
ANTENNA CUTOUT IN A DOWNHOLE TUBULAR Technical Field
[0001] The application relates generally to downhole
drilling. In particular, the application relates to
formation evaluation for downhole drilling. Background
[0002] During drilling operations for extraction of
hydrocarbons, electromagnetic radiation can be used to
provide an indication of electrical resistivity of the
subsurface formation surrounding a borehole used for
such extraction. This data regarding resistivity can
then be used to determine the presence of
hydrocarbons. Brief Description of the Drawings [0003]
Embodiments of the invention may be best understood by
referring to the following description and
accompanying drawings which illustrate such
embodiments. The numbering scheme for the Figures
included herein are such that the leading number for a
given reference number in a Figure is associated with
the number of the Figure. For example, a tool 100 can
be located in Figure 1. However, reference numbers are
the same for those elements that are the same across
different Figures. In the drawings: [0004] Figure 1
illustrates a drilling well during Measurement While
Drilling (MWD)/ Logging While Drilling (LWD)
operations that includes cutouts for antennas for
electromagnetic wave resistivity, according to some
embodiments of the invention. [0005] Figure 2
illustrates a tool that is part of a tubular for
downhole operations and having antennas in cutouts of
the tool for electromagnetic wave resistivity,
according to some embodiments of the invention.[0006]
Figure 3 illustrates a more detailed view of receiver
antennas in cutouts of a tool for electromagnetic wave
resistivity, according to some embodiments of the
invention. [0007] Figure 4 illustrates a plot of
electromagnetic signal strength versus a 



width of the cutout in the tool that has an antenna
that generates the signal, according to some
embodiments of the invention. [0008] Figure 5
illustrates a plot of electromagnetic signal strength
and relative power versus a width of the cutout in the
tool that has an antenna that generates the signal,
according to some embodiments of the invention. [0009]
Figure 6 illustrates a tool that is part of a tubular
for downhole operations and having antennas in cutouts
of the tool for electromagnetic wave resistivity,
according to some other embodiments of the invention.
[0010] Figure 7 illustrates a cross-section of a
cutout in a tool having wall surfaces with
approximately uniform width, according to some
embodiments of the invention. [001 1] Figure 8
illustrates a cross-section of a cutout in a tool
having divergent wall surfaces, according to some
embodiments of the invention. [0012] Figure 9
illustrates a cross-section of a cutout in a tool
having convergent wall surfaces, according to some
embodiments of the invention. [0013] Figure 10
illustrates a tool that is part of a tubular for
downhole operations and having cutouts for antennas
for electromagnetic wave resistivity that are covered
by a sleeve with a number of slots , according to some
embodiments of the invention. [0014] Figure 11
illustrates a cross-section of one of the slots in the
slotted regions of a sleeve covering a cutout in the
tool, according to some embodiments of the
invention.[0015] Figure 12 illustrates a drilling well
during wireline logging operations that includes
cutouts for antennas for electromagnetic wave
resistivity, according to some embodiments of the
invention. Detailed Description 



[0016] Methods, apparatus and systems for an antenna
in a cutout of a tubular for downhole operations are
described. In the following description, numerous
specific details are set forth. However, it is
understood that embodiments of the invention may be
practiced without these specific details hi other
instances, well-known circuits, structures and
techniques have not been shown in detail in order not
to obscure the understanding of this description. Some
embodiments may be used in Measurement While Drilling
(MWD), Logging While Drilling (LWD) and wireline
operations. [0017] This description of the embodiments
is divided into five sections. The first section
describes a MWD operating environment. The second
section describes different configurations for cutouts
in a tool in which antennas are disposed. The third
section describes different configurations for sleeves
that cover such cutouts. The fourth section describes
a wireline operating environment. The fifth section
provides some general comments. MWD Operating
Environment [0018] A system operating environment,
according to some embodiments, is now described.
Figure 1 illustrates a drilling well during
Measurement While Drilling (MWD)/ Logging While
Drilling (LWD) operations that includes cutouts for
antennas for electromagnetic wave resistivity,
according to some embodiments of the invention. [0019]
It can be seen how a system 164 may also form a
portion of a drilling rig 102 located at a surface 104
of a well 106. The drilling rig 102 may provide
support for a drill string 108. The drill string 108
may operate to penetrate a rotary table 110
fordrilling a borehole 112 through subsurface
formations 114. The drill string 108 may include a
Kelly 116, a drill pipe 118, and a bottom hole
assembly 120, perhaps located at the lower portion of
the drill pipe 118. [0020] The bottom hole assembly
120 may include drill collars 122, a downhole tool
124, and a drill bit 126. The drill bit 126 may
operate to create a borehole 112 by 



penetrating the surface 104 and subsurface formations
114. The downhole tool 124 may comprise any of a
number of different types of tools including MWD
(measurement while drilling) tools, LWD (logging while
drilling) tools, and others. In some embodiments, the
drill pipe 118 is a wired drill pipe for
communications between the surface of the Earth to the
downhole tool 124. hi some embodiments, the downhole
tool 124 may include one or more cutouts. A cutout in
the downhole tool 124 may be used for the placement of
a transmitter antenna or a receiver antenna. A more
detailed description of the cutouts and the antennas
therein are set forth below. [0021] During drilling
operations, the drill string 108 (perhaps including
the Kelly 116, the drill pipe 118, and the bottom hole
assembly 120) may be rotated by the rotary table 110.
In addition to, or alternatively, the bottom hole
assembly 120 may also be rotated by a motor (e.g., a
mud motor) that is located downhole. The drill collars
122 may be used to add weight to the drill bit 126.
The drill collars 122 also may stiffen the bottom hole
assembly 120 to allow the bottom hole assembly 120 to
transfer the added weight to the drill bit 126, and in
turn, assist the drill bit 126 in penetrating the
surface 104 and subsurface formations 114. [0022]
During drilling operations, a mud pump 132 may pump
drilling fluid (sometimes known by those of skill in
the art as "drilling mud") from a mud pit 134 through
a hose 136 into the drill pipe 118 and down to the
drill bit 126. The drilling fluid can flow out from
the drill bit 126 and be returned to the surface 104
through an annular area 140 between the drill pipe 118
and the sides of the borehole 112. The drilling fluid
may then be returned to the mud pit 134, where such
fluid is filtered. In someembodiments, the drilling
fluid can be used to cool the drill bit 126, as well
as to provide lubrication for the drill bit 126 during
drilling operations. Additionally, the drilling fluid
may be used to remove subsurface formation 114
cuttings created by operating the drill bit 126. 



[0023] The different components of Figure 1 may all be
characterized as "modules" herein. Such modules may
include hardware circuitry, and/or a processor and/or
memory circuits, software program modules and objects,
and/or firmware, and combinations thereof, as desired
by the architect of the systems shown in Figure 1, and
as appropriate for particular implementations of
various embodiments. For example, in some embodiments,
such modules may be included in an apparatus and/or
system operation simulation package, such as a
software electrical signal simulation package, a power
usage and distribution simulation package, a
power/heat dissipation simulation package, and/or a
combination of software and hardware used to simulate
the operation of various potential embodiments. [0024]
It should also be understood that the apparatus and
systems of various embodiments can be used in
applications other than for drilling and logging
operations, and thus, various embodiments are not to
be so limited. The illustrations of the systems of
Figure 1 are intended to provide a general
understanding of the structure of various embodiments,
and they are not intended to serve as a complete
description of all the elements and features of
apparatus and systems that might make use of the
structures described herein. [0025] Applications that
may include the novel apparatus and systems of various
embodiments include electronic circuitry used in
high-speed computers, communication and signal
processing circuitry, modems, processor modules,
embedded processors, data switches, and
application-specific modules, including multilayer,
multi-chip modules. Such apparatus and systems may
further be included as sub-components within a variety
of electronic systems, such as televisions, personal
computers, workstations, vehicles,and conducting
cables for a variety of electrical devices, among
others. Some embodiments include a number of methods.
[0026] A number of transmitter antennas and receiver
antennas may be disposed 



on the drill string 108. The transmitter antennas may
emit transmitter electromagnetic waves which traverse
the subsurface formation. Induced electromagnetic
waves that are a result of the transmitter
electromagnetic waves are received by the receiver
antennas. Based on such electromagnetic radiation,
resistivity of the subsurface formation may be
determined. The antennas may be used to make
resistivity determinations at multiple depths of
investigation. The transmitter antennas and/or the
receiver antennas may be positioned within
circumferential cutouts spaced at different locations
along the drill string. Example configurations are now
described. Cutouts in a Tool for Housing Antennas
[0027] The size of the cutouts is dependent on the
mechanical, electrical and physics-based aspects of
the tool and the antenna therein. In particular, if
the cutouts are too wide, the structural integrity of
the tool may be compromised. Conversely, if the
cutouts are too narrow, the power needed to output a
signal from the antennas that is at a sufficient level
for formation evaluation may be too great. Figures 2,
3 and 6 illustrate different embodiments of the tool
having cutouts with antennas disposed therein. Figures
4 and 5 illustrate plots of the electromagnetic signal
strength, power and width of the cutout for a given
configuration. Figures 7-9 illustrates different
embodiments for the angles of the walls of the
cutouts. [0028] Figure 2 illustrates a tool that is
part of a tubular for downhole operations and having
antennas in cutouts of the tool for electromagnetic
wave resistivity, according to some embodiments of the
invention. In particular, Figure 2 illustrates a tool
200 that may be part of the drill string 108 (shown in
Figure 1). The tool 200 includes a transmitter antenna
201 that can be disposed circumferentially around the
tool 200. Asshown, the axis of the transmitter antenna
201 may be approximately perpendicular to the
longitudinal axis of the tool 200. Alternatively, the
axis of the transmitter antenna 201 may be at other
angles relative to the longitudinal axis of the tool
200 (0 degrees, 45 



degrees, 70 degrees, 90 degrees, etc.). While shown
with one transmitter antenna 201, the tool 200 may
include one to any number of transmitter antennas.
[0029] The transmitter antenna 201 may be one to a
number of wire windings which may be in series or
parallel. The wire windings may have one to a number
of turns. In some embodiments, the transmitter antenna
201 comprises four turns of wire disposed around the
circumference of the drill string. In some
embodiments, each of the transmitter antennas may be
selectively tuned to transmit electromagnetic signals
or waves having one of three or more selected
frequencies. Thus, while the depths of investigation
of the tool may be controlled to some extent by
spacing between the transmitter and receiver antennas,
the depths of investigation may also be controlled by
selecting an appropriate frequency. In some
embodiments, each transmitter antenna may be tuned to
transmit electromagnetic waves having a frequency
being one of 2 mega- Hertz, 500 kilo-Hertz or 250
kilo-Hertz. Embodiments are not so limited, as
different frequencies, and a greater selection of
frequencies, may also be used. [0030] The tool 200
also includes a cutout 210A and a cutout 210N. The
cutout 210A and the cutout 210N are cut
circumferentially around the tool 200. Moreover, the
axis of the cutout 210A and the axis of the cutout
210N are off axis relative to the longitudinal axis of
the tool 200. In some embodiments, the axis of the
cutout 210A and the axis of the cutout 1ION are at an
approximately 45 degree angle relative to the
longitudinal axis of the tool 200. In some
embodiments, the axis of the cutout 210A and the axis
of the cutout 210N can be at any angle relative to the
longitudinal axis of the tool 200. For example, the
angle maybe approximately 5 degrees, 10 degrees, 15
degrees, 30 degrees, 70 degrees, 75 degrees, 85
degrees, etc. The angle of the axis of the cutout 210A
may be independent of the angle of the axis of the
cutout 210N. For example, theaxis of the cutout 210A
and the axis of the cutout 210N are at an
approximately 45 degree angle and 50 degree angle,
respectively, relative to the longitudinal axis of the
tool 



200. Moreover, the tool 200 may have one to any number
of cutouts therein. A receiver antenna 202A is
disposed or positioned in the cutout 204A. A receiver
antenna 202N is disposed or positioned in the cutout
204N. [0031] The receiver antenna 202A and the
receiver antenna 202N may each comprise one or more
loops of wire running along the circumference of the
body of the tool 200. In some embodiments the spacing
between the receiver antennas may be six inches, eight
inches, 10 inches, etc. although any suitable spacing
may be used. Each receiver antenna may couple to a
reception circuit (not specifically shown) which, in
combination with the receiver antennas, detects
electromagnetic waves or electromagnetic radiation.
Based on one or both of the amplitude and phase of
received electromagnetic signals, the downhole tool
124 and/or surface electronics may be capable of
determining the resistivity of the surrounding
formations. [0032] In some embodiments, the cutout
210A, the cutout 210N and the transmitter antenna 201
may be on different parts of the tool 200. For
example, the cutout 210A, the cutout 210N and the
transmitter antenna 201 may be on drill collars,
stabilizers, etc. The diameter of drill collars that
include such cutouts may be in a range of four to nine
inches. For example, the diameter of the drill collar
may be 4 A inches, 6 3A inches, 7 inches, 8 inches, 9
inches, etc. [0033] As shown, the distance from the
transmitter antenna 201 to a midpoint (B/2) of the
receiver antenna 202N (the receiver antenna that is
farthest distance away) is A. hi particular, because
of the angle of the circumferential receiver antennas
can be off axis relative to the longitudinal axis of
the tool, the distance to the receiver antennas can
vary around the circumference of the tool. Therefore,
if the range of a circumferential receiver antenna
along the longitudinal axis is B, the midpoint is B/2.
In someembodiments, the distance A can be in a range
of 6 to 112 inches. In some embodiments, the distance
A is 6 inches, 16 inches, 32 inches, 48 inches, etc. 



[0034] Figure 3 illustrates a more detailed view of
receiver antennas in cutouts of a tool for
electromagnetic wave resistivity, according to some
embodiments of the invention. In particular, Figure 3
illustrates a more detailed view of the cutouts in the
tool 200 of Figure 2, according to some embodiments of
the invention. The cutout 210A has an outer point 305A
and an outer point 305B. The cutout 210A also has an
inner point 306A and an inner point 306B. The cutout
210N has an outer point 308A and an outer point 308B.
The cutout 210N also has an inner point 31OA and an
inner point 310B. Different angles of the walls for
the cutouts 210 with regard to the inner and outer
points are described in more detail below with the
description of Figures 7-9. [0035] The cutout 21OA and
the cutout 21ON have a width 304A and a width 304N,
respectively. In some embodiments, the width 304A
and/or the width 304N are in a range of approximately
one to four inches, a range of approximately two to
four inches, a range of approximately one to four
inches, approximately one to six inches, approximately
two to six inches, approximately one to eight inches,
approximately two to eight inches, etc. In some
embodiments, the width 304A and/or the width 304N are
approximately one inch, two inches, three inches, four
inches, five inches, six inches, seven inches, eight
inches, etc. In some embodiments, the antennas are
positioned approximately in the center of the cutouts.
[0036] Figure 4 illustrates a plot of electromagnetic
signal strength versus a width of the cutout in the
tool that has an antenna that receives the signal,
according to some embodiments of the invention. In
particular, Figure 4 illustrates a plot 400 for a tool
configured as follows. The tool includes a cutout and
the receiver antenna therein that are offset 45
degrees relative to the longitudinal axis of the tool.
The current of the transmitter antenna is
approximately 50 milli-amperes. The transmitter
antenna is operating to transmit an electromagnetic
wave having a frequency of approximately
twomega-Hertz. The spacing between the transmitter
antenna and the receiver antenna is 



approximately 16 inches. The receiver antenna has a
gain of approximately 1100. The number of turns for
the transmitter antenna and the receiver antenna have
four and three, respectively. The plot 400 includes a
curve 402. At point 406 along the curve 402, where the
width of the cutout is 1.00 inches, the amplitude of
the signal is 0.10 Volts Root Mean Squared (RMS). At
point 404 along the curve 402, where the width of the
cutout is 2.00 inches, the amplitude of the signal is
0.20 Volts RMS. At point 408 along the curve 402,
where the width of the cutout is 3.50 inches, the
amplitude of the signal is approximately 0.27 Volts
RMS. As shown, the strength of the signal begins to
level off where the width of the cutout is around 2
inches. [0037] Figure 5 illustrates a plot of
electromagnetic signal strength and relative power
versus a width of the cutout in the tool that has an
antenna that generates the signal, according to some
embodiments of the invention. In particular, Figure 5
illustrates a plot 500 that includes the curve 402
from Figure 4 representing the signal strength
relative to the width of the cutout. Figure 5 also
includes a curve 502 of the power of the signal
relative to the width of the cutout. As shown in
Figures 4 and 5, for this tool configuration
(described above), an approximately two inch width for
the cutout is a good compromise for the signal
strength and the exposed antenna area. Reducing the
width below one inch would require a significant
increase in power to account for the loss of signal
strength (as shown). [0038] Figure 6 illustrates a
tool that is part of a tubular for downhole operations
and having antennas in cutouts of the tool for
electromagnetic wave resistivity, according to some
other embodiments of the invention. In particular,
Figure 6 illustrates a tool 600 that may be part of
the drill string 108 (shown in Figure 1), The tool 600
includes a transmitter antenna 602 that can be
disposed circumferentially in a cutout 606 around the
tool 600. The axis of the transmitter antenna 602 and
the axis of the cutout 606 may be at 



an approximately 45 degree angles relative to the
longitudinal axis of the tool 600. Insome embodiments,
the axis of the cutout 606 can be at any angle
relative to the longitudinal axis of the tool 600. For
example, the angle may be approximately 5 degrees, 10
degrees, 15 degrees, 30 degrees, 70 degrees, 75
degrees, 85 degrees, etc. The angle of the axis of the
cutout 606 may be independent of the angle of the axis
of the antenna 602. For example, the axis of the
cutout 606 and the axis of the antenna 602 are at an
approximately 45 degree angle and 48 degree angle,
respectively, relative to the longitudinal axis of the
tool 600. While shown with one transmitter antenna
201, the tool 200 may include one to any number of
transmitter antennas positioned in cutouts. [0039] The
transmitter antenna 602 may be one to a number of wire
windings which may be in series or parallel. The wire
windings may have one to a number of turns, hi some
embodiments, the transmitter antenna 602 comprises
four turns of wire disposed around the circumference
of the drill string. In some embodiments, each of the
transmitter antennas may be selectively tuned to
transmit electromagnetic signals or waves having one
of three or more selected frequencies. Thus, while the
depths of investigation of the tool may be controlled
to some extent by spacing between the transmitter and
receiver antennas, the depths of investigation may
also be controlled by selecting an appropriate
frequency, hi some embodiments, each transmitter
antenna may be tuned to transmit electromagnetic waves
having a frequency being one of 2 mega- Hertz, 500
kilo-Hertz or 250 kilo-Hertz. Embodiments are not so
limited, as different frequencies, and a greater
selection of frequencies, may also be used. [0040] The
tool 600 also includes a cutout 608 that includes a
receiver antenna 604 positioned or disposed therein.
The cutout 608 is cut circumferentially around the
tool 600. Moreover, the axis of the cutout 608 is off
axis relative to the longitudinal axis of the tool
600. In some embodiments, the axis of the cutout 608
is at an approximately 45 degree angle relative to the
longitudinal axis of the tool 600. hi some
embodiments, 



the axis of the cutout 608 can be at any angle
relative to the longitudinal axis of the tool 600. For
example, the angle may be approximately 5 degrees, 10
degrees, 15 degrees, 30degrees, 70 degrees, 75
degrees, 85 degrees, etc. While shown with one
receiver antenna 604, the tool 600 may include one to
any number of receiver antennas positioned in cutouts.
[0041] The receiver antenna 604 may comprise one or
more loops of wire running along the circumference of
the body of the tool 600. The receiver antenna 604 may
couple to a reception circuit (not specifically shown)
which, in combination with the receiver antenna,
detects electromagnetic waves or electromagnetic
radiation. Based on one or both of the amplitude and
phase of received electromagnetic signals, the tool
600 may be capable of determining the resistivity of
the surrounding formations. In some embodiments, the
cutout 606 and the cutout 608 may be on different
parts of the tool 600. For example, the cutout 606 and
the cutout 608 may be on drill collars, stabilizers,
etc. The diameter of drill collars that include such
cutouts may be in a range of four to nine inches. For
example, the diameter of the drill collar may be 4
inches, 6 VA inches, 7 inches, 8 inches, 9 inches,
etc. The distance from the transmitter antenna 602 to
the receiver antenna 604 can be in a range of 6 to 112
inches hi some embodiments, the distance is 6 inches,
16 inches, 32 inches, 48 inches, etc. [0042] The
surfaces of the walls of the cutouts may be cut at
various angles. Figures 7-9 illustrate examples of
these different angles. Figure 7 illustrates a
crosssection of a cutout in a tool having wall
surfaces with approximately uniform width, according
to some embodiments of the invention. In particular, a
cutout 700 includes an outer point 704 and an inner
point 706. An antenna 702 is positioned in the cutout
700. As shown, the wall surfaces are approximately
uniform in width from the inner point 706 to the outer
point 704. [0043] Figure 8 illustrates a cross-section
of a cutout in a tool having convergent 



wall surfaces, according to some embodiments of the
invention, m particular, a cutout 800 includes an
outer point 804 and an inner point 806. An antenna 802
is positioned inthe cutout 800. As shown, the wall
surfaces converge as the cutout is extended outward
from the tool. [0044] Figure 9 illustrates a
cross-section of a cutout in a tool having divergent
wall surfaces, according to some embodiments of the
invention. In particular, a cutout 900 includes an
outer point 904 and an inner point 906. An antenna 902
is positioned in the cutout 900. As shown, the wall
surfaces diverge as the cutout is extended outward
from the tool. The cutouts within a tool may include
any combination of the configurations shown in Figures
7-9. For example, all the cutouts may be configured as
shown in Figure 7. Alternatively, the transmitter
antenna may be in a cutout shown in Figure 8, while
the receiver antennas may be in a cutout shown in
Figure 7. Sleeves for Covering Cutouts in a Tool for
Housing Antennas [0045] Figure 10 illustrates a tool
that is part of a tubular for downhole operations and
having cutouts for antennas for electromagnetic wave
resistivity that are covered by a sleeve with a number
of slots , according to some embodiments of the
invention. In particular, Figure 10 illustrates a tool
1000 that includes a sleeve 1002 and a sleeve 1006.
The sleeve 1002 and the sleeve 1006 are both covering
cutouts (as described above). In some embodiments, the
sleeves are made of a non-magnetic material (such as
non-magnetic stainless steel). In some embodiments,
the outer diameter of the sleeve 1002 and the outer
diameter of the sleeve 1006 are approximately the same
as the diameter of the tool 1000. [0046] The sleeve
1002 and the sleeve 1006 include a number of slotted
regions 1004 and a number of slotted regions 1008,
respectively. In some embodiments, the longitudinal
axis of the slotted regions 1004 and the slotted
regions 1008 is approximately perpendicular to the
longitudinal axis of the antenna within the cutout
(not 



shown in Figure 10). In some embodiments, the width,
length, number and spacing of slotted regions 1004 and
slotted regions 1008 are chosen so a sufficient amount
of thedesired electromagnetic signal can propagate
through the sleeves 1002 and the sleeve 1006,
respectively, and into, or out from, the formation
without adversely affecting the mechanical strength of
the sleeves. Accordingly, the slotted regions 1004 and
the slotted regions 1008 form an electromagnetically
transparent window through the sleeves. [0047] In some
embodiments, the width of the slotted regions 1004 and
1008 are dependent on the width of the cutout region
being covered hi some embodiments, if the width of the
cutout is approximately 1.0 inch, the width of the
slotted regions is approximately 0.75 inches, hi some
embodiments, if the width of the cutout is
approximately 2.0 inches, the width of the slotted
regions is approximately 0.375 inches. If the width of
the cutout is approximately 3.0 inches, the width of
the slotted regions may be approximately 0.25 inches.
If the width of the cutout is approximately 4.0
inches, the width of the slotted regions may be
approximately 0.187 inches. In some embodiments, each
slotted region for a given sleeve includes N number of
slots that are spaced apart about M degrees along the
circumference of the sleeve. In some embodiments, N is
12 and M is approximately 30 degrees. [0048] Figure 11
illustrates a cross-section of one of the slots in the
slotted regions of a sleeve covering a cutout in the
tool, according to some embodiments of the invention.
A side wall 1104A and a side wall 1104B of the slot
1102 are beveled, wherein the slot 1102 is widest at
an outer surface 1106 and narrowest at an inner
surface 1108. As shown, an insert 1110 may be disposed
in the slot 1102. The insert 1110 may be made of a
rigid insulative plastic such as poly ether
etherketone or another relatively stiff insulative
material and configured so as to fit snugly into the
bottom of slot 1102. The insert 1110 includes an
outwardly facing surface 1112 and an inwardly facing
surface 1114. When disposed in slot 1102, the inwardly
facing surface 1114 is 



substantially aligned with the inner surface 1108.
[0049] The insert 1110 includes beveled side surfaces
1116, which may be beveled or tapered at a smaller
angle than the bevel of the side walls 1104A-1 104B of
theslot 1102. In some embodiments, disposed atop the
insert 1110 is a layer of sealing compound 1118. The
sealing compound 1118 may be an elastomer, such as
nitrile. Epoxy or certain other non-metallic compounds
may also be used. In some embodiments, a recess 1120
may be left between the sealing compound 1118 and the
outer surface 1106. The recess 1120 may be at various
depths. In some embodiments, the recess 1120 is
approximately 0.12 inches, helps prevent the sealing
compound 1118 from becoming torn or punctured during
drilling operations and while the tool is being
inserted or withdrawn from the borehole, hi some
embodiments, during manufacture, the sealing compound
1118 is vulcanized so as to be retained in the slot
1102 atop the insert 1110 and within regions 1135 and
1136 around the perimeter of the insert 1110. The
slots permit passage of the desired electromagnetic
waves to and from the antennas, but prevent the
intrusion of drilling fluid. The beveled edges and
ends of slots allow the sealing compound 1118 to seal
even tighter when hydrostatic pressure is applied to
logging tool. The inserts also provide a puncture
resistant barrier for the sealing compound 1110. In
some embodiments, the slots may be constructed without
the inserts. In some embodiments, the sidewalls of the
slots and/or the inserts are not beveled. Further
description of such sleeves is set forth in U.S.
Patent No. 5,563,512, with inventor Edward S. Mumby,
that issued on October 8, 1996, which is hereby
incorporated by reference. Wireline Operating
Environment [0050] Some embodiments may be used in
conjunction with wireline logging operations. Figure
12 illustrates a drilling well during wireline logging
operations that includes cutouts for antennas for
electromagnetic wave resistivity, according to some 



embodiments of the invention. A drilling platform 286
is equipped with a derrick 288 that supports a hoist
290. Drilling of oil and gas wells is commonly carried
out by a string of drill pipes connected together so
as to form a drilling string that is loweredthrough a
rotary table 210 into a wellbore or borehole 212. Here
it is assumed that the drilling string has been
temporarily removed from the borehole 212 to allow a
wireline logging tool body 270, such as a probe or
sonde, to be lowered by wireline or logging cable 274
into the borehole 212. Typically, the tool body 270 is
lowered to the bottom of the region of interest and
subsequently pulled upward at a substantially constant
speed. During the upward trip, instruments included in
the tool body 270 may be used to perform measurements
on the subsurface formations 214 adjacent the borehole
212 as they pass by. The measurement data can be
communicated to a logging facility 292 for storage,
processing, and analysis. The logging facility 292
maybe provided with electronic equipment for various
types of signal processing. Similar log data may be
gathered and analyzed during drilling operations
(e.g., during Logging While Drilling, or LWD
operations). General [0051] In the description,
numerous specific details such as logic
implementations, opcodes, means to specify operands,
resource partitioning/sharing/duplication
implementations, types and interrelationships of
system components, and logic partitioning/integration
choices are set forth in order to provide a more
thorough understanding of the present invention. It
will be appreciated, however, by one skilled in the
art that embodiments of the invention may be practiced
without such specific details. In other instances,
control structures, gate level circuits and full
software instruction sequences have not been shown in
detail in order not to obscure the embodiments of the
invention. Those of ordinary skill in the art, with
the included descriptions will be able to implement
appropriate functionality without undue 



experimentation. [0052] References in the
specification to "one embodiment", "an embodiment",
"an example embodiment", etc., indicate that the
embodiment described may include aparticular feature,
structure, or characteristic, but every embodiment may
not necessarily include the particular feature,
structure, or characteristic. Moreover, such phrases
are not necessarily referring to the same embodiment.
Further, when a particular feature, structure, or
characteristic is described in connection with an
embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such
feature, structure, or characteristic in connection
with other embodiments whether or not explicitly
described. [0053] A number of figures show block
diagrams of systems and apparatus for communications
between the surface of the Earth and multiple downhole
tools, in accordance with some embodiments of the
invention. A figure shows a flow diagram illustrating
operations for communications between the surface of
the Earth and multiple downhole tools, in accordance
with some embodiments of the invention. The operations
of the flow diagram are described with references to
the systems/apparatus shown in the block diagrams.
However, it should be understood that the operations
of the flow diagram could be performed by embodiments
of systems and apparatus other than those discussed
with reference to the block diagrams, and embodiments
discussed with reference to the systems/apparatus
could perform operations different than those
discussed with reference to the flow diagram. [0054]
Some or all of the operations described herein may be
performed by hardware, firmware, software or a
combination thereof. For example, the controlling of
the transmission from the transmitter antennas may be
performed by hardware, firmware, software or a
combination thereof. To further illustrate, the
processing of the electromagnetic waves received by
the receiver antennas may be performed by hardware,
firmware, software or a combination thereof. Upon
reading and comprehending the 



content of this disclosure, one of ordinary skill in
the art will understand the manner in which a software
program can be launched from a machine-readable medium
in a computer-based system to execute the functions
defined in the software program. One of ordinary skill
in the art will further understand the various
programming languages thatmay be employed to create
one or more software programs designed to implement
and perform the methods disclosed herein. The programs
may be structured in an objectorientated format using
an object-oriented language such as Java or C++.
Alternatively, the programs can be structured in a
procedure-orientated format using a procedural
language, such as assembly or C. The software
components may communicate using any of a number of
mechanisms well-known to those skilled in the art,
such as application program interfaces or
inter-process communication techniques, including
remote procedure calls. The teachings of various
embodiments are not limited to any particular
programming language or environment. [0055] In view of
the wide variety of permutations to the embodiments
described herein, this detailed description is
intended to be illustrative only, and should not be
taken as limiting the scope of the invention. What is
claimed as the invention, therefore, is all such
modifications as may come within the scope and spirit
of the following claims and equivalents thereto.
Therefore, the specification and drawings are to be
regarded in an illustrative rather than a restrictive
sense.What is claimed is: 1. An apparatus comprising:
a tubular to operate downhole, the tubular having a
longitudinal axis and having a cutout that has a
direction that is other than 90 degrees to the
longitudinal axis of the tubular; and an antenna
positioned in the cutout of the tubular, the antenna
to perform at least one of a transmission or reception
of an electromagnetic signal that has a path that is
to traverse a subsurface formation. 



2. The apparatus of claim 1, wherein the axis of the
antenna is at an approximately 45 degree angle
relative to the longitudinal axis of the tubular. 3.
The apparatus of claim 1, wherein a width of the
cutout is in a range of approximately one to four
inches. 4. The apparatus of claim 1, wherein a width
of the cutout is approximately two inches. 5. The
apparatus of claim 1, further comprising a metallic
sleeve disposed about the tubular and covering the
cutout, the metallic sleeve having one or more
openings. 6. The apparatus of claim 5, wherein the one
or more openings is approximately perpendicular to the
axis of the antenna. 7. The apparatus of claim 6,
wherein a width of the one or more openings is less
than one inch. 8. The apparatus of claim 6, wherein a
width of the one or more openings is approximately
0.375 inches and a width of the cutout is
approximately two inches.9. The apparatus of claim 6,
wherein one or more openings are filled with a
nonmetallic material. 10. The apparatus of claim 1,
wherein the tubular is a drill string, wherein the
cutout is within a drill collar of the drill string.
11. The apparatus of claim 1, wherein the tubular is a
drill string, wherein the cutout is within a
stabilizer of the drill string. 12. An apparatus
comprising: a tubular for downhole operations, the
tubular having a longitudinal axis and comprising: a
transmitter antenna to emit an electromagnetic wave
into a subsurface formation; a first receiver antenna
positioned in a first cutout in the tubular that has a



direction that is other than 90 degrees relative to
the longitudinal axis of the tubular, wherein a width
of the first cutout is in a range of approximately one
to six inches, the first receiver antenna to receive
an induced electromagnetic wave produced from the
electromagnetic wave that is emitted into the
subsurface formation; and a second receiver antenna
positioned in a second cutout in the tubular that has
a direction that is other than 90 degrees relative to
the longitudinal axis of the tubular, wherein a width
of the second cutout is in a range of one to four
inches, the second receiver antenna to receive an
induced electromagnetic wave produced from the
electromagnetic wave that is emitted into the
subsurface formation. 13. The apparatus of claim 12,
wherein an average distance from the second receiver
antenna to the transmitter antenna is in a range of 12
to 112 inches. 14. The apparatus of claim 13, wherein
an average distance from the first receiver antenna to
the transmitter antenna is in a range of 6 to 106
inches.15. The apparatus of claim 12, wherein the axis
of the first receiver antenna and the second receiver
antenna are at an approximately 45 degree angle
relative to the longitudinal axis of the tubular. 16.
The apparatus of claim 12, wherein the width of the
first cutout and the width of the second cutout are
approximately two inches. 17. The apparatus of claim
12, further comprising: a first metallic sleeve
disposed about the tubular and covering the first
cutout, the first metallic sleeve having one or more
openings, wherein the one or more openings in the
first metallic sleeve is approximately perpendicular
to the axis of the first antenna; and a second
metallic sleeve disposed about the tubular and
covering the second cutout, the second metallic sleeve
having one or more openings, wherein the one or more
openings in the second metallic sleeve is
approximately perpendicular to the axis of the 



second antenna. 18. The apparatus of claim 17, wherein
a width of the one or more openings in the first
metallic sleeve is approximately 0.375 inches and a
width of the cutout is approximately two inches and a
width of the one or more openings in the second
metallic sleeve is approximately 0.375 inches and a
width of the cutout is approximately two inches. 19. A
method comprising: transmitting a transmit
electromagnetic wave into a subsurface formation using
a transmitter antenna disposed circumferentially
around a tool for downhole operations; and receiving a
first induced electromagnetic wave, which is a result
of the transmitted electromagnetic wave, with a first
receiver antenna disposed circumferentially around the
tool in a first circumferential cutout in the tool,
wherein an axis of the first receiver antenna and an
axis of the first circumferential cutout are at
anangle other than 90 degrees relative to a
longitudinal axis of the tool, wherein a width of the
first cutout is in a range of one to four inches. 20.
The method of claim 19, further comprising receiving a
second induced electromagnetic wave, which is a result
of the transmitted electromagnetic wave, with a second
receiver antenna disposed circumferentially around the
tool in a second circumferential cutout in the tool,
wherein an axis of the second receiver antenna and an
axis of the second circumferential cutout are at an
angle other than 90 degrees relative to a longitudinal
axis of the tool, wherein a width of the first cutout
is in a range of one to four inches 2 1. The method of
claim 20, further comprising determining a resistivity
of a section of the subsurface formation based on the
first induced electromagnetic wave and the second
induced electromagnetic wave. 



22. The method of claim 19, wherein the first receiver
antenna is approximately centered in the first
circumferential cutout and wherein the second receiver
antenna is approximately centered in the second
circumferential cutout. 23. The method of claim 19,
wherein a diameter at an outer edge of the first
cutout is approximately the same as a diameter of an
inner edge of the first cutout. 


