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Met hod and apparatus for nmeasuring a parameter within

the well with a plug. Field of the invention [0001]
wab@spsasent i nvention generally relates to appelr/BP2988/003266

and nmethods for conpleting a well. Particularly, the

present invention relates to apparatus and nethods for

nmeasuring a paraneter of the well wth a cenenting

apparatus in the wellbore, as a cenent plug. Mre

particularly, the present invention relates to

appar atus and net hods for communicati ng al ong t he

Metﬁ] kﬁg}grl 0 E?MWAW%WW ?A%een %Itl I I“ﬁthin

thewelt withia plagpractice in the oil industry consists

in lining the well with a netal casing. An annul ar

area is thus forned between the casing and the

iefd'ofPthe inYentiyh! N9 operation is then conducted in

Fleo(?ddé?tto H‘II tgreﬁ]annul ar area with cenent. The

conbi nati on of cenment and casing strengthens the

|1 e t t,0n, r

100080 JRE PR Behtdrd FReillf S o RRBtatEE L Tncthods for
compstimgilacwelb iPaeticubartir, dcea;vrbmms mvlehtmrsrednbmm rapparamsphdynethods for

mpre than oneiﬁir‘? asing in a wellbore. tll%
measpidag, @cparamgetey o the sl yithr a coBeppg apRaggiuy 4o e Weltbofe, as a
cemeﬁ@biu@ol\/ﬁ)r%ﬁﬁlchfb?lyvﬂej ?I‘e§exﬁl ihvedn@en trlafes ftb lapharatus and methods

desi gnat ed dept h. irst string of casing is hung
for cdmmmicatingsalotgithe, wlam\@l anrivdus fremeamentsplog tesdrtaced i nt o

the annul us behind the casing. The well is then
drilJlgd to d de nat ed depth, and a second
Desgripfan Qﬁgﬁﬁg%}ﬂp% is run into the well.

The second string is set at a depth such that the
upper portion of the second string of casing overlaps

[0002]he Adiger well thagrbeon dritleds theseonyentiong! practigeiimghe pHeindustry
cons%tgcixg li]igu | Ifgl S|e§11t tﬁga[ rg?.tvz% P rfng]c Ifﬁg g%rgfg%r g Césg{hgls %rP{elaeoetween

the cds&lgadrﬁi(lhé Qdfﬁﬁh@ﬂ AT:bhﬁn@ﬁgJGpéistldrﬁlsttM@i coalduyted ﬁp&ﬁi&ﬁd) fill the
with additional liner strings until the well has been

annulgy jarece dvitho cementt Thepepmbimatiomiod ermeir and,&psing trgngthens the
wellb'i)}{eoéxﬁf"'fac it{t04 FRAsdta ggh Biﬂ@erﬁ{m Fg%.g é)f %Maﬂgn B@iﬁh@ Qh@fzasmg

ecrea3|ng I anet er e process o
for theepmdtmtmg & hydrecarboriso Inisresrhinon dotepmplopinhgre itharobue string of

. the use ofljn er ugs .and_drijlI.- e dart
casingfiLg & ellhorcla T TEeEh @ T Sriohaseismes Seis ik e liggeyhen the
well f?@x‘i’llédotosgﬁﬁ'haﬁéléda%ddéeﬁﬁmﬂgéjﬁkéﬂts@hﬁ’g WELhLRS € hihg from the

i ner wi per plug 1s typical
surface, and then cement is circulated into the annulus behind the casing. The well is then

drilled to a second designated depth, and a second string of casing, or a liner, is run into
the well. The second string is set at a depth such that the upper portion of the second
string of casing overlaps the lower portion of the first string of casing. The second liner
string is then fixed or hung off of the existing casing. Afterwards, the second casing
string is also cemented. This process is typically repeated with additional liner strings
until the well has been drilled to total depth. In this manner, wells are typically formed

with two or more strings of casing of an ever-decreasing diameter.

[0003] The process of cementing a liner into a wellbore typically involves the use of
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| ocated inside the top of aliner, and is lowered into
the well bore with the liner at the bottom of a working
w@reosnss16The |iner wi per plug has radi al w perBCT/BP2008/003266
contact and wi pe the inside of the liner as the plug
travels down the liner. The |iner w per plug has a
cylindrical bore through it to all ow passage of
fluids. [0004] Typically, the cenenting operation
r equi res the use of two plugs and darts. Wen the
liner GF §§ ah@a]-bipe i Pﬁ%gsﬁﬁcalﬂ/ ﬁéﬁ&é afl@idngdakd elastomeric
released into the working string he cenment 1's punped
bodybeslei rtd Stepaatstaﬂm,dstﬂmp@dymtmalm@lbtom Aldimer doperhplug. is Tippically

ocar§f s 5% P08 & Ao oo WEFEL L PR Yo gk Hiep e at the
bottofLHR Nvorkiey §tHﬁg dﬂ{etlu{err Wﬁérﬁal@@%ﬁﬁﬁrﬁl fﬁer%%ﬁta@gﬁimlae the

a first liner W per | oses of f the internal
insidgcfethe g thvephier Bevalh slgwmtgher Kot O hor Bsunipd g bas 2

Qve the dart f es the dart and the plug
Cylm{mcaé %Tetgxgoe‘ggr’ttﬁraﬁlﬁwqasﬁa&e of %c{so be punped down the
liner together. At the bottom the first plug seats
[0004gai Mypically, thatcezhtisy opératieh yequires ithgusd bf tweoliptuds! d darts.
t hrough the fl oat val ve. The sure buil ds above the
When theggement is rgad; 1o hetda 15pensegh @it} Eﬁtefﬁn éelé%ﬁ‘jéémﬁ the Morking string.

The el Puryasd il & aRpltgreby mAE Bl Bl AGGI, et acts
as a bdrsenbetuicen thepeereenb endwtiendt hieg iblid bo meniaride theecdntargination of

the oSl WE VR AEREDIen RS Ageiiat £ TSt (o Bipeh plug and
close®olt {Herrgtemaqi Hose ﬂﬁﬂ@@fitﬂenﬁ&ebrdgd Hydeaubie G E‘s@uféaflgbmt e cement

nove the second dart down the worKking string
aboves theodrdt fiaees the douslagd diosvplugl te dagladgsefzor the érnnrsandato be pumped

a0 e 8% AR, AP B ST DR B
closidg0offi fli@ diey throngh e flédi8falvaN d ht HRyssalecbulldinddve v first plug

the liner together. This forces the cenent ahead of
until #tHg syEicism tyFange aomembrang de thsfirsy plugHe mptyes. Theerafigr, ement
flows tHFo H%’é HISS Irg aidqh };ﬁ%ﬁ%ﬂénd% Btﬁ the %HE&]% épﬂltcg bgtwéen the
annu us con es un the second s fagal nst
wellbbreearid thalinsral ve. Thereafter, t he cement is allowed to
cure before the float valve is rermved [0006] The

ratjon can also re use of
[0005 | ng eb| FigntyXplume; pi, cempnt; h |E‘e§: a&eéir tnthth@ eellbore, a

second! BFERI RRP10TRE! BEi |17 rﬁ@d RIphRPRY BpdnHOHE LS dGart Hﬁmove the

cementi ng Operation, woul d be val uable to be ab
seconfdalantedosyy the working stnng The second dart travels downhole and seats against

a second liner wiper plug. Hydraulic pressure above the second dart forces the second
dart and the second plug to dislodge from the liner and they are pumped down the liner
together. This forces the cement ahead of the second plug to displace out of the liner and
into the annulus. This displacement of the cement into the annulus continues until the
second plug seats against the float valve. Thereafter, the cement is allowed to cure before

the float valve is removed.

[0006] The cementing operation can also require the use of a single plug and dart: the

first plug or dart of the preceding operation being removed.
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t he downhol e tenperature and pressure at various
poi nts al ong the borehole as the plug is circul ated,
wW@rwsasde7 i n the annulus as the cenment sets. APCT/ER2008/003266
current time this can not be done as there is no
robust telenetry nmethod that is practical with
conventional operating practices. Sonme prior arts have
attenpted to describe apparatus for neasuring
paranmeters fromthe cenent plug. [0008] US patent
[000TUMDHyrid ?qgg’%égénﬁiﬁggﬁ &rBfsh, Gt %ﬂﬁnﬁé DGuRbiE 9o Weteﬁbl@to measure
sensor transmtting the medsured val ue to surface
the dbwohtle cemparatuvd amsl pressnie &l vassus paintsmaldng thg boeehnk, asdbe plug is

. r, ex | e: r able, fiber optic or acoustic
cireuli 810 TRt T 0BT ot Rt BB SR s dhis g not be
donel¥8 tERO i ONE Fbbust tel HArytinethdd HI8S i A PFAcHBA WIEERVeRtiGHag operating

limted only to neasured val ue on the plug, so inside
practiche Soand pripraant have atiempied do desssibe apparaifis faramedsugng parameters
from 6)00%% Egopean patent application number 06290801.7

ORI HEPSEhe appl i cants descri bes a way of depl oyi ng

an optic fiber fromsurface down to the |anding collar
[0008)y aUSaphtefig nambeb&rSEEP4L5 teschibes taogendntidg plog Witk a sensor

pl.ug bei ng ed down the casing wth the
transtdpg b mmgﬁ uyadue fguderet loeatigns Vignivitg o wireless transmitting

meads”&rt%yg lej aluje hebIElBAhpRL o g@#ﬁb Rehviaar Sﬁle is that the

e, the systemi s i ns I ci ent bec en
cemeatmg lphrg cans nmsbd depioyd:ﬂe fdrolpngaldmgaxmes (andtrhmsﬁrehmms are limited
measur engnts are, st hj:Sgtothe |hdeth
only fo,mepgyre rE’[Eb%&%)Pnfh%P Ei §° H‘S d° C33ng & ?tet € egact pesitiqn,pf the
plug.2ppar at us for neasuring a paraneter inside the
wel | bore casing, as well as the wellbore annulus. In
this way, there is a need for an Egaratus for

[0009:]or r E@tqpyalarpdtan @ppls@tlpndemebem%aﬂ Hat drem dhe same applicants

Qrm.n he set nt.. . Summa
descrllbrt]:\s7 éln\{vayoaf F%&ylilf an Q %c Otflbneé f{(:omngurfacaeS pogvr% %he lﬁ.lé&lng collar by
attachify @fibe Bpodl e thmwprmug) nhe f@\/;bldgfbeﬂlg%}{ﬁﬂg%@ cden the casing with
measurin paranmeter within a wel a first

the dﬁbbaff’fa?f}igl% ripdees the SEstem i an eI vespentiip ghe mstmé o prqaguring
para:{létmfl thd \Qf?lllg(ﬁé %& gggt}mqg {SufrRid)E bEAE F)gexg hQMsbPR used on the

ITst ree I rst sensor a t o neasur
top phuger partlEnfbar mehsuréraente bie, stilliemieidntoahe insidertheatdsong. o n
sai d parameter can be transmtted trough the first

ptig, fiher seco appar atus conpri sjng asecond
10016128 | Thtre S e dn e Ot Rociy %, PRI dngAS ot & parameter
insid&" RIS ofer é&gin%,h% wEL 29 theVR8Iboredhnulus. In this way, there is a need for
an apparatus for correctly and precisely determining parameters informing on the set of

the cement.
Summary of the invention

[0011] According to one aspect of the invention, the invention provides a system for
measuring a parameter within a well, made of: a first apparatus comprising a first reel of
first wound optic fiber line (or fiber) able to be unwound from the first reel, at least a first
sensor able to measure the parameter of the well, wherein an information on said

parameter can be transmitted trough the first optic fiber; a second apparatus comprising a
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extremty of the second optic fiber being fixed to a

reference point; a light transmtter or receiver
W@l2008485161T nked to the reference point and abl eP€EP2008/003266

generate or detect a light pulse through the second

optic fiber line; and nmeans to exchange said |ight

pul se between first and second optic fiber line. The

light transmitter or receiver is a

transmtter/receiver not only limted to visible

secorld 1381 of REHRT wOLRESHRIBED ¢int "éb{efi/g '(bgté%l%ﬁnd Ao R8cond reel, an

ultraviolet radi ations (near -200 nanoneters
extremuatyaifahe séepnd apti¢ fiberf being fixed trua neferen¢e2p@iat; RQight transmitter or

.nanpneters; FUY or MUWV); and/or extrene -31 .
recei B diried iRAPEOTefSFENe PG AT b BOTEERIP f OBiTEt 2 light pulse
througﬂ e &icafd Bpti©fibailihel 48§ medROto @R afd it Pule between first
-band 1360- 1460 nanoneters; and/or S-band 1460-1530

and sgegnsnentisr fiber ding/ bhe BghiatnnsuBit-or3eceivrirs autansmitteaiierebyer not
only rl}liaxﬁ%%g tté rsxg)lgfb;e? él%gg 2?%%%%‘3?{;0{%@9‘%@5 ﬁ%ﬁg@cpn% il'n%?u%"u:ll'g(s 7u!?traviolet
radiatior@@eart UV (38620 0vieinomEkees havélengih); anfliob €irSoratas qumay¥ (200—

in the sane wavel ength as the |ight transmtter_or
10 nanggstersr FUR st ¥H DI gnd/poerireme StV e 1 ssmermgters; ey ¥ aarkUV))
and ihfPGred ?zﬂﬁatio[ng }erﬁ;l?.f @ﬂ%ﬂhﬁ%?—. 8 gﬁ fandthetery; Qrﬂ{or E-band 1360—
m niaturi zed ‘sensor”selt supplied in power: e
1460 assoaietdre dared/exc Srlmid c $460-¢ S30ralahoaetdrsyi dnkd/dro@+band 1530-1565

consunmatj on, a se r wth limted vol limied
nanoEleEy  SOYBN y et PGy 108 200 RO Lers o AngpE ol pand 16751675

nanoRBRAY afe &GRIbsLE irPfheliipht irfRnitEMRceiVaS The beheS k! iberd 116 work
sensor is auto-sufficient 1n ternms of power "supply.

in th¢same wwavelengths en ther Bghtamarsmittdr otheeceiype Rypfierabdy, sgndost and

ngv n errbgl?i ed wthin the optic fiber |line; when an
seco p@e&sa?re eg?’?gfe'is sent to the optical sensor, the

signal reflected by said sensor informed on the

[0012TeasPfefétablyy SheC sdnsisaarBhidiaturtetl RUSUYHeH, supPBed @ pover. The
IS a tenperature sensor and/or a pressure sensor in
associaipd elesirogichrrasagy gidtvity lae topsummatien: i sersoxbyigh limited

. . . put
vl L ETREO0 AR RS 6L AL b o
the tyBe &dBME. Most greferably; the sEhsorimpato-safficdentdneerns dffymiwer supply.
there is no need of conplex.or unwi eldy e|egctroni¢c or )
For exgrple, §%‘§B‘[S;Faflg’es?f; 1P ARticel AEnsPr Sy ?Iﬁ_Em@lem the optic
fiber ?fsﬂé‘! VAR AZd i aP@bhal liS st td T dpREATRRSSE, e sftinal RREGA Bl said

sent fromthe reference point to the enbe
sensos énfoomed tdme thee frieasitred! phiysinall paremefev.e Homexarhpley dicesamsor is a

G5 e R0 L R bl TRASH SoRPUEHSE v
preferably, the system comprises several sensors distributed on the first optic fiber line,
advantageously of the type Bragg grating sensors. The major advantage is that there is no
need of complex or unwieldy electronic or power supply to support the sensor. All the
electronic and analyzing part is at the reference point, a signal is sent from the reference
point to the embedded sensor, the reflected signal received at the reference point is
analyzed and informs on the measured physical parameter in the vicinity of the sensor.
Sensor can measure: temperature, pressure, pH, density, resistivity, conductivity, salinity,
carbon dioxide concentration, asphaltene concentration. The reference point is preferably

at surface.
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Sensor can neasure: tenperature, pressure, pH
density, resistivity, conductivity, salinity, carbon
wale@siglaéetoncentrati on, asphal t ene concentr at i RCT/ER1968/003266
reference point is preferably at surface.[0013] The
system of the invention applies to apparatus as a dart
or a plug, but other enbodi nents can be achi eved. The
reel s have a dianeter between 20 and 50 mllineters,
and preferably between 30 and 35 millineters for a
[001%]' ghiTHR Yy SEmI AL fV@h{oPhpplidd B Bhpak@nlaf3RRAEE iptug, but other
0014] ACcording to another aspect of the i1nvention,
embadiments vambé echipvedvilte seels savstacdinmeter hetasen 20 @nd S0 millimeters,

araneter withjn a l1.,.made of: a first a r at,us
and QRfeaRAT Bhgvesh i aft SEanitisRRER B ot Sl RRRT Rl St 1310 or
1550wans@kfarsg first part of the first optic fiber line is
wound and a second part of the first optic fiber line

i s unwound in an annulus, at least a first sensor

[0014]oc athsgorsings 9 anothes espechal thednvendionethe dnyangion provides a system

te "ﬂ‘ﬁﬂ S el ' ”ESHH
for Hg:g% ar alrrrt%{“(eefr%iacan %wte }rf’a%l%arg](?{' g&ﬂ f't?%gé%&&he |§gllgoanﬁr5t reel
of fikpbptic fibbeline, aviseciandfinp partaifule despsptiel filger dingeis avehnd and a
nd gptic fiber line able to be

reel of second wo _
seconshpgt, ﬁaﬂferém PR g‘é%’oh%e PseETwouRd 1g,a0y I, #leatie first sensor
locatgds B4 QBlohd phitAgh aﬁlg't@ Chelabut€ the d%\l/'ﬁnét‘éf &f W&Iﬁﬂ%sggvhel%in an

ght transnitter and recelver ice linked to
informefien encseidopammetendamibedransmiferdetratgh thedideoptid fiber; a second

i ght pul se through the second optic fibeyr line; and
apparaR i ERRIRISHEAA SEopdrael QFSRaRs Sxaugl opfi fibgt lingalE fo,Be fnwound

from fthé §$co?ﬂ FeS€GR QQtr@lﬁIot% ‘J‘(_)f fthd8&cohl ptierfitee &Ry ; {ol 4 $dference

optic fiber line. [ 5] Preferably, the firs

pointa pplight ttragsinited @pt agesivar rdeyidei linkedate therefercanpipeird and able to

casi hoe.,. The first reel is thep i .col | ar )
genciREARTA0S 1ol ikt (PbughiRe stdpltaRflc theflifs b kxshapge device
to tradsfel @xi@dighd palse|beBvédh fk8f hnd b&OA8]lophe GVetliing of lskddndtahd first
anot her aspect of the invention, the invention

opticfibgyliges a system for measuring a parameter within a
well, the well conprising an annulus, the system being

de : hSl - f1F: il .
00130 PR, BRPBEF B GATRS B il SR, Rl tain
shoe.dlfitei firstf ieblas thennia ai collaolanachang] Adss Ecsd aald/pasdcond apgaeatus can be

first optic fiber line is unwound in the annul us, at
deployed iy a glugior dartsensor | ocated on sai d second part and
able to neasure the paraneter of said annul us, wherein

[0016N | AlesARlY QN1 &N asdhét ApesBt Ble invention, the invention provides a
system for measuring a parameter within a well, the well comprising an annulus, the
system being made of: an apparatus comprising a first reel of first optic fiber line,
wherein a first part of the first optic fiber line is wound and a second part of the first optic
fiber line is unwound in the annulus, at least a first sensor located on said second part and
able to measure the parameter of said annulus, wherein an information on said parameter
can be transmitted trough the first optic fiber; a light transmitter and receiver device
linked to said first optic fiber and able to generate and detect a light pulse through the
first optic fiber line; and communication device to transfer said light pulse between first

optic fiber line and surface.
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can be transmtted trough the first optic fiber; a
light transmtter and receiver device linked to said
WO eogt13apti c fiber and able to generate and deP@LEPW08/003266
l'ight pulse through the first optic fiber |ine; and
conmuni cation device to transfer said |light pulse
between first optic fiber line and surface.[0017]
Preferably, the annulus is between formation and
casi ng, however annulus between two |iners can also be
[001‘5"]Sed PréYra81y01tRE GhARLY is bEEvdeR IHRALAL ARD cA8N Gfoweer annulus
de of second apparatus as di scl osed above. [0018]
betw€¢retwmlmﬁ1r$ toralpy by iskds Macrrs preferpllyhibd chmmunicationideyicg is made
aranmeter w thi conprising the step of: (i)

OfSCE PHAR sa'f‘sfdrlsrcgotse‘?m@ f first wound optic fiber |ine
positioned on a first apparatus; (ii) unwinding froma
[0018f ermaciav@miont praviies alwd & esdthed feemeairing U gda@piected within a

fiber |ine positioned on a second apparatus; (jii
well,t gomppyifing thegsten of c@bppwhyling 8 firsthisel af @F%n‘d@“‘h’oph fiber line

h t
positlgilonl¥ K58 dpBRAHAY (1 G PRGRRCE AR FortrbY pohPEscbdutd recl of
secor&bb\tounﬁldpac fibendirie positidne) @easmc@ld/vapﬂ‘a:stas dili) ghhsmltting or
IO N T N AT

exchéz%/g%{l)ée ?%d i}%gg 'pgﬁs d E\see‘g\bﬁl‘éﬁ and E@cfoﬁa g)?ltl fitlel %n@%‘cﬂﬂng/?] ggnsmg

ringing clos irst and sec
with saig dight pdse the parafeteytand tansiiteng it on ke ferst optgliibey IsEep
i s made by interconnecting first and second optic
con

10019 it eraebat s i RE N 28 TR Ry KBS ghpeferably, the

exchﬁiglﬁg,e step G8Nn@dde 88 bg Hrirpég Lok first SndBecond apparatus. In a first
el ectromagnetic or acoustic signal, transferring said

embagdiggerfi thei exhhangingestor 1 madriby BtercoeraRa iry agdserowr gpsr fiber

hnes[ %hg d{‘u r]cl.l.?lf!coxg(i~I nﬂ)ldhﬁt‘?eﬂt th%h&cﬁﬁl%?rgstlgﬁtl% %}%lﬁqﬁl}rkﬁsri}&mmg the

gornventr on pr ovi d
light apylectfrond dret Itopdcfﬁ)lberc hrmruntoc ahi algctaom@gmﬂetexr agbiidticnsignal,

a well, conprising the st unw ndi ng. a fir
transfegane ghd Flrg%ltw‘r%‘a%ae wpt aed fe- Bersfrlmfr%g prid sten, 5 light pulse

unhéé&ﬁﬁd @%q&‘.(ri) unwi nding froma reference poi nt
seco ree o? second wound optic fiber |ine

posrtloned on a second apparatus; (iii) transmtting
[002Q)r r ddeiiwiengor pmvides@lsogherfertbe apmcnta methiod Hor qmmxmemcatmg a

t hrough. t he econd c fibe v n
parargelp N W ST 9 S O 1Evinding h SBRre o s wound
optic! fiB¥®Yine PMitiovied bh af‘ﬁﬂé‘t tabpzﬁﬂtug h@x) lungldiRg ffotn bhvefidgiite point a

the first optic fiber [1ne; and (vi) conmunicating
second reel of second wound optlc fiber line positioned on a second apparatus; (iii)
transmitting or receiving from the reference point a light pulse through the second optic
fiber line; (iv) exchanging said light pulse between first and second optic fiber lines; and
(v) transmitting the light pulse through the first optic fiber line; and (vi) communicating

in this way said parameter between the first and second optic fiber lines.

[0021] Said method is also used with systems as disclosed above. Preferably the
exchanging step is made also by bringing closer first and second apparatus. In a first
embodiment, the exchanging step is made by interconnecting first and second optic fiber

lines. And in a second embodiment, the exchanging step is made by transforming the
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in this way said paraneter between the first and
second optic fiber lines. [0021] Said nethod is al so
wQgwd/1gdish systens as di scl osed above. Pref er abCT/EP1988/003266

exchanging step is made al so by bringing closer first
and second apparatus. In a first enbodi nent, the

exchanging step is nade by interconnecting first and
second optic fiber lines. And in a second enbodi nent,
t he exchanging step is made by transform ng thelight

llght PﬁSﬂl&e fion® Ner@N@paet fikerf 1iR€rintd A ElRE@oMAAgnetic or acoustic 51gnal
Ctrormgnetl C Or acoustic si gnal transferri ng sai d

ferangasaidignalivithia thewell andire-sansferming sai signsahingd tiedight pulse
i nt he. | t. pul se in the second optic fiber line.
]nthiﬁﬁgﬁilﬁhéﬁgﬁ&%%tlon provides finally in a further
aspect, a nethod for communicating a paraneter within
(0022 welThe tdentieh | pmmn“sl sﬁrragyamn aandlmber tdipeatethriothethod for
conprising the step unwi ndi ng.i.n sai d annul us
commpuIEatieg g e@m&ferfwwv wel.lrdths pYslccqmprising ap @nnulus, the method

com T OR8PSy AR AT o o e

line Ifasrtmhe«b pnlacﬁtfst bppardtusn dowhhale;) (1) mmmsmim'ag ongecspvirg & light pulse

bet weern.,sai.d f st tic fiber e fromfirst .
throu 15 (7 OPhiE Tt Jided s orpaEryng prid ieht piise Bhibiegn said first

optic FRPIiHS BonPfift SPpRitus RNSUrBe Wrtferay thel thiRbd B&IRS cBmprises a
parameter within the annulus and transmtting it on

step aftsending withepid lightipulse al papametr withindbe snnybes and tednsmiging it on
0023] Further enbodi nents of the present

[
theﬁfsﬁvé\@ﬁ(iﬁ%rflglgh be understood with the appended
drawi ngs: Figure I A shows a schematic di agram

Briéfldéﬁmb{tgomgﬁmbem ggst enbodi ment

accor e i nvention gure | B shows a
schematic diagramillustrating the systemin a second
nbogj t g t Hi .
008" cBAEHEEIA 5 Sk oo h bRl Sy e

apperideg drtihgsl according to the |nvent|on for t he system
i n second enbodi nent. Detail ed description [0024]

Fh%ure I[Ais a view of the systemin a first
GHE bt SHRWS 03 e¥hpmatic c@ggawellv%@ﬂeg 1thg; systemgin a first

g%?fg% Srﬁoeggc.o-mﬁlgvi@ltﬂebiﬂ(z&d 5, Mmade of a casing 2 with a

e Figure 1B shows a schematic diagram illustrating the system in a second

embodiment according to the invention.

e Figure 2A to 2D show a schematic diagram illustrating the steps of the method

according to the invention for the system in second embodiment.
Detailed description

[0024] Figure 1A is a view of the system in a first embodiment deployed in a cased
wellbore 1 within a formation 6. The wellbore is made of a casing 2 with a guide shoe 8.
The guide shoe 8 comprises a landing collar 8 A with float valve. The casing forms an

annulus 9 between the casing 2 and the formation 6. The system according to the
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The gui de shoe 8 conprises a landing collar 8A with
float valve. The casing forns an annulus 9 between the
w@2®8nss127 and the formati on 6. The system accoPCi/RBR00$/003266
theinvention is made of a first apparatus enbodi ed
here as the guide shoe 8, which conprises a first ree
4 1 of a first wound optic fiber line 11. The first
reel 4 1 is located here within the |Ianding collar 8A
Further, the first optic fiber line 11 is able to be
1nvenlt'iBY1‘Dl1§n$a&é 14 t'fﬁstlf hf)}?cﬁ' eémb%%hed-rﬂgr fid 94 g\‘/lmde sHdeP8! which
UHMAndS i rect n e annul us as s
compﬁlsgma érsltAeelHdv\eii/aa ﬁrsbwo)\myl aptic ditlee hae dirbdhe ﬁmttrse;l ‘tlhle located

e B5HEL S 8 66 BEIRCRhSE ! St 1o 1 o
unwoﬁﬂt'l‘ fidh e T st RREOHO THe TR sOSptRE P 28 ﬁMﬁHsole&ﬁ?I M tHE ddulus 9

The first apparatus conprises also at |eas i rst
as shmsorFlgite aBl. davweveehy way od opiuarsamb@chmhtst the ﬁmeﬂ reel 41 can be

o SARRRE TSN RGP 5 5 2t i s

go th@ughMeEsiidd %etseﬂip@ﬂﬁtaﬂhﬁlus or ﬂ@ésﬁfse ap;mfhtuéi S&ﬁbﬁéés also at least
resistivity, conductivity, salinit or asphal t ene

a firscegmsemt lr 2hle gnmsasuse Baergsagternadithe sve i:/if Adpentpgdously, the parameter

of the v%l? Lsmlga%r.l.f)eﬁ %@?ncﬁ%ﬂll&%ﬁﬁg&? P?.rtg{}l%te%% bé: g r I %Xamples

u sensor

the tpmpéranad)| )prés@@xﬁl giH, Oldeiisﬂ@/, exckisgvity, y cafductieity,i Eﬂinl@ptC02 or

fiber 11 or on the first optic fiber that is unwound.
asphatgre ¢qriceRtrasipn; qthftsé}arametﬁe of thenlike mforring pRdleg epmeny setting,
the w1 PR am P R TSl fehbor S prefERblcEd on the
extrerofiy iof the Hest optia eﬁbes 11 ionkedh¢ dirdt loptis dibeo thad i unwound. The first

. cat 0025] The system of the

optic FRGRAL i stchahal BETHEtEn 6 the UGB MAPREL biisesggsor 51
can bk "ira'ﬁ's&iﬁéﬁ fhfough e Fﬁx‘éﬂoét@: fib&re s@ltHQ opfic | 'ff?belS 'ﬁﬁé!\’ri's KRN the

along the casing 2 thanks to a wellbore fluid
sensos ambis@ coprrneni¢dtiparmeédnse 10 or fiber which is vvound in

a second reel 40 is att ached to an upper portion of

he ol [ call S8co0 IS .attac

[00253 xe’ghﬁf %’rs(t)eglé %%gheulﬁwa%té p nsto Igfi&i%gfe secong a\m?rgﬂus enBodied in

Figur€ QW Bsp @ik 20. Tie pRg 20 id §ivvn bl@ﬁ/m@ralbﬁg’ (hbgéhsﬁlgp@l‘tﬁarﬁkﬁ to a
the_second reel. The second reel can al so be nounted

wellbprg fhid o seqapd optie é"fbf”f Jiggy £0 orrfiler wieh tsapewnd ig a sggendgsehdo is
attachkd %o ﬁhlﬂ%gétspcgﬁgﬁ OEQhé"Png gﬁgﬁ&l Nfie WBldn Oxre?l is alﬁflcl%eﬁeor fixed

seco re 1n erde en
through dHeniqaa poime ofl hamgmgl 5 fwhich thEBspmubfocbn’ @l of th¥ fibéreor through a

er en e sec ndflbe theflb is attached
part Ogrt g ?‘%988 ?Fefton desl t‘iaBﬁ" ) eomoamﬁgfleraehfwémgcﬂrrﬂamdge

The utﬁ?]oﬂtﬁnck s ’dﬁg%éﬁ ARDpluf ReariE FPREvVE LRAE thS weI¥EHENEle SEQRY reel

e second reel
and the plug are interdependent, but the fiber can be unwound from the second reel. On

the other end of the second fiber, the fiber is attached or fixed to a first position 4, or a
reference point. As it is understood, the second fiber is unwound from the second reel
thanks only to the movement of the plug at a second position 4°, which correspond to a
dynamic point. An upper part 10A of the second fiber corresponds to the unwound fiber
(between the first position and the second position) and a lower part 10B of the second
fiber corresponds to the wound fiber, still in the second reel. Preferably, the first position

4 is located inside a cementing head 3, which is a static point on the surface 7. From this
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thanks only to the novenent of the plug at a second
position 4', which correspond to a dynam c point. An
wappeniygart 10A of the second fiber correspondBCT/BPINE003266
unwound fi ber (between the first position and the
second position) and a | ower part 10B of the second
fiber corresponds to the wound fiber, still in the
second reel. Preferably, the first position 4 is
| ocated inside a cenmenting head 3, which is a static
first g&hﬁﬁn e ste&ﬁldsﬁ'ﬁérqg e?inZed o Q'Tnghmr%ﬁs'nhﬁ&r HORELVENAVAR 12 via a
ond fiber is linked to a I'tght transmtter or
feedthm:gh\/dre thov-puessurg sidea baineemhnkctedigh: the hdeviaewd P ramds theehigh-
in connec 0 the devicg 12.and t . .
pressiieqEF Bedi ETaeGed g the SEoHeuRsiby iffe | Lol debpimpsmitter
devickl B&#bld td ged&ate 'L ﬁgllltl }S&hEe tHrd: ﬁ‘%{ﬁﬂet ﬁarcoﬁ&‘()bﬁ@ fiber #AkeThe light
generate a |light pulse throu the second optic fiber
receiveridevicy catile tyhdeteas @énghépuld‘emr@ugh the sdsiond pptiel&iberdinea
l'ight pulse through t he second optlc flber l'i ne.

s T L s e

light Ipulss tbetdenthé iftestropticfibet lin@nid ziﬂaiethsesecmﬁi &ici fibdrilber10. Said
line 10. Said nmeans can be a direct interconnection
meangyeap e adirgcs AntEICQRRICHOR MEANS 13 105 SKAMBlS M wet Blategple; eqppector

systeﬁl, ﬁﬁf) an aR ihdllick @)@éhaﬁ ggtgseo ERpehird HEWIr¥RSs L?n E4n be used,

Wre S system ca use t'he optic signa el ng
the dptiansgrol rbmhg traasfoshedt tto ian ellegmal sigmad nisdrsfared thlnoug}ng fwire or
ments of the well sin

Wwre r an . .
clemett Gt e svell Brichsing: o ' Sy ACOPie gl g P Slertpapbhstic signal as

radlofr@ﬂle‘ﬁf:feﬁ %'éﬁ@ct'rﬁﬁfeki’lee'dntﬁr&lfgﬁ r\ﬁélﬁfof@ ﬁufd@ g2 %é’fﬁi bp tHeCwell. The
Ui ds or elements of the wel he neans

means I6é nsﬂméOteol@aate@ neaghe finss r¢¢lr‘k1t andec@lnnelctqd @ntthe extremlty of the

th xtremty of .the fi fiber
first Gt gy L oB8 Apclobaat sl tergedtd Bieh Pedsf SR to the
exueﬁlquq{eesécéxmé R feber 1i@gilby of the second optic fiber
line 10. [002 The fiber optic wet-nmate connector is

a wet mat eabl e connector system which provides

[0027don né B¢ fiber pRitC ERANDRAKSOPNESERT 153 mqt%?éée cquagetor sysigm which
provﬁ&dc rﬁ%gpgn BRAMAL H (ﬁ%gp rcf%?i@ ikt h@%{:)l} Rkt aftf sé&)?ld apparatus

connec a pin and
compriséses halfparctt dfcthe cbmeceoraaplie andm fémbkerpampfoir dntesdonnadtion. For

on or can be of the type descri bed at
exampl g ﬁw@&mstsm@%‘anas@éf 8 Bl tt?IfP%%F %é?%ireéﬁeé?  patent
numb@} @@76@463@’3?5@%&at%?e&1ﬂ?b§' bdtSten@) AL Bor %ﬁ&rﬁﬁl@ wher:]I(le the first

appar at us a ement plugs,” perfect alignment
and ti secamdlappemath e agaetrent plugs, qerfect alignmiest efithe madanmfeutajm parts

for comnien 4t St R IS faeiTonetiaie & Raria Ghi brotesfon, the
conned¥ott fefuréshd Billltl iR GRbAS hn@Semént rs?&@ﬂnn @hich incorporates; a ramping
profile on the receptacle—unit (faces upwards) and large vent ports in the receptacle
alignment sleeve. During mating, the piston effect of the plug nose entering the
receptacle, ejects mud, sand and silt debris from the connector interface profiles, allowing

an intimate fit between the mating connectors, prior to final engagement.

[0028] The wireless system is for example a radiofrequency emitter/receiver driving a

light source and a photoreceptor at the end of both fibers. This type of radiofrequency
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profile on the receptacle-unit (faces upwards) and
| arge vent ports in the receptacle alignnent sleeve.
woenosngsiat i ng, the piston effect of the plug PGBEEP2008/003266
entering the receptacle, ejects nud, sand and silt
debris fromthe connector interface profiles, allow ng
an intimate fit between the nmating connectors, prior
to final engagenent. [0028] The wirel ess systemis for
exanpl e a radi ofrequency emtter/receiver driving a
emlttkf/%%lvéro rd%?crﬁ)%g iff [@pﬁtgﬁteﬁ)?mﬁfonaxjimﬁm 6%%%2@58%519 the same
hIS type of o) equencyen1tter/réce|ver 'S
applicassandiacorporatdd hpadweith bppgfeiened. i on nunber 60/ 882, 358
fromthe sane applicants and incorporated herew th by
[.0029 IBis avie

[0028)°L S ESS ABbOcH HEM, ObE SER P stront 4ot dBeRapioved n the

casedMyvbitbdte fkeltﬁlﬁrtﬁélmrﬁﬁnén sTfme SysitBMeasafighonge 'irglehhsn is made
i nvention is nmade of first apﬁmratus enbodi ed here

of a ﬁst apparatgs anbodigd btre@@mpplus @$, whichrcompriged a ﬁrSI r@:ﬂ 44 of a first

[ n ne 11 The first
wourd e %k B 1 he Sl aeioh Brdnes gt B vt e pife 21
FurtheR&hé fifs® b?ﬁkpﬁ'b@r lineDEr is! dbletolbk irfwddl €rdrd ﬂbseﬁﬂsﬂmumﬂ. The first
fromthe first reel 4 1. The first optic fiber 11

opticyfahgr nidsuminds Sy pagsing rtbipysh tthe: gyide radadigecy riacthe yanpplus 9 as
shovh 1, PR 8 Aoy Y e s SnbByriBIENEL gRY s clan e

locat&l eleswlssre;, fof e)tan@daml’ﬁd }elug han pbmiprisen hclermjvesmgaedmély the plug,

traversm entirel ugq, theflrst reel b(?
the firssaggl dwingrleraled inids fialr?eone by Wt Gthest erapadiments, the first

f f
L

8 ints hthe aB8milng 8. {The atheruthasacPeristihe obtthe syst¢raraae tthe isahe @s for the

of the S the ane as for the enbodi nent as
embo&‘l“%‘ﬁ(?éég“ ’éﬁéai? - [0030] Other preferable
enbodi nents are d| scl osed herewith, applying to

[003@MDOodtENtprefefabld JEmBoditheits FhrgUrdesdlded Prrf&sviah! )éﬁplyli}%
second ag paratus is of the t% pe as disclosed int

embogdimepe ah Figarehts agpgite B dhelstabbe thoszondenparatup enef the type
as disd0%d2RP ttﬂ Cﬁu}o eaA q)a{e:ﬂ ;éﬁ%\ﬁ%/ r10¥1 &r{ﬂ't)egl;éﬁbg%llsm #S&" th2" same

recelrver evi C I'S"a ansm and recelrver

applictid. 4@ tigif walyetheylight Ginkmitter br feceDemdevictes a etghomsantter and
The OTDR i s an. instrument that can_anal yze

recew(qrgwl)cp && shg typg Qntisal Time, Pomsink Refleqiemater (PEDRInEhe PJ DR is
an m%tggﬁéﬁt Rk cn aﬁkﬁ%eet eg@gp fifSs b8 BbeP 4 SydrRind o&nrng Jli: @&E]smts to

to neasure scatter and reflecti
injectas shoftyiensenlasdr pulse intBr the efitain| andt toe nEadie ithe \haclkscmtger and
reﬂec%ton%f \fggte allsea Rmctlon of time. Preferably the OTDR is working at a wavelength

of 1310 nanometers.

[0031] Preferably, the first 41 or second reel 40 of wound optic fiber line is made in
such a way that the windings of the fiber ensure that the fiber can simply be unwound
from the reel with a minimum tension applied on the fiber reel. The windings have to
consider that unwinding can be operated at low or high speed, with low or high density
for the surrounding fluid. In addition to the way the fiber is wound and the winding of

this last one, an additional means to fix or to stick the windings of fiber can be used:

10
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of 1310 nanoneters. [0031] Preferably, the first 4 1
or second reel 40 of wound optic fiber line is made in
W@ ewR/13519my t hat the wi ndings of the fiber ensRCEHEPI¥88/003266
the fiber can sinply be unwound fromthe reel with a
m ni mum tensi on applied on the fiber reel. The
wi ndi ngs have to consider that unw nding can be
operated at | ow or high speed, with | ow or high
density for the surrounding fluid. In addition to the
specxéﬂ@lué hepHysREI of EheRed dreatiflert RE thd ABRNA1RS tHfiBer! Afitbe further
e, 'an additional neans to fix or to stick the
treatevbl soditrigschemidallyenesistant bed @bbdmsp'etbstand dheubuge apragioncef solid

paricfl O b PE (b b Vbl Y s LR g B oF PR ovicats
12 hodRy). B&Y @at glnpbiehsﬂbafsdcahf& ipéalan@b:rea&dw oaﬁ beqlackaged within a
ow

particl es g/at hi peed within the well bore
prote¢tme Jacl@ér4@dlhorpaé the r@ffl cap r‘?é pgopptechmith allzoqsmgr@r)a dispensing

cartn%g [ ng)}%rts thp %['ncidﬁ'lgo(t)ib ﬂ} SRE&' qlhﬁ l%c}ursﬁg d&d Y ¢ ge can

Ive I't1ona

duectl)hBe ﬁmhed:alnﬁkml tasli@p‘iugt ed with a housing or a
di spensi ng cartridge whi ch supports the wi ndi ng of t he

fiber., The hausjng or th cartrldge direc
[0032]; ¢ abhegensor Pl x’éd‘%t Fayn@l prample (goica %mgéﬁ’té‘&ﬁ ESYI?F Bragg

gratldéSSéﬁXOW xﬂfeas%ﬂgm:ﬁ p&AnRPt TRABrSEN ?ﬁftm@f sehfts ta)f@ @eallzed by

ragg grating sefsor for nmeasuring grature.
moduBitmgghgreditaction seas of an apticat 8hér ln@ohrbu}ndmmamahgalum dhey act

o B S0 s S B AR b ALY st
1z = 2.0t BiRed, \eine | eftatition Xiieked i the béyandne tHeOlAviléridth of the index

rel atlonshlp XB = 2.n.A where nis the refraction
modullamexA @mrngraelnfqab incting ofterperafargementyring she Bragg) wanelength 4s
|.at | on. n I r
s » RSP S8y i R s, BRERL RO 8Py Rhurd SUFLR, U, doure

Celsitis? THe &8y h@vdnbereBiTalig t@ihﬁtque Qs therfparthituhe rrieﬂfﬂrembhtyis aémotely
1 degree Cel sius. The key advantage of this techni que

perforracd: Hea ket enchand doRs raﬁsagmléﬁeﬂ%ﬂy and, gl RAo PYStiTrel this
way, g%e V\%ﬁ‘g‘%‘bﬁ 1se{*l'qb@cﬁ?c}] Q\? I% A%art e efbet Qﬁl%l\)/hl@ﬁ] QNJQ' idtentionally

ol e" system e sensor
structarablg dnedified t Also, ahepsertsonbl tdan b‘el d:mbodwmmﬂnﬁn ahpamtasf the fiber

intentionally struct ural | i f.i ed e se
thanks 5 G4 pogaLHRSHIEGE SR HRIS St (B Torelrd b AT samitict wit
surrovfrﬁiull d SnViRinieks Sl MG ldd LsenSO GROAIRY LARE fBEr i RndWR&ptical
ne in direct contact with surroundi ng environnents
indexamay mry wath the mmamreeendmtt thg intérfackh eepredeating fibknendn(interface

t i cal var e t enper.a a
optic Hpet/ i RAIBE FEPEEEIR PRYCE R RGP b i8rt Aa0 infm on the
temperature of the surrounding environment. This will also apply to other parts of the

fiber line, and a distributed temperature along the fiber can be measured. Also, other

parameters can be measured accordingly.

[0033] Other type of sensors can be used. Many other physical parameters are
measurable using miniaturized sensor that are self supplied in power. The associated
electronics are small and with low consummation: a sensor with limited volume and
limited power supply allow a minimum bulk. For example, sensors can be of the type

MEMS. The sensor can also be auto-sufficient in terms of power supply, as for example

11
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optic fiber/ surrounding environnent) backscatter or
reflected light will informon the tenperature of the
W@ 08161 ng environnment. This will al so appl yPEDER20h&003266
parts of the fiber line, and a distributed tenperature
along the fiber can be neasured. Al so, other
paraneters can be neasured accordingly. [0033] O her
type of sensors can be used. Many ot her physica
paranmeters are measurable using mniaturized sensor
an optiPAl séRér: SRéde RURD!HeRE JMcdN¥Rionall RBda&3AG1 cREking including
el ectronics are small and with | ow consunimation: a
electrarders powsist supiplyrand dnalptingreesines. [HominsahogoReageserppngs sensors
al |, ow a ¥ininun1bulk. Fortggﬁqgle sehsars can be_of both
can alsg, be U INERESSUTh BICRRHEBFRtAI P8k SHaes RNy g e o
tempetdtule@hdPradbuie@uB be $eHlizky, as for exanpl ean opti cal
sensor: there is no need of conventional and costly
ackagi ng including el ectronics, powers supply and
[0034ﬁn al lpanpgenembediment; spultipls optead sespEgyay baairarged in a network
I b f SYk: angl ;.
or arg SR Rlo] R T3l e S IR R ine” ovision
multifdé:dag or feqancpdivisiah nadtiplexiffIddselsensorotdrebe deployed along the
nmbodj ment, nultiple qptical sensors be arranged. .
first fippre EYERIRD of%raggrgsatlg% ERSPES &F9 SHiechi e 5P 23 Of using
. i i : : o olexi
i FEIFET PTG B Bt Bplrs B Frth& L BVLAR e, cach
Braggheratimgl symsdr dlayimg titse wavelsogthi frel .belhge nptemhgated®rigghe light

rating sensors.gre used there is no heed of usin
transTR{EYReRAUSH Y™ AL AERIBYREBPIRGE iong g ABER St Brogids @ profile of
measuféh@&tGa0thk nAQius0 Misd, thé Qkivtk oFaehlsd?s aa8y Praiddan increased
sensor having its wavel ength and being interrogated by

spatial tesolitigthof temperatiret pregsues siraiar or fiyvirdath in s welihege
sensors along the fiber can provide a profile of

asgir ' S0, fove o
(0035 TARRRL, R 35 aBRRM GonBHS ol AR Yl intfaing he
unwintiﬁ‘{ﬂngf el lﬁfst Wti&s ﬁbéxfe linst(iliai sihowm).f Thewicdatiagidevideecan be in

we ore. [0035] Preferahly, the first apparatys
embodigi¢pt P BiguE I A AN HINS Jetiem! ﬂ?l%m&fh%ﬁm? frel ot AdriRg (for
I 5@\t ; Ot i i he; ' t In K
exam e (hE Bl DL T bt 58 MR cARPAL In e samg way. the
actuating| devkderngn devincenhodiroeti af d'igure 1Bi a atptarealiskibast en theygug 21

(the pligas aghetiis oot 1641 et ) Sofirbingche G shgel when the
plug 23_%!! ili<§ Bort&d? vileh 1HB 18AHRE cORR 18 A0 PréTtiablys thePfiRt Apakathecomprises
n

di sk burst on the plug 2 1 (the plug has a hole and
also dispending systenadielping Ithe unehdigt ¢ff the first optid fibert hee (rot shown).

The dlrsggrllsir\ll\éh ger{/ict:ehgan be a wheel that moves in rotation when a fluid flows across:

action of the rotation unwinds the first optic fiber line and action of fluid flow ensures
displacement of the first optic fiber line along practically longitudinal lines of the

annulus.

[0036] In other embodiments, the first apparatus can be made of different reels (not
shown) of the type of the first reel, located uniformly around the landing collar for
embodiment of Figure 1A, in this way the reels will be able to unwound in the annulus at

various location and if various sensors are used a three dimensional mapping of the

12
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plug 2 1 is in contact with the |landing collar 8A
Preferably, the first apparatus conprises al so
WQRMBAsddthg system hel ping the unwi ndi ng of t hRCTEP20p8/003266

optic fiber line (not shown). The dispensing device
can be a wheel that noves in rotation when a fluid
fl ows across: action of the rotation unwi nds the first
optic fiber line and action of fluid fl ow ensures
di spl acenent of the first optic fiber Iine along

annulPk @&t b€ adaliyed.ongi t udi nal |ines of the annulus. [0036]
I n other enbodi nents, the first apparatus can be nmade

of different reels (not shown)_ of the type of the
[0037Hj r s{n rapether aspest dbe gistemr Aesfribgh begWitels) wyedi #Wga method for
r o . g | a
cemefifihy el nd BRI Naic oo Brdch, Pl S4¥G2D dcloses the
steps \d theotetHodcatordingatocthe inveatiomua astirss step (BigerelZA)] vehen cement
70 is iy 98 OO 2 F R Hlr® BIBURONHS S5uRipan The coment 70 i
: ] . E i .
pumCR Ychirdle PRGN ULV TRAIACUR, (5! PG doRimnGRTith opéts? id
90. As thefirstipigl2d seayelsiiovatheles itstats hgainsttaHantling caltad i8Agofi the casing
he.invention, In a firs e L, gur A) . when
shoe 80 T 4541 SO BLEY AP e TUReELAT aarihr Srelipag meaps 61 as
described! #oR@SAM Y CadiklE sRES 11§ @niboditaCas R Mist 74bpafatid & aulic
behind the first plug, thereby noving the first plug
pressaigwibial thevgemens gheve the firyt wog fpeces matik ity ist sybficigntto] cause a
v ey Ik ' | andi n ol | ap. 8A
memyeY i BretfitR B st AR HrRLRTS bl ThBRaRPL IEFieHR 22,
cemehi TG flowe ellrodghl thafiistipleg exd Hrrfiat nEoandup 6 titeatihidpepace 9
above and the casing shoe is enbodied as the first

betwegpihe Sermatiopypang the Capipgds iy s jesand Fep dhenBrst reghdl ds allowed
to be biold Sl M) b adtharel el GbPRoviry. FRHAR: optic
fiber tine i liji¢ thea carriedrbyadriag upi intoFihg anenl@a89 watmbntcei@nt 7@ \Weormally,
t hrough the first ug and the float. valve and_up .jntQq .
drag Wi BTeEF AYTiSeatle @Oagsmgﬂel{f%n%mﬁ% e ep%ﬁb{)rﬂgle [ into
the a8, Aowkler! MvanBBEARY 2t BBpenbifigl dysRin E&Pbe 4isdd itS help the
al l owed to be unwound, ddvantageousl'y thanks to an
unwirding; or rypnepls taetisgensing svimehput ifilretation shankptté thef fliverof cement

acrosh (5 sHFhE e SEEFBR b S hd ot BB Bh e e
(not shbwhj.ci ent to all ow good depl oyment of the first optic

fiber line 11 into the annulus 8, however

advant ageousl y a dj spensi ntg system can be used to help
[003&] he ImFigves 3§, thethisd stam ef thegmeodsisnghonme avhesgin the second

apparﬁt% RN IRRKS it (‘Peptl&%df ihMe WelCATRP Y sufficient volume of cement

has been placed into the wellbore, a second plug 20 is deployed in the casing 2. The

Qi

second plug comprises a second reel 40 of second fiber optic line 10 and exchange means
61 as described above. As the second plug 20 travels downhole, the second fiber optic
line 10 is deployed in the casing. At one end of the second fiber, the second fiber is
attached or fixed to a first position 4, or a reference point. As it is understood, the second
fiber is unwound from the second reel thanks only to the movement of the second plug at
a second position 4’, which correspond to a dynamic point. An upper part 10A of the

second fiber corresponds to the unwound fiber (between the first position and the second

13



10

15

20

25

30

across (not shown), also an unbrella can be used at
the end of the first optic fiber line (not shown).
WO 0®88351b6h Figure 2C, the third step of the neR¢iDEP1088/003266

shown, wherein the second apparatus of the invention
is deployed in the well. After a sufficient volunme of
cenent has been placed into the well bore, a second
plug 20 is deployed in the casing 2. The second pl ug
conpri ses a second reel 40 of second fiber optic |line

positt %ﬁﬂ@a%&eﬁﬁﬁeldﬁeépﬁxe @eéonﬂ%%?%&ﬁt%%ﬂd%qgg wofiiid EBEr, still in
sectond plug 20 travel s downhol e secon ber

the segmndcrelel nheldynasid gyolingyedisusrthe refecask rpgint Abr thn&seecmdi pbsition

cond.fiber., the nd.fib is att che or
versis e AFFGPRT, GFOBTR Fn Ofag) OF e PLEeNEERBE Atell agon the
displadenieht YREIThe g Withis @O Rd]lf TREMfirksSpastyntads flsmed hRide a

second reel thanks only to the novenent of the second
cemepting head 3, sdieinis pcs@tncl ront4 Fromtthishficsb pesitipotlee second fiber is

inkef 53T e e RBE 850 ERD Rl B ShR 8y R 111
unwd¥@diffdn® theafivdlt lteblema@lemdﬁé) SortirRig AGW ofl cba¥RI70p a\rd&mitﬁgeously,
of the second fiber corresponds to the wound fibe

the figgtjoptic fiher line Lleeaspprises apultiptp éeftfyfﬁaiht% 58 ﬁineP@hgdlpﬁ avithin
r i t
the cheJn% ﬁB‘OS IT{AQ oérélhslo‘rﬁ g%ér}be gtﬁ gﬁ% ﬁg% ér %?érféﬁiss Tli]l% ensors are
dlspamHeh Ial’bnghbe veebhd ibeoin sublke advaszpdhat:@hanﬂle Niak ds dléplb)hﬁ w1th1n the
g wthin the well fi S|tion 4 is |oc
annulo PrrEeers eabr ?qxﬁrths%av@m ¥ é’hn gs 3 vargys denthy locatlons
Fromthis first position the second fiber is linked to
[003% | ghfidutams ”ﬂhbtfgl!irt}%teg%i?ﬁie\iﬁéthg&ié' hBwh2wh&Rirf fRE s8R plug
inme, the first I's unwound fromthe first
20 seaE@[gameahk $irst plugh2l . clihetfirstoptiy fitleolinefl I ¢ethenprof@rly deployed in

anta eousl the fi optl iber lin 1 .
the a‘&‘b T PR % r%? e&nénege eé%} OT Ve 1 ’ieg““%‘llt‘? To ﬁ&nﬁ%@%& In this
confighrafibi firfeasiReAnd ahll keEondT BFpa3£0S Ak nﬁrcﬂ)s@fw&lhﬁyttb Plow the
ragg grating sensors. The sensors are dispatched

exchange rmgeanhél sewordprapsdy- Inp Bist pmbodiment fibg exghanrge means 61 will
work! w Sqtéjcg %'f%%ﬁad ﬁ\r’gttalﬂgrke%}l%l %!Sb%‘e{t&ssw%?rb@%g he‘%@&g@@tlon of

n sal ann varl ous

both bm:abﬂ‘ thesexclﬁdh(ga Yheand 6fFiig teird®, Int ah@ecfoﬁd reh{boatrﬁemt Qlﬁe ttuhange
net hod |s hown, . wherein the second plug 20 sea
meang §d; i§oyirel F@ and, will wyogly when both, parts P§ttheoﬁ>sqhengq 5@@&1 phare in

close g)v}cel .tﬁfae.rkxggﬁ%g ot %:ang eRh BY S s?pﬂlﬂ:ﬁ iff :fSBgJeﬁ ghe%ﬁg%s Itﬁ gght energy

et erm ne even i requl
comisgl fioac fiber. Advamh'gex)ust;nélegmmﬁs msedfm rexthzmgpanahmsmﬂrbﬂ: low or

very Egyggg\ggra e atgtli%l ilrrl I%E)‘Is \?fﬁ%cel gtg%%;tg:t&ntsﬁéﬁtl Olglglel}tlgp ergessly can

be liRR@AHERRVer pRrEerSHTNANI exRABS MezhsV61 lwork when both parts are
separated from less than 1 meter and more preferably less than 50 centimeters.
Advantageously, the exchange means are RF emitter/receiver driving a light source and a

photoreceptor. Thereafter, the cement 70 is allowed to cure.

[0040] Sensors 51A, 51B, 51C measure information on parameters in the well. For
example as shown on Figure 2D, sensors measure temperature in the annulus informing
on set of the cement 70. Information is read from surface 7, thanks to light pulse: sent

through second fiber 10, exchanged to first fiber 11 by the exchange means 61, sent to
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wor k when contact of both first and second apparatus

wi Il be done, interconnection of both parts of the
WeWRasge’ neans 6 1 is required. In a second ePEGDEPIMR$1003266

the exchange neans 6 1 is wireless and will work when

both parts of the exchange neans 6 1 are in close

vicinity. The exchange neans can be self supplied in

power, thanks to |ight energy comng fromfiber.

Advant ageously el ectronics used in exchange neans w ||

sensdt€arldOYéserit NRKYby PH¢ BN IpatSU TP birfite (sBntt ﬂﬂr@ughaﬁ?st fiber 11,
di stance to transfer i nforrmtl on w rel essl {vecan

exchangeidite §¢cond\fé>¢e 10 pyehe ﬁ&@lapge misanseklc mgeal sams thgough second

r.k n art ar.e e t.han 1
fiver 1808 15 ot Baf PR GySRRRER fi AP ORAC PR Rah reach he
surfadél 726t RGAN lb‘é'a‘itacﬁd&leto&cl( Cﬁgﬁiw TeloRatsy Slyseerﬂf’rotocol (DTS/P) box so
emtter/receiver driyvi ng a |light source and

that e e hasecqomplete vlﬁéﬁééﬁqpemsmmw@%mthqeemgmaﬂq Huether gspect,

the slce‘gérgir n%;%@eﬁg; 138%@‘;?% itg?erjag‘ digidsed 1%1{%3 r@\%'épé gerlrt_SPtea%})sllcatlon

numlsh @609@801 FZ ﬁumetha Banﬁ@rp@hcmmd wiethé® tpdetaimine deptht feeation
$np¢éus [ ﬂ; on set of the cenent 70. Information
Speeq QL {g §eFonf & B, thanks to light pul se: sent
t hr ough second flber 10, exchanged to first fiber 11

[004iqy t 'U%n?@%@%&ﬁodw §% . caft @BhfiIn? ARA HOTh &e%gteﬁﬁrgecond plugs
by the sane pathway to surface (sent through

have fbelestdepldyed and hawg ohaohgd dheio comedneperatipanl positigns Ha addition,

N T T ST i

hencd tifdet de@Blopfehi Sfdepth BE phistiark @RaBurklethis cb@fienihg both Jatinching
can be attached to a Elgltal TelenetrgésysteniProtoco

and Ve gf)plugsasswell matdetadled oh PRssage dowpitee Bibing Eseondplyg only).
Secofg&elg,gé%g%?é Ad %%Sdepathﬁé %ﬁé"i{lﬁm@é’ -and eRE fHe t§ﬁ$ %P%vﬁuecthn:%ment

apparatus 1s of e’as ose

sets iElIh@ pealarnl@nh cappe |de&tmmedmsmlr V@zﬁﬁﬂ@aﬁb&ﬂleflf tinfetifiéne of
gpl i cants, and net hod t 0 dethgr m ne dept h,
the n}a&,refpp wugog%@dl%rpwﬁects‘@éaﬁ@ g the yysl na%lon[me%ﬂ Being

able #c;isé atéqf dBRHAR tﬁ?ugs ave @erﬁ fHa R RAld %g&#ﬁchﬁ}i?y reduce

and secon een ep oye ave
this tlime,cﬂihej indnexrse m monsstenop@v}mu xcttaig poancbmpnmed lby a temperature
ditian, .oth ﬁrnatlon .can, be deter

incregicr ey 0L Sl £XURGTES RFBAGR g1t TRB AR s soment hydrates.
The a%g@ ih| tERpEaHRé QQ(‘%@E haP§ tRiepitd fchahyd o@ﬁ@m?@i@ﬁﬁ'é Qfla static

thus confirmng | aunchi ng and arri val | ugs as
hydrastdtic msesu@b,andul;blth@n beasedteindmate thatethe @pmgor(lshes:omrred that

the %ﬂﬁrﬂ on| é{) zﬁxéﬁﬁétoogpgr%i?g r?ﬁ%&?emﬂgngﬁ@ﬁt l'IEmuous momtormg,
we may also be able to detect via changes in distributed temperature or by attached
acoustic sensors or by a direct density sensor whether there is an ingress of fluid from the
reservoir in a microannulus. Indeed, we may be able to independently (form a cement

bond log) corroborate whether the cement is a good bond or not.

[0042] If the first fiber to be deployed in the annulus is likely to reach surface it can
also be deployed using an extra bottom plug that is pumped down the casing during mud
circulation. This method would allow attaching the fiber to a DTS/P box so that

temperature and pressure distribution in the annulus are available prior to starting the
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10

sets in the annular colum can be determ ned as well.
Waiting on cenent tine is one of the major
W@omwBM3316T ors to non-productive tinme during theCTeP1008/003266
construction process. Being able to accurately
determne the tinme at which cenent has set could
significantly reduce this tinme. The increase in
consi stency when setting is acconpani ed by a
tenperature increase resulting fromthe exothermc
cemeht§86itsQn that occurs when the cenent hydrates. The
change in tenperature (or perhaps the rate of change
of tenperature at a static hydrostatic pressure)

[0043d oul Ehe hreserdnyeséian hes berti deatrebadrfar plugs ipercss oha samenting

. ccurred.. th t ; . i

o, 550550 Pl SRUBBHARBR b LGl PRGN i

Othe@plichtichsef thblappiratdeindche hahah ac@eding no dhs irvehtide dnclude
nper at ure_ or blﬁattached acoystic sensqrs, ar

te y a
attaching éhet reglsrafi wounds fiber touanet e of ipbiest imovaR Withyp éE% vsfl, as for
| e
example HeplokdBE A0S Y Bk o R AL o M el
as forcexampiboa drilinghebher logpiag ¢cevtpaloggmamwhdedriongdtool, anoeasuring-
. [0042] If the first fiber t depl.oyed.in.the . .
whilelr {00k rting Ho% an B e fateed Y £l Bk reline cable,
a coi%ﬁptlugiﬁg.d OtfdrghpiRatiatls 6 tetdppiaRlsishd Bt mefhoBUBREMling to the
own the casing during nmud circul ation. This nethod
invention linthade fiving theafitst pgsitiore of jaby of statie opAgAEMIsMeirto farfexample
. tengg&g%ﬂgﬁ and $ressure di stribution in the annul us
in subgFa, ordewnhols APUIHANS- o St arting thecement job itself.
[0043] The present invention has been described for
plugs in the case of a cenenting job, wherein | ocation
of the plug and/or information on the WOC are
important to define. Ot her applications of the
apparatus and the nethod according to the invention
i nclude attaching the reels of wound fiber to any type
of object noved within the well, as for exanple
perforating gun, retrievabl e packer or any type of
tools nmoved within the well, as for exanple a drilling
tool, a logging tool, a |logging-while-drilling tool, a
measuringwhile- drilling tool, a testing tool; any
type of tool hanged by a drill pipe, a wireline cable,
a coiled tubing. O her applications of the apparatus
and the nethod according to the invention include
fixing the first position on any of static or dynamc
poi nt, for exanple in subsea or downhol e
operations.Clains 1. A systemfor neasuring a
paraneter within a well, nmade of:
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- a first apparatus conprising a first reel of first
wound optic fiber line able to be unwound fromthe

WO RGo8t13y1eel , at |l east a first sensor able to nRGEEP2908/003266

the paraneter of the well, wherein an information on
said paranmeter can be transmtted trough the first
optic fiber; - a second apparatus conprising a second

reel of second wound optic fiber Iine able to be
unwound fromthe second reel, an extremty of the

Claigﬁglond optic fiber being fixed to a reference point; -

1.

ght transmtter or receiver device linked to the
reference point and able to generate or detect a |ight

@%yasm%{ %&Qﬁhg%ﬁ%gﬁ?a& WREihG JdiDGladeiore; and - means

0”'exchange sali pul se between first and second
fﬁ‘ﬁk? bRgtus! doftfpristng o Biest SYQ AN woludtl Bptlc fiBEElR dble to be
e

ifpst sensor is located on the first optic fiber
uriwmindFrorTitee Bx56 teshn atfleast aifinst sensop eblsdp meesspieite pgrameter of

FEAEAE 2R Sy bt Sh i Bobiieit AR be il iyen he

$R0SHIc erl he several sensors are Bragg grating

sensors. 5. The systemof claim1, wherein the second

appoad bppdratus banpdsing nissendatellof astond vemmdrptis dibspline able
The system

6. of claimb5, wherein.the second,sens IS .
PdERBOR KB (b6 SRR En FRBURIY AN SEeomh 3oL SPghpeing
ﬂedctb%irgfe}enc@@‘éfn%i n the second apparatus further

conpri ses several sensors distributed on the second

ORtight filalShitlel B8 rebivethievedssEiedolo ik akferencerpoint and able to
wherei n the second sensor or the several sensors are

Bate o deteon g lisbhpdpsthranghtheserpad entiafiben linenpnd

TPeaTido GERHanED s RGOSR SO o Ioe.
ot et o STy LSt 58 Traoneney b PRafE Rt oot fber
genductivity, salinity, carbon

The system of claim 1, further comprising several sensors distributed on the first
optic fiber line.

The system of claim 2 or 3 wherein the first sensor or the several sensors are Bragg
grating sensors.

The system of claim 1, wherein the second apparatus further comprises at least a
second sensor.

The system of claim 5, wherein the second sensor is located on the second optic
fiber line.

The system of claim 1, wherein the second apparatus further comprises several
sensors distributed on the second optic fiber line.

The system of claim 5 or 7 wherein the second sensor or the several sensors are
Bragg grating sensors.

The system of claim 1, wherein the reference point is locate at the surface of the

well.
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di oxi de concentration, asphaltene concentration. 11.
The system of claiml, wherein the neans is a wrel ess

wao edoefretisy system 12. The system of claim1l, PEEPRI0N8/003266

10.

11.
12.
13.

14.

15.

16.

17.

18.
19.
20.

the neans is a fiber optic wet-mate connector. 13. The
systemof claim1, wherein the first apparatus further
conprises an actuating systeminitiating the unw ndi ng
of the first optic fiber line. 14. The systemof claim
1, wherein the first apparatus further conprises a

ARG cHifT ERVHERiR tOpdriBeteP I A 08 taken il hellist Sbnstituted
optic fiber line. 15. The systemof claim1l, wherein

toie teyparatires dirpsshese PHh dangily, resisHyiy.t canduetindty; exabinigsr carbon
dgvi.ce abl 0. generate an et.ect the |ight pul se.
PGP Bk Rar AR AP Rt or wihin' s wei 1
 F b  OIRS: jofid ' el
TS of i SRR RAARUS ORI Shudife]
FiHeSYsteml d feldimbe fwHetdif tHeSm¥iidla &BEE Gt 8GR0 8bfncfor.
the first optic fiber line is unwound in an annul us,

athel watein af Elalrstl, S¥hiesdi theofifst @fpaatus inthe 0a1PHsOAAM actuating
and abhl e to neasure the paraneter of said annul us,
WHEemipitighng Hiegmyapdiag obthedysionsisftheeting. can be

ansnmitted troygh.the first optic fiber; - a second X
;[r&ﬁaﬁyét?ﬁ’sogﬁlﬁ‘_ﬁ? s Phrein thecfiish apRasstus RUrdist GAPRSt dispensing
Qpdtba Heldey tHe'xﬁ%viﬁ’th? of e stpieyYmd; fihom t he second

reel, an extremty of the second optic fiber being
flihgegystetn dFr @higt €NoGhedd€inNthe system ic@hiprikésaRSIigt t tednsAiier and
recei ver device linked to the reference point and able
ferelen deviceablado gencrate and detgeftthelighieoulssr ough t he

second gptic fi.ber line; andg.- ex?han e gevice to

¢} St fordugaguiing  pargietss Vo ina syl mads otind second

optic fiber line or second and.first. tic fiher .line.
1315 dprd Gl NineSf Dot 0 gt Bt i p¥Rtein B st par
AP B Bilst!SptiSfiben@i ie Gvothtl Ahd adscEafd mgt Shae firdkSptikiber line is

system of claim 17, wherein the first reel is in a
appeard inanamulg, atleast Ffisst $or3os facated Ongpidh seeondpast aridnable to

LI t ' di it hi: i IS .
s ph 4R pBRRRICEH Yol ERAT WGl b o dstln Bt parameter
ampbe ghnssnitted eotygitlthe dirwi dplic fibar;secondpl ug.

- a second apparatus comprising a second reel of second wound optic fiber line able
to be unwound from the second reel, an extremity of the second optic fiber being

fixed to a reference point;

- a light transmitter and receiver device linked to the reference point and able to

generate and detect a light pulse through the second optic fiber line; and

- exchange device to transfer said light pulse between first and second optic fiber

line or second and first optic fiber line.

The system of claim 16, wherein the first apparatus is embodied within a casing

shoe.
The system of claim 17, wherein the first reel is in a collar launching.
The system of claim 16, wherein the first apparatus is embodied within a first plug.

The system of claim 16, wherein the second apparatus is embodied within a second
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2 1. The system of claim 20, wherein the second reel
is in a hole inside the second plug. 22. The system of

WQPWBH3SI6] wherein the reference point is | ocaPE&l/EP200$/@03266

21.
22.

23.

24.

25.

26.

27.

surface of the well. 23. The system of claim 16,
wherein the exchange device is a RF emtter/receiver
device. 24. The system of claim 16, wherein the
exchange device is a fiber optic wet-mate connector.
25. A systemfor neasuring a paranmeter within a well,
t;hg wel |l conprising an annulus, the system being nmade
of : - an apparatus conprising a first reel of first
Oftid systembeicldim @), witeediritle secobnd el ipad & hole ihfide thersstond plug.
optic fiber line is wound and a second part of the
fThessystept oL clhinpd 6, Wheeein theunefeoentd pointtifh ocatenatl the surface of the
qugt a first sensor |ocated on said second part and

to nmeasure the paraneter of said annul us, wherein

{ihe. %Ls?etng%tf' c?aﬂ P63 @\}hgre?r? B %c%ngff‘ rclie?lt%e it ﬁ%" %r%ng“fr%r/receiver

opticC tTansm
adesticeecei ver deV| ce |inked to said f| rst optic fiber
and able to generate and detect a |ight pulse through
tTHe $istest obplaim fé,behereimthe exctiangecdavikeniscatfiben ogtiw ived-mate
to transfer said |ight pulse between first optic fiber
I‘ioﬁﬁecé‘?fd surface. 26. The system of cl ai m 25 wher ei n

ange devi ce_ | d ond ar at us
o SPGB BB Bl o R TR P SRR G s,

|thé 6y sedh Beih@ nbide wiwound from t he second reel an

extremty of the second optic fiber being fixed to

suanf apperatisronipeisidg g htst Irceirw argttoptic dibelr ﬁne;awhmeindeﬁxisc part of
edto bl e to, gener te and det

L t f.
b B3t gl s ¢ 7 St and % SeombBED F ahg AR opPE et lne i

ahoRAd S Heanashd eélt' e85t ta‘}ir%tr :ﬁ:ﬂ%r%ca‘i&l Qn kdigRbcdid! p%%t and able
between first and second optic f | ine or second

daerurs thegparameter besaid anrsilus whemlmm hdernasionrpmeasaidh pargmeter
met er thin .a | ...conprising the step of: (i)
ﬁﬁn%ﬁ%aﬂsdm&e&rpg@ Flbeeﬁ{\g{)?ptﬁfﬁ’s > wound optic fiber |ine
Qoashéﬁtqmgmﬁ& Anfii eSdiver device linked to said first optic fiber and able to
generate and detect a light pulse through the first optic fiber line; and

- communication device to transfer said light pulse between first optic fiber line and

surface.

The system of claim 25, wherein the exchange device is made of: a second
apparatus comprising a second reel of second wound optic fiber line able to be
unwound from the second reel, an extremity of the second optic fiber being fixed to
surface; another light transmitter and receiver device linked to the surface and able
to generate and detect the light pulse through the second optic fiber line; and an
exchange device to transfer said light pulse between first and second optic fiber line

or second and first optic fiber line.
A method for measuring a parameter within a well, comprising the step of:

(i) unwinding a first reel of first wound optic fiber line positioned on a first

apparatus;
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28.

29.

30.

31.

32.

33.
34.

apparatus; (ii) unwinding froma reference point a
second reel of second wound optic fiber |ine

w@omstissased on a second apparatus; (iii) transPET/EPI9G8/003266

or receiving fromthe reference point a |ight pulse

t hrough the second optic fiber line; (iv) exchanging
said |ight pulse between first and second optic fiber
lines; and (v) sensing with said Iight pulse the
paranmeter and transmtting it on the first optic fiber

gﬁ CunwidinkGoe RFeeRle ﬁ&lﬂi Ms€cond¥WBA" & RcbfBwound optic fiber

changing step 1s made al so by bringing closer first
and Becpositieqedanat sesondppafes; met hod of cl ai m 28,
wher ei n t he exchangi ng step IS made by interconnectin
(i) s transmittingcomescoiyinecirompide refonence mant hightpelse dhrgpgh the

claim?2 the exchangi ng step i s nade by
tran%‘?%f“?nol\éwc fﬁérqf | ght pul se fromone optic fiber |ine

'l(xQ o 196%2518 lb&?&{ve@rﬁ Euhcpse%bﬁ?agmc fiber lines; and

sai gna

t §ARMG AR §d Bphtthuldedn@paraffefer bhe trah&hitindlit 88 thefirst opti
ﬁ?e Secofrg‘d optic ?ltgber Ilng 31. The net hog{gcj)lf claim T

27, fberlgien the sensing step is made by sensing with
said | ght pul se the paraneter on said first opti

e ancthodhef Cim hewHEERoME CRIEIng 9P df mygge b by bringing

r}ﬁ% HERS Epﬁﬁ g are made with various

%5%% %rs agcﬁq é} pul ses. 33. The nethod of claim

Eﬁxe n’i@ﬁé@ biclafif 286 TWRERNE thePBichhngdifg 8fepli enadle Myﬂ%&rc&ﬂlectmg
A method for communicating a parameter within a well

iestpnd s¢aogd ohtic Sberlings: (i) unwinding a first reel of

first wound op t|c fiber line posjtioned on a first

dpparethassof ‘{lalin) 28nhergindge ﬁxetmnalragérte} srinadey H@%ormmg the
ﬁgﬁtoplﬂon;ﬁ?m Ohe Qﬁnﬁbﬁqmduﬂ@tah %étf‘b%){ %nlsp@ or acoustlc signal,

on a econ apparatus; (i1 ransmt
c*ansrfammg\sardgsl grrab mithive theefadl anicre-tpoisfarmiang sajd slgpall mm the light

t hrough the second. optic fiber |ine;
pulse yngthe second optic %belp me

The method of claim 27, wherein the sensing step is made by sensing with said light

pulse the parameter on said first optic fiber line.

The method of claim 27 or 31, wherein further steps of sensing are made with

various parameters and light pulses.
The method of claim 27, wherein the reference point is at the surface.
A method for communicating a parameter within a well, comprising the step of:

(i) unwinding a first reel of first wound optic fiber line positioned on a first
apparatus;
(i) unwinding from a reference point a second reel of second wound optic fiber

line positioned on a second apparatus;

(iii) transmitting or receiving from the reference point a light pulse through the

second optic fiber line;
(iv) exchanging said light pulse between first and second optic fiber lines; and

(v) transmitting the light pulse through the first optic fiber line; and
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35.

36.

37.

38.
39.

40.

(iv) exchanging said |ight pul se between first and
second optic fiber lines; and (v) transmtting the

WO p@Bt133361 se t hrough the first optic fiber |ineGT/EP2008/003266

and(vi) comunicating in this way said paraneter
between the first and second optic fiber lines. 35.
The nmethod of claim 34, wherein the exchanging step is
made al so by bringing closer first and second
apparatus. 36. The nethod of claim 35, wherein the

@NC R3BHRcRnSAn ithis FRFSsaltd pAranelet BaReh itR@fifst bAd s@ddd optic
second optic Tiber lines. 37. The nethod of claim 35,

wherfdienlingse exchangi ng step i s nmade by transformnng

the light pulse fromone optic fiber lipe into a%y .
Bheemeﬂméa@tﬁ@m 34 whewia the cxshgnging stepaismeds alig Wabrnging

,a%%g%%ﬁg\éﬁl{i P%d%{lﬁ%ﬁ{)ﬂi@!uk and re-transformng said signal

se In the second optic fiber Iine.

P meRd B At 935, whabi Bé ex¥RERIost ]géoﬂrhﬁﬁ@b? Mm&€rconnecting

point Is at the surface. 39. A nmetho
shmndsecand ogicfipadimpst er wWithin a well, the well

conpri sing an annul us, the nmethod conpri si ng t he fst ep
Bhte methpd i wiavan 1y Wherejnitke exvhandiag stepiis glade by traggforming the

first omy g 1 el sand PR
PO, B Sl SE k18P SRORGRT! bt s
trargRirripgl bsié sighabwizhint the wellrantl refrtansfofrhingrsaid signal {rito ihe light
comunj catin sai? light pul se between said first
RIHsG I8 the srepngd PRe P& 1 st apparatus to surface. 40.

Tesphireds! siumas wiei el igett bl £% Mimitlia o¢ o
ﬁré@t;l{?{l §"§r g%rb%lélﬂ%cfaggg %wéxﬂéte?%hh{ Qr\%ﬂ,tﬁlé Rkl Eorﬂﬁrising an

annulus, the method comprising the step of:

(i) unwinding in said annulus a first reel of first wound optic fiber line positioned
on a first apparatus downhole;

(ii) transmitting or receiving a light pulse through the first optic fiber line;

(ili) communicating said light pulse between said first optic fiber line from first
apparatus to surface.

The method of claim 39, wherein the method further comprises a step of sensing

with said light pulse a parameter within the annulus and transmitting it on the first

optic fiber line.
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