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Poder con certificads consular piirs patertes, modelos de
utilidad, disefios Industriales, marcas de fAbrica, .
nombres comerciales, ensefias, lemas comerciales, licencias
y nombres de dominio de interact.

Power-of-Attorney with consular certificate for patents, utility
models, industrial designs, trademarks, commercial names
trade emblems, slogaus, licenses and internet domain names,

PODER

POWER-OF-ATTORNEY

Yo (nasotros), abajo firmado .(s)l (we), the undersigned
PETH)LEO BRASILEIRO S/A - PETROBRAS

domiciliado (3 enfof__ 2+ Repablica do Chile, n? 65

RIO DE JANETRO, BRASIL

OMO, tpa)| 831; LUZ CLEMENCIA DE PAEZ, tpa. 23555 y
GERL(IANCAVF;LIBR, tpa. 832, domiciliados en la Carrera 4 N° 72-35,
Bopotd, Colombia, €] primero como principaly los demés como suplentes,
en su orden, y ‘confiero (conferimos) poder a los abogedos arriba
nombiados para optener I protéccién do mi (nuestre) propiodad indusivial

|
porellprosente nombramos a EMILIO FERRERO, tpa. 31929; GONZALO
|

, en todo lo concerniente alos siguientes asuntos:
a) Obtencién de jatenm de invencién, modelos de utilidad y diseflos
industriales; ¢l registro de marcas de fébrica, colectivas, defensivas, de

sindustriales, y en general fos juicios civiles, penales,
contencioso-administrativos relacionados con estos
¥ Procesos que PromovamOS 0 SC oS promuevan; ©)
re de dominio de internet, su renovacion, traspaso,
¢, cambio de domicilio y demds actos relacionados con

istracién, Y para que en todos los asuntos amiba determinados,
pusdan sustitafr este mandato, transigir, conciliar, admitir os hechos del
proceso, desistir, i celar, recibir, renunciar, ser contactos administrativos
yde ?goymtiﬁe‘prlusactosdeagcnmsoﬂciom

enin RIO de Janeiro

do heteby appoint EMILIO FERRERO, tpa. 31929; GONZALO
PERDOMO, tpa. 831; LUZ CLEMENCIA DE PAEZ, tpa. 23555 and
GERMAN CAVELIER, tpa. 832, domiciled at Carrera 4° N° 72-38, Bogotd,
Colombia, the first as principal and the others as altemates, in the order of
their appointnient, as my (our) attorneys-at-law so that they may obtain the
protection of my (our) industrial property and against the unfair competition,
for which purpose I (we) authorize the suid attorneys to represent me (us)
before any authorities or persons, with or without jurisdiction, specially those
adminisirative, administrative contentions and judicial, as well as before
Arbitration Court, in  all matters  conceming the
Obtainment of patents, utility models and  industrial  designs;

the registration of trademarks, collective, defensive and service marks,
slopans, commercial names, trade cmblems, vegetal varicties and

following: a)

denominations of origin; its remewal, assignment, change of name or
domicile, voluntary cancellation; and the registration of licenses of use of the

. above rights; b) Actions of unfiir competition, protection to the consumicr,

oppositions or cbservations, administrative Court cancellation, nullity,

" infringement, granting ot"—lieensa, the action for writ mandamus, the

protection of trade secrets, and in general the civil, penal, and administrative
snits relating to those rights; actions and svits instituted by me (us) or against
me (us); ¢) registration of internet domain names, renewal, assignment
change of name or domicile and any other activity related their management.
And that in all the above matters they may substitute this Power of Attorney,
compromise, conciliate, admit the facts of the case, desist, cancel, receive,
resign, act 85 edministrative and/ or payment contacts and ratify acts done

by representatives without a power of sitomey. -

September 06, 2000

Dado y firmodo hay/Given and signed this

por/by,

S SOLIGO CAMERINI

-y

Firma

© CAVELIER/ABOGADOS
‘'WPPODE98-341 (INTERNET) INGLES OTROS PAISES







CONSULADO DE COLOMBIA
No. 70/00.

El Suscrito Cénsul General de Colombia en Rio de Janeiro, visto los
documentos presentados por los interesados, CERTIFICA: Que la Sefiora
MARIA ANTONIA DE JESUS CORREIA, quien como Escribiente Sustituta
de la Notaria 22°. de Rio de Janeiro, Brasil, autenticé la firma del signatario
del poder precedente, ejercia en la fecha las funciones indicadas y su firma
corresponde a la registrada en este Consulado.

Que la Compafiia PETROLEO BRASILEIRO S.A. — PETROBRAS, es una
sociedad constituida de acuerdo con las leyes del Brasil y cumple su
objetivo conforme a las mismas.

Que el Sefior CARLOS SOLIGO CAMERINI, quien en su caracter de

|SUPERINTENDENTE GENERAL DEL CENTRO DE PESQUISAS Y

DESARROLLO de la citada Compafiia, confiere el poder precedente y cuya
firma fué autenticada ante la Notaria 22°. de Rio de Janeiro, Brasil, es su
representante legal en este pais.

E! Cénsul no asume responsabilidad por el contenido de este documento.

|Rio de Janeiro, 14 de septiembre de 2000.

#nsul General de Colofnbia.

PAGADO [VPUESTO DE TIVIBRE
Und 7,03 (;_':-ZEZ'.TE C8LARES)
PACLET LI 20500 COHSULARES
Uss mu (”",s DDLARES)

CONSULADO GENERAL DE COLOMBIA
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TRADUCCION OFICIAL NO. 200928 de un documento escrito en Portugués, el cual,
para su identificacién se sella con el sello de Maria Eugenia Sanint, Traductora Oficial
‘segun Resolucién No. 851 del Ministerio de Justicia.

LEGALIZACIONES

Escﬁﬁas en PORTUGUES, al pie de un PODER escrito en ESPANOL, otorgado por
PETR" LEO BRASILEIRO' S/A-PETROBRAS, a EMILIO FERRERO y otros.
NOTA?}RIA 22 - NOTARIO WILHAMI DE OLIVEIRA

Notarfa 22 ~ Matriz - Notario: Wilhami de Oliveira

Rua Senador Dantas, 39 - Rio de Janeiro- No. 190259

Reconjozco por semejanza la firma de : CARLOS SOLIGO CAMERINI -785/28

Rio dT Janeiro, 12 de septiembre de 2000 -11:30:26
En fe de lo cual firmo el presente
|
(Firma’Ilegible)

MARIA ANTONIA DE JESEJS CORREIA -Suplente - MAIC -1
Valida Unicamente con el sello de Control — Total derechos: 2,47
Sello de la Corregiduria General de Justicia

SELLCI) DE CONTROL
No. BN w 94837

Sello del Notario

en Rig de Janeiro, bajo el No. 70/00 de fecha del 14 de septiembre de 20&05;

EN ESPANOL, la legalizacién de la firma anterior por el Ministerio de Relaciones

Exteriores de Colombia, bajo el No. 438547 de fecha del 20 de septiembre qﬁooo. 4
ES TRADUCCION FIEL Y COMPLETA. ~
Tradurora: Maria Eugenia Sanint
Bogoﬁé, 25 de septiembre de 2000
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OPTICAL TRANSDUCER AND METHOD FOR THE SIMULTANEOUS
MEASUREMENT OF PRESSURE AND TEMPERATURE IN OIL AND GAS
| WELLS
IELD OF THE INVENTION
The present invention relates to an optical transducer for the simultaneous

- -

neasurement of pressure and temperature in oil and gas wells, more specifically,

—

to an optical transducer that uses, for such measurement, at least two Bragg
drétings in a same optical fiber, at least one of such fibers being attached onto an
glastic membrane. The invention relates still to the method for the simultaneous
ni1easurement of pressure and temperature in oil and gas wells using the

lescribed transducer.
3ACKGROUND INFORMATION
Among the commercially available sensor technologies useful for downhole

:onitoring of pressure, temperature and other parameters are the Permanent
Downhole Gage (PDG’s) using quartz crystal technology and the Strain Gage the
features of which are: require on-board electronics, are active sensors, show low
reliability and higher than 3 psilyear drift in the measurement. Such equipment
xﬁdergo electromagnetic interference, do not allow distributed installation
(multiplexed) and are costly. For applications required to outweigh such
specifications, the optical technology is the most recommended to overcome such
1roblems.

‘. In view of the high cost of well intervention and production interruption, the

ystem installed in the well should have a high reliability (of at least twenty years).

E )

he optical sensors technology makes possible to attain such requirement.
Optical fibers bear some features such as: they can withstand high

temperatures (silica up to 1,000°C), showing high transmission rates and low
Ié)sses at high distances (relating to the attenuation of transmitted/received signal),
és well as electrical insulation and no electromagnetic interference.

That is why it is stated that optical sensors have several benefits relative to

Q

ommercially available sensors, such as low hysteresis, repeatability,

-

fproducibility, mechanical strength, twenty years working life (high reliability),
“ ssive technology, that is, no need of on-board electronics for operation,
easiness of implementation at large distances (longer than 20 km) without any

#
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rleed of a repeater for automation systems (simple telemetry at large distances),
being immune to EMI/RFI noise, are of small size, operate at high temperatures
and are naturally explosion-proof (low intensity laser beam approximately lower
than 100 mWw).

Among the available optical sensors technologies the state-of-the-art

technique known as Fiber Bragg Gratings (FBG) is interesting in view of the
ossibility of combining a huge variety of transducers (pressure, temperature, pH,
sosition, flow rate, etc) in a single fiber.
Fiber Bragg gratings are fairly suitable to be used as sensing elements.
hen a Bragg grating receives a broadband (C1 + C2) beam of light (laser), it

‘eflects a narrow light band in a certain wavelength. However, the mensurands
:physica| parameters), such as the change in strain induced by a change in
pressure or in the outer temperature, yield a change in the refractive index
5temperature) and in the geometric spacing of the grating, which leads to a change
iLn the wavelength values of the light reflected by the gratings. The magnitude of
Jhe mensurands is directly related to the wavelength reflected by the Bragg grating
>and can be determined by detecting the wavelength change of the reflected light. +
Optical fiber sensors are optical sensors using fibers as the connecting
medium for light between the mensurands (temperature/pressure) and the
measurement region.

| Thus, the principle for the measurement of pressure and temperature using
pptical fiber sensors involves injecting light using a broadband laser source
through the optical fiber up to the grating and at the outlet, evaluating the main
features of the returned light/wavelength and intensity that have been altered by
the medium.

| Among the measurement technologies, Fiber Bragg Gratings (FBG) is the
one of highest potential for multifunctional and nearly distributed sensor systems
for applications in the permanent downhole and reservoir monitoring.

The concept at the basis of the FBG technique is that upon designing a
ocalized grating in a certain region of the fiber, typically of 1 to 10 mm length,
according to a pre-defined wavelength, a certain wavelength of the incident light is
affected (FBG filter). As a result of the medium perturbations, a change is caused
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n the absolute value of the wavelength, directly related to the physical parameters

t the origin of such change.

Q)

Optical sensors represent a breakthrough relative to state-of-the-art
systems, as have been the'present quartz (PDG) sensors relative to the first
étrain-gauge sensors during the evolution of such systems.

The main feature of the optical sensor is the fact that it is completely
hassive, that is, it does not need any on-board electronics for the transduction of
the measured parameter, needing only a mechanical element coupled to the FBG

ﬁlement, which is the fiber itself. All the electronics and optical source are placed
31’: the surface, being easily replaced in case of failure or updated without any well

ork-over. The increased reliability of downhole sensors means, besides the
vTconomical advantage, the viability of other technologies, such as smart

e
|

completion, reservoir monitoring (HtxHp — High temperature, high pressure wells)
ﬂJnd artificial lift.
| Optical sensors can be classified as extrinsic and intrinsic. In the first

tegory are those where the fiber is used just to guide the light and the optical
éffect to be measured occurs out of the fiber. In the second case the fiber serves
fso as the medium where the coupling between the mensurand and the fiber
dccurs, this rendering this category of sensors mechanically more attractive.
Sensors can also be categorized as for the optical effect to be measured,
ncluding a change in intensity, in the polarization, in the spectrum or in the phase

of the light wave.

The main features of the optical-technology sensors are:

| o Interferometric: those are made up of mechanical systems (microoptics),
being susceptible to high intensity mechanical vibrations; do not allow multi-
point installation nor high vibrations, have low reliability and high cost.

e Single point FBG: do not allow multiplexing, rendering difficult downhole
installation because of the number of required penetrations, are not
temperature limited (above up to 150°C).

¢ The multi-point FBG technology, besides the above features, encompasses
the possibility of placing multiple kinds of sensors connected to a single
fiber (multiplexed) and placed at specific points, and further having lower
cost as compared to state-of-the-art sensors.
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The recent patent literature points out a few relevant documents on the

e |

nulti-point FBG technology.

Thus, US patent 6,016,702 teaches a pressure sensor with temperature
compensation for a point where an optical fiber is attached onto a compressible
bellows in a location along the fiber and to a rigid structure at a second location
long said fiber, with a Bragg grating contained in the fiber between these two

Q)

flper attachment locations, the grating being under tension. As the bellows

sTtructure is compressed as a result of a change in the outer pressure, the tension

n the fiber grating is reduced, this causing a change in the wavelength of the light

o)

-

eflected by the grating. However, temperature compensation should be carried

o)

ut by isolating the temperature-monitoring grating in a pressure-isolated
chamber, this adding costs to the equipment.
The proposed sensor can be used as a one single or a plurality of sensors,

‘erially connected along a single optical fiber. Upon mounting the sensors in
%eries, the optical fiber crosses a passage at the end of a bellows structure for
| terconnection to the following pressure sensor. The several pressure and
t;emperature signals from the multiple pressure sensors can be differentiated using
\ilavelength division multiplexing (WDM). Thus, each Bragg grating operates at a
entral wavelength A within a wave amplitude w that is not superimposed to the

amplitude of the other Bragg grating sensors. Therefore, optical signals for the

e

emperature and pressure of each of the sensors serially connected can be easily
ifferentiated on the basis of the received wavelength. TDM (Time Division

—_— ™

Aultiplexing) techniques can also be used to differentiate among optical signals of

)

ifferent Bragg grating sensors. However, the sensor of said US patent does not
escribe nor suggests the transducer proposed in the present application, said

—

ransducer using two Bragg gratings in a same optical fiber and having at least

o)

ne of the gratings attached onto an elastic membrane.

The fiber grating pressure sensor technology taught in US patent 6,278,811
gomprises a pressure-detection device that can be elastically strained as a
function of the applied pressure, and an optical fiber that is wrapped at least once

a‘lround said device and where at least a portion of its length is fused to the device,
jo that the elastic deformation of the device generates a corresponding axial strain
3long a longitudinal axis of the fiber caused by the applied pressure.

A
3,
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The shape of the device may be a solid cylindrical shape or either has an
xial orifice formed therein. The fiber contains at least one grating impressed

L=

herein. The grating has a characteristic wavelength that changes with the applied
pressure.

The device is made of silica or quartz. The technology described in said
patent can be used as a single sensor or as a plurality of distributed or multi-point
sensors. '

US patent 6,519,388 teaches a Bragg grating configuration that allows the
grating to be used in compression without requiring optical pins or a mechanical

jupport structure and/or that is suitable for reducing the core to cladding coupling.
;ccording to the technology taught in this US patent, a tube-encased optical fiber
jontaining a Bragg grating comprises an optical fiber having at least one Bragg

Jrating embedded therein, and a tube, the optical fiber and the Bragg grating
eing encased therein along a longitudinal axis of said tube, the tube being fused
to at least a portion of the fiber in a location where at least a portion of the Bragg
rating is located. The tube is made of a glass material and fused to the optical
,jber on opposite axial sides of the Bragg grating. The encased grating allows the
"rating to be compressed without buckling the fiber.

| US patent application 2002/0194917 A1 refers to a pressure fiber grating

Tensor including an optical sensing element which includes an optical fiber having
Bragg grating impressed therein which is encased within and fused to at least a

0)

ortion of a glass capillary tube. A temperature Bragg grating can be used for the

e, S o §

neasurement of temperature and allow the temperature-corrected pressure
measurement. The sensor can be suspended in the interior of an outer cladding by
a fluid, spacers or other means.

US patent 6,439,055B1 teaches a pressure sensor assembly for assessing

he pressure of a fluid in a harsh environment including a pressure sensor
suspended within a fluid filled housing. The assembly includes a pressure-
t? ansmitting device, which transmits the pressure of the fluid to sensor and keeps
the fluid within the housing in a void free condition. The pressure sensor assembly
maintains the sensor in a near zero base strain condition and further protects the
gensor from shock and vibration. The pressure sensor assembly further includes
g»umpers that limit the movement of the sensor within the housing.
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US patent application 2003/0094281 A1 teaches a monitoring system and
method for monitoring a predetermined set of physical characteristics associated
with a structure using the monitoring system. The system is distributed in the

Stmcture and comprises a distributed optical sensing device, further comprising a
fi;ber optic cable; a light source operatively in communication with the fiber optic
dable; a light detection device, operatively in communication with the fiber optic
é@ble, for measuring the light received at the light detection device from the fiber

ptic cable; and a data processor capable of using the light measured to calculate
predetermined set of physical parameters describing the predetermined set of
;hysical characteristics.

However, in spite of the existing developments in the technologies of single
Ind multi-point pressure transducers using Fiber Bragg gratings, there is still the
eed of an optical transducer for the simultaneous measurement of downhole
yressure and temperature, said transducer comprising at least two Bragg gratings
i? the same optical fiber, wherein one of the gratings, which is compatible with the
)peration temperature, is attached onto an elastic membrane, the attachment
;ssuring that the membrane conveys efficiently to one Bragg grating the strains
;ndergone by such membrane resulting from pressure and temperature changes,
hile the other Bragg grating is attached or not to the membrane, such transducer
jeing described and claimed in the present application.

JUMMARY OF THE INVENTION

‘ Broadly, the invention is directed to an optical pressure and temperature
tWansducer for the simultaneous measurement of downhole pressure and
temperature, said transducer being part of a system that comprises a light emitter
%ropagating along the core of an optical fiber containing Bragg gratings impressed
IT the same, until the light meets a Bragg grating that reflects a portion of said
light, said transducer comprising a predominantly cylindrical body, including an
lastic membrane for attaching at least one Bragg grating, and at least one more

Eiragg grating impressed on the same optical fiber, and wherein said body is:
|

(V)

) Bored along the main axis in order to allow the passage of an optical fiber and
assure access to both ends of the said optical fiber;

(e
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B) Provided with two symmetry planes in order to facilitate to be installed and
serially connected with other sensors of the same kind or other optical fiber
transducers and sensors;

i o I
e?

Provided with a central access and respective sealing, perpendicular to the
main axis of said body, on the opposite side of said membrane, to allow the
attachment of at least one Bragg grating to the membrane; and

d) Provided with sealing means against the outer pressure, at the inlet and at the
outlet of the optical fiber and in the central cylindrical bore, whereby

I

he elastic membrane conveys the strain that is proportional to the pressure and

temperature conditions to which is submitted the transducer having at least one

3ragg grating, the portion of non-reflected light by the Bragg gratings following
long the remaining length of the optical fiber, where said fiber can be utilized to
terrogate other sensors and transducers connected along the same optical fiber
or in one or more optical fibers coupled to said one.

And the method for the simultaneous measuring of borehole temperature
and pressure using the inventive transducer comprises providing an optical fiber
¢ontaining at least two Bragg gratings sensitive respectively to temperature and

pressure; causing a change in the refractive index of the gratings and strain in the

lastic membrane resulting from the temperature and pressure conditions to which
i“s submitted the transducer through the elastic membrane; conveying the change
IL refractive index of the grating caused by the change in the outer temperature
jnd the strain caused in the grating by the change in outer pressure; from the
1 easurement of the changes in the values of Bragg grating wavelength,
secovering the value of the pressure and temperature by means of a calibration
surve.

Thus, the invention provides an optical transducer for the simultaneous
measurement of downhole pressure and temperature that utilizes two Bragg
gratings contained in the same optical fiber.

The inventiqn provides further an optical transducer for the
simultaneous measurement of downhole pressure and temperature where at least
bne Bragg grating impressed on an optical fiber is attached on an elastic
membrane.

\ S
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The invention provides further an optical transducer for the

imultaneous measurement of downhole pressure and temperature where the

S

portion of light not reflected by the Bragg gratings of said transducer follows along
the remaining of the said optical fiber, for interrogating other sensors and
t

ansducers connected along the same optical fiber or to one or more optical fibers
coupled to the same.
The invention provides still a method for the simultaneous

neasurement of downhole pressure and temperature using the described

=3

ptical transducer.
SRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1A attached illustrates a top view of one mode of the optical

Im__ o

[

ransducer according to the invention where a Bragg grating is attached

(o)

nto the elastic membrane and the other Bragg grating is out of the
nembrane.

i 3

FIGURE 1B attached is a cut along the BB axis of the same transducer.
FIGURE 1C attached is a side view of the same transducer.

FIGURE 2A attached illusirates a top view of another mode of the optical
ransducer of the invention.

—te
.

FIGURE 2B attached is a cut along the BB axis of the same transducer.
FIGURE 2C attached is a side view of the same transducer.
FIGURE 2D attached illustrates one mode of the same transducer where

Lol _

ne two Bragg gratings are attached onto the elastic membrane.
FIGURE 6 attached illustrates a graph of the calibration of the
wventive transducer for the temperature grating.

FIGURE 7 attached illustrates a graph of the calibration of the

wentive transducer for the pressure grating.
)ETAILED DESCRIPTION OF THE PREFERRED MODES
The invention refers therefore to an optical transducer for the

™

simultaneous measurement of downhole pressure and temperature
gomprising a predominantly cylindrical body, bored along the main axis to

Q)

llow the passage of an optical fiber, said transducer having two symmetry
planes and a central cylindrical bore for attachment of at least one Bragg

¥
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rating, and sealing means against the outer pressure at the inlet and the

(@}

utlet of the fiber and in the central cylindrical bore.

I )

The main feature of the sensor construction is the way of mechanical

—

ansduction of the physical parameters pressure and temperature into wavelength

change. Such transduction is carried out by means of the mechanisms of

thperature and pressure.

E In the present specification, the following terms have the meaning as
detailed below.

Transducer, according to the metrology vocabulary, should be understood
s the element that effects the transduction (conversion) of a physical parameter
\to another (Pressure/Temperature into Wavelength Change of the Optical

[ds)

ignal)
According to the same glossary, sensor means the element that undergoes
he change/transformation as a function of the change in any physical parameter.

~—

One aspect of the invention is an optical transducer for the simultaneous
neasurement of pressure and temperature under downhole operation conditions,
:rseful for single point configuration.

Another aspect of the invention is an optical transducer for the simultaneous

rTeasurement of pressure and temperature under downhole operation conditions,
useful for multi-point configuration.

The transducer of the invention uses the FBG technology.

The Bragg gratings are designed so as to produce a periodic modulation in
t e refractive index of the optical fiber core along the length of said fiber. The
grating reflects a range of wavelength whose value at the peak of the spectrum,
7»1'3, corresponds to nearly three times the value of the spatial period A of the index
nodulation, according to As = 2n A, with n=1.5 being the refractive index of the
d tical fiber core.

The behavior of the Bragg gratings is similar to that of a resonating filter

system, that is, the wavelength values satisfying the resonance condition are
ffected while the remaining are ignored.
The Bragg gratings useful for the purposes of the invention comprise the
gratings prepared prior to their installation in the pressure and temperature
transducer.

X
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The Bragg grating is prepared by locally exposing the optical fiber core to
n interference pattern of two ultraviolet light beams so oriented relative to the

1))

ptical fiber longitudinal axis that, for the grating, the maxima and minima of the

5 0O

iterference pattern extend along a small portion of the optical fiber in directions
rﬁormal to the longitudinal axis and that the periodicity is that desired for the
particular grating.

| The sensor is made up of a monomode optical fiber usually for a
wavelength in the range of 1,300 nm to 1,550 nm containing the FBG impressed in
the fiber core at any position along the fiber.

The FBG mechanically coupled to the transducer is interrogated using an
optical system made up of a source of light — that can be a broadband (C1 + C2)

ora tunable laser or either a source of light with a broad emission band such as a
LED or an ASE source — coupled to the fiber core, and a Bragg wavelength
nLeasurement system — that can be a spectrum analyzer or a wavelength
fr{Leasurement system, or either through intensity change (convolution of the FBG
signal with that of the fixed filter of same wavelength at the surface).

For measuring the signal, transmission or reflection can be used. For
downhole applications or any difficult access equipment, the measurements are
n in reflection. Based on the measurement of the Bragg wavelength of the

grating, the desired mensurand value is recovered through a calibration curve that
should be drawn in the laboratory prior to installing the sensor in the field.

The optical pressure and temperature transducer uses as sensor element
f: r both parameters, optical fibers containing Bragg gratings (FBG). The relevant
pj rameter to be measured is the spectral position of the reflection peak for
d termining the wavelength of the return signal characteristic of each sensor, such
s'gnal depending in a known manner on the strain condition and temperature to

\
jhich is submitted the FBG. The pressure is obtained by measuring an optical

fi
tHe elastic limit of the metal used to make it, and at the operation range designed

er containing an FGB, attached onto a membrane designed to be strained within

for the transducer. Such sensor is submitted to the effects of pressure and
temperature, with the second effect being necessarily compensated so as to
olate the portion relative to pressure.
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According to the invention, the optical transducer for the simultaneous
measurement of downhole pressure and temperature using an optical fiber
ontaining two Bragg gratings where at least one of such gratings is attached on

0

o)

n elastic membrane comprises two modes.
Thus, a first mode comprises one of the gratings attached onto the
nembrane, generally at the center of the membrane, while the other grating is

-

laced out of the membrane. In this way, the grating, which is out of the

i = §

nembrane, is submitted to the effect of temperature only. When the outer

-

f the Bragg grating, causing a strain along the main axis of the optical fiber. This
is what it is desired to measure. The change in the Bragg grating wavelength is
'roportional to the strain and is also proportional to the temperature. If there is
only one grating it is not possible to determine how much of the wavelength
change is due to the temperature and how much is due to the pressure.

Therefore the option is to have a second grating, which would not depend
on pressure but on temperature only. In order to make it work, the temperature at
Ioth locations of the sensor should be the same.

The equation describing such a system is equation (1) below.

A M =f; (P)+gq(T) (1)

A A =g (T).
However, mainly when there are transitions from one temperature to the
other, the temperature values in the two gratings are different. The temperatures

ill be the same only after being evened.

One of the drawbacks to implement such mode is the calibration, which can
be slow until attaining the temperature evenness in the two gratings. The
' embrane is very thin, and the stabilization brought by the outer temperature is
guicker. The temperature grating is more distant from the outer medium and takes

|f
mechanically decoupled from the transducer body. This second sensor is attached

onger to stabilize. The temperature is measured by means of another FBG

pnto a small metallic anchoring part.

In order to try to overcome the drawback of the temperature evenness a
second mode of the optical transducer of the invention comprises attaching both
i3ragg gratings to the membrane.

yressure increases, the membrane is strained and stretches the fiber in the region

K
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The attachment by means of an adhesive or any other device should be
carried out so that one of the gratings is at the center of the membrane as in the
first mode, while the second grating is necessarily placed out of the center. Both
ratings undergo the effect of pressure, only at different intensities. However, the

(=)

effect of the temperature is the same for both gratings.
The equation of the second mode of the optical transducer is equation (2)
below:
AM=f (P)+g(T) (2)
AN =1 (P)+g(T)
As can be seen from equation (2), the difference between A As depends

nly from P, and a f3(P) will be obtained, which is determined through calibration,
t'he substitution being made in A or Ay.
' Such approach assures that both gratings are always at the same
temperature, this allowing the correct simultaneous measurement of pressure and
meerature. Even if the parameter “g” were not the same for both equations, the
Hnathematical solution would be possible, but “g” being the same makes the
iolution easier.

The behavior of Temperature and Pressure according to this mode is
outlined below.

Temperature: the FBG grating responsible for the temperature

:Ineasurement can be coupled according to two ways: (/) encapsulated in a metallic
ube housed in the interior of the sensor body, in close proximity to the membrane.

i

The metallic tube performs the thermal coupling between the temperature of the

medium and the temperature of the grating; (ii) attached onto the membrane
Egether with the pressure grating.

This latter configuration improves the thermal coupling between the
lemperature sensing grating and the measurement of pressure of the outer
medium, such measurement being required to correct the measurement of
pressure transduction (pressure vs. change of the pressure grating wavelength).
Such configuration effectively corrects (cancels) the effects of the
qemperature change on the pressure grating.

Pressure: The FBG grating is responsible for the transduction of the
pressure change of the outer medium, which results in a membrane strain, the
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membrane in turn conveying such strain to the pressure grating. Such strain on
the grating shifts the wavelength in a way that is related to pressure strains. Since
tLe thermal effects affect the wavelength, measurements should be corrected in
\! iew of such effects (thermal changes) undergone by the pressure grating.

Processing of the temperature measurement is carried out by means of the
measurement of the wavelength change, since the value of the wavelength
neasurement impressed under ambient temperature conditions is known.

— - 3

"herefore the changes are computed and corrected using a simple algorithm for

-t

ransforming the wavelength changes into temperature degrees. Such algorithm

o)

alculates the temperature on the basis of the constants of the temperature
alibration of the sensor.

o)

Processing of the pressure measurement is carried out by measuring the

vyavelength change, since the value of the wavelength measurement impressed

nder ambient temperature and atmospheric pressure conditions is known.

[herefore the changes are computed and corrected using a simple algorithm that
lorrects the temperature changes in the wavelength by measuring the changes in
vavelength as a function of the pressure/strain of the outer membrane (indirect
jveasurement). This algorithm calculates the pressure on the basis of the
3onstants of pressure calibration (membrane construction) of the sensor

In both modes described below for the pressure and temperature
transducer, the elastic membrane is a thin membrane, the thickness of which is a

—h

inction of the measurement range of the mensurand. The thickness of the elastic

=

1embrane is homogeneous. Alternatively, the thickness is variable throughout the
rembrane.

=

The invention will be described below with reference to the attached

M

igures.
Figure 1A illustrates an upper view of one mode of the optical transducer

according to the invention where one Bragg grating is attached on the elastic
embrane and the other Bragg grating is out of the membrane. This mode of the
p}resent transducer, generally designed by numeral 100, comprises a body 10a,

bfred along the main axis to allow the passage of an optical fiber 30 so as to
secure access to both ends of the said optical fiber 30.
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The body 10a is provided with: (i) two symmetry plans for making easier for

he sensor to be installed and serially connected to other sensors of the same kind

or other transducers and optical fiber sensors; (ii) an elastic membrane 50 and
attached on said membrane, at least one Bragg grating 60 contained in the optical
:iber 30; and (iii) a longitudinal passage 31 for the optical fiber 30 throughout the
ransducer body 10a.

The elastic membrane 50 is a thin plate in the transducer body 10a.
Alternatively, the elastic membrane 50 is not an integral part of the body
10a of transducer 100 and is attached onto said body by means of any known
flevice.

The sealing means for effecting the sealing in the cross-section direction of

the optical transducer 100 is a circular stop or sealing 70, illustrated in Figure 1B.
For the setting up of transducer 100, the Bragg grating 60 contained in
ptical fiber 30 is attached onto elastic membrane 50 by means of any attaching

evice and then the stop 70 is screwed in body 10a to achieve the sealing. Thus,
Ltop 70 generally makes easier the setting up of the optical transducer 100.

Figure 1C is a side view of the same transducer, with the longitudinal
passage 31 for optical fiber 30.

The interior of the body 10a is fitted with a chamber 80 for accommodating

jealing means (not represented), designed for sealing transducer 100 from the

uter medium. In transducer 100, the optical fiber 30 crosses said sealing means
and the longitudinal passage 31 of the body 10a, so that at the end of the setting

P2

p, transducer 100 with the optical fiber 30 containing the Bragg gratings 60 is

=t

ght. Alternatively, if transducer 100 is used without being connected to any other

—

ransducer, one of its ends is completely sealed by a cap (not represented).
Figures 1B and 2B are BB cuts that illustrate modes of the transducer 100,
00 of the invention with a Bragg grating 60b designed for the measurement of

l
2
pressure attached onto the elastic membrane 50 and another Bragg grating 60a
designed for the measurement of temperature being not attached onto the said

—

nembrane 50. In this mode grating 60a is protected by a metallic shield 61, which
Iso increases the effect of temperature experienced by grating 60a.

S o) ]
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Alternatively, metallic shield 61 is dispensed with and fiber 30 is
ncapsulated in a protecting tube (not represented).

Figure 2A illustrates an upper view of another mode of the optical
ransducer of the invention. The transducer, generally designed by numeral 200, is
jnade up of a cylindrical body 10b.

Figure 2C is a side view of the same transducer 200 with the passage 31 of
the optical fiber 30. Figure 2D illustrates a mode of the said transducer where both
Bragg gratings are attached on the elastic membrane.

Figure 2D illustrates one mode of transducer 100 having both Bragg
jratings 60a, 60b contained in the same optical fiber 30 attached onto elastic
membrane 50. In this mode, one grating 60a is attached at the center of the
membrane 50 and another grating 60b is attached so as to be out of the center of
"nembrane 50.

Transducers 100 and 200 differ only by the configuration to be coupled to
puter sealing means.

Figures 3 and 4 refer to the calibration of transducer 100 of the invention.
Broadly, it is observed that the change in reflection wavelength for transducer 100
shows a linear behavior of the wavelength change as a function of the physical
‘oarameters (temperature and pressure) when one of the mensurands, pressure or
‘emperature, is changed while the other one is kept constant.

Figure 3 illustrates a graph of the calibration of the inventive transducer for
he temperature grating. This Figure illustrates the dependencies of the
yvavelengths of the pressure and temperature sensors. Excellent linearity is
observed, besides a higher sensitivity for the sensor attached onto the membrane.
his is due to the addition of the effects of higher refractive index of the fiber,
present in both sensors, and the thermal expansion of the membrane material.

] Figure 4 illustrates a graph of the transducer calibration for the pressure
‘grating based on a measurement system employing the measurement of the
wavelength change.

The values of wavelength change making up the graph illustrated in Figure
{4 include measurements carried out at 25, 34, 45 and 76°C using a measurement
system based on wavelength change. Thus the illustrated data demonstrate that




16/16

ansducer 100 did not show any hysteresis and that its response is linear, the

sensitivity being independent of temperature.

The configuration of sensors 100, 200 illustrated in Figures 1A, 1B, 1C and
2A, 2B, 2C and 2D allows a plurality of said transducers 100, 200 having at least
ne Bragg grating 60b attached onto an elastic membrane 50 to be serially
zonnected by means of the commonly shared optical fiber 30 so that multiple
ressure and temperature sites can be measured in the mode of distributed
sensors. Any multiplexing techniques can be employed for distinguishing the
ignal of one sensor from the signal of another one, such as wavelength-division
multiplexing (WDM) or time-division multiplexing (TDM), or any other multiplexing
techniques. In this case, the grating 60a, 60b in each sensor can have a different

flection wavelength.
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CLAIM:
. An optical transducer for the simultaneous measurement of downhole pressure

and temperature, said transducer being inserted in a system comprising a light

emitter, the emitted light propagating along the core of an optical fiber 30

containing Bragg gratings 60a, 60b, until said light meets a Bragg grating 60a/

60b able to reflect a portion of said light, wherein said transducer comprises a

predominantly cylindrical body 10a/10b, including an elastic membrane 50 for

attaching at least one Bragg grating 60a/60b, at least one more Bragg grating
60b/60a contained in the same optical fiber 30, and wherein said body 10a/10b
is:

a) Bored along the main axis to allow the passage of an optical fiber 30 via
longitudinal passage 31 so as to secure access to both ends of said optical
fiber 30;

b) Provided with two symmetry planes in order to facilitate to be installed and
serially connected with other sensors 100, 200 of the same kind or other
optical fiber transducers and sensors;

c) Provided with a central access and respective stop 70, perpendicular to the
main axis of said body 10a, 10b, on the opposite side of said membrane
50, to allow the attachment of at least one Bragg grating 60a, 60b to said
membrane 50; and

d) Provided with sealing means against the outer pressure, at the inlet and at
the outlet of the optical fiber 30 and in the central cylindrical bore, whereby

he elastic membrane 50 conveys the strain that is proportional to the pressure
nd temperature conditions to which is submitted the transducer having at least
ne Bragg grating 60a, 60b, the portion of non-reflected light by the Bragg gratings
ollowing along the remaining length of the optical fiber 30.

. An optical transducer according to claim 1, wherein one Bragg grating 60b is

attached to elastic membrane 50 while the other Bragg grating 60b is out of
said membrane.

. An optical transducer according to claim 2, wherein Bragg grating 60b attached

to elastic membrane 50 is the grating designed for pressure measurement.

. An optical transducer according to claim 2, wherein Bragg grating 60a out of

the elastic membrane 50 is the grating designed for temperature measurement.

23
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Fdyl

. An optical transducer according to claim 4, wherein a metallic shield 61
protects the temperature Bragg grating 60a.

6. An optical transducer according to claim 4, wherein alternatively a protecting
tube encapsulates the temperature Bragg grating 60a.

7. An optical transducer according to claim 1, wherein both Bragg gratings 60a,
60b are attached onto the elastic membrane 50.

8. An optical transducer according to claim 7, wherein the effect of temperature is
| the same for both Bragg gratings 60a, 60b attached onto the elastic membrane
50.

9. An optical transducer according to claim 1, wherein the Bragg grating(s) 60a,
60b are attached onto the elastic membrane 50 by means of any device.

0.An optical transducer according to claim 9, wherein the Bragg grating(s) 60a,

—

60b are attached onto the elastic membrane 50 by gluing with a polymeric
adhesive.

11.An optical transducer according to claim 1, wherein the body 10a, 10b
comprises symmetrical chambers 80, designed to accommodate sealing

means against the outer pressure.

-

2.An optical transducer according to claim 1, wherein the thickness of elastic

membrane 50 is uniform.

-

3.An optical transducer according to claim 1, wherein the thickness of elastic
membrane 50 is variable.

—

4.An optical transducer according to claim 1, wherein elastic membrane 50 is
| integral to body 10a/10b.
5.An optical transducer according to claim 1, wherein elastic membrane 50 is
coupled to body 10a/10b.
6.An optical transducer according to claim 1, wherein said transducer is used in

S N

Y

| the single mode.

—-—

7. An optical transducer according to claim 1, wherein a plurality of said
transducers having at least one optical fiber 30 containing a Bragg grating 60b
attached onto an elastic membrane 50 is serially connected through the
| common optical fiber 30 in order to effect measurement of multiple pressure
and temperature locations in the mode of distributed sensors.

L
2
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8.An optical transducer according to claim 17, wherein said transducer is serially
connected to other transducers and sensors of the same kind.

9.An optical transducer according to claim 17, wherein said transducer is
connected in series to transducers and sensors of different kinds.

0.An optical transducer according to claim 1, wherein the connection in series is
carried out through the same optical fiber 30.

1.An optical transducer according to claim 17, wherein the connection in series is
carried out through other optical fiber(s) 30a, 30b, 30n coupled to said optical
fiber 30.

2.An optical transducer according to claims 17, 18, 19, 20 and 21, wherein
WDM/TDM multiplexing techniques are used to distinguish the signal of one
sensor from that of another sensor.

3.A method for the simultaneous measurement of downhole temperature and
pressure with the aid of the optical transducer according to claim 1, wherein
said method comprises:

a) providing an optical fiber 30 containing at least two Bragg gratings 60a,
60b, said gratings being sensitive respectively to temperature and
pressure;

b) causing a change in the refractive index of said gratings 60a, 60b and a
strain in said elastic membrane 50 resulting from the temperature and
pressure conditions to which is submitted said transducer;

c) through said elastic membrane 50, conveying the temperature
(refractive index) change and strains (spatial geometry of the grating) to
said Bragg gratings 60a, 60b;

d) from the measurement of Bragg wavelength changes, recovering the
temperature and pressure values by means of a calibration curve.

25
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ABSTRACT
OPTICAL TRANSDUCER AND METHOD FOR THE SIMULTANEOUS
MEASUREMENT OF PRESSURE AND TEMPERATURE IN OIL AND GAS
WELLS

An optical transducer 100, 200 for the simultaneous measurement of

ownhole pressure and temperature in a single- or multi-point configuration is

described, said transducer comprising a predominantly cylindrical body 10a/10b
ipcluding an elastic membrane 50 onto' which is attached at least one Bragg
l rating 60a/60b, and at least an additional Bragg grating 60b/60a contained on the
ame optical fiber 30, and where said body 10a/10b is: a) bored along its main
xis; b) provided with two symmetry planes designed to make easier to install and
;nally connect said transducer with other transducers 100, 200 of the same kind
r to other optical fiber transducers and sensors; ¢) provided of a central access
;nd respective sealing 70, to allow the attachment of at least one Bragg grating
f a, 60b to elastic membrane 50; and d) provided of sealing means against the
outer pressure. In transducer 100, 200, the elastic membrane 50 conveys the
traln proportional to the pressure and temperature conditions to which is
submitted said transducer to at least one Bragg grating 60a/60b, the portion of
ight not reflected by the Bragg gratings 60a, 60b following along the remaining of

the optical fiber 30. The invention encompasses still the method for the

simultaneous measurement of downhole pressure and temperature in a single- or

multi-point configuration with the aid of the described optical transducer(s).

2¢
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