wo 2020/005259 A1 | NI 00000 KO0 Y O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 January 2020 (02.01.2020)

(10) International Publication Number

WO 2020/005259 Al

WIPO I PCT

(51) International Patent Classification:
E2IB 47/00 (2006.01) GO1V 3/30 (2006.01)
GO1V 3/26 (2006.01)

(21) International Application Number:
PCT/US2018/040054

(22) International Filing Date:
28 June 2018 (28.06.2018)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant: HALLIBURTON ENERGY SERVICES,
INC. [US/US]; 3000 N. Sam Houston Parkway E., Hous-
ton, TX 77032 (US).

(72) Inventor: HAGEN, Trond; Veralia 21, 3219 Sandefjord
(NO).

(74) Agent: GARDNER, Jason, D. et al.; Kilpatrick Townsend
& Stockton LLP, Suite 1400, 4208 Six Forks Road, Raleigh,
NC 27609 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: ELECTRONIC SENSING OF DISCONTINUITIES IN A WELL CASING

318 3 G
N
I 50
by
S——
Kl 102~
112
~ / 340
4
I 35\0
e - N 3
2= ) 1 it
4 LN | - j
~] . i (i_:_ \
AN ! I 113
4
- 2 ] 4
20 /
L)
I
]
A

-
300

FIG. 3

(57) Abstract: Detecting discontinuities in a well casing accord-
ing to some aspects includes actively monitoring the electric cur-
rent response in an antenna or in antennas during the insertion of
a tubing string. The method does not require permanent magnets,
or any hardware elements beyond those that are already present in
a typical behind-casing measurement system. A system accord-
ing to some aspects includes an antenna that is mounted in or on
a tubing string and a voltage source that can be connected to the
antenna. A processing device is connected to the antenna and the
voltage source. The processing device applies an AC voltage to
the antenna and monitors a current generated in the antenna while
the AC voltage is being applied.
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ELECTRONIC SENSING OF DISCONTINUITIES IN A WELL CASING

Technical Field

[0001] The present disclosure relates generally to devices for use in well systems. More
specifically, but not by way of limitation, this disclosure relates to electronic detection of

discontinuities in a well casing during “run-in-hole” (RIH) operations.

Background

[0002] For penetration-free behind casing measurements, electronic systems use
antennas for power transfer and communication through the casing. The casing is normally
fixed to the formation by cementing. Electronics in or on a tubing string can couple to and
communicate with electronics outside the casing through the antennas. The electronics outside
the casing is part of the casing assembly during run-in-hole and cementing and its position is
fixed in the well when cemented. The electronics on the tubing string move up and down with
the tubing. In order to make accurate behind-casing measurements, the position of the tubing-
side antenna must be known so that the tubing-side antenna can be aligned with the electronics
outside the casing.

[0003] For placement at the appropriate location within the length of the casing,
permanent magnets, magnetic sensors, or a combination of these components can be added to
the tubing string to sense changes in magnetic fields. These magnetic sensing devices need to
be connected to appropriate electronics in order to process the signals generated by the
changing magnetic fields. Such a magnetic sensing system only works if the tubing string 1s
kept moving fast enough so that a signal caused by a changing magnetic field is strong enough

to be accurately sensed in the presence of noise within the system.

Brief Description of the Drawings

[0004] FIG. 1 1s a cross-sectional view of a portion of a formation with a well that
includes a well casing and a tubing string that includes a system according to some aspects.
[0005] FIG. 2 1s a schematic diagram that illustrates an equivalent circuit for monitoring

current in an antenna according to some aspects.
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[0006] FIG. 3 1s a block diagram of a system for sensing discontinuities in a well casing
according to some aspects.

[0007] FIG. 4 1s a block diagram of a system for sensing discontinuities in a well casing
according to additional aspects.

[0008] FIG. 5 1s a flowchart illustrating a method of electronically sensing

discontinuities in a well casing according to some aspects.

Detailed Description

[0009] Certain aspects of the present disclosure relate to the downhole placement of a
tubing-string instrument such as the tubing-side portion of a behind-casing measurement
system. Discontinuities (e.g., collar joints) in a well casing can be electronically detected and
tracked by actively monitoring the electric current response in an antenna or in antennas during
the insertion of the tubing string. Movement of the tubing string for the purpose of detecting
a discontinuity can be avoided, and permanent magnets, or any hardware elements beyond
those that are already present in a typical behind-casing measurement system, may not be
required.

[0010] Aspects of this disclosure can provide for counting casing sections during RIH
operations with the same equipment used for the antenna-based coupling of power and
communication signals during operation of a measurement system. As opposed to systems
using permanent magnets, coils or magnetic sensors to sense the changes in magnetic fields
while passing by a discontinuity, the system evaluates induced changes in the electrical load
of the antenna. In the case of a well with a casing, such discontinuities are typically casing
collar joints.

[0011] A system according to some aspects includes an antenna that can be mounted in
or on a tubing string and a voltage source that can be connected to the antenna. A processing
device can be connected to the antenna and the voltage source. The processing device is
operable to apply an AC voltage to the antenna using the voltage source and monitor a current
generated in the antenna while the AC voltage 1s being applied to the antenna and while the
tubing string is deployed within a well casing. The processing device senses a discontinuity

in the well casing by detecting a difference between the current generated in the antenna when
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the antenna 1s proximate to the discontinuity and the current generated in the antenna when the
antenna is not proximate to the discontinuity. The processing device can provide at least a
relative position indication based on sensing the discontinuity. That 1s, the processing device
can provide an indication that the system is near or not near a discontinuity.

[0012] In some aspects, the processing device can provide a depth derived from keeping
a count of discontinuities passed when it can be assumed the discontinuities are collar joints
and the length of a section of casing is known. In some aspects, the current generated in the
antenna 1s monitored by measuring a voltage drop across a current sensing component such as
a sensing resistor. In some aspects, the processing device is operable to control the voltage
source to set a frequency of the AC voltage in accordance with the physical characteristics of
the tubing string, the well casing, or both.

[0013] FIG. 1 depicts an example of a portion 100 of a formation with an example well
that includes a well casing 102 and a tubing string 104 that includes a system according to
some aspects. Casing 102 1s cemented in place by cement 106 disposed between well casing
102 and formation wall 108. The depicted portion of well casing 102 shown in FIG. 1 includes
collar joint 110. Tubing-side electronics 112 is connected to one or more antennas 113 and 1s
disposed in or on tubing string 104. In some aspects, the antenna or antennas 113 are on the
outside of the tubing string, located coaxially relative to the outer diameter of the tubing.
Behind-casing electronics 114 includes one or more antennas (not shown) that, in operation,
couple with antennas in tubing-side electronics 112 to provide measurement data for the
formation wall 108. A processing device that, in some aspects, implements discontinuity
detection can be built into tubing-side electronics 112 or can be located remotely and
connected to tubing-side electronics 112 through a cable or wireless connection. Such an
arrangement enables discontinuities in the well casing such as collar joint 110 to be detected
by the tubing-side electronics.

[0014] Tubing-side electronics 112 measures the load of an antenna or antennas by
monitoring the electric current passing through the antenna while the antenna is being
energized by an alternating current (AC) voltage. The frequency and amplitude of a signal
generator can be tuned for optimal performance with respect to the type of antenna and the

type of discontinuity to be detected. Using a square wave voltage (many simultaneous
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frequency components) may be advantageous but 1s not required. The shape of the current
response may be used as a parameter for determining what the antenna is seeing, since different
frequency components may respond differently in terms of load and phase. Using such a
technique, differences in response along the string may be detected by referring to tally
records. The position relative to the casing and the running velocity, if any, will influence the
response. In systems with more than one tubing-side antenna, the system can compensate for
the effect of velocity of the tubing string on the position indication, allowing the tubing string
to be moved at a higher velocity if desired. However, motion 1s not required for the system to
work. Once some readings have established antenna current levels, the instrument with the
antennas and hence the tubing string can be moved to various positions and stopped, and
proximity to a discontinuity can still be sensed with the system at rest.

[0015] FIG. 2 1s a schematic diagram that illustrates an equivalent circuit 200 for
monitoring current in an antenna according to some aspects. The current through the antenna
113, representing the electromagnetic load, 1s monitored by looking at the voltage drop Viign
over a current sensing component, sensing resistor 204, with an AC signal generator 206
applying an AC voltage to the circuit. The current generated in the antenna 113 and hence the
voltage drop across the sensing resistor 204 will vary and depend on the mass of magnetic or
conductive material near the antenna 113. The absolute value of Vi, by itself will not provide
an indication that there is a discontinuity such as casing collar joint near the antenna, but the
collar joints will produce a different value than the casing where there is no collar joint and a
processing device can determine based on these values when the antenna 113 is in proximity
to such a discontinuity. The changes in load of the antenna 113 are caused by changes in the
magnetic field pattern. The signal generator, antenna, and resistor are typically included in
behind-casing measurement systems for other purposes; therefore, in some cases, firmware or
software can implement aspects of this disclosure without additional hardware.

[0016] FIG. 3 1s a block diagram of a system 300 for sensing discontinuities in a well
casing according to some aspects. System 300 of FIG. 3 includes a topside controller 310,
which 1in turn includes a processing device 312 and a non-transitory memory device 314 in
which computer program code instructions 316 are stored for causing the processing device to

control system 300 to carry out electronic sensing as described herein. The controller 310 1s
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connected to tubing-side electronics 112 via transmission line 320 and a y-splitter 321. In
some aspects, transmission line 320 is a tubing encapsulated cable (“TEC”) and a local
electrical ground 322 may be provided. The TEC cable may also provide power to the tubing-
side electronics. Tubing-side electronics 112 includes interface module 330 with electronics
to interface with the TEC, electronics to interface with any sensors that are part of the tubing-
side instrument, and electronics to interface with the antenna driver. In this example, tubing-
side electronics includes sensor 328. Tubing-side electronics 112 also includes driver module
331. In this example, interface module 330 and driver module 331 are on tubing 340 of the
tubing string, which in turn is inside a well casing 102. Tubing 340 can be either magnetic or
nonmagnetic. This arrangement creates annulus 342 between tubing 340 and well casing 102.
[0017] The well casing may be conductive and magnetic in regions other than in the
regions where communication and power signals are to pass through the casing. In those
regions, the casing section is made to be as non-magnetic and non-conductive as possible.
When the example systems described herein are used for the purpose of communication
through the casing, they will typically be adjacent to non-magnetic casing. But when used for
the purpose of sensing discontinuities, the systems can be used during tubing RIH operations
for detecting discontinuities in a magnetic casing. When entering into a region where there
are casing side instruments, the discontinuity detection feature will clearly detect these
instruments since the casing segment in such a region is non-magnetic. Such discontinuities
will in fact be easier to detect than collar joints, which are typically of the same material as the
casing itself.

[0018] Driver module 331 of system 300 includes the antenna driver, the data
transmitter, the data receiver, and the power amplifier for the antenna 113. Driver module 331
can optionally include a signal improvement filter 344. The signal improvement filter may be
beneficial for easier detection of the interesting parts of the response signal picked up by
antenna 113. Signal improvement filter 344, as examples, may be a noise filter, low-pass filter,
or high-pass filter. The signal generator used by processing device 312 as a voltage source to
apply the AC voltage to the antenna and the sense resistor used to monitor the current generated
in the antenna while the AC voltage is being applied are also located in the driver module 331.

In some aspects, processing device 312 can set a frequency of the AC voltage being applied to
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antenna 113 in accordance with the physical characteristics of the tubing string, the well
casing, or both.

[0019] Still referring to FIG. 3, antenna 113 is mounted in this example on the outside
of tubing 340 in annulus 342. When the system 1s used for data communication or power
transfer, tubing-side antenna 113 links with a behind-casing antenna (not shown), which is
connected to casing-side electronics (not shown). However, when the system is used for
discontinuity detection as described herein, the changes in load in the antenna 113 are caused
by changes in the pattern of magnetic field 360, or eddy currents induced in antenna 113 by
magnetic field 360 as it 1s being influenced by discontinuities in the well casing. Magnetic
permeability of, eddy currents within, and electrical conductivity of the materials around the
antenna (inside and outside) will all contribute to the load as seen by monitoring the current
through the antenna. Processing device 312 can operate the system 300 to sense a discontinuity
in the well casing by detecting a difference between the current generated in the antenna when
the antenna 1s proximate to the discontinuity and the current generated in the antenna when the
antenna 1s not proximate to the discontinuity.

[0020] The same technique used herein for detecting discontinuities such as collar
joints in the well-casing can also detect objects behind the well casing, such as the behind-
casing electronics 114, to aid in placement of the tubing string. Additionally, the technique
can be made to work for casings that have minimal or no collar joints or when additional
detection points are desired by adding a ring of copper or other conductive material
surrounding the casing to be detected. Such a “shorting ring” will act as a one-turn, short
circuited, secondary coil of a transformer, where the tubing-side antenna serves as the primary
side. Such a shorting ring will provide a very distinct response in the tubing-side antenna. For
purposes of this disclosure, a collar joint, a shorting ring, or any metallic or partially metallic
object behind, in, on, or otherwise in proximity to the well-casing is considered a discontinuity
that can be detected by the system without necessarily establishing a data connection other
than the one used for communication uphole. A calculated position indication or an indication
that a discontinuity 1s being sensed can be provided by processing device 312 for storage in

memory device 314.
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[0021] In the example above, the topside controller 310 includes a processing device
312 and a memory device 314. The processor device 312 can execute one or more operations
for sensing a discontinuity in the well casing and controlling various devices to enable the
sensing. The processing device 312 can execute instructions stored in the memory device 314
to perform the operations. The processing device 312 can include one processing device or
multiple processing devices. Non-limiting examples of the processing device 312 include a
Field-Programmable Gate Array (“FPGA™), an application-specific integrated -circuit
(“ASIC”), a microprocessor, etc. The memory device can also be operable to store a count of
discontinuities encountered by the antenna. A device such as an FPGA or ASIC can also be
used to implement other modules. Such a device may include computer program code such as
computer program instructions 316 as part of its “wiring.”

[0022] The processing device 312 can be communicatively coupled to the memory
device 314. The non-volatile memory device 314 may include any type of memory device that
retains stored information when powered off. Non-limiting examples of the memory device
314 include electrically erasable and programmable read-only memory (“EEPROM?™), flash
memory, or any other type of non-volatile memory. In some examples, at least some of the
memory device 314 can include a non-transitory medium from which the processing device
312 can read instructions. A non-transitory computer-readable medium can include electronic,
optical, magnetic, or other storage devices capable of providing the processing device 312 with
computer-readable instructions or other program code. Non-limiting examples of a computer-
readable medium include (but are not limited to) magnetic disk(s), memory chip(s), ROM,
random-access memory (“RAM?”), an ASIC, a configured processor, optical storage, or any
other medium from which a computer processor can read instructions. The instructions can
include processor-specific instructions generated by a compiler or an interpreter from code
written in any suitable computer-programming language, including, for example, C, C++, C#,
etc.

[0023] An operator may provide input to controller 310 of FIG. 3 using an input/output
interface 390. An indication that a discontinuity has been sensed, a position indication, or a
count of discontinuities can also be provided to an operator through the input/output interface.

Input/output interface 390 can also be used by an operator to input information about the tubing



WO 2020/005259 PCT/US2018/040054

string and well casing so that processing device 312 can set an appropriate frequency or range
of frequencies for the AC voltage to be applied to antenna 113 by the signal generator in driver
module 331. An input/output interface may be located either locally or remotely relative to
the rest of the system. Any connections shown between a controller and other instruments or
hardware throughout this disclosure can be made wirelessly and can be between components
located remotely from each other through a direct or networked connection. Such a networked
connection can include the Internet.

[0024] FIG. 4 1s a block diagram of a system 400 for sensing discontinuities in a well
casing according to some aspects. System 400 is similar to system 300 of FIG. 3 in many
respects, and like reference numbers refer to like elements in FIG. 3 and FIG. 4. System 400
of FIG. 4 includes multiple antennas 113 and multiple driver modules 331. System 400 of
FIG. 4 includes the topside controller 310, which in turn includes a processing device 312 and
a non-transitory memory device 314, in this case with computer program code instructions 416
for causing the processing device to control system 400 to carry out electronic sensing with
multiple antennas 113. The tubing-side electronics of system 400 includes interface module
430 with electronics to interface with the TEC, electronics to interface with sensor 328, and
electronics to interface with multiple driver modules 331. When multiple antennas are used,
processing device 312 can monitor the current generated in each of the antennas and use this
information to determine a direction of movement for the tubing string by detecting a
difference in the current generated in at least two antennas at one time. The position relative
to the casing can be more accurately determined with multiple antennas from the difference in
signals from the individual antennas when located at a position where a transition of electric
or magnetic properties are within the length of the antennas, even when the tubing string is not
moving or moving slowly. The relative position will change as the tubing string moves
because there is more than one measuring point. An appropriate indication of direction and
position can be stored in memory device 314 and can be provided to an operator through the
input/output interface 390.

[0025] The systems of FIG. 3 and FIG. 4 can be implemented in varying ways. The
computer program code stored in memory device 314 can alternatively be stored within other

parts of the system, for example, interface module 330 or 430. Interface module 330 and 430
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can include an ASIC, an FPGA, or a microcontroller as the processing device. Firmware to
implement aspects of this disclosure on system 300 or system 400 can be stored in memory
that 1s part of a microcontroller or in a separate memory device that is part of the interface
module. The frequency of operation of the system can be varied as previously described. The
type of antenna used will depend on the chosen frequency of operation. In one example, the
signal generator applies an AC voltage of 100 Hz to the antennas. The frequency of operation
may be set by the processing device according to physical characteristics of the well casing,
the tubing string, the formation, or other structures present. In some examples, the frequency
of the AC voltage can be set as high as 100 kHz. A range of frequencies from 50 Hz to 150
Hz can be used. A range from 100 Hz to 100 kHz can also be used, in either case with antennas
of appropriate size and design.

[0026] FIG. 5 i1s a flowchart illustrating a method 500 of electronically sensing
discontinuities in a well casing according to some aspects. In this example, the method 500
includes operations performed by processing device 312 in controller 310 shown in FIG. 3 and
FIG. 4. At block 502, processing device 312 sets the frequency of the signal generator used
as an AC voltage source. The frequency is set in accordance with materials, lengths, and other
physical characteristics of the tubing string and the well casing. At block 504, the voltage
source 1s activated to feed the AC voltage to the antenna or antennas. At block 506, processing
device 312 monitors the current in each antenna by measuring the voltage across a sensing
resistor. At block 508, processing device 312 senses discontinuities, in this case, collar joints,
in the well casing based on the difference in antenna current between when the antenna 1s in
proximity to a collar joint when it is not in proximity to a collar joint. At block 510, a velocity-
compensated position and a direction of the antennas are provided for storage in memory
device 314 and optionally for display to an operator through input/output interface 390. At
block 512, a count of collar joints is incremented and stored, in accordance with the number
of collar joints sensed by the antennas of the system.

[0027]  Unless specifically stated otherwise, it i1s appreciated that throughout this

2% <¢ 2% <¢

specification that terms such as “processing,” “calculating,” “determining,” “operations,” or
the like refer to actions or processes of a computing device, such as the controller or processing

device described herein, that can manipulate or transform data represented as physical
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electronic or magnetic quantities within memories, registers, or other information storage
devices, transmission devices, or display devices. The order of the process blocks presented
in the examples above can be varied, for example, blocks can be re-ordered, combined, or
broken into sub-blocks. Certain blocks or processes can be performed in parallel. The use of
“configured to” herein 1s meant as open and inclusive language that does not foreclose devices
configured to perform additional tasks or steps. Additionally, the use of “based on” is meant
to be open and inclusive, in that a process, step, calculation, or other action “based on” one or
more recited conditions or values may, in practice, be based on additional conditions or values
beyond those recited. Elements that are described as “connected” or “connectable” can be
connected directly or through intervening elements.

[0028] In some aspects, a system and method for sending discontinuities in a well
casing 1s provided according to one or more of the following examples. As used below, any
reference to a series of examples is to be understood as a reference to each of those examples
disjunctively (e.g., "Examples 1-4" 1s to be understood as "Examples 1, 2, 3, or 4").

[0029] Example #1: A system includes an antenna mountable in or on a tubing string,
a voltage source connectable to the antenna and a processing device connectable to the antenna
and the voltage source. Te processing device 1s operable to apply an AC voltage to the antenna
using the voltage source, monitor a current generated in the antenna while the AC voltage is
being applied to the antenna and while the tubing string is deployed within a well casing, sense
a discontinuity in the well casing by detecting a difference between the current generated in
the antenna when the antenna is proximate to the discontinuity and the current generated in the
antenna when the antenna 1s not proximate to the discontinuity, and provide at least a relative
position indication based on sensing the discontinuity.

[0030] Example #2: The system of example 1 further includes a current sensing
component connectable to the antenna, and wherein the current generated in the antenna is
monitored by measuring a voltage drop across the current sensing component.

[0031] Example #3: The system of example(s) 1-2 wherein the processing device is
operable to control the voltage source to set a frequency of the AC voltage in accordance with

a physical characteristic of the tubing string, the well casing, or both.
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[0032] Example #4: The system of example(s) 1-3 wherein the processing device is
operable to store a count of discontinuities encountered by the antenna.

[0033] Example #5: The system of example(s) 1-4 wherein the antenna includes a
plurality of antennas, and wherein the processing device is operable to monitor a current
generated in each of the plurality of antennas while the AC voltage is being applied and while
the tubing string 1s deployed within the well casing.

[0034] Example #6: The system of example(s) 1-5 wherein the processing device is
operable to determine a direction of movement for the tubing string by detecting a difference
in the current generated in at least two of the plurality of antennas.

[0035] Example #7: The system of example(s) 1-6 wherein the discontinuity includes
at least one of a shorting ring or a collar joint.

[0036] Example #8: A method of sensing a discontinuity in a well casing includes
applying an AC voltage to an antenna mounted in or on a tubing string, monitoring a current
generated in the antenna while the AC voltage 1s being applied to the antenna and while the
tubing string 1s deployed within the well casing, sensing the discontinuity in the well casing
by detecting a difference between the current generated in the antenna when the antenna 1s
proximate to the discontinuity and the current generated in the antenna when the antenna is not
proximate to the discontinuity, and providing at least a relative position indication based on
sensing the discontinuity.

[0037] Example #9: The method of example 8 wherein the current generated in the
antenna 1s monitored by measuring a voltage drop across a current sensing component.
[0038] Example #10: The method of example(s) 8-9 further includes setting a
frequency of the AC voltage in accordance with a physical characteristic of the tubing string,
the well casing, or both.

[0039] Example #11: The method of example(s) 8-10 further includes storing a count
of discontinuities encountered by the antenna.

[0040] Example #12: The method of example(s) 8-11 wherein the antenna includes a
plurality of antennas, and the current generated in each of the plurality of antennas is

monitored.
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[0041] Example #13: The method of example(s) 8-12 further includes determining a
direction of movement for the tubing string by detecting a difference in the current generated
in at least two of the plurality of antennas.

[0042] Example #14: The method of example(s) 8-13 wherein the discontinuity
includes at least one of a shorting ring or a collar joint.

[0043] Example #15: A system for sensing collar joints in a well casing includes an
antenna mountable in or on a tubing string, a driver module connectable to the antenna, a
transmission line connectable to the driver module, and a controller connectable to the
transmission line. The controller 1s operable to apply an AC voltage to the antenna, monitor a
voltage drop across a sensing resistor connected to the antenna while the tubing string 1s
deployed within the well casing, sense a collar joint in the well casing by detecting a difference
between the voltage across the sensing resistor when the antenna i1s proximate to the collar
joint and the voltage across the sensing resistor when the antenna is not proximate to the collar
joint, and provide at least a relative position indication based on sensing the collar joint.
[0044] Example #16: The system of example 15 wherein the controller i1s further
operable to set a frequency of the AC voltage in accordance with the physical characteristics
of the tubing string, the well casing, or both.

[0045] Example #17: The system of example(s) 15-16 wherein the controller 1s further
operable to store a count of collar joints encountered by the antenna.

[0046] Example #18: The system of example(s) 15-17 wherein the antenna includes a
plurality of antennas, and wherein the controller is operable to monitor the voltage across the
sensing resistor for each of the plurality of antennas while the AC voltage is being applied and
while the tubing string 1s deployed within the well casing.

[0047] Example #19: The system of example(s) 15-18 wherein the controller is
operable to determine a direction of movement for the tubing string by detecting a difference
in the voltage across the sensing resistor for at least two of the plurality of antennas.

[0048] Example #20: The system of example(s) 15-19 wherein the driver module
includes a signal improvement filter.

[0049] The foregoing description of the examples, including illustrated examples, has

been presented only for the purpose of illustration and description and is not intended to be
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exhaustive or to limit the subject matter to the precise forms disclosed. Numerous
modifications, combinations, adaptations, uses, and installations thereof can be apparent to
those skilled in the art without departing from the scope of this disclosure. The illustrative
examples described above are given to introduce the reader to the general subject matter

discussed here and are not intended to limit the scope of the disclosed concepts.
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Claims

What is claimed is:

1. A system comprising:
an antenna mountable in or on a tubing string;
a voltage source connectable to the antenna; and
a processing device connectable to the antenna and the voltage source, the
processing device being operable to:
apply an AC voltage to the antenna using the voltage source;
monitor a current generated in the antenna while the AC voltage is being
applied to the antenna and while the tubing string is deployed within a well

casing;

sense a discontinuity in the well casing by detecting a difference between

the current generated in the antenna when the antenna is proximate to the
discontinuity and the current generated in the antenna when the antenna is not
proximate to the discontinuity; and

provide at least a relative position indication based on sensing the

discontinuity.

2. The system of claim 1 further comprising a current sensing component connectable to

the antenna, and wherein the current generated in the antenna is monitored by measuring a

voltage drop across the current sensing component.

3. The system of claim 1 wherein the processing device is further operable to control the

voltage source to set a frequency of the AC voltage in accordance with a physical characteristic

of the tubing string, the well casing, or both.

4. The system of claim 1 wherein the processing device is further operable to store a

count of discontinuities encountered by the antenna.
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5. The system of claim 1 wherein the antenna comprises a plurality of antennas, and
wherein the processing device is operable to monitor a current generated in each of the plurality
of antennas while the AC voltage is being applied and while the tubing string is deployed within

the well casing.

6. The system of claim 5 wherein the processing device is operable to determine a
direction of movement for the tubing string by detecting a difference in the current generated in

at least two of the plurality of antennas.

7. The system of claim 1 wherein the discontinuity comprises at least one of a shorting

ring or a collar joint.

8. A method of sensing a discontinuity in a well casing, the method comprising:
applying an AC voltage to an antenna mounted in or on a tubing string;
monitoring a current generated in the antenna while the AC voltage is being

applied to the antenna and while the tubing string is deployed within the well casing;
sensing the discontinuity in the well casing by detecting a difference between the

current generated in the antenna when the antenna is proximate to the discontinuity and
the current generated in the antenna when the antenna is not proximate to the
discontinuity; and

providing at least a relative position indication based on sensing the discontinuity.

9. The method of claim 8 wherein the current generated in the antenna is monitored by

measuring a voltage drop across a current sensing component.

10. The method of claim 8 further comprising setting a frequency of the AC voltage in

accordance with a physical characteristic of the tubing string, the well casing, or both.

11. The method of claim 8 further comprising storing a count of discontinuities

encountered by the antenna.
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12. The method of claim 8 wherein the antenna comprises a plurality of antennas, and

the current generated in each of the plurality of antennas is monitored.

13. The method of claim 12 further comprising determining a direction of movement for
the tubing string by detecting a difference in the current generated in at least two of the plurality

of antennas.

14. The method of claim 12 wherein the discontinuity comprises at least one of a

shorting ring or a collar joint.

15. A system for sensing collar joints in a well casing, the system comprising:
an antenna mountable in or on a tubing string;
a driver module connectable to the antenna;
a transmission line connectable to the driver module; and
a controller connectable to the transmission line, the controller operable to:
apply an AC voltage to the antenna,
monitor a voltage drop across a sensing resistor connected to the
antenna while the tubing string is deployed within the well casing;
sense a collar joint in the well casing by detecting a difference
between the voltage across the sensing resistor when the antenna is
proximate to the collar joint and the voltage across the sensing resistor
when the antenna is not proximate to the collar joint; and
provide at least a relative position indication based on sensing the

collar joint.

16. The system of claim 15 wherein the controller is further operable to set a frequency
of the AC voltage in accordance with the physical characteristics of the tubing string, the well

casing, or both.

17. The system of claim 15 wherein the controller is further operable to store a count of

collar joints encountered by the antenna.
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18. The system of claim 15 wherein the antenna comprises a plurality of antennas, and
wherein the controller is operable to monitor the voltage across the sensing resistor for each of
the plurality of antennas while the AC voltage is being applied and while the tubing string is
deployed within the well casing.

19. The system of claim 18 wherein the controller is operable to determine a direction of
movement for the tubing string by detecting a difference in the voltage across the sensing resistor

for at least two of the plurality of antennas.

20. The system of claim 15 wherein the driver module comprises a signal improvement

filter.
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