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(0002) Cenerally, geologic formations within the earth
that contain oil and/or petroleum gas have properties
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or limestone, but, because the grain size of shale is very small, it may be very difficult to
remove the oil or gas (rapped therein. Accordingly, it may be desirable (0 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

clectrical power sources and data analysis equipment at the ecarth’s surface, as well as
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caWe.r Ra 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 (0 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
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diameter and causing linear stretchlng of the cable as well as premature electrical shorts.

(0008) It is commonplace that as wellbore electrical cables are lowered into an unobstructed
well, the tool string rotates (o 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 (o “birdcage.” Slack cable can also loop around itself and form a knot in the wireline
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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.
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cohﬁlﬂﬁ)rr c%ﬁ@sﬁng 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 layer of armor wires. The polymeric material may be
chosen and processed in such way as (0 promote a continuously bonded layer of material. The
polymeric material is selected from the group consisting of polyolefins, polyaryletherether
ketone, polyaryl ether ketone, polyphenylene sulfide, polymers of ethylene-
tetrafluoroethylene, polymers of  poly(1,4-phenylene), polytetrafluoroethylene,

perfluoroalkoxy polymers, fluorinated ethylene propylene, perfluoromethoxy polymers, and
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Wﬁ)eté.t ] th%qg)l;er 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 wellbore may or may
not be sealed. In such methods, the cables of the invention may minimize or even climinate
the need for grease packed flow tubes and related equipment, as well as minimizing cable

friction, wear on wellbore hardware and wellbore tubulars, and differential sticking. Also, the
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(O@miSPEl‘IG. 4 is a stylized cross-sectional representation of a coaxial cable according (o the

in

invention.

(00019)FIG. 5 is a cross-section illustration of a cable according (0 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 (0 the invention which

includes a polymeric material partially disposed about the outer armor wires.
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in SRR PTOT M Wga.y layer. (00021)FIG 7 is a

Cross-section |Ilustration of a cable according to the

(O%&:éfﬂg nls\é'{l’“ %sgssig l%lglgou‘fsh ]?]ﬁér%u t e?alb%r%Fh 1ncl%des a coated armor

Wil Slﬂ&l {n ran(Qi ut T r W I’(?fa e(i‘g 0SS SeCtI on V\hl Ch
AR a 85%?@ mhlg P'ncl udes coated armor wires
in the outer arnor wwre layer. (00023)FIG 9 is a

(0&6291%5[(;3 36 I8 aocrllos%c%gn h]!u Lyat‘ct’ﬁé Qgeﬁi’e whlgﬁglcﬁd%yylrll% oldrgt&lnéj\ﬁgn%l‘?ts in

coatéd ar nor
még%gwﬁhmaﬁgﬁﬁﬁQFlG' 10 s a cross section illustrating
I'ncludes filler rod conponents in the

outer arnmor wire |ayer. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON (00025) Il lustrative enbodi nents of the
i nvention are described below In the interest of
clarity, not all features of an actual inplenentation
are described in this specification. It will of course
be appreciated that in the devel opnment of any such
actual enbodi nment, nunmerous inplenmentation- specific
deci sions nust be nmade to achi eve the devel oper's
speci fic goals, such as conpliance with systemrel ated
and business related constraints, which wll vary from
one inplenmentation to another. Moreover, it wll be
appreci ated that such a devel opnent effort m ght be
conpl ex and tine consum ng but woul d neverthel ess be a
routi ne undertaking for those of ordinary skill in the
art having the benefit of this disclosure. (00026) The
invention relates to well bore cables and net hods of
manuf acturing the sane, as well as uses thereof. In
one aspect, the invention relates to an enhanced
el ectrical cables used with devices to anal yze
geol ogi ¢ formati ons adj acent a well bore, nethods of
manuf act uri ng



the same, and uses of the cables in seismc and
wel | bore operations. Cables according to the invention

wa@le®eniised herein are enhanced and provi de suckhCT/IB2006/050119
benefits as well bore gas m9ration and escape

esistant cables with

Ke e i ppi ng, bul gi ng,

cut through corrosion, and abrasion. It has been

(002sT Dlnetraicte tehhbddipeat @€ thenig varind aremidsethed bictowd Uit izl @terest of
jacket materials that contiguously extend fromthe

claray Inet dbfeatute oharsaront imphantedratipraak descpbain désspacification. It will
excel | ent sealing surface which is torque bal anced and

ofsbgwnd bd gmrclayedried iic &8 ddvekgpme@iperaay isaohadctuyl, enttgldingst, numerous
according to the invention elimnate the problens of

implerrestadon- epgelfesdeoisendmesttbe nvelk |t achievgalse davglopdrs apeciirdgoals,
escape through the arnor wiring, birdcaging, stranded

suelr o spliarcawith vysteen wialek iangbudinesstralathd ginstedimmg whichndll vary from
| oopi ng and knotting. Cable according to the invention

onarimp@insmatitnr @tanbthere Matant, it eillushappesiastdahit sash welelel@gment
resistant to material creep and differential sticking.

effo0fight)be Carlbplexs amaif tinheh@n sumirnitiit ooulg eneréelbss be a cowide ualertaking
| east one insul ated conductor, |east one |ayer of

foathnwerof widinagy skilkin dierndihaging the benesiudfabie disdosuetuct or, and a
polynmeric material disposed in the interstitial spaces
formed between arnor wires and the interstitial spaces

(Op@o)Edbeteneenctalve awplthorergables hiadymethadsdf nmsuheitdg the same, as
conductor. Insulated conductors useful in the

wahdy aiskisrigndod.  bif ont agpettnihe mvegion irglabsud en eBtaadel ietectrical cables used
conductors encased in an insul ated jacket. Any

wiguddvaths ® amelyad gdotogeolieturtivny gljavery abecliberdmetBudsn | ngmuiafturing
metal lic conductors include, but are not necessarily

th¢ samet el tses ofdbpEdles imseckad arglordlibdre @pppé@ms. Cablealacnordimgto the
Preferred netallic conductors are copper conductors.

inhiipredeaenibed bertiabireenhanrbé andgfrovied ach bancGoned welllmrs gavanigration
be used in form ng the insul ated conductor, preferably

anflreseapd prayebouts 801 e ttedqhé-csistamoebles vgthadueabls gdketsrthae resist
preferably 7, 19, or 37 netallic conductors. |nsul ated

stjippoige thelgmy chethpuelpac@asidbn,oandanlragon. t alblhes neterdissbwred that
known in the art. Exanples of suitable insulated

pryptecing tarmatvares &lid durableyabdet astriady thatontignewtseami lfpm the cable
limted to,

copoto yat setop gf duteo jaskdt Ipydvatee ap excellano scakineg $wllaed wiljyikletshienque balanced
pol ynmer (MFA), perfluoro-al koxyal kane pol yner (PFA),

ang elgyifieantla fr¢duorscledeh yperngopdy yoakles 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



(PTFE), ethylene-tetrafluoroethyl ene pol ynmer (ETFE)
et hyl ene- propyl ene copol yner ( EPC)

w@ghzs3net hyl -1 - pentene) (TPX(r) avail abl e frper/M206u150119
Chem cals, Inc.), other poligol efins, other
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to about 10.0, and the second relative permittivity is
othigrt fFHOFPPSIYF‘Sﬁg Bolypryleistrthon. kglope, palyBiGE (%51584)( (B’G](SQ]@}‘ylene sulfide
Cabl es_according to the invention include at |east one
pofyanes (Plgy). pdiiied Delyrbensdsne syliide |PH]eImF‘h &OlYREEN kefqmg polymer (PEK),
conductor. The arnor wres general |y nmade of
maeigy aﬁil)@ﬁld? Sidificd Pé%yr“@ifﬁgtpﬁmi’?é@gﬁ{%lpo hyrersudsl ¥r§emeﬁ9tng rRolymers
necessarily limted to, galvanized inproved pl ow
mapugsgturcdzy Mssissipm|Polysper {Tehnplogiss, Ingy besed foa rar sigstituted poly (1,4-
enbodi ments of the invention, cables conprise an inner
phamfene) fifucaird shere eadlr pf@uﬁmerfylgtlwé 3 whtiitene B gromddrsived from a
and an outer arnmor wire |layer served around the inner
wide Wasictit oeeanig geoups) Aor thedike canil gy pstyferehdreoicoat i ng may
be applied to each strand of arnor wire for corrosion

rotection or even to pronote bondi ng between the )
(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.), hereinafter incorporated by
reference. 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.



arnmor wire and the polyneric material disposed in the
interstitial spaces. As used herein, the term bondi ng

WO 2006023306 t 0 | ncl ude chem cal bondi ng, mechani BEI/1B2006/050119
bondi ng, or any conbi nati odlt hereof. Exanples of
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ef%léﬂctlve tLal¥ness of plating or coating material may be used, a thickness from about 10

microns to about 100 microns is preferred.

(00030) Polymeric 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,



cabl es, since the outer arnor wires are | ocked in
pl ace and protected by a tough polyner jacket, and
WO 2009675306 anet ers are not required in the out ePCT/EB2006/050119
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ca%le S I‘Ettcfll (i)snﬁl 1can9¥)oedu%erdgg§ crrene t—}egl et)épaqggo G apd e&(i;r}g?s useﬁn this
1ntpenl mX)ll %ﬂ%‘ize cr(])reercreep in two ways: firs(, locking the polymeric material and
armor wire layers together greatly reduces cable deformation; and secondly, the polymeric
material also may climinate 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) (0 be

maintained, cable strength may not be sacrificed in applying the polymeric material, as

compared with typical caged armor designs.
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&» eme %gerlc mat eri al al one, an outer j acket of

P;Y@ F1¢ material without short fibers may be pl aced

around the outer periphery of the cable so the outer

(Oédéﬁ;lﬂcﬁ)n%f erﬁ&%rﬁenﬁaﬁf ltl?ewinfvgtﬁ) ,' e polymeric material may not have

sufficient mechanical properties (0 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®
fibers, Vectran® fibers, quartz, nanocarbon, 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.



properties. (00035) The polyneric material used to form
the polyneric jacket or the outer jacket of cables
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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, quadcables, 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 be selected so that they will bond

chemically and/or mechanically with each other. Cables of the invention may have an outer



the tape di sposed around the insul ated conductors, may

be selected so that they will bond chem cally and/ or
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~a cross-sectional %gnerlc representati on of sonme cable
jacket or polymeric material. The fluoropolymer additive may be incorporated into the

admixture in the amount of about 5% 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 quadcables. A polymeric material 108 is contiguously disposed in the interstitial spaces
formed between armor 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
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pable 100 |IIustrated in FIG 1, the hept acabl e
(06(91%191%65, oS Rh& azgrgss—sectional representation of a heptacable according (o 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
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po%%ye%g qacket is formed from a polymeric material as described above, and may further
comprise short fibers and/or particles. Referring now o 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,
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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
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(00050) Cables of the invention may include armor wires employed as electrical current return
wires which provide paths to ground for downhole 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, (0 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.
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cranc/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 (ransportation 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
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(06659)1“11% Jéﬁicgﬂf eﬁﬁ&&i'lin&ﬁmi@&ésed EB@Ve arc 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 b," or, equivalently,

"from approximately a to b," or, equivalently, "from approximately a-b") disclosed herein is



reduced cable friction, or also known as cabl e drag,
wi Il al so enhance conveyance efficiency in corkscrew
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reduces the chances of differential pressure sticking
since the slick outer surface may not easily cut into
the wel Il bore walls, especially in highly deviated
wel I's and S-shaped well profiles. The slick profile of
t he cabl es woul d reduce the frictional |oading of the
cable onto the well bore hardware and hence potentially
reduce wear on the tubulars and other well bore
conpl etion hardware (gas |ift mandrel s, seal bore's,
ni pples, etc.). (00057) The particul ar enbodi ments
di scl osed above are illustrative only, as the
i nvention may be nodified and practiced in different
but equi val ent manners apparent to those skilled in
the art having the benefit of the teachings herein.
Furthernore, no limtations are intended to the
details of construction or design herein shown, other
than as described in the clains below It is therefore
evident that the particul ar enbodi nents di scl osed
above may be altered or nodified and all such
variations are considered within the scope and spirit
of the invention. In particular, every range of val ues
(of the form "fromabout a to about b," or,
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equi valently, "from approxi nately a-b") discl osed
herein isto be understood as referring to the power
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1. A wellbore cable conprising at |east one insul ated
conductor, at |east one |layer of arnmor wres
surroundi ng the insul ated conductor, and, a polyneric
mat eri al contiguously disposed in interstitial spaces
fornmed between the arnor



wires and interstitial spaces forned between the arnor
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conductors surroundi ng the insul ated conductor. 5 A
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the polyneri'c material 1s selected fromt group
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accor t'o any of precedi ng clainms whereln
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any of the prece i ng cﬁalns conpri sing an inner arnor
wire layer surrounding the insulated conductor and an
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the second relatlve permittivity is within a range of about 1.8 to about 5.0.

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 and/or short fibers.



8. A cable according to any of the preceding clains
wherein the arnor wires are pre-coated arnor wires, or
w@20060t30€ of uncoated and pre-coated arnor w PERIB206/050119

cabl e according to any of the preceding clains which

has an outer dianeter preferably fromabout 1mmto

about 125 mm and nore preferably fromabout 2 mmto
7.2004Me dddoramg dQny & MapkRedC Ohidisngmipasignyn dinert dior wire layer

recedi cla further, conprisin | east one .
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conprising an outer jacket disposed around the

pol yneric jacket, wherein the outer jacket is bonded
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hept acabl e, or a coaxial cable. 13. A cable according

to of the precedin refn at |east one
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wherein the polynmeric material is contiguously

di sposed in between the arnor wires, between the arnor
l(N\/iAroaBIe andrdimnsu laft e@dhcobebding elhimamahdr @6MPristn g leys®hé Gller rod

4&? a%ound an outer layer of arnmor wires. 15. A
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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.

13. A cable according t0 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 polymeric material is
contiguously disposed in between the armor wires, between the armor wires and insulated

conductor, and forms a polymeric jacket around an outer layer of armor wires.

15. A cable according to any of the preceding claims wherein the polymeric material is
disposed contiguously from the insulated conductor (0 the outermost layer of armor wires,
and further extends beyond the outer periphery of the outermost armor wires forming a

polymeric jacket encasing the armor wires.



