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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.
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[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.

[0011] 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.
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[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. In 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 (L WD) operations that includes cutouts for antennas for
electromagnetic wave resistivity, according to some embodiments of the invention.
[0019] [t 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 for

(%)



ANTENNA CUTOUT IN A DOWNHOLE TUBULAR Technical Fie's!
100011The 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 cm then
be used to determine the presence of hydrocarbons. Brief Description of

the Prawvings 10003 tmbadimenisaot thenaventidr 4naghbelthistring 108 may
understood by referring to the following description and accomganying
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ggrgert]%t'i\ﬂgt 5 g%rr?a?crg érl"!aen gﬂgggrface 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. In 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, 2 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 some



(MWD)/ Logging While Drilling (LWD) operations that includes cutouts for
antennas for electromagnetic wave resistivity, according to some
embodiments of the invention. 10005]Figure 2 illustrates a tool that is part
of a tabular for downhole operations and having antennas in cutouts of the
toot Rir 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. 100071Fl%‘ﬂre 4
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to sonic embodiments of the inven 081Figure 5 illustrate

ofi gldetrombgneticcsignab siréngtfoamnd: (elative powersveesusia wigihr-af thehe drill
cutout in the tool that has an antenna that generates the signal, according
¢ embodiments of the invention. [0009]Figure 6 illustrates a tool.

%&ﬁ part of qpﬁlétﬂ-“‘?& W gg}%ghge%tgp%rl@tégpes | 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] [t should also be understood that t‘he 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 having antennas in cutouts of the tool for electromagnetic wave
resistivity, according to some other embodiments of the invention.
10010]Figure 7 illustrates a cross-section of a cutout in a tool having wall
surfaces with approximately uniform width, according to sonic
embodiments of the invention. [OMFigure 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 crosssection of
a cutout in a tool having convergent wail surfaces, according to some
embadiments,Qhihiesrventan 4Q013ddrigure dQitistatessotaelthabise
part of a tubular for downhoie operations and having cutouts for antennas
foneddotronaigrétits wave besistivigfthitt are covered by a sleeve with a
number of slots, according to some embodiments of the invtenp'l n .

. ’. may be disposed
B89 Figure (TIPS A R LR G 7 ie Gl the b e *F
Eﬁgﬂﬁ’@arﬂi @tﬁl?geY@SQO’I’ﬁéi Rg R Sutert it the d0ely agenrding fotseriectromagnetic
embodiments of the invention., '
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. As

6



100151Figure 12 illustrates a drflhng well during wireliuc logging
operations that includes cutouts for antennas Ibr electromagnetic wave
rcsstiv ity, according to some embodiments athe invention. Detailed
Deserifitkm (00161N4ethods, apparatus and systems tor an anienna 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 detagls, in other instancesg well-known c structures and
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dRétisinlertFie Secbiiteseciot destipes ittt com gt vaitsh & terna 201,
shtants i aieol i RDIED RNEANGS AL A RoRedTE Iid RRCtion

describes different configurations for sleeves that cover such cutouts. The
{6029 section Tesutibes iawicktchine dperatingenviranmenibEneffiatte windings
section provides some general comments, [0018jA system; operating

gmmhﬁ ROt SO Atabodiit&rfRYindings 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 110N 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 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

210A may be independent of the angle of the axis of the cutout 210N. For example, the



described, Figure 1 illustrates a drilling well during Measurement While
Drilling (MWT.))/ ioctitinrr While Drilling (L W13) operations that includes
cutouts For antenna ee tromagjiet.ic wavt".bY.according to some
ernbodimems of the invention. [00191it can be seen how a system 164
may also form a pert on or a di drilling a borehole 112 through subsurface
formations 114. The drill string 108 may include a Kelly 116, a drill pipe
1[8, 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

cllass tha2ud downiole torl24x iand @ deilkhit 226N Ene drith bitr26imay!y 45
operate to create a borehole 112 by penetrating the surface 104 and
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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 arange
of four to nine inches. For example, the diameter of the drill collar may be 4 % inches, 6
% 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. In 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 some



[00221During drilling operations, a mud pump 132 may pump drilling fluid.
(sometimes known by hose of skill in the art as "drilling mud") front a mu(

pit 134 through a hose ;o0 the drill pine. 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 throw:di, an annular area 140 between, the drill pipe 118 and

the sides of the borehole 112. The drilling fluid nta then be returned to the

mud pit 134, where such fluid is filtered. In some embodiments, the

drilling fluid can he used to cool the drill bit 126, as vel as to provide
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included in an apparatus and/or system operation simulation package,
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distribution simulation package, a power/heat dissipation simulation
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[00251.Applications that may include the novel apparatus and systems of
ajapes el 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 two
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embodiments include electronicitti, used in high-speed computers,
communication and signal proces;sinc circuitry, mocn. s, processor
modules, embedded processors, data switches, and applicatum-specific
modules, including 1111.31tH aye r, multi-chip modules. Such apparatus
and systems may further he included as sub-components within
alclectronic 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

metheds 10626 LAeumbenotdrans mitismante anas anth deteivercantenmasna is
may be disposed on the drill string 108. The transmitter antennas may ,
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Housinz Antennas 1:0027iThe size of the cutouts is dependent on the

tnechanital, elbetricht aridtlyfsioscbtsedsaspeotshsbtiectapirdiiadmarl the signal is
antenna therein, in particular, if the cutoyts arc too wi the structura | off
arHPé%’ﬂf?aé?"éhg'%goYﬂfngrﬁ‘ﬁﬁﬁ%ﬁ%& ; &%ﬁ?}qe%*tge%f/l, e u}s a éntsblg) levelo
DRIFOW. thespowehpeeasd 1o QutpHta signal from the antennas that is at a
sufficient level tor formation evaluation may be too great. Figures 2, 3 and

[6dastrate diFigrent 2iihodimeras ofdheltoo hagirgiesiene siigmgth and relative
antennas disposed therein. Fi ure%; arlg 5 ilinstrate plots gét?:%enerates e
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153;2:;[:5 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 signai 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

rool 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. In
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111028Figun 2 illustrates a tool that is part ofa tubular for downhole
operations and ha fig antennas in cutouts of the tool for electromagnetic
wave rt:SiSti‘ccordincr to some embodiments of the invention in articu2
li.-sirates 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. As shown, the axis of the
transmitter antenna 20 may be approximately perpetidicutar to the
longitudipal axis of tPe tool 200. Alternatively, the axis of the transmitter
SFROR RS0 18] Bl BtP SH6Y PRV S G foRBGBR ARG B e
eaL200iKQ degr %?%é%g?@@@?%&%ﬁﬁ%ﬁ?&?hggr%?gl}ﬁg?bgt&p%rwlm'ﬁtel y5
Shown y,,ith One transmitter antenna 20 t, the tool 200 may include one to
dagreeanbied ofrtrandimitier artelhdsg @0 29 kEhectranSnaittee antehnae 2@, etc. The
may be one tQ a number of wire windings which may he in series or

BAFAIR]. FhaWire WIndiNGY A RavebH o4 AtithBet bt auefsO I soties of the
QHBQHQ‘Wt%ﬂh&t«{ﬁa’fﬁé‘f‘mgr&&t‘é@ﬂ%%QtBSP@%%%Siﬁ%LHx% "0 tl% WMl€na 602 are

disposed around the circuraterenee of the drill string. In some

embagdimeritsaiehcH Ofl thectranghaiitet éhtepnasamgy, bespelectivelyduned to the
to transmit electromagnetic signals or waves having one of three or more

Kasdrednetiincies. PRLEOWnife ifesaeping BhinvestigatoHSrHEtORO | the tool
BNRS ﬁ?&&@élsﬁet%sggp% Kient Y spaging detveen the fransmitter g)@?s.
ofr i a’b trolled’ y

receivér antennas, the depths of investigation may also be contro
Keia2ling an appropristelfrequenay; J03eme ebedimentis: RacT wire windings
transmitter antenna may be tuned to transmit electromagnetic waves

YeldsTmerd helushtsy BeirfjBifé of Pemégalsngi nBemRiId: HerEneit Boumber of
dligsHere; Embodiments arg 0ot 30 limited, as diferent froguencies, and 3 i
g&qtater SE%CUOI’] (0] %QUE’HCIGS, may a sodnenﬂseg [88%&?@%‘ 5665 of Wit
disodochidesdreitart2dFAnand akatout 240D TheoeQutbodiments, 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.
[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. In 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, 30
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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 2 ON are
off axis relative to the long:itudinal axis of the tool 200. In some
embodiments, the axis of the cutout 210A and the axis of the cutout | ON
are at an approximately 45 degree angle relative to the longitudinal ax is

of the tool 200. In some embodiments, the axis of the cutout 210A and the
axis of the cutout 210N can he at any angle relative to the longitudinal axis
of the tool 200. For example, the angle may he approximately S degrees,
loLegreesicb degreesydky degreas- 7 degnaas; Nodegreesyi@Sreceiver antenna
degrees, etc. The angle of the axis of the cutout 2I0A may be independent.
6P théharmé G eaaxischidhe el LReNBRaRIPREC S 2AG8 B RS LRBEL
210A and the axis of the cutout 2 ION are at an approximately 45 degree

5%) &%and SO degree angle, respectively, relative to the longitudinal axis

pidlpg tool 200 ereener, theteob@Pthigsyphaesonedoranyrauapendfvire running
cutouts therein. A receiver antenna 202A is disposed or positioned in the

elotaut R4 A feicsiviep G hody 2020 19 di§h8sether PEdHio B Y+ may

o tt20414' %t?gr? %gi-grlll? gr?octeslveecriﬁpz}ﬁ? rslﬁo%\(/)n w%'?c%,tb J(?r%%%%{lon with the
8.?&8 ng %6% may eac omprise one or mor |OOpS or wire running

alang.the clrcumfsrence efitbe hady ohthe:taal 260 dmsgneaembiadimentsed on
the spacing between the receiver antennas may be six inches, eight

imehe 010 dfiche s natt talthoulgpharmyoduitetive d SARIHGMEY BE G4Bid EdbR tool 600
recejver antenn ay couple to a reception circuit (not specifically shown,
W ARG bqﬁggﬁ%%}ﬁﬁg thi FEEEVer Antenias e gﬁ@gefggpr%#}%gangligome

Wayes Rk electromagnetissradiation. Basedsan Sneamkatieafithearts of the tool 600.
amplitude and phase of received electromagnetic signals, the downhele

fookt2dmadior sudacétslecttdhics!imayo8 tayaiie otidétemhiningthgizers, ete.
resistivity of the surroynding formations. 100321In some.embodiments .
TE“S iBtiEa oA 8‘%1?[‘ SN TR S HF RN ST P& AL 501 moale; to nine
beren differsntpactsof thetor: 300 FRNexamPleathBcLiouch#JA henches, 7

cutout 2101.9 and the transmitter antenna 201 may he on drill collars,
istaloHi fers; letc. The ldiamete T bf drilacoldrsthetditcloteiachneeoatedmeythe

be in a range or four to_nine inches, For example,himeter of the drill. collar
A BT S T B BRERGE S RERGS 1§ DN 0 ThePRs TOC R the
Shown, the distances frmdhe srapsmitter aekana@01 to a midpoint (B/2)

oldie receiver antenna 202N (the receiver antenna that is farthest distance
[@0dy) is A. hilpartictitarshechuse bf tehangle oldis circumferertiapus angles.

receiver antennas can he off axis relaéi%(e to the Ionggtudina,; is of the

59 St ISHAINEE 16 tRE PECETSr AR tdNTAR L ARy B the! > T4e5 @ Cross”
Sligyinferenss Rfiihe (a9l h TNGrelig sif heLanas HaeHeHRereMiR)rm 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. In particular, a cutout

800 includes an outer point 804 and an inner point 806. An antenna 802 is positioned in
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embodiments, the distance A can be in a iange of 6 to 2 niches. In some
embodiments, the distance A is 6 inches, 6 inches, 32 inches, 48 inches,

etc. [00341Figure 3 illustrates a more detailed view of receiver antennas

in cutouts of a tool for electromagnetic wave resistiviiy, acct.:a-ding to

some e ni hod ;In eras of the invention( In particular, Figure 3 illustrates a

more detailed view of the cutouts in the tool 200 of Figui-e 2, according to

some embodiments of the invention. The cutout 210A has an outer point

305A and outer point 3033. 'ltte cutout 210A also has an inner point
ég%ﬂk‘%?ﬁf& B inAcr okt D8 1 i E6eS SO PY o Rk il pofrgded outward
308A@Rd.,an outer point 3088. 'The cutout 210N also has an inner point

310A and an inner point 31013. 'Different angles of the walls for the.

¢0tddis 210 withgiega?d ltosthednnerarscsottien pdintsiane descsibiechinng divergent
more detail below with the description of Figures 7-9. [0035jThe cutout

5 4 e B (O RPRUVETE Ul S0 AA did's Wil 30uig, tioular,  cutout
RRPACIYRLY AN GBS SMBRAMENLS, Hewidin4A Andiaring vigth 388Noned in
are in a range of approxirnately one to four inches, a range of
approxim&@ly tvoste faurtinches, sanfangedi? approximatelyonestadotéd outward
inches, approximately one to six inches, approximately two to six inches"

Hppriheeably  dne tPaigrY ithémadoabprifately anocdightine R etc.

' t i 04.4 and/or.the width 30414 are
e S R W e o
sivwncheBigeven incheseight ihehesm el dn saaeembpdimentsutha shown in
antennas are positioned approximately in the center of the cutouts.
Higosed.riglite BsIigsEAR IR PG DMABE O MAGHENE Sighal Btidagth 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 arplat 4Q0i fier@tealceoniiguadasiollows A el
includes a cutout and the receiver antenna therein that are O Inset 4.5

[d8%vees relatiigteHd Idngitaiginatexishot ineaoolf Thebolardnt dfthdiole
trartsintritir antenna is roximately 30.milli-amperes. The Icar:sr/Utter
LA 1€ Byt 16 W anSHrl i 15D HEHICAUAVE Walhig A 1 thet ar

cresraensy-ofl aprroximately e 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 the
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mega-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 407, 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: Al 1RO A0 alengsthe Gurye.pazatwiata the lwiddroftheoudodttis: sleeve
3.50 inches, the amplitude of the signal is approximately 0.27 Volts RIMS,

AS(showns ehieadtrengttt. theosighambelin® te1evel iiHere tHeshidiicsr ne the
the cutout is around 2 inches. [00371Figure 5 jllustrate f

04 and the slotted
SIS EHBHTAG N t‘i}g%%tpset?eeﬁé 'a% Cr(@:-rl‘gl(?\%zypcg)l\}\f/:es:i (i?}eer(fﬁgséz(l)q\;\t/slgt ofthe

cLiusindbe tochthat lhas An.antenna;thathgeneraies the signaladeostliags.
to some embodiments of the invention. In particular, Figure 5 illustrates a

PIOE3DO that inclsates thbedimendd2iromdtiguleha TepresEaim tHdignd ! 008 are

strength relative tq the width of the cutout. Figure $ alsq include nts. if the
O Eh b oAl O e S PN D D B B et s, i

i Figuies &andbisfop hisitaaleonfiguation ddasaribed ablovel @gions is
approximately two inch width for the cutout is a good compromise for the

sigmak streabth Andntte exposedeatdnmdanares, RegucidgHtrethadiH BEIbw

one inch wauld require a significant increase.in power to account for .
BSEH R IR L SRORS TODSURIG01E & 1 IR S Bt a1 e
partof aithbyiak fardawnheleaparations @nd having antensee ysritodisgions

of Mc tool for electromagnetic wave resistivity, ;Ewe-a:ding to '...ome other

empbbdimentsintitelinVEhtionhds JathieudriFiglite Sutlustiates @ rooredy 4.0 inches,
that may he part of the drill string IOS (shown in Fj . The tool 600
SFARABHE o]

Thees fhisml AT L AR BY2 1R 4RSS CACutout 806
%g%%ﬁﬂneﬁ?gleggg 'sfgtf'l_%d qg:gfakthﬁ‘ H%Wig@@@@ﬁﬁﬂﬂ@eﬁﬂ%@%éh@ﬁét@mtha‘[ are

may ly mi approximateiyto the lortultudina! axis of600. in some
gmiodimenthothd/hoig ek theongtdut 606.10khecatodtlyeatiec;e Aithaane

the :ongitudinal axis olthe tool 600. For example, the angle may be
BprdvitRate dsdegrad s aé’é’é?éé@?%yg@gplgggeﬁo degrees,75

[@eg5ges., 85 ‘ﬁgl?@ﬁ?Fﬁrsﬁ%sa@Gl%s%f%@i@%iéf%‘d@@f%wbé% mayibeed

independent olthe angle or {htt iLs or the antenna 602, For example, the
axisiof dfie clatout GOGrandathetaxisnofthe ahternal62 @serat ambodiments of the

imately 45 d | d 48 d le, ively, relat
P e L R O R e (e
v@ﬁé?&ﬂ%h%%otth]?dﬁ)% 290 mayinclyde Qnete anysiynherohansmifteier surface

antennas pOSItIOﬂEd cutouts.
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-1104B of the
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10039jThe transmitter antenna. 502 may be one to a number of wire
Windings which may be in series or parallel. The wire windings may have
one to a umber at turns. In some embodiments, the transmitter antenna

602 comprises four turns of wire disposed around the circumfbrence of the
drill string. In some embodiments” each of the transmitter antennas may

be selectively tuned to transmit electromagnettc signals or waves having

one of three or more selected frequencies, Thus, Oliki the depths of
investigation of the tool may be con:Toad to some extent by spacing =~
éL%jet"egr?t & AR AP URE Hec < SPRSrnal e diistihs ot i vestigatiohsealing
D edR® e gontrelied hy: SeI8CHd AN 13QQIRD e, FEAVENGY: LSO M hitrile.
embodimentstransmitter antenna may be tuned to transmit

&lectomagneiic wtaves havirigl acfrequencyibeing dne of 2 megmEeiz:,
g%%kilp-liertz or 250 kilo-klertz. Embodiments are not so nouted. as

PeHTfragueEies, A &gretdr Sdieictit dharegligacieainmulalidothend the
bge {00400The 4ooh G0N also insiifes %e%%liigf?é&@&iﬁkﬁcl%{ds%ﬁqg §bodiments,

receiver antenna 604 positioned or disposed therein. The cutout

dut reicesarifeRéritially raroumndthe ttbhG0@s Meleoper, dhetaxis: off e Guiaiiind 1118
608 is off EINIS relative to the longitt, Mal axis of the tool 600. In some
BRBOGHABHES 1He AKiRErtHEd Gryir S08 iingtoans abpreindanije4bedegtéebeing

i i t is of the tool 6Q0. in some, .
ﬁ@%&%ﬁW&%&ggXﬁoﬁﬁﬁg%grgl*)l%?eo gl gegrr]gg enl odlments durtgﬁvnéat%ufacture, the

embodiments e cutout 60 e at any angfe re
ke ilgngoitishinatiaxis ofstheltaal £AGoReexamplendheramgiel saay @.atop the insert

approximately 5 degrees, 10 degrees, 15 degrees, 30 70 degrees,
1715 Beprewdns sredrasd |8fcandnile SHawmdvitls briemetsivEfmiteintial 604, The

s%?s.t eomgI 1§?)2%aaéén&l %eﬁgff E}Qé/‘[rrc])lflnrg\%?ér[igfv&gge%égkggtggpnaaxe antennas, but
positoned In touts. fl € receiver antenna may comprise

Reecor MOfeacRps of WNgifdMing 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 drili pipes connected together so as to form a drilling string that is lowered
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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 he 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
drilb collars, atabilizers) eteroThe dinareter b drillicaliars ithat inpludeusuahthat the
cutouts may be in a range of four to nine inches. For example, the o
diahiegetof gHe dbiteoctarneray ber arsaycn éies teedpaciiped 21qridHuy agwireline
inches, 9 inches, etc. The distance from the transmitter antenna 602 to .
BEE Ok R B R B R R PSrG B P LN aL L % 10geine
emposimentsthe distance is Grinchesy 16 inebesoSRanchem & daabase bottom of
etc. [0042]The surfaces of the walls of the cutouts may be cut at various
dnglesioriglines:0 dlidstrate @xathplas lof thioser differsvwtiylady FigiFet speed.
illustrates a cross-section of a cutout in a tool havin2 wall.surfaCQS wit
SHOA T dEsIg Crran U S LRGS0 o 8 o
5‘&%}“991&55QQMQH@B@tEé‘E(%TSJ;QQc@QH%ﬁ(ﬁ_fﬂ; outeIpRink 404 Baidiagle 212 as
inner point 706. An antenna 702 is positioned in the cutout 700. As shown,
theywallssurfdtes mreapprexindatelsaurtiforomimwitiek drat s mne sy 292 for
706 to the outer point 704. 100431Fig ore 8.ii U. stratcu-section of.g cutout
RO PTG oL b Wl AR R s Proviaed Vot
9{&&%@@5&53@9{49%}%%&@1 pastictlar 3,66Quh 808 inciMdRS A QUIRK be
point 804 and an 1nner point 806. An antenna 802 is positioned in the
gurfout860d Asasvawduthezwall s favestconverge dstudutdgiext¥tée Drilling, or
outward from the tool. 100441Figure 9 illustrates a cross-section of a
EYUPRSA8BT 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 sufiagesidiverge as the cutout is
extended outward from the tool. The cutouts,%gaisn @tool may include any

WHination dF thE LEHHGHIRITHE KRB REBIFUISE 7SSV EL PRk Sle, all

! aﬁng&taua%im@m%&&@m@g assshowndpdriguterZs Altgrnatively, the
transmitter antenna may be in a cutout 'shown in Figure 8, while the
peceivemantennasdnaldagdn arguitoutrshiowns, ity fégurel fierrelatioShbepest system
For CovernpaCutouts in a Tool fr,r Housing Antennas [[004?1)Figur 10 ,
IRSIPAREE A 1ODI B84t REPA ISR YOP GBWRRLALS set fortilin 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 a
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operations and having cutouts for antennas for electrornag." esistivity that
covered by a sleeve with a number of slots according sonic embodiments

of the invenhon in particular, Figure 10 illostrat tool | (:110 1that includes a

sleeve 1002 and a sleeve 71006. The sleeve 1002 and the sleeve | 006

arc. 000 s a's described hove), In some embodiments, the sleeves are

inside Of a non-magnetic material (such as flOn-nlagnetic stainless steep.

in son-ic enThOCI ......... the outer diameter of the sleeve 1002 and the

outer diameter of the sleeve noc- are approx imately the same as the

Akt &%héeto%sl HCHOO. POOABITHY Sdevr! 1002yarid théi sleevaapoe necessarily
m%lllﬂxgeﬁ‘l af culat IO tL?d St11L90 fll'rgnd 1@19:?18?&8]: Sllg{ted e Ios[]lghlonaées are not
respectlveI{/) in some em iments, tﬂe dinal axis ofot¥1e ston %II

ﬁ%&@&ﬂ@@éfaiﬁmgﬂwl&%rﬁgh@ﬂ:ﬂq@@&lﬁ@\@P'FQ)GLﬂH@EG%Q@BQiQHI&K&M&mre,
ionaitudtnat axis of the amen;cutout (not shown in 1" igure 10). In some

ehsoditentsathetoridtis, leAgthr ifnbep arr 8pacinid of sloteed iregions is submitted
4 and slotted r. 08 ech sen so sufﬁmen mou t 't the
#eag red ol eI?& rlgtllna%%etlce 85, jnal %rgn%r@)pd;bnaa}é tﬁ?totuo eeve%ti'ﬁ'foﬁm'cmre or

anedbesiaeve dQ0kciespectivelieand Bﬂmn@hﬁ%ﬁ&ﬂbrmﬁnf&r BRM 1y described.
without adversely affecting the tileChartiCifl strength of the sleeves.

KE&Sidingly, thenslotbed ¢é gigwssigotvardahdisiptted régions 10018 dpparatus for
an electrom 19 Etlcali trs\? E{ ent vamd g 8gh the leeves, [00471In.
SO BNIAS ARtk grd 415 E RE1H08 s,
Q&Q%H}%@tvﬁ‘ﬂhm@rﬁ\éj%w&nﬁeﬁﬁt%ttﬁggm@rgﬁmg ﬁoﬁ'%u%j shBWOMBow diagram

embodiments, if the width of the cutout is approximately 1.0 inch, the
Wmﬂnauﬁmepsk@medsréglmmusnappacmmémkye@ﬁﬁhnshe&cMoldearth and multiple

mb ents, if the width of the cutout is ap rOX|mateI 2.0 inches, the
S B Botiets RS A ﬁﬂﬂlﬁﬁ&i@ﬁf%‘?%%ﬁéﬁ T Gt st operations

6@@19%9&“(!?&@%%@@?&1&9 inehesstgwidih:ot g}@t@lﬂ?@ﬂﬁﬁ@fﬂ@%hown in the

may be approximately, 0.25 inches, if the width of thé cutout is
dppraiipately 40 wohesitthieowidie ohthesslottetategionseméyieof the flow
apprommatel(}g2 0,187 inches. In some embodiments, each slotted re

o5 BOM S SRS THUITTEL N FRREER OF SIS YRS 8rSh AR A aRt %‘H&ﬂfm those
Mcqgg@%ﬁ'wa&m%&eawB%%ﬂ%qa%un% SIG8 Ve, i3 SAmEEMPQRime NIty

N is 12 and NI is approximately 30 degrees.
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 that
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[0048]Figure 11 illustrates a cross-section of one of the slots in the slotted
regions of a sleeve covering a cutoutthe tool, according to some

embodiments of the invention, A side wad 1104A and a side wail 11048 of

the slot 110:2 are beveled, wherein the slot 1102 is widest at an outer

surface 1106 and narrowest at an inner sin-thee 1108, As shown, an

insert 11 i0 may be disposed in the slot 1102, The insert 1110 may be

made or a rigid insulative plastic such as poly ether etherketone or

another relatively stiff insulative material and eon:lured so as to fit snugly

intg theehgito Pfsiot A1 Q2 Dhenneass AR indudes anstytwardlinfatimgnt and
surface 1112 and an inwardly facing saitace 1114. When disposed.in slot .
paORthbdmehdlys siigssdriacein 1 Thei o agsamnmanPaIRdHst iRt i object-
g{lﬂ%@%%rg: C%%%g%%%?@%%é@%%ﬁ%@é% Ilejcgﬁc ba%vﬁl\%jo?%%ﬁ Alternatively,

e ered at a smaller angle
'EH@BrH}&a‘P@é’ ehobthersiderwalls 1304411404 8-at dhe tslatdlBzidm procedural
soembed iments. disposed atop the insert 1110 is a layer or sealing )
tompaanshith 48isTtie Wealivg. cEhespolingTe E8MPAYHIESAAAYI SSIBMBR! S HSINE any

as nitrile. Epaxy or certain other non-metallic compounds ma e
SEAa TR oo e S LS R o
@%@Qﬂ%@%&%mﬁ L8 andthe autensuitasedd0fq ddeiretesad 1ot

be at various depths. In some embodiments, the recess 1120 is .
pppraximanély. Orh2 inatiesghefpsiprevemithdivsaling copipbatiediopgy particular
from becoming torn or punctured during drilling operations and while the

RSOFTRDBING IALEYRRT OF GIAERARH from the borehole, in some
diments; during M@RUAGW S Ehec15RIRE CaRIRAMNACIAABISIments described
ulcanized so as to be retained in the slot 1102 atop the insert 1110 and
Witk tegidns: 14B6candplibd6 sirsemdtthe perithetatiof thiel ngast shovdd TRebe taken

slots permit passage of the desired electromagnetic waves to and from )
R R R Y

sa\%q ﬁ%ﬁ? f.al0ts Allow,ihe sealing careresnd-hi13iia sealevamiahieslaims and
when hydrostatic pressure is applied to logzing tool. The inserts also .
ajoviderasphactore Tesistard, baripeddicthesealinga1ings mstnke regarded in an
embodiments, the slots may be constructed without the inserts. In some

B SAtact N BiadwLISOAR Fots and/or the inserts are not beveled,
Further description of such sleeves is set forth in ;LS. Patent No,

5,563,512, with inventor Edward S. Mumby, that issued on October 8,

1996, which is hereby incorporated by reference. Wireline

)-tingl3nvironmem
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[0050]Some embodiments may be used in conjunction with wireline
logging operations. Figure 12 illustrates a drilling well during wireline
logging operations d includes cutouts to rantennas Ibr electromagnetic
wave resistivity,according to some em 5diments at nventon. A drilling
platform 286 i.s equipped w that supports a hoist 290 DriUinc of oil and
gas wells iS commonly carried out by string of drill pipes connected
togethers to form a drillinis string that is lowered through a rotary table 2
0 into a wellbore or borehole 2 2, liqmg, Atisigssumed 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 togging cable 274 into the borehole 212. Typically, the tool body 270 is
Iowered to the bottom of. the region of interest and subsequently pulled
Upwar‘ﬁna?pé’%rﬂbsst A aﬁﬂ/ Cbnistant speed. During the upward trip,
mstrummbuslanoduoimﬂam thevtdollpatly RP0]ardy begiséehtpdfelraxis and having a
PEFERE R0 G HRSVIAcS Iomaans kA adinqent e hareholr e
ey pass & measureMent data can be communicated to a
tﬂbggmgrtdcmty 292 for storage, processing, and analysis" The logging
facility, 296 A P&R{&}QH?Q LB RIREUPRIC RAMIRMEN IAHANQYBIMBES of least

sign& processing. Similar log data may be gathered and analyzed during

ORI EHSFaSINS @ BLCRniNTPE 8B GISEIWRASTORiHgn e tiailips a path that is to
HAPSRUIORD  PERERHPAREL HAe desEIRHAT (e Bagbars shLailimdgiaisimately

such as logic | En plementatlons opeodes, ineans to apecily operands,
foustshss- ‘partitioningisharinglduplication implementations, types and
interrelationships of sstern components, and logic partitioning/integration
ch0|ces are set forth_in qrder tg pravide a mor horou h und rstandln of
iR R S A b et e Y
48ddhat ambleditdntsiotibéomyientionl may dfalpradided W|thout such
specific details. In other instances, control structures; gate level circuits
and full software instruction sequences have not been shown in detail in
3order Hiot app}ins‘wreftdrieimﬂ bedienents widtheolherstivrnt Those wheedihary
k||| in t ed descriptions will be able to implement
prgf%%lﬁat r?é%%fr%% t)%l (\%l%gout undue experimentation. [0052jReferences
in the specification to "one embodiment”, "an embodiment”, "an example

4embogipent.. #1G. o iNdicate, thatibs eabadioiant degslibedimayinatdiedo

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.
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particular feature, sr elute, m 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, P: 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
gor not explisihrAessribacn [00R B enmbrRItOb figidresessiiancalagicdiagrams
of systems and apparatus for commupications between the surface .of l;lhe
SELIRR A i DO B ASHR P bHos AL AR CoE M B RS
of the invention. A figure shows a flow diagram illustrating operations for
sgommypications between he shitace afthe Eath and UINElG A9WHOIS on
tools, in 2EEBIFANES With Some embo iments of the invention. The
nopellationseafithe flow diagram are described with references to the
systems/apparatus shown in the Hock diagrams. However, it should be
understood that the operations of the flow diagram could he performed by

lémbodimempauttey stetisénand aipiaiaths oirdrtian dHbSErHIgcudser Wie cutout
iJefarenceiintba Rlogktiagiams;gnd embodimeras discussed with

reference to the systems/apparatus could perform operations different

than those discussed with reference to the now diagram, [0054]Some or

131l of the0pRrANRRS fasarbed/Aersin inAYhaResPHHRG I ghaetethe cutout
firmware, software or a combination thereof. For example, the ear:trolling

ipPithitaNehiissb At THESERSTiiLter antennas may be petThrtned by

hardware., firmware, software or a combination thereof. To further

illustrate, the processing of the electromagnetic waves received by the
IteceiveP SRRSHHHS "‘rﬂg*}’%%“}:?erformed by hardware, Firmware, software or

a combinbtian fihretevhhjonpeading ahd chuipréhenginddhgtodmelwos and
this disclosure, one of ordinary skill in the art will understand the itiafiliel in
CWhith 2€oftware program can he launched from a Maehine-readabie

medinnt in acbamputigichasieunsystemitaerBetiethenpineiveS e firfegsyrface
ﬁgEﬁasth}lware program. One of ordinary | ill i the tart will thrther tniderstand

the -various orogramining languages that may be employed to create one

or more softA&VEtEFSEraThadesig Meditonsthiam ERT AHIP BerdhR ifhu lar that has a

direthads disclaserhsiein dEhe Aragrams Ay ke siiustiuesiodhe tubular,
object-orientated format using an object-oriented language such as ,Ja}\lla h
“&e@mia.wﬁéméﬁ%@f%mggﬁdﬁ@ RE DY SRORHER! i zone Lo six mehes, the
fﬂ%@ﬂ&%l@ﬁﬁf&@@ﬁﬂ@hﬂiﬁlﬂl@eﬂ reeegoiialdanguages puafuasd from the
assembly or C. The software components may. communicate using any of
e&ﬁ%ﬁ@?ﬁ%%‘ﬁaﬁ@#f&%ﬁ%ﬁé%ﬁﬁ% L gf(?l:}e}’ ma“t‘r%l "ar 3 such as
application piegraml interilasesonintgnptasess casmmunrisationt in the tubular that
hg%Ché}Ir %88 I&gtuglg I’re E(l)rtle98 r&)ec ergel:'lsr?efﬁnvsé ,;(I')f’[ﬁet ?&%}lﬂgﬁi&f A’)?}E'%k"ﬁae tubular,
&hibo |mer11]ts are not limited'to ar%/ partlcuiar programming language or
wépwionmedth [ER56 Hecvielv ofotkis wwide agetf ohpérfiativhssdltheecond
re‘?ﬁfatv)grdémegﬁa Po%%gé%daﬂ erginhisdeiaiiad descrinfiopiziniengdsd e
illustrative only, and should not be taken as'limiting the scope of the
elpnfermiopn hariscchimisdad wbimodhtisrb wérerdRIms ENsuch
modifications as may come within the scope and spirit of the following
claims and equivalents thereto. 'Therefore, the specification and drawings .

13re tolihe PEgardEE 95 ARmUSr AT amR AR A stV Behss cqmsTecever
af\EnaAR R FALUSEOMINESINGEnna is in a range of 12 to 112 inches.
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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, wherein a width of the cutout: is less than.
approximately rour 10L.:ItCS. 2.The apparatus of dium 1, wherein the axis

1af the apteppaisAtARIBRRPXINALRN M dReraL angadetativertie st receiver

longitudinal axis of the tubular, ".The apparatus of claim 1, wherein a width
agfahRe Ao TN AR B AP B arTeRPOREA 1Ot RiEhes. 4. The

apparatus of claim 1, wherein a width of the cutout is approximately two

inches,, 5. The apparatus of claim I, further compyising .a metallic sleeve
GiopocthF ABBTEC L A b RS CATE e et g and the
sbavfidgaere, ar amendoperings affrdimaphaiitdsgoéclaigheSelatiecdintlibe

one or.more opq%réqlslglsl gpproximately perpendicular to the axis of the

longitud . : : .
Artenna “Fhe apparatus of claim 6, wherein a width of the one or more

openings is less than one inch.
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
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8The 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 I, wherein
the tubular is a drill string, wherein the cutout is within a drill collar of the
drill string. 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 CoppRiisinga firstBidbidarder domihele eRaratwhidteifubtdant of the

havmg a Iongltudmal axis and comprlsmg a transmitter 3ntensrégfto emit
1Spo

ARG R SFRIBREARR RS b e S e oM At A irst
di@&ﬁhﬁf@iﬁtﬂﬁnﬂcﬁﬁﬁmﬁé\&fblﬁrﬁaflfﬁﬁwwulﬁllﬁt’é’iﬁlﬂl budaxﬁtthﬁtﬂaamﬂ, wherein an

direc at is other than 90 ees rel to the Ion is, of
5 G SR ST A T AL L S TS Ao Har e 63 e at an
afpy oXtiately 9néctpcixritiaties tdmlﬂr@um&hewaxam‘éﬁmadolrmwidth of

hwd#rs?cu troma netlco\?/ave tr())r%wducedhfrom the electromagnetic wave

iS em(ﬁltleolS |r'1]to %negsubsur ace formation; and

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

21. 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.
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a second receiver antenna positioned hi 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 distanceffpin the first receiver antenna to
the transmit Cr antenna is in a range of 6 to 106 inches. 15. The

appE ﬁ o’eclaim 12, wherein the axis of the first receiver antenna and
the ei d receiver antenna are at an approximately 45 degree angle
relative to the longitudinal axis of the tabular. 16. The apparatus of claim
12, wherein the width of the firs i d cutout
are approxiymately two inches. 17 [The appargtug|of claim 12) fur 1198

comprising: irst metallic sl i lgr and
covering the first cutow, the first metallic slee ving one or{more 102

openings, wherein the 8he or mone openin the\first metallic|sleeve is
approximately perpendicular to the axis of enna; an a
second metallic sleeve disposefl/about the tulyuar ang\coveringithe
second cutout, theﬁgcond metallic slegye ha 9ng |YX more openings,

wherein the one ormore.ppenings in metalligsleeve §s

approximately perpendic | 1S @hth rgzd anteqna.|18. The

apparatus! im 17, whereip/a h of the o1 o; € dpenings in he
110 | | 178
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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 dcmmtiole operations; and

receiving a first induced electromagnetic wave, which is a result of the
transmitted electromagnetic wave, with a first receiver antenna disposed
circumferentially arougd the tool in a first circumferential cutout in the tool,
wherein an axis of the {irst receiver antepna-ane-an axis of the first

longitudinal axis of the tool, wherein a width of the first cutout is in a range

of one to four inches. The method of claim 19, furth
receiving a second induced electrgmagnetic wave, whic

transmitted electromagnetic wave,|with a second receiver antenna
disposed circumferentially around

cutout in the tool, wherein an axis /?I%na and an
axis of the second circumferential ther than 90
degrees relative to a longitudinal a In a width of the
first cutout is in a range of one to fou thod-at-el%m-Z' 0,
further comprising determining a r¢ pf the subslirface
formation based on the first induce ve and the
second induced. electromagnetic yave. 22.The method of claim 1.9,
wherein the first receiver antenna Js approximately centered in the [first
circumferential cutout and whereirkthe second receij@r antenna is
approximately centered in the sec i & utout. The
method of claim 19, wherein a dia e of tRe firgt
cutout. is approximately die same 5 nner gdge of the
first cutout.
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