Bl - DI RECTI ONAL DRI LL STRI NG TELEMETRY SYSTEM FOR
MEASUREMENT AND DRI LLI NG CONTROL FI ELD OF THE
WO DMENTI3CN This invention relates to the fiel dBCDUS2006/030460
drilling and produci ng hydribcarbon wells, and to the
rreasuri ng of downhole formation characteristics, and
to bidirectional conmunication of neasurenent_ and
BI- D'RECTthW-oﬁ)RlLrH DIRANG JFLEMEERN SYSIANLFORAIMBASUREMENT AND DRILLING
equi pment . BACKGROUND OCONERONVENTI ON The advent of

measurenent while drilling (MAD) and | oggi ng while
drilling (LWD), as well as devel opnent of surface
control of speci @ilEgpld)ﬁ:qng NYERTSON, such as
directional drilling, have been I nportant advances in

t he I ls.
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rections, between the surf and, t hoIe
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pul se telenmetry is the only technique in mndespread
chaspeisristics, ansforidireciignahcemmunication & measyrerent and
bet ween downhol e equi prent and the surface. [Unless
carttrad inforpation betﬂah dowhleoler&reissurfa‘ueoenghpmnt to "
while drilling," or the like, are intended to nmean
that the drill string is in the borehole or partially
in the borehole as part of an overall drilling

operation | NCABIKERAUND IITHEAAENTION of

tripping, not necessarily that a drill bit is
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andmar gi nal reli abl lity. Current nud pul se technol ogy
piosesagaisiuehais digerdiongl drilling, have been important advances in
the art of drilling and producing hydrocarbon wells. These processes
require communication, in both directions, between the surface 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 fluid. However, mud pulse telemetry has well known

limitations, including relatively slow communication, low data rates, and



MAD/ LVWD data at only about 12 bits per second. |In many
cases, this rate is insufficient to send all the data
wao bav/oisigat hered by an LWD tool string, or i sSPCT/DB10061¢30460

on the configuration of a desired tool string. Also,

d pul se technol ogy does not work well in extended
m%rﬁmal eliedniiy e Sursingmaud pylserteehngiegy i capabienhstngdingy
regul ating nud punp flow, in order to control
MiVeYE¥ER slateuahorly athouk ¢ 2ibitsgler detbhd.nin Avashytoasks, this rate
functions, is also slow, and has a very | ow
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do no re the resence of particul ar type of
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been proposed, which transmts acoustic waves through
Processes|suchas ditgctipaabdriling andteoldgnctinntse i aleo Istove,tand
an order of magnitude higher than nud pul se telenetry,

hasta senyllowlinformation rated Afcs endsr eertdinlireomstawest for
telemetry has not yet becone commercially avail abl e.
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the earth. This technique is considere

c'uh’éhtﬁﬂr @ngg@gﬁ% dc%n‘h'& fakaRt eristics, especially

resistiv forna I ons surroundlng the

bor elgl e and al so _has rates.
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has | ong been proposed. Sone early ap Eﬁoaches to a
B«ttﬁrr@awag it mugd pylsg teleanalnsiors aeaitaster, iodes dlataeates,
4,126,848, U. S. Patent No. 3,957,1 18 and U. S. Patent
and do not require the presence of a particular type of drilling fiuid. For

example, acoustic telemetry has been proposec_i, which transmits acoustic
waves Vthrough the drill string.v Data rates are estimated to be about an
order of magnitude higher than mud pulse telemetry, but still limiting, and
noise is a problem. Acoustic telemetry has not yet become commercially
available. Another example is electromagnetic telemetry through the earth.
This technique is considered to have limited range, depends on
characteristics, especially resistivity, of the formations surrounding the
borehole, and also has limited data rates.

The placement of wires in drill pipes for carrying signals has long
been proposed. Some early approaches to 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



No. 3,807,502, and the publication "Four D fferent
Systens Used forMAD," WJ. MDonald, The G| and Gas

wqQ o3l pages 115-124, April 3, 1978. The i de@r/v82006/030460
usi ng i nductive couplers, such as at the pipe joints,
has al so been proposed. The foll ow ng di scl ose use of
MIMID £ tWide Maeidgriadd SThen Ol ahrd Gls sfournad; pages 1 Fatiedr Apil. 3,
4, 605, 268, Russi an Federation published patent
fgpd.i cation 2140527, filed Dec. 18, 1997, Russian
Federati on published patent application 2040691 ,

file [
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971 ,072. The U. S, Patent 6, 641 ,434 descri bes a
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inthe wired drill pipe art for reliably transmtting

paiastiappication 2140687 hiilgtl-Dkt. 4 8y 4983, Russian Eedemtiain v,

bet ween a surface station and |locations in the

pabslizhet patditeappliddtidraLea063i, SitdddFeb. ¥.,| 1992, asd WIO ed
pi pe joint in which conductive |ayers reduce signal
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reduci ng resistive Iosses and flux |osses at each
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provi des opportunity for innovation where
shortE%ﬂaés Patent 8yl 434 describash wires drélt@pﬁwetthat was

previously been |im t| ng on system performance. It is
@stgn‘@‘ictalme adishuece i the wited grilbpipetart forgalidiy ttaosmitting de
rlnggrsgrvei?ent data in high-data rates, bidirectionally, between a surface
station and locations in the borehole. The ‘434 Patent discloses a low-loss
wiréd pipe joint in Which 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 shortcomings
of range, speed, and data rate have previously been limiting on system
performance.

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

measurement and formation logging operations, as well as improved

control and optimization of drilling parameters, that have heretofore been



measurenent and formation | oggi ng operations, as well
as i nproved control and optim zation of drilling

w@200a0eB3eY s, that have heretof ore beenunatt ai netI/ES5006/030460
vari ous reasons, using synergistic conbinations with
advanced bidirectional drill string telenetry. SUMVARY
upattginableNigENRIIONS T8RS Q8IS HEIRY SYReESiSioeombinations withs
which, inter alia, take full advantage of recent
agiengrdbidinectiondl|driitatiimgy telemetryt ry. Substantial |y real
time bidirectional comunication is used to advant age,
i n enbodi nents hereof, to inprove neasurenent and
control, during the drilling (and pausi ng and

tripping) proceggm;w”:p( @?hi'lqEQNVBNﬂW operation and

deci si on maki ng. ormof the i1 nvention has
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drilling rig, and a bottom hol e assenbly adjacent the

t'ﬂ!ﬁ/\b‘ﬂ"f@ﬁﬁpﬁa% gogrnunication isgusachieo adantage dh embasimbhis
including a drill bit at its lower end. A nethod is

heetoff tariiprove nudesairevnegt and contbl, daring dhd dellinggand one
paraneter sensed at the bottom hol e assenbly,

pansingdinmbtribbfd) Procedses, & aateve (Myioted dpetatidighd one
nmeasuri ng device in the bottom hole assenbly, said at

deBR%n PRRingeasuring devi ce produci ng measurement data
representative of a neasured condition at the bottom
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system and transmtting
having its generally upper end mechanically coupleable with and
suspendable from the drilling rig, and a bottom hole assembly adjacent the
lower end the drill string, the bottom hole assembly including a drill bit at its
lower end. A method is set forth for obtaining information about at least
one 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 earth’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 to the uphole processor system via

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



said data fromthe nmeasuring device to the uphole
processor systemvia the drill string telenetry
waeymrem3l{ As used herein, references to the  PCT/US2006/030460
earth' ssurface are intendedSto enconpass | ocations at
oy near the surface of anY | and, water,
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hereof, the nmeasured condition at the bottom hole
of dandritstpriar iee,fenensherediafishoes deling.)of eart h
formati ons surroundi ng the bottom hol e assenbly, and
t he lstapemboginmntdiargoiathd raesisumstbcondiion ahthedsotiara hote
the bottom hol e assenbly conprises providing a | ogging
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an i maging device, and a formation sanpling device. In
pravisiiriga legging wnilatdriingedsvice hemprises peavidiogdi deiee at
the bottom hole assenbly is a neasured drilling

setdeteddtonn tisd groupadshsidtingsdfeprasistivitp et sigingtdévitasta one
measuring device in the bottom hol e assenbly conpri ses
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bottom hol e assenbly. In this embodi ment, the step of
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In another embodiment hereof, the measured conditipn at the
- bottom hole assembly is a measured drilling characteristic, 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



measuri ng device. In another enbodi nent hereof, the
bott om hol e assenbly includes a directional drilling
waemspsisem and the step of produci ng control BECTNS1086/030460
atthe surface processor, cohprises producing steering
control signals. In a formof this enbodi nent, the
dine sutfacmploadissbl, icogrisesyrbducing spgdrdgscantradsignals. Ina
steerabl e system and the step of producing control
soramaf thifbnideRlirREnf, 868 dPEONETRS arilling @mbsyﬁénpémFﬁsétga
steering control signals for the rotary steerable
THBT SestAB SR nd ¥R KRR g Bl ats ot the
hol ssenmbl vy conpr.i ses provi di a pluralit f
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plurality of neasuring devices produci ng nmeasurenent
delesy plesraldesyaiante of a plurality of conditions at
the bottom hol e assenbly. In a formof the invention,
t he didnialfosnaf tige ireleatien ihessiep ofpravidindiat éaast onal and
includes wired drill pipes in at |east a portion of
nheaginingl desticd imgthelbotiam aolzoaiseemntsly ebriprises fpovidinh 4 he
invention, a wireless coupling is provided between the
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procesSsor. The uphol e processor system can be | ocate
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sting telenetry s e n be a hybrid telenetry
@}g@&%(ﬁn@n {'%S %tst%\@[ﬁojﬁmyo@ a%ﬁyefn?’l%lyent types of
telenetry nmedia. In a disclosed enbodi nent, the hybrid
dri || 18erfpry of dne irventiony el sidng érlemety sysIn isf
wired drill pipes, and at | east one section of
toidieaotiong! andlinelustssevired dfill pipasho ajieagd acpertios of te dfill

el ectrical cable nedia, optical cable nedia, and

string. In an embodiment of this form of the invention, a wireless coupling
is provided between the drill string telemetry system and the uphole
processor. The uphole processor system can be located in the general
vicinity of the drilling 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 transmission 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



wireless transmssion nedia. In this enbodi nent, the
section of wired drill pipe includes connected dril
w@ees193each drill pipe conprising a pin end hBWI/D§20861030460
i nductive coupler with a cohductive ring, a box end
havi an i nductive coupler with a conductive ring,
CQf ea%at\@ﬁ%m sgidrip %R iNslustive epvrlers, yigreBy n and
box end i nductive couplers, whereby adjacent drill
agjepest diilbpiped ace indsicjivelygsiuptedat thieéri connentesipindo-box
pi n-to-box ends. For relatively |longer runs, repeater
enddis ot matativiay |dveep rovs, depeater sobsysiestospare grovided at
pipes. In a formof the invention, though, a section

joMitstideawees arill pasbsM Inegidid b mBiinferfiR, BRUYHOY s%%ﬂoﬁg)f a

| ength greater than about 2000 ft. of said connecte
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frequency of | ess than about 500 KHz. In this )
enboll) AR gMbadimenhebthednyentinhusing theydescribadtype ciwired
| east 100 bits per second, and bidirectional

drilf pipensantioonthiesstepuif drapsmittingthe det eompesey trapamitting
time. In a formof the invention, control signals are
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the bottom hole assenbly via the drill string
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I nvention, the bottom hole assenbly I ncludes
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.enbodi ment, the control signals are produced in

t"ingsponse to neasurenent data. Further features and
advant ages of the invention will beconme nore readily

appabeaform ghthenavenlion oy olisigarlscareduadusgs abihevithole
taken in
processor and transmitted to the bottom hole assembly via the drill string

telemetry system. In an embo"di'ment/of this form of the invention, the
bottom hole assembly includes a directional drilling subsystem, and the
control signals are steering control signals. In this embodiment, the control
signals are produced in responsé to measurement data.

Further features and advantages of the invention will become more
readily apparent from the following detailed description when taken in

conjunction with the accompanying drawings.

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

block form, of a system in accordance with embodiments of the invention



conjunction wth the acconpanyi ng draw ngs. BRI EF

DESCRI PTION OF THE DRAWNGS Figure 1 is a diagram
w@20oviogd3hy in schematic formand partially in PCDUK2006/030460

form of a systemin accordance with enbodi nents of

t he i nventi onand whi ch can be used in practicing

enth adhicheaars befuseddn pradiwthgémbbdimentsrof ithe mathod oéthzA

is a block diagramof a type of wireless transceiver

BwBaNeH.em el ectroni cs that can be used in conjunction

with an enbodi nent of the invention. Figure 2B is a
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bl ock form of a surface inte ce utilizin
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{ ss-sectional diagram of i nduct ively coupled wred
at heiINgeiiAn. and di sclosed in U S. Patent No. 6,641

, 434, which can be used as at |east part of the drill
st ri nfiguss @Reisra/diegearanpartially inscreapisegtien Bd partially in
enbodi nents of the present invention. Figure 4 is a
black ifadnh yofcusurdaeeyinfataygadilizing & winelads tearisoeivey, wih its
of current-loop inductive coupler elements of Figure 3

elebtrBHIce &M AteAng heSte ohitRe arill\ehiyg.of the facing
pair of current-loop inductive coupler elenents of
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pi pe s I'ng, including a cro -secti ona
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cros sectional view showi ng nore detail . of tr
fqaf% P@Ft af e grik stringnigtpraetn: sSydrpbiEhissepiqygd in

current-loop
embodiments of the present invention.

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

Figuré 5A is a cross-sectional view of the facing pair of current-loop
inductive coupler elements of Figure 4 locked together as part of an
operational pipe string, including a cross-sectional view of a closed high-
conductivity, low-permeability toroidal path 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 perspeciive view of the box-end
current-loop inductive coupler element of Figure 5B showing detail of the

coil and the internal electrical cable.



i nductive coupler elenments of Figure 5A. Figure 5Cis
a partially cut-away perspective view of the box-end
weeorem31d oop i nductive coupl er el ement of Fi geeBUSB06/030460
showi ng detail of the coil @nd the internal electrical
cable Figure 6 is a diagramof a formation resistivity
| oggifik g&”% digraramy Qf seformation sesigiivilyJegoing C@"I‘Qﬁ’g@fﬁlg
while drilling (LMWD) device, or part of a suite of LW
tyrea/ thad és ulilizedrsal logging m&ﬁletdtiiﬁinge(ﬂ.WB) dedceyait part of a
the invention. Figure 7 is a diagramof a directional

suite icf tIWDtdevite| reembodintemte of fied mieshod ahé 298teas obthe
| ogging while drilling (LWD) device, or part of a

imkirtenof LWD devices, in enbodinents of the nmethod and
system of the i nvention. Fi gure 8 is a diagramof a

ogo o] e BRGFR ?\f/és%%%&f?sisﬂv@y%%: ' dahgge%af
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selsmc | oggi ng devise that are utilized as of a ty
denigesi i @vgpdmtwf the Bgiothangisystedr pf therigvmtm
device, or part of a suite of LWD devices, in

enbodﬁigmat&isoei diageamedfreosoraa tbggisg devicé dfladybe\ﬂmttis on.
Figure 10 is a diagramof a nuclear |ogging device of

\ailizapas ENahging watild dal ﬂ_SN@))'dwﬂjen@r paH! oF dsitd bfMOVD
(LWD) device, or part a stuite of LWD devices, in

RRAY] FPdnBolind e orm&ﬁ%tﬁdaﬂaﬁg%g&w&f RSNG| On.

Figure 11 1s a di agram of a nuc magneti c resonance

BBy a e bt B i 8L
u??zecf as of an(ypgﬂ‘n qt is utlllzedo gs ghoeggqﬁé IQN lleaé}chmal a_WBB device,
or part of a suite of LWD devices, in embodiments of the method and
system of the invention.

Figure 10 is a diégram of a nuclear 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.



of the invention. Figure 12 is a diagramof a pressure
nmeasur enent | ogging device of a type that is utilized
w@00a/0loegygi ng while drilling (LWD) device, or Per/uSmbe6/a30460
suite of LWD devices, in erbodi nents of the nethod and
system of the invention. DETAI LED DESCRI PTION Fi gure. 1

ilTustrates a wel | ShteARYT) BEISORWMTICN t he present
i nvention can be enployed. The wellsite can be onshore
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is for n subsur ons

drilli [ that i [ 1 K Enbodi t
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will be described hereinafter. Adrill string 12 is

sxapeplastsysten a harehaleridhisifermad Kheubmufagerorpatinnsd@ by
assenbly 100 which includes a drill bit 105 at its

| roveery ceitithg imMeemanneattat ssywel knowaol cleboginarite ofttenidivention
derrick assenbly 10 positioned over the borehole 11,

tdxn aiss sl dirsbiohalcdriltig) Gsawill Gleadidscripbbehekbinaket.l y 17,
hook 18 and rotary swivel 19. The drill string 12 is

rot at egl 4p; : F{?ﬂg{? whthi eﬁrﬁﬂ’e y 3&1} ot
shown, vﬁwﬁm’lﬂ%géﬁuﬁ e gl I @'Egﬁg?gt e ugpedrmen %f
t i ' r .l ' .
BT el BSSPBly, 1ORfiGh e B6s ARt T BERE REE e
t shqown), throu the kelly 17 and a rotar wi vel
ey RNERCS By HPTaInE b AURHTasm A ROk Bssermaly 1P Siosfioped
to the hook. As is well known, a top drive system
cenardhalboeehaie iliethe assankiy 10/includingex vtpnetable 16 kelly 17,
enbodi ment, the surface system further includes
dnodK 18 gntiiratady ewiveald 92 G het drilbstring 12 ipirbta2&d byitime tbtaty
the well site. A punp 29 delivers the drilling fluid
A@ble016, hendrgizetisy mehns het shidwh, whichrhghdeditie Relly 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 shown), 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 fluid 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



port in the swivel 19, causing the drilling fluid to
fl ow downwardly through the drill string 12 as
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fluid exits the drill string 12 via ports in the drill
bit 105, and then circul ates upwardly through the
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drilling fluid lubricates the drill bit 15 andcarries

f t A ' t face as it 1s returne
Lo TR e s 0SSl TS o

ors .may.be proyi ded about the wellsite to )
Toteal oot l6 28] Ymenconeamingrtas aperiameHewRlsite,
operation of the wellsite, as well as conditions at
t%%ewﬁlé A sppditiops at thawgllsite. sBemexamplac sucle audace seysdse
provi ded to neasure paraneters such as standpi pe

phay bamsovideditd ozl sude paramsiers aneh he StRpig@paISEUFRM
anong ot hers. The bottom hol e assenbly 100 of the

iHdokidada tegtrs sasdteediqueNEdtafapniarheh@biirgs, sub 110,
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understood that nore than one LWD and/ or MAD nodul e

¢aeiopd5Q ke diveational drilling, ansheidlbbihl68. at 120A.

(Ref erences, throughout, to a nodule at the position

of 120 hedd/V& medok 12@Isyhomsed ia asekdial e bharipesiidr a8 is
of 120A as well.) The LWD nodul e i ncl udes capabilities

&‘SPY“"E?M aftg an@ caABHAIE oMt SPRIFAIN of RAGKAH P& ot aS
logging tools. It wi]l_also be understood that more than one LWD and/or
MWD module can be employed, e.g. 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.



for comunicating wwth the surface equipnent. In the
present enbodi nent, the LWD nodul e i ncl udes one or
woreoog/oof319 he foll ow ng types of | oggi ng devi ceBCT/Ig1006/030460
measure formation charactenkstics: a resistivity
measuring device, a directional resistivity neasuring
devi c®he MWD roowER$80 isgisddroused irarspecihtypeealsdrill cglar,
devi ce, a nucl ear nmagneti c resonance measuring device,
s B RSGWH th IARASHI AMPcAle ¥bREIn 8né Bt FBrE dERRTYITbPEheasuring
devi ce, an inmaging device, and a formation sanpling
PEEE s M R g e SR THR WA L) rkRE Sidlces
contain . one or nore devices.for asyrin
ERaPRA{AIHF (pel o] fcOeeTATing PISGTAAl REWaY 19 theownhelg
MAD tool further includes an apparatus (not shown) for
gesiemat Thig nedebipiqadlyinglede a rred tybingoosniptorReyrashd by the
This may typically include a nmud turbine generator
Powef dide Dyilling dlufd, dvbeing tindedstood thad otheri phweéntargéonigattery
under st ood that other power and/or battery systens nay
bystenisl g te dmploped pie srnprezehpdimedimeitth the WV Dodotgle
i ncludes one or nore of the foll ow ng types of
FRARIYS A1t BEiMoFEe! it RbATHG BeSf niBkaBHAL BVRRY 6P, a

torque neasuri ng devi ce, rati on neasuri ng evi ce,

q [ j.ce [ l i ri .
Beloh-R Al Pfg YYcES n Prele fibnSlR HEASH, & Wbraton
i nclination nmeasuyri device. . In the present .
MRASHEING HeVigeqa oK ReaRHNng deyire  SiFk R Measkifiby ed
which, in the illustrated enbodi ment, conprises a )
dovicena girectien B1aasering seyisee andiandaclngtion measwingdevice.
that extend froma surface sub 185 to an interface sub
110 i in theepriesenbimventien, asddh$iring t€lepeidi system i§ aotploged
including the length of the drill string, relay subs
Whidte e Bieelllasieae draniboditiche othprigtised wpstem of inBactively

string of wired drill pipes, an exanple being
coupled wired drill pipes 180 that extend from a surface sub 185 to an.
in;terface sub 1710 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 assignee as the present Application.

The interface sub 110 provides an interface between the
communications circuitry of the LWD and MWD modules and the drill string

telemetry system which, in this embodiment, comprises wired drill pipes

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



represented at 182. The relay subs, which can also be

provided with sensors, are further described in
weopendisng U. S. Patent Application Serial No. PET/082006/030460

19.041 0/1 1), filed of evad date herewth, and

assigned to the sane assignee as the present
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interface between the comuni cations circuitry of the

s&aiansl _MAD modul egfiland. /91, FiledSéir dvegh d@bagREWHh, and
system whi ch, 1 n this enbodi nent, conprises wred
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descr e Pat ti.on
Ser. Jf\*bfﬁ% 1Ol 15 wiBg A Slg e FpifacS SHBZY o (PSR
and assi gned to the sane assignee as the
&i %mrie@ lgpipe RySieReIs iethft is RECRFsaY tanave a
string, is surface sub or surface interface 185. WWen
commuaitadon|iink pigheeely thetapmosiydrd dill piperancea sarfgace o
have a communi cation |ink between the topnost wred
procéssqi(phichn chier alig,ficieally pedsisag ohaor oforeioftiles fallowing
typically performs one or nore of the follow ng
fUHBESAD Nce MRTEh M /dY séﬁ@ﬁw@rda?téf ﬂ@ggi@ltgqﬁfo?mah@ﬁ 9hidor

i nformation, and/or control infofnation to and/or from
f
conpu?*f?vﬁ%ons TS ﬁét“smﬂ%o's%ﬁ%%@g%%oguwsm
rators and | ocations \ar i.ou
SRR BBl b A el B e Anemyp R ity perators
summari zed in U S. Patent 7,040,415, including use of
%PQ:,W?"B remede ipeatiens). a¥RfiQuseaRRroashes hawg beepistiggested,
coupl i ngs based on induction or so-called transforner
saoe oh W?Tmhea@ swomairigedn bk 8. Baleng71040:4 15 rie¢lodingdisecof a
as rotating swivel techniques. Aslip ring (also known
slip ringidéviceo i iss of fatassgletisicaomplihgkbaged eheaduidtioal or
connector designed to carry current or

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

aé rotating swivel 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.qg., 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 circuitry, so no



signals froma stationary wre into a rotating device.

Typically, it is conprised of a stationary graphite or
woredoal1sont act (a brush) carried in a non-r ot apCTYS2006/030460

conmponent whi ch rubs on thd4outside dianeter of a

rotating nmetal ring (e.g., carried on the upper
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etvvee ng a nary Circul ry,
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concentric with the axis of rotation. Elther coi | can
aprQRchis Mate prafemed. inr auamglawt thetliiee gereribefuiihes imis
t he secondary wi ndi ng. The types of approaches

U.&s Baténridpplicatios Sesiahlioaph coul d_be usedfiles19.0403/32),
surface sub 185 of Figure 1. At present, a wreless

faepobevdn tatemsrewthehad aedignedrio era BRR &sigive 4y Bt
described further in U S. Patent Application Serial
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and assigned to the sanme assignee as the present

descr i bed i

*g?ﬁﬁ%é%’%@? 1N 2 B fortace,
an u oIe i nterface or m of surface b 185
P BRI Grodiate SiELe dnicounse WiaeleRonts o thet oty
17 and [ ncI ude a transceiver and antenna that )
wihkelv taesdinedude attranseeiver andranienramihat gemmunicate
transcei ver of |ogging and control unit 4 which, in
hitliecqiionady witbrarddnma and tamspeiveest biggingpdred eopirolagsisdr
system A conmmunication link 175 is schematically
wisiph CihetHe peégert enithsdiment, comprises the uphole processor system.
A communication link 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 interface 110 and the components of the
bottom 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



el ectronics and antenna of the uphole interface and

the 1 ogging and control unit 4. Accordingly, the
waeoenziogasnat i on of this enbodi nent provides a PCT/US2006/030460

conmuni cation link fromthdsl ogging and control unit 4

t hrough communication link 175, to surface sub 185,
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downhol e interface 110 and the conmponents o
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for bidirectional opera gure’ shHows
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gure 1. Reference can also be made to U. S. Patent
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the top joint of topnost wired drill pipe is coupled

ve mose poFenedeare déscrinbd indlae abovd-réferenaed UiSh Patent

coupled with wireless nodem 231 . A battery 250 and

papwicatiopBeyialNp. are al so pffiy it d@dos@oner t he
nodens. O her power generating neans, which rmy be

mor e prigd WmP Surfdbs risdehideed 'a@iabf&l R BLR W?ficbne
U. S. Patent Application Seria I1e 19. 040 32
IR REhAC foRLER BB ﬁ@g@é&& Y 5 RHRBE308 via the

|nterfa es in, the downhol e_t the red dri
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tvvo way conmuni cations. The nodem conmuni cates with
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downhol e tool. Any kind of digital and anal og

mepabterioo otherrstibelogatedhs ths ddwnbotehtoat Any Immbof digital and

frequency shift keying (FSK), quadrature phase

sdndldg keydutatidEShteme s tise®, Nepl ad U@ﬂah@ e Qidrioy shift
(QAM, discrete nulti tone (DMI), etc. These

keying (FSK), quadrature phase shift-keying (QPSK), Quadrature
Amplitqde Modulation (QAM), discrete multi tone (DMT), etc. These
schemes may be used in combination with any kind of data multiplexing
technologies such as Time Division Multiplexing (TDM), Frequency Division
Multiplexing (FDM), etc. 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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(FDM), etc. The nodem nmay ilficl ude functionality for

drill gipe di agnosti cs and downhol e tool diagnosti cs.
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referenced copending U S. Patent Application No. (file
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coupl e exits, saver sub 240 through a seal ed
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transcei ver subsystem 230, _which incl udes antenna(s?
trapgceiner syesysiem gieeiranies bhe cablecditd is wavided wiltvat least
sub 240, a connector 246 can be provided. The cable
arwing pay. defarenceecarulbs mbaieoto theldopeRdiigddsS. (Ratestal ed

in a groove in the kelly and, for exanple, be

ApplitewdreSehyl 6. epoxy or PERK 180203/3P) foh flihéher
connector can be provided at the transcei ver subsystem
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d t a
wire pair. Reference can Be na e copendi ng U.S.
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configuratiqns, ,and al so for description of redundant
sppaYstPms, pad ioragSeriplAn o sRleROwEE Seneraling feisiss efne
subsystens, and for description of safe power

rejaHeg danaeeiver SuRYSEMt he rotati ng transcei ver
subsystem As described in the referenced copendi ng

U. S. Aspgiesceibedam ti®erefatenced copending U.S. Application Serial

No. (file 19.0410/11), while only one surface unit 4 at one .
 wellsite is showﬁ, one or mére surface units across one or more welisites
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 point-to-point, point-to-multipoint
or multipoint-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 specification, 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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surface units nmay be |inked7to one or nore surface
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totquie, Areighic acselaration, pipe ratatem) etd)petct hhensenrdass say also
connection can be put in the outer l|ayer of the sub.
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sensor may be a surface sensor for measuring drilling mechanics capable

of péﬁorhwing at High sampling 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 current-
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



Different types of sensors may be integrated into the
sub. One type of sensor may be a surface sensor for

wore@grddny drilling nmechani cs capabl e of perf oPEI/N§R086/030460
hi gh sanpling rates. Senson8data may be recorded in a
menory device. Figure 3-5 show wired drill pipes as

aind seotiinductivescotplceatenteré BB 1, 48gin-éndt 888 'dn aneatljbgent
reference. A wired pipe joint 310 (Figure 3) has a
Wwireddritipigeent | oop inductive coupler elenment 321 , and
a second currentloop inductive coupler element 331 ,

one afiBRcd3 el LPEndNDRLA/ 352 Qléfiﬁinéi g%l%ﬁfé% é!%]s', d
I I te shan

pi pe joInt 310 as i ncluding an el ong t ubul ar

' s | kSt tiy I
St 2ol sFGs2 385 A T80 sk Rl B G 95R6 4
I I 31 at pin-end 332, I nductjv. I
436 Bhuiprandsos st adiegartiyirad pioe 1Pt detine SATBRLr
el ement 32l1and second inductive coupler elenment 331 °
thread A38nandzmnuiar iaperefriaeting pive endP34’ withi p eecond slot
Figures 3 and 4 show box-end 322 defining internal

385’ edAn328) nambeafiviidvesd by agrime mdicdtes anstern bdemgdfito
with a first slot 325. Figures 3 and 4 al so show

ah adrirenBRRbdYipaibimg acent wired pi pe joint defining
ext ejrar?gl thregfdpSg)S@l?i and annul ar i nner contacting,

pi peoﬁggriéﬂgs‘g;érgsésémgiew Qﬁthéﬁéfﬁi]ng iy 6fk‘ﬁ'??e?ﬁ'—%

foll _ I'me indicates an i pel onging to
BRAERET o AcPidts EERRhe SRS 2Rt b g EPr
B rog e T 5 o oo v TGS
cross section view of the closed hi ghconductivity,
covdysdivitn dewtparmneadildy érpidehpatresa40 enclosiigrizptbsores, and a
gr%;:Ss,ec?gr? viaéw of conduit 313 forms a passage for internal electrical
cable 314 that electrically connects the two inductive coupler elements of
wired pipe joint 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 cable 314.
(For clarity 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.



cross section view of conduit 313 forns a passage for
internal electrical cable 314 that electrically

we@ et t he two i nductive coupl er el ements OPCTHISEA6/030460
pi pe joint 310. Figure 5B i1 an enl arged cross section
vi ew show ng the nounting of first coil 348, first
Bogtende32tmioludesyfirstoradl B287fixadly mowtied ai theviirstamuuldn 8.
Figure 5B al so shows conduit 313 encl osing i nternal
€A BE1 bétRabnadRcenBit4acingPoridg BLYa ahdida7usdiriét 1ayer 307.

Figures 5B and 5C, first coil 328 is shown larger, as

Conpagfpphrd @B%thP SEORS QBEond SRR 3k &Qﬁﬂiﬁ’g Qesécﬁna annular
| I”"pi pe st may

preferred enbodi nent, where dri engt

n C rofa sed).  Fiqur B further ows first,
S SRR Wi Fonpe B daR Bt IR a3 St 3 226

i th concentric facing portions 326a and 326b. First .
gﬁﬁ%’i‘ ANRYIRE S0BCAVE $ 3380’ has % Seeond aniar gencave high-
concave hi gh-conductivity, |owerneability |ayer 327
cordundivity lawepersmabildy layes 387fthetgonanayea337’ defines a
cavity. Box-end 322 includes first coil 328 fixedly

secoriccanmulat bavifyl, rRih-enth8B2irincladés ¢ Seebnd eoil @38tixddly c
facing portions 327a and 327b of first |ayer 327.

Fridiitesd MBthEWEcBAH aPnRng iRy BatsdeH casdentlefddmdBoaions

second annul ar concave surface 36 with concentric

53?5’%00@?6’id?%écé,%@?éyeql@gﬁ%b' . Second annul ar

concave surfa has "a 'second annul ar concave
hi ghcanductivity, | ow.pernmeability.| r 337 thereon.
Layer 876 SRAIs sboSBStHtTeNHopmindiefie olpen Slataent
332" includes a second coil 338" fixedly nmounted in
BRE inceding fissirigcopdyustivty pewrparnealiblyriaysrc347a@ndgpecond
portions 337a' and 37b' of second |layer 337'. Figure
s@raihisioop lindwctive rrouptarralement 331 includingi sesondupdter
el enment 321 including first high-conductivity,
tondyivitg abivkpéryndamylity |82¢F 33FNdEaels (ay@r is coated onto or
attached to the inner surface of its slot. First coil 328 is located between .
concentric facing 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 coll is further protected by protective filler material 343, preferably
RTV. Similarly, second coil 38’ is fixed in place within its siot 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 detail of first coil 328,

including first high-permeability core 347, and first coil welding 348. Core



current-1oop inductive coupler elenent 331" including

second hi ghconductivity, |ow perneability |ayer 337'.
wEaoh/olsyer is coated onto or attached to the PEMER2006/030460

surface of its slot. First2¢o0il 328 is |ocated between

concentric facing portions 327a and 327b of first

| Hyelnasgan axietly slondeed icrads sdaibnc Guboeidi 0dilt388’, second core

| ow perneability shaped | ayer (or belt) 327 partially

357" andselbnd coft WindiAgB58L bkEIYuPE 5BSReUMilarly structured.
hi gh-conductivity, |owerneability layer (or” bel ts

(

337" it di I ' ' ' j
320 | ] ity SR 6000 6P pieflr of L Fbhe

ri First 328 coil is further protected b
KPR cribPririast g AnG®! s Abronmaleat” 47t Box-ah ber
Si.m. | arlgf .second cojl 38" is fixed in place wwthin
'qf?'%LI‘rSt G pesitiong ieeanespteasih thevgecand hiphteanductivity,
protected by protective filler material 353. Figure 5C
ilewaeraeiadilige gincend bek of an adjadenivsetond pigedpint hal create
currentl| oop i nductive coupler elenent of Figure 5B

shassidhigighetoniductiity] iovepennbhbii&Boraitsl pethn84d bk shown in
hi gh-perneability core 347, and first coil welding
C

FigureBK ePfrorte @8t a4 §bbdn&b%%%8hggl?é oeRe %%%tﬁé‘r as

Second coi |l 338", second core secon

' L.qur.e. i~ , ]
Hebtbtieh dperaihaf BBl sl e o7 18 Y To Bt B0, This
t l,h on referred enbodi ment, the. n ris
LR B B5GS T ol Eretns sercbndieol Jhedoscoss
positioned to cooperate with the second
muaﬁné-g?ﬂﬂuetﬂwﬁ'\t%@oumw way keatieWet\asph paised trasstoraeran
adj acent second pipe joint to create cl osed
ifognecieddaskitoitagk thowghgrate 840l i ty t or oi dal pat h 340
as shown in Figure 5A. Wen the first and second pi pe

j oi nt Eawhecdildnbecks ageldtticaasupant indthedip® BRI bRty
pi pe string, layers 327 and 337' formpath 340. This

?gm%ﬁggﬁmﬂggggﬁ@, IdWpbhhAbiffY Ihy&6k thBHis fofthat
overlays the 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



current-1loop inductive coupler nmay be viewed as a pair

of transforners connected back to back through path
wa4@70Esch coil induces an el ectrical current POT/URE06/030460

pipe joint, primarily alongithe high-conductivity,

| ow- perneability | ayer of the pipe joint that overl ays

tieeli ofibe pine joinde Toie higb-conductiviys low-peemeability layer also

conductive materials dttached to, or coated onto, the

irrdacesflut kssesbvehthesleayts ol the sk B fRIRIng hagnetic
described in the '434 Patgent, tﬁﬁ%i glgp[:?;ynduct [ \ﬁ'yg
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RSk 5P a0aR e BBV e Saieneals 931 i hayeanduetive byer of a
resi stive |l osses over the length of the pipe string by

el SHRJVaUe beduidgesiaether steek @i thallogaipipesdnd f Pogapimathe
it would be if path 340 passed only through thesteel

eondbetivs lagej of atoroitat patipbowldmdusiodubéy bP/ wear on a
| ow-perneability | ayer also reduces flux [osses over

rbletivelpaolt cindubBvaidyer Fbh e BNtEEIMShITSE tﬂégﬁ?)(:fl %géel of

flux penetration into the steel of each wire

J'gg'thﬁotipgdiﬁ@éﬂas.t ﬁr@mqrp% r?ﬁgtg ig:%gng@%%ﬁIé@E §t 938 idal

I's not essenti a :

' Y- Qf d Lve | ayer because. an ap i.n. the
B CEb 0B e SOBMH ind SRS RERE SRR Bt Svaoy
?t eel .of the I_oc:@l Ri e-end. A gap in the conductive
faRPES 1BMhaye @opigniignieifertcoul d be produced by wear on
a relatively soft conductive layer near the contact
poi nt A§iintthe ‘43 Batsnéehe siystapnoh Eigunegs Bi5i2 desdibesta tiewl-
such gaps in the conductive |ayer of a toroidal
contact pipe joint with first and second inductive coupler elements located
at an inner shoulder and an inner pipe end, respectively. The dimensions.
of the pipe 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 D;
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 D; is greater than distance D5 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



path over the |ength of the pipe string would not

i ntroduce sufficient energy |osses to have a
waegniofsseant effect. As in the '434 Patent, thRCHYS1006030460

of Figures 3-5D describes &2dual contact pipe joint

with first and second inductive coupler elenents

33K af ad aaljacant wireer pipb geihtiso aahal reliahiynfem pcloseddgh-

respectively. The dinensions of the pipe joint are

comeluctiVisf, IdvrpetinebbilgetopiirsMhidyd, out er pi pe end and

the inner shoul der, is greater than the distance
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351" and annula i nner cont ctlng pi pe en

PRI Septiery 0 %meéate@ edlrUinlnes ate lwgﬁl gr@arerr than
amount. \Wen two pip 0|nts are properly tightened
qhous 1008/, @@dtlegetha@r amutWQOIQeﬂ 1 withoet arsepeatars.

achi ever proper pipe-sealing of end 341 agai nst

shoul e ex8mple obd teul viglacantevhe a¥VDIitpe) 120, e anibesa
smal | amount all ows that sanme torque to automatically

aargbt &7 LWD €60l 148 of3RE <38 ahdirhé®bdMePEof rsdt%%um
an adj acent wired pipe joint so as to reliably form
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nent hereof, a ’'seCtion o

dr|I th ribed.in_the ' at.ent
o Rt B AR5 SRS bR E AR At A
rovi di ng a_section of connected wired drill pipes, at
FlampARd 4y PeerDemihn ingrsperaiedberqin byrigtarenes 1 Ageen in
about 7000 ft., without any repeaters. An exanple of a

Figate Gapperend Ibwer ansmbting antarz@s, 3 aodibeave paper and
of an LWD tool suite 120 of the system and nethod
lowee dceivisg bhterthas| R, endR4, WhérgbeMRerooThslbattrpaedrén
U S. Patent 4,899,1 12 and entitled "Well
formed in recesses in a modified drill collar and mounted in insulating

' méteriél. The phase shift of 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. Patent No. 4,899,112 can be referred to for further details. In
operation, attenuation-representative signals and phase-representative
signals are coupled to a processor, an output of which is coupleable to
telemetry circuitry 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



Loggi ng Apparatus And Met hod For Determ ning Formation
Resistivity At A Shallow And A Deep Depth,™

w0 pmonporat ed herein by reference. As seen i n FCUS®0E030460
upper and lower transmtting antennas, Ti and T2, have
upper and | ower receiving antennas, Rland R2,
inlcenpinetior evith Mhd pulketeesehy ght@ystn iandrmeethesidwereof @an
nodi fied drill collar and nmounted in insulating
previelei ralich fritge plags and prbvidefit inlsebsapmam pdl ginkner gy as
bet ween the receivers prOV|des an indication of
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ation. The ove- reference
%@@ 2 ER SRR SRy SO 80 (HRUrR) ISIBrdas, and is
operation, attenuation-representative signals and
fasmoatrehviatthe slrdlisiiing telemetry syplest Diregtional drilling
processor, an output of which is coupleable to
is thee miemtjoral deviatioy ot wellboret fremihée patiait woule datuadihys
mud pul ses and, in an enbodi ment of the system hereof,

taRSUIRbRRr dvdtas fdl@ctleﬁaw\ﬂhﬁg% id thedted ey bﬂh@'ﬂﬂllré/mng )
system Unlike prior application of the

th&fl‘t sl sty ahﬁég‘r%'dodiféc@logorblt%lghﬁpdﬁﬂléé‘lm

enetry, e system an efr eof” can prov &

e it in supstantia

PRl oo Gl BReaes fehEsghap] el 5&

reaof is in conjunction with controlled steering
J}Elepéeqm &ﬁﬂglérﬁl‘%"'lfq’fﬁb iregtiong! drilingrisaenables horizontal
rot o- st eerabl e subsystem 150 (Figure 1) is provided,
diiling ®rewgtpa sesénypirc dtarizontal idsillingesriabiles adomgardength of
telenetry system Directional drilling is the
thetvasilboentd traesrsatthe nesdrvoinewviieh lifreasés the proeluptidm rate

woul d naturally take. In other words, directional

felrh lthe M@l A BREctidRe HPimﬁg%fysfé?ﬁ nSHy also Yef hdtd #ertical
drillihg opefatioﬁ as well: Often the drill bit will veer off of an planned
drilling trajectory because of the unpredictable nature of the formations
being penetrated or the varying forces that the drill bit experiences. When
such a deviation occurs, a directional drilling system may be used to put
the drill 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 drill in
the desired direction. Rotating the drill string greatly reduces the
occurrences of the drill string getting hung up or stuck during drilling.

Rotary steerable drilling systems for drilling deviated boreholes into the

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



that it travels in a desired direction. D rectiona

drilling is, for exanple, advantageous in offshore
waleoozloia3g because it enables many wells to be BeT/UB®A6/030460

froma single platform Diréctional drilling also

enabl es horizontal drilling through a reservoir.

MBS -GS -Bit” SydtbisNdn BREBbRE-tife-bR1XYSIerh AREtEXIL6f fosion of
mellbore to traverse the reservoif, which increases
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experi ences. Wien such a deviation occurs, a
dowecstabiiaer thuchl paintsarst thmdritlybib eThs edglemfpdﬁwathm of the

drill bit back on course. A known nethod of
diriileit axis gbugled Witing finlisIdigtescd betvisen tie @illisit and lower
steerable system ("RSS"). In an RSS, the drill string

istabipteatedultd Mhb%rﬁéﬁlﬁﬁ&aﬁ colﬁgﬁl f DRLS f&eY EGRR to be

cause the dril bit to dril e desired direction.

t
ccuréeﬁcgﬁ*‘e@? I e e B FRERSAT BR dchfeysopotuding
t t d
s S R
may be generally classified as either "point-the-bit"
Sjahileay Qe fexire gl éaiill bit give shaft distrihutesdreteendhe t
system the axis of rotation of the drill bit is

dppeainad lowenstabidizeochil itsikiealizdd fdre, e tdliblias aot required
assenbly in the general direction of the new hole. The

holcet sitlepraypd@ehase e bit arisdgeatinadlly roffied Ws tigrairaction of
three point geonetry defined by upper and | ower

%éfébwe%ﬁlﬁolbou‘é%a%lé@ 6 ﬂt Ao typd r ?ré/ dst%_\n@rt%ﬁ?é;&'/ﬁems,

of deviation of the dr| It axis cou

R R SEIRLS. P UIS yorcon
NS Jov %I 1 BT BbYF10b82858 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
stabilizérs (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



generated. There are many ways in which this may be

achieved including a fixed bend at a point in the
whoiwom3ndl e assenbly close to the | ower stabi PCHER2006/030460

a flexure of the drill bit28rive shaft distributed

bet ween the upper and |ower stabilizer. Inits

ottleatouchdpdintsmintilsddeliiizel fbirh the dribbitrieaehuird foccut gide

si deways because the bit axis is continually rotated
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many ways in which this may be achieved, including
fiosmation sesiskiyiyneasureniasts Using: fas exemple dhedwpe ok
stabilizers (displacenent based approaches) and
resistivity lagging devioe siestibechippdon]jhinetion with Figurds 6l dnd7 t
in the desired steering direction. Again, steering is

achi el éds eeprmihicdd Ul Bhatdsecaubs ohtEntiReHaMeFVD bS!S see
drill bit and at |east twoother touch points. Inits

bl ﬂe@@e&%ﬂﬁﬁ BRtade! ihtdink fbﬁnéﬁ‘@rﬁ'tﬁ@? Bé‘fnc'ﬁ'egffrom

ways in or to generate a curved anpl es of
KBS Bl ooBBa AN S AT EHL AR s G e
5,265, 682: 5 553,67 803, 18 332: 5,695, 01
yhgder %%ﬁe%"%e%'égﬂ @t855°ss%aﬂg>w ge@%fveées’f@aﬁgn %Sead
5,603, 385; 5,582,259; 5,6778,992;: 5,971 ,085 all herein
ﬁoﬂgg‘q‘, Btﬂrh@@tungly rezgft@e@e@éteermg, where trajectory is changed only

when the bit drills out of the top or base of a pay zone. Reactive
geosteering can result in lower productive exposure, undulating well paths
and difficult completions. (See L. Chou et al., “Steering Toward Enhanced
Production,” Qilfield Review, 2005, incorporated herein by reference.) The
substantially real time bidirectional drill string telemetry hereof can improve
geosteering reaction time and accuracy.

The combination of the bidirectional telemetry hereof with a
geosteering application is further compelling when employed in conjunction
with a directional deep-reading logging-while-drilling drilling tool, as part of
the LWD tool or tools 120 in Figure 1. Signals from tools having axially

aligned cylindrically symmetrical coils are not directionally sensitive. The



The steering control, fromthe surface, can be based,
at least in part, on formation resistivity
wore@sisnent s usi ng, for exanple, the type of PCT/US2006/030460
resistivity |ogging device26escribed in conjunction
with Figures 6 and 7. It has been pointed out that

oot eliBigueoMyrovites dlted WRdttersye BRecolRl ty obt4ial ditdctehally
short distance into the formation, they may be inches

Saridmvd MeRsdeim tsb?Qe@%’?‘étiﬁrIY @I%l? £af COMdId Adview,
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substantially real tinme bidirectional drill string
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and accuracy. The conbi nation of the bidirectional
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Fi qu k@ nals fromgtools havin aX| ned
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sensitive. Thetool of Figure 7 provides tilted and
eonvesvienaltypeinregpagatisi: resistivity eeesoremeytss driie desasibed
nmeasurenents. (See, again, L. Chou et al., Glfield

HeangemeBDProdusep agprefcrontia arssitiviy tagondudtivilg ®nsone side
transmtter antennas and four receiver antennas. Five

ST ABIBDL RS tRModNRRates] s bbh@é@fbaﬁ%etééﬁn@drbg@,-%auctive
axially along the Iength of the tool. A sixt

J4Rsand Péagﬁst@ml‘?é‘ﬂi?éctfo-ﬁ f)roﬁﬁ/vhlch maximum conductivity can be
measured Magnetometers and accelerometers can provide reference
directional orientation data for the tool. In addition to its directional
capability, the tool provides relatively deeper measurements than most
conventional LWD resistivity tools. The substantiaily 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



oriented transverse to the tool axis. A receiver

antenna is positioned at each end of the tool. This
w@aior/oof31y ecei ver antennas (R3 and R ) bracketBCT/II82006/030460

transmtters, and each of 2hese receivers is tilted 45

degrees to the tool axis. An additional pair of

reéerencer Iraatdisclased Bmbadin&®) as showatindiguvet hearceffdrere

of the transmtter array, is arranged axially and can
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In addition to its directional capability, the tool
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i nproves perfornmance of geosteering by inc
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exanpl e of a tool i can be the LW tool 120, or
BhAFT 28 pufed B ool famecsasor So 1 rerardnga ey e
| ogging while drilling tool of the tyge described in
synshrespzech tsing, uphol gnd slownhrlenelipeksit Ebe isemsthele LWD
byreference. In a disclosed enbodi nent, as shown in
AoduiesS®) inghudsisfaiHeass acogstd fedeiveraBidd e 8 3@ dvisick amé ¢
transmtting source or array 814 is deployed near the
coupled ® afsigrize predessor b tigdtnatordigs mapbedhhBee of signals

suitabl e type of uphol e or downhol e source or
ddtapRu by Bk eaBivess W@Hcﬂ%izﬁlﬁn_with the firing of the signal
— sourcé. In“the bresent embodiment, the wired drill pipe, or other high

speed drill string telemetry, enables high speed synchronization of
downhole and uphole timing signals, control, if desired, from an uphole
processor, and high speed transmission of logging data and/or computed
parameters to the surface, which is particularly useful when relatively large
amounts of data are available from sonic and/or seismic logging.

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 tool for obtaining seismic
measurements, of the type disclosed in P. Breton et al., “Well Positioned

Seismic Measurements,” Qilfield Review, pp. 32-45, Spring, 2002,

incorporated herein by reference. The downhole LWD tool can have a



uphol e processor controls the firing of the

transmtter 814. The uphol e equi pnent can al so incl ude
w@ewamsig3es recei vers and a recorder for capturiPgr/uS2006/030460

reference signals near the28ource. In the prior art,

t he uphol e equi pnment further includes a nudpul se
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nchroni zation with the firing of the signal source.
Xp%@nglyegwe &b adhiek includeserefleetinn aff ial behbpendary, and is
ot her high speed drill string telenetry, enables high
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signals, control, if desired, from an uphole
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and/or conput ed paraneters to the surface, which is

T e

romsonic or sersm 0ggl ng

f_a tool which
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for .obtai nhng sei s c nmeasurenents, of the ty
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downhol e LWD tool can have asingle receiver (as

eyl Eigace 9D, whiphr iasludiés aathe BflecionPbifaabed Boehd@ySand is
(as depict ed in Fi gures 9C and 9D), and can be
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receivers. As abovAe,M the wired drill pipe, or other high speed drill string
telemetry, enables high speed synchronization of downhole and uphole
timing signals, control, if desired, from an uphole processor, and high
speed transmission of logging data and/or computed parameters to 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 nuclear 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 drill collar section 1040 is shown as

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



plural seism c sources at the surface (as depicted in

Figures 9B and 9D). Accordingly, Figure 9A which
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recei ver, Figure 9C, which includes refraction through
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geine %ﬁa?'ep 5 ereRade ThBB Ao 2 Hese Rudidiad ey spaced
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ageelesaion oy evithi rgmimpareﬁbrmaﬁos infience. dthd dejgcioy 106Rds
and/ or conputed paraneters to the surface, which is
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data are avail able from sonic and/ or sel sm c | oggi ng.
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devi ce as di scl ose Pat ent
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In Figure 10, a drill collar section 1040 is shown as

'whué'm@diy @gliacest i mee@@arswaedtc&iﬁcf@n 49624s agdurality or

Fornmed in the chassisl1054 to one side of the
array @if tedeatals, akwhidhh 0@t afd d066d sirblshoivn intthis wevewlhe

is a longitudinally extending nud channel for
detwrt@y1086d BebabkidHielagdf 4¢/sHown at 1068a. The array includes at
least bﬁé, and préferably m-ore than one, epithermal neutron detector and
at least one gamma ray detector, represented in this example at 1084, with
shield 1086. One or more thermal neutron detectors can also be included.
The above-referenced U.S. Patent Re. 36,012 cén be referred to for further
details. The detector signals can be utilized to determine, inter alia,
formation density, porosity, and lithology. 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 control signals

from the surface are also conveyed downhole at high speed, and with

accuracy.



downward through the drill string. Eccentered to the
ot her side of the chassis 1054 are a neutron

waecoeloersad or 1058, its associated control and PETNS2006/030460
vol tage el ectronics packagé01060 and a coaxially
al i gned near -spaced detector 1062. The near - spaced
det ectigrel 96 2hbeispir embbbimersisgientype of devivecidseribedin
output with m ninmum formation influence. The detector
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to the near-spaced detector 1062 is a plurality, or, .
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in this view The detector 1066a is back-shiel ded, as
$26Wwataht, BdGSabodinerd of apeiconfigdesdiontof [tha slevieaconprises a
preferably nore than one, epithe' rma! neutron detector

alodifRid drapsdilaPhay akiay geteiveairasiot 110 thaeist fdlbdi with
this exanple at 1084, with shield 1086. One or nore
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conveyed downhol e at high speed, and with
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diametrically opposite RF cqnductors. A cylindrical magnet 1122 produces
a statié maéneﬁc 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 drill 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 control signals from
the surface are also conveyed downhole at high speed, and with accuracy.

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

disclosed in U.S. Patent 6,986,282, incorporated herein by reference, for



U S. Patent 5,629,623 for formation eval uation while
drilling using pul sed nucl ear magneti c resonance
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RF maghetic field. The oscillTating RF magnetic field,
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formation when positioned in engagement with the wellbore wall. In Figure
’ 12, pressure assembly 1210a is in non-engagement with the borehole wall
1201 and, therefore, may measure annular pressure, if desired. When
moved into engagement with the borehole walil 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

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



di sclosed in U S. Patent 6,986,282, incorporated
herein by reference, fordeterm ning downhol e pressures
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understood that other types of pressure neasuring LW
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surrounding formation. As also seen in Figure 12,
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stabilizer blade 1214, using hydraulic control 1225,

f pimpeahd agiriinga g amebumpltis usedtis cieddatb2fiid dmtheolatdrak
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LSt oy gL oReTincaiate fegtapga U ©
Ir_1ter_national Publication No. WO2004/072437, PCT International
Publication No. W0O2005/071208, PCT International Publication No.
WO2006/010877, 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.



details. Circuitry (not shown in this view couples
pressure-representative signals to a

w@r@cessey / control l er, an out put of which is cPOPUSZN06/@30460
totelenetry circuitry whidd, in the prior art,
nodul ates nmud pul ses and, in an enbodi nent of the
system hereof, nodul ates gLlggmg:er of the drill string
telenetry system In the present enbodi nent, signals
r I Ye.of these neasurenents are
a vé‘ﬁﬁgéﬁ% )%"transrritted at high speed to the

earth' urface via the. wred. drill pi other .
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have recently been disclosed that enploy equi pnent
seripiertyd wWithoandisusparidaipe from headrillingrig, anda dottom hole
drilling of a subsidiary borehole using, |ocking

nazsseanb|g Eljacenp tediongr and the drillatting)ghebokttani sole assembly
electric notor, a lateral drill shaft, a positive
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to circulate fluid in the 1ateral borehole to clear
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et e s PR B R a BRFRY S5 heprmpl,

I nt ernatignal  Publ.ication No. WX2005/071208, PCT

| GRS B SIS cation No. VI2006/0 10877, and U.S.
Pat ent Application Publication No. U S. 2005/0252688,

al | herein Piovislingahleast aye negasusingslevice indhe sdienhele
hereof, a precision lateral drilling tool is used on a
dasddmislyy $aid ait leash opameasuring déviee praducing meagurement
telenmetry system CLAIMS: What is clained is: 1. For
ug&tal reppsscoRiivetofenmebsdrdd conditienatiet ottom dbld g@ssembly;

using: adrilling rig, a drill string having its
general |'y UBRRAdISS En TR pFotlels¥or system at the earth’s surface;
B providing a drill string telemetry system coupled with said at
least one measuring device and coupled with said uphole processor
system; and

transmitting said data from said measuring device to said

uphole processor system via said drill string telemetry system.

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.



coupl eable with and suspendable fromthe drilling rig,

and a bottom hol e assenbly adjacent the | ower end the
waleizlo1sty i ng, the bottom hol e assenbl y i ncl udP@myUs2006/030460

drill bit at its |ower end34a nethod for obtaining

i nformati on about at | east one paraneter sensed at the

bott om hol e assenbly, conprising the steps of:

provi ding at | east one nmeasuring device in the bottom

hol e @ sTh®nysths@ia@ dilfinb@a5/ clame 2RABKSIH ReidIS¥p R providing
produci ng nmeasurenment data representative of a
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JHe P Posicty BFareriattly Hnasdiha devieg, abivscionh
cou, ﬁ\?}? with said uphol e processor system and
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sai d uphol e processor systemvia said drill string

treeasHitngydevies, ennucieammagnetit cescamnde fmeasliring ddvicanal ,
wherei n said neasured condition at the bottom hol e

FEessbynessAinEdevics; & sdismisiriaisating deliceaat imaging
formati ons surroundi ng the bottom hole assenbly, and

Weicel, An8al Brsk8en Sanllifyidévite, at | east one neasuring
device in the bottom hol € assenbly conprises providing

a logging while drilling device in the bottom hol e
assenbly. 3. The nethod as defined by claim2, wherein

said st of oyi di a loggin ile drilling device
conpr i%s :ﬁh%%e%%‘%( Ag C%%H@q ibé/%?%'afg é%emrw fiRasyreflip
consjsting of a resistivity neasuring device, a
gongtiongidne belpay hais ta;asa@éém& hegsvraskdriling sharcteristic,
measuring device, a nucl ear

and wherein said 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.

5. The method as defined by claim 4, wherein said 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.

6. The method as defined by claim 1, wherein said step of providing
at least one measuring device in the bottom hole assembly comprises

providing a plurality of measuring devices in the bottom hole assembly,



nmeasuri ng device, a nuclear nmagnetic resonance
nmeasuri ng device, a pressure neasuring device, a
waeigmisineasuri ng device, an i nmagi ng devi ce, BOMUS2006/030460
formati on sanpling device. 3. The nmet hod as defined by
claim1l wherein said neasured condition at the bottom
hedie phsalitytaf ynéssugingaisitescordtutingngeasrearing dasdt i C,
and wherein said step of providing at |east one
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providing a neasuring while drilling device in the
bott om hol e assenbly. 5. The nethod as defined by
claim4, wherein said step of providing a neasuring

while dri|ling, device comprises proyiding a device . .
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measuring device, a torque neasuring device, a o
\@ BrlSIrng telemaelry mgstam@@”eprl%e%nwagma@@&r@@%@bd&lé,strmg
a stick slip measuring device, a direction neasuring
delanoetry aysieam i ncli nati on measuring device. 6 . The

nmet hod as defined by claim1l, wherein said step of

provi ding at | east one nmeasuring device in the bottom
hol e assenbly conprises providing a plurality of
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plurality of measuring devi‘ces produci ng nmeasu
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claiml, wherein said step of providing a drill string
ttgreéﬂ%w $Y&08 em conpri ses providing a bidirectional

drill string telenmetry system 8. The nethod as
defined by claim 3, wherein said step of providing a
drill string telenmetry system conprises providing a

bi di r et Thaahettiodlds ddfinedigy claim 5, wherein said step of providing
a drill string telemetry system comprises providing a bidirectional drill string

telemetry system.

10. The method as defined by claim 7, wherein said step of
providing a drill string telemetry system comprises providing wired drill

pipes in at least a portion of the drill string.

11. The method as defined by claim 10, 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.



telenetry system 9. The nethod as defined by claimS5,
wherein said step of providing a drill string

WO edogoed3ny system conprises providing a bidir eBCT/OREN6/030460
drill string telemetry sys8em 10. The method as
defined by claim?7, wherein said step of providing a

drill sixiTwe h@ltﬁwhé)deﬁbiéﬁ ﬁywéiﬁ‘io’{'\ﬁﬁér génwdgtg;g

wired drill pipes in at least a portion of the
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a wreless coupling between said drill string
telenetry system and said uphole processor.12. The
nmet hod as defined by claim1l, wherein said step of
provi dildg Ee metwweap detived by clajst £rwlener saidstep of
provi ding said uphol e processor systemat a |ocation
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nmet hod as defined by claim1l, wherein said s ep of
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providing sai d uphole processor system at ~a ocat| on
renmote fromsaid drilling rig. 14. The nethod as
defined by claim1l, wherein said drill sting telenmetry

syste hb id tele stemincluding a_ .
p?/ur alnht y -@1’9 %’ '?(Ejr %%Pe{'mﬁf{eéy S%'me &YRATe %8.%1" siing
ﬁ nmet hod as defined by claim 14, wherein said step
felpmely SVRtPa iy typrd aelamet@/twst@nﬂmlewﬂgr@plyydmm
rises providing a hybrid telenetry system
i dgfe@ntrtgpas ottelé¢roatrpimediaed drill pipe, and at | east
one
15. The method as defined by claim 14, wherein said step of
providing a hybrid drill string telemetry system comprises providing a hybrid
telemetry system including a section of wired drill pipe, and at least one

section of telemetry media selected from the group consisting of electrical

cable media, optical cable media, and wireless transmission media.

16. The method as defined by claim 1, wherein said step of
providing a drill string telemetry system comprises providing at least a
section of the string as 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 coupled between said pin and box end inductive couplers,



section of telenetry nedia selected fromthe group
consisting of electrical cable nedia, optical cable

worediral1odand w rel ess transm ssion nmedia. 16. TheT/ns10hewB0460
as defined by claim1l, wheBgin said step of providing

adrill string telenmetry system conprises providing at
| whaareby askadend drib pipdsearst indugtivedy coupled ag thalr cdrinected pin-
pi pes, each drill pipe conprising a pin end having an

itodbesd érvds. coupl er with a conductive ring, a box end
havi ng an i nductive coupler with a conductive ring,
and at | east one conductor coupled between said pin
and box end inductive coupl ers, whereby adjacent drill
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wherein said step of providing said drill strin
tRIPYRENG SAId il sting iple ety System apmpriaes | ravidinghat least
repeater subsystemat a joint between drill pipes. 18.

TNe iepeatar sibsysiematia fgintbetineenairilvpipesi n sai d st ep
of providing said at | east a section of the string
conprises providing said section at a | ength greater
t han about 2000 ft. of said connected drill pipes,
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claim 16, wherein said step’of transmtting sali
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data via said at |east a section of the string
VYL 2BY P8Rt ti ng said data on a carrier having a
frequency of |ess than about

19. The method as defined by claim 16, 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.

20. The method as defined by claim 18, 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.

21. The method as defined by claim 16, 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.



500 KHz. 2 1. The nethod as defined by claim16,

wherein said step of transmtting said data via said
wa@tooreesto a section of the string conprises  PCT/US2006/030460

transmtting said data at @rate of at |east 100 bits

per second.22. The nmethod as defined by claim 18,

wherein said step of transmtting said data via said

at | east a section of the string conprises

transmd.t The ngethdd @@tdéflﬁbd%yréél% 98, @heie@ﬁéhldlé@g*aift s
per second. 23. The nethod as defined by claim1
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further conprising the steps of producing, at the
surface processor, control signals, and transmtting
said control signals to the bottom hole assenbly via
sai d #3.1 The methgd aeldefieedbyssisine®, Rberelinsaitestbp df as
defined by claim8, further conprising the steps of

Hraydngitting, seid dateviawaidiaelepsds @86tidn of Bat steihg TofiiRises
and transmtting said control signals to the bottom
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26. The nmethod as defined by claim?9, furt
conprising the steps of producing, at the surface
processor, control signals, and transmtting said
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by claim24, wherein said bottom hole assenbly

i Arodeaing, 2fithe suriaaa prerassor.menieh sigeelsmangd itansmittison
said step of producing control signals, at the surface
ait eesinol, signate to Hesbaitard twilengssembly via said drill string

telemetry system.

25. The method as defined by claim 8, further comprising the steps
of producing, at the surface processor, control signals, and transmitting
said control signals to the bottom hole assembly via said drill string

telemetry system.

26. The method as defined by claim 9, further comprising the steps
of producing, at the surface processor, control signals, and transmitting
said control signals to the bottom hole assembly via said drill string

telemetry system



steering control signals. 28. The nethod as defined by
claim 27, wherein said step of producing contro
waek@nals)19 at the surface processor, conprises PCDUSIO6IIR0460
control signals in responsédto said neasurenent data.
29. The nethod as defined by claim 24, wherein, said
step @7 tThensastidd agdstnat by olaiml 2451 @hatein saidssattbm hole
bottom hol e assenbly conprises transmtting said
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drill string telenmetry systemin Substantially rea
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steerabl e syste and wherein said step of producing
e C%ri‘té‘ﬁa"‘l'%nrgé% the surface processor conprises
produci ng steering control signals for said rotary
steerable system 3 1. The nethod as defined by claim
30, wherein said step of producing control signals
i ncl uRS Phedethod asidgfiabd byhelaimaPeé, whéeit saivhstep of
nmeasured depth of the bottom hole assenbly. 32. The
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[

rectional drilling subsystem conprises an electrical

'(fbtngr' ifG1d il hRSA tep of
pro lﬁ%lﬁgﬁgo'htr?g?éﬁégtﬁaﬁlgat t Lgé@l%dg%%'pr ocessor
conpri ses producing steering control signals for said

el ectrical lateral drilling tool. 33. The method as

def i ned. by cl ai , further cqonprising the steps of

or ovi thgé sipthad asidRToRAeclaBl alenTietata Shif Blep of
string telenetry system and said surface processor,
dranssridingdsaid cgnkoéﬁgn@l@ de saishbettogehelerasspmbly comprises
conjunction with said surface interface, said surface
nesrsumittithgssaid goatrolosipnalsito gaat botbamthobs assemblyrvia said drill
selected fromthe group consisting of a

string telemetry system in substantially real time.

30. The method as defined by claim 27, wherein said directional
drilling subsystem comprises a rotary steerable system, and wherein said
step of producing control signals at the surface processor comprises

producing steering control signals for said rotary steerable system.

31. The method as defined by claim 30, wherein said step of
producing control signals includes producing signals that are a function of

measured depth of the bottom hole assembly.

32. The method as defined by claim 27, wherein said directional

drilling subsystem comprises an electrical lateral drilling tool, and wherein



tenperature sensor, pressure sensor, nud flow sensor,

noi se sensor, vibration sensor, torqgque sensor,
waewehessad i on sensor, and rotation sensor. 34.PdhES2006/030460

met hod as defined by clai m#0, further conprising the

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

aid etepslof prlodptipg dumtiol signafs dtrthe durfakte Procardor sempriabs

| east one sensor communicating with the uphol e

de? ‘rﬁg‘%&eéﬂlﬁg BboAiES éi’ér\dlé éh‘?@ele%@ncaT%e@*dhﬂiﬁgaféol

[Tar m 10, urt er conprising the step of
providing a plurality of distributed downhol e sensors
at different Iocations inthe wired drill pipe portion

Sl d §hnGNE TBFBREEEASTRCA LMy BT or i i hesglops

The nethod as defi ned b% claim3, further conprisin
efHowidistg aBupeee intergce betwee saiirilrstneg telemaiusystan
drill string telenmetry system and sai d surface
pnaobsaisissuriacegirdcsssdraard pravidihg serfane Inedsuyeenbseisorg in
swi vel that couples electrical signals bidirectionally

RSt b With 6aidpdu @ intdrisde!l aid duplaReaBhENs 8 semsand

a non rotating conponent coupl ed with said surface

(1&5 ?ﬁéﬁarat st o-ﬁgesé?ﬁhpggle@f%mmr’tﬁg éf?éflg? b@hé\%ﬁ’% of a

er-conprising the step of provi a sur

a L r m

et sanpaE B s EiE sEhvor Hid R seRetl Tl fri™

cluding a rotati swi vel that couples electrical
@Bbﬁ%kﬁﬂf@%s@f artQEqu%?%H% Haelrraton ﬁ@”g% aprigiadion gensor.
string telenetry systemand a non-rotating conmponent
coupled with said surface processor. 38. The nethod as
defined by claim3, further conprising the step of
provi 84 nFhe methovalces defired e elabmtie &urtreaicdbnojpriding the step
string telemetry system
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.

35. The method as defined by claim 10, further comprising the step
of providing a plurality of distributed downhole sensors at different locations
in the wired drill pipe portion of the drill string, said sensors communicating

with said uphole processor via said wired drill pipes.

36. The method as defined by claim 3, further comprising the step
of providing a surface interface between said drill string telemetry system
and said surface processor, said surface interface including a rotating

swivel that couples electrical signals bidirectionally between the rotating



and said surface processor, said surface interface

including a wireless link that couples electrical
wakgnailsibi directional ly between the rotating BeT/U52006/030460

string telenmetry system andlisai d surface processor.

39. The nethod as defined by claimb5, further

Cd}ﬂpétgﬁg rsl‘giegl?egpﬁy%?erﬂfanw SYbHirBtiRgTHMEs Rt Bbapleaicgith

bet we I string telenetry system and said

e BEBeCE BRESRREE Coupl o5 croctrical signals

bidirectionally between the rotating drill string
telenetry system and said surface processor. 40. For
use in an_operation of underbal anced drilling of an

eart h Bbr Ehelneeifpdras defines moelains Pe furthargompriisiegtha stgp
negative differential pressure with respect to the
f ofrpravidingsa isurfabé dtteiface betivedn said diidli sting taleimietryraystem
rig, adrill string having its generally upper end

n&ed 8aidCUriateGsropb St Saitisufaas thtetape irtaiding far matire

drilling rig, and a bottom hol e assenbly adjacent the

| QYfGE cbﬂgglrelg {‘ﬁjlé‘%fi?élgtid}%lss b i e@%ﬁé’lgl‘; R cAIRE FBiaYing

including a wer en a nethod for

obtai.ni ng i nfqrnat | b t t :

LB R ERABTR A ARE noBlrols iR BB e bRl vitn

steps of: providing at |east one measuring device in

t PRI S TaEMPRePRSSREsenbl y, said at | east one measuring
devi ce produci ng neasurenent data representative of a
nmeasured condition at the bottom hol e assenbly;

provi di ng an uphol e processor systemat the earth's

sur f acg88. fhewndihog s defindd Isy claig 3, éimartcompiysing the step

coupled with said at | east one neasuring device and

CoUploRling hisusRice iniBRALE bRtWEES 88id EIISétARY teBrhetry system
and said surface processor, said surface interface including a wireless link
that couples electrical signals bidirectionally between the rotating drill string

telemetry system and said surface processor.

39. The method as defined by claim 5, further comprising the step
of providing a surface interface between said drill string telemetry system
and said surface processor, said surface interface including a wireless link
that couples electrical signals bidirectionally between the rotating drill string

telemetry system and said surface processor.

40. For use in an operation of underbalanced drilling of an earth
borehole wherein the borehole is maintained at a negative differential

pressure with respect to the formations in which it is drilled, using: a



transmtting said data fromsaid neasuring device to
sai d uphol e processor systemvia said drill string
WO edogoedsny system 4 1. For use in an operati oPCD{S2006/030460
drilling an earth borehol e4tsing: a drilling rig, a
drill string having its generally upper end

neRfifRNfG, A bl S8 IRARhG itdigeRe Il peP endaRbehdrieamt he

drilling rig, and a bottom hol e assenbly adj acent "t he

I : il ' :

RUPlodIe WG] fogpedab ot e R RS 2kl S BER0M Mole
obt ai ni.ng i nfo tion ab at..l east .on ar ter
et ddlefenh iR ioRer 518 the Sisi. 4R BeRGHSI: Hsembly
| east one magsuri_ng? device in the bottom hol e )
d8¢'uring,a delh Pl aits ek epsha Medhed farphdaipinadnismagion
operative to produceneasurenent data representative of
aabasd el least ooe giarametertsenisedad the hotiohmaals ssadmply, an
uphol e processor systemat the earth's surface; a

ciorhprisihg thgstepsiet ry system coupled with said at
| east one neasuring device and coupled with said

uphol e pr oO@r%%ﬁnagsafsrbagi oRé %e?ashﬁﬂg%@vtde% th®bottom hole

transmtting said data fromsaid asuring device to

S Lty B RESTH0 AL ARl ki iheny
8o Rar S et el b By
formati ons surroundi ng the bottom hol e assenbly, and
wher ei n saiRIo%iding:as UPhele PISSESPRySERIviat &he AakRs surface;

bottom hol e assenbly conprises a | ogging while
drilling dewowigingatdnid dhiirng telemelry systeanbbypled with said at

least one measuring device and coupled with said uphole processor
system; and
transmitting said data from said measuring device to said

uphole processor system via said drill string telemetry system.

41. For use in an operation of drilling an earth borehole using: a
drilling rig, a drill string having its generally upper end mechanically
coupleable with and suspendable from the drilling rig, and a bottom hole
assembly adjacent the lower end the drill string, the bottom hole assembly
including a drill bit at its lower end; apparatus for obtaining information
about at least one parameter sensed at the bottom hole assembly,
comprising:

at least one measuring device in the bottom hole assembly,

said at least one measuring device being operative to produce



43. Apparatus as defined by claim42, wherein said

| ogging while drilling device conprises a device
waelgoisd from t he group consisting of a resi sPCTUE3006/030460

measuring device, a direct4dnal resistivity neasuring

devi ce, a sonic neasuring device, a nuclear neasuring

deeasirement datempresgitative of & $esNEEd BBAGIBH 2 L BbEEM
a pressure neasuring device, a seismc neasuring

dfNeé 6SserBlyt Magi ng device, and a formation sanpling
device. 44. Apparatus as defined by claim4 1, wherein

sa1d oS g GROBLHbOR Y S BoPRl ARG BRAEIY
st o R S BT T st ono

device in the bottom hole assenbly. 45. Apparatus as
dasasiEingievicaand souplasavith paisaihale arasssgr systerm; and
drilling device conprises a device selected fromthe
group consiastramgmibter fonteangrhiting ait datafron sgddeyasiging
a torque neasuring device, a vibration neasuring
dizviceeto said DPRbleFBBLEddTGByERIN ¥R sdid Thill Sfrirtd {dfemetry
measuring device, a direction neasuring device, and an
ig)6leinat i on measuring device. 46. Apparatus as defined
by claim4 1, wherein said at | east one neasuring
device in the bottom hol e assenbly conprises a
plurality of measuring devices in the bottom hole

assenbl.y, sai luraljty of neasuri devi ces bei ng

oper at‘ﬁ% APrpgr %Fg&ﬁ fingd v elaion d‘élp‘gr@"é gRikBaaaHede

of a plurality of conditions at the bottom hole
&£88ditipn\at the bottem hiele asaerblviser measnrast cliriaciaristic ah earth

earth borehole using: a drilling rig, a drill string
tiervatipristssirgemeiired the bptpem hoteassarhbly| aad Wwheeoinpatd@bt e
with and suspendable fromthe drilling rig, and a

e st @Melrbgsuring device in the bottom hole assembly comprises a

logging while drilling device in the bottom hole assembly.

43. Apparatus as defined by claim 42, wherein said logging while
drilling device comprises a device selected from the group consisting of 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.

44. Apparatus as defined by claim 41, wherein said measured
condition at the bottom hole assembly is a measured drilling characteristic,

and wherein said at least one measuring device in the bottom hole



assenbly adjacent the Iower end the drill string, the
bott om hol e assenbly including a steerable drilling
waemmspstsem and a drill bit at its |ower end; aP@BURINNG/030460
for obtaining information about at | east one paraneter
sensed at the bottom hol e assenbly and control ling
sassenstilg eoalprisesat raeasulisy shisdrifigidd\ide s thB®otopPRole
of : providing a directional resistivity tool in the
baddepiBliol € assenbly, said directional resistivity
tool produci ng neasurenent datarepresentative of
directional formation resistivity in the region of the
bott om hol e assenbly; providi ng an uphol e processor
syste t .the earth' s_surface; providing a, . .
bi di r €63-i DRERTEHS fp d@flp%&y&ialaf@fﬁrwh@w saiddpepswing while
between said directional resistivity tool and said
WRNEdpyier 98vrises et device selestad romdhe grauproassisineat a
data fromsaid directional resistivity tool to said
wpightopibilcasasurirgy dévioe va orgae dndasliringaddvies la wbidtion
string telenetry system and transmtting contro
sheasliing doVits 2 SheslosRasarnG YelRE) XisticR ajid measurqing

bidirectional drill string telenetry systemto the

i Ll : i d.:n0t: | ,

ARG o S S AR AR o covice

wherein said step of providing a drill string

telenetry system conprises providing wired drill pipes

in atO‘{ea‘it a portion of the drill string. 49. The
SsPBReS

net ho aggefingd Ry glaimhbrhereybsaid st dgassone
providing a drill string telemetry system conprises
pnesswWingydelice nthe kotiose hiolsassermbly comprisgsasplurality of
connected drill pipes, each drill pipe conprising a
measuring devices in the bottom hole assembly, said plurality of measuring
devices being operative to produce measurement data representative of a

plurality of conditions at the. bottom hole assembly.

47. For use in an .operation of drilling an earth borehole using: a
drilling rig, a drill string having ité generally upper end mechanically
coupleable with and suspendable from the drilling rig, and a bottom hole
assembly adjacent the lower end the drill string, the botiom hole assembly
including a steerable drilling subsystem and a drill bit at its lower end; a
method for obtaining information about at least one parameter sensed at
the bottom hole assembly and controlling said steerable motor subsystem,
comprising the steps of:

providing a directional resistivity tool in the bottom hole

assembly, said directional resistivity tool producing measurement data



pin end having an inductive coupler with a conductive

ring, a box end having an inductive coupler with a
wa@oendocesive ring, and at | east one conductor cRUPUSTNNG/030460

bet ween said pin and box er8 inductive couplers,

wher eby adjacent drill pipes are inductively coupl ed

arte%)tds%intat%rbﬁﬁﬁe%doﬁélrfotrﬁaw refigtivith th th & dgidit BPghedsottom
defined by claim49, wherein said step of transmtting

S]ﬁjléiaggé,ﬁbpj.a said at |least a section of the string
conprises transmitting said data on a carrier having a

frequency about 0 5@% The neth )
as defined Sl’@ﬁﬂ %@gpo%@'%‘?%sogg%te& ﬂ}ﬁ earthssu%gce,
transmtting sald data via said at |east a section of
the string Fg@\‘r@iﬂ%%E'Cﬁfregﬁeﬂ@ltqff“rﬁ”%it emalry system cappled
of at least 100 bits per second. 52. The nethod as
detvaen seid directionaBresigivity itegl anwl shid uppolsf processor system;
transmtting said control signals to said bottom hole
assenbl y cdrgnsnsiting said smidsurementdstacfenrhraalid dirgetidrsl
to said bottom hole assenbly via said drill string
trebiefivty doob ¥pEAM Uphofe BriceBEbrdystenadd shiddirectional drill
string telemetry system; and

transmitting control signals from said processor system via
said bidirectional drill string telemetry system to the steerable drilling

subsystem of said bottom hole assembly.

48. The method as defined by claim 47, wherein said step of
providing a drill str_ing telemetry system comprises providing wired dfrill

pipes in at least a portion of the drill string.

49, The method as defined by claim 47, wherein said step of
providing a drill string telemetry system comprises providing at least a
section of the string as 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 coupled between said pin and box end inductive couplers,
whereby adjacent drill pipes are inductively coupled at their connected pin-

to-box ends.
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50. The method as defined by claim 49, 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.

51. The method as defined by claim 49, 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.

52. The method as defined by claim 48, wherein, said step of
transmitting said control signals to said bottom hole assembly comprises
transmitting said control signals to said bottom hole assembly via said drill

string telemetry system in substantially real time.



