ANTENNA CUTOUT I N A DOWNHOLE TUBULAR Technical Field
[ 0001] The application relates generally to downhol e
waledozhiange I n particular, the application rel aP@USIH06/030489
formati on eval uation for downhole drilling. Background
[0002] During drilling operations for extraction of
hydr ocar bons, el ectromagnetic radiati on can be used to
provi de an indication of electrical resistivity of the
subsurface formati on surroundi ng a borehol e used for
such eANBENNANCUTIOBT AN 4 DEYNHOLE TEBUAR| ty can
then be used to determ ne the presence of
hydrocar bons. Brief Description of the Drawi ngs [ 0003]
Enbodi nents of the invention may be best understood by
referring to the fol HRwhkigaldeeldr i pti on and
acconpanyi ng drawi ngS which iTTustrate such '
[0001]eMbodi TR Upplicdtivn relatds gehergllsohtammhblerdrileg. Hingurtéalar, the
i ncl uded herein are such that the | eading nunber for a
applicationaslates fefematom avebestionfordevhetedrilingssoci at ed wi t h
t he nunber of the Figure. For exanple, a tool 100 can
be located in Figure 1. However, reference nunbers are
the same for those elements that are the same across
different Figures. | n?ﬂ‘.&g@%& ngs: [0004] Figure 1
illustrates a drilli Il .dur.ing.Ne n ' :
000210y 111 PR RECBgRAY P PRER T P RS GES beotlinldgnatic
. .operations.,that.incl.u . cu . n
raiatigh gt P g e PR BB B B s SRR BAe Msurfuce
enbodi nent f ' j | THi 8edardin
 formatiqry gEronzfin agrm{ %ﬂgfe '%gr%g? &f%&ggﬁ%&g éaT{ﬂS %ﬁfaarg% ore
resisti%ﬁ;y\&?loch% ?@&sreattb QbR A (atbidcaot IBaRRarboas.cut out s of
e too or electromagnetic wave resistivity,
according to sone enbodi nents of the invention.[0006]
Figure 3 illustrates a nore detailed view of receiver
antennas in cuBei¢f Desdriptidnosflthé Drawirmst r omagneti c wave
resistivity, according to sone enbodi nents of the
[0003] Nvent Eabodid@e7df the gveatioh may bebeshiedereiogs by refgrring to the
el ectromagnetic signal strength versus a .
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.



wi dth of the cutout in the tool that has an antenna

that generates the signal, according to sone
weewodsgment s of the invention. [0008] Figure 5PCT/US2006/030489

illustrates a plot of electromagnetic signal strength

and rel ative power versus a wdth of the cutout in the

| that t t th al ,
B i el
trat
w tooflgP et T 5 iRt el SaRP el il
mva@%nthe tool for electromagnetic wave resistivity,
according to sone other enbodi nents of the invention.
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enbodi ments of the invention. [001 1] Figure 8

someidnibégirh@itesf the ¢ivegtorsecti on of a cutout in a tool
havi ng di vergent wall surfaces, according to sone

[00083nbodi rEiguee Hillushates aplendf dactrdnidpheiic siggalsgedsth and relative
illustrates a cross-section of a cutout in a tool

poweh aerisuga width of teroutowain the tedl e bas acadennanbatigsneraiee the
enbodi nents of the_invention. [0013] Figure 10

signal, japepsing ie sorae ewbediments of hejavention. a t ubul ar f or
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cutouts for ant'ennas for el ectromagnetic wave

inventiegl stivity, according to sonme enbodi nents of the

i nvention. Detailed Description
[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.



[0016] Met hods, apparatus and systens for an antenna
in a cutout of a tubular for downhol e operations are
waemcnidiedd. In the foll ow ng description, NuUTEPCIES2006/030489
specific details are set forth. However, it is
under stood that enbodi nents of the invention may be
racti P ese.: Ll Y j ;
(001507 5 d a2 Rk GIBAEEL EriE b ele Mgl pretions tha

incluc%eg %gg)iuﬂ;%ls aﬂ}ﬁfgﬁa ﬁ 18R hagh N ve 1HQEBily, hatoRTiHE o fate

scure t erstanding of this description. Sone
embo8IRAEN HBAL fveBNoke used in Measurenment Wiile Drilling
MAD), Logging While Drilling (LWD) and wireline
operations. [0017] This description of the enbodi nents
is divided into five sections. The first section
descri bes a MAD opeDxtailed Reseriptioment . The second
section describes different configurations for cutouts
[0016]n a t ddEthpds, whparaius audsystemsdpraniiniggds a criet phg fugular for
section describes_different configurations for sleeyes
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or electromagnetic wave résistivity,
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It can” be s€en how a system 164 may al so forma
[00170r t i ONTiAE déscelpiibn bNfie engodiBRnisds dividbdattodivesettaoms. Tod
of a well 106. The drilling rig 102 may provide )
first seoe0ddsciibgs BMIWD| dpesting agyit@gent HEhakerdnd ssetiomgdesenbes
may operate to penetrate a rotary table 110 .
' diffefent eimifighratignafdyomhitsl in a1ad in whishgmtesnaswe figpased. The third
formations 114. The drill string 108 may incl ude ’?h
sectiogedgsyribenelifferent qomfigpragiensifopsiogiy that GRver i giteuts. The fourth

.assenmhly 120, perhaps located at_th ower portion of
sectiqrhdesgiibds|a Wirgleopgrating GQY}IOWFFQg bE}{‘et ﬁﬁ# ﬁ%mﬁé?n %E%Vé%l sgme
120 may include drill collars 122, a downhol e tool
generpbgommEniSa gri || bit 126. The drill bit 126 may

operate to create a borehole 112 by

MWD Operating Environment

[0018] A system operating environment, accoFding to some embodiments, is now
described. Figure 1 illustrates a drilling well during Measurement While Drilling
(MWD)/ Logging While Drilling (LWD) operations that includes cutouts for antennas for
electromagnetic wave resistivity, according to some embodiments of the invention.

[0019] It can be seen how a system 164 may also form a portion of a drilling rig
102 located at a surface 104 of a well 106. The drilling rig 102 may provide support for a
drill string 108. The drill string 108 may operate to penetrate a rotary table 110 for



penetrating the surface 104 and subsurface formations

114. The downhol e tool 124 may conprise any of a
woeovhaeo1od di fferent types of tools includi ng MADUS2006/030489

(measurement while drilling) tools, LW (logging while

drilling) tools, and others. In sone enbodinents, the
J f
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4 may include dne or nore cutouts:

the Ibter gervibhor dietdeidl pid2#1gray be used for the pI acenment of
a transmtter antenna or a’'receiver antenna. A nore

[0020¢t ai | e@hdbésiterm hiblecassa@iibly 120 enslydndlsdeadiil] ¢d1Rrait2 amdasmnhole
therein are set forth below [0021] During drilling

tool R raad jagimg], bit h2s. dFlid drilbbit i MgmaP8p¢rpierth apFate aludreitilagl2 by
the Kelly 116, the drill pipe 118, and the bottom hol e

penciatingieyuntae) | deandisubsustage Sametionshid 4r Jiherdpwinkpledoal 184 may
In addition to, or alternatlveg% t he botton1ho|e
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surfic% %@ﬁ{e%alths tl?fﬂﬂjcﬁﬁih\(’fﬁ thf 440 zlglggmg Hnlbt) 113{63 tslal% dﬁ%ﬂofe%ol

turn, assist the n pene

124 ﬁidﬂ/fiﬁ‘&f‘de]&é o itbre bistisf ac&id rllﬁ"ﬁfe'd%%h&l%‘}ool[lgg 13’ be used
During drilling operations, a nud punp 132 may p

for thé plabdnitgit b altrendnsiQBRAntERE ok BRI VRY arktBRe Aofnoséxaéthﬂédn
the art as "drilling nmud") froma nud pit 134 through

descriptimsef the utbuts and e ahtdninbs thieten drd Setafbeh delow.t 0 t he

drill bit 126. The drilling fluid can flow out from
[002ihe dri | Dutimg diilZiggaperatiens; theulritlestring1 A8 @eshaps mchidi@dhe -

t hrough an annul ar area 140 between the drill pipe 118
Ken&ﬂ\lﬁattgféd@il giws 188, anddhpbetismphele _a.s.szembbh B2 Qmaay hermgtateddhyithe

na en be returned to the rrud&g 34, where such
rotary r%hla 114 Ipjadddiogdo, arpltgimaivatndbr hetinms holepaseably [2¢ygay also

u can_ be used t the drill 2 wel |
be rofgstd By § e aupiCuBRaH TGS lceq%eddipwnﬁl i Shf%gllw o722
n er 0 | I

may 95 hg%f eto %gcg %e{%& @}S\Qgﬁ 1?[?0 él¥41 oclpﬂ,gxﬁ qgh gs ay stllf‘fen the
bottdrd' hbie ERnibly MR MwARE bRk A %ofe@@seﬂ{ﬂlgl |12(5’ bt trak%?er the added
weight to the drill bit 126, and in turn, assist the drill bit 126 in penetrating the surface
104 and subsurface formations 114.
[0022] During drilling operations, a mud pump 132 may pump drilling fluid
(sometimes known by those of skill in the art as “drilling mud”) from a mud pit 134
through a hose 136 into the drill pipe 118 and down to the drill bit 126. The drilling fluid
can flow out from the drill bit 126 and be returned to the surface 104 through an annular
area 140 between the drill pipe 118 and the sides of the borehole 112. The drilling fluid

may then be returned to the mud pit 134, where such fluid is filtered. In some



[0023] The different conponents of Figure 1 may all be
characterized as "nodul es" herein. Such nodul es may

WO p@adaohar dware circuitry, and/ or a processoPCHION006/030489
menory circuits, software program nodul es and objects,
and/or firmvare, and conbi nations thereof, as desired
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software el ectrical signal simulation package, a power
bit 1266age and distribution sinulation package, a

power / heat dissipation sinmulation package, and/or a
[0023]onbi naThedifiefens odmparcatsarfdigiae i weayeellisethatavtesizadihat e

the operation of various potential enbodinments. [0024]
“modulesShergint Snchonbdulesrday ket hedatare ¢iecuiiph andlous peavgssor

systens of various enbodi nents can be used in
and/gfgRemeryiGirgHis, seRwarepregiamarodulss  and b esisdanddeydirmyvare, and
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structures desc ed herein. | plications
powé?%}éagefﬁlhtdﬂﬁribﬁtﬁm%ﬁﬁiatié@?éﬂk@ﬁé} 8 pRWEr/RYLS UREBaQdn MBful Mes
enbodi nents i nclude electronic circuitry used in
packiigeq Bndypee corabinpidres fSoftearamndihaatwapduaxddo singiiak the operation
processing circuitry, nodens, processor nodul es,
of vagnbepatenig) embedizmnts, data swi tches, and
application-specific nodules, including nultilayer,
[00244y] t i - chiskowldalgp bs undusthodihehihatepparalie ard systants afgygrious
further be included. as sub-conponents within a variety
embaqgiments sa1 bspsed 4y aprlisgtions piher dhan; fer dyiliag and logginesamseations,
tkstations, .vehicl.es, onduct i

and (B PR simOpAyBE 15 T todiece it e etions e svstems
N S R S AT
embo%%@ﬁ{g,aaid% 26 n8! HRAI&FIo serve as 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,



on the drill string 108. The transm tter antennas may
emt transmtter el ectromagneti c waves which traverse

wao b@78uhsaur f ace formation. | nduced el ect r onagnBECT/TS2006/030489
waves that are a result of the transmtter
el ectromagneti c waves are received by the receiver

and oL RERE 18165 BF 2 ABeG b o REdr B s oty pomme
' . Th t b dt Kk
e USR58 o ke
[0026{] nvestigahi,84- ofmsﬁﬂﬁg A¥ehilas fand Pécgnga%lﬁglﬂ%/s %{aytb%edisposed
ecei vér antennas nay be positlioned W Thin

on th&dihﬁl@ WHner198! Tk taHiRHESamARGE a?tgrorﬁf% fdRheRr AREBIaic

along the drill string. Exanple I gurations are- now
wavesh®Blthitheerse B RBbEfAcO fermb®ieh. ffucédod1SdiBnAREGNREPes that are
[0027] The size of the cutouts is dependent on the
a resubtendfilaairamsmitted dedtrontaghetinelad yfd reseiasyoiha $eRBles afbnnas.
the tool and the antenna therein. In particular, if
Based ¢resuchtetastromageeticoadinfialg redidtivitg of thetsubsitrface fagiatidy nof be
the tool may be conprom sed. Conversely, if the
determgipedube antennaganayshe wad ta mekquesistivitjeddethinaions tputitiple
signal fromthe antennas that is at a sufficient |evel
depthg g I EHERRS T T s/ Epsan it anipayasandis shafieeeiver Fniqpuperiap be

.3 and. 6 illustrate different e i ments.of the tool
posiiFg e B G h AN S arvred o GpsieBtioe M slobeho b

. 4.an |l .ate plots, of ..t he el ectromagneti c signal
stnng.le% g]%gf%é’onbg%glo%%%re%ongtqgs%}be he cutout for a given

configuration. Figures 7-9 illustrates different
enbodi nents for the angles of the walls of the

cutouts. [0028oGidHbered] : kB UGRerfdal 00! that is

part of a tubular Tor down s and having
[0027RNt eNNThe kize B HRWufou® is dBFeniBR onftRE nRLIBAE IO RGARG fnd
wave resistivity, according to sone enbodi ments of the
physidsrbesed aspacts bfitheasdliand itiey antdring Wiceeir. Id partitulad, eSthe clitd®s are
200 that may be part of the drill string 108 (shown in
too wigdgfhe etradturalfingegrivy bf 86 odl nedyieesnprdmied nCotversely) ithaa
201 that can be disposed circunferentially around the
cutouts gt tog garrowsHis pamver néededisa entpit atshanal framsthe entennas thas neve a
201 m?y be approxi mately perpendicular to the )
sufficiet gy el fen 1oxnation evabation maydsitoogmat. Aiguwenai3 wsl §illusinte
differeax e ifter antenna 201 nay_be at ot her

is.of. the tran : .
5P B irienin 41 BE 06! breha Gt o icnass dshored Wgraw ofigures
4 and g%?us@rgtedpqgtg oF the eZIleSCtromagnetic signal strength, power and width of the

cutout for a given configuration. Figures 7-9 illusirates 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



degrees, 70 degrees, 90 degrees, etc.). \Wile shown
Wth one transmtter antenna 201, the tool 200 nay
WO padgaoone to any nunber of transmtter ant ePCEHES2006/030489
[0029] The transmtter antenna 201 nay be one to a
nunber of wire w ndings which may be in series or
have ane &
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the t0df 20M@al aRllud¥Rhe B adPRihbYr [0 BhatigniBieNEntaMhaent by
spaci ng between the transmtter and receiver antennas,
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sel ecting an appropriate frequency. In sone
whiclemag de e sdries oeparallelr s witet windings sraydanagnde aumaberod
transmt el ectronagnetic waves having a frequency i
turnsh & sogneesbedimentyse trapgmitter antryma 01 gomprises foyr tngpy of wire
. kilo-Hertz. Enbodinents are not so limted,  as
dispoged grevuchthe cirepntasence of thesknllsting P sPmg hodimgenty ach of the
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cutout 210A and the axi ON are at an

selecBRPEPXIpTSIRIY fréQuelEflr RfsoalkMntbodgh@its, eecH Rarishetter antenna may
| ongi tudi'nal axis of the tool 200. In sone

be tugstedian®@nit $lecirbMagnetis waives hevigid fraquedtPBeiapdne hE2 megs-
of the cutout 210N can be at any angle relative to the

Hertd, 0@ kilorfientalor 250 kiloHettae EntbotlinXdts arfoot soxdimiteds as difterent
angl e maybe approximately 5 degrees, 10 degrees, 15

frequeagjese ] a gates gelewdion of Greguepiciessmay slsebgpeass, 85

degrees, etc. The angle of the axis of the 8($I$u|&‘ 210A
[0030kny be Thedepkiieatio Belusrcs gt 1B apfa cuigns ZHN; e cutout

cut out 210N r exanpl e, t is of th 210A
2104530 et 205 e i S Ok pa b g 208 Mool e
axis GERE SRLITHPY anfdnd SIS BP 8 RfoRe PR 78 oHPEET RLBRE S e

is Q1ehe GPY A0 %Y 87 ths Cpiout £ ARG P Q8 RAT TORHVE 1S he

longﬁu%?rllal 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



200. Moreover, the tool 200 may have one to any nunber
of cutouts therein. A receiver antenna 202A is
waele®posads or positioned in the cutout 204A. A PEDER2066/030489
antenna 202N i s di sposed or positioned in the cutout
204N. [0031] The receiver antenna 202A and the
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conmbi nation with the receiver antennas, detects
(hqxsb&ﬁtp@mmgmemjﬁmw@uesz@ﬂqeIectronagnetlc radi ati on.
Based on one or both of the anplitude and phase of
[003t]ecei vetheteeaverambne RDZA and)thelrsgeiteh entdonn2@INeniag ehch
124 and/or surface electronics may be capabl e of
compise enerpninare lobps ofesirg ninmningyalaifg thé eirgumfersmaelphide body of the
formations. [0032] In sone enbodi nents, the cutout
tool 20p An seme embpdiensIibRIsRaAcnEFEveendhaTecely el andgNnan WAY Do $iX
different parts of the tool 200. For
mcheéx%a% inches 110 inghes.ftc 2lialeh Hy Stiedaepasirgananbe psed. Fach
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ril col | ar
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i nches, etc 0033 st ance rom

electlohiBAGAd digfald m%hgfé]toblolﬁ /P Shrfdce CR/cEbNieS n{ap%e capable

recei ver antenna 202N (the recei ver antenna that

of defelrhini®s thedesdtnitg & f twayirousdifg fdtmaédst | cul ar, bec au s e
of the angle of the circunferential receiver ant ennas

[0032Jan be Infsbmahdbodmhents, e dutout BE0A che cataadi 21N andi the of
the tool, the distance to the receiver antennas can
méattey apieoumZD}t hay bé pe diffesent pews of the ool 200| Forfxemplethe,
if the range of a circunferential receiver antenna

utoua%% thaeuioBhgfiN end e tranneittprangenng A1 maydsiogrdrilkcabers,

odi mentsdnﬁhe di stan can be in a range

Stabﬂeﬁer% etcoefuf%zhmﬁégf wogsﬁéhaé ergph gutoyts anay; baetlaﬁéénge

of four 6 hine m(r:hc he%br élx%n{p €, the dlamete} Of tﬂg ahll%gllz!lrnrﬁg "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. Inparticular, 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



[0034] Figure 3 illustrates a nore detail ed view of

recei ver antennas in cutouts of a tool for
web@ctsammgneti ¢ wave resistivity, accordi ng tPCHUS®06/030489

enbodi nents of the invention. In particular, Figure 3

illustrates a nore detailed view of the cutouts in the

emb%ﬁﬁ{en?sogleqistﬂcgﬁgan%e iﬂ%cf%id)z% tB 913 (i)&%e$ r@l%gh{geet%%&%%\ents,

e rnvention. cut out has “an outer poln

the @ﬁ%&em%ﬁfch&omncﬁ&?@_inEhss,%tiﬁeﬁtes,ge A al so has an

I nner poi nt 306A and_ an 1 nner pol nt 6B. Th_e cut out
[003$E0N hagigiite3UllgdtraRRiathord @8R 18 dicA bRt cBer BRIcHhas3IABBrouts of

e cutout 210N al so has an inner point 310A and an
a toal foreslequintign&idBavelesiftbrignNicconihe® sometdihodahéds bothe
the cutouts 210 wth regard to the inner and outer
invepiddmtls partecutbe sEigiteSdllisiratasraan cietdatdilet eleomofhe butohis in the
description of Figures 7-9.(&0035] The cutout 210A and
tool 2@ oL Tiguret 2, 2¢@ing VesamagrbddiBentaofithe inventidnh TBOdmput 210A

respectively. In sone enbodi nents, the width 304A
has W@rpoerﬁé()éﬁomﬁ' apouiqr pelat 3¢pHh Fhagpbow218p misediasan énner

i B G55 RS PP ik S
ol RE G CEATEL T B35k s G DA BBER 1
OSPRS00 s BER el Ee pone

poinBRRE GScABL LIS Getall BBlovt Whh 'tﬂécd?:g&g)tfoﬁ ro?@‘icé]lﬂgshﬁ& four
h f h h In S

I nches, five inches, six Inches, seven es, eight
[0035Nches, TRE Butoht2 IDANRITHOAHHITRN DR hal D8 vAh SR ASanAlBwidth
positioned approximately in the center of the cutouts.
304N, @6spettively Untsofnel dnibedini@its sheawiaki03042 al/@Cthe AGEBEYNGre in
signal strength versus a width of the cutout in the
a range of appretintaialy ane rfbeninehdshatange cBippesximhaelysivgnial four inches,
according to sone enbodi nents of the invention. In
a range pf apupximatdly gue to fauid inthess apprasématepyt aite t46ix ibdiesa t ool
configured as follows. The tool includes a cutout and
appreyimately BYQ orsihichosnapnrordpiaioly enelo cighé inshes eppupgimately two to
. eqrees relative to.the longitudi pal axis of the tool.
cightyeheds - ft e PaROGTENS i P Somilon B width 304N e

oo el SRURG, 7 g (B8 ehEn ot et dRe dhsi it inghes,
A R
apprHneRIPnARE cLdi&: Jrdtidur&ifts. ant enna i's

[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



approximately 16 inches. The receiver antenna has a
gain of approximately 1100. The nunber of turns for

wo b@7tisEnsni tter antenna and the recei ver ant ePCEURENG030489
four and three, respectively. The plot 400 includes a
curve 402. At poi nt 406 al ong the curve 402, where the

o, T eIl B S P
apprcpﬁrﬁhl'aﬁelf1 pé 1r%hgsg gI‘ﬁe'l%céWér aﬁteﬁggh?smgagli o%?p%{?vggglépe&hg 60| gl“he

cut out nches,

nulear 29 tﬁl‘ﬁé for tRMPansflittRQnfinnd 31 fﬁje 9&%1\%8 cemt‘él'ﬁL MEvd ?ﬁur and three,

where the width of the cutout

respeatipdlit Ude Eﬁft 400 enchides alcuive 48PPIQ Ebﬂﬁ@h@% XIOQ al% M &2,
RMS. As s the strength of the signal eglnsto

wherk eheelviddf 6f thbenmut e .00 thesothe biplifide @ the Szl RUILD Rolts
i nches. [0037] Figure 5 illustrates a plot of
Root Mleast Squaregr(BMLS). sA tgprednt 4t nbngtie ande 464, attievethp Sidth of the
versus a wdth of the cutout in the tool that has an
cutoud it A0 inchpw theyamplitudeef the eigsalg'm QJZQ Vardis RIS n bt poins 40 along

enb g ments of the inventiaon. particular, Figure 5
the C‘P‘VPg }%ar‘%lﬁeé‘é the wid§s ofihe cutpuis M@ll@@@& thtamplifude o2 signal is

apprepgPE BT Softn BRES.GAR Sbavit e st s Ganed Desias teevel off
f At.h f th |
whert B o a Kt R dfn P BBt out. Ao shovn i n
f .
(00377 Qo cr TagyPf syl o btk S R P AL OHE R KBt andrtagie
powef D&s6d4 Ritlth bB 1R ARRE iC QIR Mlad Rad 4 antté}ﬁ&Zﬁdaq ggxlxeratte%the

strength and the exposed antenna area
signaljlaclioRdiBg t®Yerae embodiheVRWI thel iBPHHLE. T ?érﬂ&hlgf ‘F?%Hre 5

i ncrease in power to account for the Toss of gna

illustrates @npdétts 0abat S thd ORBSI0FTromTegfre YlrbpteédnBhg thedignal
tool that is part of a tubular for downhol e operatlons

strengily telétésiei tn gheawtdéim nfitheicntoatit It gtrs Soflsd inelutiesd cufros 502 of the
el ectromagnetic wave resistivity, according to sone

poweb@ﬁfh? sigaplgalatizn tasthe widiof ihmatautoAs showmpar Figeres drand 5, for
gr&e 6 [llustrates a tool 600 that may be part of

this toﬂlu guratiog: (Apsegibed sbqveh snappexmajely éwa )nCh'IWléth foothegmut
udes a t smtter antenng 602 that can be _

is 2 2o eCes e e R P 1Ak Tkl o iy ceapisdiantsug oy Redudies the

The s .of the transmtter antenna 602 and

w1dthtb%g>lwa§1?esmcl% WO gcf(rgawaeu% mgne)lgc?,ﬁwcggasg,}n power to account for the

loss of signal strength (as shown).

[0038] Figure 6 illustrates a tool that is part of a tubular for downhole operations

and having antennas in cutouts of the tool for electromagnetic wave resistivity, according

to some other embodiments of the invention. In particular, Figure 6 illustrates a tool 600

that may be part of the drill string 108 (shown in Figure 1). The tool 600 includes a

transmitter antenna 602 that can be disposed circumferentially in a cutout 606 around the

tool 600. The axis of the transmitter antenna 602 and the axis of the cutout 606 may be at

an approximately 45 degree angles relative to the longitudinal axis of the tool 600. In
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an approximately 45 degree angles relative to the
| ongi tudi nal axis of the tool 600. |Insone enbodi nents,

W bh@7axi1s6 of the cutout 606 can be at any anglBCT/US2006/030489
relative to the |longitudinal axis of the tool 600. For
exanpl e, the angle may be approximately 5 degrees, 10

ik D e y/ .75
somGHb 8 Reng G ERlsET e ot 8FE EiSbe A SEHER T Coghe e
1 it fB%0P&d. Lingf E‘?nag't%' i1 S
ong{o%‘?ﬁut ﬂeaxgs%génnaogg%q r%g%gggggn’pﬁhe ,anélhe XI s&)g?gxtnﬁe ¥
degréed! DOHeRO, 95163%9&, 30 USer6ds, T018e RSN BedrOck, 85 ae%%es@etc. The
approxi mately degree angl e and 48 degree angle,
anglé 65(he akis\oEkhe cut@lt 806 irytbe ihdepehdengof thdiangle ofXicsax®d oftthe
tool 600. Wiile showmn with one transmtter antenna
anteri21602t IFer txemhpl2(he amy of thelcutbat 60teartdathea ayis ofi titeemteaniia 602 are
transmtter antennas positioned in cutouts. [0039] The
at antaparesmatelard SadugeserrngBOR d M8 ydeprec @nglet isspectivielycrelatifve v the
wi ndi ngs whi ch rrga/ be in series or &aral_l el. The wire
longitpdindlgis afdhe teal @00 nWhile showiivvih pne fransgrifier anignngged, the tool
enbodi nents, the transnitter, antenna 602 conprises
200 Y Focliflerie 59 Ay RUNbRT ) HERHMKPTANEER BOSiONEI R SR OHSe
e

ol Tt S el i
i RN 8 N SR BN M 0,
tums?qﬁtsgﬁﬁe anbb@ﬂ‘fe?%éy ﬂi;%gfaﬁgrnﬁfegﬁfﬂt@nﬁaoédz dRprREs RAPHIAL bEY

0 some exten acing between the transmtter and <
dispds8€ afotRl tRHiRNAASendd BT tREMINGiriAh. L3RS EfBddiRRniIvBYACh of the
al so be controlled by selecting an appropriate

transhiiREiURRENas by O See@iVERAUARItH SranSiak Rldcframaphdiic@ignals or
antenna may be tuned to transmt el ectronagnetic waves

wavdsdmiing oae bf thyerorayolsatlected fiequdncizs iy as, whdlettie d&fiks of
kilo-Hertz or 250 kilo-Hertz. Enbodi nents are not so
invedtigafioreof the tood infalybeenntrélieddo somwe estenthydspacige datvesen the
sel ection of frequencies, may al so be used. [0040] The
transdiger g0 gecsiven antaenagds depthuelonvestigatiammay plse ba gesfrelled by
recei ver antenna 604 positioned or disposed therein.
seleciiig ap ARRIGPIIAD FOMUETICH TR R dimentsy qagh HARRFRger dgenna may

be taPlo PRI e PTEh AT PRdRA gﬁ&f@§?fn{g&3§@i&2|n‘fégfa-
' ; . axi .CL 8
Hert) 300 AR T IR ey B it L RO B

freng%g%itaiing h%‘g%até?)égléctﬂ;n 3 qhiORliesSRly altb vEATE.

[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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the axis of the cutout 608 can be at any angle
relative to the longitudinal axis of the tool 600. For
wex@npiaes t he angl e nay be approxi mately 5 degP@EES20060030489
degrees, 15 degrees, 30degrees, 70 degrees, 75
degrees, 85 degrees, etc. Wiile showmn with one
receiver a nna 604, the tool, 600.may i.nclude one
degreegnyU Aegrpesy gégegrgt=(§eg§, deeress fin %&&O#Wﬂhoqeﬁe%ﬂ}’%u#s?ma
004 The tecej ver  an n ) SHQEi r:
604, t 'ipgil%%oo]ﬁlgy B*C?%eroé‘e F%Erlll{r}'le l{]nuén%éa? gﬁﬁe glcm Feu %ér?gﬁ}:eg 1ot
he body of the tool 600. The receiver antenna 604 may

[
CutoutcS:'oupI e to a reception circuit (not specifically shown)

[0041'i ch, thp f&gﬂ&*af RALARBWAY dohfprisE 686 ¥emoR ToEHY G wire running

etects el ectromagnetic waves or el ectromagnetic
along (R RUhTEren &SR BoHyWTehOtoo DI Tie rebverrmtenhia 664 angt
phase of received el'ectromagnetic signals, the tool
coupl&0a FRYpthe dirpBiphe spécifitallgshowinghithen cembaiativn withdhe
the surrounding formations. In sone enbodi nents, the
receivetiniennab @ ean dlet themagnetic wasGdr wkogtrbmagnetigiradiatiem Based on
parts of the tool 600. For exanple, the cutout 606 and
one ott breh ofithsiamdiv@lerany pbasesf repeiver g@@ﬁp@ﬂ%@@@ﬁ%ﬂbb theieol 600
etc. The dianeter of drill collars that Jinclude ]snuch
may bewepahle ofdgferrtining the regpigatyst thsirougding farmations.s In sege

R e ST S BBl g B o .

e
The d%%%qt%i%fgig’llsc%%s Elg%ﬂl Z@l@gﬂh% (él%tglgts %ea?ff:b%ri? % 6%1%6%'? 'ﬁ‘gﬁb{@ Sine
inches uférae%gﬁlg% f}fggﬁar ek oF (o€ gl @Qllféilf' LNt ARYndHRs,BH, iﬁc%hes, 7

varil ous Figures 7-9 | ustrate exanples o
inched, RG5&nedi § RGN btcAThE Afstanth GMmathd trahdnbister @ti@ma®02 to the
crosssection of a cutout in a tool having wall
receivet hiitames604 dah bapph atigeef 6ty 1 1inthesmInisoinb embodionesisn the
to sone enbodi nents of the invention. In particular, a
distanes isoblinchée) 16 imches) 88 imhesdBanchesiett. 704 and an i nner
poi nt 706. An antenna 702 is positioned in the cutout
(0042700, ATheisutiies ofitheyealls of Hrefciands TA s b g 4 X ATigHSEgLes.
~uniformin wdth fromthe_ inner point 70,53.‘(”3 t he outer
Figuresol-Allystmte qoophs of thyse dilfsrant prgles. Jfigure,” fiugtaes grosy,

of a cutout in ool havi.ng conver gent . :
section of a cutout ijn a tool ﬁa‘}mg wall surfaces with approximately uniform width,

according to some embodiments of the invention. In particular, a cutout 700 includes an
outer point 704 and an inner point 706. An antenna 702 is positioned in the cutout 700.
As shown, the wall surfaces are approximately uniform in width from the inner point 706
to the outer point 704.

[0043] Figure 8 illustrates a cross-section of a cutout in a tool having convergent
wall surfaces, according to some embodiments of the invention. 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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wal | surfaces, according to sone enbodi nents of the
i nvention, mparticular, a cutout 800 includes an
woeendsgoed nt 804 and an i nner point 806. An anPE@nns208€@30489
is positioned inthe cutout 800. As shown, the wall
surfaces converge as the cutout is extended outward
the clfoBFBAA] eA% Qfdwn #&O\f}'ﬁi deb I @nder lalayﬁ'{? Atdp 1533xtended outward
Cross section of a cutout 1h a avi ng diver ent
fromWR¢ toopUr f aces, according to some enmbodi nents of the
invention. In particular, a cutout 900 includes an
[0044put er PPigike 9QHustiats 8RrdsE3SdtioRf Blcufddbin a%oﬁliﬁv@r[ﬁkﬂv&@@nt
is positioned in the cutout 900. As shown, the wal
wall surfdcas, escatilingrtg eoms einbedifiehWwif thesinestiond endpa:rubmaf, d cutout
fromthe tool. The cutouts within a tool may include
900 iagpdevarboutert pogimt 99¢ andhen oowef pojur 6. chs atbmard(2ris Pogtiored in
7-9. For exanple, all the cutouts may be configured as
the cylieyihp0q. nAstngre the, wal] suefanest divergy as thaeutonhissnt 3@@ outward

ant enna_may in a cutout shown in Fi gure 8, while
fromtth%mpéth%}im&ﬁWéﬁhﬁa%tORhylabémMeénz Gehmatapahthen

conf%%ﬁ?ﬁ@,%%ﬁ Znéf’rf% s TOEFistite, 2 By et stk eacopéaired as
t

showhilf Figyte e il la SR R A S AR A S

Figufs Wit thd ecki08 arifia LU RO Dy GuShBRH T Mt 7 NUToer

|nvent|on. In particular, Figure 10 illustrates a too
1000 that includes a sleeve 1002 and a sl eeve 1006.

The sl geyRes!fIPZoréhe DiRtosts @eY FodiMBPHBLANP Ankengayer i ng
cutouts (as described above). In sone enbodi nents, the

[0045]l eevesFiguee bhilkistfitesa rohthaagpattiof anwtutin for d¢whitie as
non- magnetic stainless steel). In sone enbodi nents,

operdtioas end baviug eutette forahtenhas o elevteorifiztiandve tesistvitgthat are
di aneter of the sleeve 1006 are approximately the sane

covergd biytaesletiva i thes nunber leé slptso |acqcm@mg th W@?mbwmné@f éhe
1002 and the sl eeve 1006 inc nber sl ot

inventiog; é‘ﬁﬁa@%’&r dhenre 16, uwaatew t%ql é?%@na? @aiuéﬁﬁsa ale@@ 1602 and

a stodyg D6 i by Q2GR o S @é@rshag’[ oSBT s o
08
desofi il BpTen AFons r EBBEERE VR eloeS B BRi St fhor et

mateﬁﬂctguch 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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shown in Figure 10). In sonme enbodi nents, the w dth,

| ength, nunber and spacing of slotted regi ons 1004 and
W@ k@rtedos egi ons 1008 are chosen so a suffici ePCT/HIID061030489

of thedesired el ectromagnetic signal can propagate

t hrough the sl eeves 1002 and the sl eeve 1006,

. i vely, . i h i
desuq%ffei%ﬁrié%n’aéﬁ%%@%@c%?ﬁrﬁe%&%ﬁgﬁfohgﬁ I e PE W LR A Beevs:
t A i . i
1006, gy ane 1 g ot ey e SO TnicR it SEICAR, AEHin it
. i t . o
ol ESTRLAR U ) gy bRy AT sy
regionsOOBs 36:8n ¢ BROEGRSerRAcAIT)Aranbstrént finddve tHbl SHithe EREVERN

el ng covered hi sone enbodinents, if the width of the

[0047¢ Ut OUt Th Sora® BinBydifRhe| the IwilthioTehe sléthad regidhd1@04 drdel 008 are
slotted regions is approximtely 0.75 inches, hi sone
deperdsixami the ntidth off thet dueoutrelidn ledfing drevesadt dusoms embodiments, if the
approximately 2.0 inches, the width of the slotted
widthrof gheomsottds agoxiriatedy &0yind, Biesvidticefghe siptted tegiomisdt h of
the cutout is approximtely 3.0 inches, the w dth of
approxieatelly & Toeiichas g ilb semerepbeimepis, ib shertidgl 9f the oufoptighes.
If the width of the cutout is approxi matel

| .
approxizediely 2.4 mehes, thervidth afifbe dpitRdregiopes a@ﬁgowévg}ygo-”i" inches.
imately.0.187 . A ' h
e SRR RS B SR ETRBELTS 050,
| ot s that . .
e B B RPN 065 0 e
the w?q%ix gg@; gloltt%d ?&%Iﬁ)?hz{%eei r&@m?@ ¢ 57 inkﬁéey'g%x shingure 11

€S a cross-'section o ne of t ots in the

embotﬁfggefn%‘? gaJheﬂ%t%si'e %t)n ForSd SOMEs16R¥PRdIEs N RithBdtlofisTots thet are

according To sone enbodi nents of the invention.

space&\agdi&I bt ML dé%’@éﬂ“&l@{gdh@ chbhiiefeiate oflth4Bewd. Inhengl ot
1102 are bevel ed, wherein the slot 1102 is w dest at

embodiineiy, B is9Arand O isldbpoxamakelyedOr degeesss. at an i nner
surface 1108. As shown, an insert 1110 may be di sposed
[0048] n t he Rigwte 1lligstrafse drosseettionldf®nany thseslotatrethe sloged
rigid insulative plastic such as poly ether '
regionst dfer stestve sevamZa@tons in the tegl; acepsding tospme ggihodimends of the

invenioR. drdsrval b4y 4 S ARG LHE ehibe AT e Dareled.”
wherGhiRka 0438 Ve aF SHGNTR LI RgBverta o e aygree
1 108.f RSk oqvﬁ%fir?s%% ljljla)élltla{ysbe 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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substantially aligned with the inner surface 1108.

[0049] The insert 1110 includes bevel ed side surfaces
waimé/49abé ch may be bevel ed or tapered at a snedT/882006/030489

angl e than the bevel of the side walls 1104A-1 104B of

thesl ot 1102. In sone enbodi nents, disposed atop the

o L e S5 e SETERS b5 ol
complah 11 £, TR oribcBind 1 5 BBk S e B loer, s S5 RASE
. . i ds 1 dth
Epox Y o b BlHer G HERMICATRTA By SBFRRIES, b, (1
embodBRENS 2 r‘s&:s|§ 1R HaPed !éf%&v%ﬁeer{ tgg S%aslglg Bmpdait 1 £18 and the

approximately 0.12 inches, ent “"the seal1ng
outer GATRRAUNG6 1 ThS rédde@M 126GRAY) BidatvariBudeplisN Gk Y6186 eSUbHiRRnts,
drilling operations and while the tool is being
the recesselrlR@ds appromitnbdha®vn2 friches, hbilps pesvehahe sedling $6AMound 1118
enbodi nents, during manufacture, the sealing conpound
from bdck@ning toarn ot pwictedd doriggs dtiling epereticdswad whilet the tall @tbeing
) 1102 atop the insert 1110 and within regions 1135 and
insertgd gewithdiana frane theehorehoie r nsbmetembiodirerts, Hitiog mbBnefacture, the
.Slots perm1t passage of the desired el ectromagnetic
sealingcoppound b hif is vyleaiged shastarbagetaingd imthe kot il 1@2% atop the insert

otk Ol S 1 e

stots P B R LR BP0 BB B, e
' i ' d.1110.. |
prveE L AN Sls ARG THEpSOAL A8 RIPUchbAk,

. - _ ' ' fi.1h
sl S ORL) B R0 CORECk MBI g LS bl
loggintene!. | Thd iaserRfalsdybvidt 8 pUESuleTesi®intafdd? fhithEseatin

Patent No. 5,563,512, with inventor Edward S. I\/lm%y,

compoinat 1119s uldonr efitodbednts thel IS mantbecdnsttudbll wiout the
i ncorporated by reference. Wreline Qperating

insert&nkn soorermattod[0Q6€) theSkidew distod thendott andralythb énsese drel ot
conjunction with wireline | oggi ng operations. Figure

bevelab Furthesdesgriptionsofiiuch sliegnesieder fatthr inrg SwPatehtiNe 5, 3i1Ag
operations _that includes cutouts for antennas for

with igyesen Beiveaad 8t Mumbyy that issyeshan Qetgber S¢ £996 miicl is hexshi

incorporated by reference.

Wireline Operating Environment

[0050] Some embodiments may be used in conjunction with wireline logging
operations. Figure 12 illustrates a drilling well during wireline logging operations that
includes cutouts for antennas for electromagnetic wave resistivity, according to some
embodiments of the invention. A drilling platform 286 is equipped with a derrick 288
that supports a hoist 290. Drilling of oil and gas wells is commonly carried out by a

string of drill pipes connected together so as to form a drilling string that is lowered
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enbodi nents of the invention. Adrilling platform 286

is equipped with a derrick 288 that supports a hoi st
wQ2®7/1Brddé | i ng of oil and gas wells i s comoDnl PCTYHE200€0B0489

out by a string of drill pipes connected together so

as to forma drilling string that is |oweredthrough a

rotary tahl 10 intgo. a wel |l bore or borehgle 212, Here
throufdt & Pietys30n 340 e Nolbor AR bPrRgleciie: (e ies SbRed that he
fromt to.,all ow.

et TR ek P ésre%%vcf&'l%f% ?{63{‘93%?5%21 % A
. i i i 274
oxs RSP T BB A RS,
cable RS thed whrtitie ﬁ’g tﬂg?ié% lpl,t € 14 %5%2% is'l@xtvﬁreﬁ % t}@rb%tto?l of
ed “up

i
subsequent |y pul wafd at a substantially constan

the reSRAQH intBhé5l £ sUBRHANSPITED bpwari$h sYeERAkaIY Bodduae

f

the tool body 270 ‘may be used to perform rreasurerreg?ésea'
Duringthé tigwadheplihaaendnayifethdania tRd thoRBYBCEMmAYBe Biesol e

212 as they pass by. The neasurenent data can be
perfompmeasireatsl oh thesuboghce fprivatons 21y ddPidefitdhe Bérehelgal?2 as

processi ng, and analysis. The logging facility 292
they paas/bie ‘Phemeaiartnsint Aate cacbe commueigated emtoghng fecitityolf for

pes of signal processing. Sinilar |og data nmay be

t
storag@é?ﬂ%%éalgaﬁui wabisipz dbe inagimegfaeility 29%wapbepravidedsvith
et Rt B o o e g plaasea may e
et B S ok R 8 L eppecyia R or

r partitioning/sharing/duplication
L\Aﬂ)ioﬁ%@'&iﬁ% tations, types and interrel ationshi ps of

system conponents, and |logic partitioning/integration
choices are set forth in order to provide a nore

t hor ough understandi ng @fenbh® pPresent invention. It
wi || be appreciated, however, by one skilled in the

[0051Rrt t had therdesdiptibAtmmneiodsiipedify @ethil PhcARY 1dpec Pract i ced
W t hout such specific detalls. In other instances,

implementatios, speodes, micass togpeafyt @peednds) esatirdes and f ul |
_.software instruction sequences have not been shown in
partitigieing/sharing/dipliestiondmplementations, dyriel ene il atbomisbipe bf sysem
invention. Those of ordinary skill in the art, with_
compqngats; #d legispagtioningfnicaraionchoiceseare pitdortloin orderctommevide a
appr o riate f nct%%nality_with_out undue )
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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experinmentation. [0052] References in the
specification to "one enbodi nent", "an enbodi nent”

w0 207axdnpl e enbodi ment”, etc., indicate that P¢EUS2006/030489
enbodi ment descri bed may include aparticul ar feature,
structure, or characteristic but every enbodi ment may

s G BB PR B STt oy s
ol Bl i%%gé'si%e{uif iR -

necesgﬁ;ggggfenlg{nr{gsﬂ) !tl‘ge élazhegag'ng‘r?cn{ I ?&g ?ﬁ%?&wﬁ&{ é%&%ﬂﬁﬁlﬁpfeﬁﬁre
structlﬁfboM 995t Qistie A dSkiibddas chihedctign Hith ah@noliBsdnt SUBRubmitted

feature, structure, or characteristic in connection
that itV b tHA FHRknS b BB Bhsiamatih elie 4f touffecexRhifedtideystructure, or
descri bed. [0053] A nunber of figures show bl ock
charaicgigti eitconhectipa twi tisotAsrdnipdanatiwhéther amotrexplicity demsibed.
bet ween the surface of the Earth and nultipl e downhol e
[0053] 00l s, A numbensidiguces showlblerbrdiagsahe df systenss anfl appagatus for
invention. A figure shows a flow diagramillustrating

comngpueations hetween ﬂ@csnff@m ofdhg Barth auk mppléiple dpwvidiglertaels, igf

the Earth and mul.tipl e downhol.e t i.n accordance
accorgpnag vgl@h@%%mda@ﬁtl ofth Etlﬁ‘@nrlﬂ%&fji%lﬁe ao@ew 3

e s AR T

S A K R i
of theofl?\ﬁ)ﬁf’a 4R alaerlﬂ:s {}t’xl%gegiﬁcgg tdf tﬂ@ %&Qgﬁ%ﬁ W@ﬂ in the

erence

blockdd1§§r%§1§ et oWel &, It %fl&ﬂ@ BE ﬁn&é?stBMth%V i @pErafeRAdfahdiBow

cou perform operations different than those

diagrith TeHRISRD etotied BY efmBodifich® of BystdrhOmdh é)@@lfaﬁmotlie@ @] those
Sonme or all of the operations described herein may be

discupsed fud thecerénceha tidbvidock, didgramuyand enbotiinventsediscussed with
conbi nation thereof. For exanple, the controlling of

referdne td thasgsterms/ppparditnoenuldiperforameperations differen tlzes thesg be
performed by hardware, firmmare, software or a

discusssdyiifhenefegence e thedlow diegranrt her il | ustrate, the

rocessi ng of the el ectronmagne; wayves receiyed
[005 ‘ﬁ he r ec¥ePr Ahpidhearershgns 6@305%?55?%&%9 ‘T}%ﬁ"réﬁﬁ‘i"g%y
hardvyaég, W%ﬁigggvﬁ\%%r?g{?m%?ﬁgﬁe%cfo r11*‘0} Q)?arn?pcie "the gontrolhng 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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content of this disclosure, one of ordinary skill in

the art will understand the manner in which a software
wee@gn#gmean be | aunched from a machi ne- r eadabP@T/DEI0E0R0489

in a conputer-based systemto execute the functions

defined in the software program One of ordinary skill

inth t wll furth d tand t '
e Loy e
. S re ra esl
pctor SR SR B R S G BB
. b {ruct i N i i i
oreof B R5E 4 HABE P OB L1 8 Lot

the prrgr%@ge Ec]%fr be/@hbturtd ' a?r?%dﬁf@oﬁéﬁat&? fornbtedintd £frdcbdidal

e-orientate ormat using a procedural
languécg@,n&ﬂdﬁg§ assembly FC. aBREIIHwAr&Eorfponth nsf donanhenicate using any
onponents may conmuni cate using any of a nunber of
of 2 mifB6 T nfdBaniéthd wkinawewh @ thoesskilidd inltiedart, sutthes gpplication
such as application programinterfaces or
prograni irférfREO CEister pooarENtonahumt catioad tnhintgyes  in¢Inding atmefe
renmote procedure calls. The teachings of various )
procedurb oallsmdlite seaghings of variows ewbiodimeatsarp aptlimaiigdie any particular
programm ng | anguage or environment. [0055] In view of
progranhreingileguage Pleanyirlghmedly nut at i ons to t he enbodi ment s

descri bed herein, this detail ed descriptiqn.is .
[0055] t andBivies d5ghs idsdina o) oGO e oA deseribed

.taken as |jmting.th c of, t.he. in ' [
herein i frgt S4B HERSRITBRC B bt Tise S i Sop et Saken
. hodificatio CORE: Y i ANfesRirk lid all
as lim, ngtthfés“fOBFPg%eﬁ%V%ﬁé?hs a_ﬁ cg%i%ﬁgeg%]glﬁ? S t%hgr’et%. R
such rggcﬁﬁg%ﬁgg as H&ﬁ cSRE WiftiF ik isCihednd spiR oF HEFoR6Wing@ldM@s and
regarded in an illustrative rather than a restrictive
equivalEits thel¥i8! Thérefdr@ith@shetiSication ¥ RPPIREAkteTo GO PFarddrig an
a tubul ar to operate downhol e, the tubular having a
illustrh@Rdiathedinank rastiigivenendeavi ng a cutout that has a
direction that is other than 90 degrees to the
| ongi tudi nal axis of the tubular; and an antenna
positioned in the cutout of the tubular, the antenna
to performat |east one of a transm ssion or reception
of an el ectromagnetic signal that has a path that is
to traverse a subsurface formation.
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2. The apparatus of claim1, wherein the axis of the
antenna is at an approximately 45 degree angle
WO edoattssaes t o t he | ongi tudi nal axis of the tubuP@r/USBN6/030489

The apparatus of claim1l, wherein a width of the
cutout is in a range of approxinmately one to four
inches. 4. The apparatus of claim1, wherein a w dth

What igfclaipaed éit out i s approxi mately two i nches. 5. The
apparatus of claim1, further conprising a netallic

sl eeve dj sposed .about the tubular and covering the

1. cOpgpparaug SOWMBYSIPR) ¢ sl eeve having one or nore
opaiHuld %o ogeratya%wﬁﬁ@l@,r @k Uiul haliak W Sngithkdatabhxis tiehoies a
or nore openings Is approxi mately perpendi cular to the

cutoutakatshash direeticuthatrin athe7 thalrRE dagised terthe lopgitedinglaxes of the
wherein a width of the one or nore openings is |less

tubulafi2d one inch. 8. The apparatus of claim®6, wherein a
Wit bfteifa $diRi0ABEiOhe BRI0B GIIRA tUbGET) the atpriex petfotny at least
0.375 inches and a width of the cutout js .

one ofpiparsriissaretnyre¢antion A€ preelegronpgmets, E)‘gP%ltﬂIE?é has 2 ppthithatés to
wher ei n .on [ re openings are filled with a

traver??o%ﬁ&s‘éﬁf?cle?ogn%%t{é?li al. 10. The apparatus of claim1,
wherein the tubular is a drill string, wherein the
cutout is within adrill collar_of the drill strin ot

2. 1The pparaigpal daigs Loyheeigithy axis ofibp anteia s ?J‘b%ﬁpé?”ﬁ’@ ely

' W3l M bR ' ithin a

45 doffl phalB ARG 1o ARG st oB e LB D Pt at us

conprising: a tubular for downhol e operations, the

tubul ar havi a | ongit.udin i s .and . [ SLng: a
5. ¢ Hanamraeer obfleBnha it vt e elPHEBTERIELBE
approkibidleld onb RSt BeBed Or Mati on; a first receiver antenna

positioned in a first cutout in the tubular that has a

4. The apparatus of claim 1, wherein a width of the cutout is approximately two
inches.
5. The apparatus of claim 1, further comprising a metallic sleeve disposed about the

tubular and covering the cutout, the metallic sleeve having one or more openings.

6. The apparatus of claim 5, wherein the one or more openings is approximately

perpendicular to the axis of the antenna.

7. The apparatus of claim 6, wherein a width of the one or more openings is less
than one inch.
8. The apparatus of claim 6, wherein a width of the one or more openings is

approximately 0.375 inches and a width of the cutout is approximately two inches.
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direction that is other than 90 degrees relative to
the longitudinal axis of the tubular, wherein a width
w@boorhe1bé rst cutout is in a range of approxi nBCEUF20061€30489
to six inches, the first receiver antenna to receive
an induced el ectromagneti c wave produced fromthe
9. eTIwcatppamagmétclamn\ﬁawée]teha@nq @ reoricopeingnare filled with a non-
urface formation; and a second receiver antenna
metamﬁ&]% F¢%ned 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
10.  oFhe apparsusr ¢lagmtlowheiein the tubwlarige dat shine, pderegythe cutout

1sw1thir{'§5§ﬁgofkf} cﬁﬂpstﬁﬁfgel ver antenna to receive an
duce ectromagne c wave produced fromthe
el ectromagneti c wave that |s emtted into the
subsurface fornmation. e appara us, of

11 wHs aoaras oimuaglewapgetra%éu Wl iy & He léggt&nav%ﬁ@eéﬁheélﬂout
ISWlthﬁpg%?g, rqﬁttﬁhedﬁlzaﬁflig‘utter antenna is in a range of 12
e

apparatus of claim 13, wherein
an average distance fromthe first receiver antenna to
&g tra smtter .antenna is in a range of 6 to 106
ﬁ@%ari IS ar at us of claim 12, wherein the axis
of tubli@r fdrrd%wnh@le%p&aﬁo@ﬂtmﬁmmvt RASHINENI] A&RIaNE T
: antenna are at an approxi mately 45 gree angl e
compriséigat i ve to the |ongitudinal axis of the tubul ar. 16.

T 2Ot My S SRS S g

format&ppr oxi mately two |nches 17. The apparatus of claim
12, further conprising: a first petallic sleev

di spostHIshsseiver FEenng Bewafmeaiﬂa adyteutor 1 e tqui@,rtthat has a
directiG it s otlliéi]\%]a{n' Josdegtlel Aihiive 1§ HRENGRRI A IxR1RE tl%rtHHBBIe
openi ngs, erein-the one or nore”openings In
whereihiarwidtmeﬁ tht first cetoetcis @ a sangp pf epproxitrelkely pee peidirches the
the axis of the first ant enna; and a se

firs refle e o e g s dueed ABURHEHEN WBUH BrpodR] from the

electro%%‘gﬁétié‘\gaxlehtﬁaﬁ@GQRQdQthQHcS sublsti@aceabRRdionehdl | i c sl eeve
having one or nore openings, wherein t he’ one or nore
openi regsscoml xeh@vg@@tﬁmia peslaoqucm glseennd output in the tubular that

has a dREfHY lhn%E'iS ol[ tr 2086 ngggr%%sl RlathR 1 Hle 181?1%1 d?rfal EIXIS of the tubular,

wherein a width of the second cutout is in a range of one to four inches, the second

12.

receiver antenna to receive an induced electromagnetic wave produced from the

electromagnetic wave that is emitted into the subsurface formation.

13.  The apparatus of claim 12, wherein an average distance from the second receiver

antenna to the transmitter antenna is in a range of 12 to 112 inches.

14.  The apparatus of claim 13, wherein an average distance from the first receiver

antenna to the transmitter antenna is in a range of 6 to 106 inches.
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second antenna. 18. The apparatus of claim 17, wherein
a wdth of the one or nore openings in the first
woreaoalisd1e sl eeve i s approxi mately 0. 375 i nchesPERUSH06/030489
wi dth of the cutout is approximately two inches and a
wi dth of the one or nore openings in the second
15. nEhedgpantsd afelam K2, approaxihrakislof tie. REGrecsivtremtcana and the

dt.h of the cutout is approxinately two .inche 19. A
scoond e HYEF UTBAIAS 160 "PPRREMITY Fgogrer Aaglg Relptive o the
longit&diffl bk REFGRSbelawave into a subsurface formation using

a transmtter antenna disposed circunferentially
around a tool for downhol e operations; and receiving a

16, o7heip S FoCE BB Bl e AL SRl B Pl of

the sedod@utoRrt aRppRRImMbRRGecthes.r cunferential |y around the
tool in a first circunferential cutout in the tool,
wherein an axis of the first receiver antenna and an

' E&'Iﬁi hI:StiCl at:l Al cutout are at
17. ﬁ%ﬁ:a&ﬁ%r 0 oet];él%lﬁlalﬁzg g&&%ggg(rﬁé@gﬁﬂrl%l ative to a
| ofight methihaleevel dispobed dteut the tybuidrené coveingithid firso tutb g the
t cutout .is in a range.of oge fo,four inches. 20

fir ..
frst e SRR GFIISTS OPIYREsePOETSHRIAP PR F PERLFIIGS i
the ﬁrﬁ?ﬁ&ﬁlﬂc SREWCR Qpﬁﬂoﬁﬁﬁz{t&%gﬂﬁhdieul‘éﬁ%qm whk 6PtHeTirdt dnfnuh

of the transmtited el ectromagnetic wave, with a second
and receiver antenna disposed circunferentially around the

tool in a secqgnd cj.rcu rential, cutout in. t t 00|

b e e isoR e B e Pibufa vl bofink e 4884,
cutoutdfhk Secdndt MBtaHRCMMe BAVifiE Fhesafbledpehitle) Wheddif {iRton@dr more

~angl e other than 90 degrees relative to a |ongitudinal
openings i thefseeand mefallic slgres siappraxigmately perpepdigulpr fosthe axis gfithe
seconci?ntéxﬂxaa range of one to four inches 2 1. The nethod of

clal

m 20, further conprising determning a resistivity
of a section of the subsurface formati on based on the

fi ' I ' h
15, HhS oSt Shet LOTRAnety i SRS 04, 12, 35500 i

first metallic sleeve is approximately 0.375 inches and a width of the cutout is

approximately two inches and a width of the one or more openings in the second metallic
sleeve is approximately 0.375 inches and a width of the cutout is approximately two

inches.

19. A method comprising:
transmitting a transmit electromagnetic wave into a subsurface formation using a
transmitter antenna disposed circumferentially around a tool for downhole operations;
and
receiving a first induced electromagnetic wave, which is a result of the
transmitted electromagnetic wave, with a first receiver antenna disposed
circumferentially around the tool in a first circumferential cutout in the tool, wherein an

axis of the first receiver antenna and an axis of the first circumferential cutout are at an
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22. The nethod of claim 19, wherein the first receiver
antenna is approximately centered in the first
wa@epoocasfies enti al cutout and wherein the secondPCEBUSI006€030489
antenna is approximtely centered in the second
circunferential cutout. 23. The nethod of claim 19,
angletikerdhan ¥ dgzees relativt toarlongitueinag axje obthettow, Whersin a width of

e LA EBRLBEL TR il i o @ emier of an
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 cutouf 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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