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DOWNHOLE INSTRUMENT FOR DEEP FORMATION IMAGING DEPLOYED
WITHIN A DRILL STRING

Cross-Reference to Related Applications

[0001] This application claims priority to U.S. Provisional Application having Serial No.
62/146,731, which was filed on April 13, 2015. This application also claims priority to U.S.
Provisional Application having Serial No. 62/147,246, which was filed on April 14, 2015. Each

of these priority provisional applications is incorporated by reference in its entirety.

Background

[0002] During drilling operations, information is sometimes transmitted to the surface from
instruments within the wellbore, and/or from the surface to downhole instruments. For example,
signals may be transmitted to or from measuring-while-drilling (MWD) equipment, logging-
while-drilling (LWD) equipment, steering equipment, or other equipment. Such information
may assist operators in the task of efficiently drilling a wellbore by providing information related
to tool-face orientation and formation composition, and allowing commands and configuring of
the downhole instruments, among other possible uses.

[0003] In some situations, generally after drilling at least a portion of the wellbore, information
about the subterranean formation may be acquired using sensors deployed into the wellbore for
deep-imaging of the sub-terrain. For example, seismic data may be acquired using geophones,
enabling the generation of vertical seismic profiles, and other types of seismic images, to be
generated, which may provide insight into the structure, lithology, etc. of the formation. A
seismic source, generally a vibrator, is then used to generate seismic waves that propagate
though the formation and are detected by the seismic sensors such as geophones, accelerometers
or geophones. For borehole seismic imaging, the seismic sensor may cover an adequate extent
of the wellbore. In many such applications, the seismic sensors may be moved within the
wellbore, while the surface seismic source may be stationary. This type of seismic technique is
generally not done simultaneously with drilling operations, but may be done when the drill string
is removed, using wireline logging methods associated with surface seismic source.

[0004] Another deep-imaging technique may be based on electromagnetic systems. In this

technique, an electromagnetic signal is passed through the formation and detected by a receiver.
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The characteristics of the signal may provide information about the formation within about 50
feet (about 15 m) of the wellbore. Further, in a completed well, cross-well tomography can be
performed by electromagnetic system. For electromagnetic tomography, the source and the
receiver may be moved to multiple positions to for additional illumination paths. This type of
electromagnetic tomography is generally not done simultaneously with drilling operations, but
may be done when the drill string is removed, using wireline logging method in one well while

the source may be located at the surface or in another well.

Summary

[0005] Embodiments of the disclosure may provide a method for acquiring data in a wellbore.
The method includes deploying an instrument connected to an instrument line into a drill string,
through a sealed entry port formed in a drilling device coupled to the drill string, the drill string
being at least partially within the wellbore, the wellbore penetrating a subterranean formation.
The method also includes transmitting a signal from a source and through the formation. The
signal is sensed by the instrument in the drill string. The method further includes determining
one or more formation characteristics based on the signal sensed by the instrument, and
performing one or more drilling processes using the drill string, while transmitting the signal,
determining the one or more formation characteristics, or both.

[0006] Embodiments of the disclosure may also provide a system for acquiring data in a
wellbore. The system includes a drilling device including an entry port. The system also
includes a sealing device coupled to the drilling device and configured to seal the entry port, a
drill string in communication with the entry port and at least partially positioned within a
wellbore that penetrates a subterrancan formation, and an instrument line received through the
entry port and through an interior of at least a portion of the drill string. The sealing device is
configured to seal with the instrument line, while allowing the instrument line to move with
respect thereto. The system further includes an instrument coupled to the instrument line and
positioned within the drill string, the instrument including at least one of a seismic sensor and a
voltage sensor.

[0007] The foregoing summary is not intended to be exhaustive, but is provided merely to
introduce a subset of the aspects of the present disclosure. These and other aspects are presented

in greater detail below.
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Brief Description of the Drawings

[0008] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the present teachings and together with the description,
serve to explain the principles of the present teachings. In the figures:

[0009] Figure 1 illustrates a side, schematic view of a drill string logging tool deployed as part
of a drilling rig, according to an embodiment.

[0010] Figure 2 illustrates a side, schematic view of another drill string logging tool, also
deployed as part of a drilling rig, according to an embodiment.

[0011] Figure 3 illustrates a side, schematic view of a system for deploying the drill string
logging tool within the drill string during drilling operations, according to an embodiment.

[0012] Figure 4 illustrates a flowchart of a method for acquiring data within a drill string,
according to an embodiment.

[0013] Figure 5 illustrates a schematic view of a computing system, according to an

embodiment.

Detailed Description

[0014] Reference will now be made in detail to specific embodiments illustrated in the
accompanying drawings and figures. In the following detailed description, numerous specific
details are set forth in order to provide a thorough understanding of the invention. However, it
will be apparent to one of ordinary skill in the art that the invention may be practiced without
these specific details. In other instances, well-known methods, procedures, components, circuits,
and networks have not been described in detail so as not to unnecessarily obscure aspects of the
embodiments.

[0015] It will also be understood that, although the terms first, second, etc. may be used herein
to describe various elements, these elements should not be limited by these terms. These terms
are only used to distinguish one element from another. For example, a first object could be
termed a second object or step, and, similarly, a second object could be termed a first object or
step, without departing from the scope of the present disclosure.

[0016] The terminology used in the description of the invention herein is for the purpose of
describing particular embodiments only and is not intended to be limiting. As used in the
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description of the invention and the appended claims, the singular forms an” and “the” are
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intended to include the plural forms as well, unless the context clearly indicates otherwise. It
will also be understood that the term “and/or” as used herein refers to and encompasses any and
all possible combinations of one or more of the associated listed items. It will be further

LA AT

understood that the terms “includes,” “including,

A AN19

comprises” and/or “comprising,” when used
in this specification, specify the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or groups thereof. Further, as used herein,
the term “if” may be construed to mean “when” or “upon” or “in response to determining” or “in
response to detecting,” depending on the context.

[0017] Figure 1 illustrates a schematic view of a drilling rig 100, according to an embodiment.
The drilling rig 100 may provide a system by which data may be acquired within a wellbore 106,
in addition to drilling the wellbore 106. For example, the drilling rig 100 includes a drilling
apparatus 102 and a drill string 104 coupled thereto. The drilling apparatus 102 may include any
type of drilling device, such as a top drive or any other device configured to support, lower, and
rotate the drill string 104, which may be deployed into a wellbore 106 extending through a
subterranean formation 107. In the illustrated embodiment, the drilling apparatus 102 may also
include a travelling block 105, which may include one or more rotating sheaves. Further, the
drill string 104 may include a bottom-hole assembly 109, which may include a drill bit, mud
motor, LWD and/or MWD equipment, or other equipment.

[0018] The drilling rig 100 may also include a rig floor 108, from which a support structure
(e.g., including a mast) 110 may extend. A slips assembly 111 may be disposed at the rig floor
108, and may be configured to engage the drill string 104 so as to enable a new stand of tubulars
to be added to the drill string 104 via the drilling apparatus 102.

[0019] A crown block 112 may be coupled to the support structure 110. Further, a drawworks
114 may be coupled to the rig floor 108. A drill line 116 may extend between the drawworks
114 and the crown block 112, and may be received through the sheaves of the travelling block
105. Accordingly, the position of the drilling apparatus 102 may be changed (e.g., raised or
lowered) by spooling or unspooling the drilling line 116 from the drawworks 114, e.g., by
rotation of the drawworks 114. The drilling apparatus 102 may rotate the drill string 104 as part
of the drilling operation, e.g., to rotate a drill bit of a bottom-hole assembly at the distal end of
the drill string 104.
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[0020] The drilling rig 100 may also include an instrument line 120, which may be received
through the drilling apparatus 102 and into the drill string 104. The instrument line 120 may be
spooled on an instrument line spool 122, and may be received at least partially around a line
sheave 124 between the instrument line spool 122 and the drilling apparatus 102. In an
embodiment, the instrument line spool 122 may be coupled to the rig floor 108 as shown, but in
other embodiments, maybe positioned anywhere on the rig 100, e.g., at or below the crown block
112, or in proximity, but off of, the rig 100. The sheave 124 may be installed above the crown-
block 112, below the crown-block 112, or on the side of the crown block 112. In some
embodiments, the sheave 124 may be attached to the travelling block 105.

[0021] The instrument line 120 may be connected to one or more downhole instruments, such
as one or more drill string logging tools (two shown: 126, 127), which may be deployed into the
interior of the drill string 104, as will be described in greater detail below. In an embodiment,
the position of the drill string logging tools 126, 127 may be changed (e.g., raised or lowered) by
spooling or unspooling the instrument line 120 from the instrument line spool 122. In the
illustrated embodiment, the drill string logging tools may be geophones, hydrophones, or other
types of seismic sensors. Further, the instrument line 120 may provide for wired communication
with a controller 128, e.g., without calling for wires to be formed as a part of the drill pipe
making up the drill string 104.

[0022] A seismic source 150, such as a seismic vibrator, as shown, may be employed to
generate seismic waves within the formation 107, as schematically illustrated by waves 152. The
source 150 may transmit a frequency sweep of a signal into the formation 107. In another
embodiment, the seismic source 150 may generate an impulse, using either explosive or air gun.
The seismic source 150 may be positioned a horizontal distance from the wellbore 106, referred
to as an offset. The waves 152 are depicted, for purposes of illustration herein, by rays 154, 155,
156, 157, 158, 159 (i.e., rays 154-159). It will be appreciated that potentially an infinite number
of rays may be drawn, with those shown merely being employed for the purposes of illustrating
aspects of the present disclosure.

[0023] As shown, the rays 154-159 may propagate through the formation 107 and at least some
may be reflected by reflectors, generally at interfaces 160, 162 between two different types of
rock, while some seismic energy propagates across the interface according to Snell’s law

defining diffraction. The interfaces 160, 162 may represent the boundaries for a reservoir 164 or
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another layer, compartment, or region of interest in the formation 107. In addition, reflection
and refraction events may also exist in the overburden (i.e., the rock in the formation 107 above
the reservoir 164). Information about such events in the overburden may also be collected.
[0024] The rays 154-159 (reflected or direct arrivals) of the seismic waves 152 may be sensed
by the drill string logging tools 126, 127. In turn, the data acquired by the drill string logging
tools 126, 127 may be transmitted to the controller 128 (or another processor) for processing.
For example, the controller 128 may consider the depth of the tools 126, 127, that is, the distance
from the top surface. The depth may be based on the length of the instrument line 120, which
may be determined based on the rotation of the instrument line spool 122. The controller 128
may also consider the offset of the seismic source 150, and knowledge gained during drilling
about the formation at or near the wellbore 106. One, some, or each of these factors, and/or
others, may then be employed to invert the seismic data acquired by the tools 126, 127 into
information about the characteristics of the formation 107.

[0025] For deep-imaging of the formation 107, the seismic source 150 may be moved on
surface to change the offset. This may directly affect the paths of the seismic rays 154-159,
allowing imaging of the formation 107 at different offsets and ray paths (inclination of the rays).
Furthermore, the logging tools 126, 127 may be moved in the drill string 104 allowing different
rays to be received, for wider coverage of the image. With these two movements (at the source
150 and the receivers 126, 127), greater (e.g., full) seismic coverage can be achieved across the
formation 107.

[0026] For reception of the signal at the logging tools (such as 126, 127), the transmitted
seismic signal form the source 150 may be configured to promote a high signal-to-nose ratio
(SNR) at reception. In one embodiment, the surface source 150 can be fired when the drilling
activity is suspended so that the seismic sensor in the logging tools are not affected by noise due
to drilling, such as friction with the well bore, vibrations, shock with the well bore, and flow
noise. In another embodiment, the source 150 may be operated while some drilling activities are
occurring, and in such case, the vibrator may send long and complex sweep of seismic signals
into the formation 107, so that the SNR at reception after cross-correlation with transmitted
signal is sufficient for proper seismic imaging purpose. The transmitted signal from the vibrator
150 can extend over more than 30 seconds and even be up to several minutes (two or more).

Also multiples transmission of signal can be performed with a total time for transmission being
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less than six minutes for one point of imaging process. For seismic data processing, the
downhole data acquisition may be synchronized with the clock controlling the seismic source. In
particular, the clock in the logging instruments 126, 127 may be synchronized with the clock of
the surface controller 128. This may be achieved by sending a synchronization signal along the
instrument line 120.

[0027] Figure 2 illustrates a side, schematic view of the drilling rig 100, showing another type
of drill string logging tool 200 deployed in the drill string 104, according to an embodiment. The
drill string logging tool 200 may configured to detect electrical current propagation in the
formation 107. The current may be generated by either a surface source or a downhole source.
For example, the source may be a dipole either installed at the surface or downhole. The source
may include electrodes connected at the surface such as electrodes 202 or via the drill string 104.
The drill string 104 may act as an electrode (as shown in Figure 2) via grounding of the casing
already in the well, as there is contact between the casing and drill sting 104.

[0028] A difference of potential may be generated between the two electrodes via the cable
203 or a current can be injected in cable 203 between the two electrodes. The downhole source
may include the electrical gap 206 as used for e-mag MWD telemetry. This gap 206 may be an
electrical insulator along the drill string 104. The current flowing in the formation 107 returns
to the source via the metallic tubulars in the well such as the drill string 104 and/or the casing
string.

[0029] The detection may be performed by spreading electrodes, allowing measurement of a
voltage differential along the drill string 104 (or the casing, or another well tubular or structure).
The detection may also be conducted using one or more antennas surrounding the metallic
tubular (e.g., the drill string 104), or using magnetometers in the vicinity of the metallic structure
(e.g., the drill string 104).

[0030] The surface electrode 202 may be offset from the wellbore 106 by a distance. The
surface electrode 202 may be connected with a source of current, such as alternating current, e.g.,
via the cable 203. The current may travel from the surface electrode 202 and through the
formation 107. Additionally, or instead of the surface electrode 202, the bottom-hole assembly
109 may include an electromagnetic (“e-mag”) signal generator 204. The gap 206 may be

employed with the signal generator 204. The surface dipole may be used either as transmitter or
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receiver. The downhole dipole (e.g., including the gap 206) may also be used as transmitter or
receiver.

[0031] In this embodiment, two separate electrical circuits may be defined, both including the
formation 107. In other embodiments, one of the two circuits may be present, and the other
omitted. The first electrical circuit, represented by current lines 208 may be a “downlink,” which
may carry current from the surface electrode 202 to the drill string 104 via the formation 107.
For example, at least some of the current injected via the surface electrode may follow a path 208
through the formation 107 to the bottom-hole assembly 109. This current may then pass through
the bottom-hole assembly 109, through the drill string 104 (and/or the casing or another
conductive structure), back to the top surface and through the current-injection line 203. Other
portions of the current travel through the formation 107 to the drill string 104 via other paths
208.

[0032] During the traversal of the current through the drill string 104, the drill string logging
tool 200 may measure the voltage differential along the drill string 104. From this measurement,
the current density of the signal in the drill string 104 may be determined. For example, this
measurement may be taken at multiple depths in the drill string 104. As the voltage differential
changes according to depth, inferences about the existence of resistivity boundaries in the
formation 107 may be made. For example, if a resistivity boundary 209 exists in the formation
107, the current density in the drill string 104 below a certain depth may be expected to be lower
than the current density in the drill string 104 above the corresponding depth, as the current
received in the drill string 104 travels upwards through the drill string 104. Accordingly, based
on the voltage differential measured by the tool 200, tomographic information about the
formation 107 between the drill string 104 and the surface electrode 202 may be inferred.

[0033] The second electrical circuit may extend from the e-mag signal generator 204, through
the formation 107 via paths 210 to the bottom-hole assembly 109 on the other side of the gap
206, and back through the drill string 104 to the e-mag signal generator 204. Here again, the
resistivity of the formation 107, which may vary, may affect the current density of the current
within the drill string 104. In turn, the current density may be determined based on a voltage
differential measured by the drill string logging tool 200. For example, if the resistivity
boundary 209 exists at a particular depth, current in the drill string 104 above a corresponding

depth may be expected to be attenuated, while current in the drill string 104 below the
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corresponding depth may be expected to be greater. The reverse situation may also be observed:
if rock below the boundary has a higher resistivity than rock above the boundary, the paths 210
that are mostly above the resistivity boundary may be the preferential flowpaths, resulting in a
higher current density in the drill string 104 above a corresponding depth.

[0034] For determining electromagnetic tomography, the receiver in the logging tool 200 may
be moved in multiple positions along the drill string 104 via the instrument line 120 and the
spool 122, while signals are transmitted from either the surface electrodes 202 or the downhole
signal generator 206. Multiple surface electrodes 202 may be used to insure several injection
points at surface, or a single electrode 202 may be moved. The downhole dipole 206 may be
moved, as well, and this may occur during drilling and/or tripping operation. In some
implementations, the surface signal generation via electrode 202 may be performed
simultaneously with the downhole generation at the gap 206. The receiver in the logging tool
200 may be able to simultaneously receive the two signals. The separation of the signals may be
achieved by using different frequencies. Inversion processing may be performed based on the
whole set of measurements involving multiple receiver positions and transmitter positions. The
inversion processing allow to determine the positions of interface 209 even at fair extend form
the well-bore: with even data input, multiple interfaces 209 can be determined and located.
[0035] Figure 3 illustrates an enlarged, partial, schematic view of the drilling rig 100,
according to an embodiment. As shown, the drilling apparatus 102 may be suspended from the
rig floor 108 via interaction with the travelling block 105, the crown block 112, and the drilling
line 116 that is spooled on the drawworks 114. For purposes of illustration, the instrument 126 is
shown suspended from the drilling rig 100 by the instrument line 120; however, it will be
appreciated that any of the aforementioned instruments (e.g., drill string logging tools 126, 127,
and/or 200), and/or others, may be employed.

[0036] In addition, the drilling apparatus 102 may include a drilling device 300, e.g., a top
drive. The drilling device 300 may include a housing 302 and a shaft 304, which may be
coupled to and extend out of the housing 302. In particular, the shaft 304 may be rotatably
coupled to the housing 302 via a thrust bearing 306. The shaft 304 may be drive to rotate by a
motor 307, which may be coupled to and/or disposed within the housing 302. Further, the shaft
304 may be connected to the drill string 104, such that rotation of the shaft 304 may cause the
drill string 104 to rotate. By such connection between the shaft 304 and the drill string 104, at
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least a portion of the weight of the drill string 104 may be supported by the housing 302, which
transmits the weight to the rig floor 108 via the crown block 112 and the support structure 110,
as well as the drawworks 114. The drilling device 300 may also include one or more rollers 308
(four are shown), which may transmit reactionary torque loads to the support structure 110. The
housing 302 may further include an entry port 310, through which the instrument line 120 may
be received.

[0037] Further, the drilling apparatus 102 may include a sealing device 320, through which the
instrument line 120 may be received into the entry port 310. The sealing device 320 may be
coupled to the housing 302 of the drilling device 300, and may be movable therewith. Further,
the sealing device 320 may have (e.g., be able to be operated in) at least two configurations. In a
first configuration, the sealing device 320 may be configured to receive and seal with the
instrument line 120. The instrument line 120 may be able to slide relative to the sealing device
320 when the sealing device 320 is in the first configuration, but fluid may be prevented from
proceeding through the entry port 310 by the sealing device 320. In a second configuration, the
sealing device 320 may completely seal the entry port 310, e.g., when the instrument line 120 is
not received therethrough. Thus, the sealing device 320 may function similarly to a blowout
preventer does for the drill string 104, serving to control access into the entry port 310.

[0038] The entry port 310 may communicate with an interior 350 of the shaft 304, e.g., via a
conduit 353 within the housing 302. The shaft 304 may be rotatably coupled to the conduit 353
via swivel 354, as shown. Accordingly, the instrument line 120, when received through the entry
port 310, may proceed through the conduit 353 and into the shaft 304, and then into the drill
string 104.

[0039] The drilling device 300 may also receive a flow of drilling mud via a mud conduit 360.
The mud conduit 360 may communicate with the conduit 353 within the housing 302, and thus
the mud conduit 360 may be in fluid communication with the entry port 310, as well as the
interior 350 of the shaft 304 and the drill string 104. The sealing device 320 may serve to
prevent mud flow up through the entry port 310 in either or both of the first and second
configurations thereof.

[0040] The drilling apparatus 102 may further include a line-pusher 365. The line-pusher 365
may be configured to apply a downwardly-directed force on the instrument line 120, which may

cause the instrument line 120 to be directed downward, through the sealing device 320, the entry
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port 310, the conduit 353, the interior 352 of the shaft 304, and through at least a portion of the
drill string 104, so as to deploy the instrument 126 (Figure 1) therein. Further, the line-pusher
365 may be coupled to the housing 302 of the drilling device 300 and may be movable therewith.
In an embodiment, the line-pusher 365 may be directly attached to the sealing device 320, e.g.,
such that the sealing device 320 is positioned between the housing 302 and the line-pusher 365.
As such, the line-pusher 365 may be configured to push the instrument line 120 through the entry
port 310 via the sealing device 320.

[0041] The line-pusher 365 may be employed to overcome initial fluid resistance provided by
the drilling mud coursing through the mud conduit 360. Further, the line-pusher 365 may
provide for rapid deployment of the instrument line 120 through the drill string 104, e.g., faster
than the velocity of the drilling mud therein, and thus the line-pusher 365 may overcome drag
forces of the instrument 126 and the drilling line 116 in contact with the mud.

[0042] The drilling apparatus 102 may also include a pivotable guide 370, through which the
instrument line 120 may be received. The pivotable guide 370 may be positioned, as proceeding
along the line 120, between the line sheave 124 and the line-pusher 365. The pivotable guide
370 may be movable across a range of positions, for example, between a first position, shown
with solid lines, and a second position, shown with dashed lines. In the first position, the
pivotable guide 370 may direct the instrument line 120 between the sheaves of the crown block
112 and between the sheaves of the travelling block 105 and toward the entry port 310. In the
second position, the pivotable guide 370 may direct the instrument line 120 away from the entry
port 310. For example, the second position may be employed when raising the drilling device
300 so as to accept a new stand of tubulars on the drill string 104 and/or when initially running
the instrument 126 and the instrument line 120 into the entry port 310, as will be described in
greater detail below.

[0043] Figure 4 illustrates a flowchart a method 400 for acquiring data within a drill string
104, according to an embodiment. Although the present method 400 is described with reference
to the drilling rig 100 discussed above, it will be appreciated that this is merely an example, and
embodiments of the method 400 may be applied using other structures.

[0044] The method 400 may begin by deploying an instrument (e.g., one or more of the drill
string logging tools 126, 127 and/or 200) into the drill string 104, as at 402. As explained above,
the instrument may be deployed via the entry port 310 in the drilling device 300 and the

11
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associated components described above. The sealing device 220 may be employed to selectively
seal the entry port 310, e.g., when the instrument line 120 is received therethrough. Further, the
drill string 104 may be coupled to the bottom-hole assembly 109 and may be rotated or otherwise
operated by the drilling device 300. Accordingly, the method 400 may also include performing
drilling operations (e.g., drilling the wellbore 106) using the drill string 104 and the bottom-hole
assembly 109, as at 404, which may occur at the same time that the instrument is deployed
within the drill string at 402.

[0045] The method 400 may then include acquiring data using the instrument located in the
drill string 104, with the data being related to the formation 107 in which the wellbore 106
extends, as at 406. For example, as shown in and described above with reference to Figure 1,
such data acquisition may include sensing one or more seismic waves generated by a seismic
source 150, as at 408. In such case, the instrument may be or include a geophone, or several
geophones.

[0046] In another example, as shown in and described above with reference to Figure 2, such
data acquisition may include sensing a current or voltage differential in the drill string 104 using
the instrument. In such an embodiment, the method 400 may include generating an
electromagnetic signal that propagates in the formation 107 and measuring either current or
voltage drop along the drill string 104 using the drill string logging tool. The electromagnetic
signal may originate from the surface electrode 202 or the e-mag signal generator 204 located in
the bottom-hole assembly 109 or elsewhere. Further, in this embodiment, the method 400 may
include determining a location of a resistivity boundary 209 in the formation 107 based on the
measured either current or voltage drop along the drill string 104. For example, such location
may be determined by comparing the voltage drop across two different portions of the drill string
104 (e.g., a first portion and a second portion located at different, e.g., adjacent, depths along the
drill string 104). A greater voltage drop in one portion relative to the other may indicate a
greater current density, and thus reveal that the drill string 104 portion being measured is part of
a preferential flowpath for current proceeding through the formation 107. A lower voltage drop
may indicate a lower current density, and thus reveal that the drill string 104 section being
measured is not part (e.g., below or above) the preferential flowpath for the current proceeding
through the formation. From this determination, inferences about the existence and location of

resistivity boundaries 209 may be made.
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[0047] In a specific embodiment, forward modeling may be employed to determine interface
locations and/or resistivities in the formation based on the current detected in the drill string 104.
For example, a current density in the drill string may be measured, ¢.g., at several locations,
using the instrument in the drill string 104. A processor may include modeling software, which
may predict current propagation in the drill string 104 based on one or more predicted interface
locations and resistivities of layers in the formation. Accordingly, the processor may determine a
modeled current density at the several positions along the drill string. Thus, several different
models, with several current profiles along the drill string may be determined, each
corresponding to one or more different interface locations and/or resistivities. The method may
then include determining a match between the modeled current density and measured current
density, and then selecting one or more formation interface locations form the plurality of
interface locations, and one or more resistivities form the plurality of resistivities, based on the
determined match.

[0048] The method 400 may also include transmitting data from the drill string logging tool to
the controller 128 at the surface, as at 412. Such transmission may be wired, ¢.g., through the
instrument line 120. Further, the measurement with the logging tool 126,127 may be performed
during any operations performed using the drill string 104 and the drilling rig 100. For example,
such operations may include drilling, tripping, and/or reaming. This means that data acquisition
may occur while the drill string 104 is rotating, moving axially in the wellbore, and/or when mud
is flowing inside the drill string 104.

[0049] In some embodiments, the methods of the present disclosure may be executed by a
computing system. Figure 5 illustrates an example of such a computing system 500, in
accordance with some embodiments. The computing system 500 may include a computer or
computer system 501A, which may be an individual computer system 501A or an arrangement
of distributed computer systems. The computer system 501A includes one or more analysis
modules 502 that are configured to perform various tasks according to some embodiments, such
as one or more methods disclosed herein. To perform these various tasks, the analysis module
502 executes independently, or in coordination with, one or more processors 504, which is (or
are) connected to one or more storage media 506. The processor(s) 504 is (or are) also
connected to a network interface 507 to allow the computer system 501 A to communicate over a

data network 509 with one or more additional computer systems and/or computing systems, such
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as 501B, 501C, and/or 501D (note that computer systems 501B, 501C and/or 501D may or may
not share the same architecture as computer system 501A, and may be located in different
physical locations, e.g., computer systems 501A and 501B may be located in a processing
facility, while in communication with one or more computer systems such as 501C and/or 501D
that are located in one or more data centers, and/or located in varying countries on different
continents).

[0050] A processor may include a microprocessor, microcontroller, processor module or
subsystem, programmable integrated circuit, programmable gate array, or another control or
computing device.

[0051] The storage media 506 may be implemented as one or more computer-readable or
machine-readable storage media. Note that while in the example embodiment of Figure 5
storage media 506 is depicted as within computer system 501A, in some embodiments, storage
media 506 may be distributed within and/or across multiple internal and/or external enclosures of
computing system 501A and/or additional computing systems. Storage media 506 may include
one or more different forms of memory including semiconductor memory devices such as
dynamic or static random access memories (DRAMs or SRAMs), erasable and programmable
read-only memories (EPROMs), electrically erasable and programmable read-only memories
(EEPROMs) and flash memories, magnetic disks such as fixed, floppy and removable disks,
other magnetic media including tape, optical media such as compact disks (CDs) or digital video
disks (DVDs), BLU-RAY® disks, or other types of optical storage, or other types of storage
devices. Note that the instructions discussed above may be provided on one computer-readable
or machine-readable storage medium, or alternatively, may be provided on multiple computer-
readable or machine-readable storage media distributed in a large system having possibly plural
nodes. Such computer-readable or machine-readable storage medium or media is (are)
considered to be part of an article (or article of manufacture). An article or article of
manufacture may refer to any manufactured single component or multiple components. The
storage medium or media may be located either in the machine running the machine-readable
instructions, or located at a remote site from which machine-readable instructions may be
downloaded over a network for execution.

[0052] In some embodiments, the computing system 500 contains one or more rig control

module(s) 508. In the example of computing system 500, computer system 501A includes the
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rig control module 508. In some embodiments, a single rig control module may be used to
perform some or all aspects of one or more embodiments of the methods disclosed herein. In
alternate embodiments, a plurality of rig control modules may be used to perform some or all
aspects of methods herein.

[0053] The computing system 500 is one example of a computing system; in other examples,
the computing system 500 may have more or fewer components than shown, may combine
additional components not depicted in the example embodiment of Figure 5, and/or the
computing system 500 may have a different configuration or arrangement of the components
depicted in Figure 5. The various components shown in Figure 5 may be implemented in
hardware, software, or a combination of both hardware and software, including one or more
signal processing and/or application specific integrated circuits.

[0054] Further, the steps in the processing methods described herein may be implemented by
running one or more functional modules in information processing apparatus such as general
purpose processors or application specific chips, such as ASICs, FPGAs, PLDs, or other
appropriate devices. These modules, combinations of these modules, and/or their combination
with general hardware are all included within the scope of protection of the invention.

[0055] The foregoing description, for purpose of explanation, has been described with
reference to specific embodiments. However, the illustrative discussions above are not intended
to be exhaustive or to limit the invention to the precise forms disclosed. Many modifications and
variations are possible in view of the above teachings. Moreover, the order in which the
elements of the methods described herein are illustrate and described may be re-arranged, and/or
two or more elements may occur simultaneously. The embodiments were chosen and described
in order to best explain the principles of the invention and its practical applications, to thereby
enable others skilled in the art to best utilize the invention and various embodiments with various

modifications as are suited to the particular use contemplated.
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CLAIMS

What is claimed is:

1. A method for acquiring data in a wellbore, comprising:

deploying an instrument connected to an instrument line into a drill string, through a
sealed entry port formed in a drilling device coupled to the drill string, the drill string being at
least partially within the wellbore, the wellbore penetrating a subterranean formation;

transmitting a signal from a source and through the formation, wherein the signal is
sensed by the instrument in the drill string;

determining one or more formation characteristics based on the signal sensed by the
instrument; and

performing one or more drilling processes using the drill string, while transmitting the

signal, determining the one or more formation characteristics, or both.

2, The method of claim 1, wherein performing the one or more drilling processes using the
drill string while transmitting the signal, determining the one or more formation characteristics,
or both comprises transmitting a first signal from the source, moving the drill string after

transmitting the first signal, and transmitting a second signal after moving the drill string.

3. The method of claim 1, further comprising transmitting data representing the one or more

formation characteristics through the instrument line connected to the instrument within the drill

string.

4. The method of claim 1, wherein performing the one or more drilling processes comprises
drilling the wellbore.

5. The method of claim 1, further comprising acquiring data based on the signal from the

source using the instrument in the drill string.
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6. The method of claim 1, wherein transmitting the signal comprises causing a seismic
signal to propagate through the formation from a source that is offset from a drilling rig coupled
to the drill string, and wherein the instrument comprises one or more seismic sensors configured

to detect the seismic signal.

7. The method of claim 1, wherein transmitting the signal comprises causing a first seismic
signal to propagate through the formation from a source that is located at a first position that is
offset from a drilling rig coupled to the drill string, wherein the instrument comprises one or
more seismic sensors, the method further comprising:

detecting the first seismic signal using the instrument;

causing a second seismic signal to propagate through the formation from the source at a
second location that is different from the first location, wherein the instrument is configured to

detect the first and second seismic signals.

8. The method of claim 1, wherein transmitting the signal comprises causing a first seismic
signal to propagate through the formation from a source that is offset from a drilling rig coupled
to the drill string, wherein the instrument comprises one or more seismic sensors located at a first
position in the drill string, the method further comprising:

detecting the first seismic signal using the instrument located at the first position;

moving the instrument from the first position to a second position in the drill string, the
first and second positions being at different depths in the wellbore;

causing a second seismic signal to propagate through the formation; and

detecting the second seismic signal using the instrument located at the second position.

9. The method of claim 1, wherein transmitting the signal comprises injecting a current into
the formation from a system positioned at a top surface and offset from a drilling rig coupled to

the drill string, at least a portion of the current being received into the drill string.

10.  The method of claim 9, wherein determining the one or more formation characteristics
comprises determining a current density in the drill string based on a voltage differential along a

portion of the drill string.
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11.  The method of claim 1, wherein transmitting the signal comprises injecting a current into
the formation from a dipole of an electrode coupled to the drill string, at least a portion of the

current being measured by the instrument in the drill string.

12. The method of claim 11, wherein transmitting the signal comprises injecting a current
into the formation, and wherein determining the one or more formation characteristics
comprises:

determining a first current in a first portion of the drill string;

determining a second current in a second portion of the drill string; and

determining an existence of a resistivity boundary of the formation based on a difference

between the first and second current densities.

13.  The method of claim 11, wherein determining the one or more formation characteristics
comprises:

measuring a measured current density in the drill string, using the instrument in the drill
string;

predicting current propagation in the drill string based on a plurality of interface locations
and a plurality of resistivities of layers in the formation, to determine a modeled current density
at the plurality of positions along the drill string;

determining a match between the modeled current density and measured current density;

selecting one or more formation interface locations form the plurality of interface
locations, and one or more resistivities form the plurality of resistivities, based on the determined

match.

14. The method of claim 13, wherein measuring the measured current density comprises
measuring multiple current densities based on multiple locations of a source of the current,
wherein the match is determined based on a plurality of modeled current densities and a plurality

of measured current densities.
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15. The method of claim 13, wherein measuring the measured current density comprises
measuring multiple current densities based on multiple locations of the instrument in the drill
string, wherein the match is determined based on a plurality of modeled current densities and a

plurality of measured current densities.

16. A system for acquiring data in a wellbore, comprising:

a drilling device comprising an entry port;

a sealing device coupled to the drilling device and configured to seal the entry port;

a drill string in communication with the entry port and at least partially positioned within
a wellbore that penetrates a subterranean formation;

an instrument line received through the entry port and through an interior of at least a
portion of the drill string, wherein the sealing device is configured to seal with the instrument
line, while allowing the instrument line to move with respect thereto; and

an instrument coupled to the instrument line and positioned within the drill string, the

instrument comprising at least one of a seismic sensor and a voltage sensor.

17.  The system of claim 16, further comprising a seismic source that is offset from the drill
string and positioned near to or at a top surface, wherein the seismic source is configured to

generate a seismic signal that is sensed by the instrument in the drill string.

18.  The system of claim 16, further comprising an electrode extending into the subterrancan
formation, wherein the electrode is configured to inject a current into the subterranean formation,

the current being sensed by the instrument in the drill string.

19.  The system of claim 16, further comprising an electromagnetic signal generator that is
coupled to the drill string, wherein the electromagnetic signal generator is configured to generate
an electromagnetic signal that proceeds through at least a portion of the subterranean formation
and into the drill string, wherein the instrument is configured to detect the electromagnetic

signal.
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20.  The system of claim 19, further comprising a bottom-hole assembly connected to the drill

string, wherein the electromagnetic signal generator is part of the bottom-hole assembly.
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