining data relating to rotary torque from a torque sensor.

6. The method of claim 1, wherein obtaining the feedback data from the sensor
includes obtaining data relating to at least one of: weight on bit from a weight on bit sensor,
differential pressure from a mud motor differential pressure sensor, hook load from a hook load
sensor, pump pressure from a pump pressure sensor, mechanical specific energy from an MSE

sensor, rotary RPM from a rotary RPM sensor, and a tool face orientation from a tool face

SCIISOLT.

7. The method of claim 1, comprising receiving the feedback data from a user and
wherein determining the proposed oscillation revolution amount comprises taking into account

the received data from the user.

8. The method of claim 7, wherein the received data from the user comprises at

least one of bit type, drill pipe size, and borehole depth.

9. The method of claim 1, comprising presenting the determined proposed

oscillation revolution amount to a user as a recommended setting so that the user can accept the

recommendation.

10.  The method of claim 1, comprising obtaining the feedback data from the sensor
disposed about the drilling rig apparatus while oscillating the drill string during the slide
drilling, and

based on the feedback data from the sensor during the slide drilling and based on the
teedback data obtained during rotary drilling, determining an updated proposed oscillation
revolution amount for the drill string to reduce friction of the drill string in the wellbore usable

during a subsequent slide drnlling procedure.
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11.  The method of claim 1, wherein a frequency of said obtaining the feedback data

1s selected from the group consisting of: continuously; and periodically.

12. The method of claim 1, wherein the drive system is a top drive system.

13. A dnlling rig apparatus comprising:

a drive system controllable to rotate a drill string in a first rotational direction during a
rotary drilling operation and to oscillate the drill string in the first rotational direction and an
opposite second rotational direction during a slide drilling operation;

a sensor configured to detect a measurable parameter as feedback information of the
drilling rig apparatus when a top drive rotates the drill string in the first rotational direction
during the rotary drilling operation;

a controller configured to receive the feedback information representing the detected
measurable parameter from the sensor over a period of time during the rotary drilling operation
to obtain historical data taken over the period of time and based on the obtained historical data,
determine a proposed oscillation revolution amount for the drill string to reduce friction
between the drill string and a wall of a borehole while not impacting a direction of slide
drilling, transmit operational control signals to the drive system including the proposed
oscillation revolution amount in order to modify rotation of the drill string, and slide drill a

wellbore while oscillating the drill string using the proposed oscillation revolution amount.

14. The apparatus of claim 13, wherein the controller is in communication with the
drive system and configured to output the operational control signals periodically to the drive
system to oscillate the drill string at the proposed oscillation revolution amount during the slide

drilling operation.

15.  The apparatus of claim 13, wherein the controller is configured to determine the
proposed oscillation revolution amount for the drill string in the first rotational direction and in
the second rotational direction to reduce friction between the drill string and the wall of a

borehole while not impacting the direction of slide drilling.
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16. T'he apparatus of claim 13, wherein the sensor is a torque sensor configured to

measure torque during the rotary drilling operation.

17.  The apparatus of claim 13, wherein the sensor comprises at least one of: a

weilght on bit sensor configured to detect a weight on bit, a mud motor differential pressure
sensor configured to detect differential pressure, a hook load sensor configured to detect a hook

load, a pump pressure sensor configured to detect a pump pressure, a mechanical specific

energy sensor configured to detect mechanical specific energy, a rotary RPM sensor configured

to detect a rotary RPM, and a tool face sensor configured to detect a tool face orientation.

18. The apparatus of claim 13, further comprising an interface configured to receive

data relating to a configuration of the drill string.

19. T'he apparatus of claim 18, wherein the data relating to the configuration of the

drill string comprises at least one of bit type, drill pipe size, and borehole depth.

20.  The apparatus of claim 13, wherein a frequency of obtaining said feedback

information 1s selected from the group consisting of: continuously; and periodically.

21. T'he apparatus of claim 13, wherein the drive system is a top drive system.

22. A drilling method stored as a set of instructions in memory for execution by a

computer processor for:

rotary drilling a first segment of a wellbore by rotating a drill string with a drive system
forming a part of a drilling rig apparatus for a first period of time;

obtaining feedback data from a plurality of sensors disposed about the drilling rig
apparatus while rotary drilling for at least a part of the first period of time to obtain historical
information taken over the at least a part of the first period of time, wherein obtaining the
teedback data from the plurality of sensors comprises obtaining data relating to rotary torque

from a torque sensor and relating to at least one of: weight on bit from a weight on bit sensor,
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differential pressure from a mud motor differential pressure sensor, hook load from a hook load
sensor, pump pressure from a pump pressure sensor, mechanical specific energy from a MSE
sensor, rotary RPM from a rotary RPM sensor, and a tool face orientation from a tool face
sensor; and

based on the obtained historical information from the plurality of sensors, determining a
proposed oscillation revolution amount for the drill string in a clockwise direction to reduce
friction of the drill string in the wellbore while not impacting a direction of slide drilling;

based on the obtained historical information from the plurality of sensors, determining a
proposed oscillation revolution amount for the drill string in a counterclockwise direction to
reduce friction of the drill string in the wellbore while not impacting the direction of slide
drilling, wherein the proposed oscillation revolution amount in the counterclockwise direction
and the proposed oscillation revolution amount in the clockwise direction are different;

transmitting operational control signals to the drive system including the proposed
oscillation revolution amount in order to modify rotation of the drill string; and

slide drilling while oscillating the drill string at the determined proposed oscillation

revolution amount.

23.  The method of claim 22, comprising slide drilling a second segment of the

wellbore while oscillating the drill string with the drive system at the proposed oscillation

revolution amount during a second period of time.

24.  The method of claim 22, comprising receiving data from a user and wherein
determining the proposed oscillation revolution amount for both right and left directions

comprises taking into account the received data from the user.

25. The method of claim 22, wherein a frequency of said obtaining the feedback

data 1s selected from the group consisting of: continuously; and periodically.

26. The method of claim 22, wherein the drive system is a top drive system.
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27. A dnlling method stored as a set of instructions in memory for execution by a

computer processor for:

rotary drilling a first segment of a wellbore by rotating a drill string with a drive system
forming a part of a drilling rig apparatus for a first period of time;

obtaining feedback data from a sensor disposed about the drilling rig apparatus while

rotary drilling for at least a part of the first period of time to obtain historical information taken
over the at least a part of the first period of time;

based on the obtained historical information from the sensor, determining a proposed
oscillation regime target for the drill string to reduce friction of the drill string in the wellbore
without changing a direction of drilling of a bottom hole assembly on the drill string;

transmitting operational control signals to the drive system including the proposed
oscillation regime target in order to modify said rotating; and

slide drilling a second segment of the wellbore while oscillating the drill string using the

proposed oscillation regime target during a second period of time.

28.  The method of claim 27, wherein the oscillation regime target is an oscillation

revolution amount.

29.  The method of claim 27, wherein the oscillation regime target is a target torque

limit for a clockwise revolution and a counterclockwise revolution.

30. The method of claim 27, further comprising automatically setting the oscillation

regime target in a control system and automatically oscillating the drill string while slide

drilling the second segment in a manner corresponding to the oscillation regime target.

31.  The method of claim 27, wherein a frequency of said obtaining the feedback

data 1s selected from the group consisting of: continuously; and periodically.

32. The method of claim 27, wherein the drive system is a top drive system.
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