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Method and Apparatus to Detect a Conductive Body

Technical Field

The present invention relates generally to apparatus for making

measurements related to oil and gas exploration.

Background
In drilling wells for oil and gas exploration, understanding the structure

and properties of the associated geological formation provides information to aid
such exploration. In addition, drilling can be enhanced with systems and
methods to detect conductive bodies below the earth’s surface. The conductive
bodies can include metal piping used in various drilling techniques, where the

positioning of the metal piping can be important to the drilling operation.

Brief Description of the Drawings

Figure | illustrates an example system to determine a position of a
conductive body, in accordance with various embodiments.

Figure 2 shows example features of a method to determine a position of a
conductive body, in accordance with various embodiments.

Figure 3 shows an example of a tool structure to detect a conductive
body, 1n accordance with various embodiments.

Figure 4 shows an example of the tool structure of Figure 3 having two
pairs of coil antennas, 1n accordance with various embodiments.

Figure 5 shows a sinusoidal wave resulting from a received V), signal
corresponding to a tool, such as shown in Figure 4, at different positions around
a conductive body, in accordance with various embodiments.

Figure 6 shows a geometry for modeling a voltage magmtude to distance
relation, in accordance with various embodiments.

Figure 7 shows modeled results of a casing as a conductive body in a
homogeneous formation, where the casing 1s located at varying distances from a
detecting tool, in accordance with various embodiments.

Figure 8 shows an example of a tool to detect a conductive body using

twa tilted receiver coils, tn accordance with various embodiments.
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Figure 9 shows modeled signals received by tilted coils Ry and Ry, such
as shown 1n Figure 8, at various points of the tool arranged around a casing, in

accordance with various embodiments.
Figure 10 depicts a block diagram of features of an example system

having a tool configured with receiver sensors, in accordance with various

embodiments.

Figure 11 depicts an example system at a drilling site, where the system

includes a tool configured with receiver sensors, in accordance with various

embodiments.

Detailed Description

The following detailed description refers to the accompanying drawings
that show, by way of illustration and not limitation, various embodiments in
which the invention may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice these and other
embodiments. Other embodiments may be utilized, and structural, logical, and
electrical changes may be made to these embodiments. The various
embodiments are not necessarily mutually exclusive, as some embodiments can
be combined with one or more other embodiments to form new embodiments.

The following detailed description is, therefore, not to be taken in a limiting

sense.

Figure 1 shows a block diagram of an embodiment of a system 100 to
determine a position of a conductive body. System 100 includes a tool structure
105 having an arrangement of sensors 111-1, [11-2...111-(N-1), 111-N along
a longitudinal axis 117 of tool structure 105. Each sensor 111-1, 111-2 ... 111-
(N-1), 111 -N can be utilized as a transmitting sensor or a receiving sensor under
the control of control unit 115. Control unit 115 is operable to manage
generation of a probe signal from one or more transmitter sensors in the
arrangement of sensors 111-1, 111-2 ... 111-(N-1), 111-N and to manage
collection of received signals at the receiver sensors in the arrangement of
sensors 111-1, 111-2. .. 111-(N-1), 111-N. Control unit 115 is operable to
select one or more transmitter sensors from among the sensors in the

arrangement of sensors 111-1, 111-2 ... 111-(N-1), 111-N and to select one or
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more receiver sensors from among the sensors in the arrangement of sensors
111-1,111-2 ... 111-(N-1), 111-N such that the selected receiver sensors are
arranged to substantially cancel a primary signal associated with a probe signal
generated by a transmitter sensor in the arrangement of sensors 111-1, 111-2 . ..
111-(N-1), 111-N without rotating the receiver sensors to cancel the primary
signal and to capture a secondary signal generated from a conductive body
below the earth’s surface. The primary signal can be cancelled such that the
primary signal is completely canceled or cancelled to a level that the primary
signal 1s essentially cancelled. The conductive body is separate from structure
105 by a distance determined from received signals in the arrangement of
sensors 111-1, 111-2...111-(N-1), 111-N. System 100 can include a data
processing unit 120 to process the received signals to determine the position of
the conductive body

The arrangement of sensors 111-1, 111-2 .., 111-(N-1), 111-N can
include, but is not limited to, an arrangement of pairs of receivers that are
symmetric to a plane aligned with longitudinal axis 117. The arrangement of
pairs of receivers can provide cancellation of a primary magnetic field without
rotating the pairs of receivers. The arrangement of sensors 111-1, 111-2 .. .
111-(N-1), 111-N can include a tilted coil installed concentric with too! structure
105, where the tilted coil performs the same as a pair of straight coils in
cancellation of a primary magnetic field. For arrangements in which sensors
111-1, 111-2...111-(N-1), 111-N are tilted, each tilted sensor can be arranged
with respect to longitudinal axis 117.

Sensors 111-1, 111-2. .. 111-(N-1), 111-N can include a variety of
different types of receiving sensors. The receiving sensors in sensors 111-1,
111-2...111-(N-1), 111-N can be realized as any device that measures or
collects for processing a magnetic field. For example, coil antennas or
magnetometers can be used. Such receiving sensors are configured to measure
or collect for processing a magnetic field emitted from a conductive body, as a
result of a probe signal generated from a transmitter arranged in sensors 111-1,
111-2 ... 111-(N-1), 111-N. The probe signal generated from a transmitter
arranged 1n sensors 111-1, 111-2 .., 111-(N-1), 111-N causes a current to flow

in the conductive body. The receiving sensors in sensors 111-1, 111-2 ... 111-



CA 02810196 2013-03-01

WO 2013/019224 PCT/US2011/046394

10

135

20

25

30

(N-1), 111-N are arranged to collect a magnetic field generated by this current,
which provides this secondary field. From the secondary field, the conductive
body can be detected. The conductive body may be a casing in formation layers
below a surface dnlling region. The conductive body may be a casing in
formation layers below the bottom of a water region, for example, associated
with offshore drilling. The conductive body may include other piping and

conductive structures associated with drilling operations.

The transmitting sensor in the arrangement of sensors 111-1, 111-2 . . .
[11-(N-1), 111-N can include a focused electric dipole source to induce an
electric current in a region exterior 102 to tool structure 105. The receiving
sensors in the arrangement of sensors 111-1, 111-2...111-(N-1), 111-N can
include two sets of non-parallel coil antennas. The receiving sensors can include
two sets of coil antennas such that the two sets are non-parallel. Each pair of the
two sets of non-parallel coil antennas can be symmetrically installed with respect
to a plane that is aligned with a longitudinal axis of tool structure 105. The
rece1ving sensors in the arrangement of sensors 111-1, 111-2 ... 111-(N-1), 111-
N can include one or more pairs of tilted coils installed concentric on tool
structure 105. The tilted coils in each pair may be oriented orthogonal to each

other.

Control unit 115, which manages the generation of transmission signals
and which can manage the collection of received signals corresponding to the
transmission signals, can conduct the generation of transmission signals to
provide signals of different frequencies. The collected received signals can be
provided to data processing unit 120 in appropriate format to perform inversion
on data generated from signals acquired at receiving sensors in the arrangement
of sensors 111-1, 111-2...111-(N-1), 111-N. Data processing unit 120 can be
structured to utilize a forward model to perform the inversion on data generated

from signals acquired at receiving antennas. This forward model can be used to
determine a distance to a conductive body such as a pipe located below the
earth’s surface. This distance can be determined as a function of the received
signal and resistivity of the formation into which the probe signal is directed.
The conductive body to be detected is disposed in formation structure and can be

viewed as a formation structure. A look-up table for the distance involving one

4
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or more characteristics of the received signal and formation resistivity can be
constructed through forward modeling. With such a table, received signals can
be matched with entries in the table to determine the distance.

Figure 2 shows example features of an embodiment to determine a

5  position of a conductive body. The conductive body may be a casing, or other
piping, located downhole and/or underwater. At 210, a probe signal is generated
from a transmitting sensor of a tool. The tool can be disposed below the earth’s
surface, such as downhole and/or underwater. Generating a probe signal from a
transmitting sensor ¢an include using an electric dipole source to induce an

10 electric current in a region outside the tool.

At 220, signals are received in receiving sensors of the tool in response to
generating the probe signal, where the receiving sensors are arranged to
substantially cancel a primary signal associated with the probe signal without
rotating the receiving sensors to cancel the primary signal. The primary signal

15  can be cancelled such that the primary signal i1s completely canceled or cancelled
to a level that the primary signal is essentially cancelled. These receiving
sensors can capture a secondary signal generated from the conductive body
below the earth’s surface. The primary signal can include a primary magnetic
field and the secondary signal can include a secondary magnetic field.

20  Receiving signals in receiving sensors of the tool can include using two sets of
non-parallel antennas as receiver sensors. Receiving signals in receiving sensors
of the tool can include using a single pair of tilted coils installed concentric on a
collar on which the tool is mounted. The tilted coils in the single pair can be
ortented orthogonal to each other.

25 At 230, the received signals are processed to determine a position of the
conductive body. The tool can be positioned approximately parallel to the
conductive body. The tool and the conductive body can be positioned roughly
horizontal. The tool and the conductive body can be positioned roughly vertical.
The tool can be positioned at different angles with respect to the conductive

30 body. Processing the received signals can include determining an azimuthal
angle associated with the conductive body and a distance to the conductive body.
Determining the azimuthal angle and the distance can include determining the

azimuthal angle and the distance, while the tool is mounted on a non-rotational
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collar. Processing the received signals can include determining characteristics of
the conductive body. Determining characteristics of the conductive body can
include whether the conductive body is a casing associated with a well.

In various embodiments, systems and methods are used to provide

5  downhole casing detection, which can include locating the azimuthal angle and

the distance of the casing with respect to the tool making the measurements.
Coil antennas may be used to pick up magnetic fields. The configuration of the
coil antennas can be designed effectively to cancel the pnmary field associated
with activating a transmitter antenna to facilitate the extraction of a secondary

10  field coming from the casing. Two sets of non-parallel antennas as receivers can
be used such that the azimuthal angle and the distance to the casing can be
calculated while the tool is mounted on a non-rotational collar. The system may
include deploying a tool substantially parallel to the casing, or other piping, to be
detected, where the tool has receiver antennas arranged to cancel substantially a

15 primary signal without rotating the receiver antennas to cancel the primary signal
and to capture a secondary signal generated from the casing, or other piping,
below the earth’s surface. The primary signal can be cancelled such that the
primary signal 1s completely canceled or cancelled to a level that the primary
signal is essentially cancelled. The casing, or other piping, may be positioned in

20  a formation and/or underwater. Such apparatus and methods can also be used
for steam-assisted gravity drainage (SAGD) steering.

Typically, a SAGD technique includes using twin wells, one dnlled
relative to the other. For twin horizontal wells, one well is drilled above the
other, and steam injection is used to enhance the recovery of heavy oil. Steam

25 1njected to the upper well, for example, provides for heating of o1l. The heated
heavy oil and condensed steam are produced from the lower well. Such methods
can provide reduced oil viscosity, along with improved sweep and displacement
efficiency, which can result in a higher percentage of recovery than other
traditional methods.

30 By allowing two or more wellbores to be positioned within extremely
tight tolerances, magnetic ranging technology can help eliminate positional
uncertainty of conventional surveys and can provide more precise tolerance for

SAGD wells. The systems and methods, in accordance with the teaching herein,
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can be used to provide SAGD steering. Such SAGD steering can be applied to
non-honizontal wells.

Various components of a system including a tool, having one or more
sensors operable such that selected receiver sensors are arranged to substantially
cancel a primary signal, associated with a probe signal generated by a transmitter
sensor, without rotating the receiver sensors to cancel the primary signal and to
capture a secondary signal generated from a conductive body below the earth’s
surface, as described herein or in a similar manner, may be realized in
combinations of hardware and software based implementations. The primary
signal can be cancelled such that the primary signal is completely canceled or
cancelled to a level that the primary signal is essentially cancelled. These
implementations may include a machine-readable storage device having
machine-executable instructions, such as a computer-readable storage device
having computer-executable instructions, to generate a probe signal from a
transmitting sensor of a tool, which can be disposed below the earth’s surface; to
receive signals in receiving sensors of the tool in response to generating the
probe signal, where the receiving sensors are arranged to cancel substantially a
primary signal associated with the probe signal without rotating the receiving
sensors to cancel the primary signal and to capture a secondary signal generated
from a conductive body below the earth’s surface; and to process the received
signals to determine a position of the conductive body. The primary si gnal can
be cancelled such that the primary signal is completely canceled or cancelled to a
level that the primary signal is essentially cancelled. The instructions can
include instructions to manage the tool, detect conductive bodies, and provide
SAGD steering operation in accordance with the teachings herein. Further, a
machine-readable storage device, herein, is a physical device that stores data
represented by physical structure within the device. Examples of machine-
readable storage devices include, but are not limited to, read only memory
(ROM), random access memory (RAM), a magnetic disk storage device, an
optical storage device, a flash memory, and other electronic, magnetic, and/or
optical memory devices.

To detect a downhole parallel casing, an effective approach can use a

long drilling collar for antennas to inject electric currents into the formation.
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When the currents hit the casing, a longitudinal current forms along the casing,
which generates secondary magnetic fields. The recervers on a tool can pick up
the secondary magnetic fields and obtain the casing information by processing
received data. Magnetometers have been used as receivers in conventional
5 systems. The magnetic fields in the formation are composed of two components,

the primary field generated by the currents on the drilling collar and the
secondary field from the casing. The primary field i1s much stronger than the
secondary field such that it may be difficult to extract the secondary field from
the signals received by magnetometer receivers in conventional systems.

10 Figure 3 shows an example embodiment of a tool structure 305 to detect
a conductive body 301. Paired receivers 310-1 and 310-2 can be used to receive
a magnetic field. In some embodiments, magnetometers can be used as paired
recetvers 310-1 and 310-2. In other embodiments, coil antennas 310-1 and 310-
2 can be used to receive a magnetic field rather than magnetometers. Coil

15 antennas 310-1 and 310-2 can be structured as a single tilted coil around the
collar or as a pair of plane-symmetrical coils whose moments are perpendicular
to the collar axis. As a single tilted coil around the collar or as a pair of plane-
symmetrical coils, this tool can be applied on a rotation collar to find and cancel
the primary field to locate conductive body 301. Tool structure 305 can include

20 atransmitter 312. In an application, conductive body 301 can be a casing of a
drilhing operation.

If the collar does not rotate, the magnitude and the source location of the
secondary field are not able to be determined using received signals by one pair
of coils, that is, the location of the conductive body 301 cannot be determined.

25  Invarious embodiments, tool 305 can be structured to have at least two pairs of
coll antennas. The two pairs can be orthogonal to each other to simplify data
processing algorithm. However, the two pairs can be oriented at any angle other
than zero degrees. Each pair can be symmetrically installed with respect to a

plane that 1s aligned with the collar axis.

30 Figure 4 shows an example embodiment of tool structure 305 to detect
conductive body 301 having two pairs of coil antennas. One pair includes coil
antenna 310-1 and coil antenna 310-2 that are symmetrical with respect to the

plane YZ. The other pair includes coil antenna 310-3 and coil antenna 310-4
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that are symmetrical about the plane XZ. Signals from the paired coil antennas

can be combined in the following way,

Vy = (Veoil + Veoiiz) / 2 (1a)
Vi=(Vcois + Vcoi) / 2 (1b)

where ¥V, and V), represent the received voltages by coil pair 3-4 and coil pair 1-
2, respectively. Based on the onientations of the coils, coil antenna 310-1 and

10 coil antenna 310-2 only receive y-component of the magnetic field, and coil
antenna 310-3 and coil antenna 310-4 only receives x-component of the
magnetic field. Similar results occur with other types of receiving sensors.

Physically, the primary magnetic field lies in the §-direction and lies

symmetrical around the collar axis. The primary magnetic field is in opposite

15 direction when penetrating the two coils in each pair. Hence, the contribution of
the primary magnetic field has been canceled 1n ¥, and V,. On the other hand,
the secondary magnetic ficld from conductive body 301 stays in the same
direction at two paired coils, and their contribution to the received voltage
remains in ¥, and ¥,. In a homogeneous formation, when the downhole for the

20  tool 1s strictly parallel to conductive body 301, pure signals from conductive
body 301 are provided according to equation 1. Under this condition, if the tool
were to rotate around conductive body 301, the received ¥, would be a
sinusoidal wave as shown in Figure 5, that is, Figure 5 shows a sinusoidal wave
resulting from a received V), signal corresponding to a tool, such as shown in

25  Figure 4, at different positions around conductive body 301. V, has a similar
shape but with 90 degree phase shift. Thus, the received voltages can be used to
determine the azimuthal angle of conductive body 301 relative to tool 305S.

For the unknown location of a nearby conductive body 301, once the ¥V,

and V), are measured, the azimuthal angle of conductive body 301 with respect to

30 the x-axis can be determined by equation 2,

cig (6) =V, / Vi (2)

where ctg () denotes the cotangent function of #, and the maximum value of 7,

V), or the magnitude of the sinusoidal curve 1n Figure 5, can be determined by

equation 3,
35 Vmax = ‘\/-(VXZ t V}'z) (3)

9
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The magnitude given above is related to the distance of conductive body 301 to
tool 305. Figure 6 shows a geometry for modeling the voltage magnitude to
distance relationship. Figure 7 shows modeled results of a casing as conductive
body 301 in a homogeneous formation, where the casing 1s located at varying

distances from the detecting tool.

The distance from tool structure 305 to conductive body 301 can be
derived as a function of the measured voltage amplitude and the formation
resistivity and dielectric constant, 1.e.

d = f{Vinax, R, €) (4)

=f(Vmax, R) at a low frequency band

A two-dimensional look-up table, in terms of a voltage magnitude and formation
resistivity, for the distance can be constructed through forward modeling. A
forward model provides a set of mathematical relationships for sensor response
that can be applied to determining what a selected sensor would measure 1n a
particular environment, which may include a particular formation. Inan
application, with conductive body 301 being a casing, the casing distance can be
inverted based on the built look-up table by inputting the measured voltage

magnitude and the known or derived resistivity.

Figure 8 shows an example embodiment of a tool to detect a conductive
body 401 using two tilted receiver coils. In the above discussions with respect to
Figures 3, 4, and 6, coil receivers are paired to cancel the effect of the primary
magnetic field. A tilted coil installed concentric with the collar performs the
same as a pair of straight coils in cancellation of the primary magnetic field.
Two tilted coils 410-1 and 410-2 can be arranged to function similar to two pairs
of coils. For the simplicity in data processing, two tilted coils can be mnstalled
orthogonal to each other, Ry (410-1) facing 1n the x-direction, and Ry (410-1)

facing the y-direction.

Figure 9 shows modeled signals received by the tilted coils Ry (410-1)
and Ry (410-1), such as shown in Figure 8, at various points of the tool arranged
around a casing as conductive body 401. The signal from R, 1s referred to as V,
that reflects the x-component of the magnetic field and the signal from Ry 1s
referred to as V, reflecting the magnitude of the y-component of the magnetic

field. The curves in Figure 9 show the real signal from the casing. The primary

10
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field has been cancelled by the symmetrical geometry of the tilted coil. Using
the procedure described by equations 2 and 3 applied to the signals from the
tilted receivers Ry and R,, the azimuthal angle and the distance to the casing can
be determined in the similar way as discussed above with respect to the two pairs
of coils. The use of two or more pairs of coils or a single pair of tilted receivers
can be used for both casing detection and SAGD steering. In addition, a number
of tilted receivers can be used in a tool to detect a conductive body and/or to
provide SAGD steering.

Designs using at least two pairs of coil receivers to cancel the effect of
the primary magnetic field or using a pair of tilted coil installed concentric with
the collar on which 1t is attached can automatically cancel the strong primary
signals generated by the currents on the collar. This cancellation significantly
facilitates the extraction of the secondary magnetic fields transmitted by a
conductive body, such as a casing, from the received total signal. A tool having
receiver sensors arrangement according to the designs taught herein can be used
on a non-rotational collar and on a rotational collar. The designs of the tools
taught herein provide the capability of obtaining high reliability and sensitivity.

Figure 10 depicts a block diagram of features of an example embodiment
of a system 500 having a tool 505 configured with sensors arranged such that
recerver sensors 510 are arranged to substantially cancel a primary signal
associated with a probe signal generated by a transmitter sensor 512 without
rotating the receiver sensors 510 to cancel the primary signal and to capture a
secondary signal generated from a conductive body below the earth’s surface.
The primary signal can be cancelled such that the primary signal is completely
canceled or cancelled to a level that the primary signal is essentially cancelled.
System 500 includes tool 505 having an arrangement of transmitter sensors 512
and receiver sensors 510 that can be realized in a similar or identical manner to
arrangements of sensors discussed herein. System 500 can be configured to
operate i accordance with the teachings herein.

System 500 can include a controller 525, a memory 530, an electronic
apparatus 565, and a communications unit 535. Controller 525, memory 530,
and communications unit 535 can be arranged to operate as a processing unit to

control operation of tool 505 having an arrangement of transmitter sensors 512

11
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and receiver sensors 510 and to perform one or more inversion operations on the
signals collected by tool 505 to determine a distance of tool 505 to a conductive
body, such as a casing or other piping, in a manner similar or identical to the
procedures discussed herein. Such a processing unit can be realized using a data
processing unit 520, which can be implemented as a single unit or distributed
among the components of system 500 including electronic apparatus 565.
Controller 525 and memory 530 can operate to control activation of transmutter
sensors 512 and selection of receiver sensors 510 in tool 505 and to manage
processing schemes in accordance with measurement procedures and signal
processing as described herein. System 500 can be structured to functionin a
manner similar to or identical to structures associated with Figures 1-9.

Communications unit 535 can include downhole communications for
appropriately located sensors. Such downhole communications can include a
telemetry system. Communications unit 535 may use combinations of wired
communication technologies and wireless technologies at frequencies that do not
interfere with on-going measurements.

System 500 can also include a bus 527, where bus 527 provides electrical
conductivity among the components of system 500. Bus 527 can include an
address bus, a data bus, and a control bus, each independently configured or in
an integrated format. Bus 527 can be realized using a number of different
communication mediums that allows for the distribution of components of
system 500. Use of bus 527 can be regulated by controller 525.

In various embodiments, peripheral devices 545 can include additional
storage memory and/or other control devices that may operate in conjunction
with controller 525 and/or memory 530. In an embodiment, controller 525 is
realized as a processor or a group of processors that may operate independently
depending on an assigned function. Peripheral devices 545 can be arranged with
one or more displays 35535, as a distributed component on the surface, that can be
used with instructions stored in memory 530 to implement a user interface to
monitor the operation of tool 505 and/or components distributed within system
500. The user interface can be used to input operating parameter values such

that system 500 can operate autonomously substantially without user

intervention.
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Figure 11 depicts an embodiment of a system 600 at a dnilling site, where
system 600 includes a measurement tool 605 configured with sensors, the
sensors arranged such that receiver sensors are arranged to substantially cancel a
primary signal associated with a probe signal generated by a transmitter sensor
without rotating the receiver sensors to cancel the primary signal and to capture a
secondary signal generated from a conductive body below the earth’s surface.
The primary signal can be cancelled such that the primary signal 1s completely
canceled or cancelled to a level that the primary signal is essentially cancelle\d.
System 600 includes tool 605 having arrangements of transmitters and receivers
that can be realized in a similar or identical manner to arrangements discussed
herein.

System 600 can include a dnlling rig 602 located at a surface 604 of a
well 606 and a string of drill pipes, that is, dnll string 608, connected together so
as to form a drilling string that 1s lowered through a rotary table 607 into a
wellbore or borehole 612. The dnlling rig 602 can provide support for driil
string 608. The dnll string 608 can operate to penetrate rotary table 607 for
dnilling a borehole 612 through subsurface formations 614. The drill string 608
can include drill pipe 618 and a bottom hole assembly 620 located at the lower
portion of the drill pipe 618.

The bottom hole assembly 620 can include drill collar 615, measurement
tool 605 attached to drill collar 615, and a drill bit 626. The drill bit 626 can
operate to create a borehole 612 by penetrating the surface 604 and subsurface
formations 614. Measurement tool 605 can be structured for an implementation
in the borehole of a well as a measurements-while-drilling (MWD) system such
as a logging-while-drilling (LWD) system to detect a casing or other conductive
body in another borehole or to provide SAGD steering. Measurement tool 605
can be structured for an implementation in an offshore environment. The
housing containing measurement tool 605 can include electronics to activate
transmitters of measurement tool 605 and collect responses from receivers of
measurement tool 605. Such electronics can include a data processing unit to
analyze signals sensed by measurement tool 605 and provide measurement
results, such as distance and direction from tool 605 to a conductive body, to the

surface over a standard communication mechanism for operating a well.
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Alternatively, electronics can include a communications interface to provide
signals sensed by measurement tool 605 to the surface over a standard
communication mechanism for operating a well, where these sensed signals can
be analyzed at a processing unit at the surface.

5 In various embodiments, measurement tool 605 may be included 1n a tool
body 670 coupled to a logging cable 674 such as, for example, for wireline
applications. Tool body 670 containing measurement tool 605 can include
electronics to activate transmitters of measurement tool 605 and collect
responses from receivers of measurement tool 605. Such electronics can include

10  a data processing unit to analyze signals sensed by measurement tool 605 and
provide measurement results, such as distance and direction from tool 605 to a
conductive body, to the surface over a standard communication mechanism for
operating a well. Alternatively, electronics can include a communications
interface to provide signals sensed by measurement tool 605 to the surface over a

15  standard communication mechanism for operating a well, where these collected
sensed signals are analyzed at a processing unit at the surface. Logging cable
674 may be realized as a wireline (multiple power and communication lines), a
mono-cable (a single conductor), and/or a slick-line (no conductors for power or
communications), or other appropriate structure for use in bore hole 612.

20 During dnlling operations, the drill string 608 can be rotated by the
rotary table 607. In addition to, or alternatively, the bottom hole assembly 620
can also be rotated by a motor (e.g., a mud motor) that is located downhole. The
drill collars 615 can be used to add weight to the drill bit 626. The drill collars
615 also can stiffen the bottom hole assembly 620 to allow the bottom hole

25  assembly 620 to transfer the added weight to the drill bit 626, and in turn, assist
the drill bit 626 in penetrating the surface 604 and subsurface formations 614.

During drilling operations, 2 mud pump 632 can pump drilling fluid
(sometimes known by those of skill in the art as “drilling mud”) from a mud pit
634 through a hose 636 into the drill pipe 618 and down to the drill bit 626. The

30  dnlhing fluid can flow out from the drill bit 626 and be returned to the surface
604 through an annular area 640 between the drill pipe 618 and the sides of the
borehole 612. The drilling fluid may then be returned to the mud pit 634, where

such fluid 1s filtered. In some embodiments, the drilling fluid can be used to
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cool the dnll bit 626, as well as to provide lubrication for the drill bit 626 during
drilling operations. Additionally, the drilling fluid may be used to remove
subsurface formation 614 cuttings created by operating the drill bit 626.
Although specific embodiments have been illustrated and described
5 herem, it will be appreciated by those of ordinary skill in the art that any

arrangement that 1s calculated to achieve the same purpose may be substituted
for the specific embodiments shown. Various embodiments use permutations
and/or combinations of embodiments described herein. It is to be understood
that the above description 1s intended to be illustrative, and not restrictive, and

10 that the phraseology or terminology employed herein is for the purpose of
description. Combinations of the above embodiments and other embodiments

will be apparent to those of skill in the art upon studying the above description.
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CLAIMS

What is claimed 1s:

1. A method comprising:
5 generating a probe signal from a transmitting sensor of a tool disposed
below the earth’s surface,
recelving signals in receiving sensors of the tool in response 1o
generating the probe signal, the receiving sensors arranged to substantially
cancel a primary signal associated with the probe signal without rotating the
10  receiving sensors to cancel the primary signal and to capture a secondary signal
generated from a conductive body below the earth’s surface; and

processing the received signals to determine a position of the conductive

body.

15 2. The method of claim 1, wherein generating a probe signal from a
transmitting sensor includes using an electric dipole source to induce an electric

current in a region outside the tool.

3. The method of claim 1, wherein the primary signal includes a primary

20  magnetic field and the secondary signal includes a secondary magnetic field.

4, The method of claim 1, wherein receiving signals in receiving sensors of

the tool includes using two sets of non-parallel antennas as receiver sensors.

25 5. The method of claim 1, wherein receiving signals in receiving sensors of
the tool includes using a single pair of tilted coils installed concentric on a collar

on which the tool 1s mounted.

6. The method of claim §, wherein the tilted coils in the single pair are

30  onented orthogonal to each other.

7. The method of claim 1, wherein the method includes positioning the tool

approximately parallel to the conductive body.

16
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8. The method of claim 1, wherein processing the received signals includes
determining an azimuthal angle associated with the conductive body and a

distance to the conductive body.

5 9. The method of claim 8, wherein determining the azimuthal angle and the
distance includes determining the azimuthal angle and the distance, while the

tool 1s mounted on a non-rotational collar.

10. The method of claim 1, wherein processing the received signals includes

10 determining characteristics of the conductive body.

11. The method of claim 10, wherein determining characteristics of the
conductive body includes whether the conductive body 1s a casing associated

with a well.
15

12. A machine-readable storage device having instructions stored thereon,
which, when performed by a machine, cause the machine to perform operations,

the operations comprising the method of any of claims 1 to 11.

20 13. A system comprising:
a transmitter sensor and receiver sensors disposed on a structure, the
receiver sensors arranged to substantially cancel a primary signal associated with
a probe signal generated by the transmitter sensor without rotating the receiver
sensors to cancel the primary signal and to capture a secondary signal generated
25  from a conductive body below the earth’s surface, the conductive body separate
from the structure;
a control unit operable to manage generation of the probe signal from the

transmitter sensor and to manage collection of recerved signals at the receiver

sensors; and

30 a data processing unit to process the received signals to determine a

position of the conductive body.

14.  The system of claim 13, wherein the transmitting sensor includes a

17
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focused electric dipole source to induce an electric current in a region exterior to

the structure.

15. The system of claim 13, wherein the receiving sensors includes two sets

5  of coil antennas such that the two sets are non-parallel.

16.  The system of claim 13, wherein the receiving sensors includes two sets
of non-parallel coil antennas such that each pair of the two sets of non-parallel
coil antennas are symmetrically installed with respect to a plane that is aligned

10  with a longitudinal axis of the structure.

17.  The system of claim 13, wherein the receiving sensors includes one or

more pairs of tilted coils installed concentric on the structure.

15 18.  The system of claim 17, wherein the tilted coils in each pair are oriented

orthogonal to each other.

19.  The system of claim 13, wherein the system includes a machine-readable
storage device having instructions stored thereon, which, when performed by the
20  system, cause the system to perform operations, the operations comprising the

method of any of claims 1 to 11.

20.  The system of claim 13, wherein the transmitter sensor, the receiver
sensors, the control unit, and the data processing unit are configured to operate

25 according to any of claims 1 to 11.

18



CA 02810196 2013-03-01

WO 2013/019224 PCT/US2011/046394
1/7
115
Control Unit
117
111-N

Transmitter or
Recelver

117

105

111-(N-1)
Transmitter or
Receiver

117 102

102

111-2
Transmitter or
Receiver

117

111-1
Transmitter or
190 Receiver

Data He
Processing

Unit

FIG. 1



CA 02810196 2013-03-01

WO 2013/019224 PCT/US2011/046394
2/7

210

Generate a probe signal from a transmitting sensor of a tool

220

Receive signals in receiving sensors of the tool in response to
generating the probe signal, the receiving sensors arranged to
essentially cancel a primary signal associated with the probe signal
without rotating the receiving sensors to cancel the primary signal

230
Process the received signals to determine a pasition of a
conductive body
FIG. 2
/ 305 201
Excitation Current-<_ F= Transmitter _-~Current
. 0 312 Secondary
Primary Magnetic ---t1t--._.--~Magnetic Field
Field --.. P & i R
\ 4::1,_/
Paired Recefvers--,
310-1 n 310-2

A~
FIG. 3



CA 02810196 2013-03-01

WO 2013/019224 PCT/US2011/046394
3/7

0.015
0.01
0.005

-0.005
-0.01
-0.015

0 30 60 90 120 150 180 210 240 270 300 330 360
Rotation Angle of the Casing (Deg)

FIG. &



CA 02810196 2013-03-01

WO 2013/019224 PCT/US2011/046394
417
Y x
A Distance d

307\(

Conductive Boay

FIG. 6

Signal Strength Versus Distance

0.03
Z 0.025
E 0.02
% 0.015
b=
S 001
S .005
E »
0

o 7 9 11 13 15 17 19 21 23 25
Casing Distance (ft)

FIG. 7



CA 02810196 2013-03-01

WO 2013/019224 PCT/US2011/046394
S/7

~~Collar Conductive Body

Iransmitter
412

401

FIG. 8

8.00E-06 o \y

&P
O
-
T.T'l
-
o
.
-

4.00E-06
2.00E-06
0.00E-00 -}
-2.00E-06
-4.00E-06
-6.00E-06

-8.00E-06
0 o0 100 150 200 250 300 350 400

Azimuthal Angle of Casing
FIG. 9

Received Relative Voltage




CA 02810196 2013-03-01

PCT/US2011/046394

WO 2013/019224

6/7

Jun buIssadtid ereQ

SJosuag OuIABI3Y

SI0SUAS Jayusues]

S921A3(] [eJayduad

(S)uun Aeydsig

0L 94

shg

/

¢

§

UM SUOIBIIUNWIWOY

AIOWBIN

sniejeddy 21U04199}3

18]]0.3U01

GEG

0€5

59§




CA 02810196 2013-03-01

WO 2013/019224
o PCT/US2011/046394

602

674

FIG. 11



H 305
Excitation Current-<_ =N Transmitter
312
Primary Magnetic
Field --..
Paired Receivers -, 11
310-1 - ~-310-2

PR



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

