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FIELD OF THE INVENTION
This invention relates fo the fields of drilling and producing
hyd.rocarbon wells, and to the measuring of downhole formation
characteristics, and to bidirectional communication of measurement and

control information between dowhhole and surface equipment.

BACKGROUND OF THE INVENTION

The advent of measurement while drilling (MWD) and logging while
drilling (LWD)., as well as development of surface control of special drilling
processes, such as directional drilling, have been important advances in
the art of drifling and producing hydrocarbon wells. These processes
requ@re communication, in both directions, between the suriace and the '
downhole measuring and drilling equipment. At present, mud pulse
telemetry is the only technique in widespread commercial use for
communication while drilling, between downhole equipment and the
surface. [Unless otherwise indicated, references, throughout, to ¥ while
drilling,” or the like, are intended to mean that the drill string is in the
borehole or partially in the borehole as part of an overall drilling operation
including drilling, pausing, and or tripping, and not necessarily that a drill bit
is rotating.] In mud pulse telemetry, data is transmitted as pressure pulses
in the drilling fiuid. However, mud pulse telemetry has well known

limitations, including relatively slow communication, low data rates, and
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as directional drilling, have been inportant advances
in the art of drilling and produci ng hydrocarbon
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available. Another example is electromagnetic telemetry through the earih.
This technique is considered to have fimited range, depends on
characteristics, especially resistivity, of the formations surrounding the
borehole, and aiso has limited data rates.

The placement of wires in drill pipes for carrying signals has long

been proposed. Some early approaches 1o a wired drill string are disclosed

in: U.S. Patent No. 4,126,848, U.S. Patent No. 3,957,118 and U.S. Patent

No. 3,807,502, and the publication “Four Different Systems Used for



_ - waves through the drill string. Data rates are
estimated to be about an order of nagnitude higher
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noi se is a problem Acoustix telenetry has not yet
becone commercially avail able. Another exanple is
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published patent application 2040691, filed Feb. 14, 1992, and WO
Publication 80/14497A2, Also see: U.S. Patent No. 5,052,941, U.S. Patent
No. 4,806,928, U.S. Patent No. 4,901,069, U.S. Patent No. 5,531,592, U.S.
Patent No. 5,278,550, and U.S. Patent No. §,971,072. |

The U.8. Patent 6,641,434 describes a wired drill pipe joint that was
a significant advance in the wired drill pipe art for reliably transmitling
measurement data in high-data rates, bidirectionally, between a surface
station and locations in the borehole. The ‘434 Patent discloses a low-loss
wiréd pipe joiﬁt in \;s;fhich conductive layers reduce signal energy losses
over the length of the drill string by reducing resistive losses and flux losses
at each inductive coupler. The wired pipe joint is robust in that it remains
operational in the presence of gaps in the conductive layer. The
performance attendant these and other advances in the drill string
telemetry art provides opportunity for innovation where prior shoricomings
of range, speed, and data rate have previously been limiting on system
performance.

It is among the objects of the present invention o provide improved

‘measurement and formation logging operations, as well as improved

control and optimization of drilling parameters, that have heretofore been
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shEH&IEIY from the drilling rig, and a bottom hole assembly adjacent the
lower end the drill string, the boﬁc-)r-r; hole assembly including a drill bit at its
lower end. A method is set fdrth for obtaining information about at least
cne parameter sensed at the bottom hole assembly, including the following
steps: providing at least one measuring device in the bottom hole
assembly, said at least one measuring device producing measurement
data representative of a measured condition at the bottom hole assembly;
providing an uphole processor system at the earthy's surface; providing a
drill string telemetry system coupled with said at least one measuring
device and coupled with the uphole processor system; and transmitting

said data from the measuring device 1o the uphole processor system via

the drili string telemetry system. (As used herein, references to the earth’s



SUMVARY OF THE | NVENTI ON The present invention
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providing a drill string telenmetry system coupled wth
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art! IlnI glgdtzaer embodiment hereof, the measured condition at the

- bottom hole assembly is a measureé drilling chéracteristic, and the step of

providing at least one measuring device in the bottom hole assembly
comprises providing a measuring while drilling device in the bottom hole
assembly. In this embodiment, the step of providing a measuring while
drilling device comprises providing a device selected from the group
consisting of a weight-on-bit measuring device, a torque measuring device,
a vibration measuring device, a shock measuring device, a stick slip
measuring device, a direction measuring device, and an inclination
measuring device.

In another embodiment hereof, the bottom hole assembly includes a

directional drilling subsystem, and the step of producing control signals, at
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Beaition P eaRo e kps it Sofamitiol assemane dhppreaty of
provi di ng a device selected fromthe group consisting
preasuiag glevioss podusisgdneasiyemssit lala gepreseiative of a
measuri ng device, a vibration nmeasuring device, a

phwalty of aconditionsieithedyotions holkasdenpbigeasur i ng devi ce,
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signal s"at the surface processor conprises producing
prenassay Thauphiole pegssor sysiemeanipe igcated ur ksl general
?fi)gr:it?gf the driiling rig, or can be at a location remote from said drilling rig.
The drill sting telemetry system can be a hybrid telemetry system including
a plurality of different types of telemetry media. In a disclosed
embodiment, the hybrid drill string telemetry system includes a section of
wired drill pipes, and at least one section of telemetry media selected from
the group consisting of electrical cable media, optical cable media, and
wireless fransmission media. In this embodiment, the section of wired drill
pipe includes connected drill pipes, each drill pipe comprising a pin end

having an inductive coupler with a conductive ring, a box end having an

inductive coupler with a conductive ring, and at least one conductor
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t i me Further features and advantages of the invention will become more

readily apparent from the foliowing detailed description when taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
rigure 1 is a diagram, partially in schematic form and partially in

block form, of a system in accordance with embodiments of the invention
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WO 20fi frd IBLERdiaraR0pA MRl f0c®ss section and partially in
block form, of a surface interface utilizing a wireless transceiver, with its
electronics and antenna mounted on the drill string.

Figure 3 is a cross-seciional diagram of inductively coupied wired
drill pipes and disclosed in U.S. Patent No. 6,641,434, which can be used
as at least part of the drill string telemetry system that is employed in
embodiments of the present invention.

Figure 4 is a partially cut-away perspective view of a facing pair of
current-loop inductive coupler element_s of Figure 3.

F‘igur-e“ 5A is a cross-sectional view of the facing pair of curreni-loop
inductive coupier elements of Figure 4 locked together as part of an
operational pipe siring, including a cross-sectional view of a closed high-
conductivity, low-permeability toroidal pafh enclosing both cores.

Figure 5B is an enlarged cross-sectional view showing more detail of
the mounting of the electromagnetic components of the current-loop
inductive coupler elements of Figure 5A.

Figure 5C is a partially cut-away perspective view of the box-end
current-loop inductive coupler element of Figure 5B showing detail of the

coil and the internal electrical cable.
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Figures 9A-9D are diagrams of seismic logging devise that are
utilized as of a type that is utilized as a logging while drilling (LWD) device,
or part of a suite of LWD devices, in embodiments of the method and
system of the invention.

" Figure 10is a di'—agrlam ofa nuciear logging device of a type that is
utilized as a logging while drilling (LWD) device, or part of a suite of LWD
devices, in embodiments of the method and system of the invention.

Figure 11 is a diagram of a nuclear magnetic resonance logging
device of a type that is utilized as a logging while drilling (LWD) device, or
part of a suite of LWD devices, in embodiments of the method and system
of the invention,

Figure 12 is a diagram of a pressure measurement logging device of
a type that is utilized as a logging while drilling (LWD) device, or part of a
suite of LWD devices, in embodiments of the method and system of the

invention.
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A drill string 12 is suspended within the borehole 11 and has a
bottom hole assembly 100 which includes a drill bit 105 at its lower end.
The surface system includes platform and derrick assembly 10 positioned
over the borehole 11, the assembly 10 including a rotary table 16, kelly 17,
hook 18 'and rotary swivel 19. The drill string 12 is rotated by the rotary
table 16, energized by means not shown, which engages the kelly 17 at the
upper end of the drill string. The drill string 12 is suspended from a hook
18, attached to a traveling block (also not shawn), through the kelly 17 and
a rotary swivel 19 which permits rotation of the drill string relative to the
hook. As is well known, a top drive system could alternatively be used.

In the example of this embodiment, the surface system further
includes drilling fluid or mud 26 stored in a pit 27 formed at the well site. A
pump 29 delivers the drilling fiuid 26 to the interior of the drill string 12 via a
port in the swivel 19, causing the drilling fluid to flow downwardly through
the drill string 12 as indicated by the directional arrow 8. The drilling fluid
exits the drill string 12 via ports in the drill bit 105, and then circulates
upwardly through the annulus region between the outside of the drill string
and the wall of the borehole, as indicated by the directional arrows 9. In

this well known manner, the drilling fluid lubricates the drill bit 15 and
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type %‘Sﬁ%“{ﬁﬁ e git, sengo f%@(j‘yrj?& %@d(ﬂf?q ,tip.%weﬂsﬁe io
or part of a suite of LV\D devices, in

&?ﬁ\D %ﬁ ﬁ??é%'t é%ﬂf#rab%lnﬁ@ﬁhweaﬁ@n@afamﬁh@fonaﬁ@tromofeme.meﬂsnte

Figure 12 is a diagramof a pressure neasurenent
|asgiethgs gentitionsiat the wedsiteaFor example, sach sarface sgasorg
while drilling (LWD) device, or part of a suite of LWD

aeay beprovided b atkasemné pasdmbties sathed s‘t’érﬂj E%Bs%?e
the invention. WO 2007/019319PCT/ US2006/ 304 0 11)
hookload, depth, surface torque, rotary rpm, among others.

The bottom hole assembly 100 of the illusirated embodiment
includes an interface sub 110, a logging-while-drilling (LWD) module 120, a
measuring-while-drilling (MWD) module 130, a roto-steerable system and
motor 150 for directional drilling, and drill bit 105.

The LWD module 120 is housed in a special type of drill collar, as is
known in the art, and can contain one or a plurality of known types of
logging tools. It wi!i _als_q_bg understood that more than one LWD and/or .

| MWD -r_nodule can be employed, e.9. as represented at 120A. (References,
throughout, to a module at the position of 120 can alternatively mean a
module at the position of 120A as well.) The LWD module includes
capabilities for measuring, processing, and storing information, as well as
for communicating with the surface equipment. In the present embodiment,
the LWD module includes one or more of the following types of logging
devices that measure formation characteristics: a resistivity measuring
device, a directional resistivity measuring device, a sonic measuring
device, a nuclear measuring device, a nuclear magnetic resonance
measuring device, a pressure measuring device, a seismic measuring

device, an imaging device, and a formation sampling device.



DETAI LED DESCRI PTI ON Figure. 1 illustrates a
wel | site systemin which the present invention can be
The wel Il site can be onshore or offs%lr.
Wcﬁ%zgégenpl ary system a bqsehole 11 is forne /Bsaohlosnaco
subsurface formations 30 by rotary drilling in a

vont PO NWE S 140 o HERBRATT Bispebla i.qr gl oter

be, descri ped herei nafter. Adrill st rlg 12 is
gl indherar, andcanFemgineong opmPra slevices gf giaagynad
assenbly 100 which includes a drill bit 105 at its
chawectesistics Thihesdnilf sidog ek drith bih cThel SANVD) tool Burtheriacludes
derrick assenbly 10 positioned over the borehole 11,

amappasfod (ot hown) fodgeerating eisciridea posvet fo ﬂk@blb\»anﬂ:iﬂe
hook 18 and rotary swivel 19. The drill string 12 is

SRaNE TN APYDREN I3 8 G SO TR e
o

shown) . through . the kell and a
oAb be AT O Sl Hie BreteRtedboringth e MitbiTpoue
to the hook. As is well known, a top drive system
wsluagsanecehamore of thedsliowing types of maasureg ék%ﬂﬁ&lse Df
this enbodi nent, the surface system further includes
weightiongbit méa.\tudng e ice6 adonuedmeasaring dedigef anitedtion

the well site. A punp 29 delivers the drilling fluid
Afeasarihg Qlelvlvee EISPfochméé@Jrﬁfgl dlévné‘é rd sitkIglipihaasuey t
in the sw vel causing the drilling fluid to flow

Sprees ek i i, e, i
L A A
H

BRI B8 GHSFaBambodinint SeoBRrSasa A7sBa Phiguoively

arrows 9. In this well known manner, the drlllln?
f:euplgdwumd 'dﬁli @wesrﬂ&Odhhat pxignd fagn greurface sub 185 fo.an.

mterface sub 110 in the bottom hole assembly. Depending on factors
including the length of the drill string, relay subs or repeaters can be
provided at intervals in the string of wired drill pipes, an example being
represented at 182. The relay subs, which can also be provided with
sensors, are further described in copending U.S. Patent Application Serial
No. (file 19.0410/11), filed of even date herewith, and
assigned to the same assignes as the present Application.

The interface sub 110 provides an interface between the
communications circuitry of the LWD and MWD modules and the drili string
telemetry system which, in this embodimenti, comprises wired drill pipes

with inductive couplers. The interface sub 110, which can also be provided



‘carries formation cuttings up to the surface as it is
returned to the pit 27 for recircul ation. As is

waemo193m9 t he art, sensors may be provi ded aboRPCTAURE06/030460
wellsite to collect data, pBeferably in real tine,
concerning the operation of the wellsite, as well as
witindensarssisadeddniveddiitiser in.copendiwgdd3. datsnichpplicatiene
sensors may be provided to neasure paraneters such as

SéRdId.pe_pressure (fan@@&mﬁa 1 }jﬁéd"of & aste ﬁé?éﬂ'ﬁﬁ; and
rotary rpm anong others. The bottom hol e

[ nfj | aicbeﬂ"g %@‘P’fﬁ%}?,&gh}eé %ffhgbmﬁszlﬁiﬁé‘% ' ?E {Ag;jes an
qgou /St ﬂﬁ&quﬁfge asur I ‘&usw g, dﬁ(rﬁ;luﬁ%{:%%u%é{; #ngc):e Interiace

di recti onal dr|II|n and drill bit 105. The LWD
uYherpa W'@drﬁfd%}éiﬁeﬁﬁf&f% oesed, ikig necepsayyitphave a

collar, as is known in the art, and can contain one or

@Dmmm:itiop limk batoean tiye taproost| vaiegsl dll pipsl and atsuviace

al so be understood that nore than one LWO and/or

ictaintee aftapiypically performasneenmsensiate ddliowing
120A. (References, throughout, to a nodule at the

méhéhé)nrééfenﬂ:% aﬁélbr%bh@f %ét&elbgg mﬁfcﬁfnﬁ?i@H' &ndfort he

position of as wel dul e 1 ncl udes

SRR blhafor an@%f» %hf&owﬁﬁ&%ea?ﬁi Q@ hAER

or na or conmuni Ca

surface equi n,the resen enbodi

SefiERe ROmMEE A angyEeg T S RBInRATRG Wi Sestifors

| oggi.ng devices that nmeasure formation

%wgwgbtr@mog@ jQaatiogs}. egﬂﬁ@lﬁ/ﬂﬁvqaﬁb% hewg bgenisuggested,
directional resistivity measuring device, a sonic
sene uf whichiete senmarizedlie k. SnPatant i7r,@4&14% daclugding use of a
nucl ear magneti c resonance neasuring device, a

slipedisg devite pand usg of evtapeeledtrivatcuplingsbased iondndesticreor
an i magi ng device, and a formation sanpling devi ce.

so-called transformer action. These techniques are collectively referred to.

aé rdtating s'wivel techniques. A slip ring (also known as brush contact
surfaces) is a well known electrical connector designed to carry current or
signals from a stationary wire into a rotating device. Typically, it is
comprised of a stationary graphite or metal contact (a brush) carried in a
non-rotating component which rubs on the outside diameter of a rotating
metal ring (e.g., carried on the upper portion of a kelly joint). As the metal
ring turns, the electrical current or signal is conducted through the
stationary brush to the metal ring making the connection. Rotary electrical
couplings based on induction (transformer action), known, as rotary
transformers, have provided an alternative to slip rings and contact brushes

based upon conduction between rotating and stationary clrcuitry, so no
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nmodul e 130 is also housed in a special type of drill
woRlohd{oz1aS 1S known in the art, and can cont apAT@8%00/30460

nore devi ces for measuringjigharacteristics of the

drill string and drill bit. The MAD tool further

direet bORIRCRIS RIURRBARSTHE Granshemet wirtdings e@ﬁﬁirisaca
el ectrical power to the downhole system This rray

SR P8 RSP on
B R o b

i ncl udes one or_nore of the follow ng type
SREaRaRYHYnGing. cERe typaseripprencing dwamdn !nghﬁmr@grap&t
torque neasuring device, a vibration measuring device,
couichbe leﬁd@dh'ersgerMeim, 186 of Figires i pAtrprasent, agwireless

device, a direction neasuring device, and an

dppedacteis moraprAsired Fod exaaple of the tyb8 ddaeribe@ fnttier in

invention, a drill string telenetry system is enpl oyed
el Pfatemm;s&lféahbh lSétrTaPN%d embodi ment, “tﬁré #99483/02),
system of 1 nductively coupl@d wired drill" plpes 0

fi{%aﬁ%éf? ﬁg}%@é’fé}s@%ﬁbﬁ SREGEAIs el betiBhge of o

f act udi th of the drill

Ardse Arriaton, Aldeterbeddy aﬁ@fﬁ%@ﬁ@éﬁ o sald editoneed
in the string of wwred drill pi an exanpl e bei ng
Amﬁlﬁ@’g%ﬁ@@aghlmm The_rel 4fjles @40%2brarbwhcdesmieﬁace
provided with sensors, are further described in

i dipee fatmof slirfacePsute mSSAp moupidd with 8ésdtedniddo35 tHdtirbtaie
19. 0410/ 11), filed of even date herew th, and assi gned

viith kéily $ABRASELGE eerdtsdefir RirRSatEnAR BhAtCRIMnicato
The interface sub 110 provides an interface between

Blﬁi?e&ggﬁggb\ﬁmtérﬂéﬁnfth%%éﬂs%eRferb?%q%Y&QH oot unit 4

nodul d the dri string tel ene |ch

el o€ PRaETERhooR B, ot Bt loie B e

b
ccs)r%mt?nl ét?c\:/n Idr‘ﬁ< 175 is schematically depicted between the

electronics and antenna of the uphole interface and the logging and control
unit 4. Accordingly, the configuration of this embodiment provides a
communication link from the logging and control unit 4 through
communication link 175, to surface sub 185, through the wired drill pipe
telemetry system, to downhole interfa'ce 110 and the components of the
botiom hole assembly and, also, the reverse thereof, for bidirectional
operation.

Figure 2A shows a block diagram of a type of wireless transceiver
subsystem electronics that can be used for the electronics 30 of Figure 1.

Reference can also be made to U.S. Patent 7,040,415. A signal from/to
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described further in copending U S. Patent Application
weso7aiosd. (file 19.0410/11), filed of even Pat®s2006/030460
herewi th, and assigned to tthe sane assi gnee as the
present Application. At the top of the wired
1 ! . ) .
\‘}{%hb lhdlﬁtﬁfbf!%u h?ﬁ? li'rgcif; gcgﬂofrﬂ%f WprabEt Wirsd Fi?ll i?iisﬁé:‘féecol%'f’ed

en a wre systemi s used,

VGRTRSAEE BBy e ST BREN 20, bRl Vi
(4805 il B4 3 bl A nd S o5

data, |ogging information, and/or control information
tyodisledde powantae wodsras.ddihes ponst gesgatingsneans, which may
perform ng conputations and anal yses, and

dmmane padfemgdyatehdesmribeddn shaabove réferemasdell.S. Patent

| ocations). Various approaches have been suggested,
smoslicatiomBefial Noe_sunmmar i zegijd A9\ tent 7,040, 415,

i ncl udi ng use g‘?ea slTipri ng %gsi@éggﬁd use of rotary

el ect r4 [ j : t - :

Cr anst DnaroE sygge i58Em 202 RN o e it one
referred to as rotating swvel techniques, A sSlip rin
(G BB aineRn ripeidare 3r Bliar s BERR e colBob e the
el ec ri_?al_ connector designed to carry current Qr
s‘i"'@‘ﬁéfﬂg PiRshieleraety sysiery Rreierabiy.dha medans peoide e way
Typically, it is conprised of a stationary graphite or
rearamudinatians. [Thebnaden cunmuaigates with@mothmranodegm or
conmponent whi ch rubs on the outside dianmeter of a
repablererothed suli lIogateel ip.the dawnhelt twol.t Aey kinkof digital and
portion of a kelly joint). As the netal ring turns,

té}%léﬂt; Beddul&tIn SEHIRE mdY bé ugsa) ?dcﬁh %B%@béﬁr&ﬁtﬁ%‘shiﬂ

the stationary brush tothe netal ring naking the

f'%%’ﬂiﬂ%%@c ﬁ%ﬁ@%%?eﬁéﬁ%%%@E‘%ﬁ%@&ﬁ?@???@@?ﬁe
BB BT R TP o e BhE oM bfon ebe

between rotatin d stationary circuitry, So no
schemes mayabe ugec? ;?1 combination V\}/ith any kind o)% data multiplexing

technologies such as Time Division Multiplexing (TDM), Frequency Division
Muitiplexing (FDM), etec. The modem may include functionality for drill pipe
diagnostics and downhole tool diagnostics.

Figure 2B shows an embodiment, as described in the referenced |
copending U.S. Patent Application No. (file 19.0403/32), in
which a special saver sub 240 is provided between the kelly 250 and the
topmost wired drill pipe 181. The saver sub 240 has an inductive coupler
241 at its lower end that electrically couples with the inductive coupler of
the topmost wired drill pipe. A cable 215, which is connected to inductive

coupler 241, exits saver sub 240 through a sealed port, and runs externally
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necessary. The transfornmer w ndings conprise a
wosiodth@3fy y coil and a rotating coil, both congefyggioesozodso

wth the axis of rotation. qgither coil can serve as

the primary winding wwth the other serving as the

oBRSIBNEEY b mmﬁém}eiié}esmeﬁen@fzsepwhmqh@iﬁdég%ﬁtér\gﬂlésé)s

in this paragraph could bé used as the surface su

o2, ok 0 BB 20
248 o 52, 55814 St B e e B

to tp?e sanme assignee as the present Application. As

bg segiadiBa OFPQYe iRrihe ke andofor sxampletks prrteeted by an
Application Serial No. (file 19.0403/32), an uphole

epoxeof REEK mateial, fA funther comnbatos cantbel@®yidest aidhel ed
with electronics 35 that rotate with kelly 17 and

transceiver subsyetsmaiadroiosl Fhe eabk 21Ris movided With 8t least
bidirectionally with antenna and transcei ver o

-
a'xﬂ%gﬁﬁ. e’ @n Bomadb Mhérbogieggg@?@. G588ht

enbodi nent, conprises the uphole or system A

PGB PSRN TS SHUETRAGR SO
oG PSSR bt menor

provides a comuni cation link fromthe |ogging and
deseriptian Qfedundant plur andennas ibaonguinationwilivhe ransceiver
surface sub 185, through the wired drill pipe
stibsystemsy asd foretgsariptionwi isafe powe egéaemting foramst biéhe
conmponents of the bottom hol e assenbly and, al so, the

retating sankbeivepsubdy@teri di rectional operation.
Fi gure 2A shows a bl ock diagramof a type of wreless

he SaigeRtioBd 155 Kot phfirid 010, AhiRgnYH Sorh!
Ngade to U.S. Pat ﬁﬂ‘é15:&ﬁ%/%ﬁ?wh’ﬁ‘e%nﬂ?&lnefsﬁﬁ%é Binit 4 at one

wellsite is shown, one or more surface units across one or more wellsites

may be provided. The surface units may be linked to one or more surface
interface using a wired or wireless connection via one or more
communication lines. The communication topology between the surface
interface and the surface system can be poini-to-point, point-to-muitipoint
or mulipoint-to-point. The wired connection includes the use of any type of
cables {wires using any type of protocols (serial, Ethernet, etc.) and optical
fibers. The wireless technology can be any kind of standard wireless
communication technology, such as IEEE 802.11 specificétion, Bluetooth,
zigbee or any non-standard RF or optical communication technology using

any kind of modulation scheme, such as FM, AM, PM, FSK, QAM, DMT,
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coupler of the top joint of topnost wired drill pipe

wo 20000usied wWith a WOP nodem The WDP nodem 22BCTAIS2006/030460
turn, coupled with wirelesa7nodem 231. A battery 250
and power supply 255 are also provided to power the
ObBdivsstc Onreamipinaiion yitharyt kind ofrdatasmuitipletingriechinelogies
nore preferred, are described in the above-referenced

ddch aPIDMNA, FDMA, CDMA) e&er Aglondaxaniple cthb%arfidiied Bt)the

The WDP surface nmodem 202 is adapted to communi cate

\xnrélasg BBnAECHBY ﬁamgg Bl in ) oofa?fa?rer tBLtHétéI%

interfaces I1nt vIia ewred drill

Puo. v Bk SRbETR0T R hEBistvodstia fROGRGRE,

anot her npdem o epeat er or ot her sub |l ocated in the .
SRR VAN, We'ﬁwe PaFRMEtera; $Hahas iaoPIRiiTggPressure
nodul ati on schene d?lf be used, such as biphase,

(stanflpipRymed gic.) kayidlpv, FENgS, Vitradiony diling meshanics (i.e.
shift-keying (QPSK), Quadrature Anplitude Mdul ation

AN, walgist; aetelenatldn, pipenetgiiv etclette. The sensarben®s also
may be used in conmbination with any kind of data

e litalkatd @(élrﬁhﬂo? fOMh eha 9beSighaIcdbrRitioHineg abtior b Qrbrocessor
Mul ti pl exi ng Frequency Di vi sion Ml tipl exing

5N

foF PllossRiro o aéagﬁ At d?&‘ﬁ%ﬁsﬂfﬁa?ﬁﬁ%%h%s P
Ei gu des ed i
9@?%’%%5&55@%@?%3@9?@8%9%@% bBFER "Rt tne
file 9 0403/.32), in whic eci aI saver su? 240 |
‘éﬂf%@ @'%?M%%W DIRASUEE W'WCQ%C*@W@G’E%WE%P mefwge
drill pi 181. The saver sub 240 has an inductive
@rduplperte it system aywkpedein othar diagnastics af the wellgiiass
with the inductive coupler of the topnost wired drill

pPifipeentAypad bbsaxisors whaycbe iistegraioe drite dhé subn et type of
coupl er 241, exits saver sub 240 through a seal ed

$ridor naa\dbé Wé‘ur%?@eeée?%b# Yor measuring drilling mechanics capable
of performlng at hlgh samphng rates. Sensor data may be recorded in a

memory device.

Figure 3-5 show wired drill pipes as disclosed in U.S. Patent

6,641,434, incorporated by reference. A wired pipe joint 310 (Figure 3) has
- a first current loop inductive coupler element 321, and a second curreni-

loop inductive coupler element 331, one at each end of the pipe. Figure 3

also shows wired pipe joint 310 as including an elongated tubular shank

311 with an axial bore 312, a first inductive coupler element 321 a box-end

322, and a second inductive coupler element 331 at pin-end 332. Inductive

coupler 320 is shown as constituted by first inductive coupler element 321
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transcei ver subsystem 230, which includes antenna(s)-
refdsid he exit position of the cable on thepSpySlnsoz04s0
Wsub gﬁ% a connector 246 cgy be provided. The cab?j
running along the outside of kelly 250 can be seal ed

A %éﬁﬁ@Y@ubﬂvé Bkt bbén?}t—'gg}?ﬁ@ bf ﬁ@g?ﬁﬂ %3? n adjacent

protected an epoxy or mat e

can be provided at the transceiver subsystem
\&ﬁ@@?ﬁﬂ%ﬁ% The cable 215 is provided with at [east a

Wre alr ef erence can be the co in

Pat on 'Qﬂfﬁﬁg R GuHononus S22 Gefinotoiena INiesA 3 and
further enbodi nents and transceiver subsystem
ayndlagipnar contectinp shabider B4 witsa rfquitalcoirﬁaﬁ‘ riguesddand 4
plural antennas in conjunction with the transceiver

slb shoepin-crah832’ af ateadjacett wiredpipedbint defising external
generating for use by the rotating transceiver

PESY 3B ManASa iRl lhﬁ&dcdrﬂaéﬁ}% ?i?&%rﬁmﬂ Vit& %@b@r@d slot
U.S. Application Serial e 19.0410/11), whil

e R YT e Sy
be 5rov1’¥i The surface units may be linked to one or
A REIACENT WIEdiRIPRI9aBe using a wired or wirel ess
connection_via one or npre conmmuni catjion |ines. The
comuhRigdER PArisEopess §ctien Viewhot the facingRadr ofausrerieop
and the surface system can be point-to-point,

indiotive couplet elenients of Figureidlocked tagaibemas pa’ﬁ of anr ed
connection includes the use of any type of cables

Opératisnalgdipg it peovifiep aarosobScticreview of thé kRysedthigh-
etc.) and optical fibers. The wirel ess technol ogy can

EéndBliviey, ﬂgw%erﬁﬁéﬁiﬂﬁt Mided pafs 340 ?ﬁ?lﬁsﬁ@ b&R cores, and a

technol ogy, such as | EEE 802. 11 spe |cat|on
e a8l VP BEGorkdy ogy3 @ﬁ}%@ Seige B sendi s

cectl:r:]e?‘ltl that elec?rtca'\ﬁr con ects the %Nb u%A '\éttve coupler elements of
"w1red p:pe jomt 310.

Figure 5B is an enlarged cross section view showing the mounting of
first coil 348, first high-permeability core 347 and first coil winding 348.
Figure 5B also shows conduit 313 enclosing internal electrical cabie 314.
(For ctarity of illustration in Figures 5B and 5C, first coil 328 is shown
larger, as compared to pin dimensions, than it would be in a preferred
embodiment, where drill pipe strength may not be compromised).

Figure 5B further shows first slot 325 defining a first annular concave
surface 326 with concentric facing portions 326a and 326b. First annular
concave surface 326 has a first annular concave high-conductivity, low-

permeability layer 327 thereon. Layer 327 defines a first annular cavity.
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conbi nation wth any kind of data nultiplexing

WO smhoBogi es such as TDVA, FDVA, CDMVA, etc. ABCDIB2006/030460
exanpl e, the antenna for the wrel ess connection can
be put in the outer |ayer of the sub. One or
Box-ensisd2poinsiutied finstycdile328 fixedly chounied & thet fast ansultio
nmeasure various wel | bore paraneters, such as

é@ﬂ‘@%eﬁvééﬁ ,cohbéﬁﬁuérfacﬁggﬁ?ﬂ@?@sm@uﬁd 7B of, flrQ‘Mdyer 327.

flow, noise, vibration ng mechanics (i.

t or AUBi, HE BB SFOGE 3bbORH sRHBRE BLAHihG (s annular
Fnkeg an og rorﬁ

et c. € Sensors nmay

end for s di tlon and/or to r,0ce ,for
SRS RtE i BP ckpeBirida Bl sort BB E I ol <o
be used to performdiagnostics. The diagnostics can be
geeend annyasceneaya swriace 832 hasageeend anrwigé careavEnhigh-
nmeasur e noi se and/ or characteristics of the wred
conductivitpdowepermeabjiity yaytes @3Fritieraort. okayert38et defines a

di agnostics of the wellsite. Different types of

SSETIRY anrisr SevilyntiEpraid832 Mhalutibs asdeon@woilt3ase finddly
sensor may be a surface sensor for measuring drilling

ARG ﬁﬁh%%?h@ Ul ity bRBwadn EbﬂEbrﬁﬂETPéd:H@ portions

rates. Sensor data may be recorded in a nenory device.

pi pes as disclosed in U S.
gg?%n&%séald?%g&\%'ﬁﬁ%oe? #ted by reference. A wired
pi pe olnt has first current | o
" nductianEe éﬁﬁ;ﬁérs@wﬁmﬁ curpantigen g @Upier Sdment
current-loop inductive coupler elenent 331, one at
8at nncéu@ngfﬂr&tﬂuglpncgedumngm loveparmsgakiipilayer 324 andseecond
joint 310 as including an el ongated tubul ar shank 311
sutrantloopndiictivercoupliar, elemieint 8817 indiudirig/ssaomalhigh-
el ement 321 a box-end 322, and a second inductive
@@ﬁwai\n | lowepérndstbilty [@yar-33W. E3dh layahus chudconiplarr

320 is shown as constituted by first i1nductive coupler
UL L tog%% inner surface of its slot. First coil 328 is located between
c;)n'c‘entfi'ch féc"ing‘portions 327a and 327b of first layer 327. Thus, the first
high-conductivity, low-permeability shaped layer (or belt) 327 partiaily
encloses first coil 328. Likewise, second high-conductivity, low-
permeability layer (or belt) 337’ partially encloses second coil 338’

First coil 328 is fixed in place within its slot by potting material 342.
First 328 coil is further protected by protective filler material 343, preferably
RTV. Similarly, second ¢oil 38’ is fixed iﬁ place within its slot by potting
material 352" and is further protected by protective filler material 353.

Figure 5C is an enlarged cross section view of the box-end current-

loop inductive coupler element of Figure 5B showing detait of first coil 328,

including first high-permeability core 347, and first coil welding 348. Core
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i nductive coupler elenent 331" of pin-end 332" in an

' wired drill pipe. Fi gures 3 angefrositioWososso
W(g%uﬁg?gbszz defining internpgl thread 323, and annul ar

i nner contacting shoulder 324 with a first slot 325.
' ' d " of . t
R Sy o B, St o
U [ nt.act i i pge.end 334" with a secon
32 589 50B05067 Mirking el of BicEinan wp dmipriaficiien.
i ndi c ers an_ i tem bel onging to an adjacent w red pipe
j oi nt )0l winding-343 prefepally has & lasge Bumbesaf tress U1 onee
f aci ng@iai r of current-loop inductive coupler elenents

erefergaremBodiownd diheayember iseapppaximaély 2000 pEieaboreald beit
pipe string. It provides a cross section view of the

of Figpeel8Q) s postiorad 10 ¢oopdraie Wik IRABEEAHY higALQrdictivity,

path 340 enclosing both cores, and a cross section
KE pemmcBOey bin- L pof oG j %?F{’@‘Z Bl B0 orqate

[ [ I ' [ j.ai nt .
oAU o RyERIBL Ry Belifeahinfloutiub it 3808 shosrdn

i ' [ il 348, first
RigHTe . ey e, 8arad saoorhaioe Ipints ais looker deasthenes
Figure 5B al so shows conduit 313 encl osing interna
aa%&frartgpe redipnal pine strimg dayara327yarst 337’ fagn pait 840i This

Figures 5B and 5C, first coil 328 is shown |arger, as
closedrpathtenclusesdhendirsticoiiand thersecond@oiid The low-iass

preferred enbodi nent, where drill pipe strength may
eatrehdloopiRUasIEEEOUpler may be viewed as a pair of transformers
connected back to back through .path 340.

Each coil induces an _electrica! current in the pipe joint, primarily
along the high-conductivity, !ow—per_meability layer of the pipe joint that
bve‘rlays.;-t-!fle inner surface of the slot. Each layer of conductive materials
attached to, or coated onto, the inner surface of the slot surrounding the
core.

As described in the ‘434 Patent, the high-conductivity, low-
permeability layer may be made of any high-conductivity, low-permeability
material that has a conductivity that is substantially higher than the
conductivity of steel, examples being copper and copper alloys, among
other metals,

The high§conductivity, low-permeability layer reduces resistive

losses over the length of the pipe string by reducing the resistance of

toroidal path 340 from what it would be if path 340 passed only through the



Figure 5B further shows first slot 325 defining a
first annul ar concave surface 326 with concentric

wo am7io3porti ons 326a and 326b. First annul ar PODUSAE6/030460
surface 326 has a first anna@l ar concave
hi gh-conductivity, |ow perneability |layer 327 thereon.
|ig@lrofdbe pifsf joinds Tehef hightcomauotivity, tew-peymealbifity layer also
2007/ 019319PCT/ US2006/'030460 19 Box-end 322 i ncl udes
fredates fiik 10338s fovee teyiefBtinbEfcl glps REird by Feo?.!&ﬂyn@%gnetic

cavity between concentric facing portions 327a

TR heeleon nloN s of saghovied) Bt arie, b yaoRer
T 298 2okl & FRPAF Bl s ot BieSitle 3 bali g Brsis

second annul ar.concave hi gh-conductivity, i
|ed\ﬁf?r)¥fq%€88ﬂv¢w InygEbecaiise: apy gam in thecondsstive leyer oke
a second annular cavity. Pin-end 332" includes a

@i 3d0vruld bedoridgedtal thenstaat efthisrocdl pipeendd Aagap irethe
cavity between concentric facing portions 337a' and

obduciivesiayendf h aymid Path could be ?'Eiomuéa byBvgdrssh ghows
first current-1oop inductive coupler elenment 321

irplaliveliyoif ddriduckive Haas the bdact %PS{ HeaRirh is?ée/eri of

| ayer 327, gnq chon current-loop I ctive coup
RefiEtngiie e voiPeatsash 48 ERRPHGLS Kb ot s
Haii7 ohBEMRIeh G ol pive.sife v aasn fodc suieient energy

ortiong 327a and 327b _of first layer 327. Thus, the
75588 ipive & ag0ticADt effect ow- per neabi 1 ity shaped | ayer
(or belt) 327 partially encloses first coil 328.

Li kewiAsein tb@o-ﬁ)'g‘ﬂ‘ Pateri; thersystarmaf FRjguree\8-pBrdesatibss tiydual-
| ayer (or belt) 337" partially encloses second coil :
8dBtact pipe joint with first and second inductive coupler elements located

at an inner shoulder and an inner pipe end, respectively. The dimensions.
‘of- the“piéé-joint are such that the distance between the outer pipe end and
the inner shoulder, is greater than the distance between the outer shoulder
and the inner pipe end, by a small amount. Figure 5A shows a distance D4
between outer pipe end 341 and annular inner contacting shoulder 324,

* and distance D, between outer shoulder 351’ and annular inner contacting
pipe end 334’. Distance Dz is greater than distance D by a small amount.
When two pipe joints are properly tightened (i.e. forced together with the
torque needed to achiever proper pipe-sealing of end 341 against shoulder
351’ of an adjacent wired pipe), then this small amount allows that same

torque to automatically tighten inner shoulder 324 against inner pipe end



First coil 328 is fixed in place within its slot by
potting material 342. First 328 coil is further

wddeheekad by protective filler material 343, PCT/US2006/030460
preferably RTV. Simlarly, specond coil 38 is fixed in

pI ace within its slot by potting material 352' and is

W bh&k a%la‘?,‘eﬂ? Wﬁ‘éd PQ icgh%é h¥% Félfdbgsf]fdi‘ﬁ{ §E|o§bd$§d’n

|gure 5C1s an enl Cross secti Vi ew o
cBfHFfye %%}’fnsgﬁﬁwaﬂ%%%‘ HEHSELTT S26. el udi ng

first high-perneahbility core 347 and f| st C

vel dilfi§nem B digent r@@e%&? gegtion At wiregh grj I@PSn@Q&"@JYPe
Cross sectlon Second coil 338", second core 357" and
desedbed irvihe ‘Wdddatgneas! inFigatap3-6G; Bacifitates aifeature of
structured. Coil winding 348 preferably has a

pravigingnausbetiorobf ¢tonmested wiredelrifinspes,ratc lengivdgraidr, than
the nunber is approximtely 200. The box-end belt of

oot 000 &t. bhdNesd iHa‘Pﬂ?chlIt ‘70‘09‘?9 Sivithuiiy rdpdatégcond

hi gh- conduct|V|ty owperneability pin-end belt of an

ad] ageNE HRGRT &K 6 S0 rieslbah BeSHETADIBPED, pactag be,3

hlgh con W per meabi oro

o e DB ro S, .0 e St o Spirah I%ﬁvapdeual

pi_pe,strin ers 327 and 337 formpath 340.
rorbtuy pulF oo Hepissc nd IR Paientdh §001d 2ians emiisddWe

coil. The low 1l oss current-loop inductive coupler my
LoggoingApparadus Apdi Methodt Fenidétermining Eonmatior Relsistikity At A
back through path 340. Each coil induces an

Shetlow AndlA Daep@dpth/1 indwerporaied hetdih bypefarencd.y Aslseea in
the high-conductivity, |ow perneability | ayer of the

FF?%]II% & %ﬁﬁertdh@‘ loﬂ:\é?hhﬂ&'ﬁﬁuﬁiﬁﬁ anfHiasS i, faﬂﬂel' ﬁé‘gp?er and

'Each | ayer of conductive matefials att ac

l%eF%%ﬁﬁn%%ﬁénﬁa@eH ARERS WdrBEEwer. "hs bitennas are

. surround

formed in recesses in a modified drill collar and mounted in insulating

' méteﬁéii The p‘ha'se shift éf electromagnetic energy as between the
receivers provides an indication of formation resistivity at a relatively
shallow depth of investigation, and the attenuation of electromagnetic
energy as between the receivers provides an indication of formation
resistivity at a relatively deep depth of investigation. The above-referenced
U.s. Pa_tent No. 4,899,112 can be referred to for further details. in
operation, attenuation-representative signals and phase-representative
signals are coupled o a processor, an output of which is coupleabie to
telemeiry c;ircuitry which, in the prior art, modulates mud pulses and, in an
embodiment of the system hereof, modulates a carrier of the drill string

telemetry system. Unlike prior application of the dual resistivity technique



As described in the '434 Patent, the
hi gh-conductivity, lowperneability |ayer nmay be nmade

wo o0yt gh- conductivity, | ow perneability maP&F/iU82006/030460
that has a conductivity tha is substantially higher
than the conductivity of steel, exanples being copper
inrednjunstien with oyd, puisstejerabtrgy theetystem and meifioel hereof can
hi gh-conductivity, |ow perneability |ayer reduces

previdsirueh hiie ei® uad 1ctrb@idleemﬁtsim:@farmaﬁ)(1 Pad1Gingd.r i ng by
redu0| ng the resistance of toroidal path 340 from what

|t oM hrREyary Ao ReaSS(l 08 Yl bt 22
SFICRIFIAl GosBe5B Aoie hh a e

flgx enetration into the steel of each w.red

Adimenty & seigretedrabieiaubpatemaled (Fioyraeais 9@1@%@5@ is
path, it is not essential that path 340 consi st

@ﬁpteé fgr asntrobwiguibieidrdl stiye telemetysystany. Parectianalidsilling
conductive |layer of a path 340 woul d be bridged by the

isttiee intohtidriad deciatibn of tiee ertibors fsap the palte itavndd caturally

| ayer of a toroidal path could be produced by wear on

ake lmbines 'Wbr§§f&|réiﬂi'6%li3&hmﬁg iSRS stB8ARg bf‘ﬁ\ec@r"]F ﬁﬁh?
point of the hard steel of contacting pl pe ends.

f@é‘é?’ft E%l'*én%@%ﬁfe?"@ﬂé&%%?* HehgPiiha s, SO
Vartéiadils i 25eRtre ARG #t&%e'g}é‘%v B Pgbladipahi Heysdo 2

%SCH bes a dual -contact pip oint wth first and
é@@ﬁ@mmegma@aﬁw Q’re@l'@ Ardling,alge emaileshorizonia!
shoul der and an inner pipe end, respectively. The
drillegn Birough adﬁSeweirpMmlzjamtaitdra\lm enaties adongerdength of
di stance between the outer pipe end and the inner
ihbovdlibare to ragesatthe rebemolrhehithdtarased the\prituctien rate
outer shoul der and the inner pipe end, by a small

ROMURE wetl, O iR e Biforfd) AMHing SUistrmneay %ot!ﬁ! M@éﬂj‘lrp\#’érﬁéal
pi pe end 341 and annul ar "I nner cortacti ng shoul

&%ﬁnug apéra%ﬁta%%&g o@)ftkéﬁttﬂ'@%ﬁm%i‘lt\gﬂ Ey%%? %‘%ﬁ ance @ s

nner contactin

t b

B ooy sPeihFe LI uibsRiaARl netlra Olthe JifRatc?
t oget her  wi ﬂe torq u needed &Io achi ever proper

EE@QQFW%JP%‘" éﬁ@%ﬁﬁ awesibat heglilldit experienges g fVhen
ad acent wred pipe), then this small anmount all ows
sstmht a dawietionogaurs; @ ditectional dritlimgy systghtt mayibenesed to put
shoul der -324 agai nst i nner pipe end
the drili bit back on course. A known method of directional drilling includes

the use of a rotary steerable system (“RSS"). In an RSS, the drill string is
rotated from the surface, and downhole devices cause the drill bit to driil in
the desired direction. Rotating the drill string greatty reduces the
occurrences of the drill string getting hung up or stuck during driling.
Rotary steerable drilling systems for drilling deviated boreholes into the

earth may be generally classified as either “point-the-bit” systems or



WO 2007/ 019319PCTI US2006/ 030460 22 334' of an adjacent
wired pipe joint so as to reliably forma closed

uctivity, |low perneability toroidal RsR8030460
W%“ggﬁ e%odl ment her eof , aggection of wred dréf

pi pe, of the type descrl bed in the '434 Patent and in
7] DC I t t f di

S °BE,  lotahBi d, P don o
r n about 1000 ft. and | ess than about 7000
he &rillitis devigd repiedesal &S of ke eliarh ol RssembIn

whi ch can be the LWD tool 120, or can be a part of an
tivgeneral simac’eoslaf)thefnemélo@sTbmhaI&jisrm‘opagaﬂedrmof is
the dual resistivity LWD tool disclosed in U S. Patent

4co0Riaht? witldtrentudibeery ibe poat éét’iﬁetSb er and
Met hod For Determ ni ngnlfzor mat | onggReS|é§PPV| ty Al }Nlﬂp

Rt Sabpgr fbdaﬁ F%%gﬂi the cﬂgl%f’ Ot/ %ﬂﬁgeet]")\eﬂélné’ﬂ/on of the

reference. As se ure per a

FAERA A BR @ﬂ‘“gﬁehléﬁ’aﬁéﬁcélﬁﬁﬁi%iﬁ%@@@Lb‘f‘%ﬂs St

as_ar med in ecesseslnarrodlfled dril]
ST 180 B B ool ol aR SR o SUpRSDe
shift of electromagnetic energy as between the
oeperatets These age snany ways tawhish tbis may fetachieved including
resistivity at a relatively shall ow depth of

iarfipest beyad eba pointdn tirebetivmrhoit iagsembhetiest to thegloatarc
energy as between the receivers provides an indication

@laliRiaradri LMleXUR8 icH the! bkl bitldrive sHaRt divRiblitatPBEWERR theOf
i nvestigation. The above-referenced U S. Patent No.

0B oyt AAIAAY i Sher oy dtre

nals _are co
i %@ﬁé@%ﬁ’a3§ﬁ)%8%bﬁ%?heobﬁmrs f GOQ’H@B%B« G558 f e arectonr
tel enetr ircyitr e prior art, nodul ates
Cameafﬁ@glsndlgﬁ%s e ewwﬂ%bltéypq friagyelearbie sygiems,
nodul ates a carrier of the drill string telenetry
st row they prerage ate dapgribachini 8. HatemieAriligation Publication
“resistivity technique WD 2007/019319PCT/ US2006/ 030460
Nos. 2002/0011359; 2001/0052428 and U.S. Patent Nos. 6,394,193;
6,364,034; 6,244,361; 6,158,529; 6,092,610; and 5,113,953 all herein
incorporated by reference. In a push-the-bit rotary steerable system, the
requisite non-collinear condition is achieved by causing either or both of the
upper or lower stabilizers or another mechanism to apply an eccentric force
or displacement in a direction that is preferentially oriented with respect to
the direction of hole propagation. Again, there are many ways in which this
may be achieved, including non-rotating (with respect to the hole) eccentric
stabilizers (displacement based approaches) and eccentric actuators that

apply force to the drill bit in the desired steering direction. Again, steering

is achieved by creating non co-linearity between the drill bit and at least two



23 in conjunction with nud pulse telenetry, the system
and net hod hereof can provide nmuch nore data and
wobraviots19t in substantially real tine. APCT/US2006/030460
particul arly advant ageous use of the system hereof is
in conjunction with controlled steering or
ofeF esichgssihtsd ihlits! idgalizebiTokm ithe SRR Bt iI§®EGuirad to cut side
rot o- st eerabl e subsystem 150 (Figure 1) is provided,
' .2 N [ .
PER IrEoRiR R BPnofie SME nie” JoXnPles of Sishiahe-oi type
intentional deviation.of the wellbore from.the.path it
(I PPl PV o ek BN oy SRR Be HeRBEPP OB -S.
drilling is the steering of the drill string so that
Patent Alps; 5,265,682 &5553878: 5.808i188; 6[@&%332;3595,015;
drilling is, for exanple, advantageous in offshore
268|378y SheI 885 5,658678| BS7R6/68; \Wsb23,266; 56068383, ed
froma single platform Directional drilling also
5,580|259; BOr7&,902;38, 971 08B dlithdrbininebrpdraeidiy &iférence.
Hori zontal drilling enables a | onger |ength of the
| 1 bore to traverse the reservaoir, which increases
e Sirasingcaansrelfsare the sHifaer qan e basesl ratdessiiapart, on
drilling systemmy al so be used in vertical drilling
fopmation sesialiviehieasWehwents bisings foar exainplej the typeof of f
of an planned drilling trajectory because of the

resiptioiy Worhe devite rdesefibédiin éenjontticmeith Fig\dres 6 and 7.
penetrated or the varying forces that the drill bit

experji Ao
per j %ﬁ%%e&wﬁ&ﬁﬁe‘&%ﬂ tﬁa%ﬂa%b%n@éﬁgéﬁai LD t?ﬁlés see

di recti onal ng system may be used to put

il ' : S Jret ;
Sy e rervel P Bt R TR MY oy B inghes from
steerabl e, system ("RSS'). In.an. RSS, the dril] stri
£ SORRRPE bR PR RolpleselSiaR IS asunmie. fues eslito e
cause the drill bit to drill in the desired direction.
fmeder aeosiaenag aﬂlusynem&g Aysaallow depthuekigvesiigation can lead
occurrences of the drill string getting hung up or
ot lask than oplimak, iréadtive. geRsteanings wdweraiiajeaton isichgnged only ™
systems for drilling deviated boreholes into the earth
whgn biee bititillalduy of trasiebfardshsasoied paeroti®oiRdactihe- bi t'
systens or WO 2007/ 019319PCl M52006/ 030460 24
§@¢§seﬁiﬁ§ chhlres @yt 18W8r pldtichfe RXbBSo) @neutaﬁﬁp%&ﬂbaths
he axis of rotation of the drill bit is deviated from
' t t I ; '
a3 I octhpiBhe (SepE CRRAE, “SREMRG Tt Enhanced
r opagat ed..i.n corda Wi th the custona three
BhRRRGhS Sl BRI s, Insmrorai Tt bl rsisieion) The
touch points and the drill bit. The angle of deviation
srbstartiailyi nepl e higirectiopaprdlistingrielermetnr bereql sarimprove
between the drill bit and | ower stabilizer results in
geestaering sdadlioadime andiadcaraayequi red for a curve to be
generated. There are many ways in which this may be
achi eVid conbingtiorjofthtibigicediondl ®lleraefigiherediiviting
bottom hol e assenbly close to the |ower stabilizer or

ggéétséﬂﬁgﬁgbnéatt&m%ifééhrp@ dorfpe I mfnterﬂpﬁwistugwaﬁ;uncﬁon

tween upper an ower stabrlizer.
, o, | N _ . o
W 5 Eehl foot Piadiby ioadhd e dB g tnG togi af bt of
N th irection .the curved hagle. Exa es, of
1 Vs fh Bt 80,1 Pl 5 Sbonle Sos) b bavindcerally
they operate are described in U S. Patent Application
plignadedlingricalbssymoeticd colis ere noodirguBpaiip senaitive SThe
Patent Nos. 6, 394,193; 6, 364,034; 6, 244, 361,
6, 158, 529; 6,092,610; and 5,113,953 all herein
i ncorporated by reference. In a push-the-bit rotary
steerabl e system the requisite non-collinear

condition is achieved by causing either or both of the
upper or lower stabilizers or another mechanismto



is achi eved by creating non co-linearity between the
drill bit and at least two WO

w7383 19PCT/ US2006/ 030460 25 ot her touch pPéﬂh§200&/@30460
Its 1dealized formthe dribk bit is required to cu

side ways in order to generate a curved hol e. Exanpl es

*?ﬁey HateL? prayigb Bed ApATAR BRE NG B RfureRHEnaR)
r6iYoJRgasi e 1804508, aingzdchsl vl Koield Fadipiss,
5,603 385: 5 582 259: 5 778,992; 5 971 085 all herein

2005 sprant dchangenagrareydaciudpg six wansmijtes entersias andiour
the surface, can be based, at least in part, on

rBoeivat entennasi Five itraylsnﬁaatar&emm$(msthr@gﬁﬁg) C il ammr@ed
the type of resistivity |ogging device described in
HeAIABhY IRe Verigth f e RH1.6 Asdih Aransmitter antennas (Te) is
oriented transverse 1o the ool axis. A receiver anienna is positioned at
each end of the tool. This pair of receiver antennas (Rs and R4) brackets
the transmitters, and each of these receivers is tited 45 degrees to the tool
axis. An additional pair of receiver antennas {R; and Ry), located in the
center of the fransmitter array, is arranged axially and can obtain
conventional type propagation resistivity measurements. The described
arrangement produces a preferential sensitivity to conductivity on one side
of the tool. As the tool rotates, iis sensors can detect nearby conducti\(e '
zones and register the direction from which maximum conductivity can be . - -
measured -Magnetometers and accelerometers can provide reference
directional orieniation data for the tool. In addition to iis directional
capability, the too! provides relatively deeper measurements than most
conventional LWD resistivily tools. The subsiantiaily real time bidirectional
drill. string telemetry hereof, in conjunction with the capabilities of the
directional resistivity logging tool, as described, improves performance of
geosteering by increasing the amount of data at the surface and the speed
and precision of directional drilling control.

Another example of a tool which can be the LWD tool 120, or can be

a part of an LWD tool suite 120, is a sonic logging while drilling tool of the

type described in U.S. Patent No. 6,308,137, incorporated herein by



It has been pointed out that because conventional LWD
tools see only a relatively short distance into the

wo ooommidson, they may be inches froma contact PCTASEL06/030460
boundary before sensing itg7presence, thus |eaving
little tinme for geosteering adjustnents. A shallow

@épence In avisdlogad emboeifiehisad shownaaFigirae, e ofidthore
reacti ve geosteering, where trajectory is changed only
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Reacti've geosteering can re&su
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Towar.d anc Production,” QO lfjeld Review, 2005
WResf EQE’e@f Fovahole SPUFGR BF kpamiter ianhaR otk A
r eal tlne bidirectional drill string telenetry hereof
uphoie Preeassoy corirelsithe diing 2 the transmistenfd 4acthe uphole
‘The conbination of the bidirectional telemetry hereof
eguipmenyeas aiser ncldemdustit ireceiversfand & egcardepidricapturing
when enpl oyed in conjunction with a directiona
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part of the LW tool or tools 120 in Figure 1. Signals
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array includes six transmtter antennas and four
synebronizedusivgrispholeand daventok clocks.afherdoawntiole LWD
t hrough 15) are arranged axially along the I ength of
mbeutec®d0 indlislestdt lbastrmroustie receiveas B3l 4882, whichrdred
transverse to the tool axis. A receiver antenna is
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det ect nearby conductive zones and register the
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measured. Magnetoneters and accel eroneters can provide
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I'n addition to its directional capability, the t
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anDunt of data at the surface and the speed and
peastinentsf oidhedypé disgiosad inlR.Bretamet all,.“Well Positioned
Anot her exanple of a tool which can be the LW t ool
$eimio Mazmurdaeatspyalilficiti RevieWDop.adR-45U8hANG 22002, a
sonic logging while drilling tool of the type
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di scl osed enbodi nent, as shown in Figure 8, an

widoShRsR rig 810 is enployed, and a sonic ”aﬂ;sfﬁlk;f(oio&gsomo
0

source or array 814 is dephgyed near the surface
the water. Alternatively, any other suitable type of

SHe Gediva e ki h ERalhs SRR BBL a0 sy (as

the transpjtter 814. The uphol e equi pnment can al so )
SRPicied I Etges 8&%&95&@%{%@ e alpwes In gpnjunction with a
capturing reference signals near the source. In the
Fingle sgismic seyrespabihe styfaceriaatdepioted ér Figuedsi8Asara 9C) or
mudpui se tel enmetry equi pnent for receiving MAD signals

folural séismimvoinces atdhe BUFate (ddhdepicteentFiyuRS OB ERAD).
and the recorder are typically coupled to a processor
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signal source. In the present enbodi nent, the wired

dreich bouyndsey, and istaadiedra gralkpway’ vartical seismiegorofile

tel enetry, enabl es high speed synchroni zati on of

durangenerdndsespplora souncesyasd greigle receiven Figure 9C, which
desired, from an uphol e processor, and high speed

tinclndes sefraptionfthicugi $xt deme bouhdaries cadiseshlled a “salt
paraneters to the surface, which is particularly
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avai |l abl e .from soni ¢ and/’or selsnic
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toql .far abtainin eism c nmeasyrenents, of the typ
geled o wls Abeve irtsiical SiSTRIC proflins IseBlirel sqiiees ahd plural
Seism c Measurenents,” QO lfield Review, pp. 32-45,
SpEPIME'S. Zdpaboyedbe yured ddll piweepnother highesperddrilrating. .

“downhol e LMWD tool can have a WO

2elemiein? 8pabiet/ hisk @peed 3mekronization of downhole and uphole
timing signals, control, if desired, from an uphole processor, and high
speed transmission of logging data and/or computed parameters fo the
surface, which is particularly useful when relatively large amounts of data
are available from sonic and/or seismic logging.

Figure 10 shows a logging-while-drilling nuciear device as disclosed
in U.S. Patent Re. 36,012, incorporated herein by reference, which utilizes
an accelerator-based source, it being understood that other types of
nuclear LWD tools can also be utilized as the LWD tool 120 or part of an

LWD tool suite 120. In Figure 10, a drili collar section 1040 is shown as

surrounding a stainless steel tool chassis 1054, Formed in the chassis



28 single receiver (as depicted in Figures 9A and 9B)

or plural receivers (as depicted in Figures 90 and
w@t70m3th can be enpl oyed in conjunction w th BCHUSHNE030460

seism c source at the surfage (as depicted in Figures

9A and 90) or plural seismc sources at the surface

10a4 tdepiecidal of theHioggitedinaBads tharepf (nkd visilbleng lthis view) is a

Fi gure 9A, which includes reflection off a bed

Idryivdially extshdifg fald sitarthel 26 corvelyiRt the @ lingEMbid
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high volfagerelgeirenics Paekadel P60 angra ceaxialiealigned neasrsnaced
uses a single source and plural receivers, and Figure
detsctoni QdL.i Tbe neasspaned detelcamwﬁ%lscﬁrfmamb g@sponsive o
boundary, and is called a "wal k above" vertica

aseelerator puipiit With misdraunl formation infiuemcan drhg dstekior 1062 is
receivers. As above, the wired drill pipe, or other
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speed synchronlzatlon of downhol'e and uphole timng
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data are ayail able fromsonic and/or seismc ng.
igpgimalizep0 mgte&wro@gp\a@f%sp@m@rstfqngi@ flngma@an Lodated
device as disclosed in U S Patent Re. 36,012,
langiiodinallyasipcent ¢ theopeaspaaaddstoalar AD6ALS ki plerslinor
accel erator-based source, it being understood that
aolyet deyertors)iof wihidhe d066a8/\Bnt dcsdeae shbsd ihahigtvidwz Gthe
as the LWD tool 120 or part of an LWD tool suite 120.

dbRedibig1IEBaL batkkHibkleaOhs aﬁoﬁ:ﬁ%&n@@s&O%é Snal MRS at
surroundi ng a stai nl.ess.steel tool chassis 1054.
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through the drill strin Eccentered to the
Sgﬁwﬁégd ns oF more igrsial neyiangeleciorkean aigo be included.
accel erator 1058, its associated control and high
Thel ahye-referencedilbS. Patanidie. A:0120an hegeterrad toyfor further
al i gned near-spaced detector 1062. The near-spaced
detilec tTre d@edtdrsigndlsreanbe utitizpdns idetertinadodreiiaf or
output with m ninmum formation influence. The detector

fdipetionSdéndity O PRy, e liioRity 1AnhaldresertiARISSdiMERRPt
that adjacent to the accel erator 1058, by a shield

skites gﬁrégéfﬁé%ﬁt&%ﬁﬂ?ﬁmﬁ”t%% EHYNRGRORRL" 09
t@ﬁg,@%@a Goraneeo n the sea etk vindhe e S ipe e

to the near-spaced. detector 1062 is a plurality or
offyer Rdigrctinopt b syinadelammeien Stisahhaiee!, BbecRiFal signak
inthis view The detector 1066a is back-shiel ded, as
frohoie surfacsaes alsheoaveysd dowhbdiesatdiigh epsedoarad withd
preferably nore than one, epithe' rmal neutron detector
asodragl. | east one gamma ray detector, represented in
this exanple at 1084, with shield 1086. One or nore
thermal neutron detectors can also be included. The
above-referenced U S. Patent Re. 36,012 can be
referred to for further details. The detector signals
can be utilized to determne, inter alia, formation
density, porosity, and lithology. In the present
enbodi nent, signals representative of these



30 Figure 11 shows an enbodi nent of a type of
devi ce described in U S. Patent 5,629,623 for

wd foFRidsgn eval uation while drilling using pul $efus2006/030460
nucl ear magneti c resonancez4NVR), incorporated herein

RI)I\//R; eference, it being understood that other types of 0
or Zpﬁi\?u%%p?i\%hﬁ% ﬁ%ﬁb@ﬁiﬁ%ﬁﬁﬁ@?@éﬁ%ﬁ‘%@?ﬁ’i
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axi al groove or slot 1150 that is filled wth Feranic
nueieatmegnetin esenrngs KAIMER), inasperatad hereiny dararence, It
protected by a non-magnetic cover 1146, and produces
lbaing Lederstesd thatotbeRypes ef NMRAWW B toolsecaar gipo DEndtilized
conductors of the RF antenna are grounded at one end

dtHdend tddi 120! draart 8t ari DD tibsirsuiigdi20; has descildinsthe
are coupled to an RF transfornmer 1156 via pressure

‘Egg g-'éétgﬁq %8.2%}}6&&%1 aﬁﬁf?ﬁ %ﬁé?conﬁgﬁrétfoﬁrﬁfftﬁé WRYicklfnprises a

ase erence tween the currents in

di tricall , Lo _
inaiet! dribioy SRR ELAS AL SREVHEG: 1 teh e
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RF magnetic field. The oscillating RF magnetic field,
abi-otagnatictanyen 3 #Ej and psedusesrarskracaiesdulesst i ons,
Is axially symmetric, to facilitate nmeasurenents

gieciromagpietit iepergf. The contuttoss of thg. RF mntd¢rngarsgiounded
enbodi ment, signals representative of these

HEGS LAARAtISe aFif cofanNAP@e VALY ehd,ans Hohtadioas aki ebupled
Sspeed to the earth's surface via the wired drill pipe

Edé?.lg gli,e{rgﬁ%ﬂ%sftl b $§ Srliagﬁge%ésssh’;esfé’édtﬁ‘% éélgébr%"ﬁ LPELLEL iSG‘ The

contro rom rface are al so

Agaioties 1150 48ePs 194 Blat BBl b kbRt n
of a type disclosed in U S. Patent 6,986, 282
ﬁi—%@?fﬂ@?&_{ @gpcpﬁ;;eeﬁﬁ ququg;cggeré g_yl_zrp%fca? magnet 1122 produces
| a statir;magneﬁc field in the formations. The RF antenna can also be
arranged so that the drill collar itself produces the oscillating RF magnetic
field. The oscillating RF magnetic field, which excites nuclei of substances
in the formations, is axially symmetric, to facilitate measurements during
rotation of the dril string. In the present embodiment, signals
representative of these measurements are advantageously transmitted at
high speed to the earth’s surface via the wired drill pipe or other
bidirectional drill string telemetry system hereof, and contro! signais from
the surface are also conveyed downhole at high speed, and with accuracy.

Figure 12 is a simplified diagram of a Iogging device, of a type

disclosed in U.S. Patent 6,986,282, incorporated herein by reference, for
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downhol e pressures including annul ar pressure /TS2006/030460
W@ 210381938 pressure, and pore pressure, durin GI/US200
drilling operation, it Dbei A4 understood that ot her

es. of pressure nmeasuri.ng LWD tools can alsp be..
SPininde BvREeRESauF MOcn drie sresetevpTRgen
suite 120. The device is formed in a nodified
RiegsHIe, ABA ROEE IPsPSSUFecdwing A drillingpnesationdt heing understood
extendi ng therethrough for drilling fluid. The fl ow of

thiati other ypasodl praesureaheasuring EWHH t00is sanalsopbe sitilized as
Pl. The exterior of the drill collar is exposed to the

erONEr fopl €36 of paitAviein WD Bl Boit 4209 Thel ddvidesis folRed In
differential pressure 6P between the internal pressure
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pressure asse ative press
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R BLPERSHE Bndles SeEeear B Wil edlar i oresase ghs |
formati on when positioned in engagenent with the
srnulacpresarre Pa phila sureunding wellbet: eThe diffesential pressure
i's in non-engagenent with the borehole wall 1201 and,

o bebdieere thenije meabprassusnRpdiad the assulaeprassuneR) isdsed o
When noved into engagenent with the borehole wall

détivhie HepRisea el assanbiRil 31 0. 2108 repieseptdthethrbSsure

measure pore pressure of the surrounding formnation.
DRSS inblict e SfowReF 12108 aRECEIDh) rekpERively
' ] I 5, eal | i .
FRbRIELOT SERMZCE bigtel) Py Bt IRI0R 0% Dkattad Paghitor
t aki ng nmeasurenents of the surrounding . formation., The
AT PISSPE Bl asShelg AN OlpeSaUISS D1t SUEONEHIBG) o
to for further details. Grcuitry (not shown in this
faraafios ydmrapositiensd ineengagesmenitith the welrregvalb. ia Figure |
. processor/eontroller, -an output of which is coupl eable
12, pressetsyseirtly IPCTA USRDOGH-@a04Gemaat with the borehole wall
1201 and, therefore, may measure annular pressure, if desired. When
moved into engagement with the borehole wall 1201, the pressure
assembly 1210a may be used to measure pore pressure of the surrounding
formation. As also seen in Figure 12, pressure assembly 1210b is
extendable from the stabilizer blade 1214, using hydraulic control 1225, for
sealing engagement with a mudcake 1205 and/or the wall 1201 of the
borehole for taking measurements of the surrounding formation. The
above referenced U.S. Patent 6,986,282 can be referred to for further

details. Circuitry (not shown in this view) couples pressure-representative

signals to a processor/controller, an output of which is coupleable to



telemetry circuitry which, in the prior art, nodul ates
mud pul ses and, in an enbodi nent of the system hereof,

wd%‘d%ﬁ%ﬁﬁ a carrier of the drill string tel eNBEFA1S2006/030460
system In the present enlyedi nent, signals

representative of these nmeasurenments are

vant.ageousl tansm,tted at  hi ee Q .
IR S SRR it e oot BB b IHloS and, in an
bidirectional drill string telenmetry system hereof
anapedmené of Hieysvatanhesee eodulatescd carier f i é@ﬁ%féwd
downhol e at hi gh speed and with accuracy. i
Telemetgusysitmy dnrtbe presgntierebodimest, signils hepresapiadiye of
equi pnent suspended froma wireline for precision

lipéSs PleadUrémbnB @b Avainisgsbusty transreiieldeatudgimgpeed to the

| ocki ng mechani sms, expandi ng and contﬂact!ng
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I nternational Publication No. 004/ 072437, PCT
1GRNEYed ﬂQWélhOEJB’i higgspgrdNgnd Wﬁ@%%ﬁizos, PCT
International Publication No. WZ2006/010877, and U.S.
Pat ent TeghpmiGues have ragently hecordisgiosed that sompy 2qpipeaent
all herein incorporated by reference. In an enbodi nment
hmrspehded frone @i wirelind far pradisidnilateral glrillg of & sulssidiasn a
drill string in conjunction with a drill string

tisdreABIS sisy Ib8KThg miscHameiE; eMitidingatd sbrmdctirg 1. A
nmet hod for oObtai nfng and usi ng neasurenent information
GRBBRATISRE dl'8IetirPhotor, a lateral drill shaft, a positive displacement
pump, and a drill bit. The pump is used to circulate fluid in the lateral
borehole to clear drill cuttings. Reference can be made to PCT
International Publication No. W02004/072437, PCT international.
Publication No. W0O2005/071208, PCT International Publication No,
WQO2006/010877, and U.S. Patent Application Publication No. U.S.
2005/0252688, all herein incorporated by reference. In an embodiment

hereof, a precision lateral drilling tool is used on a drill string in conjunction

with a drill string telemetry system.



of : provi ding at | east one neasuring
device in a bottom hole assenbly, said at |east one
nmeasuri‘ng devi ce produci ng neasurenent data
representative of a neasure£3condition proxi mate to
t he bottom hol e assenbly; conmuni cat i ng
t he nmeasurenent data to anjuggole processor system at
the earth's surface; providing a drill
string telemetry systemcoupled with said at | east one
What isedsiredng; devi ce and coupl ed with said uphole
processor system the drill string telenetry system
COIMA hethbg fat obtaiasis ehdoeditd AlRaQfrembntddfciiatibn poBprisihg the steps
wired drill pipe conprising one or nore drill pipes
of: having a cable conmunicatively coupled at each joint
of the one or nore drill pipes;

transmtti sur .
devi corty 4 &?E%ﬁpﬁ% st ?"’VE% PG T A seia an
string tele system and chan atraj ector of
least. PG TPATING (Geriey Hééwan% rPogaFEr Rresgafalive of a measured
2. The net hod as defined by claim1, wherein said
condithern s (preximagmiaithe bettam beleasismblym hol e assenbly is a
measured characteristic of earth formations
sur r ouedinfigmnidating diid aiEahrt@emtsdeaivs yn uphdlevprecesor systetn at the
step of providing at | east one measuring device in the

earth’ Qi) hol e assenbly conprises providing a | ogging
while drilling device in the bottom hol e assenbly.

providing a drill string telemetry system coupled with said at least one

measuring device and coupled with said uphole processor system, the drill string telemetry
system comprising at least a portion of wired drill pipe, the wired drill pipe comprising one or
more drill pipes having a cable communicatively coupled at each joint of the one or more
drill pipes;

transmitting said measurement data from said measuring device to said uphole
processor system via said drill string telemetry system; and

changing a trajectory of the drill string based on the measurement data.

2. The method as defined by claim 1, wherein said measured condition at the bottom
hole assembly is a measured characteristic of earth formations surrounding the bottom hole
assembly, and wherein said step of providing at least one measuring device in the bottom
hole assembly comprises providing a logging while drilling device in the bottom hole

assembly.



34 3. The method as defined by claim21 wherein
sai d neasured condition at the bottom hole assenbly is
a measured drilling characteristic, and wherein said
step of providing at |east one nmeasuring device in the
bott om hol e assenbly conpri%%s provi ding a neasuring
while drilling device in the bottom hole assenjly.
43. Theomathod sa dgBinerbby glaim gy wherginsaid ed gongditien af thg bottom
of providing at | east one nmeasuring device in the
hole aietibbnisaheasasdeahiiling cdaretdrsds, andoviici¢ingaid spipofairotiging at least
of measuring devices in the bottom hol e assenbly, said
one mRhdtrbideVicelin TB& Butftdm holle¥dsERBIyPERIHe Provading rMeaturing while
data representative of a plurality of conditions at
a1 . ‘5. The net hod as
dnumgté‘l?‘l’l?gg{%g}bgﬁg@m&i;&%?lgi n the bottom hol e assenbly
includes a rotary steerable system capabl e of changi ng
the trajectory of the drill string. 6. The
met hod as defined by claimb5, wherein said step, of
pfoVheimmibasd v Relinest by Glpimel oWBTP Y4 siein opiobising,at Jpast one
said at | east one neasuring device and coupled with .
measismgdiesivh oh ¢hepbattons bole assamphly Semppisesvpravidingsa pluality 9 measuring
coupling between said drill string telenetry system
deviceanth 3iad d berbml Boler aBeBblL .said plurality dhenemetntigel desices producing
defined by claim1, wherein said step of providing an

measﬁ&ﬂ&}t%a&r@ StV fl &RitRInG it GHe MBS Hble assembly.
uphol e processor systemat "a | ocation renote fromsaid
drilling rig.

5. The method as defined by claim 1, wherein the bottom hole assembly includes a

rotary steerable system capable of changing the trajectory of the drill string.

6. The method as defined by claim 5, wherein said step of providing a drill string
telemetry system coupled with said at least one measuring device and coupled with said
uphole processor comprises providing a wireless coupling between said drill string telemetry

system and said uphole processor.

7. The method as defined by claim 1, wherein said step of providing an uphole
processor system comprises providing said uphole processor system at a location remote from

said drilling rig.

8. The method as defined by claim 1, wherein said drill sting telemetry system is a

hybrid telemetry system including a plurality of different types of telemetry media.



8. The nethod as defined by claim1l, wherein said

drill sting telenetry systemis a hybrid telenetry
systemincluding a plurality of different types of
telenmetry media. 35 . The nmethod as defi ned
by claim1, wherein said surenent data includes
i nf ormati on_obtaineq froma forpation eval uation. .
B Hehansibonda decmedrion @Elreyicw TRy Saifh Bpegsemitdate includes
step of providing a drill string telenetry system

inforngtiop obtinedfram a domption evalustiolm section of the string
as connected drill pipes, each drill pipe conprising a

pin end having an inductive coupler with a conductive
ring, a box end having an inductive coupler with a

C N O in¥fholli 43 HefiRBd! bgtcléiﬁlaﬁtwﬁéf@incﬁﬁtﬂ Hep I pEoBINgh drill string
between said pin and box end inductive couplers,

tem 5 R o8 oF 055, 8BS ), GORLEP i
et 537 S S S BBEES B P b .

providing at_|east one repeater subsystemat a joint
box epdthaging & induciiypeeupler with a gondupHe gy gnd 24 lepst jone Fonductor
by claim 10, wherein said step of transmtting said
couplethbaweem saidipin atd bezashd dndetive eouplérs) whesbyiadpcent drill pipes are
conprises transmtting said data on a carrier having a
inducfivedylbaipted AfthdiL&snt&iad pRbRWoxadds KHz .

11. The method as defined by claim 10, wherein said step of providing said drill string
telemetry system comprises providing at least one repeater subsystem at a joint between drill

pipes.

12. The method as defined by claim 10, wherein said step of transmitting said data via
said at least a section of the string comprises transmitting said data on a carrier having a

frequency of less than about 500 KHz.

13. The method as defined by claim 10, wherein said step of transmitting said data via
said at least a section of the string comprises transmitting said data at a rate of at least 100

bits per second.

14. The method as defined by claim 1, further comprising the steps of pfoducing, at
the surface processor, control signals, and transmitting said control signals to the bottom hole

assembly via said drill string telemetry system.



13. The nmethod as defined by claim 10, wherein said
step of transmtting said data via said at |east a
section of the string conprises transmtting said data
at a rate of at |east 100 bjts per second. 14.
The met hod as defined by clam1, further conprising
the steps of producing, at the surface processor,
control signals, and transmitting said control signals
to the bottom hole assenbly via said drill string
t &5.chet mythey} sis elefined3By claim 14, Wherein saidecontrgl signals fijokede timing
by claim 14, wherein said control signals include
inforntaitidh A@ synRhRnimithe Gpiide ioredsoowith ehd loggiuplielieepr ocessor
with the | oggi ng devi ce. 16. The nethod as
defined by claim 14, wherein said control signals are
. received by a directional drilling subsystem

17, -Lhe t hod fine [:n 16, rej ' .

315 TR B 0, B R ol P fcstod by
. Stee |l e system and wherein said conprise steering
directiogal HINEFWPEEIMS or said rotary steerable system

17. The method as defined by claim 16, wherein said directional drilling subsystem
comprises a rotary steerable system, and wherein said comprise steering control signals for

said rotary steerable system.

18. The method as defined by claim 16, wherein said directional drilling subsystem
comprises an electrical lateral drilling tool, and wherein said control signals comprise

steering control signals for said electrical lateral drilling tool.

19. The method as defined by claim 1, further comprising the steps of providing a
surface interface between said drill siring telemetry system and said surface processor, and
providing surface measurement sensors in conjunction with said surface interface, said
surface measured sensors comprising at least one sensor selected from the group consisting of
a temperature sensor, pressure sensor, mud flow sensor, noise sensor, vibration sensor, torque

sensor, acceleration sensor, and rotation sensor.

20. The method as defined by claim 10, further comprising the step of providing at
least one downhole sensor in the wired drill pipe portion of the drill string, said at least one

sensor communicating with the uphole processor via wired drill pipes.



18. The nmethod as defined by claim 16, wherein said

directional drilling subsystem conprises an electrica
|ateral drilling tool, and wherein said contro
signals conprise steering control signals for said
electrical lateral drilling%ool. 19. The

met hod as defined by claim1, further conprising the
S? EPBheOinefdol s diefiied by Wi4iacC €0, fuktBel aaBpriei, stéiodl providing a
drill string telenmetry system and sai d surface

pluralil?% of Sﬁﬁ*ﬁ)ﬁtedadb@vrﬁ%t&‘éée%&g aP Hff{e?&ﬁ 1$EBASH RIRE %vifeﬁgﬁﬂf Sipe portion

conjunction w sald surface Interface, sal

ot e 155 AL F SRR SRR SRR Bble 5535 e sid wied arl
. tenperature sensor, pressure sensor, nud flow sensor,
PIPES.npj se sensor, vibration sensor, torque sensor,

accel eration sensor, and rotation sensor. 20.

The nmet hod as defined by claim210, -further conprising

the step of providing at | east one downhol e sensor in

the wired drill pipe portion of the drill string, said
at | east one sensor communicating with the uphol e
processor via wired drill pipes. 37 21. The

met hod as defined by claim10, further conprising the
step of providing a plurality of distributed downhol e
sensors at different |ocations in the wired drill pipe
portion of the drill string, said sensors

comuni cating with said uphole processor via said
wired drill pipes.



