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Method and apparatus for measuring a parameter within the well with a

plug. Field of the invention [0001]The present invention generally relates

to apparatus and methods for 5 completing a well. Particularly, the
vasesenismention relates to apparatus and methods for meagg4iRg Aos/ne3266

parameter of the well with a cementing apparatus in the wellbore, as a

cement plug. More particularly, the present invention relates to apparatus

and methods for communicating along the whole annulus from cement

plug to surface. Description of the Prior Art 10[0002]After a well has been

anIed the conventlonal practice in the oil mdustry consists in I|n|ng the

within

it @anplitgiarea with cement. The comblnatlon of cement and
casmg strengthens the wellbore and facilitates the isolation of certain
: areas of the formation behind the casing 15 for the production of
@5@1@5 Bénérvensition to employ more than one string of casing in a
wellbore. In this respect, a first string of casing is set in the wellbore when
PE e well is drilled to a first designated depth. The first string of casin
19900 ding ST ABETHIRT AR At R QI At RHE th@ N e s for
complefingtheitasingulhey el jsdhenidulied io-aaecons gasianatet-depils for
meas%d a second %’[I‘Ih{%% casi ing, ora liner, is run into 20 the v%gell The
SO SRR S SR R S RO SR SEB R @
cemesttipéppf vasingaoierlapgs, the Iowsmp ontioniofithdfiestistrpgpofeasingmbhieds
for SREANAINRE NG IRJIAD B AL Al ALl SIS NG eao

Afterwards, the second casing string is also ce IS process is
typically repeated with additional liner strings until the well has been drilled

Degsipintiosnoh thentriar Aslls are typically formed 25with two or

more strings of casing of an ever-decreasing diameter. liner wiper plugs

pipe s typically define an elongated elastomeric body
1000 3 400 AR LI COCHEBRET A R Gt s navsey
consiytpicaliyior die duicisidéthe tembt siige A andrisilowere s Iﬂi@sthﬁm@ﬂ Bef@een

the.liner.at th bot om of a.workin stnn The I|n ha
the cxg?%%?p@?sﬁ%%oﬁttac ani %6ng[ﬁge insi ei%?rthe |r111éﬂ’teas Irthe p??u 311 the
annulpn\ars dovil geeiner. Thee dimebinipen pifigchaste eykhdrsakbetrenprimaghtte
welldGralow BERads QM50 of certain areas of the formation behind the casing

for the production of hydrocarbons. It is common to employ more than one string of

casing in a wellbore. In this respect, a first string of casing is set in the wellbore when the
well is drilled to a first designated depth. The first string of casing is hung from the
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.

[0GO31 The process of cementing a liner into a wellbore typically involves the use of
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[0004]Typically, the cementing operation requires the use of two plugs
and darts. When the cement is ready to be dispensed, a first dart is
released into the working string. The cement is pumped behind the dart,
wiberebysmeving the dart downhole. The dart acts 10 as a batret BRWEEAss
the cement and the drilling fluid to minimize the contamination of the
cement. As the dart travels downhole, it seats against a first liner wiper
plug and closes off the internal bore through the first plug. Hydraulic
pressure from the cement above the dart forces the dart and the plug to

i dislo%ge from the li randdto be pumped down the liner together. At the
ine SR HES 8 1) B P OBIT LI e by S oRess e
bodifluiskflow thpeugh fhedfloatpddeirithe prefisoire Buililsabove thedinst Piigally
tilJL:| ficien use amembrane in.the first plug to rupture,,
Eocatléaeiglega%;&,{ Ecg(srﬁeérgt Ig%%rﬂﬁléfl?gshg?ﬁweﬂﬁfgs%tﬁjg% Sn‘ﬁe@]ljé”% o‘ggtltva‘fs% g’ﬁ?f ﬁ’bme
botigre fikevankinmetspacé isdintserinhepivel yoredial whigstiner c {0005 fteripe the

nsiRuifieigRt yplume afcementhasbeenpiaced o bare.d 2
ms}: second dart is deploy%rgia. riIIingS mud is%%r%égg ir&?%%e\x%%btﬁgpgiégoﬁ% 8%srta
cylingrisad horhbed it aataronisas /idikidg string. The second dart travels

downhole and seats against a second liner wiper plug. Hydraulic pressure
[000&boveliymsdyonic:darhtottes dhesacond dast akd ibe SLEORGRIIAR] darts.

[ A iner, re pumpe do ch liner together. This
e B e S R
The egaestssmrhed dehindsha Histdibplelze mevingfitivedesrdenninte thide dart acts

as a BAMAUBERRINUES Rt Ihe.sagend piHY BeRIS AR ~£Q%ﬁé€;&}n\{ﬂ¥ﬁaﬁm of

Thereafter, the cement is allowed to cure before the float valve is
the cREMSBLGS [B60HYT HE Kem dntinbicdp oiatrst aataR e rErilnthevier oleg and
closesinglerugrans dai Weolipst pgiar dark o RIRCERINGRPE5AI QR DRINg:
bovieno ed. Ooog%%%mngagl cementin goperatlon, it would be valuable to
above the, dart forces e r&&ﬁg PR et dinsend o disoprnped
downpthieisnatangether barehelecas:t)elpldgsispting ylate doaine: 3l T HheanALsS

- nt sets. AL the current time this can not be done as there is no
o R LR R e g P
until ritcaedici@bineproramshbmeaitethpled:tplidgsenbprappatetustier, coment
flows NGB8 LA RE RRLARIS ISR TA NG sﬁ%e&mgqntgQQ@L:%%&%@E&%%%& the

U56634425 describes a cementing plug with a sensor transmitting
wellbgre aug,ibg {8e to surface location via wire or wireless transmitting
means, as for example: wire cable, fiber optic or acoustic waves. The

[0005probléficis thatffiweoemelnting flugroan ot be:eepiayed falang distaness
oo TSR R M B e e
second dart down the working string. 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.



[0009] European patent application number 06290801.7 from the same
applicants describes a way of deploying an optic fiber from surface down
to the landing collar by attaching a fiber spool to the top plug, the top plug
being pumped down the casing with the displacement fluid. Indeed the
system is an improvement in the method of measuring parameter in the
Oveé Hgf re; th system is insufficient beca when sens r |smrsed on the e
0 @ e & ﬁ {PHBG R R EATSY §t||Y it to thetMSidfe fgsure the
dowaqu; te{ﬁr@m}ﬁfhenei|$)&saezeda1therefare:;cfmmanlea§y @appatats for the plug is
C]i‘CU %iuralrlr]cga?‘ m eagselrr,rkngadsqhg %e\lllvg]ll |lbqoe|£§ (}\&g%! egdurf @]L\Iy?illli”lg ;Q?Z&YM enlclyl%%e done
annulus. In this Way, ere Is a need for an apparatus for correct
as freeisely oetesindringtpyaratheddhstnforasing onithewetofehd ceeraimg practices.
somHmmaNQ the invention [R0JLLAcCarding1o ane.askestof; %{&\@Nm the
there is provided a system for measuring a parameter W|th|n a well, made
ceIpFiphitst 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
[Dingastnmthe pardmdienef4hie wellrivherermantinfosmatioth anqaid transmitting

mdParameter can be transmitte dtroluglh the flrst opti ﬂbgl énsmﬁ}fnr lncans. as for
optic fi ber fine abfe

measure e 1O suriace 1ocatio e Heless
apparatus comprising a second reel of second woun
exgpibe: umworie fiben abiec seeomtitfe sl an. ertremitieofishibasdeomcoptie plug can
notflw@‘f‘n{e%%g %&egﬁg gideference ReiRtaight 5‘?@%’%‘%@?&% q@‘iﬁé\’a@&r@@%@@e on
linked to the reference point and able to generate or detect a light pulse
hepkshgh thel sdtoraivhtrd pidBy fst BerdirTeaifse6'8%change said light
pulse between first and second optic fiber line. [001]a] The light
[Ottﬁahﬁmwbeauopa@ecemﬁdst&ntransmﬂtmdﬁoeelve oot baly:lim iztepil itramisdio@: ibes a
wa d 0 i W] anding o ber
Q!?‘ B9r %&%8{!&31%%?% [adi ?HBQ ingly 'ﬂ% Hirayioleh 1 5%:‘?” F

O 20 nanometers wave ength /or tar or \facuum

SW)&H&%@@?M@GPW% Peﬁeﬁaﬁw&%@mﬁ eaemaq‘aﬁbmters@lw@ﬁuid-
Indéd Wd hanehinfraredradiations, (preferably o Prhand1260rd36@r in the wellbore;

nanometers d/or -band 1360-1460 nanometers; and/or S-band
’el%rét?%%onﬁ%l PSR AISPE DR e T5eE bt PaRade fiber
mchsluamdniﬁﬁﬁ-slﬁi%manmm&éens;damlddoasu}g)and 1625-1675 nanometers)

are enclosed in the light transmitter/receiver. The both optic fibers also
[O(W@l”fﬂ@rmg >A0E %@Vﬁlﬁé‘%‘ %?égk@ HQE&HBE@E‘%F 'ﬁ’i@!ls%ﬁ%e ¥®Imeter inside the

Preferably, both first and second fibers are the same. [OﬁlZfPreferably,
W%W@@éﬁ%g igsaslirmatirivedbasnaprdes Suppivavintseier Tird BEsecansamtus
for@leestanisaigie simiallanehitl: lows:aRASUMMIMAAR oA SensosMithcimdiad

volume and I|m|ted power supply allow a minimum bulk. For example,
Sﬁmm iSpMost preferably, the sensor is

auto-sufficient in terms of power supply For example, sensors can be of

the type optical sensor even embodied within the optic fiber line; when an
(005 bticaridialtis Bertspsthel é}rﬁuwge%dherﬁébgqgwél%ﬂéaﬁéerwlsm@rswmg a

pard@BeeRIRtarmed ontae meeﬁwre;@,;nrﬁrﬁgq%ﬂﬁmﬂgei%sF%Wl%ome optic
sensor is.a temgerature sensor and/or.a pressure sensor in the famrl of

b (5 Gty REHESE Moy wr&fe?ébfr;ﬁ*ﬁaé%éténrb%mf}rfsa%é\))éreumcam

thegensaredisttibueld ondlnfiistoptieafibeplineidgdvaniageolisdyrafdhadypeugh

-1 %rfagngassggso S, 'I;lna sy gr}resqu(ggltage is that there is no need of
complex or unwre(l)(fy eFchtronlc of 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. [0013] The system according to
embodiments of the invention appligs to apparatus as a dart or a plug, but
other embodiments can be achieved. The reels have a diameter between
20 and 50 millimeters, and preferably between 30 and 35 millimeters for a
light pulse wavelength of 1310 or 1550 nanometers. [0014] According to

another aspect of the invention, there is provided a system for measuring
A naramaetar within a well made nf- 2 firet annaratiic ecomnricina a firet reel




[0017] Preferably, the annulus is between formation and casing, however
annulus between two liners can also be used. More preferably, the
communication device is made of second apparatus as disclosed above.
[0018] According to another aspect of the invention, there is provided a
method for measuring a parameter within a well, comprising the step of: (i)
secagdvieidingg it stored| wtifirsbavbund bt dfibeyding positionedoohreefirst extremity
of ﬁ%@@ﬂ@@%@%ﬂg%@%a& IefeIeRee ARING %ﬁqsmm@l of SEEAN dovice

wound optic fiber line positioned on a second ap garatus iii) transmitting

Tinkegt i‘éé@l%ﬁ@g@ﬁ*b‘?ﬁ"?ﬁé teferdnée fomitia it prils e shirobigh thevse dsnyopteptic
fibcfiRRY; e (b £XChanging ssaidh lighi.pulsahetween:fisst-and secondLpte.
fiber lines; and (v) sensing with said light pulse the parameter and
transmitting it on the first optic fiber line. [0019] Said method is used with
[00 lsy@téﬁms lasdiselasedabovecReeferably: thaexehangingstepyisimadec visible
l;crhf tpyr brlnc%’mﬁagl?eslﬁzr Itg(§1 ngs Slgcfglgm > Pt?a‘fafito 2t |r211 afllté)slatset e rqj{}e{}t&(} 200
he exchanglng step 1S mad y interco nectlng { second optic
nancfipgariimase larghin aaé@@dmdoem@\dnﬁé\ﬁt(m&kmwsfébf |9rrhfaﬁé)mnd/0r
extr E@QSJQ/H’(IIII‘PQ thﬁqHQ.'%{e%”%f@OB? WP%J I%{a‘%@@ }Q&%%ls (H weferably: O band

e ectromagnetlc or acoustic S|gnal transferrlng said S|gna within the well

1264 ot Rransrsermingreat Sigaall it theHighepurssetiisthendetonddistic fiier 30

nanJm@ce[gl%@]af\@:chﬁungsﬁ@@@@ih@ﬁ@ﬁ@@&t ofthe inveptien, these @pr%imtem;
method for communicating a parameter within a well, comprising, th
a“d@fepuo‘?a?fi uhbeindig AFHEEFEErdrtiree Wt Bptiet BERHR 8’-%%?&8@%3 fnboth
optia fiisstsapparaiiisin(Hhe uawindingfam asefenepicapeint @:seconditeel tferably,
ot SESONC dWc%gQ(gf%&tiCaréb r Ilne posmoned on a second apparatus; (iii)
ransmit ng or recelvmg from the reference point a light pulse through the
second optic fiber line; (iv) exchanging said light pulse between first and
100154 dBrige ¢ HBEFHIESS Anli N IHAFREiERGY TR RGMTISAIEE RAVSUGH rissociated

eleclitstiaptic fibanlings and (vi) communicating iadhis wiay SRIPIGARRIER limited
betwe fle first and secol%fj qptic fiber lines. &OZl[ Sal(?, ;E?th()d is also
Bldse Xc

PO KPR LSt PR HE RS I s B BOVD Br SYB 51 th oK A s Mo
prefanatde ailseclybrngingutfasen ifirstanadr $e%ﬂd1mﬂpa§fatuﬁaﬂmpa fiestsors can be of

mbo iment, the exchanging, step.is..nad greonn ectln flrs and
1 ep.ismade b hand.;;
the éé’éé’ﬁcﬁ Sptictiber ‘r%é“‘s*"pf‘r!‘fa%ﬁ‘”é Lecond em %%m%‘é’n}’"t "eaé‘x hanging ™
to thgeppisahsrecbythapsfoiniiigethe biightihatseciramponed optithfiberalinedrpbysical

par Anele ﬁH{oéQﬁgﬁ%“&}Q E&QQP@%&&QJ&%UW%%[ Rg éaf{q;l%@ﬁ%ls\é\ﬂ EB}%thfé Tamily
well and re-transforming said signal into the light pulse in the second optic

of Brigsegr iR 40020T BifSF aedeiptio o R tHEHFANRMES (S0 oaFeRtREistributed on the
frst%mm&*ﬂﬂésa@f/ﬁh@g@:@@%f ieion gan:Reningdeisto gt it Eh@ivantage is that

q endeg d[awm s |Fi ure I ShOV\{S a schematic dia r?m |IIustr?,t|ng the Al
]eI%ySSPé)rHC% olh?g{np [53:4 OI' nwiel Y CleClronic or power supp 8] :;Llppuit e Sensor.

the electronic and analyzing part is at the reference point, a signal is sent from the reference point
to the embedded sensor, the refiected 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.



embodiment according to the invention. Figure IB shows a schematic
diagram illustrating the system in a second embodiment according to the
invention. 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 A is a view of the system
_in a first embodiment deployed in a cased wellbore | within a formation 6.
108 Wesimsraniacrestivedp & Bbrditrotwitihs GurNE Shsw!s:s thargiides sheelt or a

plcOMprises e landing.aollan $A with dloatvalvg THe casingiarmssls 20 and 50
annulus 9 between the casing 2 and the formation 6. The

; > f , system
‘“21’888&%@]i‘d’fﬁﬁér%éﬁﬁ‘ﬁﬁ%ﬂ&%b%fﬂé*W@%‘aﬁﬁaﬁtﬂglwgm%@ha%f 1310
orthesguiglershee. 8, which comprises a first reel 41 of a first wound optic

fiber line 11. The first reel 41 is located here within the landing collar 8A.

o neLedh, [l ARl ek ing bk 5 2RI 100e 4 AeMRG oM, e, Sl IER i,
41. The first optic fiber 11 unwinds directly in the annulus 9 57as shown on
2 mEHETAY Hewe et bypaayion difieerembe dirmeriss ghelfirstad off 4T st antisefiber

liecated glaewhere thadirstapic fber dk can e AspiQyedinsifde e first optic

casing.2 and can also go throug? the guide shoe 8 into the annulus 9. The
it apparam d dhiprivas/iist Aribasis Marsener st Milete maagy bl ©
mparamete pofikewell sAdvantageouslyithe parameten afthaiwelisneter can be

wegndegtivitisrsalinityle GOR: onaspirhltenetto neentiation or othenity of the second

oPRTRBELENS: TG k6 dRfarming; o f i&%@h%ﬁ‘ﬁé&tgﬁg rdOSWWEILIRIEAIN Y 1o the
or the well productivity. The first sensor 51 is preferably located on the _

refeRens e e brstcogtieisermd Tdpcon Hiak Hrdscoptivuibdiethrepis optic fiber line;

andnwaidngk Jhedirst eptiefiban 1kie suah shakinformationsen tieparamatehe or
measured by the first sensor 51 15 can be transmitted through the first
seEUHEARB SR dBHHE fiber line is linked to the sensor and is a

communication means. [0025]The system of the invention is also made of

[08) S Eorier apipabatiisternodied i igure inaihepldR0xThe plugesisioe. The
frsNQYNMRY |{}1,ga%|(9[}19 mmnﬂigothwléﬁdpgr%econd apparatus can be deployed in a

plug or dart.

[0016] According still to another aspect of the 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 tl‘é:}SEnitted trough the first optic
fiber; 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 exché.nge device to transfer said light
pulse between first and second optic fiber line or second and first optic fiber line; 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.

L



wellbore fluid. A second optic fiber line 10 or fiber which is wound in a

second reel 40 is 20 attached to an upper portion of the plug; practically

the second reel is attached or fixed through a unique point of hanging 5

which correspond to an end of the fiber or through a part of the second
088 p LREBREANCLIGE].£A0 RIS0- B AIRUALG S I &HQ&%&B&&&%%H&%% aeﬂwhe%u two
_ importance’is that when the plug is able to move afong the wellbore, the
Iingseeahelsreled uysd: fMerp leiglardintdrdependetativuietie fiberdanibecond apparatus
a5 dawaund.fram the second reel. On 25 the other end of the second fiber,

the fiber is attached or fixed to a first position 4, or a reference point. As it
o e e o e A SR i
a pecimespond:to avdyhamiprpoipthAsappefipart 1A ot thet sedaridifiberund optic
AnSOtre grﬂg§ tp gpg oW _(C;Il,fi?_ r.{betweaenutp_e first position an the , { of
T P T P DA g et o
seceadHeOWSUPTAISiEer Stilt ipetierautond reetndrenarably (thetfirstpioisition dagving
ﬁ~mk‘§"%ﬁ’é¢@l”¢%_@ep@iﬁe£}%ﬁw @91&6@%&;%&0&&5;@ %ﬁﬁ%@%@f‘db?e%%%@ﬁl d said

From this flrstéposmon the second fiber is linked to a light transmitter or

liehepeididacied o ang srenbonEube tHecfodnplas see e Bemmg fight pulse the
parG@BResteddetheidevised2madthefighnpressure side being connected to
the second optic fiber line 10. The light transmitter device is able to

(0098 SRS &gntRRise Hrodal e, $arand.ankG fbek e, (he, gl Eg%%%ng step

_ Sreceiver device is able to detect a light pulse through the 'secon
is iislsraliedy [DORBIRIFIaH, e tyktetend imerifive Htib Airsomprides . theardi @ming
siegSQSQ%&tmﬁté%r“%ﬁlpgﬁﬁ@t Q%Wc%ﬂdtbﬁtiﬁ st oRticdiberlineg %éc@{édcmﬁjdimem,

second optic fiber line 10. Said means can be a direct interconnection
the ehpReing Y6P dx AN ot aRaohs CshnRdisrerarens Rl Hishhardup 2
cle@xahangecnneans ofdhgiypemiveanyireless:systenm qanks usee-thostbening -

i Bl Pigngl belng uansfoned 1o an elggtic signal transferred through

lf 111 OI { e, . .
relieme e well'as cas ng, Or to an acoustic S|gnal or to an

__electromagnetic signal as radiofrequencies being transferred through
[00aHIIB6reTis Liaefeherts st thE WellrTHE Meafeel s merdRsre (ordbed for -

corht@@hithenlirstieahdd-and conneatedda e conterityofihe lrstiepucfieE.: of
line 11 and also located near the second reel 40 and_connected to the ]
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 pulfse 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



15extremity of the second optic fiber line 10. [0027]The fiber optic
wet-mate connector is a wet mateable connector system which provides
connection between two fiber optic lines. Each first and second apparatus
comprises a half part of the connector: a pin and a female part for
interconnection. For example the fiber optic wet-mate connector can be of
fi gth@ttwaea am deseibedis Us ﬂﬁ@ic%@tﬂﬂfﬁ@&iﬁ&&ﬂ&@ﬂ-ﬁ%&iﬂmjﬂ@m&ﬂng said
S A T
‘lmﬁor connection is ensured through the casing gwdlng. Also, for debrls
protection, the connector features a built in debris management system,
rodhich incorporates; a ramping profile on the receptacle-unit (faces
upwards) and large vent ports in the receptacle 25 alignment sleeve.
RriUiiRg. mﬁg@gf mg(ﬂ@@g gffect of the plug nose entering the receptacle,
ejects mud, sand and silt debrls from the connector interface profiles,
allowing an intimate fit between the mating connectors, prior to final
[O@rdagehvether [0O28]Trethvifdlesy sypstemics for @xdmpidastaaiofitb duenpynded
drRNRitier/receiver driving a light source and a photoreceptor at the end of
both fibers. This type of radiofrequency emitter/receiver is described in

us atent lic t|on numb r 60/882,358 fro the ame applicants and
|nco? aFK) ? emdtm MSTI]—_I urtést <§m %te sys?fﬁ wy oa first

h a view
zmen acco H% ]0 EHVO]

system ina second Iment eployed in the cased wellbore 1 within

the formation 6. The system according to the invention is made
o Figure I3 shows a schematic diagram tlustrating the system in a second embodiment

according to the invention.

e Figure 2A fo 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
weltbore | 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 8A 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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5 of a first apparatus embodied here as a plug 21, which comprises a first
reel 41 of a first wound optic fiber line 11. The first reel 41 is located here
at the bottom of the plug 21. Further, the first optic fiber line 11 is able to
vieuowMasee from the first reel 41. The first optic fiber 11 unwindsyosno3266
passing through the guide and directly in the annulus 9 as shown on
Figure 18. However by way of others embodiments, the first reel 41 can
be 10 located elsewhere, for example the plug can comprise a hole
traversing entirely the plug, the first reel being located inside this one. Also
. by way of others embodiments, the first optic fiber 11 can be deployed
VeGSR IhEBARIAG 2 dHBF RISy s afrsinth isecgriddisimeds istoth® which

comBREed usisiTae ather sharaclelislicp et the-sysiem ag.the.same 26 fordhe.q
em odi%g t as, disclosed on Figure 1A. 15[0030]Other preferable

here o WibBai GRE LR SBOHEYER T, ApdKThGRE° erfBb e htsibrblg ire be
unwg@mTEd@u;Be]ﬁﬁ'sd:r@ﬂexw%etlfiessepﬁé}fﬂi&@g&r@&uséﬁ%ﬁéggg%gﬁ %éf mulﬁs 9
isclosed in t opean patent application number .7 from the
o5 S S T e Ty, S T U R O el e oam e
locatigh srariemittbe &nd vptieifiberdbvice bt theltypel Gpiieahd imedgomaidcan also
- [ instrument that can analyz
80 t%%%@%iﬁ%@%@%%%&w%ﬁﬁg %iiﬁ%?;%gégﬁ%% S f’oﬁf)nrflé)c S ?%?tfit Toast
a firshepy fsablgisernitnhe paenaid o treasieitheliagkseditathapdrameter
of théaflegtiomelight asmiunctianaidne, Breferably the QTRR is wor ‘éﬂl%nd%&%sz
n

a wavelength of 1310 nanometers. [0031]Preferably, the first 41 or sec
the - [eRBPATS BT WORTEFBiStic Mber iRt nististivitos Sandveiity theltaie. CO2 or

asphalistingacehiheifiber enpuiethatihe Sbai.oan: simphibe SWO LR Mg,
windings have

thewrgﬂﬁ/%gth.gmipg u“rpigﬁensi nahp Iiegﬁ)o%éthe fiber reel. Th

{6 COhdder hartnwihBIRGUEHR Be operitesFatton’ oF RGHrEhbelecairt sovite

extregntyigh tenfity fotithBesurtdundingttuittsimpididifiber thadhe waydhealfinae igrst
: indi s last.one, an additional ans to fix or to

opt e B A R Oy et 51

can %@m&aﬁ%@w@nt@éﬁmw@é@mm ibe catidh&ferther trehtdadsitthe

sensdS&RENI@INIesisiaRkangable to withstand the huge abrasion of solid
particles flowing at high speed within the wellbore for a certain period of

jme ically 12 hqurs). Far that purpose, fibers can pe specially treated
1002 LR P 0 et SR MOTGRTH IS o el
Figurassbdrmiegiwgti2@ At s cilaislispensing day rideez wiick supaditsidie to a

HpRinding ' [ the cartridge can directly be aftac ,
e e AL e S s

attachgdrigoproppRer type Braf gl alitgy Bestisriurtheesesaridgem impstatbed. oFHecwed
throu B AL ARG RINNTAE 1ealizedby.4Rmadulating Joe.refactonindex »

of an optical fiber line around its nominal value. They act as selective

part ol EI6FTOrthe BRSGGRAVERShaHR AlsodetimeBdra follewing or cartridge.
The inglatianship HBwhadnud;, Mheredpis thaebagtionirdexpbibediberand A

and thelwaveleng:tlgi of th(? i?cﬁﬁ( go%gation. 9 being a linear function of
e RISE ARSI S Brall et st Ao m st O
the otheeasdrefttie Bragyl dibtinghtefitpe iataredyglcal fb-aidltdadies pbsi&alsiuss a
e a ] i is the fact that the measurement js
e e At e et 12 TR B g ee
thankgienltifie e yatrmnsattafstigaypethet sevrsond pésivembbdietictittiresparnt of a

dynanthediagr uﬁﬁdﬁwwﬁﬁdﬁtgm@@é&ﬁ&!ﬁ%@@ﬁ%%ﬁ%&% A NG S8

51 can be embadied within a part of the fiber tha to its natura

(betwegp b (S ERPEHANTIE BiSchesomb st direvresormea dORief 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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20 surrounding environments can act as a sensor. Geometry of the fiber is
known, optical index may vary with the temperature, and at the interface
representing fiber end (interface optic fiber/ surrounding environment)
wackepaites-or reflected light will inform on the temperature gft8 psopsn03266
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 25parameters can be measured accordingly. [0033]Other type of
sensors can be used. Many other physical parameters are measurable
using minjaturized sensor that are self supplied in power. The associated
ﬁ‘%?@éig%ﬁ“ié@ea?%p%‘?aﬁb&ﬁdsvhﬂk%\mcﬁhgmﬁmmﬁ%@a serssrRithcliitired via a
feedtblonpe:ang ligviadaawerssup Rl QuaINIMYLBUlky er EXaMPiee high-
.Sensors can be of the 9/ e 30MEMS. The sensor can also be n
Pressite -2 Clane IRYEIRRE B P oW F BB PLS 6P BxaRsHIS- dhoptrks sarrspitter
deviteie iloneedeodieonVightignaleandoogstihpaekaging el BB ine. The light
2| nics. P 5 ly.and analyzin §§e ices. For instance, Bragg
mcegﬁa%%%vsfcseé?lg%\;e\é%gadr?e%os;}é}/ gg?lgg&l‘f’ ?é)ér%‘r &g s%%sﬁgagﬁ%%ﬁhFﬁhWBragg
ratings sensors measuring both temperature and pressure can be

(0078} zeliinalo 3 | avaisatnel EmbbErHencoRmst apteatséhsersabane the
lighapiapgeskiennaivars Qiiarrax.confiqurationpyithndividual SeNsers 10, said
multiplexed using time division multiplexing or frequency division

e IRk b G DR G ACBRE I PR e o SR 4o AL Ak Rsfinector
systmm?isB@ggcﬁratltrtglzdmﬂ@erm%.weﬁbtﬁ@&vﬁrﬂemﬁ@&gs W5iRen carf( be used,

iplexing,.multiple Bra rating sensors are arran in network in,
the gé#és%l%%%hb?%%%%r%%(r%t%eaﬁgsgr%%ﬁnal%awg%?g%ﬁ qsingite or
@iemm@ﬁgh@eﬁdb%@—mﬁgm_mMiHmmmmm_ﬁmm@mﬁm@nal as
radiGHRRGIREH RS AR RIRMAS aPsafie plipGasHiement the annujus, Alsor,
the network of sensors may provide an increased spatial resolution o

meagg g és dharefopt dasiird, naathe difiowred Alaandinennastibd e the extremity of the
first [ORRD Y R0, i fish 30RALATHSE MRS ARACIUAURY SYSIEMkd to the
ex1:re|1rrr]1|itt|36*l tclz?%lghseecond opiic fiber line 10,

[0027] The fiber optic wet-mate connector is a wet mateable connector systern which
provides connection between two fiber optic lines. Fach first and second apparatus
comprises a half part of the connector: a pin and a female part for interconnection. For
example the fiber optic wet-mate connector can be of the type as described in US patent
number US7004638 incorporated herewith by reference. Also for example, when the first
and the second apparatus are cement plugs, perfect alignment of the pin and female parts
for connection is ensured through the casing guiding. Also, for debris protection, the
connector features a built in debris management system, which 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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15 unwinding of the first optic fiber line (not shown). The actuating device
can be in embodiment of Figure IA an unlocking device unlocking the first
reel when a plug (for example the plug 20) is in contact with the landing
wollmuBhsierthe same way, the actuating device can be in embpdineRlfsq
Figure 1B a rupture disk burst on the plug 21 (the plug has a hole and the
first reel is located within) unlocking the first reel when the 20 plug 21 is in
contact with the landing collar 8A. Preferably, the first apparatus

comprises also dispensing system helping the unwinding of the first optic
fiber line (not shown). The dispensing device can be a wheel that moves

emierAEEIT I EFP G oS RibrB L aPRIEHI B FitaLG OGS LA Hambefirape

appOpiladiber lise-pidiaction-afflud fiaweansures displacement of the first
optic fiber line along practically longitudinal lines of the 25annulus.

36]In othe bodiments,.the first apparatus can be made qf different

O o e e o e e R By e o

casqdrigiHBocollawithie b Sdimeinios Fidurey itmindtisdivay thasdetentiibe made

of 2418 BHAMENORIANE ARYYS BLuSIOUSIGRLIoN 0K YRS SANSPLSh .
are used a three dimensional mapping of the anntlus can beTealized.

wourhshiim Histies Abplbe thsisirsleth tdlserisddiperaion kptisedahthe plug 21.
Furtielipdiior sementingia-vgll angimeniorng salf e eRING: RERCASSThe first
.Flﬁgrei fA to,g}%?;scloses the steps of the method according to the

i

oPf, AVETR S ERGUE 2 WA il dErertiYs e By aonpls 9 as
showlispenSgateal firsHplugy2d bs relgaseoiinte sheveasingd, ThaieamentyiOis: be

mped,behind the first plug,.thereby moving the first plug downhole with
oo o L e gl 20 R o BB P
the fapioie) bellarismief tsidaghig siroe\Bo Hyeapdifgtbaliasrabrdpriass, the first
opidiisidenl 41 dudiihe caehanaeneans 64 asidsscribed above and the
p‘lcasing shoe is er%bd?died as the first a paratu%;ﬁﬁjﬁar%ﬁilﬁcmugg?he guide shoe
8 into the annulus 9. The other characteristics of the system are the same as for the

embodiment as disclosed on Figure 1A.

{00303 Other preferable embodiments are disclosed herewith, applying to
embodiments of Figure 1A or Figure 1B. Preferably, the second apparatus is of the type
as disclosed in the European patent application number 06290801.7 from the same
applicants. In this way, the light transmitter or receiver device is a light transmitter and
receiver device of the type Optical Time Domain Reflectometer (OTDR). The OTDR is
an instrument that can analyze the light loss in a fiber. The working principle consists to
inject a short, intense laser pulse into the fiber and to measure the backscatter and

reflection of light as a function 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:
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10 pressure from the cement above the first plug forces until it is sufficient
to cause a membrane (a pressure disk burst) in the first plug to rupture.
Thereafter in Figure 28, cement 70 flows through the first plug and the
wipatogabisdand up into the annular space 9 between the fornpatigirfandszss
the casing 2. In this second step the first reel 41 is allowed to be
unwound, advantageously thanks to an actuating system (not shown). The
first optic 15 fiber line 11 is then carried by drag up into the annulus 9 with
the cement 70. Normally, drag up forces are sufficient to allow good

deployment of the first optic. fiber line 11 into.the apnulus 8, however
ore Rt R o D ST kB AKbi3 halls et oAl
treatfor Bxaimplehardisgénsingadicnipuabia rotatidnitndntis: thutpe flowsioh of solid

. (RO I C e used at the end of
P R B R R B
12 hgyaspn ERodas KDY, rrspeinntibe secsonly arssardtuswonthe invlrgionwithin a
prot&dERIOMRAN MikiEHa i Bl-aS4EGaN yalime o oemeRbhas PGEN RIAcRn s

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

cartriggeo HiBTu gHPBRTHTISss Wisstsnat de Ao%r Jdkohaumbe Sptikaisartigngan

direcB¥ChangRINEaNSx 2516 i Hgscribed above. As the second plug 20
travels downhole, the second fiber optic line 10 is deployed in the casing.

t on iher iber.is attached or_fixed to
LRI S D e o e
gratipg it frormeaeusagoivenissthan ks oM es teeingy esnens ofrtheegdssdnbly

mod it AR SEEANG PRI Aan WDBIERICOLEL SRR LI AY RARNE P Ahey act

upper part 10A of the 30second fiber corresponds to the unwound fiber”
as seliivreeheHe Y SBs RN YRS SBR I depusHiBM) hh S H awiner tolatiorskip:
Jp = Qiibe seerwl e eorrespRREsIohesmend dibgrastillindhasacanstaaky

i 'l[he dy/?ﬁ)mic paint V((a)z_:msus.the reference Eeoint or the second position

mOdJaHGTL A HE HOSHAIFVSTHAL SRR B B IR P AR AYReREH 2
is a ororitfwidisgtace mentuatehof Bregalygaviithin:theswelke Theilistypasitidegie:

s lagated insi 5 G nting:h ich.is, a static point. From thi
e T e B B e e
perfogaviet 12fin the eandogmeottirvfilse fibeivland bimvbumthileraytitenfirbt this
way, '8! dbagks; fo;the gontindingliow ?&:@E‘d}“ Bl AR AGYANAGRURY, iré)ttggﬂ%%%liy

optic fiber line Il comprises multiple sensors 51A, 51B, 51C... embodie
structifiahin FReddiech b elerFREEnsb AR ke gre Hisk Wikl yraah gt the fiber
thankSEB S S1afihel SeRsals arer 1 disnatehedralong tae seCondfibar dnsiendn

way that when the line is deployed within the annylus parameters can be
surroy e R AR TP A AL s e PSR BES aP S ARG nown, optical

index may vary with the temperature, and at the interface representing fiber end (interface

optic fiber/ surrounding environment) backscatter or reflected light will inform 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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[0039]In Figure 2D, the fourth step of the method is shown, wherein the

second plug 20 seats against the first plug 21. The first optic fiber line 11

is then properly deployed in the annulus up to a predetermined depth, or
vy endfraegtred up to the surface 7. In this 15 configurationfitsteuysosieosss

apparatus and second apparatus are in close vicinity to allow the

exchange means 61 to work properly. In a first embodiment, the exchange

means 61 will work when contact of both first and second apparatus will

be done, interconnection of both parts of the exchange means 61 is

required. In a second embodiment the exchange means 61 is wireless

an ogheFlviFIierk WHENBOR pard of st Srreerilp PapkagingOrtbibng
clecMgiBilypdaexehanaednaansrandkesall supplieghin pawer, hanks Qasors

light energy coming from fiber. Advantageously electronics used in

can %ﬁﬁﬁﬁ&%ﬁ@%ﬁ?%ﬁ%@lﬁﬁ}%ﬁ BEFe FRSHEATTER: eATiYiegsenth

tempelistancadopieanstetdniormalieniwirelessly can be limited. However
preferably, the exchange means 61 work when both parts are separated

[0034; o eSS0 LIRSIRL.and MArs RSIRLPILIESS PQ%ER%%%QC%E %Ee%r Betwork

Advantageously, the exchange means are 11F e receiver driving
of At EHiFEanY ABhRotolrEhed . SThir aftey!thtecesn apiigo sl ofedion

multileRiie ﬁM@J&%@%ﬁ@SﬂAﬁ&ﬁ%i&%‘%,%%?é%‘éﬁs@%%%%@@a%@yed along the

rameters in the well. For example as shown on Figure 2D, sensors™
first fReasdréctentprar(ivasR (8 A dRISIFRGHRiNG N ‘Setof thaccefiéne oising
multiéeimatinolisreatdgpny sutface rbotbankstealight pHlsetsemt 30Hu40Rach
Bra seco_ﬁg fiber 10, gxchan%ed to firIst g?xer 1& bt}/the ex_chan%eﬂg] an 611,
L ELO BodiatY and TREe T bAGK DS e Ehe ST SRR CRY (Bt light
transtthieugheéinstr fidem1df dxclogngeskioseebng; fiberfil@ibyatherexchangesfile of
d_fi S h ng-fj urface). By way of
e other er?ﬁ%)oﬁ({j%i ma%%%%ysthg%lgr&s’t r@gt%%%?gg%ir%é %%agr%(}:fega}cﬁﬁh%r%‘ﬁégc% I,“g('rs?fged
spatisg ppojatierHemrea oy ipatsPaTembas. Sy SlemRioiodbt (BEfi8HR). box so 5
that we can have complete closed loop instrumentation in the cement 70.

[0035In otifecfasnte!, the fHecepdapparadnpital thedypeias disalosadiintie the

. Europ ent application.number 06290801.7 from the same )
o015 e e 8. 0 B FEBBE P e 8l
emboplugndand begwsetiA an unlocking device unlocking the first reel when a plug (for

example the plug 20} is in contact with the landing collar 8A. In the same way, the

actuating device can be in embodiment of Figure 1B a rupture disk burst on the plug 21
(the plug has a hole and the first reel is located within) unlocking the first reel when the
plug 21 is in contact with the landing collar 8A. Preferably, the first apparatus comprises
also dispensing system helping the unwinding of the first optic fiber line (not shown).
The dispensing device can 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

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

12
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[0041]Using the method above, we can confirm that both the first and
second plugs 10 have been deployed and have reached their correct
operational positions. In addition, other information can be determined.
Wwostlyspressure and temperature in the pipe and hence timepggyalonElanbes
of depth of plug are measured; thus confirming both launching and arrival

of plugs as well as detailed of passage down the tubing (second plug

only). Secondly, pressure and temperature in the annulus, and hence the
time at which cement 15 sets in the annular column can be determined as

am‘iwl%lé G\2/}/ﬂ t|n ement time is one of the major contributors to
non-pro GéivEtime during the well construction process. Being able to

accurately determlne the time at which cement has set could significantly
[003ddiuce #nisnarher Thrsthdhsaswitreotrsisibatyhwhertisettingis in a method for

cen@%@&@H%ﬁ%@ﬁ&%ﬂﬁ%@d%&%@gﬁg&%@%gﬁ@ Sh8 %(%Elgeaﬁsc Bses the

reaction that occurs when the cement hy he change in

sten gBrMAE AP thib sy ertidthrine SribRirerbiznes &9 st cement

70 ;l@yemﬁtml@ewegew@,, @ﬁeggmbes%mswﬁﬁmemg@e ?Q@[«:@Hi%ﬂt 70 is

1S, rre ﬁ{ I‘ge ce rﬁ;has set, and that operations can proceed.
P“mﬂw RS IRGY e Hralisi B e ap deeide sumger fuid

90. éhahgésstrpﬂlgmbumﬁlﬁem@&l’@ﬁarét @éﬁfv/@ﬁﬁ@h@@a@@@&ﬂﬁi%@ﬁ%ﬁt@é B¥sing

hod $li nsor whether ther in res fIU|d rom the

o 5re§§%\?§é}iﬁ %muc?%ﬁ%‘ﬁl séeslr%%eeeg Swe may B SREEHG! 25
desoigas a‘tee'm@mib@l@d%&@h@@@ﬁa@ﬁﬁbﬁtﬁea&%&é‘mMpeaaagmcrmmmc

pres%z@oﬁ'cﬁ%o&%] |£éﬁﬁﬁ{r%539§ rtﬁ% %s@%;ﬁl%y ?&égst%tﬂmt] uilguost%{ﬁilfl:lfeily %?hazfuse a

reach surface it can  also be ep oyed using an extra om piug

mermpaRs<d AR S Ek N Unrgaintleg seisnptTins ThetrfttwiouRizalto B R,

cem&&'&a’ﬂhﬂf@xﬁhﬂﬂ&@ht&@@ﬁ 9B 9ethas SUSRRI MG AR RIS € ace &
distribu on in the s are avallable _prior to starting the cement jo
berERITTORISTHRE f UL Slon R A Be e A Gplgb inelloved

to beaseaind ceinentingysly, thtieis iacatienof trephihandorinfamationopric
ﬁberolmgh?l 15%1‘? E%ﬁlrgﬁ%rtadggéoug%ﬁgoethe annulus 9 with the cement 70. Normally,
drag up forces are sufficient to allow good deployment of the first optic fiber line 11 into
the annulus 8, however advantageously a dispensing system can be used to help the
unwinding, for example a dispensing wheel put in rotation thanks to the flow of cement

across (not shown), also an umbrelia can be used at the end of the first optic fiber line

{(not shown}.

[0038] In Figure 2C, the third step of the method is shown, wherein the second
apparatus of the invention is deployed in the well. After a sufficient volume of cement
has been placed into the wellbore, a second plug 20 is deployed in the casing 2. The
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
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Other applications of the apparatus and the method according to the
invention include 5 attaching the reels of wound fiber to any type of object
moved within the well, as for example perforating gun, retrievable packer
v 3y i¥peof tools moved within the well, as for example a grilling,iaehi@rce

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. Other applications of the apparatus and the method
according to the 10invention include fixing the first position on any of static
or dynamic point, for example in subsea or downhole operations. WO

posiigeg AEL Breenae pOBoE/Ho326e e Biris ermsopadsiofcnisasd fipm stll in

the RaEanAeies Withind wiellc mage ofrsasist APRAAS,GAMBrIsiA0a-first (Relion
of first \%%thnd optic fiber line ahle to be unwound from the first reel, at

veriERdth S RUNEGT BRI Medltretrephitstalier siuwsn, wHbRsip e

disphfarmatioaontdid pagraten cas heliransmittedisoueh thesfisianticnside a
eel of second wound

fiber; a secqnd aratus comprising a second r i
°°m§%f%%%8ﬁ§é‘§ IR b TAUob R ORRTh %ﬁ&?@&rf}aﬁi@xﬁféﬁm ffper is
linktidets @dagid bmmﬁpermeie@iﬁgeddd@ refefemn cie: paﬂmﬁ;tﬂ;ﬁe,&ﬂkgﬁm fiber 11 is
Wi AR RUIR LY FRRSliptORMcs Inked IR e sHfsrence.pointAnd able to sty

the first optic fiber line 11 comprises multiple sensors 51A, 518, 51C... embodied within

the second fiber. The sensors are of the type Bragg grating sensors. The sensors are
dispatched along the second fiber in such a way that when the line is deployed within the

annulus parameters can be controlled within said annulus at various depth and locations.

[0039] In Figure 2D, the fourth step of the method is shown, wherein the second plug
20 seats against the first plug 21. The first optic fiber line 11 is then properly deployed in
the annulus up to a predetermined depth, or even if required up to the surface 7. In this
configuration first apparatus and second apparatus are in close vicinity to allow the
exchange means 61 to work properly. In a first embodiment, the exchange means 61 will
work when contact of both first and second apparatus will be done, interconnection of
both parts of the exchange means 61 is required. In a second embodiment the exchange
means 61 is wireless and will work when both parts of the exchange means 61 are in
close vicinity. The exchange means can be self supplied in power, thanks to light energy
coming from fiber. Advantageously electronics used in exchange means will be low or
very low power consumption; in this case distance to transfer information wirelessly can
be limited. However preferably, the exchange means 61 work 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.

[6040] 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 Jight pulse: sent

through second fiber 10, exchanged to first fiber 11 by the exchange means 61, sent to
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generate or detect a light pulse through the second optic fiber line; and -

means to exchange said light pulse between first and second optic fiber

line. 2.The system of claim 1, wherein the first sensor is located on the
viisstoeptissfiber line. 153.The system of claim 1, further Compﬁémgﬁﬁé@{@s’zsﬁ

sensors distributed on the first optic fiber line. 4. The system of claim 2 or

3 wherein the first sensor or the several sensors are Bragg grating

sensors. 5. The system of claim 1, wherein the second apparatus further

comprises at least a 20second sensor. 6. The system of claim 5, wherein

the second sensor is located on the second optic fiber line. 7. The system

SengH R 4h Eréln e Yoo dpparatLLCn e CSmpridEs By énl fiber 11,
excBRORArodistithyEconithe secontopic.ies ine.2bBine SYsamaficlainhq

5 or 7 wherein the second sensor or.the several sensors are Bragg gratin
ﬁbegeﬁ(]gstgrssur a.c:e{.I g‘y way o? otﬁer em oélments, gh@%rst optic fiber line can reach ?he

surface 7, or it can be attached to a Digital Telemetry Systern/Protocol (DTS/P) box so
that we can have complete closed loop instrumentation in the cement 70. In other aspect,
the second apparatus is of the type as disclosed in the Furopean patent application
mumber 06290801.7 from the same applicants, and method to determine depth, location

speed of the second plug can be used,

[0041] Using the method above, we can confirm that both the first and second plugs
have been deployed and have reached their correct operational positions. In addition,
other information can be determined. Firstly, pressure and temperature in the pipe and
hence time development of depth of plug are measured; thus confirming both launching
and arrival of plugs as well as detailed of passage down the tubing (second plug only).
Secondly, pressure and temperature in the annuius, and hence the time at which cement
sets in the annular column can be determined as well. Waiting on cement time is one of
the major contributors to non-productive time during the well construction process. Being
able to accurately determine the time at which cement has set could significantly reduce
this time. The increase in consistency when setiing is accompanied by a temperature
increase resulting from the exothermic reaction that occurs when the cement hydrates.
The change in temperature (or perhaps the rate of change of temperature at a static
hydrostatic pressure), could then be used to indicate that the operation has occurred, that
the cement has set, and that operations can proceed. Thirdly, with continuous monitoring,
we may aiso 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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9.The system of claim 1, wherein the reference point is locate at the
surface of the well. 10. The system of claim I, wherein the parameter is
any one taken in the list constituted of: temperature, pressure, pH,
vdenaigy,seesistivity, conductivity, salinity, carbon dioxide conegRtaliamn sos2es
asphaltene concentration.  11. The system of claim 1, wherein the
means is a wireless telemetry system. 512. The system of claim 1,
wherein the means is a fiber optic wet-mate connector. 13. The system of
claim 1, wherein the first apparatus further comprises an actuating system
initiating the unwinding of the first optic fiber line. 14. The system of claim
e eﬁ%? the first apparatus further comprises a dispensing system
helping the unwinding of the first optic fiber line. 1015. The system of
[0048laim Thovpesreiri theesyicre incbeapdsessibelighrtramemittde anst: relCeivsencnting
job, %&E&@@Qt&%@&@%&&%}%ﬁmmqm%réXﬁr{gM to define.

measuring a parameter within a well, made of: - a first apparatus
Otheg sppliteiinfa fitSOrPeBRAFATSt optidruarting, srrerdmeavirdepiamcstioneiebde
artac@pfic fiberdinaisawwaundiand:a seeensk b BfdhedistoRtimiPetdinRIS as for
example perforating gun, retrievable packer or any type of tools moved within the well,
as for example a dniling tool, a logging tool, a logging-while-drilling tool, a measuring-
while-diling tool, a testing tool; any type of tool hanged by a drill pipe, a wireline cable,
a coiled tubing. Other applications of the apparatus and the method according to the

invention include fixing the first position on any of static or dynamic point, for example

in subsea or downhole operations.
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15 unwound in an 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

wihebns/1351@-5econd apparatus comprising a second reel of seqene Mo
optic fiber line able to be unwound from the second reel, an extremity of
the second optic fiber being 20fixed 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
Clabptigfiber line or second and first optic fiber line. 2517. The system of
claim 16, wherein the first apparatus is embodied within a casing shoe.
18. The S}lstem of claim 17 WEeI’\%% the firsﬁ rl%%jesoqj a collar launching.

L SRR kPR e

erein g'ﬁ’t?st’apparams is embodied within

a firstflugn 20wl kersysien affiaine 6 wherettiicogecdist AppatdlySdShe
?ug]vgggz;% \grix%hti}?eaﬁ?set%g&? atp !g%% 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 second reel of second wound optic fiber line able
to be un@ound from the second reel, an extremity of the second optic fiber being
fixed to a reference point;
- a light transmitter or receiver device linked to the reference point and able to
generate or detect a light pulse through the second optic fiber line; and
- means 0 exchange said light pulse between first and second optic fiber line.

2.  The systemn of clairn 1, wherein the first sensor is located on the first optic fiber
line.

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

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

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

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

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

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

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

well,
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21. The system of claim 20, wherein the second reel is in a hole inside the
second plug. 22. The system of claim 16, wherein the reference point is
locate at the surface of the well. 523. The system of claim 16, wherein the
veGhange device is a RF emitter/receiver device. 24. The system-9f @@
16, wherein the exchange device is a fiber optic wet-mate connector.
25. A system for measuring a parameter within a well, the well comprising
an annulus, 10the 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 flrst optlc fiber line is unwound in the
0. arﬁtﬂﬁ&stﬁwsgi%ﬁsﬁ%% SCREISISaiRnzsesiapaindhe g rostinted
wigpherparamatarfl saldRARUS-WIRISIN athdlarmalionRRpaid bon
ter 150an be tra%geargltted trough the first optic fiber; - a second

6%}{5%%088?%%%%35 SARa FEiBFEEgBnd wound optic fiber line able
11. torhe pekfsamthemesand s arhanseireanls fithe second optic fiber

being fixed to surface; another light transmitter and receiver device linked
12. tolhesysirfacef alaimabl @t@xgen@n@memmfmmmgmpmmmhe
13 seI?)%nd S%grléi}co?b??r I|n epgqna{fwe?shan e device to transfer said light
* pulde Bétweéh firdt: L d SaES optic ks %n%?’é‘r‘?&“fﬁss%ﬁﬁgmmg
fibpriémapitatlight ansmitiegaidreieiver deviee limked to said first optic

fiber and able to generate and detect a li ht ulse through the first optic
14. ﬁﬁ'gxg Iﬁ;{éteghaf ciagxm erer}n the first ap%ara s further cgmpnses a disr?pensmg

system helping the unwinding of the first optic fiber line,

15. The system of clainﬁ 1, wherein the system comprises a light transmitter and
receiver device able to generate and detect the light pulse.

16. A system for measuring a parameter within a well, made of:

- a first 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 an 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 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 li ght 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.

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

18. The systém of claim 17, wherein the first reel is in a collar launching.

I19.  The system of claim 16, wherein the first apparatus is embodied within a first plug.

26.  The system of claim 16, wherein the second apparatus is embodied within a second
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- communication device to transfer said light pulse between first optic fiber
line and 25surface. 26. A method for measuring a parameter within a well,
comprising the step of: 0)unwinding a first reel of first wound optic fiber
line positioned on a first apparatus; (ii) 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; 5(iv) exchanging said light pulse
ween first and second optic fiber lines; and (v) sensing with said light

pulse the parameter and transmitting it on the first optic fiber line. 27. The
2ietAbd ofstiaim 2B whereihcthis dxekringingstepig ﬁfé@ié’%ll@@tb? %ﬁ?@iﬂr’@ug-

1%108 first and second ratus. 028f The metglod P {alm rein. .
iE' EHAAH Hd{f‘g%“?% gqpag%%f et dSIThattny st and second 8‘61»[,(:@@ of the
fiberdifies.

23. The system of claim 16, wherein the exchange device is a RF emitter/receiver

device.

24. The system of claim 16, wherein the exchange device is a fiber optic wet-mate

connector.

25. 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 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 fine or second and first optic fiber line;
- a light transmitter and receiver device [inked 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.
26. A method for measurfng 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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29. The method of claim 27, wherein the exchanging step is made by
transforming the light pulse from one optic fiber line into an

electromagnetic or acoustic signal, transferring said signal within the well

and re-transforming said signal into the light 15pulse in the second optic

fiber line. 30. The method of claim 26, wherein the sensing step is made

by sensing with said light pulse the parameter on said first optic fiber line.

31. The method of claim 26 or 30, wherein further steps of sensing are
madeiwithvdriding fararmetérseerdnight petsesd 208 2 Theondetrv@pptic fiber

claim 26,_1}{\{@%5%{9 &E‘eed r&f%@é%%ﬁo%}iﬁ&iﬁlﬁ the surface. 33. A method for

communicating a parameter within a well, comprising the step of: (i)
unwiiidingaadirstreebof tirstwmguirdnophic fitbertine positiohett guadirtstough the
apparatus; Q:i)] @V\{indjng from a reference point a second reel of

¢ . .
second wound o EIC iBer J5line positioned on a second apparatus; (iii)

trangmitting 1emeece iing irarpdike refetence pamt dightpuisaibrough the
second optic fiber line; (iv) exchanging said light pulse between first and
secéhd opsteifibariiinesd Habl QB sens PRtaRS Bia g He pimdiagrb wgHhngst optic
first opticdiRer:lipe; and

27. The method of claim 26, wherein the exchanging step is made also by bringing
closer first and second apparatus.

28. The method of claim 27, wherein the exchanging step is made by interconnecting
first and second optic fiber lines.

29.  The method of claim 27, Wherein the exchanging step is made by transforming the
light pulse from one optic fiber line into an electromagnetic or acoustic signal,
transferring said signal within the well and re-transforming said signal into the light
pulse in the second optic fiber line.

30. The method of ¢laim 26, wherein the sensing step is made by sensing with said light
pulse the parameter on said first optic fiber line.

31. The method of claim 26 or 30, wherein further steps of sensing are made with

. various parameters and light pulses,

32. The method of claim 26, wherein the reference point is at the surface.

33. A method for communicating a parameter within a well, comprising the step of:

(iy unwinding a first reel of first wound optic fiber line positioned on a first
apparatus;

(ii) 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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(vi) communicating in this way said parameter between the first and
second optic .fiber lines. 34. The method of claim 33, wherein the

. exchanging step is made also by bringing closer first and second

apparatus. 535. The method of claim 34, wherein the exchanging step is
made by interconnecting first and second optic fiber lines. 36. The method

of claim 34, wherein the exchanging step is made by transforming the light
pulse from one optic fiber line into an electromagnetic or acoustic signal,
trandfélrisgraaignsigiad withia ty Woll Brdmeteiabriforenite S aigrigkimd optic
the light 18pulse.in the second optic fiber line. 37. The method of claim 33,

wherein the reference point is at the surface.
34. The method of claim 33, wherein the exchanging step is made also by bringing

closer first and second apparatus.
35. The method of claim 34, wherein the exchanging step is made by interconnecting
first and second optic fiber lines.

36. The method of claim 34, wherein the exchanging step is made by transforming the
light pulse from one optic fiber line into an electromagnetic or acoustic signal,
transferring said signal within the well and re-transforming said signal into the light

pulse in the second optic fiber line.

37. The method of claim 33, wherein the reference point is at the surface.
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