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57 Abstract

This disclosure presents systems to enable
downhole bi-directional communications using a
long length of fiber optic cable located within or
partially within the internal diameter of a set of
lower pipe segments and communicatively
coupled to one or more upper pipe segments
that utilize pipe cable attached to the outside
diameter of each of the upper pipe segments.
The long length of fiber optic cable and the one
or more pipe cables from the upper pipe
segments allow for communication coupling
between downhole tools and surface equipment
and surface computing systems. In some
aspects, the pipe cable attached to the upper
pipe segments can be protected from wear
using clamps, collars, cages, and other
protectors. In some aspects, an optical signal
generator and modulator, e.qg., a light source,
can be located downhole proximate the
downhole tools, uphole proximate one of the
upper pipe segments, or proximate the surface
equipment.
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FIRER OPTH THL

ETRY SYSTEM

TECHNIWAL FIELD
f006181 This application is direcied, o goneral, to onabling compunacations dowshole and, more

spegitically, to osing {ther optic cable for covunmuication travesmission within 4 bomhole.

BACKGROUND

FH2T In bovchobs operatinns, thers 18 & negd to enable hidirectional coanrainicatiovs hetween tonly

Ivonted sdewnbiole and swiace or mear surfiee cquipmend. Conventional  conunumiowiogm
implomemations o achiove o ransmdssion vt 1o the hundreds of b por secovd (psd, such as wads
polse rechnology. or s of thousands of by, wueh 2 wvined deill pipe wehnology, Fiber optio systons

ontvachieve @ sigaificantly fgher transmission wate of 1 giga byss or higher, & the nunber of pipe

acgmeny insened fnte the bovehuls nosvases, the S oOHImSCiors neseases

Ny

ranmber of Hher o

wroporiionadly. Back fiber oplic crmeotor oo aflsntate the optivgd signd, lowering the effoctive

.
1

fravemission rafe, A systern that can redues this opticad sigaad stterniion would be beaneficial,

BRIEF DUSCRIPTION (W THE DRAWINGS
TO003] Refroznge B

acovsnpanying drwwiogs, i whict

ax taken in comjuncting with the

HO04] FIG. 1 b ose llasuation of & dingram of an exsople well systenr using a fiber optic

copgnETRcativn yyeng

OGS FIG. 2 Iv sncidhotation of 3 diagrios of wt sneple commmuninatiog systent 0 & hydraudio
fracturing (HF well systeny

sieyair an of ibare well

FOBG8T FIGL 3 i an Hlostration of o diagran of an example commeniostion sysi

JORATY PR 4 is an thastrationt of 2 disgrs

an of an axsmple dpparatus with s long tength of fber oplic
cidde connected ata surfuee Iocation

fORORT FRE S Dvan Mastration of @ diagram of an exanplo apparates with 8 long fongth of fiber optic
cable connected at a location below sea lovely

FOOO9T FIGL 6 s an tHusm

1t of g diagram of s exanple downhole feleretey systent mclusive of
elegtricad commections;
FOO I PRG. T ivan dlastvation of @ Dok dingram of an exatnple fiber optic telempbiy sestang (FOTS)

witha el sowrce located at opttonal prdnts within the systeny and
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{00111 FIGL 8 fean thetration of a Thae disgrm of an exargle

v inplementing & FOTS,

DRETAILED DEAMCRIPTION

P2 Wheroworking with bovehdes, fe, weeltbores, sucl ag he bydrocsebon produstion tshustey,

there 1n 8 need o communioste apliole and downbole,  Duowohoele tosls within the borehole andd

Pau

horehole controllers ator newrshe sorlce need o beablado e

by gnd guickly il dada, relomatey,

tractions, sod other idormation, Conventivnalie, vartous solutions have boan wsad, sueh sx mads

N

pudse technology, albett with & goueral Hindation of approximaiely 120 bify por secwrd <hosd

sranavniision vate. Thin dafa fansmiasion nte dnchedes conventional data comprosaion eohnigues,

Eleotromagnetic and acomiic ansminiiy mathods alels he notes with thelr xwgmd&a

cosununicaian systoiny, Wided dall pipey can aohteve @ sigmbicantly Righer 36008 Bps with

sdditional cost and fower reliabiliny.

{08131 & fheroptic cable aestens can achicve highey transminsion vl

el as up b approkimalely

40 giga bps (Ghpai covey severyl bundmd Klometers and 18 Tibps over soveead sthoosaned kilometers,

with the actual Gansmission rajey depeadenton the ochaology ieing stilized as wedl ag the conditions
wngder which the ransodssion 8 osuring. A single-mede fibor opic cadde an have a core Hagmeter

botween %43 and 103 adommeters {pm) and o cladding Hamwter of 125 wan, There can b types of

stnghenwade Gber optic caldy ohicd have bepn chemically v physteally altered to creat propesties,

such s disperdion-shifted iber and norsere depersioneshulied fiber, Data sates aan be redocsd by g

31

opttcal arvpdifiers and dispersions

iy made disporsion and chromaic disparston, By as

comnpensating davd optical systents o norease thelr offoctive communioation rauge o the

thousands of kdlormoters,
P} Opiical signals o sttonuste ws the signals pasy through a Biber optic connector, for axample,
the fiber optic connectors conmeeting Tiber optic cabdes at eacl joint i 2 longth of dnll pips. Sigaal

b

s dR atross & link mvans the

isgs in fibor optic cable van b m
trananaission sigmd at the for ond by hadf the intensity of the inmsmission signal that was sent info the
fiber optic calde: A siedB ous means ofe guarter of e irinsonssion sigag! made 8 through the fiber

oplic connetor. Unce Ba mach fransmssin signal has boen lost, the signad can bo oo wead w0

recover andd the comnmunioation can botoms untchable and cun ovordeadly ceese o function, The
frsmsinitier power and the sensittvity of the recelvercan impact how much signal Toss o Be ahsorbad

by the comenmication syster
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{0015 Multimode praded-ndex fbars oy have, andor sonrs civvanstanees, teee dB per kilonweter

(o of aHionuation (sigoal oy ata wavelength of 830 renvwacters fom)oand see dBSm at 1360 am

33

Singlomode Yosex can be, For example, 438 dBam at 1310 s sad .35 dBkom @ 1330 nm. Very

tigh quality singhanode fiber intonded for by distance qpplications can speeity o lower Tevel of

"i

\

signal ey, suoh g 018 AR ot 138 s, Plastioaptizal (iber (POF) can loxe more, such ag 1O

’i

AB/m ar 630 men. Fach Bber optic cable connscior can add approgimately 08 dB of average stpnal

ks, and cseh jointU(sphite) v add aboar 8.1 dB of signgd loke For each conneotor, 9 8.3 dB lossfor

piwost adhiosive/pobshoor fastem splice-on Copostors can be wfilized {or estimating the pocformansie of

& Crnnanication systeimn. The by gpecification for propolishedimechondenl splive Cnnectors op

franmalasion sigual strengh

vouliifthor connecrors can be higher, The attehnation, e g, lsg ol optiod

or paowsr, can sigatficantiy lower the expertenced bps of the comonmication systen.

IS8T Tias disclos e ibar aptiv vonununicdion syateny wheee i long Rngth of fiboroptic

4 fibor optic cable, supportad Shoroptic cablg,

cable ek as conventionsd fiber optic bl reinfor
or avmored fiber optic cablet can be lowersd below o sweluce pomt sueh as iwto o borehale, and
conmrected to the dowabholbe tools wing, for ouamply, @ wel conrect sieh as & wet-tate comector, The
¢

Tength of fher optie cable can malnain the high rate of pansmgssion while minhuding the number of

e opdie oable can be s of Gousands of foet tong, though virtous leogths cm b wsad. This long

fiber aptie cable connegton wed in the sysiem,  The redhction by the mymber of fiber optic cable
connsctars usad can rodiog the experienced atfomgation of the aptical ansmission signal,

FOOL7T The long lenpth of Bber optc vable oxt be located within, or partidly within, one ov more pipe
sogrnents placed, lowerad, or located within the borchole, Thess pipe segents wre the ower pipe
segments and the Bher optic table vy by altached, watiadd

wid, orhave both o worelabon o

the Iower pipe segowats. Joaspests of ihis hisclosre wham the lnsior pape «

wcable, which s located inside of the interna! diameter (D of the lower pips

wil the lower pipe segments, satting aaid
fI8T The u’g)é‘;s:ﬁi@ ened o the fibor optic cableo can be connectad o a frst uppor pipe seprmont uiilizing
s uphole comnestar, Additions! upper pipe segowats can be sonnveted o the Jrsd upper pipe segowent
o boild the length of wdal pipe conpected o dhe swrface cquipenent, The sweface eguinpment can b,

for example, a doeriek, a drifling systom, 8 competing

SySiony, & pawsr source, of & contbinstion themol., Each uppor ?i‘;}i’, segment alsn iacludes @

comummrication comsector and cabledwire, such ax o fbey optic connector and a fiber optie cable, ov a

wlpetrical connodtor and clestrical cable o wive allowing Tor the commanteation-conpling of the ke
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2

kength of fiber oplic cable to serfuce squdpoient.

s
b

o Hrst upper pipe sogment can

s

by

lude swioloss compumication sysiourClentunisaiived

¥
3

v coupied tr g swwiace tramseeiver. In this
aspect, the sppay pipe segments do wot need 10 have fiber optic cable or clectrie cable o wire, I
addition, this disclosure dogs not speatdy that the pipe segments be coupled wsing induntive coupding
techuolngy suck as 1 sitlized with wired drill pipe solutions. As usad havein, onupling can include
o o mote i compniaicdiion cotipling, power conpling, sod mechenivally coupling.

{08157 Av wied horeth, connnumsostions oo he onsswey o bisdirectiondd. Conunusicatives cay be

oncor e of, bt pot leied fy, data lrsnsissions, anplitude clianges, v fiegoeney changes, The

comnpmiicatons cap atilive optical spwals, clestmunagnetic sigoals and ofiwr types of énergy

rs sach as thevmal energy, rachand energy, chemian! energy, puclear soergy, alectvival energy,

motion erergy, sound evergy, olastic energy, of gravitationad energy. In osone as

Sl estites IO i?ifi(‘.‘{’éﬁ st

commupniodives, as osed horoin, are rod Bondted o e pansfer of information; ©

inchade the gansfor of gnoor more types of onergy fur perform work {68, wljosting avidve, sotivating

ther types ate{e.g., & hinary

fImotor, energ

switeh o varabl, @ position indicsor, 3 programned varialile, 3 condittinal vastable, ot odher types

1R restiy i

hoof fibey optic cabie In the Towey pipe s

¥
i

foweey comprectors-aver this fength, The veductiog 4o the monber of conpactors along us kagh o

resuit in 3 oredoction of the apict on e tramnussion signdd sdrength doe o the lagher h}-‘{irf_:g?zﬁ:‘sc

¥

ssaave (wehieh car bey Tor exanple, 20,000 pooads per squme ineh {psi}

£

ey bore hole wmperatores at the deeper depths within the borehole, The comnectors can be o

ax conpared o the fibor optic cale Heedfl There can be mare

somsitvve fo e onvivoranent fretors

Prravsonigod deough the fber aptie cable angd there can be pwe thay ane

fibser optic calde, or the cable can inclode more thay one stind, The connectors {fiber optic or

caly wed with the upper plpescgnenis can be sebjoct 1 fower hvdentalie prassure, such ag

3y

2ORKY ped at 3 font of depth, ws well @y suldest to lower borchek: Bunporatures, where the lower

[

presaane and temperstare fuvve g reduced mnpact on b ansmizsion sigual,

g onthe Ovpe ol upper pipe sogmonts saployed, the mpecable sttsched o coch uppey

pipe sogoent, typioaliy attached on the extorior of the outside digmeter {0 o the pipe sepment, can

n1or rotated as the upper pipe segment 18 moved sy rodated. The pipe cable can be {theroptic

seivie cxdile, or eloctric wive, In aspects whare the lower and vpper p snents ane deill

pipe sagments. the connectad pipe sogmenty can be rotaded to slfow for o rotation of ¢ bottom hoke

A
e Y o
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ansembly (BHAY The rolwtions car have the potontis] Tor an attached pipe cable o touch or nuly sgaingt
the bovehole, vasing, riser, s other borchole components. The pipe cable cun experionce failure due

o this wearing, o protect the pipe cable, protectors can boe applied @ the upper pipe sogroewds; for

exaraply, aoage. Varoos rastrainiy devices can e wsed to hold the protector in placg, and n some

aspects provide protection. Castng entlues, mechaical stop polla

s (for axseaple, 2 frictios
chuap usiEE sob sorows, & spiral pin chanp, or @ tooth or dog vpe {ti;’;zm;}l}._ andd vanous fypes of
contvalizers can bo afttized as prodectors oy resbraindng devices.

f0822] Running a coble of wire on the outaide of He deill plye can inerenss coxts and pokential danger,

i {or

evpreiaiby Iy xituations when the cewranioe betwern the &ill siing‘ .8 Grill pipe, and the cas

bowehole) &opdasemad. I ihis disclosan

FOOR3] Dol pipes utilived in desp-water wells can be typically &3/ tochos {ap O of &-378 inches
audw el foat, .8, conngction, withan O of §-1/2 foches. The radial gap benweon e o0l joint

00 and they

wor 13 can be approxintely (1€ bches ~ &2 tnchend 1 2w 812 Dohpe /2 2 d 75

fmehes. These comprment prrametors allow the sbility to run 3 condvsl

g

xs

v of ather type of device 1o

ol the pipe cable, Prefa

ol

ty, the pipe sabio can be pre-fostalled on the daill pipe segments to

veduce time aftaching those components on-the vig Hoor. Likewise, the maktngup of Swse dnill pipe

ntvide a stind of drill ppe and recking back the stands fnthe derrick will inorease the effictency

of the operation. Thee when 84 g o ipeinshole

VEH b and conunence deilling, one connection

geary Si-feet can be made versuy thres connections when single jorsty of dald 'g}'ipu e wttieed

(0624} The pipe coble py

deifling wnlizing the pravious stand seetion, Fur dxsople, while deifling from T3L997 feet to DM

sy oud e installed ray e pod cladsl wivide

ectory and pipe vable s

L

foet, well sife operators can nake-ap 3 - M-Tood jointe of diill pipe 1o weake o S80-foot-tall stand. They

o3

would rack i back into the derriok wittle the Jdrilling s ongotug. Since the next hole section can be

S AST fret lomg, they would rack back 31 standy of il pipe. I the process of msking wpr the 3 - -

foob joints, wsers oan instal] the pipe oable peotectors and the pipe vable sogmands while vot intervapiing

-
A

the drillivg operationn, The pipe cabde sopmonts van be B0 foet long, e, the ngth of the stand, or
30 fept leang, wgs, tues would be mstalicd por stand. Dither pipe cable ngehs can befnsalied as waldl

N

hoof o stand of deill pipe,

the number of conpeotny usad van e

fling # pipe cable dhe lo

rocduced s compsead I using 1 pipe cable the lepgih of each drill pipe sogoent - in this exasople, th

vsmber of connoetoas can be reducsd by bvvethinds.

e TN
R
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o oty aftachent devices, can be added & soowrethe line to the nbo of the dall pipe: In some

aspects, bwo clavps per joint cun be wiliead, The wods of sach pipe caldle can be seoursd o ensurs (1)

e

kehaok procedare, (33 coadd be serured

theends would rema Gduring i insfadiation gnd vack

oy therdrill pipe when sacdebaoked, (3 would not igefore with the use of vegolac dvitiing sqoipneny,
£ o ronghneck, elevators and slips wiile TIHL () could be connecied relatbvely quickly while

T, and (5o eremare o comparscatively glegn conboction when dsonnected.

¥
3

Pesn be focated downhole proximsté the downbole

.

F0826] A lightsoume fo genorals the optical sig

wet-rade conpeetisr, aphude of where the tong lengtiv o fiber D@ wablefor wultiple cabivs) cotnents

o the frst upper pipe segment, In anotber part of the upper pipe segments, of ot a suefiee location.
The ight scance can be one or mre of @ laser (rchadiog ¢ laser emittting diode s a lght omitting diode

{LED L a §‘sssﬁ“~§‘=ms wrad LED, and other conventionsd Hphtssnress aved for produsing ot modidating
sy optical signal along a fiber optic cable. I soms aspeots, the Hebt sonree can be replsced by &
different avorgy source using wavelenghs glong the olectromagnetic spoctrany that are fooger oF

shopter thau the visible Hght xprotrum,

FRO271 T sapects where the Hghi samee i focated prosioate the wet-mosie sommector and dowahals

‘Pl?

&8

ool the fight souree can be powerad by an energy source ooaiod within the dowanbole toods, sueh as

o -or o hatleries, capacitors, penerators, mnd other eperpy sewrces, In some dspects, the fight

sourse can b powared by poseparate clectnicnl saldeor aleetrical wive that iy installed pandled fo the

P
7,

5

W IR

ong length of Shoy opiiv cable where the upbole end of the slevivieal cable or clegtrios

eleginoatly conpded o swrface cquipment, such oy psivg Connectors and oablo or wite segments on

S

et upper pipeosegnint. & soqme aspents, the apper pipe » shes can b elevtrival wires

oliver ofoctrion] evergy downdioly angd be milized W compnnicatively
cosnact the long length of Tiber optic cable to sanfuce cquipmuont
{H28T The downhale waols can conumomicate with the Haht souree {0 send coppnudcations, such a8

~3

telomrotry data, dwough the fong length of fiber sptic cubrly and olectrical wires orcables to the surfues

cguipraet. The dovnbhole end of e long longth of her optic cable can alsg be pated with electra-

optical devicos $at ooy tansfony the opticad signal to an eleotrical signad and vice vorsa, oy woll g

ovreuttyy or suftears to perfonn sigead

esuitant ofg

amt modlulaion aleorghms, The

&

data angd instructons from the suedace equipment.

e,
[543
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[0029] In axpocts where the Hght svurcs by onatod proximate the first appor pips sogment, & Hght

sompon reveptor, # wellecten. 8 o, a trsnsogivers aodemedulator, o owduloty, an amphilier, 8
cogvirer o an evergy dovios can boutitized wroaimate the dowhole swol-mate connestor (@ enable

sohmotyo S

the dowen vnation, sd hestrociions with the su

this

¢ equipment. In

sspest, the Hght source cup avoid the higher hydrastatic prassres aad tornporatures downhole, s
well as avouding vibration effcets From the wse of the downhole ooy, for exaple, vibrations froma
BHA. The hght sourcdvan be povvnred by sirface cguippont ov'an soergy ssaes Tocatnd peniimate

£y o

the Hght sty

Iy sonne aspocts, the Hght souree cwe b s sovond Heht soutes. by sonte aspecty, the
Hight swee can include fanscoiver capalalities, for oxample, o owwrd aod yocetve lipht wignads. In

wherg the

other gspects, the re g aad the fravesnitiing muy be performed by separ

divebnes oin by shaved, partially shared; Yenclinnally partdally shared, physically puotially shaved, vr s

combiniion et
R

FOBMH Toaone aapeoin, the Hebl soures can he lovated proximate surficos equdpment, In 8 aapedt,

the upper pipe segments trehude sttached Sher optic vable portiears where the fiber optic vable mitachad

o the frad upper pipe svgoent is coupled to ihe fong longth of fiber opliv vable. Aliph sourcs resepior

W

¥
}

sl reflscior devics can be miitlized prosinute e downhole wol-mat commegior 1o enshle opt

nal modulation theveby providing @ cechanism for the downhole tools fo manscotve daga,

¥

wfomtation, and istroctions with the surfacs ogoijroent. The light sourme canbe powered by surfiee

cguipraor OF an enargy sowiee loowsiod prosimale the Ngbt sowree. In ong av oore of the sbove
deacribed gapects, there can be more than one Hght sources anlized, for example, one light souree

Iocated proximate the BHA and one Heht sianee Tcated proxisiate the fryd apper pipe seamient. oy

one Heht soure logated proxviosde te smface Spuipomnt

FOO3EY This disclosurs can be atifized dn various applications, such as hvdrocwbon and non-

Hydrocarbon deilling sestonis, deill stem tendy, formation feats, and hydrocarbon prodhection sysienm,

s hydeaudic fractuing

such as voaydetiog vednmy, workovers, svaloatin sy, production gy

£
{HFY aystomes, onoaned off shore systoms, and bntelligont completion vystoras, The bigher tnuscaived
sipmal bandwidih and tansonssion rate that & enabled ey Boihtate the sseof ool and systems, sich

an sobavnis while drilling (3WD) tools, data ordinetion wols, dvilling teoly, logging while dittiing toals,

e, wnd wireline ook, T adidition,

wwasering wiile drifling tools, valbves, acluat

comungmication vystems can be replaced with the described fiber optic cable wystom, such as replacing

wirelass comrnonioation sysaon,
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{00321 Twrndng vow 1o te flgures, BIG, T e an dlostration of & diagram of an example wall systim

HO0 using s Hbey optic conunuagicstion systanm for example, a dritling vystom, 8 ogeing while drilling

{LWRY systom, 2 measering while dnlling (MWERD systom, a SWD aesteny, a telemetry while deilling

 productinns

oy, an oxtraction systomy, a formation ovalustion systony a thads evadoatic

tent, a wircling systept with a punys, and other hydmombon well systens, Well system G

inchudes a deetek 180 2 vl site contraller 107, and a computing system 1, Well site controlier

5, ¥

107 molsder 2 provessor and & memory and v vonligreed to disset opevation of well sestent HHL

Darnek 108 is focated at a sorfuer 1.

onds 112 and a

[OR33] Extonding bobww dorrfek 163 i v borshole 11, with o set of wpper pipe seg
set of lower pipe segments 1S focated within the diameter of borshole T Located at the botton of
st of fower pipe segments 113 sre dowahole tonls 120, Downbole tonds 120 can inclede various
derwrtiole twols and BHA such e drdling bie 122, Giber comprnents of dowsthole tools 120 san e

prasend, such ss a local power sapply {eg, #oponoratn), baltenies, capaeliion, Slemg

eriors, ransesivers, and 8 oopttral systorn, Borghole THY i surronnded by sublarranean formation
130

FOO3] Tosorted o set of fower pips segmwats 1138 is 2 Tong leogth of fiber optic cable 13 (shown

as i sold Bae) Long leagh of fiber optio o s coupterd (o dowahaole ook 120 widng w sl
wmate conpestor. The upholeend of long tength of Fiber optic cable 130 ix compecied 1o the lowermaost,
£.g.. first, upper pipe sopmad In s of upperpipe segoents 112, A prected pipe cable 132 (shven
a8 & dasbod Haed iv sitached o the owiside of sod of wpper pipe segroonds THL Prowected pipe aable
133 extends o dorriek HIS and iy ooupled o one oy move electrical cables 134 {shown as aodosied Hag}

YT, Protected pipe cable 133 can be profocted From rotahional wiay

conpting fo well st comtmndier

sipe By heing athiched 1o the respeitive upper pipe segmend using

R &

alohgside the viser, cusing, o deif

d pipecahle 132

X

a centrativer, clamy, Cage, other prajectors, ar vadious condhinations therdof. Protw
cave be one or more cables wwd wivgs Guch s Tiber optie cableg, alpcivie cables, eleniric wires, ory
combinatin thoraol) and Be of various lengihs, such s 30-foat-dnng portions B diill pd
o Bl-foot-long portons fovdnl] pipe staads,

(80331 In somo wopects, clettuesl cabdes 134 can boe geplaced with 2 wivclesy  fravscobvey

comnRasicanion systom. I soane asmeots, the oreprectisgs coupling botwa

> oondralier 107

ypo of connecton. 1o some gepects, prooted

amsi the well

pipe cable 132 cop end prior o coupling with equipment of dorrick 105, and an dlectriedd connection,
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a fibey optie cramention, ora wirelies connpetion oan b atiibed fo onuple protocted pipe calde 132

ansd well site controlioy 147,

PR36] Wall wite controtler 107 or computing systeny 108 which can be conwnumicatively coupled 1o

.

wegdDniie onntes 32, can be giiiteed to commmnicate with desvidhole

tools EAE such

ciry, date, istuctions, sod other wdornmiion.

Covppuiing syvatom HIE can be proximate well site controlior 107 of be g distanie awsy, such ax i s

cloud eaviroranent, x dala cender, 8 lady, or 9 oraporgte office. Computing systent 108 can be g laptap,

srmgriphiaie, PO, sepvarodushiiop cranpater, chad cotpulng systent, other compatin

e

g L¥LIOms, O e

contbination thereof, thatwe oprrabio s parfonn the proouses and methods deseribed horptn: Wellsie
oporators, engineera, and other personnel oy sond and rovebve the welometry, dala, ostvections, and

cther dormstion by varioux convertional mews with computing systenr 108 orwell sile condraiier

JOO371 FIGL 2 s sy il astration of a dlagram of snoxample communiostion systant i o HFE welisysem
200, which can be @ well wite eehere HF oporations asg ogCurring Geough thetmplomeniation of s HE

troatownt plan. T weell sestem 280 demonstrates w nearly horbunsdd borehiole andergoing s fravbiving
OPOTAtoN.

JOOIRT HE well sywiom 2

o

il ognipment 203 focated at s weface 200, well st

213 Tocated below swrface 206, and 8 computing

gontrol sguipment 207, q Hber optic ight souree 2

Y

systemt 08 B ovome aspeots, wadl e comirod equipment 207 iy communtcatively commoted

o~

S{S;‘}zﬁﬁi"- comppiiing system 3N, for oxamiple, a sevver, date oenter, cloud servics, tablet, laptop,

ex of computing systeas, b doowied proximate

et 207 o located & distanwe Tronywel] site coabrol sguipenent 207, and can

be wibized by o wall xysiero engineey aad spondor 6 foaeceive elvmetry, daia, Tastrctions, sod other

information.

{8Y Exrending bodow surface 206 Fomy sueface well sguipment 205 1508 bavehole 21 Bowhols
214 can hatve o o more vased sestions and a bottom seolion that s cased or vwvased. Inserted ints
hoehode 10 x Hoid pipe 3300 The bottenn portion of flaid pipe 220 bas the cupabitity of releasing

downbole material 3MY, soch ascarrier fard with diverter vostenial, from Fiad pipe 220 o sebtorrancan

formasiony 2353 contatning fracteres 24 Therolease of downhole materisl 330 can be by sliding

stoaves, vadves, perfonstises in Huld pipe 330

o by other velvase means. At the ondd of fhisd py

wan end of pipe assombly 328, which can inchude one o more downhole tools oran end cup assambly.

I some mspects whare Rber optic Hght sourca 215 Dy potpesent, ond of pipe axsorably 225 can inclode

&
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a downhole Heht sowree 237 1o enable wansoizsion signal wodaction and wodelation for generating
communations betwenn - end of plpe assenbly 223 and well stie ot cquigmont 207 and

CORPUBIDE vyaiam R

P

FHMOT Upper pipe segoonts +F Huid plpe 220 incledes fibar gyt cabie conpling ot cack opper

&

pipe segment joind rwat oach appet pipe sand sogment point. Ruaddition, fbor iy

1 Hight souvoe 215

%

15 Jocated downhole at a coupling joint of apper pipe segments 21 such as at the fisst appor pipe

segrnent. The fiber optic cabde of apper pipe segments 2121 coupled W tarfacs Tiboy optic cable 254
{shown as & dashod Hoed whiel i tod v coupled forwell ddte vontrol sguipinent 207 and somputing

systorn 08, Stmilar to well systdnt 100, in some sspoais, the uppar pips ogments 213 van withiee

alevitleal cables o wires fn place of fibor optic cablas, Insome asp abies attached

ots, the fberaptic

0 upper pipe sepments 212 o the electriodd cabdes attiched o upper pipe sepments 212 o be
conunenicdively coupled to well st control equipment 207 using & slip-ting conneetor iy w wireless

franscaiver sysion.

{88451 A long longth of fiberoptie cable 230 i located In lowey pipe segments 214 of flaid pipe 22€

ard 13 coupded 1o the fiber optic cable of upperpipe sopmands I an

othse aspests, loag Teagth of fibor optic coble 250 can b focsted exterton to fower dipe segments 214,

in sonwe

sapedts, when denvnbole Hght souros 32

s, fong fength of fiher optie cable 2301

I soures Tools of and of pipe aesembly 225 and wedl site control

goupled $o dinenbols

"

3T can uiilire the one oy puwe of

cquipmaent roptic Hght sawroa 215 and downhole Tight souree

227, along with receiver or teanesaiver capabilities of =;§evzis:.e.a¢ 0 genarsie comnumications with the

o

athorof evd of pipe sssembly 223 o wall wite controd eguipmiom 207, To addition, fong length of Tihey

5

aptic cable 230 can he atilized s 4

s osuch as g distribaded aonustio sasod, Hroughent s oogth.

in some aspects, ond of pipe i

wavmbiy 235 can b logatad st various deptbs within borchelke 210 i

addition to the eud of pi_pe Iooation.

42T FIG 3 i an vtheoetion of g dlagrameof sy sxanple comminscation system in an of fshore well

systant 3 where s elootrie subyncrsibls panygs (BESPY assendly 328 nu,d downhole i borschok

A1 below a body of water 3490, such gy an ocomor sea. Borshole 310, prodented by casing, woresns,

or othor strectores, v swrnunded by sabtorrancan foonaton 345, EST assormbly 330 can slso b nsed

for oistuwe aperations. B8P ssconddy 320 hohades g w

41 crmstrolier 307 (N esapyde, toast as

wd and o tions controller of

ESE aasombly 383, an BRP motw 314, and an ESF punp
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{08431 Well vontroller M¥7 is placed in g vabinet 300 fnstde s controd v 304ty an ofhore platfram

305, sucli s el vl Wall condrallor 37 s configured o adiat the w6 of BESP nustor 314

o dmprove well productivity. In the flesiratad sapect, ESP motor 314 s s vwo-pole, three-phass

o~

vy tarn BSE panvip 3340 ESP motor 314 s o

e indhantion mator that op

I ESP ass

rhly 32 just above downhole sensoes within borehol

exiends fovg well controller 307 o BSF mggor 3

H
i

{08441 Tn some aspects, BESP pamp 324 Can be achorbaontal

surface puog, @ prog cavity pany,
& submeface vomgaossor Syt of an chaotic subnumrsible progressivecavily mang. A motor seal
soctin and bilake secotlam Ry axtond betwesn BSE motor 314 dad BSP ptoyy 3340 A ey 318
separates ESP assorobly 329 Dom owater 348, and & casing 31 can seputaie borghole 318 Hom
aghterrancan formation 345, Pofortions 1 cssing 318 gt allow the fladd of intersst from
subtarrancan formation 343 to anter borshols 330

FO845] Parslliel wo poewer cable 333, is Tong fongth of fiber optic coble 330 and apper pi;}{% segnIent
Fiber optie cabio 352 (o thin figurs, powercablo 336, vy tovpth of fber of optie cablo 3540 wnd upper

pipe segment fibee optic cable 3587 appeay a3 3 8

exertting both power cable 330 xnd the

rospootive long lengiie of fiber optic cable 330 and upper pipe svgment {iher optiv cable 357, and 1o

other sepects, tan Be locsted extorfor o the B8P tubing). & fher opiic Yght soarce can be Jocated

%

shwenhods, such as praximase ESP owotor 214 ocated wi

% al subtorransay auface 342w

(

#owater swrface 344, ot offshore platfonn 305, or at another depth within bovehode 310 Poweroabile
330 can provide energy to s downhole lber optic Hght seurcs.

FOOST Fls Tad 2 ¢ pm pmslwne operations. Those skilled w0 the art will andersiand it the

disclosurg tv-equally wall suited forwse W ofbbore opevations. FIGS. | 2 and 3 depidd spentl

howholy configurtions, Gose shilfed i the art will voderstnd it the dlsclosure 1 agually well
suited for sse iy boreholes having other orientations incleding vertical borelinles, horizontal Borehotes,
slanted borsholes, multlateral borgholes, aud other boreholke types

{TE BIG. 4 s an tHusiration of o dagran of an exsmpde appandos 400 with o long fength of fibay

optie cable conpected st g sarfuce Tocaton,  Apparats 400w shown in s ofishore operation, The

diaciosed systoms cast be utibzed in on-shore and other oporsting cavironmants,  Apparatas HHE can

to provide high bandwidth compuusications bebween downhude oy and swrface

. Appanaduy 400 inclodes sorfson squipmont 403 {risor 41, g drifl string 415 focatad
inside drll riser 410, and o BHA 420, BHA 420 can be vartows types of downbole tools, doll bis,

sensors, fad controls, snevgy sowves, tramenivers, aud conddngtions thoeend
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{00481 BHA 480 can Ruther inchude o dhilling avsonably 4230 Tuserted inte drifbatrmg 4158 &5 3 Jong
fengih of fiber optic orble 43, focafed in the oweer pottion of dril sring 418, Long longth of fiber

optic cable 48005 at least the keogth of three stands and can be teny of thowsaads of feet fong, A kewer

ed s BHA

gable

420 us

+f fibor optic cable 50 ix < by aptic

distad avd of

w430 can be a

copnsctey 430 and 2 BHA wit connent 4320 Pronviimate fibey optie calile connee

downhole lght souree, if present. The dowshole Hght sourve o hove tho capability o be goceiver,

fhiber optie cable 458 3 coupled

fransmitler, oF fanscedver. An upper
aphole o surfacteguipment 405 wilizing ophode conmeaior 435,

ca Hoor 482

rably, Tovated ator abive sea lovel 460, Above s

[0848] Switace eyuipownt 48318, p
are blow ond proteciors 417, Drilling assenbly 432 3 lovatad prosiinste o bottombole 484 of the

For denusstration porpgasss, in this sxample, battombole 464 can be at 23,058 fert below

sea level 4640 Sea fhoor 463 can be T8 feet below sea Tovel 46800 Lovsg length of fiber optic cuble

E00 foer, The 230 &

S8 can extend from BHA 420 o uphole connector 4335, approginge

2

sugth of Sher optic cable 450 can reduce the nurnber of connectors wesd o the syarem thevebs

v}
o,
2
P
oy
it
P
ot
e
o
..,,
ot
f,v-

regducing the attensation of the Bheropdie stgaal,

FROR0T The roreaining distance to swrfvos cquipmond H35 can wiilize apper pipe s

3

aptie cables, or electriond

ciddew or wdres.

bsing fibar aptle cable povtions, one fov sach pipe
sciment, can reselt i sgnal oss, Dilzing cleotrical cabdes on the upper pipe seements v redues
this podortial sigoad lose. o some axpeots where Tiber aptic cabley se witlized, Gboy optic amplifiers

can be utthzed 1o reducy the potordial sigoal loss. Optonudly. the uppor pipe segveents can include

profectors, such as cages, clamps, contrafizers, sud collars, 1o protect the fiber optic ceble Hom

4%

3
Red

£ SRR

P2

rofatiofial wear — (e pridectins Con rotude By fandomy with the set of apper pipes
IBOSE] The suducthon i commadions can vary as the deifling dopth biorval changes. Fie exaople o
aspects where the drilling dsterval is 3000 feet, g betweeny TR0 and 26 000 feet, the nuatber of
coanectors o be reducsd (o arange of approsioatels 33 o 100G fiber optic vonvectiony, e, reducing

the potential signad oss 10 20 0 60 dB (33 % 116 dbfvosncety o 100 ¥ G0 dbfcomectory. A wired

JQritl pipe, by covpparison, would need approximately 868 fnductive couplors {osing eonventional pipe

a3

¥ for the supe 26800-foot Tongah. For s dvilling dnterval of aboat 2000 fodt, ¢, hobween

26,000 and 28,000 foet, the muanber of fher optic cadde conmectar iy in avange of sppmyimately 22

indurtive

i@ conpers

pprovimutaiy @Y

60, white the whed dnlf pipe would aiili

o3f OO0 Py,
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FO85ZT FIG, § v an lostvation of o dlagram of an oxanple sppavatus 300 with g by longth of (iber

optic cable oy

ted at locution bolow sua lovel Apporatus 500 B an extension of FRG 4 alter

additional bowhole depll

fas beon detfled Apparatus 400 and apparates. 300 glo demonstnate a

igh spend telemetyy. Apparatey K & shown as an offs

v atifized i onashore and other operating environnents. A w SHY can be ptilted

N
¥

provide high bandwidtt communicaiions bebwosn downbole tools and surfsct squiprpent
Appiratus 300 inchudes sarface souiprment 303, @ oiver SHY wowtof uppey pipe segrmants 31T locuted

sieke the I of vhsar FHY, o sot o Tower plpe shgments 514 focated insdde the 1D of risor 310 fwhen

ahwve asea foor 3027 and & castng ST {whos at o halow sex Hoordd
PR3] Tosened o sot of Tower pipe segmanis 314 18 o long longth of Abar optic cable 3800 & beesy
distad evd of bony dengtio of fiber optic cable 330 i couplad to BHA 320 asing o {Bwr optic cable
congeetor 330 and 4 BHA wot cooneet 3320 In somw aspects, fiber aptte cable cumtoctor §30 and

BHA wet conment 333 can invlede gleotrical coupling vonnvctors, ex., vontacts. The electnival

coupling Conticty can Be altbizsd o conesrta signal transmmisted through long lengthrof fibor oplic

cable 33 fo ro aleotrical signall tovonvert an clestriosd signad froos BHA 320 1o an opdioad sigeal, or

cal cable o wim wlong the leagth of long leogth of fiber optie cable 350 o BHA

process can wse varlous combinaions of banscgivers, electro-optical comveriers,
sorocdulators, antltipleyers, dosualitploxens amphifiers, filters, ond other devices &

feiltiate the compuatcaton soupiing. o other aspests, @ separate connector can be prosent for the

glegineal coupling. & downhbols ’i.ighﬁ' souree, g, configured sy o twansceiver avd

proxivnate fiber opt

At uppir distal end o Jong leagiiiof fiber op

is coupiold nplobs to & frst uppey pipe segroerd §13 n the setof upper pipe segrwents 31

comcior 538 Io tuvn, csch uppey pipe segmont iy sebof apper pip

¢ segmenis 12 18 coupled o a

oled wserface

&

seighbor pipe segrvent (or pipe stand L. The uppennoy of the upper pipe segments iy ooy

SR sepects, aphode conneetor 333 can inclode o Tiher optic Heht sowe . alen

sgaipment 3058, In
coplipurad 85 @ ranscTiver system, o modoce and vwdube optical stinals. To other aspests spiusi
conpector 335 can comnuncatively couple (0 @ wirclesy transoeiver, which fu turn can bg coupled w

. Uphokoconnectoy 333 ¢

clectpenptical connector o an ‘\E‘Uui%

X

surface eopipen
3

optics] cnnnector.

floor 862 we

FBSS] Swinee equiproont 305 18 located approximstely st sea fovel &

Blow oul prodestars 317, A deilling wysembly 532 & looaded proscimate o prvicas bottosdhoks
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¥

gnation 364 of e horehode, snd in this example, dritling assonibly 322 i extending the bovehole

Y

g

bokow the provious dopth @y indiended by pooviows hottombele dedgnation 564, Fur domonstration

mapases, o this example, provious bottombole desgnation 3864 can be at 23008 et bedow sea level
X & A X
S\ LA, \‘ S

extend front BHA 320 to uphole connector §35, approxivastely 20,000 feat

2 can be TAHED feot boelow sea loved 5360, Loog longh of Ober optic cable 3583 can

FO636] The romaining 1000 feet o surlice Squipmend SU3 can il

st of uppor f;\ segmonis 312

3

w' o

choav one for cacl drill pips segroent {approgimately 30

with pipe 3oome for each

drill pipe stand {approximat

s feet) other Toraghs, ovd coanbinaion heteot. Thiveaen ralbues the

aumber of sonnectors wsed 11 the systont thereby redusing the stenuation of the tansroission signal.

@ o

Ty this exsnp L of ppper pipe sagmonds 3 getive pipe cables 332 avachod w the

GE of the rexpective wpper pipe sogowent, 18 soume aspecty, the plpe cables S52 can include protecton,

5, S8

clamyps, coatral Hrey ond caps; and collary, fo protect pipe cables 352 froms

retationad wesr, andan rote in tandens with.the upper pipe-segmenss,

{88571 Fird appor pipe segmemt S8 oan varyd

structine rom the other pips sSgments in sel of upper

pipy segments 312, forexample, i lengibcan be 14 feet g and the OD canbe da

¢ than the other

pipe scgments, In some aspocty, fost uppor pipe segment 313 san wlude other cquipnmnt, for

axgmple, an alectro-aptica] connecton siso known as  fber medis converien (o connect a fther optic

X

gable and an electrical cable o wire, a8 wedl saooovert Dbt stpnals andelectrioal stgnakbv o U nther

signal type), & power sourcn, a power rogudator. o Higdd sovree, yach as o LED, laser samivondinton

b

dode Taser, or ancther somee of eloctromsgnetic ruliation. In aome aspects, thare can be move than

R
b
SE8e

ong fiber optic cabde, move than one electnival cable o wive, or & combination thereof and

syory and ong ow mope

vt with signal procossigs.

P

xR

A3 onn B one OF phow

3
}

sables, one ot o efestredd

s raore elgcirical wires, varistss combinitiony of bundlad sred von-bandied cabies, or

S

vaious Cornbiations thereof.,  Using cleatrical wive or cable @ the pipe cable g redues

soparicncad signal atcouation sines the optics] transouss

Qi on signal woadd pass throongh

conneators, I some asposts, pipe sables S8 canbe 3‘@p§&i€@(§ with 0ne of more wireloss ftansoaiver

d downbole cable, or .i’ii“mr»-ap AC-OOR pmwmvumﬁiii:;t;zi -cable. Pipe cables 382

+ 3.

may crenprise hermetio stainlossatoed fobe, high strenglh wirg, polystiodone jacketed, hydrogen
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soavenging wel, and indine splive technndogy, Pipe cablos 353 can otiliv tsulated I8AWG copper

feg

conductor. Inoss mbe design for optical fihars, ansl meterialy o provide pradection from sevare

choemica] environmests contabiang HaS, O vovthane, ot digsel, gusoling, tolnene, and other organic

solverts, Pipe vabdes 532 can have w wide nperating tomperstine range from 4047

Cobaius ared will

FOO0] FYGL 6

tze Hghly abresion and bapact esistant vaaterials,

s b

sration of & disgoan of an exuaple downhole wieomelry systant S inclusive
of ¢lectrical coanestions, ownhole telometry systems 600 demoretrtes the use of glectvical
o gledtrical tons. Downhele ¥ ¢ tory (00 demoretrates o glectrical

coqntectiiom with the deesidoln tools s praw'id Sonunumications with dhe doenhiol tools and fo

provide an chergy sturee for th downdole lght sowrce, W prosent. Downhole tolontetry Systom 800
inclndes wset of fower pipe segments S14 sading st downbole tools 3L Locted betoraal of the 1D

of setof lower pipe ssgoeats 814 along leagth of fiber optic cable 630, Long longth of her optic

i SR

cable B30 mchudig connertars &t the downbale ond and the uphode end) mindndeing conneciors slong

iy lonh,

3

{08681 M i preforred that long tongth of fber optie cable 850 be an wninleoepied fongth, In some

S

asprets, long length of Bber oplic cable 830 cun incleds ot foostinng slong Hy Jength spisfoz:\ and

cra stieh ay sheatrical of Gber optisorbium dopad waphifiors, Inosddiion, long kogth ol

3
}

e 650 can ncinde one o tore optical sivands, ¢

»or more fiber opte cables,

LHERS S8 25k

slecivical cables-or wives, and support strnctases, such as el strands or other materiads o wdd e
supponting the fiber -:tsps".ii?'. cable. o addition, long length of fiber optic vable €533 can hwve varions
typos and oonnhinations of cladding and protevtion, such as anmored Bbar optic cabls.

%

FOO52T At the dowohole end of long tength of Hhoy optic cablo 63045 gowet connect H30. Wat conneny

Q30 ean dinclode v light sourge contirolier, tandulaton, light detoctog, Tight sl

veffoct & dndalated sigoal & poower soapeg; & power reguiator, and othey conponudy nsad fo omaplete

the compuveatian systent The comonuitation systent g incdude addifional conunumication

;,,,

sestems and methods, for examypde. o drill siviog conpnanitation systan that cax sond o signg! nsdng
fower pipe sogmeats 14 In sorne aspeets, the commuurication sysom can includs components

gransivr conngucation signals, For example, componsats oun be iocloded tha san pevforousignal

proceasing o tranefiem g :\:igmi from electrie o ouchagical, aectrie o Bgle, hght o thormad 1o

=%
sy
ot
%
"-’,

aspects, the compunivation system cav uitbize 8 Tl souree with the Sher optie cable, ailighy i
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13
i

{LAFY wiveless comnunication system, @ visible Hght-conmnumicstion (YECH syammn, and other

COMBUEIKAHOR SyHoms f¥pos.
PRG3] T sovpe aspects, wet connect H30 can anclode o Hgbt sonrce 634, such g w laser, a highs

powaored LE crmect §20 can be g upi

sovrhiol wet cramnet 832, sunh as g wet-mnaie conneoing, wheve downhole wetconneot 633

[~ 9

coupled with downhele tols §30
{08541 Blectrioal conbection 824 can provide @ compunications couphag bitwesn downinle tools

S0 ared s rwsposiive felooadey o chowad, and wat conneet 630 Telonwtry dovicos can e

R or Taors dovicss that.can collect data downbole using variouy typey o somon and gonsrate data

sttliding the collented dati. For example, (omporaburs sensons, PrOssuis SOTsars, Magnetic eaenance
aensars, flond senemy, selade somaon, poroability and poramity sensors, i other serpor types that

ibores, TWD, MW
Ta

can be locted dovwrdiole. Thuse tolometry seosors van by wsee wath drilling

SWI, ESP, HE prodaction wellbores, intercept weltboras, r¢

sstoms. Long dongth of Bber optic cable 65 be coupled 0 wrface equiparant or {6 s0Hivs ppey
pipe segaent, The st upper pips seguent can by ooupled to additiona] vppor pips segments and, in

*

tur, couprost 6 1he surfase opapment.

3

[8063] Bleomioal conpentions 836 can provide energy t wet sonneat 830 and, if present. Hght sowce

=
¥

Downbale ool 828 cananclude g power source, such @5 & gonerstoy, hatteries. capacitors, and

ather types of soergy sources. This encrgy can bo provided for use by sdhar compomonts sach as wat
connent O3 hran altormatve aspect, 3 sepangte slecttoal sire or slectriead cable can be proximaie

the tength of long longth of Hiber optic cable 6500 The electricad wive or electriond calde can provide g

N

0 OF & ZORETaky position

¢ for enorpy o be sowrsed upboly; sach ax fFom @ surface gonseat

proxivesie downbole faads 83 arel to be used by downbole oy S0 wot connact O30, and Hight
soree B34

v system (TSR

fnes] FIG. 7 i an Hustration of ¢ hiodk diagrant of aexample Gbey optiv wlem

T with » Gl sowroe Tovated at optivead pobiss within the system. FOTE 760 dosortbos the moups

of touds dovices, and equipment that can be nechanisally ov conusunicatively voupled i a borchede

i,

envipovanent,  FOTS 700 inclodes surface aqoipnent T8, a set of uppor pipe sogmests TS, a figg

e

uppa pipe segment 716 1o the set of upper pipe segrnents 715, set of Tower pipe segments 17, st

i

dorwenhol ook 728,

F6T] Swiace equipmsnt 705 cun inchude dritling equipment, dewrieks, cranes, winches, controlions,

punps, pipes, compating systors, and other typey of sqoipment ased for oparating the borchoke

?
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l

syetern, Typiealiy o, g, doasern ot the swface can vvinw and analvee

. i brachole oporaty oy gngt

Ve

data recebved from downhade tooly 720 and then make adiusinents o the operating plans. In additog,
the vser can conwaonionte with downhole toeds 720 (0 make changes in the fustroctions ot operating
plavo aear reab-thme

fH6ST Alromatively, the reoeived data nan be anadyzed by a Cs:‘smps.sizisi&g wystem and adjusinents made
T3, for exangple, whena
wachine loavning algocithm i utiitved o progess the recerved wlemetry, In some aypiots, g user can
provide reviow and spproval of the chayres moommeaded by the machine kaming algoithm. The

i~

comnputing Sysfeny rtaning fho machine lesrning olgorithoy oin b loosted downbole

dowabole ook T2, proximate suelice epapiment 705, ga.z‘e}.xim e Tiret appor pipe segmebt 716 v at

another Jocation along the borehole length, The borsholes Qin be for sclende puarpoess, hvdrozarbom

cxploration and axtracism murposes, 30d {or othor puarposes, Ko onamplsy 1 ;o oF sulbay
LXITHCHON,

F0889T Sot of upper pipe segmg PR car be one or more pipesegents that fnehude 3 pipe cable

ard ronaeotoe, such as an aleotrical cable or wive,  {iler opiic cably, & wirless fanse systont, oF

ombination thereof, alfowing & convnuninmtinn coupling between downhuole tools 733 and surface
equipment 703 Fral apper pipe segment 7185 con nelade an electro-optical connscion o coanact a
fong lengtloof fber optecnbde T8 o s additional postioseol fibar optic cable, an elecirical cable or
wire, @ wirclnss fransceiver, or other sonuounicadime fools, such as a lght source, 8 puxliiplexer a

+

depwmbtipleyer, s signad processor, an swophiien and other doviges. Long length of Hiber opic aable

FEO e Teast e Tongth of e stands aad can B ey of thousands of foat %ung. o hiis example,

threg wpspoy pipe s presonting ene pipe sund ave shown machanic

gmnenis i

coupled, separated by the dashed Boey though fowse oy ad
ba uved,
HITOT Tn anpects whers

cable or ag an oloctrical cable within & toebaid cabde); the upper

deal cable or clectriodd wire 18 b

coupled.  Fipe cuble 737 oun be atbucbed 10 aweh of the uppay pipe segm
wolmigaes, sach gy protectors 734 For axample, protectors 734 can be cages olampsy, eotlars, and

ether profective amd attachment devices, Pipe oable 752 can berhuostad within motectors 754, Inother

aspects, py

for 754 can bo ncladed within the various pipe cable 7532 segments. Mintmdsing the

suniber of wpper pipe segmends {1 set of upper pipe segmonds TS can sunbmixe the wamber of

vopnsciors i wse therehy redscing the potential altopuddion and trosmission signad loss as the

a4y
e } T e
S
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transmission signal passes Yenugh each respective conscton. Inaddition, the reduction inupper pipe

ents can roshroe the wond B sddittonad protoctors 754 {or pipe cable 732, thereby reducing vosds

and potential fatlure points.
fT Y bnosone 3.&;}&:;;11&, first upper pipe sogoent 71 can be the lowermost, middle, ov another apper

ce 740 Light sowree 740 can by capalile of produning and

modelating & Hght souro b

o generats ap opical signal for tansoisaion through e varios fber opic

cably components. Light soarce 740 alwy mchades othey twools, devites, and clectvonics oy
implomeniing e wanstdssion of e of move stgnals, sueh a8 o o move of & hght dutestor, & Hight
redlostvr; an clodt-tptical tranvfor clromitry, & controlier cirduliry, sn eloctrion? waplifior, o gl

amplifier, an ahiumedoped Shey avoph

ot

processor, s wmodulaton, o moltipleser, a

degndiipls

(CF, BB RRCrgY ean mpat from an energy sourcs, wd other components, Iy somg

sapecky, Hghtsowree T Taclades tools, devices, and dleectronies S tmplerarsding the reosption of o
o more-algnals, such as one or more of a Hebt deteoton, & Ml refieCior, aa slectro-opticat

a controller chouitry, an olectwicad amplificor, o light amplifier, @ obiomedoped fiboy

dudator, o demoduiator, o omulitp

BCRLTCR o M dapat finn an onoegy sowres, wied ofhor comprnents,

IB0TI] Light source 7440 can abso bo locwted with sarfoce eguipment 705 T also dneludes devices

]
§

gapable of meeiving and fransrnitting optical and electrieal siguals multiplesing sud dearnaltiplexing,

arapdifving, filforing, string, hofloring, iriggering and other capabilities typioally reladed o fibay

3

madia converters, oy exwaple, simple conveniers, swiiching converters, network brdges, nanaged

comverterns, Rnsesivers, B dnserfucs convertars, Hber-aptic communications, smad] forme-facte

phiggable transcenvers wy othat typey of corverters kaunen within the ant of data and power trabsder
andd communisaiong.
fE3

iited o, Bthernet, fast Bdwmet, gioabit Bibomat, TURY

e datn and power may be ineiforred maing data compnancation protocols nchuding, bat not

an well gy muligde cdldling

tvpes such ay com, swisted paw, owltoarode, and single-made fiber op dher types of diuta

granslor and power transfor protocsds knows within the an.

FO8T4T Sot of tower pipe segrsants 717 can be of varfous shapes and sives, and do not aced 0 be
andforms. In addision. »et of fower pipe segments 717 can porfvm othyr Tunctions than what i

doseribed heredn. For oxample, sot of lower pipe sogments 717 can include, b s ooy Hmited &y

drifling yars, data senwors and Jpgers, seisuNe SOUICRS, EIsue reogivery, aiber types of receivers {such

P

as garnma vy, mdicactive, geologival revovveny, amphificrs, flow splittors, mued coolers, fwmedion

o
0
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evaliation tols, sagde calches, other tools wnd dovices, and vartous combinationy thereof, Set of

fower pipe segmenty T17 can have ber optic cables and eloctrie cables or wives, which wre not mtiliesd

by the disclosure. Typroally, losy expeosive pipe sogments can be used that do net nchsde those

=5
Z
*7
Y
]

CORGIONEIL,

.

FF7E] Thore can by vartons guantities of pipe segroents b oset of lower plpe segrents T, and an

example i shown using dashed lnes o indicaio g sores of mechamically counpled pipe segmenis.
FOITS Tt pot fo scale and the sixb and ghentity of wpper pipesegments and Jower pipe scmients
can vary sceording to e operstionad spodifications. Sal of Inwer pipe segmons

v g 3 £y

thresugh borchole T e downlole tools 7200 A long Tength of fibor optic onbi

feast partially within the 1 of seb of lower pipe segments 717 Long leogih of fiber optic «

2

cany clnde ponnectors solely st sach ond, tavehy reducing the copnsstows over this length, The

updusbe ot of bng leag sabde T30 s be compested 1o Hrst upper pi ment 716,
t 3 PRCY pipe
sonree T o o arsdher upper pipe segment. The dewniole end of fong lengthe

s b conaeciad v wet comrect THE O dowanhole tools 720,

wane aspects, wet comet T30 cxn be part of a housing that alsvomelndes o Hght sawree 745,

iguration as stesertbest for light souree 740, Wheo Helht soapee 740 13 preasot, Hight

sontves 743 v typioatly a sflecior and Hght demedulator o goverate e communication signad, In
sorne apects, Hebtsoures 743 fnclodes sooks, devices, and elactronios for ngdomenting the reception
of pae o omore stgnals, sueh &8s oo s ore of 8 light detector, o lght reflostor, @t electoooptival
transform cirouliry, o vontrodler ciroutivy, an elvctrical ampliften, o hight wophifier, an erbiumedoped

fber amplifior, a sig swsor, o rnodolator, & demodelstor, 8 wmoltipleser, 8 demaliiploser, an

Aspnots, hight sourse

|

Srirgy source orat pud frowy an energy source, and oty cranponents, I othey

48 cunnclude a ey, 8 faser e dtode, 3 bigdepowerad LED, orothes types of sladiromagnais

N

7280, Downhule tools T20 can

ABECITROL SORISSs.

Wet connect 73 can be coupled to dewnbole tools

bea BHA. ¢ HF and of pipe assembly, wcdemeire toals, progs, s and other toads and dey

gy coanbinations there

Sy Fiiede

s chifferont howsing including.

FOOTTT Wet conneat T30 can be one or puwe tosds s dayd

bat not Hmitad to.a el dotector, « hight waf - electrp-opical nsform ohomty, a.controller

anypifier, s scbban-doped ey amplifisr, o signad process,

& madulatorn s multiploxer, a demnnilipleser, sn oRCIEyY sOWICS OF A i front A ene g, and

other componends, 1 slse can nchude devives capable of receiving, tranumitting optica] and eloctdesd

sinals, ondiiphening sad demualtiy

exing, amphifving, GHering donng. baffaingang gandysther

R o

2V
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capabdiiting typically velaed o fibor media convargas, Tor example, stople coaverters, switching

<

converiors, notwork bridges, ronaped converters, fransestvers, gizabit ivtorizon vonverkurs, fibee

optio compramications, small forovfactor pli sgmhﬁi&: Gansegivers, ansd other types of converters Known

Py

The data and power cay b trstorred

withiin the art of date and power fravsior and commngn

wsing data covnpmnization protoents &

Eihernet, THUELIL DS

wiuding, but ned Hinied to, Bthernet, fust Bileragt, gigabis

3, as owell as oadiiple cabiing pepes such as coax, twistasd pain pulii-naode
and wingle-mnde Tiber optics and other typey of dadi sravater and power tansfor protocods known
within the et

FOO7E] PG 8 s an tHustnation of a Hove diag

s inethedd 300 forimplementing 8 FOTE.

i, FOTE 700, Method SO0 stavts o 8 stop 805 snd

Mothod 800 can be implomented wsing, for oxamp
provecds oo step 8100 Bnostep B0, o derrhole (ool can be lowerad Bide i borehols wsing & set of
Yooy pipe segments: The fongth of the lower pipe sogmenty ci run intoihe tony of husands of feot

JOOTST I a step 814, o long longthof fiber opticcable can by located within the H.of the sot of kower
pive sopmmenit: The downhode ond of the long length of fberopticcabde cap dngtade s wat conpegt o
contpde with aswebanaie connector couplad fo the downdoln toads, Onon a coupling bas bown made,

Y v

{ fibor optio cable can be aptivally soupled 1o

o s first upper pipe

¥

ssgient that inolades 2 fiber opiic compegtor o an electo-optical connector sad g pipe cable.

y segments can b oaddeds, boeing swchanioally coupled 1o the seapective lower
dapth pige ssoment and communicatively (rehading power) coupled to the pipe cafde which s

sttached o the UD ol the wapeciive upper pips sogments, The frst upboles pipe segment and sdditional

¥

aphate pips segmends, U present, cun inchude oue ov move profectors for the pipe cable o oinimin

wed of e pipe cable, I sbie aspeats, 1

sapable of gererating an « v;‘.ﬁ{ii;’.ﬁ? sranantission

sigand cane b locsted b the first apper ply

aspocts, the Hght sourcs can b located with e surface squipment,

fOROT In o step 820, the uppenmost of the additional uppor pipe segvents, or the frst ypper pipe

sepmat # #i¢ the wpermodt, iy mwchenivally coupled fv sweface oquipmiont, including
copunamatively coupled fo s nlfase equipiment. Surfwee aquipoent i furtiey soupled 10 suebiee
ceanputing systems, capable of generating angd roceiving data, nstructions, information. and elematry

o and frope downhole fools apd o and frovn ronete locations, I siwee aspooty, surfiee compating

aigorithm

sysioms are capable of exsonting & paching §

deep learning nowral pelwork. In

other aspects, downhole tonls are capable of executing a nwchine learning algortho ora degp leaming
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FO83ET In a xup 823, poveercan be applied fo the Heltsouce, af the appropriate location in the systeny,

ansd hixk bandwidth vaddirectionsl oy bi-divgotionsl contmunications can he estahlished betwesn the

&

snhods tooks and the surface equipment and surlige ccssfﬁpajii;zg systevns. The appropriats focation

cant be prosanate the downbole wads, proxiveie seefaen eguipment, of proxenate the appar pipe

nivations G Be one v more, or Coarnhirmtion of, bud nos Timied G, data ransnussions,

enmpiims:ﬁe f;t.itz:aas’_ege:\:, or frogeenty  changes, Crowpanieations e otilize optical sigoals,

cloctramdgantio. or othor types of onnrgy teanstors,. for oxample, theneal eneegy, radiant

ol

cngrgy, shemidnal oorgy, budiear ensrgy, cleotrical onstgy, motion etergys Souwnd on

;o OF graviiationsd snorgy. I osome s e ons, av ased herefn, dre aot Bodted 1o

SIRTE
&

the transfer of mformation: crmsunications can anster of one or mare fypes of snorgy

o porforn work de.g., adjusting o valve, setividing & mootor, efiergizing anothior system, seperforming

SRy,

ather types of work ) arto effect a change of state {e. g, a Bingry switch or variabie, a position fnd

a prognammed vartable, s sonditional varishlo, or other tvpesof state changes) I a0me aspedts,

ackiditional ¢

can be inclpded, forexample, add after step 815 :to verily the comanuyication

p=

amd power couphing prisy fo procceding with step 833 Muthod 800 ends st a step 853,

Ei?\i}&“i Siveg fher opiic has a bigher banchwidth than elecivical sives - espeeially over tong disances

cctrical wirg

o o mare) there can b gy advantage of baving e than one

conascted 1o.the top and bodtrn ondy of the long diber optic mable. For exanyle, 14
serovs can feed olevivical aignads into & dosvnbols Hglt souwrcefvanaceiver ooebination, The 18

eal signals can be combived aad wans

The fiber optic

e zspi‘z‘i the s

posdgnal Browy dows g several ditferont igaads, i thin

exsenpie, Hi ard then traosoni the diferont signals pphole o the swrface equipment

{{H84] A portion of the shove-dos

eribed apparatus, s ethods may be endod

verformed by eariowy analog or digisal data process vherein the prog

£S

s are programned oy

sfore executable pognons of sequencss of & ctivg fo porform one or o of the seps

of the methbods, A proceasor snay be, v oxample, & progranmable logic deviee sugh @ 8
prograpanade aay logie (PALYL 2 gonenie amay Togie (GALYL a Gald prograninable gate acrays
(RPGAY or apotliey type of compuinr prveasing devier (UPDY The suftware fnstractings o such
programs may reprosvnt sdgorithmes and Be oncoded W machine-execuiable form o non-tansitory

digtal date storage madia, 2.2, magnetic or optical disks, randonr-access memory (RAM), mag

i

hard disks, Hash momories, andfor road-oaly swawry (ROM ) to analde vavious types of digital data
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%

PROCOSSOES OF cramprtery wy perfonm ong, moltiple or all of the steps of mee o more of the aluve-

deseribed methody, or fonctions, sysicrns of apparatuses desceribed horsin

[HSS] Portions of disclosed examples o cmbodiments may relsie o computer storags products with

A E-irans oy Sanpu adable medive that have program oode therson T performdng varions

Loy inph

anented aperstions that sndbody & part of an appurates, device or oavry vl the stepsad

stomethod sot fovth herein, E‘\?z‘m.»if'a;ns.i‘i;n_z}! asod herein refers 1o all computerreadable reedis bxcept By

fransitoey, propagating signals. Examples of son-transttory oranputeraaadable owdia inclode, bot are
not findind o s‘nxsgnetic rodia such as hard disks, Hoppy dicke, and rpagetio tape oplicad medis such

ay CD-ROM disky) pogasto-s

meddia snch ay Hoppy disks! and hardwane devicey that sie
spechitly eonfigured to stove and exocute prograny eode, sueh as ROM and RAM dindoes. Examples
of program code include botl muchine code, sach oy produced by a compiler, aed files covduining

higher fovel cotde that may B exccoted by the compuior wving wy inlerprodar.

{0881 In intorpreting the disclosure, all orms should be bderpre the broadost possible masner

crmsistont with the comteat. I paoticalar, the foms Scompnises” and Tcomprising” should be

inferproted as reformng to clopods, cmpponahis, or sfops 18 3 neat-oxclusive mamer indicating

the reforenoed clemionts, cwopononts, of steps oy be proses, o mitiiead, or combined with other

<t

ropcesd, The ten

P

SIONE, COIPOALHES,. of &

py that are uot espressly e

crrnprives” aad

"eompasing” should adso be nterpeeted ax relerring to alements, comprnents, O steps b & no-

R

exclusive manner, indicsting thel 4 reforeaced clement, compament, of step oy o prosent, or wtilized,

o3

ar combined with other slorpents, Sorppanents, o sleps that are exprasaly raferencad, Likewise, the

tevoa Teemprises” and T " should wlso be intarpreg TS,

sefernng o alonens, cony

ar steps i an oxclusivr manver, brlicating that & refecenved shnent, conmponint. of step may he
prosead, witfead sopanaiely, independestly, fogether bk indepeadamily, or tugether deponddentdy o

coshined with other claments, components, Or steps that ave pot exprassly reforenced.

FRTT Those skilled in the antto which das apphoation selates will appreciate tat other and Hurthey
additions, deletiony, sebstitutiony and modifications may be mads fo the desoribed embodimunts, i

siso o b wndersiood that the windeclogy wsad fwrain iy for the purpose of deseribing paiowlar

by

ernbodiments only, ard 3 pot inteaded o be Heeiting, sines the seope of the prosent disclosare will be

Hintted only by the clatme, Unloss defined sthenwise, all sechnical and sciantific tenay ased borin

have the same owaning s copwponly endursiood by e of ondi the w0 whick this

IS R =%
R hy

disclonre belongs, Although any methods spd madevials sinilar or equivalent (o hose desoribed
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3

horein can also be psad i G praction or tosting of the prosent disclrsure, & Bmitad manber of the

sraptary methods and rosdorialy g
RS Aspoots disclosed herein includes:

stern, orwnprising (1 @ set of lower pipe segoents, capable of onupling W

S ¥
H

diowithols tooks, £2) 8 fower dlstal ond of 8 long longth of fibor spite cable, capable of williving & wot

Py

conpeat o conniat ty the dosvahole tools, wherain the long longth of Hher optic cobly s positioned

gter the dowahols fooly ave Tooated baline @ surface. and whirein the loag length of fiber optic cable

by pommaricatively coupled ty the dowalnde wads €30 4 sat of uppey pipe sognents, capable of

sechynivally coupling the st of lower pipe ssgiuenty and 2 sarface cgu

D

Hpper pipe segmends nclodey st least ouo uppey pipe sogmont {4 wnd an apper distald ensd of the ng
fength of Tiber optic cuble, Tocated vpbuide Troot Mg kower distad ongd, capable of wiilixiog s uphole
congeetor 1o comumudoatively connedt fo-a pipe cable ofa fivst upper pipe somment i the seb of uppar

Ry

pipe segments, and whereln cach uppoy pipe ¢

y the set of apper pipe segments includes a

veapectivg pipe cable commumicativedy coupled 1o ncighboring pipe cables, and where a collection

3

inchuding each pipe cable saab

ey

@3 3 conunuaeations coupling betwsen the g longth of fber oplic

axble wnd the surfiog cquiproen.
B, An apparstos, oompriving (1) @ long Jength of fber optic eahie Tocatad within a
borehete, {31 & downhele ool commamicatively coapled tow lower distal end-of the fong eagtleot

fiber opticcable, wherein the downhele tool wtiliens & wet conaset, {37 5 set of pipe segents, where

'«4

cach pipe sogmant & mychaoisally coupled o @ voighhorning pipe segmend, sod wherein a fivst upper

pipe segen i the set of pipe septenis i3 counpled 0 an uppey distal ond of the long Tength of {ihey

I
i

X

aptic cable, and the frdt upper plpe segment s located wphade Troan the downhude tool. and (4 8

surface espupirent coupled 10 Gw set of ;3?‘;}{? SEEY

€ A mathady compridd ¥ eonnecting @ downhole tool wa sot of kewer pipe segments

and lowering the downhole wol below @ sarface wing the set of Towey pipe segrmonts, (2 coupling an

X+

wphods portion of the sof of lower pige segmionts o & {ind uphaole pipe sogment, wherein 4 lower distal

#
endd of o Tong eogth of Sher aptic sablo ds Jowered within an ttwvnal disoeter of the set of Tower pipe

segments and connanicativaly cowpled 1o tie downhaole ool and an upper distal end of thelong

iengih of {iber optic cable coupled to the fimt uphole pips se

o

cprnest In i sot of upper pipe sogments 10 & surfase eqz;si;zni:e-‘nﬁ, whareln the set of upper pipe

udes the Hirst uphole pipe sagment and zero or more additions! upper pipe segreats, and

whoreln cach opper pipey sogment fy the sot of eppor pipe scgmendy includey & pipe cable w
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eompmunicatively oouple the ey fenpth of fibey optic cable with the sarface cquipiment, and (4}

enabling corpmicationy babween the suefice eouipment and the dowalmle el wsing the fong longth

of fiber optic cable wid the one or move pipe cables

(ISR I

&, B and O ey have one ar oy of the fulbowing additional slements in

hoof asp

condin Element b whergin the pipe cable comprises mne of the oletricat pipe cable, an
eleatricnl wire, or a fiber optic cable. Flement 20 whoerein the wot connect uwiilizes st kot one of one
ar mdre slectrival wet conniptts, o nne or morg fiber optie wit convects, Elorment 30 wherein the wat

conpecls provides forons of nuwe of wn clocivial nnwnibadedy oF @ Cnnunemication ransmission.

Element 4 whorein the downhetle fools e one o owwe of & bottom hole sessinbly, lomatey tonls,

fogging while detlling tooly, mvasuding while drilhog wols, sotamic winle danlling tools, semaors,

vabves, soduators, data collection tools, and wiveline ook, Hloment 87 further comprises ane ot worg
pipe cble protectors, capable of motccting fhe pipe oable, and wtached 1o DoC of Budre uppar pipe

seginents in the sob of appoer pipe ssgouents,  Hlement & wherein the pipe cable profectors rotate with

sopeapective of the upper pipe segmonts and are o or more of g cage and contralizer, sod wtilbee one

or mone of g oollar, stop collar, or clanyge, E 71 wherelis the fong lengih of Sber optic cable iy

one of a fiber aptic cable, a roinforvad fiber opiis wable, 8 Siippx«i“k’d ibrer aptio cable, o sy seared

fihor opiic cubbe. Blement 8 whareln the fong length of

opstic cable and ong o more of @ long length of elenin

conpsctor wiilives oo of 3o dectn-optica] conneoter op an opticd-optival conrecior. Bl

svhere the aphole conmecior supports 1he long leagth of Hibey optic cable when coupled with the wat

o,

connect, Blement W furthey -:.mt’z.;ﬁgz‘:i.\‘:i.z}g a light sowrce, capable of got

fransiitted througdy the fong leogth of Gber optic cable. Blam

Py

o gl emniiting dingde. Blement 130 wherein the Bght sowse 15 Tocated af ane of o

the wal connedt ov proximate the apliole cormector, Elemeat B wherein the uphole connectar 8 a

first uphole connector and the wal connect v 8 frsihwat comect 3 Tarsher comprising a

fower distad end of an elostrics] cable capubly of tranymitting eloctoival enrgy and communionting

stgnads, coupled 1o the downhole tools aiilizing @ second wat conneet. Blement 16: farther comprising

an upper Gistal end of the cloctrical cable, locstad b seoond uphols Tocation from the Tower distal

E

P

end of the cloctsical vable, capably of wil sorks commmoctor (o conmect o oan elegivicsd

s whereln the olegin

pips cable attsched o the fed upper pipe sepma,

cnt pipe cable

slectrivally coupley o the neface equipment. Blomest 18 svherein the sel of apper pipe segments

includes ot losst one wpper plpe stand. Blopent 190 whereln the surlice eguipment v one or s of
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a-derrdck, o drilling systom, a compating syatont, an alvctrical system, ad @ power source: Elemanmt

"

200 wheret an upper prectios o the sot of pipe seprends silfizes one or mowe of @ cage or g ventralizer

sop ane of more of @ pipe cable attached 0 aseh of the respective pipe sogrwnty i the sot of

i

pipe segmenis. Blooent 21 wherein the pipe cable coownameatively couples the bony longth of fiber

oyt cable and the surtace equipment. Blornent 320 wheret each of the pips segrents dv the setof

s & pipe cable o communisaively and powar couple a peighboring segraent.

the pipe cable s one of 2 Tiber oplic dable, ay elevtriond cable, or an sheotvioad

wing, Blomos 34 hather Conppriging o Bght somee, capable of gonerating or tpodulating anvopticsd
signal sud aansoditing the optical signel through e long longth of fiber opiic aabde. Elunent 25

¢ Bght sowrce 1S Jocated provimate fhe dowathole ool provimate the Hrat upper pipe

regient, or progivate the serfaon cquipment, Elemea 260 the ight soncen 8 o a faser ov Hght
cniiting divde., Elomeat 270 wherein the pipe cxbie i at boast mie of one o more of 8 Niber optic cable,

noeteetricnt wive. Blomont 28 whe

Qe av o of s oelectrical cabde, or ane o mioe
source 18 logated st ove of proximate the downbole ool proximate the surface cqeipaent, oy
smeraies o modudates

proximsde the finsd uphole pipe somers. Blemant 29 whersthe Habt ssaeen

an optical sigasd for convpunioating Gwongh tw long Tongih of Sher optic cable sad the onv or e

pipe cables. Element 300 wherein the set of apper pipe sogroonts aiilizes a cable protector. Floment

Itowhere thee cable protector rotades i taaden with she set of apper pipe segments, and v one of g

&

cage, a contyalieer, wonilan, or a clamp.
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WHAT I CLAIMED I

1.

A xvstom, comprising
a set of lower pipe segments, capalde of coupling W downhole tools;

& bwer dintal ond of a fong longth of Hbey optic cable, capable of wilizing @ wet

it o ronnnet o the downhanle tools, wharein the long lengthof {ther aptie cabile i positionad

.

after the downhale onls wre located helow g sorface, and whes

in the fong length of fiber opiic

Cable s communi

aftvely cougded 1o the downhode tonls;

# sot of upper pipe sogreits, capalde of muchanically coupting the sat of fower pipe

segntents and a swrface cquipmant, wherahy the s of uppat pipe sogmends tmd #E Jenst o

QPP pIpe segmenty and

an upper distad ead of the fong length o Gher optic cable, located gplusie fron the

vt distad cods copabie of witlizing an vphode connedior 1o conununicatively conacet to & pipe

i

cable of a first upy @ sepmon in the set of opper pipe segments, and wheredn sach upper pipe

segment o the st oF opper pipe segments Dnchudes & respedtive pipe cable communicatively

soupled (o meighboring pipe sabdes, and where a colleetion acleding sach pipe vabde enables @

oupling babwesn the Jong leagth of Hher aptic cable snd the swrface cquipowat.

L)

The system as veoited i Claim 1, Dother comprlsing

one or more mpe cable protectors, capable of protecting the pipe cabdde; and attached

BY ORC TYTINYS upper pipe segmendy i the st of uppee plpe segrogaty, whersin the pipecaldde

b

profciors rotste with a reapactive of the upper pipe seguenta and e oo of meore of a ouge and

centradizer, and aitliee ong or mars
Thas ¢

the wet sonnuct 18 4 frss wat connaat, futh

Caontan stop collar, o Chanp,

tad in Clatmn 1 whereln the uphole conpectir By 3 8ist uphode oovmecior and

OF CeRnprising:

& Yower distal end of an dlecirical cable capuble of vansmitting electricad cnorgy and

connnasication sgnals, coupled w e dowohole tools aiilizing & secomd wet connact; and

ation from

an upper distal end of the vleetrical calde, locstid ab w second uphole

the lower distal ond of the e sable, capable of wilizing # second uphole connedior @

cormect fo an clactrioal pape cable attached to the vy aprey pipe segoient, wheretn the oleetrical

A%
2

peecable-electrivally ooupdes b the surfage csipnent.

ed i Claine L further comprising

a light sowee, capable of gonerating o modalatiog a xigval tansoutiad through e

fecabde, wheseln the light souse £ oneof o lasor or Hght coatting dinde

2

frang tonpth of fiber o
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The svstom as reciind in Claim 4 wheren the Baht source i Jocated at one of proximate the wat
CONBECE o prosimate the aphode connestor

The systom ar rocited o any one of Cladms Lo & sherein the pipe cable comprises one of the

cahle

an electricad wire, o 1 fiber optic cable,

The system as recied in any one of Clateas 1o 4, wherehnthe wet convet wiilizes ot least ong af

one ar et slectrcal wet conmests, OF OB O DTS ik i'j'i}\;?i"iisz- W COTedix.

Tha

deast as vecied yn any noe of Clador e 4, whaerein the wet conpects movides for one or

o of an electrical Tenurission nr 3 conunuicHInn Hansmission.

1w of Cladme § v d, wh

sinythe onwrhioke 1ools e one oy tuwe of

The aystem gy pectiod ity

2 botton bolde assembly, tolamony toods, Togeing svhitle sinilling toals messring wiade deitling

fnks, wetsnge while deilling tools, sepsars; valves, stiostors, dats colleciiony tonly, sad wireing
o

v

The systent se rocited In any one of Cladms § e 4, whareln the bng length of Shor opiic cable s
one of a fiber optic cable, & reinforced fbor optic cable, & supported fher optic cable. or an
arpeored fiber optic cable,

ki

sted o say one of Uldlaes 1o 4 wheretn te Toag kengthvol fiber aptie aable b

The sy

CERY 8% ¥

avie o wore of & Oy optic cable and one or mese of a tong leogth of elesdesd cabile,

. The system as reciled Inoany ooe of Clatms § o4, whersin the aphole conpogtor wilizes suant

an elvotre-optical cnmedor o an optical-optical connecton snd whare the wphode consectn

supports the tong leagth of Gber optic cable when coupled with the wat sonnect,

The system as revited nany one of Clams Do 4, whersn te sovof upper pipe sogronds inclades
af naat ovie upper pipe stad

AR -appariaius, Comps

a long tength of fiber optic cable located within 8 boreholke

oy

& dowshale ol commanicativelycouplad o8 Inver distad endof the tongdenath of

fiter optic cable. wherein the downhole tond wiilizes 3 wat conmect;

a sed of pipe seproonts, whory cach pipe scgment b owechanicdly ooupled o 8

3

poighboring pipe segoent, and swhersin @ firs oppay pipe segment I the sotof mipe sogmonds |

o)

sonpled o an upper distal sad of the Tong length of fiber o

i cable and e fivst oppor pipe
segmaent By ovated uphafe Tron fhe dowahade o) and
a siefuce eguipment couplad o the set of pipe segments.

The apparatos as wosted iy Clanm 14, Bather compising
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a hight sowree, capable of gongrating or modulating an o enal and rapsmitting

the optical stgnal dwough the fong E{ta};gs‘h af fibwr optio cable,
The syparatos as vocited i Clan 18, whergin the Hght source i lovated proximae the dowwbols

trnd, proximate the fest epper pipe segowend, of proximate the surfce equipment, and the fight

sorrge ix s of & fasoy o Hght noatting &

The apparatus as rocited in aay oscof Chams 4 o 13, whersin the swrisce sguiproent is one o
more of @ devriek, o deilling vystes, geompaling systovn, an eloctricad syston, and @ powar sourds.

The sppacatns s wotied in sny.one of Uladmes 14 10013, whorein an appet postion of the st of pipg

segmeats uil 2 oor mow of & oage o & contralizer 1o prtedt pne Or mow of 8 pipe vable

attachied 1o cach of the respective pipe sepmonts i the set of pipe sogiants, whereln the pipe

cable comoumicatively cogples the by length of fiber aptie cable and the surfce apipment
The apperates as reottod #any e of Clatawy 14 o0 1S, whereln cach of the pipe sepments o the

sot of pipe segments uiilizes 3 pipe cable o copunnunicatively vouple and powsr Couple

neighboring pipe segment and whereln the pipe cable i ongeof 3 Tiber optic cable, an slecivical

sabde, or an electrical wirg,

A mwthod, coraprising:

conpacting @ downbole ool 10 8

et pipe segments and lewering the

<

downbinde tool below a swrface

f af lovwer "’ PO sEgamRly

an apholy portion of the sei of lovwer pipe segmenis o g fast uphade pipe

segrnont, whertin g Joser distal ond of 2 long length of fibor optic cable i towered within an

termal diamser of the sevof Tower pipe segaents and crammunioatively couplad fo the Jownhole

oo, dud an sppor distd end of the hasy length of fiber optic cable couprded o the fiest uphede pipe

egnwnl;

Hoking an upporsnost apper pipe segment v set of upper pipe segments to asurface

eguipment, wherein she sofof upper pipe segmients Inchudes the frst upbole pipe cegrnent and

et i the et of

zaro of more additionad upper pipe sogments, sand whereln each upper pi

e
X

%

upper pipe segroonds inchudey g pipe cable 0 conunaniogively couple the fong fonpth of fiber

Y

optie cable with Seesarfaor sqaipaent; and

the swrface squimren snd G downlinle ol

('/
=
oo
v

%
<
L7

R
oo

epabling cranmunicetions hetw

ong fength of §

haraphic cuble 5 T I oS pipe cablug,

using the
The smethod ss recited 1o Olate 20, whorgin a light sowrge is located at one of proxinaie te

g

downbwle tool, progimate the surfsce equipment, or prosimate the B ephole pipe segmeat
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whope the Beht soames generates o mndolales an aptiea! sipnal 1
fong longth of fiber optic cably snd the o1 tv more pipo-cablos.
The method as reotted o any one of Claims 30 0 31, wherein the pipe cable v st least one of one

gy more of « fher optic cable, rue o morg of an clectrical cable, or nne or mor of an electrivad

Wi,
g SORIMORES

The metod as meoited in sy one of Claims 20 16 21, whersin the st
utitizes a cable protector, where the cable profoctor votides in tandirs with (e set of appey pipe

N
1eor, a ootlay orw chunp

segomentsand is o of g oy, w contte
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