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AUTOMATED MSE-BASED DRILLING 
APPARATUS AND METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present disclosure claims the bene?t of the earlier 
?ling date of each of the following, the entirety of Which are 
hereby incorporated by reference: 
US. Provisional Patent Application No. 60/869,047, ?led 

Dec. 7, 2006, entitled “MSE-Based Drilling Operation,” 
US. Provisional Patent Application No. 60/985,869, ?led 

Nov. 6, 2007, entitled “AT-Based Drilling Operation,”; 
and 

this application is a continuation-in-part of US. patent 
application Ser. No. 11/859,378, ?led Sep. 21, 2007, 
entitled “Directional Drilling Control,”. 

BACKGROUND 

Recent developments in drilling optimization use real time 
analysis of the energy consumption of the drilling system to 
optimiZe the rate of penetration (ROP). Such optimiZation 
can provide instantaneous ROP increases of 100-400% and 
increases in footage per day. Similar results can be achieved 
in soft and hard formations, loW and high angle Wells, and 
With all rig types. 

HoWever, it is dif?cult to objectively assess operators’ drill 
rate performance. that is, bits are often evaluated based on 
their performance relative to offsets, but drill rates are often 
constrained by factors that the driller does not control, and in 
Ways that cannot be documented in a bit record. Conse 
quently, drill rates may vary greatly betWeen tWo Wells run 
ning identical bits. The manner in Which a bit is run is often 
more important than Which bit is run. 

Drillers conduct a variety of tests to optimiZe performance. 
The most common is the “drill rate” test, Which consists of 
simply experimenting With various Weight on bit (WOB) and 
bit rotational speed (RPM) settings and observing the results. 
The parameters that result in the highest ROP are then used 
for subsequent operations. In some sense, all optimiZation 
schemes use a similar comparative process. That is, they seek 
to identify the parameters that yield the best results relative to 
other settings. 
One of the earliest schemes Was the “drilloff’ test, in Which 

the driller applied a high WOB and locked the brake to pre 
vent the top of the string from advancing While continuing to 
circulate and rotate the string. As the bit drilled ahead, the 
string elongated and the WOB declined. ROP Was calculated 
from the change in the rate of drill string elongation as the 
Weight declined. The point at Which the ROP stops respond 
ing linearly With increasing WOB is referred to as the “?oun 
der” or “founder” point. This is taken to be the optimum 
WOB. This process has enhanced performance, but does not 
provide an objective assessment of the true potential drill rate. 

DESCRIPTION OF THE DRAWINGS 

The present disclosure is best understood from the folloW 
ing detailed description When read With the accompanying 
?gures. 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. 

FIG. 1 is a schematic diagram of apparatus according to 
aspects of the present disclosure. 
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2 
FIG. 2A is a ?ow-chart diagram of a method according to 

aspects of the present disclosure. 
FIG. 2B is a ?oW-chart diagram of a method according to 

aspects of the present disclosure. 
FIG. 3 is a schematic diagram of apparatus according to 

aspects of the present disclosure. 
FIG. 4A is a schematic diagram of apparatus according to 

aspects of the present disclosure. 
FIG. 4B is a schematic diagram of apparatus according to 

aspects of the present disclosure. 
FIG. 5A is a ?ow-chart diagram of a method according to 

aspects of the present disclosure. 
FIG. 5B is a schematic diagram of apparatus according to 

aspects of the present disclosure. 
FIG. 5C is a ?oW-chart diagram of a method according to 

aspects of the present disclosure. 
FIG. 5D is a ?ow-chart diagram of a method according to 

aspects of the present disclosure. 
FIG. 6A is a ?ow-chart diagram of a method according to 

aspects of the present disclosure. 
FIG. 6B is a ?oW-chart diagram of a method according to 

aspects of the present disclosure. 
FIG. 6C is a ?oW-chart diagram of a method according to 

aspects of the present disclosure. 
FIG. 7 is a schematic diagram of apparatus according to 

aspects of the present disclosure. 
FIG. 8 is a schematic diagram of apparatus according to 

aspects of the present disclosure. 

DETAILED DESCRIPTION 

The present disclosure is also related to and incorporates 
by reference the entirety of US. Pat. No. 6,050,348 to Rich 
arson, et al. 

It is to be understood that the present disclosure provides 
many different embodiments, or examples, for implementing 
different features of various embodiments. Speci?c examples 
of components and arrangements are described beloW to sim 
plify 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 let 
ters in the various examples. This repetition is for the purpose 
of simplicity and clarity and does not in itself dictate a rela 
tionship betWeen the various embodiments and/or con?gura 
tions discussed. Moreover, the formation of a ?rst feature 
over or on a second feature in the description that folloWs may 
include embodiments in Which the ?rst and second features 
are formed in direct contact, and may also include embodi 
ments in Which additional features may be formed interpos 
ing the ?rst and second features, such that the ?rst and second 
features may not be in direct contact. 

Referring to FIG. 1, illustrated is a schematic vieW of 
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 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. 

Apparatus 100 includes a mast 105 supporting lifting gear 
above a rig ?oor 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 115 by a drilling line 
125. One end of the drilling line 125 extends from the lifting 
gear to draWWorks 130, Which is con?gured to reel out and 
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reel in the drilling line 125 to cause the traveling block 120 to 
be lowered and raised relative to the rig ?oor 110. The other 
end of the drilling line 125, known as a dead line anchor, is 
anchored to a ?xed position, possibly near the drawworks 13 0 
or elsewhere on the rig. 
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.Altematively, the quill 145 may be attached to 
the drill string 155 directly. 

The term “quill” as used herein is not limited to a compo 
nent which directly extends from the top drive, or which is 
otherwise conventionally referred to as a quill. For example, 
within the scope of the present disclosure, the “quill” may 
additionally or alternatively comprise a main shaft, a drive 
shaft, an output shaft, and/ or another component which trans 
fers torque, position, and/or rotation from the top drive or 
other rotary driving element to the drill string, at least indi 
rectly. Nonetheless, albeit merely for the sake of clarity and 
conciseness, these components may be collectively referred 
to herein as the “quill.” 

The drill string 155 includes interconnected sections of 
drill pipe 165, a bottom hole assembly (BHA) 170, and a drill 
bit 175. The bottom hole assembly 170 may include stabiliZ 
ers, 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 other 
wise attached to the drill string 155. One or more pumps 180 
may deliver drilling ?uid to the drill string 155 through a hose 
or other conduit 185, which may be connected to the top drive 
140. 
The downhole MWD or wireline conveyed instruments 

may be con?gured for the evaluation of physical properties 
such as pressure, temperature, torque, weight-on-bit (WOB), 
vibration, inclination, aZimuth, toolface orientation in three 
dimensional space, and/ or other downhole parameters. These 
measurements may be made downhole, stored in solid-state 
memory for some time, and downloaded from the 
instrument(s) at the surface and/ or transmitted to the surface. 
Data transmission methods may include, for example, digi 
tally encoding data and transmitting the encoded data to the 
surface, possibly as pressure pulses in the drilling ?uid or 
mud system, acoustic transmission through the drill string 
155, electronic transmission through a wireline or wired pipe, 
and/or transmission as electromagnetic pulses. The MWD 
tools and/or other portions of the BHA 170 may have the 
ability to store measurements for later retrieval via wireline 
and/or when the BHA 170 is tripped out of the wellbore 160. 

In an exemplary embodiment, the apparatus 100 may also 
include a rotating blow-out preventer (BOP) 158, such as if 
the well 160 is being drilled utiliZing under-balanced or man 
aged-pressure drilling methods. In such embodiment, the 
annulus mud and cuttings may be pressuriZed at the surface, 
with the actual desired ?ow and pressure possibly being con 
trolled by a choke system, and the ?uid and pressure being 
retained at the well head and directed down the ?ow line to the 
choke by the rotating BOP 158. The apparatus 100 may also 
include a surface casing annular pressure sensor 159 con?g 
ured to detect the pressure in the annulus de?ned between, for 
example, the wellbore 160 (or casing therein) and the drill 
string 155. 

In the exemplary embodiment depicted in FIG. 1, the top 
drive 140 is utiliZed to impart rotary motion to the drill string 
155. However, aspects of the present disclosure are also appli 
cable or readily adaptable to implementations utiliZing other 
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4 
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. 
The apparatus 100 also includes a controller 190 con?g 

ured to control or assist in the control of one or more compo 

nents of the apparatus 100. For example, the controller 190 
may be con?gured to transmit operational control signals to 
the drawworks 130, the top drive 140, the BHA 170 and/or the 
pump 180. The controller 190 may be a stand-alone compo 
nent installed near the mast 105 and/ or other components of 
the apparatus 100. In an exemplary embodiment, the control 
ler 190 comprises one or more systems located in a control 

room proximate the apparatus 100, such as the general pur 
pose shelter often referred to as the “doghouse” serving as a 
combination tool shed, of?ce, communications center, and 
general meeting place. The controller 190 may be con?gured 
to transmit the operational control signals to the drawworks 
130, the top drive 140, the BHA 170, and/or the pump 180 via 
wired or wireless transmission means which, for the sake of 
clarity, are not depicted in FIG. 1. 
The controller 190 is also con?gured to receive electronic 

signals via wired or wireless transmission means (also not 
shown in FIG. 1) from a variety of sensors included in the 
apparatus 100, where each sensor is con?gured to detect an 
operational characteristic orparameter. One such sensor is the 
surface casing annular pressure sensor 159 described above. 
The apparatus 100 may include a downhole annular pressure 
sensor 170a coupled to or otherwise associated with the BHA 
170. The downhole annular pressure sensor 170a may be 
con?gured to detect a pressure value or range in the annulus 
shaped region de?ned between the external surface of the 
BHA 170 and the internal diameter of the wellbore 160, 
which may also be referred to as the casing pressure, down 
hole casing pressure, MWD casing pressure, or downhole 
annular pres sure. 

It is noted that the meaning of the word “detecting,” in the 
context of the present disclosure, may include detecting, 
sensing, measuring, calculating, and/or otherwise obtaining 
data. Similarly, the meaning of the word “detect” in the con 
text of the present disclosure may include detect, sense, mea 
sure, calculate, and/or otherwise obtain data. 
The apparatus 100 may additionally or alternatively 

include a shock/vibration sensor 170!) that is con?gured for 
detecting shock and/or vibration in the BHA 170. The appa 
ratus 100 may additionally or alternatively include a mud 
motor delta pressure (AP) sensor 17211 that is con?gured to 
detect a pressure differential value or range across one or 

more motors 172 of the BHA 170. The one or more motors 

172 may each be or include a positive displacement drilling 
motor that uses hydraulic power of the drilling ?uid to drive 
the bit 175, also known as a mud motor. One or more torque 
sensors 172!) may also be included in the BHA 170 for send 
ing data to the controller 190 that is indicative of the torque 
applied to the bit 175 by the one or more motors 172. 
The apparatus 100 may additionally or alternatively 

include a toolface sensor 170c con?gured to detect the current 
toolface orientation. The toolface sensor 1700 may be or 
include a conventional or future-developed magnetic toolface 
sensor which detects toolface orientation relative to magnetic 
north or true north. Alternatively, or additionally, the toolface 
sensor 1700 may be or include a conventional or future 

developed gravity toolface sensor which detects toolface ori 
entation relative to the Earth’s gravitational ?eld. The tool 
face sensor 1700 may also, or alternatively, be or comprise a 
conventional or future-developed gyro sensor. The apparatus 
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100 may additionally or alternatively include a WOB sensor 
170d integral to the BHA 170 and con?gured to detect WOB 
at or near the BHA 170. 

The apparatus 100 may additionally or alternatively 
include a torque sensor 140a coupled to or otherWise associ 
ated With the top drive 140. The torque sensor 140a may 
alternatively be located in or associated With the BHA 170. 
The torque sensor 140a may be con?gured to detect a value or 
range of the torsion of the quill 145 and/ or the drill string 155 
(e. g., in response to operational forces acting on the drill 
string). The top drive 140 may additionally or alternatively 
include or otherWise be associated With a speed sensor 140!) 
con?gured to detect a value or range of the rotational speed of 
the quill 145. 

The top drive 140, draW Works 130, croWn or traveling 
block, drilling line or dead line anchor may additionally or 
alternatively include or otherWise be associated With a WOB 
sensor 140c (e.g., one or more sensors installed someWhere in 

the load path mechanisms to detect WOB, Which can vary 
from rig-to-rig) different from the WOB sensor 170d. The 
WOB sensor 1400 may be con?gured to detect a WOB value 
or range, Where such detection may be performed at the top 
drive 140, draW Works 130, or other component of the appa 
ratus 100. 

The detection performed by the sensors described herein 
may be performed once, continuously, periodically, and/or at 
random intervals. The detection may be manually triggered 
by an operator or other person accessing a human-machine 
interface (HMI), or automatically triggered by, for example, a 
triggering characteristic or parameter satisfying a predeter 
mined condition (e.g., expiration of a time period, drilling 
progress reaching a predetermined depth, drill bit usage 
reaching a predetermined amount, etc.). Such sensors and/or 
other detection means may include one or more interfaces 

Which may be local at the Well/rig site or located at another, 
remote location With a netWork link to the system. 

Referring to FIG. 2A, illustrated is a ?oW-chart diagram of 
a method 200a according to one or more aspects of the present 
disclosure. The method 200a may be performed in associa 
tion With one or more components of the apparatus 100 shoWn 
in FIG. 1 during operation of the apparatus 100. For example, 
the method 200a may be performed for toolface orientation 
during drilling operations performed via the apparatus 100. 

The method 200a includes a step 210 during Which the 
current toolface orientation TFM is measured. The TFM may 
be measured using a conventional or future-developed mag 
netic toolface sensor Which detects toolface orientation rela 
tive to magnetic north or true north. Alternatively, or addi 
tionally, the TFM may be measured using a conventional or 
future-developed gravity toolface sensor Which detects tool 
face orientation relative to the Earth’s gravitational ?eld. In 
an exemplary embodiment, the TFM may be measured using 
a magnetic toolface sensor When the end of the Wellbore is 
less than about 7° from vertical, and subsequently measured 
using a gravity toolface sensor When the end of the Wellbore 
is greater than about 7° from vertical. HoWever, gyros and/or 
other means for determining the TF Mare also Within the scope 
of the present disclosure. 

In a subsequent step 220, the TFMis compared to a desired 
toolface orientation TFD. If the TFMis suf?ciently equal to the 
TFD, as determined during decisional step 230, the method 
20011 is iterated and the step 210 is repeated. “Suf?ciently 
equal” may mean substantially equal, such as varying by no 
more than a feW percentage points, or may alternatively mean 
varying by no more than a predetermined angle, such as about 
5°. Moreover, the iteration of the method 200a may be sub 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
stantially immediate, or there may be a delay period before 
the method 20011 is iterated and the step 210 is repeated. 

If the TFM is not suf?ciently equal to the TFD, as deter 
mined during decisional step 230, the method 200a continues 
to a step 240 during Which the quill is rotated by the drive 
system by, for example, an amount about equal to the differ 
ence betWeen the TFM and the TFD. HoWever, other amounts 
of rotational adjustment performed during the step 240 are 
also Within the scope of the present disclosure. After step 240 
is performed, the method 20011 is iterated and the step 210 is 
repeated. Such iteration may be substantially immediate, or 
there may be a delay period before the method 20011 is iterated 
and the step 210 is repeated. 

Referring to FIG. 2B, illustrated is a ?oW-chart diagram of 
another embodiment of the method 200a shoWn in FIG. 2A, 
herein designated by reference numeral 20019. The method 
2001) may be performed in association With one or more 
components of the apparatus 100 shoWn in FIG. 1 during 
operation of the apparatus 1 00. For example, the method 2001) 
may be performed for toolface orientation during drilling 
operations performed via the apparatus 100. 
The method 2001) includes steps 210, 220, 230 and 240 

described above With respect to method 200a and shoWn in 
FIG. 2A. HoWever, the method 2001) also includes a step 233 
during Which current operating parameters are measured if 
the TFMis suf?ciently equal to the TFD, as determined during 
decisional step 230. Alternatively, or additionally, the current 
operating parameters may be measured at periodic or sched 
uled time intervals, or upon the occurrence of other events. 
The method 2001) also includes a step 236 during Which the 
operating parameters measured in the step 233 are recorded. 
The operating parameters recorded during the step 236 may 
be employed in future calculations of the amount of quill 
rotation performed during the step 240, such as may be deter 
mined by one or more intelligent adaptive controllers, pro 
grammable logic controllers, arti?cial neural networks, and/ 
or other adaptive and/or “leaming” controllers or processing 
apparatus. 
Each of the steps of the methods 200a and 2001) may be 

performed automatically. For example, the controller 190 of 
FIG. 1 may be con?gured to automatically perform the tool 
face comparison of step 230, Whether periodically, at random 
intervals, or otherWise. The controller 190 may also be con 
?gured to automatically generate and transmit control signals 
directing the quill rotation of step 240, such as in response to 
the toolface comparison performed during steps 220 and 230. 

Referring to FIG. 3, illustrated is a block diagram of an 
apparatus 300 according to one or more aspects of the present 
disclosure. The apparatus 300 includes a user interface 305, a 
BHA 310, a drive system 315, a draWWorks 320, and a con 
troller 325. The apparatus 300 may be implemented Within 
the environment and/or apparatus shoWn in FIG. 1. For 
example, the BHA 310 may be substantially similar to the 
BHA 170 shoWn in FIG. 1, the drive system 315 may be 
substantially similar to the top drive 140 shoWn in FIG. 1, the 
draWWorks 320 may be substantially similar to the draW 
Works 130 shoWn in FIG. 1, and/or the controller 325 may be 
substantially similar to the controller 190 shoWn in FIG. 1. 
The apparatus 300 may also be utiliZed in performing the 
method 200a shoWn in FIG. 2A and/or the method 200!) 
shown in FIG. 2B, among other methods described herein or 
otherWise Within the scope of the present disclosure. 
The user-interface 305 and the controller 325 may be dis 

crete components that are interconnected via Wired or Wire 
less means. Alternatively, the user-interface 305 and the con 
troller 325 may be integral components of a single system or 
controller 327, as indicated by the dashed lines in FIG. 3. 
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The user-interface 305 includes means 330 for user-input 
of one or more toolface set points, and may also include 
means for user-input of other set points, limits, and other 
input data. The data input means 330 may include a keypad, 
voice-recognition apparatus, dial, button, sWitch, slide selec 
tor, toggle, joystick, mouse, data base and/or other conven 
tional or future-developed data input device. Such data input 
means may support data input from local and/ or remote loca 
tions. Alternatively, or additionally, the data input means 330 
may include means for user-selection of predetermined tool 
face set point values or ranges, such as via one or more 
drop-doWn menus. The toolface set point data may also or 
alternatively be selected by the controller 325 via the execu 
tion of one or more database look-up procedures. In general, 
the data input means 330 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 communications link to the system, 
netWork, local area netWork (LAN), Wide area netWork 
(WAN), Internet, satellite-link, and/or radio, among other 
means. 

The user-interface 305 may also include a display 335 for 
visually presenting information to the user in textual, graphic, 
or video form. The display 335 may also be utiliZed by the 
user to input the toolface set point data in conjunction With the 
data input means 330. For example, the toolface set point data 
input means 330 may be integral to or otherWise communi 
cably coupled With the display 335. 

The BHA 310 may include an MWD casing pressure sen 
sor 340 that is con?gured to detect an annular pressure value 
or range at or near the MWD portion of the BHA 310, and that 
may be substantially similar to the pressure sensor 170a 
shoWn in FIG. 1. The casing pressure data detected via the 
MWD casing pressure sensor 340 may be sent via electronic 
signal to the controller 325 via Wired or Wireless transmis 
sion. 

The BHA 310 may also include an MWD shock/vibration 
sensor 345 that is con?gured to detect shock and/or vibration 
in the MWD portion of the BHA 310, and that may be sub 
stantially similar to the shock/vibration sensor 170!) shoWn in 
FIG. 1. The shock/vibration data detected via the MWD 
shock/vibration sensor 345 may be sent via electronic signal 
to the controller 325 via Wired or Wireless transmission. 

The BHA 3 1 0 may also include a mud motor AP sensor 350 
that is con?gured to detect a pressure differential value or 
range across the mud motor of the BHA 310, and that may be 
substantially similar to the mud motor AP sensor 172a shoWn 
in FIG. 1. The pressure differential data detected via the mud 
motor AP sensor 350 may be sent via electronic signal to the 
controller 325 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 difference betWeen the surface standpipe pres 
sure just off-bottom and pressure once the bit touches bottom 
and starts drilling and experiencing torque. 

The BHA 310 may also include a magnetic toolface sensor 
355 and a gravity toolface sensor 360 that are cooperatively 
con?gured to detect the current toolface, and that collectively 
may be substantially similar to the toolface sensor 170c 
shoWn in FIG. 1. The magnetic toolface sensor 355 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 360 may be or 
include a conventional or future-developed gravity toolface 
sensor Which detects toolface orientation relative to the 
Earth’ s gravitational ?eld. In an exemplary embodiment, the 
magnetic toolface sensor 355 may detect the current toolface 
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8 
When the end of the Wellbore is less than about 7° from 
vertical, and the gravity toolface sensor 360 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, 
including non-magnetic toolface sensors and non-gravita 
tional inclination sensors. In any case, the toolface orientation 
detected via the one or more toolface sensors (e.g., sensors 

355 and/ or 360) may be sent via electronic signal to the 
controller 325 via Wired or Wireless transmission. 
The BHA 310 may also include an MWD torque sensor 

365 that is con?gured to detect a value or range of values for 
torque applied to the bit by the motor(s) of the BHA 310, and 
that may be substantially similar to the torque sensor 172!) 
shoWn in FIG. 1. The torque data detected via the MWD 
torque sensor 365 may be sent via electronic signal to the 
controller 325 via Wired or Wireless transmission. 
The BHA 310 may also include an MWD WOB sensor 370 

that is con?gured to detect a value or range of values for WOB 
at or near the BHA 310, and that may be substantially similar 
to the WOB sensor 170d shoWn in FIG. 1. The WOB data 
detected via the MWD WOB sensor 370 may be sent via 
electronic signal to the controller 325 via Wired or Wireless 
transmission. 
The draWWorks 320 includes a controller 390 and/ or other 

means for controlling feed-out and/ or feed-in of a drilling line 
(such as the drilling line 125 shoWn in FIG. 1). Such control 
may include directional control (in vs. out) as Well as feed 
rate. HoWever, exemplary embodiments Within the scope of 
the present disclosure include those in Which the draWWorks 
drill string feed off system may alternatively be a hydraulic 
ram or rack and pinion type hoisting system rig, Where the 
movement of the drill string up and doWn is via something 
other than a draWWorks. The drill string may also take the 
form of coiled tubing, in Which case the movement of the drill 
string in and out of the hole is controlled by an injector head 
Which grips and pushes/pulls the tubing in/out of the hole. 
Nonetheless, such embodiments may still include a version of 
the controller 390, and the controller 390 may still be con?g 
ured to control feed-out and/or feed-in of the drill string. 
The drive system 315 includes a surface torque sensor 375 

that is con?gured to detect a value or range of the reactive 
torsion of the quill or drill string, much the same as the torque 
sensor 140a shoWn in FIG. 1. The drive system 315 also 
includes a quill position sensor 380 that is con?gured to detect 
a value or range of the rotational position of the quill, such as 
relative to true north or another stationary reference. The 
surface torsion and quill position data detected via sensors 
375 and 380, respectively, may be sent via electronic signal to 
the controller 325 via Wired or Wireless transmission. The 
drive system 315 also includes a controller 385 and/or other 
means for controlling the rotational position, speed and direc 
tion of the quill or other drill string component coupled to the 
drive system 315 (such as the quill 145 shoWn in FIG. 1). 

In an exemplary embodiment, the drive system 315, con 
troller 385, and/or other component of the apparatus 300 may 
include means for accounting for friction betWeen the drill 
string and the Wellbore. For example, such friction account 
ing means may be con?gured to detect the occurrence and/or 
severity of the friction, Which may then be subtracted from the 
actual “reactive” torque, perhaps by the controller 385 and/or 
another control component of the apparatus 300. 
The controller 325 is con?gured to receive one or more of 

the above-described parameters from the user interface 305, 
the BHA 310, and/or the drive system 315, and utiliZe such 
parameters to continuously, periodically, or otherWise deter 
mine the current toolface orientation. The controller 325 may 
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be further con?gured to generate a control signal, such as via 
intelligent adaptive control, and provide the control signal to 
the drive system 315 and/or the draWWorks 320 to adjust 
and/or maintain the toolface orientation. For example, the 
controller 325 may execute the method 202 shoWn in FIG. 2B 
to provide one or more signals to the drive system 315 and/or 
the draWWorks 320 to increase or decrease WOB and/ or quill 
position, such as may be required to accurately “steer” the 
drilling operation. 

Moreover, as in the exemplary embodiment depicted in 
FIG. 3, the controller 385 of the drive system 315 and/or the 
controller 390 of the draWWorks 320 may be con?gured to 
generate and transmit a signal to the controller 325. Conse 
quently, the controller 385 of the drive system 315 may be 
con?gured to in?uence the control of the BHA 3 1 0 and/ or the 
draWWorks 320 to assist in obtaining and/or maintaining a 
desired toolface orientation. Similarly, the controller 390 of 
the draWWorks 320 may be con?gured to in?uence the control 
of the BHA 310 and/or the drive system 315 to assist in 
obtaining and/or maintaining a desired toolface orientation. 
Alternatively, or additionally, the controller 385 of the drive 
system 315 and the controller 390 of the draWWorks 320 may 
be con?gured to communicate directly, such as indicated by 
the dual-directional arroW 392 depicted in FIG. 3. Conse 
quently, the controller 385 of the drive system 315 and the 
controller 390 of the draWWorks 320 may be con?gured to 
cooperate in obtaining and/or maintaining a desired toolface 
orientation. Such cooperation may be independent of control 
provided to or from the controller 325 and/ or the BHA 310. 

Referring to FIG. 4A, illustrated is a schematic vieW of at 
least a portion of an apparatus 400a according to one or more 
aspects of the present disclosure. The apparatus 400a is an 
exemplary implementation of the apparatus 100 shoWn in 
FIG. 1 and/or the apparatus 300 shoWn in FIG. 3, and is an 
exemplary environment in Which the method 200a shoWn in 
FIG. 2A and/or the method 200!) shown in FIG. 2B may be 
performed. The apparatus 400a includes a plurality of user 
inputs 410 and at least one processor 420. The user inputs 410 
include a quill torque positive limit 41011, a quill torque nega 
tive limit 410b, a quill speed positive limit 4100, a quill speed 
negative limit 410d, a quill oscillation positive limit 410e, a 
quill oscillation negative limit 410], a quill oscillation neutral 
point input 410g, and a toolface orientation input 410h. Other 
embodiments Within the scope of the present disclosure, hoW 
ever, may utiliZe additional or alternative user inputs 41 0. The 
user inputs 410 may be substantially similar to the user input 
330 or other components of the user interface 305 shoWn in 
FIG. 3. The at least one processor 420 may form at least a 
portion of, or be formed by at least a portion of, the controller 
325 shoWn in FIG. 3 and/or the controller 385 of the drive 
system 315 shoWn in FIG. 3. 

In the exemplary embodiment depicted in FIG. 4A, the at 
least one processor 420 includes a toolface controller 420a 
and a draWWorks controller 420b, and the apparatus 400a also 
includes or is otherWise associated With a plurality of sensors 
430. The plurality of sensors 430 includes a bit torque sensor 
43011, a quill torque sensor 430b, a quill speed sensor 4300, a 
quill position sensor 430d, a mud motor AP sensor 430e, and 
a toolface orientation sensor 43 0]. Other embodiments Within 
the scope of the present disclosure, hoWever, may utiliZe 
additional or alternative sensors 430. In an exemplary 
embodiment, each of the plurality of sensors 430 may be 
located at the surface of the Wellbore, and not located doWn 
hole proximate the bit, the bottom hole assembly, and/or any 
measurement-While-drilling tools. In other embodiments, 
hoWever, one or more of the sensors 430 may not be surface 
sensors. For example, in an exemplary embodiment, the quill 
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10 
torque sensor 430b, the quill speed sensor 4300, and the quill 
position sensor 430d may be surface sensors, Whereas the bit 
torque sensor 43011, the mud motor AP sensor 430e, and the 
toolface orientation sensor 430f may be doWnhole sensors 
(e.g., MWD sensors). Moreover, individual ones of the sen 
sors 430 may be substantially similar to corresponding sen 
sors shoWn in FIG. 1 or FIG. 3. 
The apparatus 400a also includes or is associated With a 

quill drive 440. The quill drive 440 may form at least a portion 
of a top drive or another rotary drive system, such as the top 
drive 140 shoWn in FIG. 1 and/or the drive system 315 shoWn 
in FIG. 3. The quill drive 440 is con?gured to receive a quill 
drive control signal from the at least one processor 420, if not 
also from other components of the apparatus 40011. The quill 
drive control signal directs the position (e.g., aZimuth), spin 
direction, spin rate, and/or oscillation of the quill. The tool 
face controller 42011 is con?gured to generate the quill drive 
control signal, utiliZing data received from the user inputs 410 
and the sensors 430. 
The toolface controller 420a may compare the actual 

torque of the quill to the quill torque positive limit received 
from the corresponding user input 41011. The actual torque of 
the quill may be determined utiliZing data received from the 
quill torque sensor 43019. For example, if the actual torque of 
the quill exceeds the quill torque positive limit, then the quill 
drive control signal may direct the quill drive 440 to reduce 
the torque being applied to the quill. In an exemplary embodi 
ment, the toolface controller 420a may be con?gured to opti 
miZe drilling operation parameters related to the actual torque 
of the quill, such as by maximizing the actual torque of the 
quill Without exceeding the quill torque positive limit. 
The toolface controller 420a may alternatively or addition 

ally compare the actual torque of the quill to the quill torque 
negative limit received from the corresponding user input 
41019. For example, if the actual torque of the quill is less than 
the quill torque negative limit, then the quill drive control 
signal may direct the quill drive 440 to increase the torque 
being applied to the quill. In an exemplary embodiment, the 
toolface controller 420a may be con?gured to optimiZe drill 
ing operation parameters related to the actual torque of the 
quill, such as by minimiZing the actual torque of the quill 
While still exceeding the quill torque negative limit. 

The toolface controller 420a may alternatively or addition 
ally compare the actual speed of the quill to the quill speed 
positive limit received from the corresponding user input 
4100. The actual speed of the quill may be determined utiliZ 
ing data received from the quill speed sensor 4300. For 
example, if the actual speed of the quill exceeds the quill 
speed positive limit, then the quill drive control signal may 
direct the quill drive 440 to reduce the speed at Which the quill 
is being driven. In an exemplary embodiment, the toolface 
controller 420a may be con?gured to optimiZe drilling opera 
tion parameters related to the actual speed of the quill, such as 
by maximiZing the actual speed of the quill Without exceeding 
the quill speed positive limit. 
The toolface controller 420a may alternatively or addition 

ally compare the actual speed of the quill to the quill speed 
negative limit received from the corresponding user input 
410d. For example, if the actual speed of the quill is less than 
the quill speed negative limit, then the quill drive control 
signal may direct the quill drive 440 to increase the speed at 
Which the quill is being driven. In an exemplary embodiment, 
the toolface controller 420a may be con?gured to optimiZe 
drilling operation parameters related to the actual speed of the 
quill, such as by minimiZing the actual speed of the quill 
While still exceeding the quill speed negative limit. 










































