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ABSTRACT

A cable that includes a first optical fiber in a center, a first
layer with a plurality of metal wires and a stainless steel tube
surrounding the first optical fiber, a second optical fiber
inside the stainless steel tube, and a second layer with a
plurality of metal wires surrounding the first layer, wherein
the first optical fiber is directly exposed to the outside
environment.
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LOGGING CABLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
U.S. patent application Ser. No. 13/129,914, filed May 18,
2011, which is based upon and claims the benefit of priority
from U.S. Provisional Patent Application Ser. No. 61/298,
698, filed Jan. 27, 2010 and as a U.S. national stage filing of
International Application No. PCT/US2011/022505, having
an international filing date of Jan. 26, 2011, the disclosures
of all of which are incorporated by reference herein in their
entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention is related to a logging-type cable,
i.e., a cable that goes in and out of a well repeatedly, that has
one fiber directly exposed to the fluids in the well bore and
one that is not exposed and is strain free. More particularly,
it is related to a high pressure high temperature (IHPHT)
logging cable.

[0004] 2. Background

[0005] Fiber optic sensing for oil and gas wells is often
done with logging cables. These cables typically have a
sensing tool attached to the end of the cable as it is lowered
into the well. The tool can measure a number of features of
the well—physical, chemical and structural properties of the
well. The measurements are taken specifically where the tool
is located and are either transferred back to the surface via
a copper or fiber optic link or may be stored in memory in
the tool itself until it can be retrieved. At times, optical fiber
can be used in the logging cable and is typically encased in
a hermetic stainless steel tube. As mentioned, this fiber can
be simply for data transport from the surface to the tool and
back. The optical fiber can also be used as a sensor itself to
detect temperature along the length of the logging cable
using distributed temperature sensing. Ideally, the sensing of
various parameters in the well would all be detected along
the entire length of the logging cable instead of just at the
tool as this would provide the operator of the well added
information to assist in maximizing the performance of the
well. Sensing technologies now exist to measure the pres-
sure along the length of an optical fiber similar to the way
temperature is measured along the length of the optical fiber.
The key issue is that the fiber must be exposed to the well
bore fluids along its entire length. As an optical fiber is
relatively fragile in comparison to the logging cable, the
cable design must find the right balance of having the fiber
exposed to the well bore fluids yet be protected adequately
to ensure the fiber operation is not disrupted due to fiber
damage.

BRIEF SUMMARY OF THE INVENTION

[0006] Exemplary implementations of the present inven-
tion address at least the issues described above and the
objects described below. Also, the present invention is not
required to address the issues described above or objects
described below, and an exemplary implementation of the
present invention may not address the issues listed above or
objects described below.

[0007] An object of the invention is to provide a structure
that allows for an optical fiber to be exposed to the envi-
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ronment in which it is placed along its length yet be
protected from external mechanical forces such as crushing
and abrasion.

[0008] Another object of the invention is to provide a
structure where the optical fiber is used to sense attributes of
the environment such as pressure.

[0009] Another object of the invention is to provide a
structure that in addition to the exposed optical fiber
includes an optical fiber encased in a hermetic structure that
protects it from the environment and can be manufactured
such that the optical fiber is strain free up to a certain level
of strain in the structure.

[0010] Another object of the invention is to provide a
structure that utilizes metallic wires to create a protective
encasement for the optical fiber with the wires periodically
deformed to allow exposure to the environment.

[0011] Another object of the invention is to provide a
structure that places the optical fiber in an interstitial posi-
tion in a wire stranded structure that allows for the fiber to
be exposed to the environment and protects the fiber from
direct external forces with a second layer of wires stranded
in such a way that the wires are not fully touching each other
allowing the environmental conditions to permeate into the
cable and be exposed to the optical fiber.

[0012] A first embodiment of the invention is a cable that
includes a first optical fiber in a center, a first layer with a
plurality of metal wires and a stainless steel tube surround-
ing the first optical fiber, a second optical fiber inside the
stainless steel tube, and a second layer with a plurality of
metal wires surrounding the first layer.

[0013] Another embodiment of the cable may have at least
one of the plurality of metal wires in the first layer with a
reduced diameter periodically along its length and at least
one of the plurality of metal wires in the second layer with
a reduced diameter periodically along its length.

[0014] Another embodiment of the cable may have only
three metal wires in the first layer.

[0015] Another embodiment of the cable may have only
thirteen wires in the second layer.

[0016] In another embodiment of the cable the first layer
has a wire fit of approximately 100%.

[0017] In another embodiment of the cable the second
layer has a wire fit of approximately 100%.

[0018] In another embodiment of the cable the at least one
of the plurality of metal wires in the first layer has a reduced
diameter periodically every approximately one meter along
its length and the at least one of the plurality of metal wires
in the second layer has a reduced diameter periodically
every approximately one meter along its length.

[0019] In another embodiment of the cable the cable there
is a gel inside the stainless steel tube.

[0020] A first embodiment of the invention is a cable that
includes a first layer in a center with a plurality of metal
wires, a second layer with a plurality of metal wires sur-
rounding the first layer, a stainless steel tube in a first
interstitial space between the first and second layers, a first
optical fiber in the stainless steel tube, a second optical fiber
in a second interstitial space between the first and second
layers, and a metal wire in a third interstitial space between
the first and second layers.

[0021] In another embodiment of the cable the plurality of
metal wires in the first layer consists of only three wires.
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[0022] In another embodiment of the cable the plurality of
metal wires in the second layer consists of only sixteen
wires.

[0023] In another embodiment of the cable the first layer
has a wire fit of approximately 100%.

[0024] In another embodiment of the cable the second
layer has a wire fit of less than 100%.

[0025] In another embodiment of the cable the second
layer has a wire fit of approximately 93%.

[0026] In another embodiment of the cable the second
layer has a wire fit of approximately 100% and at least one
of the plurality of metal wires in the second layer has a
reduced diameter periodically along its length.

[0027] In another embodiment of the cable the at least one
of the plurality of metal wires in the second layer has a
reduced diameter periodically every approximately one
meter along its length.

[0028] In another embodiment of the cable there is a gel
inside the stainless steel tube.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other objects, features and advan-
tages of the invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

[0030] FIG. 1 shows a cross-sectional view of a first
embodiment of the cable.

[0031] FIG. 2 shows a side view of a GIPS wire that is
used in the cable.

[0032] FIG. 3 shows a cross-sectional view of a second
embodiment of the cable.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENT’S OF THE INVENTION

[0033] Exemplary embodiments of the invention will now
be described below by reference to the attached Figures. The
described exemplary embodiments are intended to assist the
understanding of the invention, and are not intended to limit
the scope of the invention in any way.

[0034] FIG. 1 shows a first embodiment of the cable 1,
which has an inner layer with five elements with an optical
fiber 7 in the center. The diameter of the cable 1 is ~5.13
mm. The fiber 7 has a diameter of ~0.70 mm. The structure
of the optical fiber 7 includes a core and cladding 7¢. The
core is ~6-10 microns with the clad diameter at ~125
microns. Over the 125 micron cladding is a coating of
silicone 76 with a density of ~1.032 to a diameter of ~400
um. Over the silicone is a perfluoroalkoxy (PFA) coating 7a
to a diameter of ~700 microns. The optical fiber 7 can
withstand high pressures and is typically proof tested to
~100 kpsi but can be at a higher proof test level to improve
reliability. However, the invention is not limited to a fiber
that is able to withstand high pressures. In addition, the
cladding can have a carbon layer that is several angstroms
thick to improve fatigue performance in addition to reducing
the optical effects of hydrogen. The optical fiber 7 sits in an
imaginary circle 8, which has a diameter of ~0.83 mm, that
touches the inner layer of wires 3 and the stainless steel tube
4.

[0035] Surrounding the optical fiber 7 is an inner layer of
four galvanized improved plow steel (GIPS) wires 3 and a
stainless steel tube 4 that contains a fiber 5. While GIPS
wires are used in this embodiment, other metals such as
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various grades of stainless steel, high nickel materials like
Incoloy or Inconel, or others like Monel could also be used.
The GIPS wires 3 have a diameter of ~1.17 mm. The wire
density is ~7.87 g/cm3 and can have a tensile strength
ranging from ~150 kpsi to 300 kpsi and a modulus of
~29000 kpsi. The temperature coefficient of expansion is
~1.15E-5/deg C. The lay length of the wires and stainless
steel tube on this layer is ~50 mm resulting in a wire fit of
~100%, i.e. the wires and the stainless steel tube are in
contact which provides a protective core area for the fiber to
reside so the fiber is protected from the wires or the stainless
steel tube from pressing on it.

[0036] One or more of the GIPS wires 3 will have their
cross-sectional diameter reduced approximately every
meter, to allow optical fiber 7 to be exposed to the lateral
hydrostatic pressure from oil or gas. In this particular
embodiment, the diameter is reduced by ~0.05 mm. How-
ever, any reduced diameter that will allow optical fiber 7 to
be exposed to the lateral hydrostatic pressure from oil or gas
would be acceptable. FIG. 2 shows the reduced diameters at
points 10.

[0037] Stainless steel tube 4 has an outside/inside diameter
of ~1.17/0.92 mm. The stainless steel tube is a hard drawn
tube that can consist of different grades of stainless steel
such as, but not limited to, SS 316 and SS 304. The stainless
steel tube contains an optical fiber 5 that could be used for
temperature sensing with distributed temperature sensing
technology. However, the fiber does not have to be used for
temperature sensing. The stainless steel tube can have cush-
ioning agent such as a thixotropic gel 6 inside with the fiber
to provide for cushioning of the fiber and for hydrogen
absorption. However, a gel is not required and the space
between the fiber and stainless steel tube can be left open.
The stainless steel tube 4 is stranded together with the four
GIPS wires 3.

[0038] Inside stainless steel tube 4 is an optical fiber 5 with
a fiber coating appropriate for the application. For this
particular embodiment, the optical fiber 5 is a single mode
fiber with a silicone and PFA coating to a final diameter of
~260 microns. The inside diameter of the stainless steel tube
is ~0.92 mm so this leaves a free space of ~0.66 mm between
the fiber and the inside diameter of the tube. This space,
along with the stainless steel tube being helically wound,
provides for a strain free window on the cable, i.e. the cable
can be tensioned to a certain level before the optical fiber is
under strain. The amount of strain free window depends on
the lay length or pitch of the tube and the excess length of
the optical fiber in the tube. For this embodiment, with a lay
length of ~50 mm, the strain free window is ~0.43%. One
purpose of having a strain free window is that some optical
sensing techniques such as temperature sensing using a
brillouin OTDR (optical time domain reflectometer) need to
have the fiber strain free to get an accurate temperature
reading. The reason for this is this technology measures total
strain—mechanical and thermal. To get just the thermal
component, it is necessary to have a fiber with no mechani-
cal strain on it. The weight of the cable is simply a sum of
the various elements and can be easily calculated knowing
the density of the various materials, the diameter and the lay
lengths. For this particular design, the total cable weight is
~116 kg/km.

[0039] Surrounding the GIPS wires 3 and stainless steel
tube 4 is an outer layer of thirteen GIPS wires 2. The outer
diameter of the wires can vary which will affect the number
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of wires. The diameter could be varied to achieve a different
over all outer diameter or to achieve a different over all
mechanical strength on the cable. The GIPS wires 2 have a
diameter of ~0.98 mm with a typical density of ~7.87 g/cm3
and can have a tensile strength ranging from ~150 kpsi to
300 kpsi and a modulus of ~29000 kpsi. The temperature
coeflicient of expansion is ~1.15E-5/deg C. The lay length
of'the outer wires is ~75 mm resulting in a wire fit of ~100%.
One or more of the GIPS wires 2 also have cross-sectional
diameter reduced approximately every meter, to allow opti-
cal fiber 7 to be exposed to the lateral hydrostatic pressure
from oil or gas. In this particular embodiment, the diameter
is reduced by ~0.05 mm. However, any reduced diameter
that will allow optical fiber 7 to be exposed to the lateral
hydrostatic pressure from oil or gas would be acceptable.
FIG. 2 shows the reduced diameters at points 10.

[0040] The arrows 9 in FIG. 1 represent the lateral hydro-
static pressure of oil or gas that is applied to the cable.
[0041] FIG. 3 shows a second embodiment of the cable 20,
which has an inner layer with three elements with an optical
fiber 24 in the interstitial spaces of the cable. The diameter
of the cable 20 is ~7.51 mm.

[0042] The inner layer of cable 20 includes three GIPS
wires 22. The GIPS wires 20 have a diameter of ~2.42 mm
with a typical density of ~7.87 g/cm3 and can have a tensile
strength ranging from ~150 kpsi to 300 kpsi and a modulus
ot ~29000 kpsi. The temperature coeflicient of expansion is
~1.15E-5/deg C. The lay length of the inner wires is ~70 mm
resulting in a wire fit of ~100%.

[0043] The outer layer of cable 20 includes sixteen GIPS
wires 21 The outer diameter of the wires can vary which will
affect the number of wires. The diameter could be varied to
achieve a different over all outer diameter or to achieve a
different over all mechanical strength on the cable. The
GIPS wires 21 have a diameter of ~1.15 mm with a typical
density of ~7.87 g/cm3 and can have a tensile strength
ranging from ~150 kpsi to 300 kpsi and a modulus of
~29000 kpsi. The temperature coefficient of expansion is
1.151-5/deg C. The lay length of the outer wires is ~100 mm
resulting in a wire fit of ~93%. The wire fit is kept below
~100%, and in this embodiment is at ~93%, to allow the
optical fiber 24 to be exposed to the lateral hydrostatic
pressure from oil or gas, shown as arrows 26. Alternatively,
if the wire fit is ~100%, one or more of the GIPS wires 21
could have their cross-sectional diameter reduced approxi-
mately every meter, to allow optical fiber 24 to be exposed
to the lateral hydrostatic pressure from oil or gas. In this
particular embodiment, the diameter is reduced by ~0.05
mm. However, any reduced diameter that will allow optical
fiber 24 to be exposed to the lateral hydrostatic pressure
from oil or gas would be acceptable. FIG. 2 shows the
reduced diameters at points 10.

[0044] Optical fiber 24, a stainless steel tube 27 and a
GIPS wire 23 are placed in the interstitial spaces between the
outer layer of cable 20 and inner layer. In this particular
embodiment, stainless steel tube 27 is in a first interstitial
space, optical fiber 24 is in a second interstitial space, and
GIPS wire 23 is in a third interstitial space.

[0045] The optical fiber 24 has a diameter of ~0.70 mm.
The structure of the optical fiber 24 includes a core and
cladding 24c¢. The core is ~6-10 microns with the clad
diameter at ~125 microns. Over the 125 micron cladding is
a coating of silicone 245 with a density of ~1.032 to a
diameter of ~400 um. Over the silicone is a PFA coating 24a
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to a diameter of ~700 microns. The optical fiber 24 is
typically proof tested to ~100 kpsi but can be at a higher
proof test level to improve reliability. However, the inven-
tion does not require the fiber to be able to withstand high
pressures. In addition, the cladding can have a carbon layer
that is several angstroms thick to improve fatigue perfor-
mance in addition to reducing the optical effects of hydro-
gen. Optical fiber 24 is stranded afterwards on a helical
strander with a lay length of ~70 mm.

[0046] The GIPS wire 23 has a diameter of ~1.17 mm with
a typical density of ~7.87 g/cm3 and can have a tensile
strength ranging from ~150 kpsi to 300 kpsi and a modulus
ot ~29000 kpsi. The temperature coeflicient of expansion is
~1.15E-5/deg C. The lay length of the outer wires is mm
resulting in a wire fit of ~100%.

[0047] Stainless steel tube 27 has an outside/inside diam-
eter of ~1.17/0.92 min. The stainless steel tube is a hard
drawn tube that can consist of different grades of stainless
steel such as, but not limited to, SS 316 and SS 304. The
stainless steel tube can have a cushioning agent such as a
thixotropic gel 25 inside with the fiber to provide for
cushioning of the fiber and for hydrogen absorption. How-
ever, a gel is not required and the space between the fiber and
stainless steel tube can be left open. The stainless steel tube
27 is stranded together with the three GIPS wires 22, the
GIPS wire 23 and optical fiber 24 at a lay length, or pitch,
of ~70 mm with a wire fit of ~100%.

[0048] Inside stainless steel tube 27 is an optical fiber 28
that can be used for temperature sensing with distributed
temperature sensing technology. However, the optical fiber
28 does not have to be used for temperature sensing. For this
particular embodiment, the optical fiber 28 is a single mode
fiber with a silicone and PFA coating to a final diameter of
~260 microns. The inside diameter of the stainless steel tube
is ~0.92 mm so this leaves a free space of ~0.66 mm between
the fiber and the inside diameter of the tube. This space
along with the stainless steel tube being helically wound
provides for a strain free window on the cable, i.e. the cable
can be tensioned to a certain level before the optical fiber is
under strain. The amount of strain free window depends on
the lay length or pitch of the tube and the excess length of
the optical fiber in the tube. For this embodiment, with a lay
length of ~70 mm, the strain free window is ~0.49%. The
purpose of having a strain free window is that some optical
sensing techniques such as temperature sensing using a
brillouin OTDR (optical time domain reflectometer) need to
have the fiber strain free to get an accurate temperature
reading. The reason for this is this technology measures total
strain—mechanical and thermal. To get just the thermal
component, it is necessary to have a fiber with no mechani-
cal strain on it. The weight of the cable is simply a sum of
the various elements and can be easily calculated knowing
the density of the various materials, the diameter and the lay
lengths. For this particular design, the total cable weight is
~252 kg/km.

[0049] While the invention has been particularly shown
and described with reference to exemplary embodiments
thereof, the invention is not limited to these embodiments. It
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention
as defined by the following claims.
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1-17. (canceled)
18. A cable comprising:
a first layer comprising a first plurality of metal wires,
each of the first plurality of the metal wires of the first
layer having the same diameter and each of the first
plurality of metal wires being in contact with adjacent
metal wires in the first plurality of metal wires;
a second layer comprising a second plurality of metal
wires surrounding said first layer;
a stainless steel tube in a first interstitial space between
said first and second layers;
a protected first optical fiber provided in said stainless
steel tube;
an unprotected second optical fiber provided in a second
interstitial space between said first and second layers;
and
a metal wire provided in a third interstitial space between
said first and second layers, the metal wire having a
fully solid metal cross-sectional profile.
19. The cable of claim 18, wherein said first layer has a
lay length of approximately 100%.

20. The cable of claim 18, wherein said second layer has
a wire fit of less than 100%.

21. The cable of claim 18, wherein said second layer has
a wire fit of approximately 93%.
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22. The cable of claim 18, wherein said second layer has
a wire fit of approximately 100%; and wherein at least one
of said plurality of metal wires in said second layer has a
reduced diameter periodically along its length.

23. The cable of claim 18, wherein at least one of said
second plurality of metal wires in said second layer has a
reduced diameter periodically every approximately one
meter along its length.

24. The cable of claim 18, wherein the second optical fiber
has a diameter smaller than the diameter of each of the first
and second plurality of metal wires in said first layer and
said second layer.

25. The cable of claim 18, wherein the metal wire has a
diameter smaller than the diameter of each of the first and
second plurality of metal wires in said first layer and said
second layer.

26. The cable of claim 18, wherein the stainless steel tube
has a diameter smaller than the diameter of each of the first
and second plurality of metal wires in said first layer and
said second layer.

27. The cable of claim 18, wherein the first plurality of
metal wires consists of three metal wires.

28. The cable of claim 18, further comprising a gel inside
the stainless steel tube.
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