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DOWNHOLE TOOL FOR SIDETRACKING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of, and priority 
to, U.S. Patent Application Ser. No. 61/889,890 filed Oct. 11, 
2013 and titled “Downhole Tool for Sidetracking,” which 
application is expressly incorporated herein by this reference 
in its entirety. 

BACKGROUND 

0002 Wellbores used for the production of hydrocarbon 
fluids, such as oil and gas, oftentimes include a metal (e.g., 
steel) casing therein. When an operator desires to exit the 
cased wellbore to “kick off and drill a “sidetracked' bore 
hole, a whipstock is positioned in the casing, and Subse 
quently a downhole tool with a window mill is run into the 
wellbore. The whipstock includes an inclined surface that 
causes the window mill to deflect from the longitudinal axis 
of the cased wellbore at an angle causing the window mill to 
contact the metal casing and cut a window or opening therein. 
After the window has been formed, the downhole tool is 
pulled out of the wellbore, and a downhole tool with a drill bit 
is run back into the wellbore and through the window. The 
drill bit may then be used to drill through the formation and 
extend the sidetracked borehole. 

SUMMARY 

0003 Embodiments described herein generally relate to 
devices, system, and methods for directional drilling. More 
particularly, Some embodiments described herein generally 
relate to devices, systems, and methods for measuring the 
orientation of a downhole tool during the drilling of a side 
tracked borehole. 
0004. A downhole tool for drilling a sidetracked borehole 

is disclosed. The downhole tool may include a body having an 
axial bore formed at least partially therethrough. A magne 
tometer may be coupled to the body and configured to mea 
Sure a magnetic field. A processor may be in communication 
with the magnetometer and configured to receive measure 
ments from the magnetometer. The processor may also deter 
mine an orientation of the downhole tool based upon the 
received measurements, and maintain the orientation of the 
downhole tool or change the orientation of the downhole tool 
based upon the determined orientation of the downhole tool. 
0005. A method for drilling is also disclosed. The method 
may include running a downhole tool into a wellbore. The 
downhole tool may include a body with a bore extending fully 
or partially therein. First and second may be located within 
the bore, and a processor may be within the body and in 
communication with the sensors. The first sensor may have 
limited accuracy while in the wellbore, and the second sensor 
may be susceptible to interference from casing of the well 
bore. Aborehole diverting from the wellbore may be drilled, 
and location or orientation data may be obtained using the 
sensors. The orientation of the downhole tool may be deter 
mined using the processor based upon location or orientation 
data obtained by the second sensor while within the wellbore. 
The downhole tool may be steered based upon the determined 
orientation of the downhole tool. 
0006. In another embodiment, an illustrative method may 
include forming an opening in a metal casing within a well 
bore. A sidetracked borehole diverging from the wellbore at 
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the opening may be drilled using a downhole tool. The down 
hole tool may include a body. A magnetometer, processor, 
and drill bit may be coupled to the body. The processor may 
also be in communication with the magnetometer. A magnetic 
field generated by a magnet within the casing may be mea 
Sured using the magnetometer. The magnet may be coupled to 
a whipstock in the wellbore. An orientation of the downhole 
tool may be determined by the processor based on measure 
ments from the magnetometer. The downhole tool may be 
steered based upon the determined orientation of the down 
hole tool. 
0007. This summary is provided to introduce a selection of 
concepts that are further described below in the detailed 
description. This Summary is not intended to identify key or 
essential features of the claimed Subject matter, nor is it 
intended to be used as an aid in limiting the scope of the 
claimed Subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 So that the recited features may be understood in 
detail, a more particular description, briefly Summarized 
above, may be had by reference to one or more embodiments, 
Some of which are illustrated in the appended drawings. It is 
to be noted, however, that the appended drawings are illus 
trative embodiments, and are, therefore, not to be considered 
limiting of its scope. 
0009 FIG. 1 is a schematic cross-sectional view of an 
illustrative downhole tool cutting a window or opening in a 
casing, according to one or more embodiments of the present 
disclosure. 

0010 FIG. 2 is a schematic cross-sectional view of a 
downhole tool drilling a lateral or sidetracked borehole, 
according to one or more embodiments of the present disclo 
SU 

0011 FIG. 3 is a schematic cross-sectional view of well 
bore casing and the downhole tool taken along line3-3 in FIG. 
2, according to one or more embodiments of the present 
disclosure. 

0012 FIG. 4 is the view shown in FIG.3 after the down 
hole tool has rotated 90°, according to one or more embodi 
ments of the present disclosure. 
0013 FIG. 5 is the view shown in FIG.3 after the down 
hole tool has rotated 180°, according to one or more embodi 
ments of the present disclosure. 
0014 FIG. 6 is the view shown in FIG.3 after the down 
hole tool has rotated 270°, according to one or more embodi 
ments of the present disclosure. 
0015 FIG. 7 schematically illustrates an example comput 
ing system for use a downhole tool, according to one or more 
embodiments of the present disclosure. 

DETAILED DESCRIPTION 

0016 Some embodiments described herein generally 
relate to devices, systems, and methods for directional drill 
ing. More particularly, some embodiments described herein 
generally relate to devices, systems, and methods for measur 
ing the orientation of a downhole tool during the drilling of a 
lateral or sidetracked borehole. 

0017. As generally shown in FIG. 1, for example, a down 
hole tool 100 is illustrated. The illustrated downhole tool 100 
may be used for a variety of functions within a primary 
wellbore, a lateral borehole, or other downhole environment. 
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In one embodiment, for instance, the downhole tool 100 may 
be used for drilling a sidetracked borehole 106 (FIG. 2). 
0018. As shown in FIG. 1, the downhole tool 100 may, in 
some embodiments, include a body 137 having a bore 138 
formed and extending axially at least partially therethrough. 
At least one magnetometer 150 may be within the bore 138 of 
the body 137, or in the body 137 around the bore 138. The 
magnetometer 150 may, in some embodiments, be arranged, 
designed, or otherwise configured to measure a magnetic 
field. A processor (e.g., processor 702 of FIG. 7) may be 
within the bore 138 and/or the body 137. In some embodi 
ments, the processor may be in communication with the at 
least one magnetometer 150. Such a processor may be 
arranged, designed, or otherwise configured to receive mea 
surements from the at least one magnetometer 150. Such 
measurements may be used by the processor or a component 
coupled thereto to determine an orientation of the downhole 
tool 100 based upon the received measurements, to provide 
instructions or control signals to maintain the orientation of 
the downhole tool 100, to change the orientation of the down 
hole tool 100 based upon the determined orientation, or for 
other purposes. 
0.019 FIG. 1 is a schematic cross-sectional view of the 
illustrative downhole tool 100 as it may be used to, among 
other things, mill or otherwise cut a window or opening 110 in 
a casing 108, according to one or more embodiments. The 
downhole tool 100 may be in a wellbore 104, which may be 
formed in a subterranean formation 102. The wellbore 104 
may have a casing 108 therein. The casing 108 may be made 
from any suitable material. Such as metal or a metal alloy 
(e.g., Steel), and may be production casing, production liner, 
intermediate casing, Surface casing, conductor casing, or the 
like. 

0020. In some embodiments, a deflection member, such as 
a whipstock 120 may be positioned at a desired location 
within the wellbore 104. The location of the whipstock 120 
may be measured based on a depth within the subterranean 
formation 102. In other embodiments, a distance from an 
opening or other characteristic of the wellbore 104 or subter 
ranean formation 102 may be used to determine the location 
of the whipstock 120. 
0021. The whipstock 120 may include a surface 122 that is 
arcuate and/or inclined with respect to a longitudinal axis of 
the wellbore 104 and/or the casing 108. For example, the 
surface 122 of the whipstock 120 may be oriented at an angle 
124 with respect to the longitudinal axis of the wellbore 104 
and/or the casing 108. The angle 124 may vary along a length 
of the surface 122 and/or in different embodiments of the 
whipstock 120. For instance, the angle 124 may range from 1 
to 45° or more. More particularly, the angle 124 may be 
within a range that includes lower and upper limits that 
include any of 1,2,3,4,5°, 7.5°, 10°, 12.5°, 15, 209,30°, 
45°, or values therebetween. In some embodiments, the angle 
124 may range from 1 to 5°, from 5° to 10°, from 10° to 15°, 
from 15° to 20°, from 20° to 30°, or from 30° to 45°. In other 
embodiments, the angle 124 may be less than 1 or more than 
45o. 

0022. The downhole tool 100 may include one or more 
tooling components. Example tooling components may 
include a mill 130 (e.g., a lead mill, window mill, taper mill, 
etc.), a rotary steerable tool (“RST) or system (“RSS) 140, 
a measurement while drilling (“MWD) tool 160, a logging 
while drilling (“LWD) tool, a stabilizer, a reamer, a section 
mill, or other components, or some combination of the fore 
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going. The term “downhole tool should thus be broadly 
interpreted to include a variety of tools and may also encom 
pass even a single component of a tool or system. For 
instance, the term “downhole tool when applied to a rotary 
steerable system, may include the entire system, a single 
component of the system, or any combination of one or more 
components of the system (e.g., the mill 130, the MWD tool 
160, the rotary steerable tool 140, a control unit, a bend in a 
point-the-bit system, one or more pads in a push-the-bit sys 
tem, or another component, or some combination of the fore 
going). 
0023 The mill 130 may be or include a tool arranged, 
designed, or otherwise configured to grind metal (e.g., the 
casing 108). When the downhole tool 100 is lowered in the 
wellbore 104, the mill 130 may contact the whipstock 120, 
and the whipstock 120 may guide or direct the mill 130 
radially-outward in a predetermined direction toward the 
inner surface of the casing 108. The mill 130 may include one 
or more cutting elements or surfaces that cut a window or 
opening 110 in the casing 108. The cutting elements or sur 
faces may be made from a Superhard or Superabrasive mate 
rial Such as a carbide (e.g., tungsten carbide). 
0024. The size of the opening 110 may vary based on a 
variety of factors, including the size of the wellbore 104 and 
the casing 108, the size of the mill 130, the angle 124 of the 
whipstock 120, and the like. In some embodiments, a height 
of the opening 110 may range from 5 cm to 30 m. For 
instance, the opening 110 may have a height within a range 
including lower and upper limits that include any of 5 cm, 10 
cm, 20 cm, 30 cm, 50 cm, 1 m, 2 m, 3 m, 5 m, 6 m, 8 m, 10 m, 
20 m, 30 m, and any value therebetween. More particularly, 
the height of the opening 110 may ranging from 5 cm to 10 
cm, from 10 cm to 20 cm, from 20 cm to 30 cm, from 30 cm 
to 50 cm, from 50 cm to 75 cm, 75 cm to 1 m, from 1 m to 1.5 
m, from 1.5 m to 3 m, from 3 m to 6 m, from 6 m to 8 m, from 
8 m to 10 m, from 10 m to 20 m, or from 20 m to 30 m. In other 
embodiments, the height of the opening 110 may be less than 
5 cm or more than 30 m. The opening 110 may have a width 
extending circumferentially around a portion of the circum 
ference of the casing 108. In some embodiments, the maxi 
mum or average width of the opening 110 may be between 1% 
and 100% of the circumference of the casing 108. For 
instance, the opening 110 may extend around a portion of the 
circumference of the casing 108, with the maximum or aver 
age width ranging from 1% to 5%, from 5% to 10%, from 
10% to 20%, from 20% to 30%, from 30% to 50%, from 50% 
to 75%, or from 75% to 100% of the circumference of the 
casing 108. 
0025 FIG. 2 is a schematic cross-sectional view of the 
downhole tool 100 of FIG.1 as used to drillor otherwise form 
a borehole extending from the wellbore 104. The borehole 
that is formed may be referred to as a lateral, deviated, or 
sidetracked borehole 106, according to one or more embodi 
ments of the present disclosure. 
0026. After the opening 110 is formed in the casing 108, 
the downhole tool 100 may be pulled out of the wellbore 104, 
and the mill 130 may be replaced with a drill bit 132. If the 
mill 130 is replaced with a drill bit 132, the mill 130 may be 
removed from the downhole tool and replaced by the drill bit 
132, or the entire downhole tool carrying the mill 130 may be 
replaced by a tool including the drill bit 132. The drill bit 132 
may be arranged, designed, or otherwise configured to drilla 
second or sidetracked borehole 106 that "kicks off from the 
first or “original' or “primary” wellbore 104. In at least one 
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embodiment, a single cutting tool (e.g., a mill, a bit, or a 
combination thereof) may be used to cut the opening 110 in 
the casing 108 and drill the sidetracked borehole 106 through 
the formation 102, such that downhole tool 100 is not tripped 
or pulled out of the wellbore 104 after the opening 110 is 
formed in the casing 108. 
0027. Referring now to FIGS. 1 and 2, a rotary steerable 
tool 140 may be coupled to and positioned above the mill 130 
and/or the drill bit 132 in some embodiments of the present 
disclosure. The rotary steerable tool 140 may include a gen 
erally cylindrical body 142 having an axial bore 144 formed 
at least partially therethrough. The rotary steerable tool 140 
may be arranged, designed, or otherwise configured to turn, 
direct, move, or “steer the downhole tool 100 as the drill bit 
132 drills the sidetracked borehole 106. In at least one 
embodiment, the body 142 may rotate as the drill bit 132 
rotates and drills the sidetracked borehole 106. In such an 
embodiment, the body 142 may rotate at about the same speed 
as the drill bit 132, or at a different speed relative to the drill 
bit 132. In another embodiment, the body 142, or a portion 
thereof, may not rotate as the drill bit 132 drills the side 
tracked borehole 106. For instance, the downhole tool 100 
may include a downhole motor (e.g., a mud motor, turbine 
driven motor, etc.) which may rotate the drill bit 132 inde 
pendent of the body 142. 
0028. According to some embodiments of the present dis 
closure, the rotary steerable tool 140 may include a “push the 
bit” tool, a “point the bit” tool, or a hybrid of “push the bit” 
and “point the bit” tools. A “push the bit rotary steerable tool 
140 may include one or more pads (not shown) on an outer 
surface of the body 142. For example, a plurality of pads may 
be circumferentially and/or axially offset from one another on 
the outer surface of the body 142. The pads may be arranged, 
designed, or otherwise configured to selectively move radi 
ally-outward to contact the subterranean formation 102 to 
push against the subterranean formation 102 and to “push the 
bit in the desired direction. 
0029. A “point the bit” rotary steerable tool 140 may 
include a shaft (not shown) within the body 142. The shaft 
may be arranged, designed, or otherwise configured to bend 
within the body 142, which may thereby also cause the body 
142 to bend. The bending of the body 142 may tilt or “point 
the bit in the desired direction. 

0030. In at least some embodiments, a MWD tool 160 may 
be coupled to and positioned above the rotary steerable tool 
140 and/or the drill bit 132 (or the mill 130). The MWD tool 
160 may include a generally cylindrical body 162 having an 
axial bore 164 formed at least partially therethrough. The 
body 162 of the MWD tool 160 and the body 142 of the rotary 
steerable tool 140 may collectively form at least a portion of 
the body 137 of the downhole tool 100. Similarly, the axial 
bore 164 of the MWD tool 160 and the axial bore 144 of the 
rotary steerable tool 140 may collectively form a full or par 
tial length of the bore 138 of the downhole tool 100. 
0031. The MWD tool 160 may operate by taking one or 
more measurements while the downhole tool 100 is posi 
tioned in the wellbore 104 and/or the sidetracked borehole 
106. The measurements may include, but are not limited to, 
direction (e.g., inclination and/or azimuth), pressure, tem 
perature, vibration (e.g., axial, lateral, or torsional), axial 
and/or rotational speed, torque, weight on bit, other measure 
ments, or any combination of the foregoing. The measure 
ments may be stored in the MWD tool 160, transmitted to the 
rotary steerable tool 140, transmitted to an operator or con 
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troller (e.g., to the Surface using mud pulse telemetry, wired 
drill pipe, electromagnetic frequency transmissions, etc.), 
transmitted to another downhole component, or otherwise 
stored or transmitted. 
0032. One or more gyroscopes 146 may be coupled to the 
rotary steerable tool 140 and/or the MWD tool 160 in some 
embodiments of the present disclosure. For example, the 
gyroscope 146 may be within the body 142 of the rotary 
steerable tool 140 and/or within the body 162 of the MWD 
tool 160. The gyroscope 146 may measure the rate of rotation 
of a corresponding tool or component of the downhole tool 
100. For instance, the gyroscope 146 may measure the rate of 
rotation of the rotary steerable tool 140, the drill bit 132, the 
MWD tool 160, other component, or some combination of the 
foregoing, during drilling operations. 
0033. One or more sensors, such as accelerometers 148, 
may also be coupled to the rotary steerable tool 140 and/or the 
MWD tool 160. For example, the accelerometers 148 may be 
on or within the body 142 of the rotary steerable tool 140 
and/or on or within the body 162 of the MWD tool 160. Any 
number of accelerometers 148 may be used. Thus, although 
three accelerometers 148 are shown in FIG. 2, it should be 
appreciated by a person having ordinary skill in the artin view 
of the present disclosure that the number of accelerometers 
148 may vary, and in some embodiments may range from 1 to 
100 or more. For instance, the number of accelerometers may 
be from 1 to 5, from 5 to 10, from 10 to 15, from 15 to 20, from 
20 to 50, from 50 to 100, or may be more than 100. The 
accelerometers 148 may be axially and/or circumferentially 
offset from one another. In FIG. 2, for instance, each accel 
erometer 148 is shown as being axially offset from each other 
accelerometer. The axial offset in Such an embodiment may 
range from 0.05 m to 20 m or more. For instance, the axial 
distance between accelerometers 148 may be within a range 
having lower and upper limits that include any of 0.05 m, 0.1 
m, 0.2 m, 0.3 m, 0.4 m, 0.5 m, 0.8 m, 1 m, 2 m, 3 m, 4 m, 5 m, 
10 m, 15 m, 20 m, or values therebetween. As another 
example, the distance between the accelerometers 148 may 
be from 0.05 m to 0.25 m, from 0.25 m to 0.5 m, from 0.5 m 
to 1 m, from 1 m to 2 m, from 2 m to 10 m, or from 5 m to 20 
m. In other embodiments, the axial distance between the 
accelerometers 148 may be less than 0.05 m or more than 20 
m. The axial and/or circumferential separation between adja 
cent accelerometers 148 may be about the same as, or differ 
ent from other adjacent accelerometers 148. 
0034. The accelerometers 148 may measure the accelera 
tion of the downhole tool 100, which can include the accel 
eration the downhole tool 100 experiences relative to freefall. 
The measurements from the accelerometers 148 may be used 
to determine the orientation (e.g., drilling direction) of the 
downhole tool 100 and/or the drill bit 132 when the drill bit 
132 is drilling the sidetracked borehole 106 in the subterra 
nean formation 102. In some embodiments, the accelerom 
eters 148 of FIG. 2 may have limited accuracy and/or reli 
ability when an angle between the longitudinal axis of the 
downhole tool 100 and vertical is less than a predetermined 
value (e.g., when the downhole tool 100 is substantially ver 
tical). For example, the accelerometers 148 may not obtain 
accurate or reliable measurements when the angular offset of 
the longitudinal axis of the downhole tool 100 and vertical is 
less than 2, less than 5°, less than 10°, less than 20°, less than 
30°, or less than 45°. 
0035. In some embodiments, one or more second sensors, 
Such as magnetometers 150, may also be coupled to the rotary 
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steerable tool 140 and/or the MWD tool 160. For example, the 
magnetometers 150 may be on or within the body 142 of the 
rotary steerable tool 140 and/or on or within the body 162 of 
the MWD tool 160. Although three magnetometers 150 are 
shown in FIG. 2, it should be appreciated in view of the 
disclosure herein that the number of magnetometers 150 may 
vary. In some embodiments, the number of magnetometers 
150 may be about equal to the number of accelerometers 148, 
or the numbers may be different. In some embodiments, the 
number of magnetometers 150 may range from 1 to 100 or 
more. For instance, the number of magnetometers 150 may be 
from 1 to 5, from 5 to 10, from 10 to 15, from 15 to 20, from 
20 to 50, from 50 to 100, or may be more than 100. The 
magnetometers 150 may also be circumferentially and/or 
axially offset from one another. Example distances of axial 
offset may range from 0.05 m to 20 m, or more. For instance, 
the axial distance between any magnetometers 150 may be 
within a range having lower and upper limits that include any 
of 0.05 m, 0.1 m, 0.2 m, 0.3 m, 0.4 m, 0.5 m, 0.8 m, 1 m, 2 m, 
3 m, 4 m, 5 m, 10 m, 15 m, 20 m, or values therebetween. As 
another example, the distance between the magnetometers 
150 may be from 0.05m to 0.25 m, from 0.25 m to 0.5 m, from 
0.5 m to 1 m, from 1 m to 2 m, from 2 m to 10 m, or from 5 m 
to 20 m. In other embodiments, the axial distance between the 
magnetometers 150 may be less than 0.05 m or more than 20 
m. The axial and/or circumferential separation between adja 
cent magnetometers 150 may be about the same as, or differ 
ent from other adjacent magnetometers 150. 
0036. In some embodiments, the magnetometers 150 may 
measure the strength and/or direction of one or more mag 
netic fields. The measurements from the magnetometers 150 
may be used to determine the orientation (e.g., drilling direc 
tion) of the downhole tool 100 and/or the drill bit 132 when 
the drill bit 132 is drilling the sidetracked borehole 106 in the 
Subterranean formation 102. For example, the magnetom 
eters 150 may be used when the accelerometers 148 are 
unable to obtain accurate or reliable measurements. 

0037 According to some embodiments, when the magne 
tometers 150 are positioned within the casing 108, the casing 
108 may interfere with the magnetometers 150 measuring of 
the Earth's magnetic field. More particularly, in some 
embodiments, the whipstock 120 may initially direct the 
downhole tool 100 in the desired direction while drilling 
through the subterranean formation 102. As drilling 
progresses, the downhole tool 100 may begin to deviate from 
the desired direction as a result of Subterranean conditions, 
Such as hole curvature and angle. The rotary steerable tool 
140 may be used to steer the downhole tool 100 using mea 
surements from the accelerometers 148 to attempt to correct 
the direction. If the sidetracked borehole 106 is sufficiently 
vertical, however, the accelerometers 148 may not obtain 
accurate or reliable orientation measurements. Instead, the 
magnetometers 150 coupled to the downhole tool 100 may be 
used to measure the orientation of the downhole tool 100 with 
respect to the Earth's magnetic field. The rotary steerable tool 
140 may then be used to steer the downhole tool 100 with 
respect to this measured orientation. 
0038. When inside the wellbore 104, however, the casing 
108 may interfere with the measurements taken by the mag 
netometers 150 until the magnetometers 150 are a sufficient 
distance away from the casing 108. In some embodiments, 
this sufficient distance may be equal to or greater than the 
diameter of the casing (e.g., 0.2 m, 0.35 m, 0.5 m, etc.). 
Further, as the magnetometers 150 may be positioned above/ 
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behind the drill bit 132 (e.g., 1 m, 2 m, 5 m, etc.), the drill bit 
132 may drilla substantial distance before the magnetometers 
150 are in a position to measure the orientation of the down 
hole tool 100, and the rotary steerable tool 140 is able to steer 
the downhole tool 100 in the desired direction in response to 
this measured orientation. As such, the downhole tool 100 
may become deviated from the desired direction during this 
period of “blind drilling. 
0039. To overcome the period of blind drilling, some 
embodiments of the present disclosure contemplate position 
ing one or more magnets 126 within the casing 108 to orient 
or otherwise be used by the magnetometers 150, and to over 
come the interference by the casing 108. The magnets 126 
may, in Some embodiments, be permanent magnets made of 
one or more ferromagnetic or ferrimagnetic materials, such as 
iron, nickel, cobalt, alloys thereof, and the like. The magnets 
126 may be located in the casing 108, in the whipstock 120, in 
Some other component, or in a combination of the foregoing. 
In general, the magnets 126 may be powerful enough to be 
identified by the magnetometers 150 through residual mag 
netism of the casing 108. Optionally, one or more components 
of the casing 108 (e.g., the last one or more casing joints 
and/or shoes) may be made of a non-magnetic material. 
Although three magnets 126 are shown, it should be appreci 
ated in view of the disclosure herein that the number of 
magnets 126 may vary, and in Some embodiments there may 
be from 1 to 100 or more magnets 126. For instance, the 
number of magnets 126 may vary from 1 to 5, from 5 to 10, 
from 10 to 15, from 15 to 20, from 20 to 50, or from 50 to 100 
O. O. 

0040. The magnets 126 may be substantially stationary in 
the casing 108 during a drilling or milling operation. For 
example, the magnets 126 may be embedded in or otherwise 
coupled to the casing 108 and/or the whipstock 120. The 
magnets 126 may be axially, radially, circumferentially, or 
otherwise offset from one another. In some embodiments, a 
distance of axial offset may range from 0.05m to 30 m. For 
instance, the distance of axial offset may be within a range 
having lower and/or upper limits that include any of 0.05 m, 
0.1 m, 0.2 m, 0.3 m, 0.4m, or 0.5 m to 0.8 m, 1 m, 2 m, 3m, 
4 m, 5 m, 7.5 m, 10 m, 20 m, 30m, or values therebetween. For 
example, the axial distance between the magnets 126 may be 
from 0.05 m to 0.25 m, from 0.25 m to 0.5 m, from 0.5 m to 
1 m, from 1 m to 2 m, from 2 m to 5 m, from 5 m to 15 m, or 
from 10 m to 30 m. In some embodiments, the magnets 126 
and/or the magnetometers 150 may be spaced apart such that 
each magnetometer 150 senses one magnet 126 (or vice 
Versa) at a time (or primarily one magnet 126 at a time). In at 
least Some embodiments, the magnetometers 150 may sense 
the magnets 126 in a single rotational position of the body 137 
(e.g., when the magnetometers 150 are rotated to be directly 
facing the magnets 126). In other embodiments, however, the 
magnetometers 150 may sense the magnets 126 regardless of 
the particular rotational position of the body 137, or in mul 
tiple rotational positions of the body 137. 
0041. The magnets 126 may be oriented so that each mag 
net 126 has a magnetic field component 128 (see FIGS. 3-6) 
at a predetermined angle with respect to a longitudinal axis of 
the wellbore 104 and/or the casing 108. For example, poten 
tially each magnet 126 may have the magnetic field compo 
nent 128 in a plane that is about perpendicular to the longi 
tudinal axis of the wellbore 104 and/or the casing 108. In 
other embodiments, some magnetic field components 128 
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may be in planes that are otherwise oriented (or even parallel 
to) the longitudinal axis of the wellbore 104. 
0.042 A computing system may also be coupled to the 
rotary steerable tool 140 and/or the MWD tool 160. Such a 
computing system may be on or within the body 142 of the 
rotary steerable tool 140 and/or on or within the body 162 of 
the MWD tool 160, in some embodiments of the present 
disclosure. The computing system may receive the measure 
ments from the gyroscope 146, the accelerometers 148, the 
magnetometers 150, other sensors, or combinations of the 
foregoing, and determine the orientation of the downhole tool 
100 and/or the drill bit 132 while the drill bit 132 is drilling the 
sidetracked borehole 106 in the subterranean formation 102. 
An example computing system Suitable for Such use includes 
computing system 700 which is shown and described in more 
detail with reference to FIG. 7. 
0043 FIGS. 3-6 are example schematic cross-sectional 
views of the casing 108 and the downhole tool 100 taken 
along line 3-3 in FIG. 2. The magnetometers 150 may be 
positioned within the downhole tool 100 such that a longitu 
dinal centerline or axis of the downhole tool 100 may extend 
through a center or other portion of at least Some of the 
magnetometers 150. Although not shown, in another embodi 
ment, the magnetometers 150 may be offset (i.e., positioned 
radially-outward) from the longitudinal axis of the downhole 
tool 100. 
0044) The magnetometers 150 may take measurements 
along a single axis, two axes, or three axes. For example, the 
magnetometers 150 may be tri-axial magnetometers having 
three axes. A first or “X” axis 152 may be perpendicular to the 
longitudinal axis of the downhole tool 100. A second or “Y” 
axis 154 may be perpendicular to the longitudinal axis of the 
downhole tool 100 and perpendicular to the X axis 152. A 
third or “Z” axis may be parallel and/or co-axial with the 
longitudinal axis of the downhole tool 100, and perpendicular 
to the X and Y axes 152,154 (i.e., extending into, or out of the 
page in FIG. 3). 
0045 Referring back to FIG. 2, in at least one embodi 
ment, at least a portion of the rotary steerable tool 140 and/or 
the MWD tool 160 may not rotate as the drill bit 132 drills the 
sidetracked borehole 106. As such, the magnetometers 150 
may not rotate as the drill bit 132 drills the sidetracked bore 
hole 106. In such an embodiment, the magnetometers 150 
may be considered to be geostationary. 
0046. In another embodiment, the rotary steerable tool 
140 and/or the MWD tool 160 may rotate as the drill bit 132 
drills the sidetracked borehole 106. When the rotary steerable 
tool 140 and/or the MWD tool 160 rotate, the magnetometers 
150 may or may not be geostationary. For example, the mag 
netometers 150 may be geostationary if within or coupled to 
a gyroscopic device Such that the magnetometers 150 do not 
rotate with respect to the surrounding formation 102 during 
drilling operations. 
0047. In another embodiment, when the rotary steerable 
tool 140 and/or the MWD tool 160 rotate, the magnetometers 
150 may rotate therewith. When the magnetometers 150 
rotate, the measurements of the magnetic field component 
128 of the magnets 126 may vary along the X and Y axes 152, 
154 of FIG.3, while in some embodiments the measurements 
may remain constant along the Z axis. 
0048. The measurements taken by the magnetometers 150 
along one or more of the X axis 152, the Y axis 154, or the Z 
axis may be used to determine the orientation of the downhole 
tool 100 and/or the drill bit 132 when the drill bit 132 is 
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drilling the sidetracked borehole 106 in the subterranean for 
mation 102 (see FIG. 2). For example, the measurements 
taken by the magnetometers 150 may be represented by the 
illustrative equation M=X cos(O)+Y sin(0), where M is the 
total magnitude of the magnetic field component 128, X is the 
magnitude of the magnetic field component 128 along the X 
axis 152, Y is the magnitude of the magnetic field component 
128 along the Y axis 154, and 0 is the degree of rotation of the 
downhole tool 100 with respect to the magnets 126. In this 
embodiment, Z may be omitted from the equation as Z may be 
constant. Additionally, as discussed herein, the magnets 126 
may be stationary in Some embodiments. 
0049. With continued reference to FIG. 3, a first illustra 
tive measurement may be taken when the downhole tool 100 
is oriented at an initial angle (e.g., 0=0) with respect to the 
magnets 126 or the magnetic field components 128 thereof. 
When 0–0° (e.g., when the Y axis 154 is parallel to the plane 
of the magnetic field component 128), the total magnitude of 
the magnetic field M measured by the magnetometers 150 
may be X. 
0050 FIG. 4 depicts the view shown in FIG. 3 after the 
downhole tool 100 has rotated 90°, according to one or more 
embodiments. A second illustrative measurement may be 
taken after the downhole tool 100 has rotated 90° (i.e., 
0–90). When 0=90°, the total magnitude of the magnetic 
field M measured by the magnetometers 150 may beY as the 
X axis 152 may be parallel to the plane of the magnetic field 
component 128. 
0051 FIG. 5 depicts the view shown in FIG. 3 after the 
downhole tool 100 has rotated 180°, according to one or more 
embodiments. A third illustrative measurement may be taken 
after the downhole tool 100 has rotated 180° (i.e., 0=180°). 
When 0=180°, the total magnitude of the magnetic field M 
measured by the magnetometers 150 may be -X. 
0052 FIG. 6 depicts the view shown in FIG. 3 after the 
downhole tool 100 has rotated 270°, according to one or more 
embodiments. A fourth illustrative measurement may be 
taken after the downhole tool 100 has rotated 270° (i.e., 
0–270). When 0–270°, the total magnitude of the magnetic 
field M measured by the magnetometers 150 may be -Y. Of 
course, the embodiments illustrated in FIGS. 3-6 are merely 
illustrative, and other or additional measurements may be 
taken. Indeed, at other rotations (e.g., when 0–30°, 45°, 60°. 
etc.), the magnitude of the magnetic field M measured by the 
magnetometers 150 may be based on X and Y components. 
0053 A computing system (e.g., computing system 700 of 
FIG. 7) may receive the measurements and use the measure 
ments to determine the orientation of the downhole tool 100 
with respect to the known position of the magnets 126 and/or 
the magnetic field component 128. Although four measure 
ments are shown and described with respect to a single revo 
lution of the downhole tool 100 in FIGS. 3-6, it should be 
appreciated that a measurement may be taken each time the 
downhole tool 100 rotates from 0.01° to 90°. In more particu 
lar embodiments, measurements may be taken each time the 
downhole tool 100 rotates an amount within a range that 
includes a lower and/or upper limit that includes any of 0.01°, 
0.05°, 0.1°, 0.5°, 1,5°, 10°, 20°,30°, 45°, 60°, 90°, or values 
therebetween. Thus, the number of measurements taken by 
the magnetometers 150 per revolution of the downhole tool 
100 may vary. For instance, the number of measurements per 
revolution may be from 1 (i.e., one measurement every 360°) 
to 36,000 (i.e., one measurement every 0.1). More particu 
larly, the number of measurements per revolution may be 
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from 1 to 4, from 4 to 10, from 10 to 20, from 20 to 30, from 
30 to 45, from 45 to 90, from 90 to 180, from 180 to 360, from 
360 to 720, from 720 to 3,600, from 3,600 to 7,200, or from 
7,200 to 36,000 or more. In at least one embodiment, the 
measurements may be taken continuously or Substantially 
continuously. As should be appreciated in view of the disclo 
Sure herein, in other embodiments, less than one measure 
ment per revolution may be made, or more than 36,000 mea 
Surements per full revolution may be made. 
0054 FIG. 7 is a schematic view of a computing system 
700 that may be coupled to, and optionally located within, the 
downhole tool 100, according to one or more embodiments. 
The computing system 700 may be within the rotary steerable 
tool 140, within the MWD tool 160, or within the drilling bit 
132 (see FIG. 2), or within another downhole component. The 
computing system 700 may also be distributed among mul 
tiple components. In at least Some embodiments, the comput 
ing system 700 may be fully or partially located at the surface, 
at one or more remote surface locations, or at one or more 
remote downhole locations. 

0055. The computing system 700 may include one or more 
processors, microprocessors, or central processing units 
(“CPU) 702, input devices such as keyboards 704 and/or 
display devices or monitors 706. The display devices or moni 
tors 706 may be used as output devices in the same or other 
embodiments. The computing system 700 may also include 
data storage 720 such as memory, hard drives, solid state 
storage, and the like, to store data, software, firmware, or 
program information. The computing system 700 may also 
include additional input and/or output devices. For instance, 
the computing system 700 may include additional input 
devices such as a mouse 710 or a microphone 712. Other 
example input devices may include track balls, biometric 
readers, touch sensitive components, cameras, motion sen 
sors, and the like. Example output devices of the computing 
system 700 may include a speaker 714. Components may also 
be used as both input and output devices. For instance, the 
monitor 706 may be touch-sensitive to operate as an input 
device as well as an output or display device. Moreover, 
various components (e.g., the microphone 712 and speaker 
714) may be integrated together or may be used for universal 
access and Voice recognition or commanding. As should be 
appreciated, in at least one embodiment, if the computing 
system 700 is fully or partially within the downhole tool 100, 
one or more of the aforementioned components (e.g., the 
mouse 710, microphone 712, speaker 714, monitor 706) may 
be omitted or located elsewhere (e.g., at the Surface). 
0056. The computing system 700 may interface with, or 
include, a database 716, a processor 718, or a communication 
network (e.g., the Internet, a LAN, a WAN, an Intranet, etc.) 
via an interface 720. It should also be understood that the 
database 716 and the processor 718 are not limited to inter 
facing with computing system 700 using the network inter 
face 720 and can interface with the computing system 700 in 
any manner Sufficient to create a communication path 
between the computing system 700 and the database 716 
and/or the processor 718. For example, in an illustrative 
embodiment, the database 716 may interface with the com 
puting system 700 via a USB or other serial or parallel com 
munication interface, while the processor 718 may interface 
via another high-speed data bus without using the network 
interface 720. The database 716 or processor 718 may also be 
included within the computing system 700. 
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0057 The computing system 700 may be coupled to and/ 
or receive signals from the gyroscope 146, the accelerometers 
148, the magnetometers 150, other sensors (e.g., RFID tags, 
material sensors, etc.). The signals may communicate the 
measurements taken by the gyroscope 146, the accelerom 
eters 148, the magnetometers 150, other measurement or 
logging tools, or some combination of the foregoing. The 
processor 702 of the computing system 700 may be config 
ured to execute a computer program or instructions stored a 
computer readable medium. Computer readable media may 
embody two distinct types of media, namely computer read 
able storage media, and computer readable transmission 
media. Computer readable media that store computer-execut 
able instructions are computer readable storage media. Com 
puter readable media that carry computer-executable instruc 
tions are computer readable transmission media. 
0.058 Computer readable storage media includes RAM, 
ROM, EEPROM, CD-ROM or other optical disk storage, 
magnetic disk storage or other magnetic storage devices, 
Solid state memory devices, or any other physical medium 
which can be used to store desired program code or instruc 
tions in the form of computer-executable code/instructions or 
data structures and which can be accessed by a general pur 
pose or special purpose computing system. 
0059 Computer readable transmission media typically 
embody computer-readable instructions, data structures, pro 
gram modules, or other data in a modulated data signal Such 
as a carrier wave or other transport mechanism and include 
any information-delivery media. By way of example, and not 
limitation, computer readable transmission media includes 
wired media, Such as wired networks and direct-wired con 
nections, and wireless media such as acoustic, radio, infrared, 
and other wireless media. When information is transferred or 
provided over a network or another communications connec 
tion (either hardwired, wireless, or a combination of hard 
wired or wireless) to or within a computing system, the com 
puting system properly views the connection as a computer 
readable transmission medium. Communication channels 
and network and/or data links which can be used to carry or 
transmit desired program code in the form of computer-ex 
ecutable instructions and/or data structures which can be 
received or accessed by a general purpose or special purpose 
computer are also examples of computer readable transmis 
sion media. 

0060 Combinations of computer readable storage media 
and computer readable transmission media should also be 
included within the scope of computer readable media. Fur 
ther, upon reaching various computing system components, 
program code in the form of computer-executable instruc 
tions or data structures can be transferred automatically from 
computer readable transmission media to computer readable 
storage media (or vice versa). For example, computer-execut 
able instructions or data structures received over a network or 
data link can be buffered in RAM within a network interface 
module, and then eventually transferred to computing system 
RAM and/or to less volatile computer readable storage media 
at a computing system. Thus, it should be understood that 
computer readable storage media can be included in comput 
ing system components that also (or possibly primarily) make 
use of computer readable transmission media. 
0061. When executed by the processor 702, the computer 
program may determine the orientation of a downhole tool 
and/or drill bit (e.g., downhole tool 100 and drill bit 132 of 
FIG. 2) based on the measurements from gyroscopes, accel 
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erometers, magnetometers, other sensors, or any combination 
of the foregoing (e.g., the measurements M). In response to 
the determined orientation, the computing system 700 may 
provide instructions or control signals that may be used to 
cause a rotary steerable tool or other directional drilling 
device to either maintain the current orientation of the down 
hole tool as the drill bit drills the sidetracked borehole or to 
cause the rotary steerable tool to change (i.e., turn) the orien 
tation of the downhole tool as the drill bit drills the side 
tracked borehole. 

0062. It should be understood that even though the com 
puting system 700 is shown as a platform on which the illus 
trative methods described may be performed, the methods 
described may be performed on a number of computer or 
microprocessor based platforms. For example, the various 
illustrative embodiments described herein may be used or 
implemented on any device that has computing/processing 
capability. These devices may include, but are not limited to: 
Supercomputers; arrayed server networks; arrayed memory 
networks; arrayed computer networks; distributed server net 
works; distributed memory networks; distributed computer 
networks; desktop personal computers (PCs); tablet PCs; 
hand held PCs; laptops; netbooks; cellular phones; smart 
phones; hand held media players; or any other device or 
system having computing capabilities. 
0063. In operation, and with reference to FIGS. 2 and 7, 
the whipstock 120 may be positioned and/or anchored in the 
casing 108 at the desired location and orientation. The loca 
tion may be the initiation point for the sidetracked borehole 
106. Once the whipstock 120 is secured in place, the down 
hole tool 100 may be lowered into the casing 108 until the mill 
130 contacts the whipstock 120. In another embodiment, the 
whipstock and mill 130 may be part of a single-trip system 
and the mill 130 may be released from the whipstock 120 
rather than tripped separately into the wellbore 104. In either 
embodiment, the inclined surface 122 of the whipstock 120 
may guide or direct the mill 130 radially-outward in a prede 
termined direction toward the inner surface of the casing 108 
as the mill 130 moves axially downhole. The mill 130 may 
rotate and may cut the opening 110 in the casing 108 when 
deflected radially into the casing 108. 
0064. The downhole tool 100 may be pulled out of the 
casing 108, and the mill 130 may be removed and replaced by 
the drill bit 132. Once the drill bit 132 is secured to the 
downhole tool 100, the downhole tool 100 may be lowered 
into the casing 108, and the inclined surface 122 of the whip 
stock 120 may direct or guide the drill bit 132 through the 
opening 110 and into contact with the Subterranean formation 
102. The drill bit 132 may then begin drilling the sidetracked 
borehole 106. In another embodiment, the mill 130 may be a 
mill-and-drill bit, and may thus include the drill bit 132 such 
that drilling of the sidetracked borehole 106 may be per 
formed in a same trip during which the opening 110 is 
formed. 
0065. The memory 708 of the computing system 700 may 
have a predetermined drill path for the sidetracked borehole 
106 stored thereon, or accessible thereto, before the downhole 
tool 100 is run into the wellbore 104 and/or the sidetracked 
borehole 106. In another embodiment, a predetermined drill 
path may be communicated to the memory 708 and/or pro 
cessor 702 of the computing system 700 from the surface 
while the downhole tool 100 is in the wellbore 104 and/or the 
sidetracked borehole 106. In some embodiments, the drill 
path may be dynamically determined at the Surface and com 
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municated to the memory 708 and/or processor 702 of the 
computing system 700 while the downhole tool 100 is in the 
wellbore 104 and/or the sidetracked borehole 106. 

0066. As the drill bit 132 drills the sidetracked borehole 
106, the computing system 700 may receive intermittent or 
continuous measurements from the gyroscope 146, the accel 
erometers 148, the magnetometers 150, other sensors, or 
Some combination thereof. In one embodiment, for instance, 
the gyroscope 146, accelerometers 148, and magnetometers 
150 may begin functioning once in a wellbore or borehole, 
and can immediately begin sending continuous measure 
ments to the computing system 700. In other embodiments, 
the measurements may be sent at predetermined or other time 
or distance intervals (e.g., once per 0.5 second, once per 
second, once every 5 seconds, once every 10 feet, once every 
50 feet, etc.). In still other embodiments, the gyroscope 146, 
accelerometers 148, magnetometers 150, other tools, or some 
combination thereofmay operate for a portion of a trip within 
a wellbore or borehole. As an illustration, the various devices 
may begin operation during the last 50 m to 200 m of a trip, 
and can transmit measurements continuously or intermit 
tently during that period of time. Of course, the devices could 
also selectively operate during other times as well. For 
instance, there may be a Zone within a wellbore or borehole in 
which the drill bit 132 has drilled a sufficient length of the 
sidetracked borehole 106 that the magnetometers 150 may be 
unable to obtain a significant reading from the magnets 126, 
yet close enough to the casing 108 to be affected by magnetic 
interference from the casing 108. In such a Zone, particularly 
if there is low enough inclination and the accelerometers 148 
do not present accurate or reliable results, some embodiments 
contemplate using the gyroscope(s) 146 to obtain measure 
ments used for steering and orientation. Once the accelerom 
eters 148 are sufficiently far from the casing 108, or sufficient 
inclination has built, the accelerometers 148 may be again 
used for steering and orientation. 
0067. The computing system 700 may use measurements 
to determine the orientation of the downhole tool 100. For 
example, the computing system 700 may determine the ori 
entation of the downhole tool 100 with respect to the known 
position of the magnets 126. As discussed herein, in some 
embodiments, the magnets 126 may be stationary within the 
wellbore 104. 

0068. The orientation of the downhole tool 100 may be 
compared to the drill path stored in the memory 708 of the 
computing system 700, or otherwise accessible thereto. If the 
orientation places the downhole tool 100 substantially along 
the drill path, then the computing system 700 may cause the 
rotary steerable tool 140 to maintain the current orientation of 
the downhole tool 100 as the drill bit 132 drills the sidetracked 
borehole 106. If, however, the orientation does not place the 
downhole tool 100 substantially along the predetermined or 
otherwise determined drill path, the computing system 700 
may cause the rotary steerable tool 140 to change (i.e., turn) 
the orientation of the downhole tool 100 to line up with the 
predetermined drill path as the drill bit 132 drills the side 
tracked borehole 106. As used herein, “substantially along the 
predetermined drill path’ may mean that the actual drill path 
is within 20 m, 10 m, 5 m, 1 m, 0.5 m, or 0.25 m, or less, of a 
predetermined determined drill path. 
0069. Using embodiments of the present disclosure, the 
orientation of the downhole tool 100 may be wholly or par 
tially determined downhole, as opposed to fully at the surface. 
This may save the time it takes to transmit the measurements 
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from the downhole tool 100 up to the surface and the time it 
takes to then transmit the determined orientation from the 
surface back down to the downhole tool 100. In addition, the 
controlling of the rotary steerable tool 140 may also take 
place downhole, as opposed to at the Surface, thereby saving 
additional time. 

0070 Further different sensors or other components may 
be used at different times or locations, depending on the 
orientation, location, position, or other characteristic of the 
downhole tool. For instance, while within the wellbore 104, 
the downhole tool 100 may optionally be oriented about 
parallel to the longitudinal axis of the wellbore 104, and the 
accelerometers 148 may have reduced accuracy. In such an 
embodiment, the magnetometers 150 (potentially in combi 
nation with the magnets 126) may be used to direct and orient 
the downhole tool 100. As the downhole tool 100 is deflected 
and angularly offset from the longitudinal axis of the wellbore 
104, the accelerometers 148 may have increased accuracy, 
and the accelerometers 148 may be partially, or even prima 
rily, used to produce measurements used by a computing 
device to determine orientation. 

0071 While embodiments of the disclosure herein specifi 
cally describe the use of magnets 126, magnetometers 150, 
and accelerometers 148, other embodiments are also contem 
plated as within the scope of the present disclosure which may 
use additional or other devices. For instance, magnets 126 
and/or magnetometers 150 may include RFID tags (e.g., pas 
sive or active RFID tags) and RFID readers. Thus, rather than 
detecting a magnetic field, an RFID reader may pickup direct 
proximity to an RFID tag to determine orientation and/or 
location. Material properties may also be used. For instance, 
magnets 126 may be replaced by, or Supplemented with, 
different materials, and sensors for detecting different mate 
rials may be used to determine proximity to specific, different 
locations of the magnets 126. Other proximity, orientation, 
material, or other properties may also be detected and used in 
accordance with embodiments of the present disclosure. 
0072. In the description herein, various relational terms 
are provided to facilitate an understanding of various aspects 
of some embodiments of the present disclosure. Relational 
terms such as “bottom.” “below,” “top,” “above,” “back.” 
“front,” “left,” “right,” “rear,” “forward,” “up,” “down,” “hori 
Zontal,” “vertical,' 'clockwise.” “counterclockwise.” 
“upper,” “lower,” “uphole.” “downhole and the like, may be 
used to describe various components, including their opera 
tion and/or illustrated position relative to one or more other 
components. Relational terms do not indicate a particular 
orientation for each embodiment within the scope of the 
description or claims. For example, a component of a bottom 
hole assembly that is described as “below' another compo 
nent may be further from the surface while within a vertical 
wellbore, but may have a different orientation during assem 
bly, when removed from the wellbore, or in a deviated or other 
lateral or sidetracked borehole. Accordingly, relational 
descriptions are intended solely for convenience in facilitat 
ing reference to various components, but such relational 
aspects may be reversed, flipped, rotated, moved in space, 
placed in a diagonal orientation or position, placed horizon 
tally or vertically, or similarly modified. Certain descriptions 
or designations of components as “first.” “second.” “third.” 
and the like may also be used to differentiate between iden 
tical components or between components which are similarin 
use, structure, or operation. Such language is not intended to 
limit a component to a singular designation. As such, a com 
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ponent referenced in the specification as the “first compo 
nent may be the same or different than a component that is 
referenced in the claims as a “first component. 
0073. Furthermore, while the description or claims may 
refer to “an additional or “other element, feature, aspect, 
component, or the like, it does not preclude there being a 
single element, or more than one, of the additional or other 
element. Where the claims or description refer to “a” or “an 
element, such reference is not be construed that there is just 
one of that element, but is instead to be inclusive of other 
components and understood as “at least one of the element. 
It is to be understood that where the specification states that a 
component, feature, structure, function, or characteristic 
“may.” “might,” “can.” or “could be included, that particular 
component, feature, structure, or characteristic is provided in 
some embodiments, but is optional for other embodiments of 
the present disclosure. The terms “couple.” “coupled.” “con 
nect,” “connection,” “connected,” “in connection with and 
“connecting” refer to “in direct connection with.” or “in con 
nection with via one or more intermediate elements or mem 
bers.” Components that are “integral or “integrally’ formed 
include components made from the same piece of material, or 
sets of materials, such as by being commonly molded or cast 
from the same material, or machined from the same one or 
more pieces of material stock. Components that are “integral 
should also be understood to be “coupled together. 
0074 Although various example embodiments have been 
described in detail herein, those skilled in the art will readily 
appreciate in view of the present disclosure that many modi 
fications are possible in the example embodiments without 
materially departing from the present disclosure. Accord 
ingly, any such modifications are intended to be included in 
the scope of this disclosure. Likewise, while the disclosure 
herein contains many specifics, these specifics should not be 
construed as limiting the scope of the disclosure or of any of 
the appended claims, but merely as providing information 
pertinent to one or more specific embodiments that may fall 
within the scope of the disclosure and the appended claims. 
Any described features from the various embodiments dis 
closed may be employed in any combination. Features and 
aspects of methods described herein may be performed in any 
order. 
0075. A person having ordinary skill in the art should 
realize in view of the present disclosure that equivalent con 
structions do not depart from the spirit and scope of the 
present disclosure, and that various changes, Substitutions, 
and alterations may be made to embodiments disclosed 
herein without departing from the spirit and scope of the 
present disclosure. Equivalent constructions, including func 
tional “means-plus-function' clauses are intended to cover 
the structures described herein as performing the recited 
function, including both structural equivalents that operate in 
the same manner, and equivalent structures that provide the 
same function in a different matter. It is the express intention 
of the applicant not to invoke means-plus-function or other 
functional claiming for any claim except for those in which 
the words means for appear together with an associated 
function. Each addition, deletion, and modification to the 
embodiments that falls within the meaning and scope of the 
claims is to be embraced by the claims. 
0076 While embodiments disclosed herein may be used 
in oil, gas, or other hydrocarbon exploration or production 
environments, such environments are merely illustrative. 
Systems, tools, assemblies, methods, milling systems, drill 
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ing systems, and other components of the present disclosure, 
or which would be appreciated in view of the disclosure 
herein, may be used in other applications and environments. 
In other embodiments, milling tools, drilling tools, sidetrack 
ing systems, directional drilling systems, methods of milling, 
methods of drilling, or other embodiments discussed herein, 
or which would be appreciated in view of the disclosure 
herein, may be used outside of a downhole environment, 
including in connection with other systems, including within 
automotive, aquatic, aerospace, hydroelectric, manufactur 
ing, other industries, or even in other downhole environ 
ments. The terms “well,”“wellbore.’ “borehole, and the like 
are not intended to limit embodiments of the present disclo 
sure to a particular industry. A wellbore or borehole may, for 
instance, be used for oil and gas production and exploration, 
water production and exploration, mining, utility line place 
ment, or myriad other applications. 
0077 Certain embodiments and features may have been 
described using a set of numerical values that may provide 
lower and upper limits. It should be appreciated that ranges 
including the combination of any two values are contem 
plated unless otherwise indicated, and that a single value may 
be defined as an upper or as a lower limit. Numbers, percent 
ages, ratios, measurements, or other values stated herein are 
intended to include the stated value as well as other values that 
are “about' or “approximately the stated value, as would be 
appreciated by one of ordinary skill in the art encompassed by 
embodiments of the present disclosure. A stated value should 
therefore be interpreted broadly enough to encompass values 
that are at least close enough to the stated value to perform a 
desired function or achieve a desired result. The stated values 
include at least experimental error and variations that would 
be expected by a person having ordinary skill in the art, as 
well as the variation to be expected in a suitable manufactur 
ing or production process. A value that is about or approxi 
mately the stated value and is therefore encompassed by the 
stated value may further include values that are within 10%, 
within 5%, within 1%, within 0.1%, or within 0.01% of a 
stated value. 
0078. The Abstract included with this disclosure is pro 
vided to allow the reader to quickly ascertain the general 
nature of some embodiments of the present disclosure. The 
Abstract is submitted with the understanding that it will not be 
used to interpret or limit the scope or meaning of the claims. 
What is claimed is: 
1. A downhole tool for drilling a sidetracked borehole, 

comprising: 
a body having an axial bore formed at least partially there 

through; 
at least one magnetometer coupled to the body, the mag 

netometer configured to measure a magnetic field; and 
a processor in communication with the at least one mag 

netometer, the processor configured to: 
receive measurements from the at least one magnetom 

eter; 
determine an orientation of the downhole tool based 
upon the received measurements; and 

maintain the orientation of the downhole tool or change 
the orientation of the downhole tool based upon the 
determined orientation of the downhole tool. 

2. The downhole tool of claim 1, further comprising: 
a drill bit coupled to the body. 
3. The downhole tool of claim 2, the at least one magne 

tometer being configured to rotate with the body or drill bit. 
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4. The downhole tool of claim 2, the at least one magne 
tometer being configured to be substantially geostationary as 
the body or dill bit rotates. 

5. The downhole tool of claim 1, the magnetometer being 
configured to measure a magnetic field generated by at least 
one magnet within a wellbore. 

6. The downhole tool of claim 5, the at least one magnet 
coupled to a deflection member within a metal casing within 
the wellbore. 

7. The downhole tool of claim 1, the at least one magne 
tometer including two or more magnetometers that are axially 
offset from one another by a distance from 0.05 m to 2 m. 

8. The downhole tool of claim 1, further comprising: 
at least one accelerometer coupled to the body. 
9. The downhole tool of claim 8, further comprising: 
at least one gyroscope coupled to the body, the gyroscope 

configured to measure rotation of the body. 
10. The downhole tool of claim 1, wherein the body com 

prises a rotary steerable tool. 
11. A method of drilling, comprising: 
running a downhole tool into a wellbore having casing 

therein, the downhole tool including: 
a body having an axial bore formed at least partially 

therethrough; 
a plurality of sensors within the axial bore of the body, 

the plurality of sensors including a first sensor having 
limited accuracy within the wellbore, and a second 
sensor being Susceptible to interference from the cas 
ing; and 

a processor coupled to the body and in communication 
with the plurality of sensors; 

drilling a borehole that diverts from the wellbore; 
obtaining location or orientation data using the plurality of 

Sensors; 
determining an orientation of the downhole tool with the 

processor based upon location or orientation data 
obtained by the second sensor while within the wellbore; 
and 

steering the downhole tool based upon the determined 
orientation of the downhole tool. 

12. The method of claim 11, wherein the second sensor 
includes a magnetometer and obtaining location or orienta 
tion data includes obtaining magnetic field data generated by 
at least one magnet in the wellbore, which at least one magnet 
overcomes interference from the casing. 

13. The method of claim 13, the at least one magnet being 
coupled to a deflection member within the wellbore. 

14. The method of claim 13, the first sensor having limited 
accuracy while oriented in a Substantially vertical direction. 

15. A method of drilling, comprising: 
forming an opening in a metal casing within a wellbore; 
drilling a sidetracked borehole diverting from the wellbore 

at the opening in the metal casing using a downhole tool 
including: 
a body; 
at least one magnetometer coupled to the body; 
a processor coupled to the body and in communication 

with the at least one magnetometer; and 
a drill bit coupled to the body; 

measuring a magnetic field generated by at least one mag 
net within the metal casing with the at least one magne 
tometer, the at least one magnet being coupled to a 
whipstock within the wellbore; 
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determining an orientation of the downhole tool with the 
processor based upon measurements from the at least 
one magnetometer, and 

steering the downhole tool based upon the determined 
orientation of the downhole tool. 

16. The method of claim 15, further comprising rotating the 
body as the drill bit drills the sidetracked borehole. 

17. The method of claim 16, the at least one magnetometer 
being configured to rotate with the body. 

18. The method of claim 16, the at least one magnetometer 
being Substantially geostationary. 

19. The method of claim 15, the at least one magnetometer 
including at least two magnetometers, and the at least one 
magnet including at least two magnets, a spacing between the 
at least two magnetometers being about equal to a spacing 
between the at least two magnets. 

20. The method of claim 15, wherein steering the downhole 
tool further includes: 

maintaining the orientation of the downhole tool when the 
orientation is Substantially aligned with a predetermined 
drill path for the sidetracked borehole; and 

turning the downhole tool when the orientation is not sub 
stantially aligned with the predetermined drill path. 

k k k k k 


