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ity of pipes, each pipe having an asset ID tag containing a code unique to the

pipe. A pipe handling space for assembling and disassembling the pipes con-

4 tains at least one pipe handling apparatus. A first scanning zone located at a
first position in the pipe handling space contains a first reader antenna. A
second scanning zone located at a second position in the pipe handling
space contains a second reader antenna. At least one reader is provided for

8 scanning the asset ID tags in the pipe handling space through at least one of
the first reader antenna and the second reader antenna.



WO 2012/112843 PCT/US2012/025572

SYSTEM AND METHOD FOR TRACKING PIPE ACTIVITY ON A RIG

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a non-provisional application claiming priority to
provisional application Serial No. 61/443,790, filed on February 17, 2011, entitled
“System and Method for Tracking Pipe Activity on a Rig,” the entire disclosure of

which is incorporated by reference herein.

BACKGROUND

[0002] U.S. Patent No. 5,202,680 (Savage; published 13 April 1993) discloses a
system for automatic tallying of drill string components. In the Savage patent, an
identification (ID) tag reader antenna, connected to a reader by means of wiring or
cable, is placed between a rotary table and a bell nipple. Uniquely-coded electronic
ID tags are embedded in recesses in pin ends of components of a drill string. As the
drill string moves through the rotary table and bell nipple and past the reader
antenna, each ID tag receives an electromagnetic (EM) signal from the reader
antenna via its own internal antenna. The Savage patent discloses that the energy
received from the reader transmission by the ID tag is sufficient to enable the ID tag
to retransmit a uniquely-coded binary signal back to the reader. The Savage patent
discloses that the tallies collected could be used to compute and record various
service factors that serve as a measure of wear and useful service life of drill string
components.

[0003] U.S. Patent Application Publication No. 2002/0158120 (Zierolf; published
31 October 2002) discloses a process and assembly for identifying and tracking
assets such as tubulars. In the Zierolf publication, tubulars in a tubing string are
tagged with radio frequency identification (RFID) devices. An external antenna is
electrically connected to each RFID device to extend the read range of the RFID
device. The Zierolf publication reports a read range of up to 15 inches or more with
the external antenna. A handheld transceiver connected to a handheld wand is used
to read the RFID devices. The handheld wand is held manually adjacent to the
tubulars or can be secured in a stationary position adjacent to the tubulars. The
transceiver transmits a radio frequency (RF) in the direction of the tubing string
through the wand. As the antenna on a given tubular passes the wand, the signal

coming out of the wand is received by the antenna and transmitted to the
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corresponding RFID device. The RFID device detects the signal and sends a RF
response through the antenna and wand to the transceiver.

[0004] There are various challenges in designing a system that automatically
tracks pipe activity on a rig. For example, there is a limited vertical free air space
between the rotary table and the bell nipple due to horizontal steel surfaces that clip
the magnetic fields in this space. The vertical free air space dictates the time
available for communication between the reader antenna and an ID tag. The
challenge then becomes whether the reader antenna placed underneath the rotary
table will have sufficient time to power up and read the ID tag while the pipe carrying
the ID tag is moving vertically through the rotary table and bell nipple. There are also
electrical and EM noises on the rig that could interfere with the readings made via
the reader antenna. In many cases, rigs do not follow standard electromagnetic
compatibility guidelines. This means that some machinery and wiring on rigs will
have electromagnetic field leakage from wiring that may interfere with the operation

of other machinery or instrumentation on the rig.

SUMMARY

[0005] In one embodiment of the invention, a system for tracking pipe activity on a
rig comprises a plurality of pipes, each pipe having an asset ID tag containing a code
unique to the pipe. The system includes a pipe handling space for assembling and
disassembling the pipes. The pipe handling space contains at least one pipe
handling apparatus. The system includes a first scanning zone located at a first
position in the pipe handling space. The first scanning zone contains a first reader
antenna. The system includes a second scanning zone located at a second position
in the pipe handling space. The second scanning zone contains a second reader
antenna. The system includes at least one reader for scanning the asset ID tags in
the pipe handling space through at least one of the first antenna and the second
antenna.

[0006] In one embodiment, the system further includes a controller in
communication with the at least one reader. The controller includes a processing
means for updating an activity record of each of the pipes. In one embodiment, the
system further includes a storage means for storing ID asset tag readings made by

the at least one reader.
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[0007] In one embodiment, the system further includes a drill floor, where the pipe
handling space contains a portion of the drill floor. In one embodiment, the first
position is closer to the drill floor than is the second position. In one embodiment, the
pipe handling apparatus is located at or near the drill floor, and the first position is
below the pipe handling apparatus. In one embodiment, the pipe handling apparatus
is a rotary table. In one embodiment, the pipe handling space further contains an
additional pipe handling apparatus located above the drill floor. In one embodiment,
the additional pipe handling apparatus is a roughneck having gripping means for
making or breaking connections between the pipes.

[0008] In one embodiment, at least one of the first reader antenna and second
reader antenna is an articulated reader antenna having a plurality of communication
antennas on movable arms. The movable arms define a space for receiving the
pipes, and a size of the space is adjustable by movement of the movable arms. In
one embodiment, the articulated reader antenna further comprises a loop power
antenna surrounding the communication antenna.

[0009] In one embodiment, at least one of the first reader antenna and second
reader antenna is a clam-shell reader antenna having a plurality of communication
antennas on a pair of clam shells. The clam shells define a space for receiving the
pipes, and a size of the space is adjustable by movement of the clam shells. In one
embodiment, the clam-shell reader antenna further comprises a plurality of power
antennas on the pair of claim shells.

[0010] In one embodiment, at least one of the first reader antenna and second
reader antenna is movable relative to the pipe handling space.

[0011] In one embodiment, the asset ID tags are long wavelength ID tags. In one
embodiment, the asset ID tags are RuBee tags. In one embodiment, the at least one
reader is configured to communicate with the asset ID tags using RuBee protocol.
[0012] In one embodiment, the pipe handling apparatus is selected from the group
consisting of rotary table, slips, elevator, spider, power tongs, backup units,
roughneck, and top drive.

[0013] In another embodiment of the invention, a method for tracking pipe activity
on a rig includes attaching a pipe stand to a drill string. The drill string is lowered
through a drill floor into a well. The drill string is scanned for an asset ID tag. A

reading is obtained via the scanning to determine an asset composition of the pipe
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stand. The asset composition indicates a string of pipes in the pipe stand. An activity
record of one or more of the pipes in the pipe stand is updated.

[0014] In one embodiment, the method further comprises building a plurality of
pipe stands and recording an asset composition of each pipe stand built in a
database prior to the attaching the pipe stand to the drill string. In one embodiment,
the pipe stand for the attaching is selected from the pipe stands built in built in the
building. In one embodiment, using the reading includes retrieving the asset
composition of the pipe stand from the database.

[0015] The method may also include attaching an additional pipe stand to the drill
string and repeating the lowering, the scanning, the using, and the updating for the
additional pipe stand.

[0016] The method may further include pulling the drill string out of the well
through the drill floor. The drill string is scanned for an asset ID tag via a first
antenna positioned near the drill floor. The drill string is scanned for an asset ID tag
via a second antenna positioned farther from the drill floor than the first antenna.
Using one or more readings obtained from the scanning via the first antenna or the
second antenna to determine an asset composition of a pipe stand pulled out of the
well with the drill string is determined. An activity record of one or more of the pipes
in the pipe stand pulled out of the well is updated.

[0017] In a further embodiment, an apparatus for tracking tagged tubulars
includes a first tag reader antenna, a second tag reader antenna, and a tag reader.
The first tag reader antenna is disposed proximate a drill floor, and configured to
detect signals emitted by a tag attached to a tubular. The second tag reader antenna
is disposed farther from the drill floor than the first tag reader antenna, and
configured to detect signals emitted by the tag attached to the tubular. The tag
reader is configured to receive identification information transmitted by the tag
attached to the tubular as the tubular moves past at least one of the first tag reader
antenna and the second tag reader antenna. The first tag reader antenna is
separated from the second tag reader antenna by a distance that is a function of
distance of separation between two tags attached to the tubular. Each of the first tag
reader antenna and the second tag reader antenna comprises a plurality of sections,

each section radially moveable with respect to a longitudinal axis of the tubular.
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[0018] It is to be understood that both the foregoing summary and the following
detailed description are exemplary of the invention and are intended to provide an
overview or framework for understanding the nature and character of the invention
as it is claimed. The principles disclosed have broad application, and the discussion
of any implementation is meant only to illustrate that embodiment, and not intended
to intimate that the scope of the disclosure, including the claims, is limited to that
embodiment. The accompanying drawings are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
specification. The drawings illustrate various embodiments of the invention and
together with the description serve to explain the principles and operation of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The following is a description of the figures in the accompanying drawings.
The figures are not necessarily to scale, and certain features and certain views of the
figures may be shown exaggerated in scale or in schematic in the interest of clarity
and conciseness.

[0020] Fig. 1 is a block diagram of a system for tracking pipe activity on a rig in
accordance with principles disclosed herein.

[0021] Fig. 2 is a perspective view of an articulated reader antenna in accordance
with principles disclosed herein.

[0022] Fig. 3 is a perspective view of a clam-shell reader antenna in accordance
with principles disclosed herein.

[0023] Fig. 4 is a schematic of a system for tracking pipe activity on a rig in
accordance with principles disclosed herein.

[0024] Fig. 5 is a flowchart illustrating a method of building pipe stands in
accordance with principles disclosed herein.

[0025] Fig. 6 is a flowchart illustrating a method of tracking pipe activity during
tripping in of a drill string in accordance with principles disclosed herein.

[0026] Fig. 7 is a flowchart illustrating a method of tracking pipe activity during
tripping out or back-reaming of a drill string in accordance with principles disclosed

herein.



WO 2012/112843 PCT/US2012/025572

NOTATION AND NOMENCLATURE

[0027] Certain terms are used throughout the following description and claims to
refer to particular system components. As one skilled in the art will appreciate,
companies may refer to a component by different names. This document does not
intend to distinguish between components that differ in name but not function. In the
following discussion and in the claims, the terms “including” and “comprising” are
used in an open-ended fashion, and thus should be interpreted to mean “including,
but not limited to... .” Also, the term “couple” or “couples” is intended to mean either
an indirect or direct connection. Thus, if a first device couples to a second device,
that connection may be through direct engagement of the devices or through an
indirect connection via other devices and connections. The recitation “based on”
means “based at least in part on.” Therefore, if X is based on Y, X may be based on

Y and any number of other factors.

DETAILED DESCRIPTION

[0028] Additional features and advantages of the invention will be set forth in the
detailed description that follows and, in part, will be readily apparent to those skilled
in the art from that description or recognized by practicing the invention as described
herein.

[0029] Fig. 1 shows a system 10 for tracking pipe activity on a rig. The system 10
includes a pipe handling space 12. The pipe handling space 12 is a space on the rig
where pipes are assembled and disassembled. The pipes could be drill pipes, riser
pipes, or other types of pipes used on the rig for the purpose of forming a well in an
earth formation. The rig could be a land rig or an offshore rig. Physically, the pipe
handling space 12 could be defined anywhere on the rig, such as at a well, at a
mousehole, or at a foxhole. The pipe handling space 12 is also a space where one
or more pipe handling apparatus are situated for the purpose of performing a
handling operation on a pipe. Some examples of pipe handling apparatus are rotary
table, slips, elevator, spider, power tongs, backup units, roughneck, and top drive.
Fig. 1 shows pipe handling apparatus 14 and 16 in the pipe handling space. Specific
examples of pipe handling apparatus in a pipe handling space are shown in Fig. 4

and will be discussed herein.
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[0030] The system 10 includes two or more scanning zones, such as scanning
zones 18, 20, 22, along the pipe handling space 12. The scanning zones 18, 20, 22
are located at different levels on the pipe handling space 12. For discussion
purposes, scanning zone 18 will be the level-1 scanning zone, scanning zone 20 will
be the level-2 scanning zone, and scanning zone 22 will be the level-3 scanning
zone. Each scanning zone contains a reader antenna for scanning objects passing
through the pipe handling space 12 for ID tags. In Fig. 1, level-1 scanning zone 18
contains level-1 reader antenna 24, level-2 scanning zone 20 contains level-2 reader
antenna 26, and level-3 scanning zone 22 contains level-3 reader antenna 28. In
some cases, a scanning zone also contains a pipe handling apparatus. For example,
level-1 scanning zone 18 contains pipe handling apparatus 14, and level-2 scanning
zone contains pipe handling apparatus 16. In these scanning zones, the reader
antenna may be mounted on, mounted inside, or positioned in close proximity to the
pipe handling apparatus. In the scanning zone 22, the reader antenna 28 is movable
relative to the pipe handling space 12. A motion apparatus 29 (such as a linear slide
or robot) may be used to move the reader antenna 28 into and out of the pipe
handling space 12 as needed. The scanning zones 18, 20, 22 are spaced apart by
some distance, which in one embodiment may be selected to be of the order of a
pipe length or of the order of a multiple of a pipe length.

[0031] The objects passing through the pipe handling space 12 that need to be
scanned for ID tags are pipes in one embodiment. Fig. 1 shows a string of pipes 30.
The pipe string 30 includes pipes 32. Each pipe 32 has at least one asset ID tag 34.
The asset ID tag 34 may be attached to the pipe 32 using any suitable method. U.S.
Patent No. 7,159,654 (published 9 January 2007; Ellison et al.) discloses various
methods of mounting ID tags on a pipe. For example, the asset ID tags could be
mounted in recesses formed in the box end or pin end of the pipe and wrapped in
protective materials. For each pipe 32, each asset ID tag 34 has an asset code
unique to the pipe 32. In some embodiments, the asset ID tag 34 may have memory
for storing information about the pipe 32 besides the asset code. The asset ID tag 34
may be a RFID tag, which is a transponder. In a preferred embodiment, the asset ID
tag 34 is a long wavelength identification (LWID) tag. A commercial example of a
LWID tag is a RuBee tag, which is a transceiver. RuBee operates at low frequencies,

below 450 kHz and optimally at 131 kHz, that are not attenuated by water and metal.



WO 2012/112843 PCT/US2012/025572

As such, RuBee tags can be read more accurately in environments containing a high
amount of liquid and metal than traditional RFID tags.

[0032] The following are some of the characteristics of RuBee (RuBee (IEEE
P1902.1) Fact Sheet, Feb. 2009 v1-6, Visible Assets, Inc.):

* RuBee is an active, wireless asset visibility technology that uses magnetic
waves.

* RuBee is unaffected by water, and steel can enhance or not affect RuBee
signal.

* RuBee reads in a volume and does not rely on line-of-sight.

*+ RuBee tags have a range of a few feet to over 50 feet depending on
antenna design and tag design.

+ Smart RuBee tags have a programmable microprocessor, with crystal
clock for date and time, 10+ years battery life, optional sensors, and
optional SRAM memory.

* RuBee protocol is an international wireless standard, IEEE 1902.1.

[0033] The system 10 includes one or more readers, such as readers 64, 66, 68.
The readers 64, 66, 68 are connected to the reader antennas 24, 26, 28,
respectively, via suitable wiring or cable. Each reader contains the necessary
circuitry or logic to communicate with the asset ID tags in the pipe handling space 12
via the reader antennas 24, 26, 28. Each reader may have an EM signal generator to
generate EM signals to send to the pipe handling space 12 during scanning of the
pipe handling space 12 for asset ID tags. Each reader may provide power to its
respective reader antenna. Each reader may have the capability to communicate
with other systems. The readers 64, 66, 68 are capable of communicating with the
asset ID tags 34 in the pipe handling space 12 using a protocol that the asset ID tags
34 understand. For example, if the asset ID tags 34 are RuBee tags, the readers 64,
66, 68 will communicate with the asset ID tags 34 using RuBee protocol. Each
reader scans the pipe handling space 12 for asset ID tags 34. If an asset ID tag 34 is
detected, the reader reads the asset ID tag 34. Therefore, scanning may or may not
involve reading of an asset ID tag 34. It may be possible to connect all the reader
antennas 24, 26, 28 to a single reader.

[0034] The system 10 includes a controller 69, which in one embodiment is

implemented as a computer system. The controller 69 includes one or more of a
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processor 70, memory 72, display 74, communications interface (or device(s)) 76,
and input interface (or device(s)) 78. The controller 69 can receive input from a user
via the input interface 78. The controller 69 can send instructions to and receive
responses from the readers 64, 66, 68 via the communications interface 76.
Information related to operation or use of the controller 69 may be presented on the
display 74. The controller logic may be loaded in the memory 72 or stored in a
computer-readable media 80 for subsequent loading into the memory 72. Data from
the readers 64, 66, 68 may be stored in the memory 72 or computer-readable media
80. The controller logic may include logic for tracking pipe activity, i.e., maintaining
and updating activity records of pipes, and logic for collating asset ID tag readings
into asset compositions of pipe stands. An asset composition of a pipe stand
indicates a string of pipes in the pipe stand. The memory 72 or computer-readable
media 80 may include a database for storing asset ID tag readings and asset
compositions of pipe stands. The controller 69 may also receive data from
instruments on sensors 82 on a rig via the communications interface 76. Such data
may be useful in tracking pipe activity.

[0035] Fig. 2 shows an articulated reader antenna 151 that may be used as one
or more of the reader antennas 24, 26, 28 in Fig. 1. The articulated reader antenna
151 includes a base 153 having an opening 155. The opening 155 is large enough
for passage of various objects, such as may be included in a drill string. A loop
antenna 157 is mounted on the base 153. The diameter of the loop antenna 157 is
roughly the same as the diameter of the opening 155. Actuators 159, 161, such as
hydraulic rotary actuators, are mounted on diametrically-opposed positions on the
base 153. L-shaped arms 163, 165 are supported within the loop antenna 157. The
L-shaped arms 163, 165 define a reading space 167 within the loop antenna 157.
The drill string 106 passes through the reading space 167, and the reading space
167 can be adjusted to accommodate different sizes of objects in the drill string 106.
Ends 163a, 165a of the L-shaped arms 163, 165 are coupled to the actuators 159,
161, respectively. The actuators 159, 161 are operable to rotate the L-shaped arms
163, 165 toward or away from the center of the loop antenna 157, thereby
decreasing or increasing the reading space 167.

[0036] Communication antennas 169, 171 are embedded in the L-shaped arm

163. Similar communication antennas are embedded in the L-shaped arm 165, but
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these communication antennas are not visible in the drawing of Fig. 2. In one
embodiment, the communication antennas 169, 171 (also the communication
antennas embedded in the L-shaped arm 165) are ferrite rod antennas. A ferrite rod
antenna is a coil of wire on a ferrite rod. In one embodiment, the L-shaped arms 163,
167 are molded from fiber reinforced plastic. The ferrite rod antennas could be
molded into the fiber reinforced plastic. The communication antennas 169, 171 (also
the communication antennas embedded in the L-shaped arm 165) are energized by
the loop antenna 157. Proximity sensors 173, such as ultrasonic sensors, are
mounted on the base 153 for monitoring the diameter of drill string components
passing through the articulated reader antenna 151. The output of the proximity
sensors 173 can be used to control the actuators 159, 161 such that the L-shaped
arms 163, 165 are brought close to the center of the loop antenna 157 to read asset
ID tags or moved away from the center of the loop antenna 157 to allow a larger drill
string component to pass through the loop antenna 157. Although not visible in the
drawing, suitable wiring is used to connect the loop antenna 157 and communication
antennas 169, 171 to a reader, respectively.

[0037] Fig. 3 shows a clam-shell reader antenna 181 that may be used as one or
more of the reader antennas 24, 26, 28 of Fig. 1. The clam-shell reader antenna 181
has clam shells 183, 185 in opposing relation. The clam shells 183, 185 may be
connected by one or more hinges on one side so that they can be swung toward or
away from each other, as indicated by the arrows 183a, 185a. Communication
antennas 187 and power antennas 189 are mounted on the clam shell 183. Similarly,
communication antennas 191 and power antennas 193 are mounted on the clam
shell 185. In one embodiment, the communication and power antennas are in a
crossed configuration. For example, the communication antennas 187, 191 are
oriented in a horizontal direction, while the power antennas 189, 193 are oriented in
a vertical direction. The antennas may be ferrite rods molded into the clam shells
183, 185. Cables 195, 197 may be used to connect the antennas on the clam shells
183, 185 to a reader. The reader scans the space 184 between the clam shells 183,
185 for asset ID tags. When an object 186 carrying an asset ID tag passes through
the space 184, the reader reads the asset ID tag through the communication
antennas 187. An asset ID tag reading typically involves the reader sending a signal

to the asset ID tag via a communication antenna and receiving a signal from the

10
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asset |ID tag via the communication antenna. The space 184 between the clam shells
183, 185 may be adjusted as needed to accommodate objects of different sizes. In
one embodiment, the clam shells 183, 185 are made of a magnetically-permeable
material such as fiber reinforced plastic.

[0038] Fig. 4 shows a practical implementation of a system 100 for tracking pipe
activity on a rig that uses the principles described above in reference to Fig. 1. The
system 100 includes a drill floor 102 located under a derrick 104. The drill floor 102 is
where a drill string 106 will be assembled and where the drill string 106 will begin its
trip into a well 108. At the top of the well 108 is a wellhead 110. The space between
the wellhead 110 and the top of the derrick 104 may be considered as the pipe
handling space. A rotary table 112, slips 114, a roughneck 116, and a top drive 118
are arranged in the pipe handling space. The rotary table 112 is mounted in a hole in
the drill floor 102. The slips 114 are wedges. When arranged between the rotary
table 112 and drill string 106, the slips 114 prevent the drill string 106 from slipping
down the rotary table 112. The roughneck 116 is mounted on a track 120 and can be
moved in and out of the pipe handling space on the track 120 as needed. The
roughneck 116 includes pipe gripping members that can be used to make or break
connections between pipes. The drill string 106 extends from the drill floor 102 into
the well 108 through a bell nipple 122, blowout preventers 124, 126, and the
wellhead 110.

[0039] A crown block 128 is mounted at the top of the derrick 104, and a traveling
block 130 hangs down from the crown block 128 by means of a cable or drilling line
132. One end of the cable or drilling line 132 is connected to a drawworks 134, which
is a reeling device that can be used to adjust the length of the cable or drilling line so
that the traveling block 130 moves up and down the derrick 104. The top drive 118 is
supported on a hook 136 attached to the bottom of the traveling block 130. When the
top drive 118 is coupled to the top of the drill string 106, the length of the cable or
drilling line 132 can provide an indication of the position of the top of the drill string
106 relative to the drill floor 102. In Fig. 4, the top of the drill string 106 is detached
from the top drive 118 to allow assembly of pipes into stands. Eventually, the top of
the drill string 106 will be coupled to the top drive 118 so that the top drive 118 can
be used to rotate the drill string 106 while a bit 138 at the bottom of the drill string
106 drills the well 108. A mousehole 140 in the drill floor 102 may hold a pipe 142 to

11
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be assembled into a stand or attached to the drill string 106. Fig. 4 shows stands
144, 146, 148 of pipes 142. Typically, each stand is made of three connected pipes.
[0040] Each pipe 142 has one or more asset ID tags, such as asset ID tags 150,
152 disposed at the box end 155 and pin end 160, respectively. Characteristics of
asset |ID tags have been discussed above with reference to Fig. 1. The system 100
has two reader antennas 154, 156. The reader antenna 154 is placed at level 1,
which is close to the drill floor 102. For example, the level-1 reader antenna 154 may
be placed in a substructure underneath the rotary table 112. The reader antenna 156
is placed at level 2, which is a distance above the drill floor 102. The level-2 reader
antenna 156 is farther from the drill floor 102 than the level-1 reader antenna 154 is
from the drill floor 102. For example, the level-2 reader antenna 156 could be placed
on the roughneck 116. The system 100 may have additional levels of reader
antennas. For example, a reader antenna 158 may be placed at level 3, which is a
distance above the drill floor 102 and a distance above level 2. The spacing between
the level-1 reader antenna 154 and level-2 reader antenna 156 may be about the
separation distance between the asset ID tags 150, 152 on the pipe 142 or slightly
less than the length of the pipe 142. In one embodiment, the separation distance
between the antennas 154, 156 is in a range from 20 ft to 30 ft. The same separation
distance range or a different one may be used between antennas 156, 158.

[0041] The level-1 reader antenna 154, which is placed underneath the rotary
table 112, where there is limited free vertical air space, could be implemented as an
articulated reader antenna, such as shown in Fig. 2. The articulated reader antenna
would allow the communication antenna to be placed close to the asset ID tag,
thereby improving signal-to-noise ratio and enabling more reliable reading of the
asset ID tag. Bringing the communication antenna close to the asset ID tag would
also reduce the time required for communication between the communication
antenna and asset ID tag. The level-2 reader antenna 156 could be secured to the
roughneck 116 using any suitable method and may even be disposed in a recess in
the roughneck 116. For reading of a RuBee tag, it is not necessary that there is a
line of sight between the antenna and the tag. However, for reading of a RFID tag, a
line sight may be necessary. In which case, arranging the reader antenna in the
roughneck 116 such that a line of sight can be established between the reader

antenna and the tag may be useful. A moving apparatus 158a (such as a linear slide
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or robot) may be coupled to the level-3 reader antenna and used to move the level-3
reader antenna 158 into and out of the pipe handling space as needed. The level-3
antenna may be a clam-shell antenna such as shown in Fig. 3. The reader antennas
154, 156, 158 are connected to readers as explained above with reference to Fig. 1.
[0042] Figs. 5-7 illustrate a method of tracking pipe activity on a rig using the
system of Fig. 4, which is based on the system of Fig. 1. In Fig. 5, pipe stands are
built and asset compositions of the pipe stands are recorded in a database for future
use. At 248, a process of building a new pipe stand is started. At 250, a pipe (142 in
Fig. 4) is brought, e.g., from the mousehole (140 in Fig. 4), into the pipe handling
space. The roughneck (116 in Fig. 4) is also brought into the pipe handling space, if
not already there, and used to connect the pipe to the drill string (106 in Fig. 4),
which is being held in the rotary table (112 in Fig. 4) via the slips (114 in Fig. 4). At
251, the drill pipe is attached to the drill string by the roughneck. At 252, while the
roughneck is making up the connection between the drill pipe and the drill string, the
level-2 reader reads the asset ID tag (152 in Fig. 4) at the pin end of the pipe via the
level-2 reader antenna (156 in Fig. 4). At 254, a determination is made about adding
more pipes to the current stand. At 256, if more pipes are to be added to the stand,
the slips are released, the drill string is lowered by the length of one drill pipe, the
slips are set again, and steps 250, 251, 252, and 254 are repeated. At 258, if more
pipes will not be added to the pipe stand, the slips are released and the drill string is
returned to its original position. Then, at 260, the drill pipe stand is detached from the
drill string using the roughneck. At 262, while detaching the pipe stand from the drill
string, the level-2 reader reads the asset ID tag on the first pipe in the pipe stand via
the level-2 reader antenna.

[0043] From the above, if there are three pipes in the pipe stand, the level-2
reader would make four readings: READING 1 (corresponding to the first pipe in the
stand), READING 2 (corresponding to the second pipe in the stand), READING 3
(corresponding to the third pipe in the stand), and READING 4 (corresponding to the
first pipe in the stand). This series of readings will define the asset composition, i.e.,
pipe string configuration, of the pipe stand. At 264, the asset composition of the pipe
stand is recorded in a database, which may be stored, for example, in the memory of
the controller (69 in Fig. 1) or in a computer-readable media (80 in Fig. 1). Additional

pipe stands can be built by returning to step 248. It should be noted that stands may

13



WO 2012/112843 PCT/US2012/025572

be built off the well center. The stands could be built at a foxhole or mousehole, for
example. It is possible in this case to use a handheld antenna and reader to read the
tags in the appropriate order while building the stands. It is also possible to mount
antennas in a pipe handling space defined at these offline locations and to use the
antennas and readers to read the tags in the appropriate order while building the
stands. Such readings can be recorded in the database as described above.

[0044] In Fig. 6, pipe activity is tracked while a drill string is tripped into a well. At
270, a process of attaching a new pipe stand, whose asset composition has been
recorded in the database, is started. At 272, the new pipe stand (e.g., 144 in Fig. 4)
is brought to the well center. At 274, the pipe stand is attached to the drill string while
the drill string is held in the slips (114 in Fig. 4) in the rotary table (112 in Fig. 4). The
roughneck (116 in Fig. 4) or other device may be used to attach the pipe stand to the
drill string. At 276, the slips are released and the drill string is tripped into (lowered
into) the well. At 278, as the new pipe stand attached to the drill string passes
through the rotary table, the level-1 reader, via the level-1 reader antenna (154 in
Fig. 4), reads an asset ID tag on the pipe stand. The level-1 reader only needs to
read a single asset ID tag on the pipe stand to identify all the pipes in the stand. At
280, the trip-in data is recorded. The trip-in data includes the asset ID tag reading,
which can be used to retrieve the asset composition of the pipe, and the position of
the stand in the drill string. Starting at the bit, a record of the order in which pipe
stands are added to the drill string is kept. This makes it possible to determine the
position of any stand in the drill string.

[0045] In Fig. 7, pipe activity is tracked while a drill string is tripped out or back-
reamed from the well. At 290, the drawworks (134 in Fig. 4) is operated to pull the
drill string up from the well. At 292, the level-1 reader antenna (154 in Fig. 1) scans
the drill string for asset ID tags as the drill string passes through the rotary table (112
in Fig. 4). The level-1 reader reads an asset ID tag on a pipe when it detects the
asset ID tag. At 292, the level-2 reader antenna (156 in Fig. 4) also scans for asset
ID tags and the level-2 reader may read an asset ID tag on a pipe if an asset ID tag
is detected. At 294, a determination is made to see if the level-2 reader has read an
asset ID tag on a pipe. At 296, if the level-2 reader antenna has not read an asset ID
tag, then the drill string is back-reaming and a pipe has not been removed from the

drill string. Removal of a pipe from the drill string would involve use of the roughneck
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(116 in Fig. 4) in the setup shown in Fig. 4. The back-reaming data is stored in the
database. The back-reaming data includes the asset ID tag reading by the level-1
reader. At 300, if the level-2 reader antenna has also read an asset ID tag, then one
or more pipe stands are being removed from the drill string. The trip-out data, which
includes the readings made by the level-1 reader antenna and level-2 reader
antenna, is stored in the database.

[0046] The trip-in data, the trip-out data, and the back-reaming data can be used
to update the pipe activity. The trip-in data, trip-out data, and the back-reaming data
contain asset ID tag readings that can be used to retrieve asset compositions of pipe
stands from the database. In one embodiment, each pipe has an activity record. The
pipes involved in activities on the rig can be identified using the trip-in, trip-out, and
back-reaming data. Once these pipes are identified, their activity records can be
updated accordingly. The processor 70 may handle the updating of the activity
records as needed. Each asset ID tag reading may be time-stamped so that the
length of each pipe activity can be determined and included in the corresponding
activity record. Using the number of times a pipe is active (i.e., in use) and the length
of time the pipe is active and in what situations the pipe is active, it may be possible
to determine the wear or fatigue level of the pipe.

[0047] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the scope of the invention

should be limited only by the attached claims.
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CLAIMS

1. A system for tracking pipe activity on a rig, comprising:

a plurality of pipes, each pipe having an asset ID tag containing a code unique
to the pipe;

a pipe handling space for assembling and disassembling the pipes, the pipe
handling space containing at least one pipe handling apparatus;

a first scanning zone located at a first position in the pipe handling space, the
first scanning zone containing a first reader antenna;

a second scanning zone located at a second position in the pipe handling
space, the second scanning zone containing a second reader antenna;

at least one reader for scanning the asset ID tags in the pipe handling space

through at least one of the first antenna and the second antenna.

2. The system of claim 1, further comprising a controller in communication with
the at least one reader, the controller comprising a processing means for updating

an activity record of each of the pipes.

3. The system of claim 1, further comprising a storage means for storing asset

ID tag readings made by the at least one reader.
4, The system of claim 1, wherein the pipe handling apparatus is a rotary table.

5. The system of claim 1, further comprising a drill floor, wherein the pipe

handling space intersects the drill floor.

6. The system of claim 5, wherein the first position is closer to the drill floor than

is the second position.

7. The system of claim 5, wherein the pipe handling apparatus is located at or
near the drill floor, and wherein the first position is below the pipe handling

apparatus.

8. The system of claim 5, wherein the pipe handling space further contains an

additional pipe handling apparatus located above the drill floor.
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9. The system of claim 8, wherein the additional pipe handling apparatus is a

roughneck having gripping means for making or breaking connections between the

pipes.

10.  The system of claim 1, wherein at least one of the first reader antenna and
second reader antenna is an articulated reader antenna having a plurality of
communication antennas on movable arms, the movable arms defining a space for
receiving the pipes, a size of the space being adjustable by movement of the

movable arms.

11.  The system of claim 10, wherein the articulated reader antenna further

comprises a loop power antenna surrounding the communication antennas.

12.  The system of claim 1, wherein at least one of the first reader antenna and
second reader antenna is a clam reader antenna having a plurality of communication
antennas on a pair of clam shells, the clam shells defining a space for receiving the

pipes, a size of the space being adjustable by movement of the clam shells.

13.  The system of claim 12, wherein the clam reader antenna further comprises a

plurality of power antennas on the pair of clam shells.

14.  The system of claim 1, wherein at least one of the first reader antenna and

second reader antenna is movable relative to the pipe handling space.
15.  The system of claim 1, wherein the asset ID tags are long wavelength ID tags.
16. The system of claim 15, wherein the asset ID tags are RuBee tags.

17. The system of claim 16, wherein the at least one reader is configured to

communicate with the asset ID tags using RuBee protocol.

18. The system of claim 1, wherein the pipe handling apparatus is selected from a
group consisting of rotary table, slips, elevator, spider, power tongs, backup units,

roughneck, and top drive.

19. A method for tracking pipe activity on a rig, comprising:
attaching a pipe stand to a drill string;

lowering the drill string through a drill floor into a well;
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20.

21.

scanning the drill string for an asset ID tag;

using a reading obtained via the scanning ©to determine an asset
composition of the pipe stand, the asset composition indicating a string of
pipes in the pipe stand; and

updating an activity record of one or more of the pipes in the pipe stand.

The method of claim 19, further comprising:
building a plurality of pipe stands and recording an asset composition of each
pipe stand built in a database prior to the attaching the pipe stand to the drill

string.

The method of claim 20, further comprising selecting the pipe stand for the

attaching from the pipe stands built in the building.

22.

The method of claim 21, wherein using the reading comprises retrieving the

asset composition of the pipe stand of step (d) from the database.

23.

24,

25.

The method of claim 19, further comprising:
attaching an additional pipe stand to the drill string and repeating the lowering,

the scanning, the using, and the updating for the additional pipe stand.

The method of claim 19, further comprising:

pulling the drill string out of the well through the drill floor;

scanning the drill string for an asset ID tag via a first antenna positioned near
the drill floor;

scanning the drill string for an asset ID tag via a second antenna positioned
farther from the drill floor than the first antenna;

using one or more readings obtained from the scanning via the first antenna
or the second antenna to determine an asset composition of a pipe
stand pulled out of the well with the drill string; and

updating an activity record of one or more of the pipes in the pipe stand pulled

out of the well.
Apparatus for tracking tagged tubulars, comprising:

a first tag reader antenna disposed proximate a drill floor, and configured to

detect signals emitted by a tag attached to a tubular;
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a second tag reader antenna disposed farther from the drill floor than the first
tag reader antenna, and configured to detect signals emitted by the tag
attached to the tubular; and

a tag reader configured to receive identification information transmitted by the
tag attached to the tubular as the tubular moves past at least one of the
first tag reader antenna and the second tag reader antenna;

wherein the first tag reader antenna is separated from the second tag reader
antenna by a distance that is a function of distance of separation
between two tags attached to the tubular;

wherein each of the first tag reader antenna and the second tag reader
antenna comprises a plurality of sections, each section radially

moveable with respect to a longitudinal axis of the tubular.

26. The apparatus of claim 25, wherein the first tag reader antenna is disposed
beneath a rotary table, and the second tag reader antenna is disposed above the

drill floor.

27. The apparatus of claim 25, wherein each of the first tag reader antenna and
the second tag reader antenna comprises a plurality of communication antennas and

a power antenna.

28. The apparatus of claim 27, wherein the power antenna is disposed
perpendicular to the longitudinal axis of the tubular, and the communication

antennas are disposed parallel to the longitudinal axis of the tubular.

29. The apparatus of claim 27, wherein the power antenna comprises a loop

antenna that encompasses the communication antennas.

30. The apparatus of claim 25, wherein at least one of the first tag reader antenna
and the second tag reader antenna comprises a proximity sensor configured to
determine a distance between the tubular and the antenna, and wherein the antenna
is configured to change positions based on an output of the proximity sensor

indicating that diameter of the tubular has changed.
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