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(57) Abstract: A method of monitoring deformation and other characteristics of a casing (9), sandscreen, electrical heater and/or
other tubular or cylindrical well equipment 1n a well traversing an underground formation (20), comprises: - providing a carrier
rod (14) having at least one recess (16) extending along at least part of the length of the rod, in which recess a optical fiber assem-
bly (15) for monitoring strain, temperature and/or other physical parameters 1s arranged, which optical fiber assembly i1s along at
least part of its length bonded within the recess; - lowering the carrier rod and well equipment simultaneously into the well such
that the carrier rod 1s arranged in an annular space (12) between the outer surface of the well equipment and the inner surface of
the wellbore; - securing the carrier rod at a plurality of locations distributed along its length to the well equipment; - connecting
the optical fiber assembly (15) to an optical signal transmission and reception assembly for monitoring deformation, strain, tem-
perature and/or other physical parameters of the well equipment.
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METHOD FOR MONITORING DEFORMATION OF WELL EQUIPM

L]

NT

BACKGROUND OF TH.

L]

INVENTION

The 1nvention relates to a method for monitoring

deformation of well eqgquipment.

—
p—

The current approach to monitor deformation of a

well casing or other well equipment 1s to attach or glue

fiber optical or other sensing cables directly to the

R

well casing or other well equipment. Such i1nstallation of

the sensing cable 1s cumbersome and time consuming with a

J—

significant risk of breaking the cable during attachment

or duriling deplovment 1n the well.

g—

It 1s an object of the present i1nvention to provide

gr—

a method for monitoring deformation of a casing or other

well equipment using a optical fiber assembly which can
be attached guickly to the well casing and such that the
optical fiber assembly 1s adequately protected against
breaking during attachment or during deployment 1n the
well.

SUMMARY OF TH.

L]

INVENT ILON

In accordance with the invention there 1s provided a

method of monitoring deformation, strain, temperature

and/or other physical characteristics of a casing,
sandscreen, electrical heater and/or other tubular or
cylindrical well equipment 1n a well traversing an
underground formation, the method comprising:

— providing a carrier rod having at least one recess

gr— g—

extendling along at least part of the length of the rod,

1in which recess a optical fiber assembly for monitoring
strain, temperature and/or other physical parameters 1is
arranged, which optical fiber assembly 1s along at least

p—

part of 1ts length bonded within the recess;
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— lowering the carrier rod and well eguipment

simultaneously 1into the well such that the carrier rod 1s

gr—
p—

arranged 1n an annular space between the outer surface of

gr—

the well eqgqulipment and the 1nner surface of the wellbore;

g—

— securing the carrier rod at a plurality of locations

distributed along 1ts length to the well equipment;

— connecting the optical fiber assembly to an optilcal

signal transmission and reception assembly which 1s

configured to transmit optical signals through the

optical fiber assembly and to monitor deformation,

)

strain, temperature and/or other physical parameters of

gr—

the well egquilipment on the basis of any relationship

between these parameters and reflection and/or

J—

modification of optical signals at d:

gp—

ferent locations

J—

along the length of the optical fiber assembly.

It 1s preferred that the carrier rod comprises a
material having similar thermal expansion, and mechanical
properties as the casing, sandscreen, electrical heater
and/or other well equipment.

The carrier rod may be arranged on a coil and bent

1nto a substantially straight position before 1t 1s

lowered 1nto the well and may be attached along selected

intervals of 1ts length by straps, welding, brazing

and/or a bonding agent to the casing, sandscreen and/or

other well equipment before 1t 1s lowered 1nto the well.

Alternatively, the carrier rod may be secured to a

gr—

tubular piece of well equipment by filling at least part

gr— gr—

of an annular space between the outer surface of the well

p—

equipment and the inner surface of the wellbore with a

cement or other hardening composition and/or by expanding

gr—

the tubular piece of well equipment such that at least

p— r—
p—

part of an outer surface thereof 1s pressed against the

gr—

inner surface of the wellbore.
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Optionally, a plurality of carrier rods with optical
fiber assemblies embedded in longitudinal recess are arranged
at regular circumferential intervals around the outer surface

of a tubular or cylindrical piece of well equipment.

The method according to the invention may be used to
monitor deformation of tubular or cylindrical well equipment
during crude hydrocarbon fluid production operations and/or

during steam injection into or electrical heating of a

hydrocarbon containing formation, and wherein the monitored
deformation cof the well equipment is taken into account to
adapt, modify and/or control the hydrocarbon fluid production,

steam injection and/or electrical heating operations.

According to one aspect of the present invention,
there 1s provided a method of monitoring deformation, strain,
temperature or other physical characteristics of a casing,
sandscreen, electrical heater or other tubular or cylindrical
well equipment 1in a well traversing an underground formation,
the method comprising: providing a carrier rod having at least
one recess extending along at least part of the length of the
rod, the recess having an outer width, in which recess an
optical fiber assembly for monitoring strain, temperature or
other physical parameters 1s arranged, which optical fiber
assembly 1s along at least part of the optical fiber assembly's

length bonded within the recess with a filler, the filler

surrounding the optical fiber assembly, and the carrier rod is
surrounded by two layers of protective coatings, of which an
1nner layer 1s in contact with the filler across the full
recess outer width; lowering the carrier rod and well equipment

simultaneously into the well such that the carrier rod is
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arranged 1n an annular space between an outer surface of the
well equipment and an inner surface of the wellbore; securing
the carrier rod at a plurality of locations distributed along
the length of the carrier rod to the well equipment; and
connecting the optical fiber assembly to an optical signal
transmission and reception assembly which is configured to
transmit optical signals through the optical fiber assembly and
to monitor deformation, strain, temperature or other physical
parameters of the well equipment on the basis of any

relationship between these parameters and reflection or

modification of the optical signals at different locations

arong the length of the optical fiber assembly.

According to another aspect of the present invention,
there 1s provided a carrier rod for lowering an optical fiber
assembly 1nto a well, said carrier rod having at least one
recess extending along at least part of the length of the rod,
the recess having an outer width, in which recess an optical

fiber assembly for monitoring strain, temperature or other

physical parameters is arranged, which optical fiber assembly

1s along at least part of the optical fiber assembly's length

bonded within the recess with a filler, whereby the filler
surrounding the optical fiber assembly and the carrier rod is
surrounded by two layers of protective coatings of which an
inner layer 1s in contact with the filler across the full

recess outer width.

According to another aspect of the present invention,
there 1s provided a system for monitoring deformation, strain,
temperature or other physical characteristics of a casing,

sandscreen, electrical heater or other tubular or cylindrical
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well equipment in a well traversing an underground formation,
comprising: a carrier rod for lowering an optical fiber
assembly 1nto the well, said carrier rod having at least one
recess extending along at least part of the length of the rod,
the recess having an outer width, in which recess an optical
fiber assembly for monitoring strain, temperature or other
physical parameters is arranged, which optical fiber assembly

1s along at least part of the optical fiber assembly's length

bonded within the recess with a filler, whereby the filler
surrounding the optical fiber assembly and the carrier rod 1is
surrounded by two layers ot protective coatings of which an
1nner layer is in contact with the filler across the full
recess outer width; and an optical signal transmission and

reception assembly connected to the optical fiber assembly.

These and other features, embodiments and advantages
of the method and according to the invention are described in
the accompanying claims, abstract and the following detailed
description of preferred embodiments disclosed in the
accompanying drawings in which reference numerals are used
which refer to corresponding reference numerals that are shown

1in the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

P Lt

F1g.1l shows a longitudinal sectional view of bend

well casing within a curved wellbore;

F1g.2 shows, at a larger scale than in Fig.l a
cross—-sectional view of the bend well casing of Fig.l around
which four rods with recesses in which strain monitoring

optical fiber assemblies are arranged;
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F'1g.3 shows a cross secticnal view of a section of a

well casing to which a rod with a recess, in which a strain

monitoring assembly 1s arranged, is secured by spot welding;
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Fig.4 shows a cross sectiocnal view of a section of a
well casing to which a rod with a plurality of recesses,
in which a strain monitoring assemblies are arranged, 1s
secured by spot welding; ‘

Fig.5 shows an alternative embodiment of the rod,

wherein the rod has a square cross-—-sectional shape;

Fi1g.6 shows another alternative embodiment of the
rod, wherein the rod has a cylindrical cross-sectional
shape; and

Fig.7 shows yet another alternative embodiment of
the rod, wherein the rod has a cylindrical cross-

sectional shape;

DETATILED DESCRIPTION OF THE DEPICTED EMBODIMENTS

Fig.1l shows a curved wellbore 1 in which a bend
casing 3 1s arranged. The casing 3 1is secured within the
wellbore 1 by cement 2, which fills the annular space
between the outer surface'of the casing 3 and the 1nner

surface of the wellbore 1.

In order to monitor stress, deformation, temperature

and other features a series of four rods 4A-4D are

embedded in the cement 2 around the casing 3. As

illustrated in Fig.2 each rod has a recess in which an

optical strain monitoring fiber 5A-5D is embedded. The

rods 4A-4D are preferably made of the same metal as the
casing 3.

Fig.3 shows in more detail a cross sectional view of
an alternative embodiment of a rod 14, wherein the rod
has a rectangular shape and 1s arranged 1n a cement body
12 between the inner surface 11 of a wellbore in an
underground earth formation 10 and the outer surface .13
of a casing 9. The rod 14 has a recess 16 in which an
optical Strain monitoring fiber 15 is embedded within a

protective fillexr 17. The rod 14 1is secured at selected
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intervals along 1ts length to the outer surface 13 of the

casing 9 by spot welds 18A-B.

p—

F1g.4 shows a cross sectional view of an another

alternative embodiment of a rod 24, wherein the rod has a

trapezoidal shape and 1s arranged 1n a cement body 22

pu—

between the 1nner surface 21 of a wellbore 1n an

underground earth formation 20 and the outer surface 23

g—

of a casing 19. The rod 24 has at each of 1ts four sides

a recess 26A-D 1n which an optical strain monitoring

fiber 25A-D 1s embedded within a protective filler 27A-D.

The rod 24 1s secured at selected intervals along 1ts

length to the outer surface 23 of the casing 19 by spot

y—

welds 28A-B. The optical fiber 25C 1s configured to

measure temperature.

p—
p—

FF'1g.5 shows a cross sectional view of yet another

embodiment of a rod 34, wherelin the rod has a sguare

P

cross—sectional shape an has at each of 1ts four sides a

recess 36A-D 1n which an optical strain monitoring filiber

35A-D 1s embedded with a protective filler 37A-D.

p—

F1g.60 shows a cross sectional view of yet another

embodiment of a rod 44, wherein the rod has a cylindrical

cross—-sectional shape an has at each of 1ts four sides a

recess 46A-D 1n which an optical strain monitoring fiber

A45A-D 1s embedded with a protective filler 47A-D.

I

The rod 44 1s surrounded by two concentric layers of

protective coatings 48, 49.

p—

FFig.7 shows a cross sectional view of yet another

embodiment of a rod 54, wherein the rod has a cylindrical

gr—

cross—sectional shape an has at each of 1ts four sides a

recess 56A-D 1n which an optical strain monitoring fiber

55A-D 1s embedded with a protective filler 57A-D.
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CLAIMS:

1. A method of monitoring deformation, strain,
temperature or other physical characteristics of a casing,
sandscreen, electrical heater or other tubular or cylindrical
well equipment 1In a well traversing an underground formation,

the method comprising:

providing a carrler rod having at least one recess

extending along at least part of the length of the rod, the

recess having an outer width, in which recess an optical fiber
assembly for monitoring strain, temperature or other physical
parameters 1s arranged, which optical fiber assembly is along
at least part of the optical fiber assembly's length bonded
within the recess with a filler, the filler surrounding the
optical fiber assembly, and the carrier rod is surrounded by
two layers of protective coatings, of which an inner layer 1is

1n contact with the filler across the full recess outer width;

lowering the carrier rod and well eguipment
simultaneously into the well such that the carrier rod is

arranged 1n an annular space between an outer surface of the

well equipment and an inner surface of the wellbore;

securing the carrier rod at a plurality of locations
distributed along the length of the carrier rod to the well

equlpment; and

connecting the optical fiber assembly to an optical
signal transmission and reception assembly which is configured

to transmit optical signals through the optical fiber assembly

and to monitor deformation, strain, temperature or other

physical parameters of the well equipment on the basis of any
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relationship between these parameters and reflection or
modification of the optical signals at different locations

along the length of the optical fiber assembly.

2. The metnod of claim 1, wherein the carrier rod
comprlses a materlal having similar thermal expansion, and
mechanical properties as the casing, sandscreen, electrical

heater or other well equipment.

3. The method of claim 1, wherein the carrier rod is
made of the same material as the casing, sandscreen or other

well equipment.

4, The method of claim 1, wherein the carrier rod 1s
arranged on a coil and bent 1nto a substantially straight

position pefore the carrier rod is lowered into the well.

i

0. I'he method of claim 1, wherein the carrier rod is
attached along seiected intervals of the carrier rod's length
by straps to the casing, sandscreen or other well equipment

betfore the carrier rod 1s lowered into the well.

o . The method of claim 5, wherein the carrier rod 1is
secured to a tubular piece of well equipment by filling at
least part of an annular space between the outer surface of the
well equipment and the inner surface of the wellbore with a

cement or other hardening composition.

/. The method of claim 5, wherein the carrier rod is

secured to a tubular plece of well equipment by expanding the
tubular pilece of well equipment such that at least part of an
outer surface thereof 1s pressed against the inner surface of

the wellbore.
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o The method of claim 1, wherein the carrier rod is

secured to a tubular piece of well equipment by filling at

least part of an annular space between the outer surface of the

well eguipment anc the inner surface of the wellbore with a

cement or other hardening composition.

9. The method of claim 1, wherein the carrier rod 1is

secured to a tubular piece of well equipment by expanding the

tubular piece of well equipment such that at least part of an

outer surtace thereof 1s pressed against the inner surface of

the wellbore.

10. The method of claim 1, wherein the carrier rod is

disposed longitudinally aligned with and parallel to the

casling, sandscreen, electrical heater or other tubular or

cylindrical well equipment.

1. The method of claim 1, wherein a plurality of carrier

rods with optical fiber assemblies are provided.

12. The method of claim 11, wherein the recess is

longitudinal to the carrier rod and each optical fiber assembly

1s embedded 1n one longitudinal recess.

13. The method of claim 12, wherein the carrier
Lhe plurality of carrier rods are arranged at regular
clrcumferential 1ntervals around the outer surface of

or cylindrical plece of well equipment.

14. The method of claim 11, wherein the carrier
the plurallty ocf carrier rods are arranged at regular
clrcumferentizl intervals around the outer surface of

or cylindrical piece of well eguipment.

rods ot

a tubular

rods of

a Tubular
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15. The method of claim 1, wherein the recess is

longitudinal to the carrier rod.

16. The method of claim 15, wherein a plurality of
carrier rods with optical fiber assemblies are provided, each

embedded 1n one longitudinal recess.

17. The method of claim 16, wherein the carrier rods of
the plurality of carrier rods are arranged at reqular
circumferential intervals around the outer surface of a tubular

or cylindrical piece of well equipment.

18. The method of claim 1, wherein the method is used to
monitor deformation of tubular or cylindrical well eguipment
during crude hydrocarbon fluid production operations, and
whereln the monitored deformation of the well equipment is
taken into account to adapt, modify or control the crude

hydrocarbon fluid production operations.

19, I'he method of claim 1, wherein the method is used to

monlitor deformation of tubular or cylindrical well egquipment

during steam injection i1nto a hydrocarbon containing formation,
and wherein the monitored deformation of the well equipment is

taken 1nto account to adapt, modify or control the steam

injection.

20, I'he metnhod of c¢claim 1, wherein the method is used to

monitor deformation of tubular or cylindrical well equipment
during electrical heating of a hydrocarbon containing
formation, and wherein the monitored deformation of the well

equipment 1s taken into account to adapt, modify or control the

electrical heating.
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21. A carrier rod for lowering an optical fiber assembly

into a well, said carrier rod having at least one recess
extendlng along at least part of the length of the rod, the
recess having an outer width, in which recess an optical fiber
assempbly for monitoring strain, temperature or other physical
parameters 1s arranged, which optical fiber assembly is along
at least part of the optical fiber assembly's length bonded

within the recess with a filler, whereby the filler surrounding

the optical fiber assembly and the carrier rod is surrcunded by
two layers of protective coatings of which an inner layer is in

contact with the filler across the full recess outer width.

27 . The carrier rod of claim 21 secured at a plurality of
locations distributed along the length of the carrier rod to a
caslng, a sandscreen, an electrical heater or other tubular or

cylindrical well equipment.

23. I'he carrier rod of claim 22, wherein the carrier rod
comprises a material having similar thermal expansion, and
mechanical properties as the casing, sandscreen, electrical

heater or other well eqguipment.

24, The carrier rod of claim 22, wherein the carrier rod
1s made of the same material as the casing, sandscreen or other

wel! eqguipment.

25, The carrier rod of claim 22, wherein the carrier rod

1s secured to a tubular piece of well equipment by filling at

least part of an annular space between an outer surface of the
well equipment and an inner surface of a wellbore with a cement

or other hardening composition.
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20. The carriler rod of claim 22, wherein the carrier rod
is secured to a tubular piece of well eqguipment by expanding

the tubular piece of well equipment such that at least part of
an outer surface thereof 1s pressed against an inner surface of

A wellbore.

27 . The carrier rod of claim 22, wherein the carrier rod
1s disposed longitudinally aligned with and parallel to the

casing, sandscreen, electrical heater or other tubular or

cylindrical well egquipment.

28. The carrier rod of claim 21 arranged on a coil.

29. The carrler rod of claim 21, wherein the recess 1is

longitudinal to the carrier rod.

30. The carriler rod of claim 29, whereiln carrier rods of
a plurality of carrier rods are arranged at reqgular
cilrcumferential intervals around an outer surface of a tubular

or cylindrical piece of well equipment.

371. The carrier rod of claim 21 in use to monitor

deformation of tubular or cylindrical well equipment during

crude hydrocarbon fluid production operations.

32. I'he carrier rod of claim 21 in use to monitor
deformation of tubular or cylindrical well equipment during

steam injcction 1nto a hydrocarbon containing formation.

33. The carrier rod of claim 21 1in use to monitor
deformation of tubular or cylindrical well equipment during

clectrical heating of a hydrocarbon containing formation.
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34. A system for monitoring deformation, strain,
temperature or otner physical characteristics of a casing,
sandscreen, electrical heater or other tubular or cylindrical

well equipment 1n a well traversing an underground formation,

comprising:

- a carrier rod for lowering an optical fiber assembly into the
well, sald carrier rod having at least one recess extending
along at least part of the length of the rod, the recess having

an outer width, in which recess an optical fiber assembly for

10 monitoring strain, temperature or other physical parameters is

15

20

25

arranged, which optical fiber assembly i1s along at least part
of the optical fiber assembly's length bonded within the recess

with a filler, whereby the filler surrounding the optical fiber

assemply and the carrier rod 1s surrounded by two layers of
protective coatings of which an inner layer is in contact with

the fi1ller across the full recess outer width:; and

- an optical signal transmission and reception assembly

connected to the optical fiber assembly.

35h. The system of claim 34 wherein the carrier rod is
secured at a plurality of locations distributed along the
length of the carrier rod to the casing, sandscreen, electrical

heater or other tubular or cylindrical well equipment.

36. The system of claim 35, wherein the carrier rod
comprises a material having similar thermal expansion, and
mechanical properties as the casing, sandscreen, electrical

heater or other well eguipment.
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37. The system of claim 35, wherein the carrier rod is

made of the same material as the casing, sandscreen or other

well equipment.

38. The system of claim 34, wherein the carrier rod 1is
O disposed longitudinally aligned with and parallel to the

casing, sandscreen, electrical heater or other tubular or

cylindrical well egquipment.

39. The system of claim 34, wherein the recess is

longitudinal to the carrier rod.

10 40. The system of claim 34 wherein the optical signal
transmission and reception assembly i1s configured to transmit
optical signals through the optical fiber assembly and to
monitor deformation, strain, temperature or other physical
parameters of the well equipment on the basis of any

15 relationship between these parameters and reflection or
modification of the optical signals at different locations

along the length of the optical fiber assembly.
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