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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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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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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

[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
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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 Drawings 100031Embodiments
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

asspciated Witk she numberof the figuerhari@xainple Tadabl| 106 vantdenay
located in Figure 1. However, reference numbers are the same for those
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epnas for glpeomagnetic wavebresistivityy acoortinigitocstime 122, a downhole
embodiments of the invention. 10005]Figure 2 illustrates a tool that is part
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toot Rir.electromagnetic wave resistivity, according t eembadinentsr4 me
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according to some embodiments of the invention. 100071Figure 4
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cross-section of a cutout in a tool having wall

[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



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
embodiments of the invention. 100131Figure 10illustrates a tool that is
part of a tubular for downhoie operations and having cutouts for antennas
I%?ﬁlectromagnetic. wave resistivity that are covered rl:{)g a sleeve with a

t
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regions of a sleeve covering a cutout in the tool, according to some
embddimedts of thevinvetiofccl00hbibigure d2titysttates @ ey fipaenweall the drill
during wireliuc logging operations that includes cutouts for antennas Ibr

magnetic wave rcsstiv ity, according to some embodiments athe

Rsion. DetRdRRICH USRI TNSIAP CRPAIALLS ANISURIRIS,
{or an anienna in a cutout of a tubular for downhole operations are

deschibed, Harthe followingd desaripiion| nwmerdus speeHictietals/ are sRlcessor
forth. However, it is understood that embodiments of the invention may be
BRAGICEE MRt tHE S SR BERCIBEATIE TROGtHET ifstahitsss well/kn&nmveare, and

g rl%g%?ﬁ]]%n% etéc[aecot}niéusu S, llgg?/%},n&t been shown,in deliail in grder n?TEIO

architect ofthe systems shown. 1n ure 1, and as
scure the understan Ing o this escription. omeyemrBoalmenté %ﬁe

used priddersyemant Wihilgebihing (M\WBkdaading Whileilling dMbe, in
and wireiine operations. [00171This description of the embodiments is
HVid i maa Seetiehg oddes 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,



first section describes a MWD operating envuonnient The second section
describes different COM gu rati on s for cutouts in a tool in which
antennas are disposed. The third section describes different
configurations for sleeves that cover such cutouts. The tburth section
describes a wick:dine operating environment. The fiat] section provides
some general comments, [0018jA system; operating environment,
accord:some embodimenmu ," described, Figure 1 illustrates a drilling well
during Measurement While Drilling (MWT.))/ ioctitinrr While Drilling (L
Whd.pRerations that includas.cutrds nataaenns esipamagiiesicome
wavt".bY.according to some ernbodimems of the invention. [00191it can
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borehole 112 through subsurface formations 114. The drill strin X d
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Qs ingluding NLWRgneasHement while dillinghookss kM (foggitign may be
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Hsgd oL the laceroaRtafa raamiles ARteNNa AFASACRVAIARIEBAR A drill
more detailed description of the cutouts and the antennas therein are set

fatthy b&lean H0O024d) Daviragj cirilling roperationssdhe drill string 108 (perhaps
including the KO-, 116, the drill pipe 118, and the bottom hole assembly

120) may he rotated by the rotary table 110. In addition to, or alternatbiel

the bottom hole assemply42,0may1Se b AaIEh Bteanfmotor (e.g., mud
mthat is located dowthole, The drill collar; 122 may DC used to add weight
mozhe drill bitTiRGsiZhefdtil colbats k2R misdemay stiffenctthenbaltohsdiokal and
assembly 120 to allow the bottom hole assené?ly 120 to transf?r th
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00221During drilling operations, a mud pump 132 may pump drilling fluid.
{sometimneasknonnhy osesat skitdin theoan as: "dling mudhefrottrasntifat is at a
pit 134 through a hose ;o the drill pine. 118 and down to the dgriﬁll bité%? |
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the si orehole 112. The drilling fluid nta then be returned to the
smud pitlL34awheses sifahdlelietisofiltenediclnigarmetrength, 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
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embodiments, the drilling fluid can he used to cool the drill bit 126, as vel
as to provide lubrication for the drill bit 26 during drilling operations.
Additionally, the drilling rand may he used to remove subsurface formation
I LI cuttings created by operating the drill bit 126. 100231 The diffe -ent
components of Figure 1 may all he 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,

aﬂd co binationts tEghereof, as desired by the architect of the systems
S%SWH’%%F@W@, A REAPE B TR P PartievIss rpiettBAtaiony fndicular to the
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age and distribution simulation package, a power/heat dissipation
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transmitter antennas and receiver antennas may be disposed on the drill
HsrtagSP0dki tPhid ararsmitte k datélenas May ehitiransmitteselbotiomhagnsticrent
f}/gaxg;scwpi%pl dtraverste the sutbsu(r?? e formation.. induced electromagnetic
WAl es thiat Are  Fedlit 57 the Hans it SisttBriagreht Wsdes are
[6686]ved by therergiven aniennag Basetan SYeR sIRCIOMAGNELIN. The cutout
radiation, resistivity of the subsurface formation may be determined. The
2 hpfenndshmay de ysel toavakeiresistivitytdeterminadions tab hillfipl&loreover, the

depths of investigation. The transmitter antennas and/or the receiver
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described. Cutouts a Tool for Housinz Antennas 1:0027iThe size of the

theutouts fishdependertdhaleamechanicalnelestdéal anet physice:hasedo the
aspects of the tool and the antenna therein, in particular, if the cutouts arc
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from the antennas that is at a sufficient’level tor formation evaluation may
200e too greatpkEighees 2le3handie Hiystsatmately 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
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di Ifarent ernhodimeras of the tool having cutouts with antennas disposed
therein. Figures 4 and 5 ilinstrate plots of the electromagnetic signa
strength, power and width of the cutout For a given con:iillustrates

different embodiments for the angles of the walk ot toe cutouts.
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
Rigyeg 0k Jiheuionl 2QQiackees adransaittar 2antehma 20dnthgroambeely 45
disposed circumferentially around the tool 200. As shown, the axis of the

dagremittateaneAfal 20 PR Ay B8 Apipskitthrely ipiYsdadicuiehas figal axis of the tool
longitudinal axis of th | 200. Alternativel i itter )
e B L B e gy, receiver
teeb200(0 Aegiagsy 43 degrermnéd tegreasc90Xdgrees rateyeMiincana 202N is
Shown y,,ith One transmitter antenna 20 t, the tool 200 may include one to
divpangrbiep of irsreshiitide antenhdsHE00291 The transmitter antenna 201

% e one t%ﬁenr%rc%?\%rgn einrg V&'S?X] 9 %%i?g]cgﬁ]ié{' Qﬁtéﬂr‘?‘fﬁi@ﬁ@hay each
Eacl Hel. The wite windings mayahave one to a number of turns. In sone
embadimsnts, thekassmitenartennmQloagniyises fatstumobitwitedy of the
disposed around the circuraterenee of the drill string. In some
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to transmit electromagnetic signals, or waves havi eof t €Each
e UREIO THUS A e A e S e S pac
oay.Re £oairalled JQ sepe X enihy SParing: hetwarrithe. pssmitiemadh, in
receiver antennas, the depths of investigation may also be controlled by
seidatingoanaipitopriats iee quenogs.ideseriiec eibUt RERIES, Bads OF

transmitter antenpa may pe tuned to transmit electro etic wav .
RS A PG e B RESH B3 gy, DB BRU i 9 g of received
Kilo-Hentz, Emkodinenis asynabroimited, as differaatdrequengiesnaca capable
gEtater selection of frequencies, may also be used. [0030]The tool 200
alisetinolides ticutouti2 iyPX tiedercualin fornatisascutout 210A and the

cutout 210N are cut circumferentially aroun tool 200. er.,the
BOR2bf the cutdaPPEFA RRA RE kil F 't'ﬁ%ugatt{(’)lﬁ‘af’i ugcr)él'\{lo%%%}ilg}glgjt?ve

da.the;ilong:idinad axis of the,tpQlR0: psanae @mbedimentso thaaxis Qfthe
the cutout 210A and the axis of the cutout | ON are at an approximately 45
degred|anglecelative £0 theaohgitudimairakdsaottheadsl 200y fre serdell collars,
embodiments, the axis of the cutout 210A and axis of the cutout 210N
T et iy B 1 DHBRNI LIRS O THe ot OB o ranee
S@MRlenthe;angle may he approximately.S degreesi 10MegIees b5 % inches, 6
degrees, 3l.) degrees, 70 degrees, 75 degrees, 85 degrees, etc. The
sanglecef thedixis 6fithecutout2iBAcmay be independent of the angle of
the axis of the cutout 2For§_xample . the axis of the cutout 2#&,& and the .
]toa goomt
e an

(8035 bf the cutsit® VON & SEaRCAE IR X ARER UGS RS
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Moreover, the tool 200 rosy have one to any number of cutouts therein. A
Aeceiyenantenha2024Ads iisposed brhpasitioméd én thercutout 204anAs can be off
receiver antenna 202N is disposed or positioned in the cutout 2Q414.
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



100311The 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

BRESE BTrdedive disldttforn aghetdisiginaks tHe dowhhilehtsol s arsdiaodiments,
urface elecgtronics ma capable of determining the resistivity of the

B . LB 2 e Paes e cutout 2108,
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parts of the too: 200. For example, the cutout 2 IUA. the cutout 2101.9
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distance from the transmitter anLnna 201 to a midpoint (B/2) oldie receiver
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ircumferential receiver antennas

articular, because of the angle oldie c
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Therelote, if the range ()la circumferential embodiments, the distance A
T b®inferdangestdtotot Renich esfolrt lsomeemBodiméents gtine distene@dd and outer
is.6 inches, 6 inches, 32 inches, 48 inches, etc. [00341Figure 3 illustrates
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the invention( In particular, Figure 3 illustrates a more detailed view of the
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the invention. The cutout 210A has an outer point 305A and an outer point_
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inner and outer points are described in more detail below with the
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ve.a width 304 a width 304N, respectively, In some embodiments
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approximately one to four inches, approximately one to six inches,
appproXitately fifo-fo six ihehesu@pproximately one to eight inches,

oxiinately two to eight inches, etc. In sore embadiments, the width
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wibree finehesofaun inehes five: Inehas: sixinches sevepsinches@ightcording to

inches, etc, in some embodiments, the antennas are positioned
soapproxintatedy incthéheentenop the cutolts | X008 Figute driliostrates 400 for a

ot of-electromagnetic signal strength versus a width of the cutout in the .
3R REL S AhtEHn AL ELLRBAShE SIgH LB taag el
themRogirents @fdhe inventiandmpastigulankigune drillustiriesa Plaf AR of the

for a tool configured as follows. The tool includes a cutout and the receiver

tregntenioa thierein ithait pnex01insdy 4 (brdidirerpaekatiVedor therforigitadinala is
axis of the tool. The current of the. trartsintritir antenna is approximately 3

P A SRS T ha  Ear ST SR a&ﬂé&&tﬁ‘iﬁqtbeﬂ%gfrﬁf’%'i?x'mat‘gy two

electromagnetic wave having a frequency of approximately two
9



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
B%%u}&frﬂ%oimhé%a%mg%&m&wm 4Q2swihere ihe nidihd ofithe cuteutisenna is
3.50 inches, the amplitude of the signal is approximately 0.27 Volts RIMS. |
Apshonaicthe Giramgth dhtheseitrralaeging taslaval brigRRFe ARt G- The
E&?‘E& %O z;td!?{ba{%é? ezt IQ Cshrglsti Oz%?f?r%f I%H{je thSe Iyel’lcse%rvaette %n?em?g l?z(ve four and three,

nal strength and relative power versus a width of the

cuiRutiin thetpolthatbasanasiennatbabgeneraies ts sighalilacoonding?,
to some embodiments of the invention. In particular, Figure 5 illustrates a

plor506 thattinefutles thetimie) A0z how Figunel Wiispé Sehsigg this SigRalolts
strength relative to the width of the cutout. Figure $ also,includ fth
69 S15Ho OUHG DL g PACE & G s B ety T S ofthe
Flgwesd b, fRE gﬂ&tﬁ@ﬁ@@@t@§@ﬁmi§dﬁ§0m@s agege) Aapoint 408 along
approximately two inch width for the cutout is a good compromise for the _
signahvsti®agthhandttiveverfosbthanténridsarS4. IRSwacihg thelilies pelbasignal is
one inch would_require a significant incrg]afse in %%w fo accoTBtelgg?éstrt\gleve] off

1BROBGaIS e é)rlrjis( 06?/?15;. RGsBEIGURE B IR S8 S toorthat is

igure
Dautof.a tbularderdownhole cpetations,and having antennas in cutouts

of Mc tool for electromagnetic wave resistivity, ;Ewe-a:ding to '...ome other
[6030pdimentFighecifvidntiontetnaparticdlelkcRigure G illusttatdsEerphgog relative
that may he part of the drill string I0S (%P%thin Figurte % Tt Eo%l 60 il
RcRIdeSaAH e PAHEHEL 602 tHEAPISELM T AIhEE A Citatit B0t
s%%chc-oﬁ%ﬂl.gﬁps&ﬁ_@e%ﬂi%&%ﬁﬂ%“weﬁmﬁﬂnﬁcr anskthegaitont

6 may ly miapproximateiyto the lortultudina! axis of600. in some .

i Bebodimeritt Sthe taxis rof thiesciitout 666 Eafrdre Bigamy Anghecssatiive thy signal
the :ongitudinal axis olthe tool 600. For e,xam%le the apgle masze 502 of the
SHBpEEXIRIALN 6§ Hisgrddd! EtaRgrial: 30%45y UL Hf EGiets T5°
p%g\@;eoq‘%he%% gql%g@ﬁ%r\%t?o I@%@@%%@&l%@ of the GutPHE 66 Ay DRl 5, for
independentolthe angle or {htt iLs or the antenna 602, For example, the
tiaxis of thefautetio606 and lthe axisof theantenmate2tareiatanvidth for the cutout
“approximately 45 degree angle and 48 degree angle, respectively, re tia/uecirlg "

36 S0 IoHETRIdIRATSI0S BRI 8L EHEE W ShoTiT SRR ORB Pt ittt
08 2kt include ong to.,any, Aumbsnef transmitteror th
@ﬁ%@ﬁﬁ%ﬁ p%&t?&i%%ﬁ?&%ﬁﬁOOﬁjThe transmitter anE[enna. 502 may k;)é )
@R teignaumber of wirelWindings which may be in series or parallel. The
wire windings may have one to a umber at turns, In some Temgodir%egts
b

[4A&SkansmittBiaate AH s Eomisi ¥ FotiP it AS DIRHE tISp8Sd RRSURRF 2t ions

f05gindrnibrence; f.ns AU SR, SPOG EIRAATIRNIZRIEG ATURG, according
fransmiter antennas may be selectively tuned to transmit electromagnettc

tsignals oewaveshaving one of thead or. morarseleeted frequentiss;aTdyusioo! 600
Oliki the depths of investigation of the tool may be con:;Toad to some

thektent by spacing'befber B (Fndinitier ahigrec)ant8Rnad) AHE HHtAs® @
tror]:srr]n\{t?esrtieg%teir?rrl]argay El%if? %Q % EML 8!'@0%*?%&%&%%&{1%?}9 BOQIOREAIE06 around the

requency. In some embodimentstransmitter antenna may be tuned to

rofapsmitrelecriemagnatis saves having & fregueney-héing dnecof2ut 606 may be at
mega-Hertz:, 500 kilo-liertz or 250 kilo-klertz. Embodiments are not so

AUt astddidreAe fiequeskiese i g reater sereltiohistradhenemd 00 In

may also be used
10



[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 EINIS relative to the longitt, Mal axis of the tool 600. In some
embodiments, the axis of the cutout 608 is at an aeproxirnale.ly 45 degree
angle relative to the io.ngtuduta axis of the tool 600. in some
embodiments. the axis of the cutout 608 can he at any angle relative to

the long,jtudinal axis of the tool 600. For example, the angie may be
SORTRIELI & Beltoasisref deprula {4 uEtdec a0y aneler tagrdedic
(ondroaees Badegices, #GoYVhils Shawn il angirSealY 8L appenad s s
the tool 600 may include one to any numbe,r of receiver antennas
degitiondd e anolits ddd0dd | Theageeiveél aletenna BOddpay camptisecs, etc. The
one or more loops of wire running along the circumference of the body of

881 BEGThal Eeeivr Adn AR 664 'ﬁfafy@&m%tser@a@ﬁtm“ﬁlméﬁ of the
eat spesificatly. shawmwhich,d sqmpmzsife&w&'a&ﬁghfeesﬂy%ff mgsn@ﬁha 502 e

detects electromagnetic waves or electromagnetic radiation. Based on

one appothiohthly damplitide andephases afreceived € lesisermagnetielative to the
signals, the tool 600 may he cagvable of determining the resistivity of the

RS HO RGBS 088 & BT iR HSh thee dERBEEDE anahe20 1, the ol
SHEQUL %fn(ﬂy(;?]%?g]qli I rts of the tool 600. For example, the
I O e R LA TR Wqus
iesagter of dilhcoliarsithatinelede: SoChciteutsHnay beum Berarae of foutings

to nine inches. For example, the diameter of the drill collar may be 4 34.
YHHRBE® FPANrCHES O7 fehed: Slirehes, 9ifbnes nek . mhe disttneadrobar of

the transmitter antenna 602 to the receiver antenna 604 can be.in a ran )
L e s B e gt wire

dnghesd 3inches, 4 inchesn &6 [0R4R]The surfaces etthe walls oftheach of the
cutouts may be cut at various angles. Figures 7-9 illustrate examples of

LARYBI Hifferepm agles Pigielecr iillistrated ta brossidedtionanhagoatouti imals or
tool havin2 wall surfaCQS with approN imately uniform width, according to
R SR A TR BRI Tu 08 A aelh
iLHeE oI §0Mhanshaminnes RAIRLTIE8 (ALANERNA (702 dSRASIIANEMdN the
the cutout 700. As shown, the wall surfaces are approximately uniform in
UAfgthi fronarthecipmes poinTo6, thakeroiter poins 704 10043 Hrig bre @iiialled by
s{rattcu-section of a cutout in a to[ol having vijonvergent wall surfaces,
SCCOrding 18/E8ME Embstitients B the'inVERISH T p&HiRIAR 5 Etitoienna may
b8 Inclydes anicue RAINLAHANG. a0 HNAES PAILE 800 ARiADEANGB0Z ¢ oa-
is positioned in the cutout 800. As shown. the wall surfaces converge
Haseutoin islextended @bfWard-flertrthientbotlitRos4dEiguredlithistratesdafferent
cross-section of a cutout in a tool having divergent wall surfaces,

(SHLERIRY 285BI BRBEHMSHS of TETHYENIBAY HpaPhclifst, a cutout

[RAQ)Includesian RIIEEROIN PO ARG NDE RAMKACGARAUCLAARDZ IR nna
positioned in the cutout 900. As shown, the wall surfaces diverge as the

6 @utouttis extended ostdre dromTthe dook kS cutouts rwithife @iaallmnayund the
include any combination of the configurations shown in Figures 7-9. For

108k 8Pl AP IE e B des! idy et BigUet 45 showil it Eigard s longitudinal axis
otAlternatively. IH%&R@Q%H%BB‘%M@PRE!Q@JQQ% BEIN 3 fUtRWEhwnIp gdgwﬁmately

8, while the receiver antennas may be in a cutout shown in Figure 7,
45Sleenes:kgie CoverrpaCutouisindifoakis, b Hausing Amiennasme embodiments.

[OO45)Fi%ure 10 illustrates a tool that is part eta tubular for downhole
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

11



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

diameten otithedenl7s.000:40046Tdhecslceue 1002 @ theveleewe: 16@Fver antenna
include a number----slotted-s 1004 and a number of slotted regions 100R,

i Eestitasty OftY) Somye RS AIRTE A XHE TPRIIRIdiFR! XX U tHESEgRBEPned I

re (i)gr;s 1004 and itloiled region 1008 is approximately pendicula to the
fohaittidtnat axis of the amen;cutout (not shown in 1' igure 10). In some
esvlppdimentsythervddhsrlengtmarsomberyanchgpaecingead siotteddegiansvyire running
1004 and slotted region '008 ate chosen so a sufficient amount o't the

desigétialoetrinfnepretit’ Sigharioa Propud Aethidiigii Ipie lae\rasa B may
and the sleeve 1006, respectively,.and,intg, or Qut.from, i .
MR Sl ARSHR T TR St 1S SLE i e

Aceridinglys thesleited-regions Q0% and dhesioited regions 100LSitormased on
an electromagneticaliy transparent window through the sleeves. [00471In

some evtibotlimemts, ihedwith s lsteid 16 §lopis oM alifis19Tdsatee tool 600

dependent on the, width.of the cutout.region being covered, dn som
B DBHATE i1 SR Do E L e e SR RRs. 1n some
Wit of the siotted: segiansdsanpximetely 935 bakiesifiorsemerts of the tool 600.

embodiments, if the width of the cutout is approximately 2.0 inches, the
Widthaofithe glottetbredionsiid HpproxirhA8Sy 0375 ineked! ptisswitithi Grers, ete.

the cutout is roximately 3.0 inches, the width of the slotted regi .
R e L) OB RSP A PR Sl b £ 0T our o nine
APRIOXimAtely 4.0 inGhes, e widih ofithe SJafesh spHONS/MABE 6 ¥ inches, 7
approximately 0,187 inches. In some embodiments, each slotted region
fahesg/enislecVéniriotadas. Nl hedibenof Slots tivatrarersiygc ad tapatodBdatthe

NI degrees along the circumference of the sleeve, in some embodiment
PR ED TR RO ooty 86 HobiE00 AR B T ARGHSRe, the

frosRsedian pione of the stotsimtbesslatigdsegions of a sleeve covering
a cutoutthe tool, according to some embodiments of the invention, A side

MEELIL104A ahieas sittewvail 116048l bfaheislott240:thayebeveked awhierairgles.
the slot 1102 is widest at an outer surface 1106 and arrovxfﬂ]att an inner
el 1 108 RS SHEWR SrPIHSEHE 11 -ﬁ?ﬂawéeaissn&‘g& 'the ot 1O

e

1302, Jhednsert 1110 may.he.made o fgidiinslativelasticauehnasvidth,

poly ether etherketone or another relatively stiff insulative material and
seandirgtose as: torfitahiuglytintbttiee betiom ofl slptl L0 Thetitsérf A0 1@ udes an
includes an outwardly facing surface 1112 and an inwardly famﬁﬁ%li?ggm 200.

OV AW dIapOLeld fi'siot 102; tha iRy Hrelhg ST

Adbstantally gligngpyih 5@@@8&%@%&%@%9%%%@% AQ point 706
Includes beveled side SUIC3CCS [116, which may be beveled or tapered

t@tla smadlpoiangledthan the bevel of the side walls 1104A-11048 of the

[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

12



slot 1102. In soembed iments. disposed atop the insert 1110 is a layer or
sealing compound 11 | 8. The sealing compound Il 18 may he an
elastomer, such as nitrile. Epoxy or certain other non-metallic compounds
may also be used. In some embodiments, a recess 1 120 may be left
between the ..scaling 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& coming torn or punctured during drilling operations and while
& t567 1S Being Tis Pt‘éfﬂ’6%?/\)?{%r%ﬂ)\'fﬁcf?ér?f)fhvéﬂiﬁ&r%%@%F}H"é'bﬂﬁé’“e”ded eutvgard
gmpRogimgpts, during manufacture, the sealing compound 1118 is
vulcanized so as to be retained in the slot 1102 atop the insert 1110 and
\WtHid] regions Hik3s @nd lLiB6 aroundsthe pésimete c ofoteinsert| 1kl Jtheergent
sIo}F #teémit passage of the desired electromagnetic waves to and from
a

{HR aHtEAREs A6t PSSR IRE IR ASHA 6 R ErmfitkE e TIRR. DB _Eges cutout

apg gpdsof §ip&%@u$wim@§mammgpg&%% tRﬁS&LSM&@d%gEtsasimned i

when hydrostatic pressure is applied to logzing tool. The inserts also
providewa puhctiisesiresistamt batiierfarébheiseadingskAd Quisus@mtended outward
embodiments, the slots may be constructed without the inserts. In some

HRIBOHRAts ifecsigaimaivn hérslotauriardidnannsertd wainorbdieled,
iption o I is set forth in ;LS. Patent No

T T e Rt L T i e gonrisured o
$006, WHickuis Meraly ingovprated by seferensteWiralinebe in a cutout shown in
-tingl3nvironmem [0050]Some embodiments may be used in conjunction

AR virelhe 106 girrg peratisnsargare e rifustiats sha ariling svedl during
wireline logging operations d includes cutouts to rantennas lbr
electromagnetic wave resistivity,according to some em 5diments at

nventon. A dgilling: pliifersn 286 icuesuippes m dhatsuppeks A feist290
DriUinc of oil and gas wells iS commonly carried out by string of drill pipes

[88APkcted todfégmarsid b dcdrillinid Siihty tvat i owbréd fehrbugrhale
oroetart)(()tlgslb@!aclel d?_ Oa \i/l?rtlo %uvtvedl??re or borehple 2, lien:. it is assumed. that th(?1
gfrlfﬁng sstnng has en ?emp%rrgﬂfjc/nr%ar%o(\’fé ?Fgr%nt]ﬁ%nggfeﬁﬂg Syt !ty that are
callewanyirelinelogging aehbadyrdifs SHEP-AS RREPRERI SONSIBIOREL f the
lowered by wireline or togging cable 274 into the borehole 212. Typically,
iNerioot bodyRvioukolared 16 tHesbettor ofthe)fédfior ofdntérestsamde 1002 and

subseq ly pulled u at a substantially constant speed. During the
aﬁlﬂ;%é?dfﬁp% irﬁ}?tfrlﬁgﬁ%\{ @152& goﬁﬁ t eee‘f8§%)§d§f 70 idy) B sty (2
dperprn measurements op theisubsuriace formations £i4,adiacenh iR etic
borehole 212 as they pass by. The measureMent data can be
megenirlupicdtes toratogoieids feteility @92cfoy. storages prosessingisatic: outer diameter
nalysis" The logging facility 292 may be provided with electronic
of ipiiert @@%%ﬁw&r B XIHE Brobessifys Sinaricyatd sy pehe same
agathered andanalyzed duying drilling operations (e.g., during Logging
While Drilling, or UtArD operations). General [00511In the description,
[Ofdiierous spécifitedetallsiduchl alselogicvk BN (e méntationsy bpeotidsited regions
ineans to apecily operands, resource partitioningisharinglduplication

Himpfemantations Ctyped andsttetretifiorsips of Sstd i EaihpoIents) ane the
lolRgisaastioning/iniegratan shoicesaie.aet IRyl nATler d.provide &

more thorough understanding of the present invention. i Wlﬁ he
apappreciatéd phowew e by tonkeskillgduiti Me :aris thadhembedimerntsiafitkec utout (not

invention may be practiced without such specific details. In other “
shinetainckgeeriol Sraetirss itinevis iciitd BngHaihsarnhre and spacing of
' [ t hee own in detail in order not to
S R o e S ar s i oy or e
art, with the included descriptions will be able to implement appropriate
functionality without undue experimentgfion. [0052jReferences in the
specification to "one embodiment”, "an embodiment”, "an example
embodiment.”, etc,, indicate that the embodiment described may include a
particular feature, sr elute, m characteristic, but every embodiment may

not necessarily include the particular feature. structure, or characteristic,
NMoranvar cirirch nhracne arae not naraccearilhvy reafarrina tn tha ecameae




communications between the surface of the Earth and multiple downhole

took, 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

Hock diagrams. However, it should be understood that the operations of

the flow diagram could he performed by embodiments of systems arid
appasatus atherthandhRose diseysspdonith iefesance dedhes blotkand the sleeve
diagrams, and embodimeras discussed with reference to the )
dydemslappariiusebilt perforntoperadhgaereti irahaghagec!y affecting the
discussed with reference to the nqw diagram, [0054 I

AT HESERRD Nertn sy B DB h A the stoted

softwiare wsarcombination theseeikioy exampalentherrantialingotitheleeves.
transmission from the itaiiSiTiiLter antennas may be petThrtned

b
betdWare., firmeares softwdraora M%@Whﬁéf@&d@fﬂﬁﬁégm and 1008 are
R T R B e S g SovenE IS CENEL Mo Mfnonts, f he

pérforme are, Firmware, software or
aRembination thereap Mpomrrading anchcanpiehiroding hetcontgninfis
this disclosure, one of ordinary skill in the art will understand the itiafiliel in

which arsoftwéreSprogramlcanthe ¢alrche fton shmaitinel thagamet is

medinnt in a computer-based system to execute the bunciiMIS defined . .

BB SO GG OHE B AN 1T AR W AP e e ehes
fhe,vatiaHS PHRgRRMININGAneKRees thab MayRermalayed taciratedargions

or more software programs designed to implement and perform the

metheds pissiosed horeininthe pibgramsdthay Be strigctusetpin@nmately 4.0 inches,
object-orientated format using an ob%e)ct-orjente @rl%y%g&gsqcpnas Java

B c4dh Ridinsoven 1B BrogPas TR BE e il e Some
arecedueorieniated formalising erewal |anduagRr. UEBAS f slots that are

assembly or C. The software components may communicate using any of
pamurh bparohnechinisms wetiigidwe itouhdseskdliedin thisert, kustings
apglication program interlaces or inter- rocﬁegs communisation

i RS INEdin e Mot pRIREHTRSbA Et€achings of various
mﬂmdime“tsﬁ%%&oi finited 4o a0y, paticulasPEearRMMINGlanguage Qbited
environment. [0955]In view of the wide variety of permutations to the
regibadirfientscescribedhereinuthiis iWetaitd dadesctiptionsshitended o dygs of the

et ony o 1ot hen oD I S S

»g}%ﬁéiwm@a%@ﬁm came, within.the.seepe @nehshisli af thedalwinginner surface

aims and equivalents thereto. 'Therefore, the specification and drawings
[arestooestegardadiican illustrativ e« atihpo thamalrestvictiv@senseinkens 1 10 may
An apparatus comprising: a tubular to operate downhole, the tubular

ety &l erigddinl 4R B Having 2 GGt iaF AS S DiYeRfi A tHit i§ ' Ve
Liherthan 20 degrees to thedongiudinal axis of the tHRURSIRGm o @ot 1102,
antenna positioned In the cutout of the tubular, the’antenna to perform at
Teastenelofl a treanshissionovaieice piionof afhetectidrmadneticsigdal thaing
has a path that is to traverse a subsurface formation, wherein a width of

striéettoltt ishess thavsappioxiiataly FBed MHL hCac e Aparatisof
dium 1, wherein the axis. of is\at an approximately 45 degree
S5%159[1]51?37\,ti\e}ggigeéj\\év%%i%dé?fé?gi?é%?tmgfubuIar, ".The apparatus of
[@baign 1, whergip awidth of thel cuteutiscinbstamier bfcappioximetely one to:

four inches. )
beveled or tapered at a smaller angle than the bevel of the side walls 1104A-1104B of the

14



4. The apparatus of claim 1, wherein a width of the cutout is approximately

two inches. 5. The apparatus of claim I, 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. The apparatus of claim 6, wherein a width of the

one or more openings is less than one inch. 8The apparatus of claim 6,

wherein a width of the one or more openings is approximately 0.375
et B Soteest RE' ity S BB ORITAtRR RS LnChES dlarof sealing
ABRFAIHS o chaim G, IR I AR OF ANAB RSN INOS AR JURL WIERLA a5 nitrile,
nonmetallic material. 10. The apparatus of claim I, wherein the tubular is

&pivitly stringstarhertbin the cutoutiisawithinuadirith cphdsodftheedrill stsinge

The apparatus of claim 1, wherein the tubular is a drill string, wherein the
ETHBUR 12 WithiA & Sl BRHhBedl SiHG M P APrHPRARLTIS otpridingd the
Buubular or pnhele RRECR! SR IMIAK DRMINg: b eRaTHAIIRl iR cns,
comprising: a transmitter antenna to émit an electromagnetic wave into a
subsurfacel Wimsatipnox imately &.fissindeeives gnteana positiesacitomfitsind 1118
cutout in the tubular that has a direction that is other than 90 degrees
FOStDECRI S (5HBiIRE Ara tasES Ep T tibliing, WwREYENs saRidh 8 the firet is being
ﬁllég%tdl%ll%EQP&SHQFF&%H%%XB@%E%YGOqg 58 Slexelrrlll%% lsm%rr]l Sf”aSt regr?]rll\%ﬁ'gfacture, the

uri
antenna to receive an induced electromagnetic wave pro u’cear #

elfttrpooagneticiwave Whatissamidied niectbe subsvifacentosmation? angh the insert
a second receiver antenna positioned hi a second cutout in the tubular

thal rad ¥ divecireirttiat is bifer thith o aeghsas rnativectottisensert 1110. The

s'rPg?]%}é%'O Inghaxs %f&Eﬁlt“abe%E?éa"é’ Leein, g wigth of ihe second cUtoUt IR N & but

A)assaﬁ)
orle to Tour Inches, the second réceiver anienna 1o receive an

pndueechelpetomagnetia wvaveuoduceskirom the, eleslionagnetic Wansw the
that is emitted into the subsurface formation. 13. The apparatus of claim

seolingereipcanhlétdde sistanes fiorrtiehsadontaseeiveressure 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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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 transmit Cr 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

tabular. 16. The apparatus of claim 12, wherein the width of the first

cutout and the width of the second cutout are approximately two inches.

LifrolipR ARRANAIUS ODeRiM L2 WfUnmhat corpprising:2 | 2. Bditst metallimed that the

sleeve disposed about the tubular and covering the first cutout, the first

aheliatiicssieeve hhving onecorthoreropertiianwifebeiivle dhbteraerea wireline
penings in the first metallic sleeve is approximately perpendicular to t .

iBetee [fil?gﬁér#t%e nasand? pm\%es%rcoor%é% mteotaglﬁcl:gs gree\?e% &igvﬁ{)egg]cfa pfﬁ%gmg

the ubpan ang Covatinkthesecand autout thel seagndmetaliersiéeyene bottom of

having one or more openings, wherein the one or more openings in the

secormibmefallicrsitevd is bysgroxithateljegapendl i bstheliais eptR@nt speed.

second antenna., 18. The al%lparatus of c ainrr}hle7t,o\(/)vlr’beor§ %width of the

GHETB? HoH OAEhIAgs T he FaE A AIRE S80S 1) appré}%ma%gil)}// §gieed to
inchss,and.a Widibhef heHeuoutisarRproxmataloiuaiinghes @adarsidls 212 as

of the one or more openings in the second metallic sleeve is .
approxinatel§ 1t 375 inchesnaddta widte ebtheneitottds ap pregingatedyl iy 92 for

inches. 19. A method comprising: transmittin ransmit . .
SRR HERSSHE WAD LY Sunis 1988 R i B Rengidsd with

artenna dispesed crsunirrantally araund prieekionhdcmmiiplelog data may be
operations; and receiving a first induced electromagnetic wave,
wehicheis 2 desultyot thi tiagsmitted epecttomatmetid wiagd, vaghng fi¥dtile Drilling, or
receiver antenna disposed circumferentially around the tool in a first
kirbUrRsFaRfaFutout in the tool, wherein an axis of the first receiver

antenna and an axis of the first 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 ofieng4b four inches. The method

of claim 19, further comprising receiving a second induce

@%ﬂﬂomagne[ﬁék}@a‘éfé‘?mm@%gém{s SPERE fraARGHREE e 8 agnetic
WG R REY @9&&9%@5@{3@9@&? gsepicireyfetentially around

the tool In a. second circumferential cufout in the tool, wherein an axis of
theisecondreceiyeiatiterina and ancaxisi of the second wirowifenesitiah of system
cutout are at an angle other than 90 degrees relative to g longitudinal axis .
mﬁe%ﬁ=wwé+@ﬁﬁ%ﬂd&ﬁ@fﬂ4@ﬁr&ﬁa&%ﬁb%ﬁm{%ﬁ@é%?ﬂdﬁéfg%Eﬂ proviaga
IIIPOC[JQ%EQI‘ ou;m&n%@%%f C&?'me%gegléﬁﬁ%rvgmnsﬂﬂ’\glq%t@ﬁ mgit%d, however,
resistivity of a section of the subsurface formation based on the first

tndueed ielectromagnetic wave dnd thecsetond indivcedaglectromtagneticthout such

wave. 22.The method of claim 1.9, wherein the first receiver antenna, is
S@ﬁﬁiﬁﬁ(ﬁﬁ@ﬂé‘iy 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.

kI 11

[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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centered in the first circumferential cutout and wherein the second
receiver antenna is approximately centered in the second circumferential
cutout. The method of claim 19, wherein a diameter at an outer edge
of the first cutout. is approximately die same as a diameter of an inner
edge of the first cutout. FigA 1-a<4 /5,./ 0), // \\I -77.3$; ; Aie ftl 116\ /1/,

HINTLA77.

particular 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
downbhole 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 that
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may 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 object-
orientated 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.
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CLAIMS

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, wherein a width of the cutout is less than approximately

four inches.

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.

. 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.
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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 non-

metallic 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.
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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
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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 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.

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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