
WO 2006/075306 PCT/IB2006/0501 19  I ENHANCED WELLBORE
ELECTRICAL CABLES  BACKGROUND OF THE INVENTION Field of
the Invention (0001) This invention relates to wellbore electric cables, and
methods of manufacturing and  using such cables. In one aspect, the
invention relates to a durable and sealed torque balanced  enhanced
electric cable used with wellbore devices to analyze geologic formations
adjacent a  wellbore, methods of manufacturing same, as well as uses of
such cables. Description of the Related Art (0002) Generally, geologic
formations within the earth that contain oil and/or petroleum gas  have
properties that may be linked with the ability of the formations to contain
such products.  For example, formations that contain oil or petroleum gas
have higher electrical resistivity  than those that contain water. Formations
generally comprising sandstone or limestone may  contain oil or petroleum
gas. Formations generally comprising shale, which may also  encapsulate
oil-bearing formations, may have porosities much greater than that of
sandstone  or limestone, but, because the grain size of shale is very
small, it may be very difficult to  remove the oil or gas trapped therein.
Accordingly, it may be desirable to measure various  characteristics of the
geologic formations adjacent to a well before completion to help in
determining the location of an oil- and/or petroleum gas-bearing formation
as well as the  amount of oil and/or petroleum gas trapped within the
formation. (0003) Logging tools, which are generally long, pipe-shaped
devices, may be lowered into  the well to measure such characteristics at.
different depths along the well. These logging tools  may include
gamma-ray emitters/receivers, caliper devices, resistivity-measuring
devices,  neutron emitters/receivers, and the like, which are used to sense
characteristics of the  



formations adjacent the well. A wireline cable connects the logging tool
with one or more  electrical power sources and data analysis equipment at
the earth's surface, as well as WO 20061075306 PCT/IB2006/050119  2
providing structural support to the logging tools as they are, lowered and
raised through the  well. Generally.. the wireline cable is spooled out of a
truck, over a pulley, and down into the  well. (0004) Wireline cables are
typically formed from a combination of metallic conductors,  insulative
material, filler materials, jackets, and metallic armor wires. Commonly, the
useful  life of a wellbore electric cable is typically limited to only about 6 to
24 months, as the cable  may be compromised by exposure to extremely
corrosive elements, or little or no  maintenance of cable strength
members, such as armor wires. A primary factor limiting  wireline cable life
is armor wire failure, where fluids present in the downhole wellbore
environment lead to corrosion and failure of the armor wires. (0005) Armor
wires are typically constructed of cold-drawn pearlitic steel coated with
zinc  for corrosion protection. While zinc protects the steel at moderate
temperatures, it is known  that corrosion is readily possible at elevated
temperatures and certain environmental  conditions. Although the cable
core may still be functional, it is generally not economically  feasible to
replace the armor wire, and the entire cable must he discarded. Once
corrosive  fluids infiltrate into the annular gaps, it is difficult or impossible
to completely remove them.  Even after the cable is cleaned, the corrosive
fluids remain in interstitial spaces damaging the  cable. As a result, cable
corrosion is essentially a continuous process which may begin with  the
wireline cable's first trip into the well, Once the armor wire begins to
corrode, strength is  quickly lost, and the entire cable must be replaced.
Armor wires in wellbore electric cables  are also associated with several
operational problems including torque imbalance between  



armor wire layers, difficult-to-seal uneven outer profiles, and loose or
broken armor wires.  (0006) In wells with surface pressures, the electric
cable is run through one or several lengths  of piping packed with grease,
also known as flow tubes, to seal the gas pressure in the well  while
allowing the wireline to travel in and out of the well. Because the armor
wire layers  have unfilled annular gaps or interstitial spaces, dangerous
gases from the well can migrate WO 2006/075306 PCT/1520061050119
3 into and travel through these gaps upward toward lower pressure. This
gas tends to be held in  place as the wireline travels through the
grease-packed piping. As the wireline goes over the  upper sheave at the
top of the piping, the armor wires may spread apart, or separate, slightly
and the pressurized gas is released, where it becomes a fire or explosion
hazard. Further,  while the cables with two layers of armor wires are under
tension, the inner and outer armor  wires, generally cabled at opposite lay
angles, rotate slightly in opposite directions, causing  torque imbalance
problems. To create a torque-balanced cable, inner armor wires would
have  to be somewhat larger than outer armor wires, but the smaller outer
wires would quickly fail  due to abrasion and exposure to corrosive fluids.
Therefore, larger armor wires are placed at  the outside of the wireline
cable, which results in torque imbalance. (0007) Armored wellbore cables
may also wear due to point-to-point contact between armor  wires.
Point-to-point contact wear may occur between the inner and outer armor
wire layers,  or oven side-to-side contact between armor wires in the same
layer. While under tension and  when cables go over sheaves, radial
loading causes point loading between outer and inner  armor wires. Point
loading between armor wire lavers removes the zinc coating and cuts
groves in the inner and outer armor wires at the contact points. This
causes strength  reduction, leads to premature corrosion and may
accelerate cable fatigue failure. Also, due to  annular gaps or interstitial
spaces between the inner armor wires and the cable core, as the  



wireline cable is under tension the cable core materials tend to creep thus
reducing cable  diameter and causing linear stretching of the cable as well
as premature electrical shorts.  (0008) It is commonplace that as weilbore
electrical cables are lowered into an unobstructed  well, the tool string
rotates to relieve torque in the cable. When the tool string becomes stuck
in the well (for example, at an obstruction, or at a bend in a deviated well)
the cable tension is  typically cycled until the cable can continue up or
down the hole. This bouncing motion  creates rapidly changing tension
and torque, which can cause several problems. The sudden  changes in
tension can cause tension differentials along the cables length, causing
the armor  wires to "birdcage." Slack cable can also loop around itself and
form a knot in the wireline WO 2006/075306 PCT/IB2006/050119  4 cable.
Also, for wellbore cables, it is a common solution to protect armor wire by
"caging"  In caging designs, a polymer jacket is applied over the outer
armor wire. A jacket applied  directly over a standard outer layer of armor
wires, which is essentially a sleeve. This type of  design has several
problems, such as. when the jacket is damaged, harmful well fluids enter
and arc trapped between the jacket and the armor wire, causing corrosion,
and since damage  occurs beneath the jacket, it may go unnoticed until a
catastrophic failure. (0009) Also, during wellbore operations, such as
logging, in deviated wells, wellbore cables  make significant contact with
the wellbore surface. The spiraled ridges formed by the cables'  armor
wire commonly erode a groove in the side of the wellbore, and as
pressure inside the  well tends to be higher than pressure outside the well,
the cable is prone to stick into the  formed groove. Further. the action of
the cable contacting and moving against the wellbore  wall may remove
the protective zinc coating from the armor wires, causing corrosion at an
increased rate, thereby reducing the cable life. Thus, a need exists for
wellbore electric cables that prevent wellbore gas migration and  



escape, are torque-resistant with a durable jacket that resist stripping,
bulging, cut-through,  corrosion, abrasion, avoids the problems of
birdcaging, armor wire milking due to high armor,  looping and knotting,
and are stretch-resistant, crush-resistant as well as being resistant to
material creep and differential sticking. An electrical cable that can
overcome one or more of  the problems detailed above while conducting
larger amounts of power with significant data  signal transmission
capability would be highly desirable, and the need is met at least in part
by the following invention. S  BRIEF SUMMARY OF THE INVENTION
(00010) Inn accordance with a. first aspect of the present invention, there
is provided a wellbore  cable comprising at least one insulated conductor
comprising at least one metallic conductor  encased in an insulated jacket,
a layer of inner armor wires surrounding the insulated  conductor and a
layer of outer armor wires surrounding the inner armor wires, and, a
polymeric material disposed in interstitial spaces formed between the
inner armor wires and  the outer armor wires and interstitial spaces
formed between the inner armor wires and the  insulated conductor, the
polymeric material forming a continuously bonded layer which  separates
and encapsulates the armor wires forming the inner armor wire layer and
the outer  armor wire layer, wherein the polymeric material is extended to
form a polymeric jacket  around the outer layer of armor wires and, an
outer jacket disposed around the polymeric  jacket, wherein the outer
jacket is bonded with the polymeric jacket. (00010a) In embodiments of
the invention, a wellbore electrical cable is provided. The cable  includes
at least one insulated conductor, at least one layer of armor wires
surrounding the  insulated conductor, and a polymeric material disposed
in the interstitial spaces formed  between armor wires and interstitial
spaces formed between the armor wire layer and  insulated conductor.
The insulated conductor is formed from a plurality of metallic  



conductors encased in an insulated -jacket. In some embodiments of the
invention, the  polymeric material forms a polymeric jacket around an
outer, or second, layer of armor wires.  The polymeric material may be
chosen and processed in such way as to promote a  continuously bonded
layer of material. The polymeric material is selected from the group
consisting of polyolefms, polyaryletherether ketone, polyaryl ether ketone,
polyphenylene  sulfide, polymers of ethylene-tetrafluoroeIbylene, polymers
of poly(1.4-phenylenc),  polytetrafluoroethylene, perfluoroalkoxy polymers,
fluorinated ethylene propylene,  perfluoromethoxy polymers, and any
mixtures thereof, and may further include wear  resistance particles or
even short fibers. 5a  (00011) One embodiment of a cable includes an
insulated conductor comprising seven  metallic conductors, in a
monocable configuration, encased in a tape or insulated jacket,  inner and
outer armor wire layers surrounding the insulated conductor, a polymeric
material disposed in the interstitial spaces formed between inner armor
wires and outer  armor wires, and interstitial spaces formed between the
inner armor wire layer and insulated  conductor, and wherein the
polymeric material is extended to form a polymeric jacket around  the
outer ]aver of armor wires. The polymeric material may he chosen and
processed in  such way as to promote a continuously bonded layer of
material. The polymeric material is  selected from the group consisting of
polyolcfins, polyayletherether ketone, polyaryl ether  ketone,
polyphenylene sulfide, polymers of ethylene-tetrafluoroethylene, polymers
of  poly(1,4-phenylene), polytetrafluoroethylene, pertluoroalkoxy polymers.
fluorinated  ethylene propylene, perfluoromethoxy polymers, and 6  any
mixtures thereof, and may further include wear resistance particles or
even short fibers.  Also, an outer jacket disposed around the polymeric
jacket, wherein the outer jacket is bonded  



with the polymeric jacket. (00012) Some other cables according to the
embodiments of the present invention include  insulated conductors which
are coaxial cable, quadcable, or even heptacable designs. in  coaxial
cables of the embodiments of the present invention, a plurality of metallic
conductors  surround the insulated conductor, and are positioned about
the same axis as the insulated  conductor. (00013) Also disclosed is a.
method of preparing a cable wherein a first layer of polymeric  material is
extruded upon at least one insulated conductor in the core position, and a
layer of  inner armor wires are served thereupon. The polymeric material
may then be softened, by  heating for example, to allow the inner armor
wires to partially embed in the polymeric  material, thereby eliminating
interstitial spaces between the polymeric material and the armor  wires. A
second layer of polymeric material is then extruded over the inner armor
wires and  may be bonded with the first layer of polymeric material. A
layer of outer armor wires is then  served over the second layer of
polymeric material. The softening process is repeated to allow  the outer
armor wires to embed partially into the second layer of polymeric material,
and  removing any interstitial spaces between the inner armor wires and
outer armor wires. A third  layer of polymeric material is then extruded
over the outer armor wires embedded in the  second layer of polymeric
material, and may be bonded with the second layer of polymeric  material.
An outer jacket may further be placed upon and bonded with the third
layer of  polymeric material to prevent abrasion and provide cut through
resistance. Further disclosed herein are methods of using the cables of
the invention in seismic and  wellbore operations, including logging
operations. The methods generally comprise attaching  the cable with a
wellbore tool and deploying such into a wellbore. The wellborc may or
may  not be sealed. In such methods, the cables of the invention may
minimize or even eliminate  the need for grease packed flow tubes and
related equipment, as well as minimizing cable  



friction, wear on wellbore hardware and wellbore tubulas, and differential
sticking. Also, the 7 cables according to the embodiments of the present
invention may be spliced cables as  used in wellbore operations wherein
the wellbore is sealed. BRIEF DESCRIPTION OF TI IL DRAWINGS
(00014) The invention may be understood by reference to the following
description taken in  conjunction with the accompanying drawings:
(00015) FIG. I is stylized a cross-sectional generic representation of
cables according to the  invention, (00016) FIG. 2 is a stylized
cross-sectional representation of a heptacable according to the  invention.
(00017) FIG. 3 is a stylized cross-sectional representation of a monocable
according to the  invention. (00018) FIG. 4 is a stylized cross-sectional
representation of a coaxial cable according to the  invention. (00019) FIG.
5 is a cross-section illustration of a cable according to the invention which
comprises a outer jacket formed from a polymeric material and where the
outer jacket  surrounds a polymeric material layer that includes short
fibers. (00020) FIG. 6 is a cross-sectional representation of a cable of the
invention, which has an  outer jacket formed from a polymeric material
including short fibers, and where the outer  jacket surrounds a polymeric
material layer. (00021) FIG. 7 is a cross-section illustration of a cable
according to the invention which  inciudes a polymeric material partially
disposed aboutthe outer armor wires. WO 2006/075306
PCT/IB2006/050119  8 



(00022)FIG. 8 is a cross section which illustrates a cable which includes
coated armor wires  in the outer armor wire layer. (00023)FIG, 9 is a cross
section which illustrates a cable which includes a coated armor  wires in
the inner and outer armor wire layers. (00024)FIG, 10 is a cross section
illustrating a cable which includes filler rod components in  the outer armor
wire layer. WO 2006/075306 PCT/IB2006/050119  9 DETAILED
DESCRIPTION OF THE INVENTION (00025) Illustrative embodiments of
the invention are described below. In the interest of  clarity, not all features
of an actual implementation are described in this specification. It will  of
course be appreciated that in the development of any such actual
embodiment, numerous  implementation- specific decisions must be made
to achieve the developer's specific goals,  such as compliance with
system related and business related constraints, which will vary from  one
implementation to another. Moreover, it will be appreciated that such a
development  effort might be complex and time consuming but would
nevertheless be a routine undertaking  for those of ordinary skill in the an
having the benefit of this disclosure. (00026)The invention relates to
wellbore cables and methods of manufacturing the same, as  well as uses
thereof. In one aspect, the invention relates to an enhanced electrical
cables used  with devices to analyze geologic formations adjacent a
wellbore, methods of manufacturing  the same, and uses of the cables in
seismic and wellbore operations. Cables according to the  invention
described herein are enhanced and provide such benefits as wellbore gas
migration  and escape prevention, as well as torque-resistant cables with
durable jackets that resist  stripping. bulging, cut-through, corrosion, and
abrasion. It has been discovered that  protecting armor wires with durable
jacket materials that contiguously extend from the cable  



core to a smooth outer jacket provides an excellent sealing surface which
is torque balanced  and significantly reduces drag. Operationally, cables
according to the invention eliminate the  problems of fires or explosions
due to wellbore gas migration and escape through the armor  wiring,
birdcaging, stranded armors, armor wire milking due to high armor, and
looping and  knotting. Cable according to the invention are also
stretch-resistant, crush-resistant as well as  resistant to material creep and
differential sticking. (00027)Cables of the invention generally include at
least one insulated conductor, least one  layer of armor wires surrounding
the insulated conductor, and a polymeric material disposed  in the
interstitial spaces formed between armor wires and the interstitial spaces
formed 10  between the armor wire layer and insulated conductor.
Insulated conductors useful in the  embodiments of the invention include
metallic conductors encased in an insulated jacket. Any  suitable metallic
conductors may be used. Examples of metallic conductors include, but are
not necessarily limited to, copper, nickel coated copper, or aluminum.
Preferred metallic  conductors are copper conductors. While any suitable
number of metallic conductors may be  used in forming the insulated
conductor, preferably from I to about 60 metallic conductors  are used,
more preferably 7, 19, or 37 metallic conductors. Insulated jackets may be
prepared  from any suitable materials known in the art. Examples of
suitable insulated jacket materials  include, but are not necessarily limited
to, polytetrafluoroethylene-perfluoromethylvinyiether  polymer (MFA),
perfuoro-alkoxyalkanc polymer (PFA), polytetrafluoroethylene polymer
(PTFE), ethylenc-tetrafluoroethylene polymer (E FE), ethylene-propylene
copolymer (EPC),  poly(4-methyl-l-pentene) (TPX~k available from Mitsui
Chemicals, Inc.), other polyolefins,  other fluoropolymers,
polyaryletherether ketone polymer (PEEK), polyplienylene sulfide  polymer
(PPS), modified polyphenylene sulfide polymer, polvether ketone polymer
(PEK),  maleic anhydride modified polymers, Parmax(r) SRP polymers
(self-reinforcing polymers  



manufactured by Mississippi Polymer Technologies. Inc based on a
substituted poly (1,4- phenylene) structure where each phenylene ring has
a substituent R group derived from a  wide variety of organic groups), or
the 1 ike, and any mixtures thereof. (00028) In some embodiments of the
invention, the insulated conductors are stacked dielectric  insulated
conductors, with electric field suppressing characteristics, such as those
used in the  cables described in U.S. Patent No. 6,600.108 (Mydur, et al.).
Such stacked dielectric  insulated conductors generally include a first
insulating jacket layer disposed around the  metallic conductors wherein
the first insulating jacket layer has a first relative permittivity.  and, a
second insulating jacket layer disposed around the first insulating jacket
layer and  having a second relative permittivity that is less than the first
relative permittivity. The first  relative permittivity is within a range of about
2.5 to about 10.0, and the second relative  permittivity is within a range of
about 1.8 to about 5.0. WO 2006/075306 PCT/IB2006/050119  11
(00029)Cables according to the invention include at least one layer of
armor wires  surrounding the insulated conductor. The armor wires may
be generally made of any high  tensile strength material including, but not
necessarily limited to, galvanized improved plow  steel, alloy steel, or the
like. In preferred embodiments of the invention, cables comprise an  inner
armor wire layer surrounding the insulated conductor and an outer armor
wire layer  served around the. inner armor wire layer. A protective
polymeric coating may be applied to  each strand of armor wire for
corrosion protection or even to promote bonding between the  armor wire
and the polymeric material disposed in the interstitial spaces. As used
herein. the  term bonding is meant to include chemical bonding.
mechanical bonding, or any combination  thereof. Examples of coating
materials which may be used include, but are not necessarily  limited to,
fluoropolymers, fluorinated ethylene propylene (FEP) polymers, ethylene- 



tetrafluoroethylene polymers (Tefzel(c)), perfluoro-alkoxyalkane polymer
(PFA),  polytetrafluoroethylene polymer (PTFE),
polytetrafiuoroethylene-perfluoromethylvinylether  polymer (MFA),
polyaryletherether ketone polymer (PEEK), or polyether ketone polymer
(PEK) with fluoropolymer combination, polyphenylene sulfide polymer
(PPS), PPS and  PTFE combination, latex or rubber coatings, and the like.
Each armor wire may also be plated  with materials for corrosion
protection or even to promote bonding between the armor wire  and
polymeric material, Nonlimiting examples of suitable plating materials
include brass,  copper alloys, and the like. Plated armor wires may even
cords such as tire cords. While any  effective thickness of plating or
coating material may be used, a thickness from about 10  microns to
about 100 microns is preferred. (00030)Polymerie materials are disposed
in the interstitial spaces formed between armor  wires, and interstitial
spaces formed between the armor wire layer and insulated conductor,
While the current invention is not particularly bound by any specific
functioning theories, it is  believed that disposing a polymeric material
throughout the armor wires interstitial spaces, or  unfilled annular gaps,
among other advantages, prevents dangerous well gases from migrating
into and traveling through these spaces or gaps upward toward regions of
lower pressure, WO 2006/075306 PCT/IB2006/050119  12 where it
becomes a fire, or even explosion hazard. In cables according to the
invention, the  armor wires are partially or completely sealed by a
polymeric material that completely fills all  interstitial spaces, therefore
eliminating any conduits for gas migration. Further. incorporating  a
polymeric material in the interstitial spaces provides torque balanced two
armor wire layer  cables, since the outer armor wires are locked in place
and protected by a tough polymer  jacket, and larger diameters are not
required in the outer layer, thus mitigating torque balance  problems.
Additionally, since the interstitial spaces filled, corrosive downhole fluids
cannot  



infiltrate and accumulate between the armor wires. The polymeric material
may also serve as  a filter for many corrosive fluids. By minimizing
exposure of the armor wires and preventing  accumulation of corrosive
fluids, the useful life of the cable may be significantly greatly  increased.
(00031)Also, filling the interstitial spaces between armor wires and
separating the inner and  outer armor wires with a polymeric material
reduces point-to-point contact between the armor  wires, thus improving
strength, extending fatigue life, and while avoiding premature armor  wire
corrosion. Because the interstitial spaces are filled the cable core is
completely  contained and creep is mitigated, and as a result, cable
diameters are much more stable and  cable stretch is significantly
reduced. The creep-resistant polymeric materials used in this  invention
may minimize core creep in two ways: first. locking the polymeric material
and  armor wire layers together greatly reduces cable deformation; and
secondly, the polymeric  material also may eliminate any annular space
into which the cable core might otherwise  creep. Cables according to the
invention may improve problems encountered with caged  armor designs,
since the polymeric material encapsulating the armor wires may be
continuously bonded it cannot be easily stripped away from the armor
wires. Because the  processes used in this invention allow standard armor
wire coverage (93-98% metal) to be  maintained, cable strength may not
be sacrificed in applying the polymeric material, as  compared with typical
caged armor designs, WO 2006/075306 PCT/IB2006/050119  13
(00032)The polymeric materials useful in the cables of the invention
include, by nonlimiting  example, polyolefins (such as EPC or
polypropylene), other polyolefins, polyaryletherether  ketone (PEEK).
polyaryl ether ketone (PEK), polyphenylene sulfide (PPS), modified
polyphenylene sulfide, polymers of ethylene-tetrafluoroethylene (ETFE),
polymers of  



poly(1,4-phenylene), polytetrafluoroethylene (PTFE), perfluoroalkoxy
(PFA) polymers,  fluorinated ethylene propylene (FEP) polymers,
polytetrafluoroetbylene- perfluoromethylvinylether (MFA) polymers,
Parmax(r), and any mixtures thereof. Preferred  polymeric materials are
ethylene-tetrafluoroethylene polymers, perfluoroalkoxy polymers,
fluorinated ethylene propylene polymers, and polytetrafluoroethylene-
perfluoromethylvinylether polymers. (00033)The polymeric material used
in cables of the invention may be disposed contiguously  from the
insulated conductor to the outermost layer of armor wires, or may even
extend  beyond the outer periphery thus forming a polymeric jacket that
completely encases the armor  wires. The polymeric material forming the
jacket and armor wire coating material may be  optionally selected so that
the armor wires are not bonded to and can move within the  polymeric
jacket. (00034)In sonic embodiments of the invention, the polymeric
material may not have  sufficient mechanical properties to withstand high
pull or compressive forces as the cable is  pulled, for example, over
sheaves, and as such, may further include short fibers. While any  suitable
fibers may be used to provide properties sufficient to withstand such
forces, examples  include, but are not necessarily limited to, carbon fibers,
fiberglass, ceramic fibers, Kevlar(r)  fibers, Vectran(r) fibers, quartz,
nanocarhon, or any other suitable material. Further, as the  friction for
polymeric materials including short fibers may be significantly higher than
that of  the polymeric material alone, an outer jacket of polymeric material
without short fibers may  be placed around the outer periphery of the
cable so the outer surface of cable has low friction  properties. WO
2006/075306 PCT/IB2006/050119  14 (00035)The polymeric material
used to form the polymeric jacket or the outer jacket of cables  



according to the invention may also include particles which improve cable
wear resistance as  it is deployed in wellbores. Examples of suitable
particles include Cerameriv, boron nitride,  PTFE, graphite, nanoparticles
(such as nanoclays, nanosilieas, nanocarbons. nanocarbon  fibers, or
other suitable nano-materials), or any combination of the above.
(00036)Cables according to the invention may also have one or more
armor wires replaced  with coated armor wires, The coating may be
comprised of the same material as those  polymeric materials described
hereinabove. This may help improve torque balance by  reducing the
strength, weight, or even size of the outer armor wire layer, while also
improving  the bonding of the polymeric material to the outer armor wire
layer. (00037)ln some embodiments of the invention, cables may
comprise at least one filler rod  component in the armor wire layer. In such
cables, one or more armor wires are replaced with  a filler rod component,
which may include bundles of synthetic long fibers or long fiber  yams.
The synthetic long fibers or long fiber yarns may be coated with any
suitable polymers,  including those polymeric materials described
hereinabove. The polymers may be extruded  over such fibers or yarns to
promote bonding with the polymeric jacket materials. This may  further
provide stripping resistance. Also, as the filler rod components replace
outer armor  wires, torque balance between the inner and outer armor
wire layers may further be enhanced.  (00038)Cables according to the
invention may be of any practical design, including  monocables, coaxial
cables, quadeables, heptacables, and the like. In coaxial cable designs of
the invention, a plurality of metallic conductors surround the insulated
conductor, and are  positioned about the same axis as the insulated
conductor. Also, for any cables of the  invention, the insulated conductors
may further be encased in a tape. All materials. including  the tape
disposed around the insulated conductors, may he selected so that they
will bond  chemically and/or mechanically with each other. Cables of the
invention may have an outer WO 2006/075306 PCT/11320061050119  



15 diameter from about 1 mm to about 125 mm, and preferably, a
diameter from about 2 mm to  about. 10 mm. (00039)The materials
forming the insulating layers and the polymeric materials used in the
cables according to the invention may further include a fluoropolymer
additive, or  fluoropolymer additives, in the material admixture to form the
cable. Such additive(s) may he  useful to produce long cable lengths of
high quality at high manufacturing speeds. Suitable  fluoropolymer
additives include, but are not necessarily limited to,
polytetrafluoroethylene,  perfluoroalkoxy polymer, ethylene
tetrafluoroethylene copolymer, fluorinated ethylene  propylene,
perfluorinated poly(ethylene-propylene), and any mixture thereof. The
fluoropolymer; may also be copolymers of tetrafluoroethylene and
ethylene and optionally a  third comonomer, copolymers of
tetrafluorocthylene and vinylidenc fluoride and optionally a  third
comonomer, copolymers of chlorouifluoroethylene and ethylene and
optionally a third  comonomer, copolymers of hexafluoropropylene and
ethylene and optionally third  comonomer, and copolymers of
hexafluoropropylene and vinylldene fluoride and optionally a  third
comonomer. The fluoropolymer additive should have a melting peak
temperature below  the extrusion processing temperature, and preferably
in the range from about 200C to about  350C. To prepare the admixture,
the fluoropolymer additive is mixed with the insulating  jacket or polymeric
material, The fluoropolymer additive may be incorporated into the
admixture in the amount of about 5%r, or less by weight based upon total
weight of admixture,  preferably about 1% by weight based or less based
upon total weight of admixture, more  preferably about 0.75% or less
based upon total weight of admixture. (00040) Referring now to FIG. 1, a
cross-sectional generic representation of some cable  embodiments
according to the invention, The cables include a core 102 which
comprises  insulated conductors in such configurations as heptacables,
monocables, coaxial cables, or  



even quadeables. A polymeric material 108 is contiguously disposed in
the interstitial spaces  formed between annor wires 104 and 106, and
interstitial spaces formed between the armor  wires 104 and core 102. The
polymeric material 108 may further include short fibers. The WO
2006/075306 PCT/IB2006/050119  16 inner armor wires 104 are evenly
spaced when cabled around the core 102. The armor wires  104 and 106
may be coated armor wires as described herein above. The polymeric
material  108 may extend beyond the outer armor wires 106 to form a
polymeric jacket thus forming a  polymeric encased cable 100. (00041)In
one method of preparing the cable 100, according to the invention, a first
layer of  polymeric material 108 is extruded upon the core insulated
conductor(s) 102, and a layer of  inner armor wires 104 are served
thereupon, The polymeric material 108 is then softened, by  heating for
example, to allow the inner armor wires 104 to embed partially into the
polymeric  material 108, thereby eliminating interstitial gaps between the
polymeric material 108 and the  armor wires 104. A second layer of
polymeric material 108 is then extruded over the inner  armor wires 104
and may he bonded with the first layer of polymeric material 108. A layer
of  outer armor wires 1.06 are then served over the second layer of
polymeric material 108. The  softening process is repeated to allow the
outer armor wires 106 to embed partially into the  second layer of
polymeric material 108, and removing any interstitial spaces between the
inner armor wires 104 and outer armor wires 106. A third layer of
polymeric material 108 is  [hen extruded over the outer armor wires 106
embedded in the second layer of polymeric  material 108, and may be
bonded with the second layer of polymeric material 108. (00042)FIG. 2,
illustrates a cross-sectional representation of a heptacable according to
the  invention. Similar to cable 100 illustrated in FIG. 1, the heptacable
includes a core 202  comprised of seven insulated conductors in a
heptacable configuration. A polymeric material  



208 is contiguously disposed in the interstitial spaces formed between
armor wires 204 and  206, and interstitial spaces formed between the
armor wires 204 and heptacable core 202. The  armor wires 204 and 206
may be coated armor wires as well. The polymeric material 208  may
extend beyond the outer armor wires 206 to form a sealing polymeric
jacket. Another  cable embodiment of the invention is shown in FIG. 3,
which is a cross-sectional  representation of a monocable. The cable
includes a monocable core 302, a single insulated  conductor, which is
surrounded with a polymeric material 308. The single insulated conductor
WO 20061075306 PCT/1B2006/050119  17 is comprised of seven
metallic conductors encased in an insulated jacket. The polymeric
material is disposed about in the interstitial spaces formed between inner
armor wires 304 and  outer armor wires 306, and interstitial spaces
formed between the inner armor wires 304 and  insulated conductor 302,
The polymeric material 308 may extend beyond the outer armor  wires
306 to form a sealing polymeric jacket. (00043)FOG, 4 illustrates yet
another embodiment of the invention, which is a coaxial cable.  Cables
according to this embodiment include an insulated conductor 402 at the
core similar to  the monocable insulated conductor 302 shown in FIG. 3. A
plurality of metallic conductors  404 surround the insulated conductor, and
are positioned about the same axis as the insulated  conductor 402. A
polymeric material 410 is contiguously disposed in the interstitial spaces
formed between armor wires 406 and 408, and interstitial spaces formed
between the armor  wires 406 and plurality of metallic conductors 404.
The inner armor wires 406 are evenly  spaced. The armor wires 406 and
408 may be coated armor wires, The polymeric material  410 may extend
beyond the outer armor wires 408 to form a polymeric jacket thus
encasing  and sealing the cable 4(X). (00044)In cable embodiments of the
invention where the polymeric material extends beyond  



the outer periphery to form a polymeric jacket completely encasing the
armor wires, the  polymeric jacket is formed from a polymeric material as
described above, and may further  comprise short fibers andlor particles.
Referring now to FIG. 5, a cable according to the  invention which
comprises an outer jacket, the cable 500 is comprised of a at least one
insulated conductor 502 placed in the core position, a polymeric material
508 contiguously  disposed in the interstitial spaces formed between
armor wire layers 504 and 506, and  interstitial spaces formed between
the armor wires 504 and insulated conductor(s) 502. The  polymeric
material 508 extends beyond the outer armor wires 506 to form a
polymeric jacket.  The cable 500 further includes an outer jacket 510,
which is bonded with polymeric material  508, and encases polymeric
material 508, armor wires 504 and 506, as well as insulated  conductor(s)
502. The outer jacket 510 is formed from a polymeric material, free of any
fiber, WO 2006/075306 PCT/IB20061050119  18 but may contain
particles as described hereinabove, so the outer surface of cable has low
friction properties. Further, the polymeric material 508 may contain a short
fiber to impart  strength in the cable. (00045)FIG. 6 illustrates yet another
embodiment of a cable of the invention, which has a  polymeric jacket
including short fibers. Cable 600 includes at least one insulated conductor
602 in the core, a polymeric material 608 contiguously disposed in the
interstitial spaces  formed between armor wire layers 604 and 606, and
interstitial spaces formed between the  armor wires 604 and insulated
conductor(s) 602. The polymeric material 608 may extend  beyond the
outer armor wires 606 to form a polymeric jacket. The cable 600 includes
an outer  jacket 610, bonded with polymeric material 608, and encasing
the cable, The outer jacket 610  is formed from a polymeric material that
also includes short fibers. The polymeric material  608 may optionally be
free of any short fibers or particles. 



(00046;)In some cables according to the invention, the polymeric material
may not necessarily  extend beyond the outer armor wires. Referring to
FIG. 7, which illustrates a cable with  polymeric material partially disposed
about the outer armor wires, the cable 700 has at least  one insulated
conductor 702 at the core position, a polymeric material 708 disposed in
the  interstitial spaces formed between armor wires 704 and 706, and
interstitial spaces formed  between the inner armor wires 704 and
insulated conductor(s) 702. The polymeric material is  not extended to
substantially encase the outer armor wires 706. (00047)Coated armor
wires may be placed in either the outer and inner armor wire layers, or
both. Including coated armor wires, wherein the coating is a polymeric
material as mentioned  hereinabove, may improve bonding between the
layers of polymeric material and armor  wires. The cable represented in
FIG. 8 illustrates a cable which includes coated armor wires  in the outer
armor wire layer. Cable 800 has at least one insulated conductor 802 at
the core  position, a polymeric material 808 disposed in the interstitial
spaces and armor wires 804 and  806, and interstitial spaces formed
between the inner armor wires 804 and insulated WO 2006/075306
PCT/IB2006/050119  19 conductor(s) 802. The polymeric material is
extended to substantially encase the outer armor  wires 806. The cable
further comprises coated armor wires 810 in the outer layer of armor
wires. (00048) Referring to FIG. 9, a cable that includes coated armor
wires in both inner and outer  armor wire layers, 910 and 912, Cable 900
is similar to cable 800 illustrated in FIG. 8.  comprising at least one
insulated conductor 902 at the core position, a polymeric material 908
disposed in the interstitial spaces, armor wires 904 and 906, and the
polymeric material is  extended to substantially encase the outer armor
wires 906 to form a polymeric jacket thus  encasing and scaling the cable
900. 



(00049)Referring to FIG, 10, a cable according to the invention which
includes filler rod  components in the armor wire layer. Cable 1000
includes at least one insulated conductor  1002 at the core position, a
polymeric material 1008 disposed in the interstitial spaces and  armor
wires 1004 and 1006. The polymeric material 1008 is extended to
substantially encase  the outer armor wires 1006. and the, cable further
includes filler rod components 1010 in the  outer layer of armor wires. The
filler rod components 1010 include a polymeric material  coating which
may further enhance the bond between the filler rod components 1010
and  polymeric material 1008. (00050) Cables of the invention may include
armor wires employed as electrical current. return  wires which provide
paths to ground for downholc equipment or tools, The invention enables
the use of armor wires for current return while minimizing electric shock
hazard. In some  embodiments, the polymeric material isolates at least
one armor wire in the first layer of  armor wires thus enabling their use as
electric current return wires. (00051)The present invention is not limited,
however, to cables having only metallic  conductors. Optical fibers may be
used in order to transmit optical data signals to and from  the device or
devices attached thereto, which may result in higher transmission speeds,
lower  data loss, and higher bandwidth. WO 2006/075306
PC171B2006/050119  20 (00052)Cables according to the invention may
be used with wellbore devices to perform  operations in wellbores
penetrating geologic formations that may contain gas and oil  reservoirs.
The cables may be used to interconnect well logging tools, such as
gamma-ray  emitters/receivers, caliper devices, resistivity- measuring
devices, seismic devices, neutron  emitters/receivers, and the like, to one
or more power supplies and data logging equipment  outside the well.
Cables of the invention may also be used in seismic operations, including



subsea and subterranean seismic operations. The cables may also be
useful as permanent  monitoring cables for wellbores. (00053)For
wellbores with a potential well head pressure, flow tubes with grease
pumped  under pressure into the constricted region between the cable
and a metallic pipe are typically  used for wellhead pressure control. The
number of flow tubes depends on the absolute  wellhead pressure and the
permissible pressure drop across the flow tube length. The grease  pump
pressure of the grease is typically 20% greater than the pressure at the
wellhead. Cables  of the invention may enable use of pack off devices,
such as by non-limiting example rubber  pack-offs, as a friction seal to
contain wellhead pressure, thus minimizing or eliminating the  need for
grease packed flow tubes. As a result, the cable rig up height on for
pressure  operations is decreased as well as down sizing of related well
site surface equipment such as a  crane/boom size and length. Also, the
cables of the invention with a pack off device will  reduce the requirements
and complexity of grease pumps as well as the transportation and
personnel requirements for operation at the well site. Further, as the use
of grease imposes  environmental concerns and must be disposed off
based on local government regulations,  involving additional
storage/transportation and disposal, the use of cables of the invention
may also result in significant reduction in the use of grease or its complete
elimination.  (00054)Cables of the invention which have been spliced may
be used at a well site. Since the  traditional requirement to utilize metallic
flow tubes containing grease with a tight tolerance  as part of the wellhead
equipment for pressure control may be circumvented with the use of WO
2006/075306 PCT/IB2006/050119  21 friction seal pack off equipment,
such tight tolerances may be relaxed. Thus, use of spliced  cables at the
well site may be possible. (00055)As some cables of the invention are
smooth, or slick, on the outer surface, frictional  



forces (both with WHE and cable drag) are significantly reduced as
compared with similar  sized armored logging cables. The reduced friction
would make possible the ability to use less  weight to run the cable in the
wellbore and reduction in the possibility of vortex formation,  resulting in
shorter tool strings and additional reduction in the rig up height
requirements. The  reduced cable friction, or also known as cable drag,
will also enhance conveyance efficiency  in corkscrew completions, highly
deviated, S-shaped, and horizontal wellhores. (00056)As traditional
armored cables tend to saw to cut into the wellbore walls due to their  high
friction properties, and increase the chances of differential pressure
sticking ("key  seating" or "differential sticking"), the cables of the invention
reduces the chances of  differential pressure sticking since the slick outer
surface may not easily cut into the wellbore  walls, especially in highly
deviated wells and S-shaped well profiles. The slick profile of the  cables
would reduce the frictional loading of the cable onto the wellbore hardware
and hence  potentially reduce wear on the tuhulars and other well bore
completion hardware (gas lift  mandrels, seal bore's, nipples. etc.).
(00057)The particular embodiments disclosed above are illustrative only,
as the invention  may be modified and practiced in different but equivalent
manners apparent to those skilled in  the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to  the details
of construction or design herein shown, other than as described in the
claims  below. It is therefore evident that the particular embodiments
disclosed above may be altered  or modified and all such variations are
considered within the scope and spirit of the invention.  In particular, every
range of values (of the form, "from about a to about h," or, equivalently,
"from approximately a to b," or, equivalently, "from approximately a-h")
disclosed herein is WO 2006/075306 PCT/1B2006/050119  22 to be
understood as referring to the power set (the set of all subsets) of the
respective range of  



values. Accordingly, the protection sought herein is as set forth in the
claims below. 23  CLAIMS  We claim: 1. A wellbore cable comprising at
least one insulated conductor comprising at least one metallic conductor
encased in an  insulated jacket, a layer of inner armor wires surrounding
the insulated conductor and a layer of outer armor wires  surrounding the
inner armor wires, and. a polymeric material disposed in interstitial spaces
formed between the inner armor wires and the  outer armor wires and
interstitial spaces formed between the inner armor wires and the insulated
conductor, the polymeric material forming a continuously bonded layer
which separates and  encapsulates the armor wires forming the inner
armor wire layer and the outer armor wire layer,  wherein the polymeric
material is extended to form a polymeric jacket around the outer layer of
armor wires and, an outer jacket disposed around the polymeric jacket,
wherein the outer jacket is bonded with the  polymeric jacket 2. A cable
according to claim 1 wherein the insulated conductor comprises a plurality
of metallic  conductors encased in the insulated jacket. 3. A cable
according any of the preceding claims wherein the insulated conductor
comprises a  first insulating jacket layer disposed around the metallic
conductors wherein the first insulating  jacket layer has a first relative
permittivity, and a second insulating jacket layer disposed around  the first
insulating jacket layer and having a second relative permittivity that is less
than the first  relative permittivity: wherein the first relative permittivity is
within a range of about 2.5 to about 10.0, and wherein the  



second relative permittivity is within a range of about 1.8 to about 5.0. 24
4. A cable according to any of the preceding claims further comprising a
plurality of metallic  conductors surrounding the insulated conductor. 5. A
cable according to any of the preceding claims wherein the polymeric
material is selected  from the group consisting of polyolefins,
polyaryletherether ketone, polyaryl ether ketone,  polyphenylene sulfide,
modified polyphenylene sulfide, polymers of ethylene-tetrafluoroethylene,
polymers of poly(1,4-phenylene), polytetrafluoroethylene, perfluoroalkoxy
polymers, fluorinated  ethylene propylene,
polytetrafluoroethylene-perfluoromethylvinylether polymers, and any
mixtures thereof. 6. A cable according to any of the preceding claims
wherein the polymeric material further  comprises wear resistance
particles. 7. A cable according to any of the preceding claims wherein the
polymeric material further  comprises short fibers. 8. A cable according to
any of the preceding claims wherein the armor wires are pre-coated armor
wires. 9. A cable according to any of the preceding claims which has an
outer diameter from about I  mm to about 125 mm. 10. A cable according
to any of the preceding claims further comprising at least one filler rod
component in the armor wire layer. 11. A cable according to any of the
preceding claims, wherein the outer jacket comprises a  material selected
from the group consisting of ethylene-tetrafluoroethylene, perfluoroalkoxy
polymers, perfluoromethoxy polymers, fluorinated ethylene propylene
polymer, and any mixtures  thereof. 12. A cable according to any of the
preceding claims wherein the insulated conductor comprises a  



monocable, a quadcable, a heptacable, or a coaxial cable. 25  13. A cable
according to any of the preceding claims wherein at least one armor wire
is an  electric current return path wire. 14. A cable according to any of the
preceding claims wherein the armor wires are a. mixture of  uncoated and
pre-coated armor wires. 15. A cable according to any of the preceding
claims which has an outer diameter from about 2  mm to about 10 mm. 


