WO 2006/075306 PCT/IB2006/0501 19 | ENHANCED WELLBORE
ELECTRICAL CABLES BACKGROUND OF THE INVENTION Field of
whedhvention (0001) This invention relates to wellbore elec"@%fﬁﬁﬁ?ﬂ/«%ﬂgw
methods of manufacturing and using such cables. In one aspect, the
invention relates to a durable and sealed torque balanced enhanced
electric cable used:witivanelharesdeyieesdoranalyzegeeglogic formations
adjacent a wellbore, methods of manufacturing same, as well as uses of
}?H@E@é@'@ﬁD%sfﬂEth%&%fﬁ[ﬁelated 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
Beidhfpheductsiofor example, formations that contain oil or petroleum gas
have higher electrical resistivity than those that contain water. Formations
rally comprising sandstone or limestone may contain oil or petroleum
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sandstone or limestone, but, because the grain size of shale is very
@maldtervaychabietyediffiquitdomdemove sheaeil o gas dsappashtesaifacent a
Accordingly, it may be desirable to measure various characteristics of the
HRbIg @ t81AaeionY BdfaEEst G, Wetltbeforescdimwshetidieto help in
determining the location of an oil- and/or petroleum gas-bearing formation

I mount of oil and/or petroleum gas trapped within the
]fg(%c\ra{gﬁ%%n%ft(%%(%ﬁaﬁg&;ﬁg tools, which are generally long, pipe-shaped
devices, may be lowered into the well to measure such characteristics at.
@iffeyettcepthealopy thenwets Hhesetegeihghioels wmaylinelud@etroleum gas
gamma-ray emitters/receivers, caliper devices, resistivity-measuring
Ty iererise ditomashedisvs st DIHRP IR iRenaipie ko sra pisetckorseges.
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or 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 © 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 (o sense characteristics of the
formations adjacent the well. A wireline cable connects the logging tool with one or more

elecirical power sources and data analysis equipment at the earth’s surface, as well as



formations adjacent the well. A wireline cable connects the logging tool
with one or more electrical power sources and data analysis equipment at
wheRaihseurface, as well as WO 20061075306 PCT/IB20Q8/Aa00dQust110
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
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material, filler materials, jackets, and metallic armor wires."Commonly, the
wgeful 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
(Y8t pBElag U SO s IAMSANTARy factBItIRMiGRPIViiFEHHEe cendretire
.lilssuellrmor Wire?gea'%lgl@mvggggg fluids pre %&g the downholg wellb

. re
ative matext'x X % S, Jackels, ]@1 i¢, armor wires. .Comr Bé% h%\useful
environmen ad to corrosion and failure o e armor eres.? 5 rmor

ires areboRicadly-cQRsir ucted o coldrdiaybh Reatiiie flerlkaatehwith cabie
zinc for corrosion protection. While zinc protects the steel at moderate
temperatumesniss! kbpverpdhat corrosiands readibyvpossitderat eleNaitedr no
temperatures and certain environmental conditions. Although the cable
BHRC RS <Hi I BRIFUHERSA AT IS Getishally HBWECTSNicAI ke tiniting

Jsplace 1 agmar Wi{% and the entire caple must he discarded, Qnee ljpore
corrosive. fluids infiltrate into the annutar gaps, itiS difficuft or |mp033|% e
éﬁ"vﬁ&‘iﬁ[&lﬁﬁ%&ﬁ_f@&%&ﬁb%ﬁ‘fai@l@@f%f&%&%@ wRble 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
@ehinérewbeisefipst thipomio Wistwerd Oheddidersinmentiviees bR giviedowith zinc

corrode, stren,gth is _guickly lost, and the entire cable must be replaced.
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conditions. Although the cable core may still be functional, it is gencrally not economically
feasible to replace the armor wire, and the entire cable must be 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



armor wire layers, difficult-to-seal uneven outer profiles, and loose or
broken armor wires. (0006) In wells with surface pressures, the electric
Wbl ds-4pthrough one or several lengths of piping packed With 833610
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
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3 Into and travel through these gaps upward toward lower pressure.
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grease-packed piping. As the wireline goes over the upper sheave at the
ashtbf thespipier gihé aetersedyivbsrenayspread dipart; omrdsparatesrdlightiher,
and the pressurized gas is released, where it becomes a fire or explosion
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have to be somewhat larger than outer armor wires, but the smaller outer
wire sowould: darick i faidugu ertoabrasidnt drdsexibosuer teicovosiverfldisiail
Therefore, larger armor wires are placed at the outside of the wireline
‘B%fé?‘mﬁi%W@sﬂ‘l@%ﬁ%&?ﬁﬂ%ﬁ%ﬁ%&e?%@%’Ai}‘i%?ér”éﬂ‘%&ﬁ?éPéedm%dsat
tg\a%tglggovatgar due to pointto- oirglhé:gln[tact be%/vgtralgearmor wires.

& 1 ¢ wireiine cable, whichres orgque 1m Bh .
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
{eoogy. Whitectindebdension ang avhencdbtas gonowepsheaves| badiadn armor
loading causes point loading between outer and inner armor wires. Point

YoeehingP BEHRER: SPRYVSH Wire RAVEISCYRRTOVES thicl BiRCARO AHIE ERer ot lavers,

é;rroves in the inner and outer armor wires at the ¢ ntactvpo'lnts. This .
gven St ?-[O-Sl contact hetween ary 10{ wires in the same laver, hi edmder tension and
causes strength reduction, leads to premature corrosion and may

arselerte gable fatigus failuieAlse dUe.{o.AnMIANLIBRS QhinteLstlialnner
spaces between the inner armor wires and the cable core, as the

armor wires. Poin( loading between armor wire layers 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

wircline cable is under tension the cable core materials tend to creep thus reducing cable

diameter and causing lincar stretching of the cable as well as premature electrical shorts.

(0008) 1t is commonplace that as wellbore electrical cables are lowered into an unobstructed
well, the tool string rotates (o relieve torgue in the cable. When the tool string becomes stuck
in the well (for example, at an obs(truction, 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 10 “birdcage.” Slack cable can also loop around itself and form a knot in the wireline



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

Rrematyre electrical shorts. (0008) It is commonplace th%@ ﬂg&\dk&;@ﬁqw
electrical cables are lowered into angunobstructed well, the tool string
rotates to relieve torque in the cable. When the tool string becomes stuck
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tension can cause tension differentials along the cables length, causing

dbrecarimosewiresiebl¢indoalyes) StackhcddsleCadatseetb dprafoundlitdetfsamdr
form a knot in the wireline WO 2006/075306 PCT/IB2006/050119 4 cable.
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"caging” In caging designs, a polymer ',qcke is applied over the outer
(écrcr%oP gvr\}ieraelr’t.1 %ﬁgﬁgg tf gggﬁ’e%) uﬁ(é%étfy %I\I/eraaclaé%%ﬁo alrcd?&%f layer of armor
wires, which is essentially a sleeve. This type of design has several
(orobjenis;, suchgagelivbrenihajacketds ddogagednharmied wels, flustdsoentesies
and arc trapped between the jacket and the armor wire, causing corrosion,
Ak SiEiEcarlTRigs! BEBURS BEReEuRsGatke tPitisay s URrBticRy Rt
catastr.oghlc falllljt‘rée. 0092 Alsq, urlngi\évfetlklltgore“gg)eratl ns, such as

IO Wire. COmnmaon e 00Ve 11 the si ellbore, .and as, pressure inside the
1650ing; in déviated welfs? Welibore ‘cabies "hake Signiticatit CoHtact With
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wire commonly erode a groove in the side of the wellbore, and as
presgurednsidethe melbtends toekeabhighendhanjptessuire apisigdatiheavalke
the cable is prone to stick into the formed groove. Further. the action of
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the grotective zigf coating from the armor wires, causing corrosion at an

e %zger%terél%ge ereby'te ﬁéﬁ%’g]f i& cable life. Thus, a need exists for

wellbore electric cables that prevent wellbore gas migration and
Thus, a need exists for wellbore cleciric 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 streich-resistant, crush-resistant as well as being resistant (o
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.



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 dlfferentlal stlcklng An electrical cable that can

R MM eINVENEIOMOblems detailed above while conducting
Iarger amounts of power with S|gn|f|cant data signal transmission

t Id b d d th d t at least
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is provided a wellbore cable comprising at least one insulated conductor
ex@mprising atsléast gaanetdiyercohduetotrmencases mrannisylatedjadked,

a layer of inner armor wires surrounding the insulated conductor and a
CPRJRTST Btar BrROPIWIPES SURRSUNERAGHEUIHS BSmiBRsRipERoa My and, a

p&o' menc,mal ecﬁ'a'og'e' erst’}l'eﬁ“se RAlial spaces formed;between t\!\)IrQS and

er armor wires, g"%h]e OUter armor wires and mierstitiar spaces
o Um@xdaﬁﬁévv@ﬁ&m IR RIMBLMRRRAGD IR IR ARG GARJUCERE, dRtethe
polymeric material forming a continuously bonded layer which separates
iranidieh capisulatethidhe armeor wiresdofommngethedmmenasiyobawiie! |&yer andh
the outer armor wire layer, wherein the polymeric material is extended to
STaHHea PIyATERTEIFREKRE PN TR BT tié?y@??if"’é‘i‘f?fo?’\fﬁ TR i outer
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jacket Is nde Wlth the c?fymenc jac]I%et 010 a) in embopd)r%ents of
athednyerdien. i wellbere elesttical cablRds pravidasholhie.caile tHophidas:ic
at least one insulated conductor, at least one layer of armor wires
jslierovmdimglitheutinsadate sl boodduetdthand yanpatyaeksic material disposed
in the interstitial spaces formed between armor wires and interstitial
spaces formed between the armor wire layer and insulated conductor.

(o503 218d£RRAY GRS MG I om A RULAINPLNE R G vided. 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 polyolefins, polyaryletherether ketone, polyaryl ether ketone, polyphenylene
sulfide, polymers of ethylene-tetrafluoroethylene, polymers of poly(l,4-phenylene),
polytetrafluoroethylene, perfluoroalkoxy polymers, fluorinated ethylene propylene,
perfluoromethoxy polymers, and any mixtures thereof, and may further include wear

resistance particles or even short fibers.



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 materigkis selected from the group
consisting of polyolefms, polyaryletherether ketone, polyaryl ether ketone,
(496Iyip Hemy lenieo Bufideof po yaie red fidethple meutieted flerrveip e mer H oty srEs
of poly(1.4-phenylenc), polytetrafluoroethylene, perfluoroalkox oAym s,
”ﬁffﬁwn%%wghé BropsAe ¢ oeHitSForsthcky pbiFRTers, s ya&et
. mixtures ther : ther inch ist ticl .
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ninsHiatedpoeRduCtnE Gasmpitiaingceyennaetaticeeonshetatisoinres and outer
monocable configuration, encased in a tape or insulated jacket, inner and
aputewaemendiireriijierspaehr dumdines thiesinida s Ea1va et s e ivfstieed
material disposed in the interstitial. spaces formed between inner armor
G
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polymeri¢ material is extended to form a polymeric jacket around the

sQibterjaxeh ghanme s wirtsudike pelyedasiendtesatisnahd sobhosemandgial is
processed in such way as to promote a continuously bonded layer of

seiatedifiniT Hie poolymtenvsinatetien ys fate aedepdriherrdgrbeiprconeistimpester
polyolcfins, polyayletherether ketone,.polyaryl ether keton i
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fluorinated” ethylene propylene, perfluoromethoxy polymers, and 6 any

eMixs@sofyeieofeehdrmayhiugtipelyineludadwear 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
antNRISANE BXi®AS D e ipSulaie dnaendueioFe{010tPaAilges diseloslbis fibers.
method of preparing a cable wherein a first layer of polymeric material is
Alextrudetiuptrt distosst apemdriba astesherietoriarehethsordopinsito i, bended
layer of inner armor wires are served thereupon. The polymeric material
witdheReNBRisHtstied, by heating for example, to allow the inner armor
wires to partially embed in the polymeric material, thereby eliminating
(onsersitialspageshatwashithepalyaansimaterial andihenarmertiiiasude
second layer of polymeric material is then extruded over the inner armor
inikes] aroddurians ydidordecbwith telfirguidgarof potyendrptasalisrigdsigns. In
layer of outer armor wires is then served over the second |
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and removing any interstitial spaces between the inner armor wires and

cougr@mor 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.

(KRS tp )Ry hitFRI b ,sraeaéal@5dﬁb&nﬁlﬁ&ﬁaééwiﬂwm@§m8meflc
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resistance. isclosed herein are methods of using the cables of

ithe ipventigrinseismic anduwallbateoparationscint Hdingdaggingiened, by
operations. The methods generally comprise attaching the cable with a

hwelibdre toahaikd dedloyitly such mteawieidorear Tl welisbit haypdymeric
may not be sealed. In such methods, the cables of the invention m
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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 wellbore 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 tubulars, and differential sticking. Also, the



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 undérstood by reference to the following
cabsciiptamiakendenaajunatiosr withpibeaceompanyiag biraplingscables as
00015) FIG. | is stylized a crgss I ric representation of
%%?esgalggroera r?lgﬂga%tc()y t eg?ﬁ?}gl’%lo\l’ﬁ% 3%8?%3%?%? 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
pRgeersigieihieniprentiopRAAGLBKFIG. 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
(@Op Te snacotite njacke tfdaeddfitorre Grpoly i diic iPlateniaessd etk an &
outeréacket surrounds a polymeric material layer that includes short
ABERSIEI 0GB E ?@0@?§‘§18ﬁ)@§‘§8§fronal representation of a cable of the
invention, which has an outer jacket formed from a polymeric material
(Bo6lugling sheridibers: andudasadneRHIekHARRLBHIEOUMIS acBeimatehe
material layer. (00021) FIG. 7 is a cross-section illustration of a cable
iaeoording to the invention which inciudes a polymeric material partially
disposed aboutthe outer armor wires. WO 2006/075306

(EO%FJ)I %?801?49 gos 1zed8 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

includes a polymeric material partially disposed about the outer armor wires.



(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
wisstiRnwhigh illustrates a cable which includes a coated arlpg{n\ﬁ%gg/d'gblw

the inner and outer armor wire layerg. (00024)FIG, 10 is a cross section
illustrating a cable which includes filler rod components in the outer armor
(A6 AAS 2616 RS 830E BC B T 11E g deA fopipy armor wires
%‘&%BJEJ&Q%Q a}jéﬁE INVENTION (00025) lllustrative 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
(00 DEE appreciatesethiat inithe develepmeriilofvainh Sudhdactuabated armor
embodiment, numerous implementation- specific decisions must be made
WA h Y BB BEYY SifediiErYoals, such as compliance with
system related and business related constraints, which will vary from one
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development effort might be complex and time consuming but wou
inevecthelessvheaysputine 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
“?ngbg%f,g the invention eliminate the problems of fires Ot‘l)@l(ﬁpz%lgp&mw

ue to wellbore gas migration and egcape through the armor "wiring

blrdcam stranded armors, armor wire milking due to high armor, and
DEESRERMESCRIBHON-OF FHE INVENIIGN the invention are also
stretch-resistant, crush resistant as well as resistant to material creep and
(BP&TeHtisIatickinge @002y S bt shtihe mvdasioivgebroallyiindhu deesest of
least one insulated conductor, least one layer of armor wires surrounding
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formed 10 between the armor wire layer and insulated conductor.
ingehaiedicrnddeior sssatul invhecembodimensahthr iaveatiopdnalugels,
metallic conductors encased in an insulated jacket. Any suitable metallic
pohausoPSaayiie wseo Eiradplébusihmetsiiciconstiorsymdiods vt fare
not necessarily limited to, copper, nickel coated copper, or aluminum.

BrcAPIERCHTLNIG BRI db Pk PEGRBITEIFS. PohARCBRyIstsamment
armbenefmeallis conduetorsmay B vsed 4&29&{51' gdbe insylated. aing

conductor, preferably from | to about 60 metallic conductors are use
foraespoetedalaly kil s @ a7 nnaialiec savduatons drssiated jackets may be
prepared from any suitable materials known in the art. Examples of
suitable insulated jacket materials include, but are not necessarily limited

@0%%?@%%6%&%@%Vﬁ@lﬂﬂﬁ%@ﬁ%%ﬁ%}fé{ﬁ@?ﬂﬁ@%ﬁ@p{w i yame, as
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trafttiorcethylene polymer ( ferie-propyte

cRPabRar{ERG: RAldmaiRvldsPanieRe) (T BNk avalakl %ffrgaﬂuwgﬁuhg
Chemicals, Inc.), other polyolefins, other fluoropolymers,

thohparyletth esethéttkatdne potyimer (RERHopobpplenyic febsulfiderdalymar
(PPS), modified polyphenylene sulfide polymer, polvether ketone polymer
PRI IEed A AR TREYRe BT e P BeRSER(A SRIPYSOAM B ation

a(nc? Igsg%gf%l[g,g 18 Olys we%l 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 torgue 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



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 thereofy (00028) In some embodiments of the
invention, the insulated conductors are stacked dielectric insulated

betwred Libtoranevitivies| doteicafie|ihsigspstessihigieh dradaigdstrslusioen telth s éhe
used in the cables described in U,S. Patent No. 6,600.108 ur, et al.).

eGSR Be AR RIS MRS YR oAt S e dﬂ;?‘?r%‘c‘féMeg%??’rl%"‘tt A

sfatngIRckERIRR! HIRROSR ARG NG MR ORNRUG IR hre
the first insulating jacketlayer has a first relative permittivity. and, a

noveRRAdInsulating Bcketjayaidisnosed asppinddhafifrstins watngjaskellic
layer and having a second relative permittivity that is less than the first

carelative pervptiivitgndieifir Y hielaty euparmittivityrisfwiekithiacragieggonst mbobt
2.5 to about 10.0, and the second relative permittivity is within a ran(t};e of

usgdtforns Bpdursie! wedsBoensrEYds BeThiEHeeIe801HY!q gonductors
arl gt e ISR AREOrcing o e INeBHON B IS, At

least on r
armor wirés surrounding the insulated conductor. Rﬁgja&gg%gyb% p%

gared
e’armor wires m Yy

96 ggneraty Made-af gRwhighndensisteagthsmateriakine diog: kRt

necessarily limited to, galvanized improved plow steel, alloy steel, or the
inkkele | Bypreterse deeshogimernis ©f tyicdhtiortihyailesedbmpnistdninjieibgr

armor wire layer surrounding the insulated conductor and an outer armor
polirestadF Ade mrstiaroatientiatansned dsiofivke legfeetaligparebyizae polymer

olymeric coating may be applied to strand of armor wire for

R b R G
p@w&l-Eﬂamly{xaﬁél%‘emﬁsf%yﬁm%@@ thednierstitialSPaceS ufs He8efins,

herein. the term bonding is meant to include chemical bonding.
otiechanigalpandingiyer amseombisationdiereof Examplégaihsaatinglfide

materials Which.may be used include, but are not necessarily limited to,
pélyoroBRThensdified rinbddrettndsniidy opliase PREM)CHERIPHR 9 etsy IEHE).
maleic anhydride modified polymers, Parmax® 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 like, 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.



tetrafluoroethylene polymers (Tefzel(c)), perfluoro-alkoxyalkane polymer
(PFA), polytetrafluoroethylene polymer (PTFE),
wiepliRiadiggroethylene-perfluoromethylvinylether polymer 3dEAkr006/050119
polyaryletherether ketone polymer (REEK), or polyether ketone polymer
PEK) with fluoropolymer combination, polyphenylene sulfide polymer
ORBEICHS ST e Lom HACh, TS oF i Borabatige i ie e
SERCRARDE WRAMAYAER BE RIRGH W DIGHAS O LRYISIAR of any high
protection or even to promote bonding between the armor 'wire and
tpelnesigmatecial honlinitng fxamplesinf sditeble, plaing saaigraled plow
include brass, copper alloys, and the like. Plated armor wires may even
steskoRilauietsehotitke dibked 0 YeHileed rpnbeffisetive othibk inesstion ptalting comprise an
coating material may be used, a thickness from about 10 microns to

G GO0 AR SWTSRRREHEall (46T SOTTHTL M Xt NAYT AFR Y P sader
de.interstialRRanss: Rsaﬁlanﬁgicpe%?&@c@&mﬁym&&ﬂ%gi MErSHialica o

spaces formed between the armor wire layer and insulated coniductor,

MdhiledheoCurmentinyanticrisiopppasticiady Reungdbyanyspegiieiween the
functioning theories, it is believed that disposing a polymeric material

arougho e apimoriresscrredsitisddspabeniastinnfifeccatrnuisaddapsy. the
amonﬁ other advant_a%es, prevents dangerous well gases from migrat_in%)rn

AU ERAY i R S eLe Ao PR v AN e
ARWEF, %ﬁﬁ)“l&a oW&t%@%ﬁ%@%%ﬁ}?M@ g&Q 9&/(9 ll‘f_’r%lu]dg &g X}’Q gg?trli]%cessaﬁly

becomes a fire, or even explosion hazard. In cables according to the

linveation, theopsmasvirgsoaraartialiv e cammplatelyrsealeafses, etylene-

polymeric material that completely fills all interstitial spaces, therefore

tetfiefivaciieyangy conduiess for(gelgatigratiorilucrtiersinidorporatihgrea  (PFA),
lymeric material in the interstitial sg,aces provides torque balanced two

PR SR Bl VA FronS G F RIS WY P R B Biher
@W{Qﬁﬁﬁ?ﬁ Y AIRUSR ROV ) ggé%e%%é%g %rfaﬂgamﬁ}eerf% A& N ymer

required in the outer layer, thus mitigating torque balance problems:

Aorjtionaliuse e tiessiiahsRaspaced: calseI AP, fintdsamn
PC'?FrI]Enc?;mbination, 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 malerial 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,



infiltrate and accumulate between the armor wires. The polymeric material
may also serve as a filter for many corrosive fluids. By minimizing
c@)%%l[. the armor wires and preventing accumulation qf&ﬁ{ﬁg%g% 0 119
flui e useful life of the cable may be significantly greatly increase
(00031)Also, filling the interstitial spaces between armor wires and

i oG PR A e OB R ORI SO G0A d8 GOt aRpRORARE IR isaifiskmgion. the
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strength, ext premature a mor wire

19@959%@gba@e%ca&%eo;@almiﬁmg@lﬁaﬁ@%%ﬁgﬁu%qgt!agofﬁab&%@rﬁd&pmaung
completely contained and creep is mitigated, and as a result, cable

adiainetersnareriai ickheroresstabhpaaroproalile stupkchaisnsignificantlyr wire layer
reduced. The creep-resistant polymeric materials used in this invention
q%ﬁgﬁ niPfitnie Ve ER9e PViFF viEs Upsled ﬂrg%larédaﬁ@%c;séwéﬂwghaft@mw
Lo s Sl LB ma o e
Secondly, the po ymeric material also may eliminate any annalar pace

JReavRickuthe cablessesenmightathenwise mr&seogﬁmga@&%@md@cmﬁm

invention may improve problems encountered with caged armor designs,
isiiicewthedpolyméric mateniaheacapsuikatinghthemaoe wikesahayy BBo serve as
continuously bonded it cannot be easily stripped away from the armor
fiHes [ sy s pRby e HiIe s BE SR BEFIRSTBOTRPRiGA W@f@h@ﬁrﬂ%ﬁﬂw

i sPyerage (O3 8% et tohe pelniained catl srengin ey net
d

Be"Sactticed in app ying the po ymeric maelai*as 8 mpar
sagsdarmor 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
PERIpIroHpIHE)E dihdrpoNislefiress pelyeryethareitmsraketena (PEBEKner and
olyaryl ether ketone {PEK) polyphenylene sulfide (PPS), modified
%‘ 5 BT L A B8 I BHS 67 BRSO Bt PARRIB SRt GRa ey mor

QQ&’,W@S 1%rovmg 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.



poly(1,4-phenylene), polytetrafluoroethylene (PTFE), perfluoroalkoxy
(PFA) polymers, fluorinated ethylene propylene (FEP) polymers,
wRPNiRsdlgeroetbylene- perfluoromethylvinylether (MFA) polymeESvoe/0s0119
Parmax(r), and any mixtures thereof; Preferred polymeric materials are
ethylene-tetrafluoroethylene polymers, perfluoroalkoxy polymers,
(ﬂﬁ%ﬂ%&a"é‘ﬂ?ﬁ%ﬁ@a&%ﬁ/}é & JbRRRERCs A dhp Syttt angimiting
&SH&’@O&?&%{%&’ '&X&%@?EP@'XFL%@WQ%%% ?E&%Pﬁ’dxg}gﬁ%,f‘é]é‘fﬁagﬁwa%ﬂler

in cables of the invention may be disposed contiguously fro

iaswatedrondisian todhe owermastiay aloBihakMAmWIkesider (PRY) e¥RAified
extend beyond the outer periphery thus forming a polymeric jacket that

redrpiptetiehe envtadesiiznzamnor wikplsnerisagiotynetntematEfiBEformimgedeof
jacket and armor wire coating material maré be optionally selected so that

P &R WS, aPEHISH YIS ¥ tind Cdir ndvE Witk e JoKymentymers.
é%%%m%xooo%éw »ﬁonicp‘%ﬁf@%me'}?ﬁﬁ{ the I&F\fr%yson' 10 PRV ylgne-

material may not have sufficient mec anicefl ope’rtles to'withstan

RutefosRMRIBSSHR KEeS) 3% NB-aPISHSx ®UHRH o fOr BXamP @ RYL Preferred

sheaves, and as such, may further include short fibers. While any suitable
fitherstimanaibaaised tolplondidepliopertiedesuffidientrto withstaalteycholymers,
forces, examples include, but are not necessarily limited to, carbon fibers,
seriiads, caMRRE fiberdORENAr(r) BERESyectdi(r) fibeRLeEiRitypethylene-

pner 1%?9&1@81”1&{ a r suitable material. Further, as the friction for

ot
polymeric ate}ﬁ%rt}}s/cl 8'166‘3%59 short fibers may be significantly higher than
that of the polymeric material alone, an outer jacket of polymeric material
witzourtshoiy fiber snmaal beeplaced argunditheooterap e dheoycottheguousty
cable so the outer surface of cable has low friction properties. WO
BODaRo 783t CoTAEPD06/050AT™MeE (8003 ) TR HBIheticinafalextend

used t&)l form the I%cglxmeri?o{gcket or.the oute{(e!ta&ket ofpciables

beyond the outer peri thus ing a polymeric jac at 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 some 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, Keviar®
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.



according to the invention may also include particles which improve cable
wear resistance as it is deployed in wellbores. Examples of suitable
wgHiglasdaglude Cerameriv, boron nitride, PTFE, graphite, 9?%9%‘%%%”
(such as nanoclays, nanosilieas, napyocarbons. nanocarbon fibers, or
other suitable nano-materials), or any combination of the above.
RSB0 A ABERSHE Mt T HVHBRPHRER A hV B GBS cabls
AT SRIAGEH I COMRAAIMAA VSR 1 ﬁr&%a&%% W%}/ REstance as
comprised of the same material as those polymeric materials escnbedﬁ
ibereipRPeVR. WdlisoraayERelbIen Brv R e Ghe DAl ARGRIDY o HeHIoINGOBR nitride,
strength, weight, or even size of the outer armor wire layer, while also
groeiaphi thenbompditigcof tiehpedyrmeritynateniedtoath exwterbansmorwiggbon
layer. (00037)In some embaodiments of the invention, cables may
S pH S S TREEF O - B AT SRR RO R 1o%sire layer. In such
cables, one or more armor wires are replaced with a filler rod component,
\ybieh) mskdneldeenbundie s ofnthalicilona fib&is QiR Aler WS placed
The synthetic long fibers or long fiber yarns may be coated with any
suitableepolymersireincllidingdipsagyotymenprivdtefisls descnilpedial as those
hereinabove. The polymers may be extruded over such fibers or yarns to
PSSt Poltnky FFtRe PonamMaTe jadkist MltdsiIsPHIE niaiiurubghece by
rovide stripping resistance. Also the filler rod compone ace

l%d cing the s@ 1 (g W 1%1[ or gven §ize o th Ouler anmor w1req1a er ngllse gﬁ'gllm roving
wires, t6 f dr

outer armor rque balanCe between the inner and outer arm

WG IR%E %f%@%d‘!&ﬁ@ﬁ& Re&nhaneedyLQP038)5akigs, according to the

invention may be of any practical design, including monocables, coaxial
cables, quadeables, heptacables, and the like. In coaxial cable designs of
POV oo, cnpidiaknysoff e taliin ¢oh dadksrasu pmmidetheliagutatedler rod
conductor, and are posijtioned about the same axis as the insulated

CBPRIIEROH: RisH 8 ay BAbIBS BT AL SRR R Ha AL EdReltfctbrd™
May-fUBher Re.e0casEin.2 a8, Al TRIEr B NGULING o tAEIRRE 1one fiber

disposed around the insulated conductors, may he selected so that they
yithd onelsyaliemically imaeh/ or eag chanjealtynwtbeeagboine e ablesfdheers,
invention may have an outer WO 2006/075306 PCT/11320061050119
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, 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



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
worhiRgAgnsulating layers and the polymeric materials usgg#idh&e/0s0119

cables according to the invention mgy further include a fluoropolymer

additive, or fluoropolymer additives, in the material admixture to form the
FARIET SRR ARAY He BERRRMS SIS SHE Cabia et g™ 0
ag&g Quality at high manufacturing speeds. Suitable fluoropolymer

dditives include, but are not necessarily limited to,

polytetrafluoroethylene, perfluoroalkoxy polymer, ethylene
(t80ztfiubroetlryignéocopelmesufivop nates athiiemelyoropybengials used in the

perfluorinated poly(ethylene-propylene), and any mixture thereof. The
Fhstopivitiag; Malial8 BECopsymetacs s kirdfudrdatigreliagngdditve, or

thylene and
Ttmlsc

pronally,a tird comonormor, CORNIETS O oivec) may b
etra cthyleng and vinyfidenc fidoride and optionally & thir

£eMADYREeL.CAREIVIBRRQuENoIRifareethvieneand SIvIe NE.a1d Suitable

optionally a third comonomer, copolymers of hexafluoropropylene and
fatwlemerandddjtien akkjudhiroht comoen amessagiydioapdl yomesly efrafluoroethylene,
hexafluoropropylene and vinylldene fluoride and optionally a third

REGHERIBHEEY, TRE Mefor S15I5AA eteBREERRS BRERAd 9avRBe melAGNpEAKethylene

temperature below the extrysion processing temperature, and preferabl
g R P SOOS B A R0 Hrep B e tre
ﬁh&&%&@@')ﬁé&%@ﬁ@%ﬁo@ﬂ%&%@ t%%&%é%l@ﬁé‘&glé _ QhPOHINEIS o
material, The fluoropolymer additive may be incorporated into the
@dinixtursincthemnyount diiabdubbetrylord ess Byyieight lnase dndpgndodhy a
weight of admixture, preferably about 1% by weight based or less based
6 K IBeAPRIGIPOY BET B RO R B RO ER AL G BIBYIET: 7894 piiqedly a third

based upon totri\l Weigh$ of admixture. 90040 Referrineg now to FIG, 1, 2.
COMONONKL, . CO mers = of hexa uorio ropvlene and ethyleng an .<I;Ht1o ally ' third
cross-sectional generic representatiorr of some cable” embodiments

AF6HSiRG 1ndbs-iyentiorkhe.caples RRUAE ASRERMLORMBICH optonally o
comprises insulated conductors in such configurations as heptacables,

imehaooabkasccoaxialeaghleseondditive should have a melling peak temperature below
the extrusion processing temperature, and preferably in the range from about 200°C to about
350°C. To prepare the admixture, the fluoropolymer additive is mixed with the insulating
jacket or polymeric material. The f{luoropolymer 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 o 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



even quadeables. A polymeric material 108 is contiguously disposed in
the interstitial spaces formed between annor wires 104 and 106, and

Mﬁ{;ﬁ%%ﬁgaces formed between the armor wires 104 and%‘flﬁ?{%‘/o-g 1919

polymeric material 108 may further igclude short fibers. The
2006/075306 PCT/IB2006/050119 16 inner armor wires 104 are evenly
IS CERWHERS dADRSE FFGUnIFRE abre sedrraatiie S 16 arern pges
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ateria may ex eyon € outer armor wires orma

Rlymesicircksbiausfosmings: RaMesic enepsearakle 20Q (ARA4IIR, o

one method of preparing the cable 100, according to the invention, a first

palyercot qpodyaheridern@terial 108 is extruded upon the core insulated

conductor(s) 102, and a layer of inner armor wires 104 are served
lymeric_ material 108 is then softened, by heating for

, Th ‘ ‘
e bl e i 0 1590 B BATAR) s o
RANMErGmateral L 98- fher ghy, slimipating.grstitial. gaes 1'35}%%?159& of

polymeric material 108 and the armor wires 104. A second layer o

ipady meric wirade takk08rigdhencapdil dae pyvahdhe innen aonaradestkidi, vy

and may he bonded with the first layer of polymeric material 108. A layer

lsptoater exenolowiréBor 08 dreetlhanoseivesd Gvierctheeé petiatlyl aye thofpolymeric

go[f}/mle]ré% material 108. The softening process is repeated to allow the
bitear

o iFes 108 0" MISEY Yoy IRtes HE° BUEBRE Ay B 108 and the
pelymaric m@twi@e'c&%wdofga%m mmﬁ&%ﬁ@&%&%%ﬁﬁd%&%yae&eﬂﬂ&er

inner armor wires 104 and outer ‘armor wires 106. A third layer o

pokmers 1wdediald Q8 1Snibe wiaxikt ded iIoue b ihRiortek almeEWIneSALQGer of
embedded in the second layer of polymeric material 108, and may be
Bmdedion itrah 0§ eco idr ageed P ol esdenth iisrial POSIOR0URIFAGL0B,; The
illustrates a cross-sectional representation of a heptacable according to

THEPIHGSRIRSHT. 'STATAF oL AN 160 IR0 1 HbvpreLblac te
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heptacable configuration. A polymeric materia

inner armor wires 104 and outer armor wires 106. A third layer of polymeric material 108 is
then 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



208 is contiguously disposed in the interstitial spaces formed between
armor wires 204 and 206, and interstitial spaces formed between the
WHMRE LSS 204 and heptacable core 202. The armor Wiresl,%%ﬁlagﬁ/%g)(ﬁm
may be coated armor wires as well.{¥he polymeric material 208 may
_extend beyond the outer armor wires 206 to form a sealing polymeric _
FatRBRIHHth&F CaBId AN SORAHTENT GREHEGHVERtBRHE S WK F in RRGolmeric
MIEH 5 AGL0RSBER YRR IERIGPRIOR QLA fRRNeFable- TNG GaBlE 4 4ng
includes a monocable core 302, a mgfe Insulated conductor, which'is
Sirerndecwitha pelymeditmgedalants thesingleinstlaied capdusiana
WO 20061075306 PCT/1B2006/050119 17 is comprised of seven
inveteadlicconhdigetdnd. divcazedrisrianmingidaféd jackekicidegolydribeiouter armor
material is disposed about in the interstitial spaces formed between inner
HRoPWitde 3@ A%alRe YSKEFHicFvires 306, and interstitial spaces
formed between the inner armor wires 304 and insulated conductor 302,
dhepeimmenicmagrirl 3macxdand: ReYRNEVhe AUIRK A RArc MBS able.
306 to form a sealing polymeric jacket. (00043)FOG, 4 illustrates yet
Gabbthaeredinpdirhie rtnbbdhecinwentiernwhithes achaxialCablee Cablesiar o
according to this embodiment include an insulated conductor 402 at the
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Mgggg%ogt@etalllc cfptnodHctors 404 surround the insulated conductor, an
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formed between armor wires 406 and 408, and interstitial spaces formed
fostabnvtbe armorwinise®el 06l a0el phdralitysofimetaticteardweteesddd armor
The inner armor wires 406 are evenly spaced. The armor wires 406 and
HOE ARyepe Reatey Hrgrlidreq drsiecptimencmataregr X10say srtevedly
beyand_the outer armar wires 408 tq form g polymeric jacket thus _
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Anyentianhers she RolmeHic.Ratetah @IS ds Re¥ARtk e jacket thus encasing

and sealing the cable 400.

(00044)In cable embodiments of the invention where the polymeric material exiends 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 and/or 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 insulaied 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,



the outer periphery to form a polymeric jacket completely encasing the
armor wires, the polymeric jacket is formed from a polymeric material as

wiesriiheg@bove, and may further comprise short fibers ang|of, RalicIES 110
Referring now to FIG. 5, a cable acgording to the invention which

comprises an outer jacket, the cable 500 is comprised of a at |least one
Uit 16'é6h 8@8&5?_ %f%&’é& n?"_ﬁ%abé’afﬁ_e Poditichies PorinahcamatEdr™
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armor wire layers 504 and 506, and interstitial Spaces formed between
sthagrmanaviigs 504 and insulated conductor(s) 502. The polymeric
material 508 extends beyond the outer armor wires 506 to form a

olymeric jacket. The cable 500 further includes an outer jacket 510,
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ormed from a polymeric material, Tree of any
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particles as described hereinabove, so the outer surface of cable has low
fmickdvquroperties: Furtheyertt@palyirem dtemraitsDHmeayicorthintaehoht
fiber to impart strength in the cable.éOOO45)FIG. 6 illustrates yet another
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including short fibers, C 00 includes.at les ne insulated.conductor
bé)é%ﬂ%g] Hgﬁou Cr armor Wl{es (?6%]?0 §orm ag?lllélélgrlg dacel\e%.tﬁle callge %@) mc uge% an outer

e core, a polymeric materi ntigliously disposed In the

jiiergliiad sRacesnpsmacibaie RN BIMAL Wikes|ay 8ls S0, and L8 ;R0d 610
interstitial spaces formed between the armor wires 604 and insulated

iedorthedtor(s)682yiidie pelymeicimatendhé&O8imayiextedte pelyordctheicrial
outer armor wires 606 to form a polymeric jacket. The cable 600 includes
0 Bataryeraketts fi5e BoMHRWith poNrTidshaterial 608, and encasing

the cable, The outer jacket 610 is formed from a polymeric material that
@RANGINIRS SR LARRE R I e PAMRHICHD R IAL- 08 By QRURR A RSy
free of any short fibers or particles.

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



(00046;)In some cables according to the invention, the polymeric material
may not necessarily extend beyond the outer armor wires. Referring to

wd Shoéo¥éBigh illustrates a cable with polymeric material pargigiydisRAse o

about the outer armor wires, the calpe 700 has at least one insulated
conductor 702 at the core positign, a polymeric material 708 disposed in
T 5 DYoo B Sl AR P S5 88, it rmor
Jaierstisiahspages fomes pRtean (e N0LT ALIVISR T84 of ammor
insulated conductor(s) 702. The polymeric material is not extended to
vafastantially 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

oSS R aRiPRdn et Afehi b SR deiLPHHbREDE BoiaRG IR Hise Angheer
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strates a cable which includes coated armor wires 'in the oute
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the core position, a polymeric material 808 disposed in the interstitial
dEpacesian anrst wirge@04and 866, WAdidtedstitial spagesnicimadterial is
between the inner armor wires 804 and insulated WO 2006/075306
PEFAB L0DBHBED0res T FHARICEH AE)8 02 T RROPSINR TR AP AhEteriaieket thus
eétggdgrgdtsoe ﬁglb%ﬁgggﬁleléo%ncase the outer armor wires 806. The cable
uithe comprls%s coated armor wires 810 in the outer layer of armor
wires. (00048) Referring to FIG. 9, a cable that includes coated armor

wina9)Rehotingnoen andooutemnianeeddpedaye sy Sk andi il heakl€189Qod
is similar to cable 800 illustrated in FIG. 8. comprising at least one
IpRIDPaRaY dbgLRToP oo ditbie Cdre pYitinpiudepolypagrieriatalbgigogductor

' d in the interstitial spaces, armor wires 904 and 906, and th
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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 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, 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.



(00049)Referring to FIG, 10, a cable according to the invention which
includes filler rod components in the armor wire layer. Cable 1000

“';Bc#mﬁ%east one insulated conductor 1002 at the core 9’%511}195‘002/050119
po

ymeric material 1008 disposed in¢he interstitial spaces and armor
wires 1004 and 1006. The polymeric material 1008 is extended to _
(b rrifiiaty2e90e48e thBoliter MBS sO 08 Mate s dapfssiiptReorm
incl s filler r ompanents 101[ in tlhe uter layer of armor wires, The.
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and polymeric material 1008. (00050) Cables of the invention may include
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paths to ground for downholc equipment or tools, The invention enables
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one armor wire in the first layer of armor wires thus enabling their use as
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however, to cables having only metallic conductors. Optical fibers may be

wesethinoradestitreibarisoptical data signals to and from the device or
devices attached thereto, which may result in higher transmission speeds,

ata loss, and higher handwidth. WO 2006/075306 . ,
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penetrating geologic formations that may contain gas and oil reservoirs.
usbe ableshandypbgsuge chtarintareonnasiwellfiloggingstaelsn&uch @& absolute
gamma-ray emitters/receivers, caliper devices, resistivity- measuring
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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 eliminaling 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



subsea and subterranean seismic operations. The cables may also be

useful as permanent monitoring cables for wellbores. (00053)For
WElIRees yith a potential well head pressure, flow tubes Witpcqr/?ﬁ‘z?ﬁs/w)119

pumped under pressure into the cognstricted region between the cable

and a metallic pipe are typically used for wellhead pressure control. The
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c%&%@é?ﬁl@@e ugsﬁlljarebg Eg) SAGLOSs the flow tube length. The grease pump
pressure of the grease is typlcally 20% greater than the pressure at the

wellhead. Cables of the invention may enable use of pack off devices,
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contain wellhead pressure, thus minimizing or eliminating the need for
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and complexity of grease pumps as well as the transportation and
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of grease imposes environmental concerns and must be disposed off -
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elimination. (00054)Cables of the invention which have been spliced may
eoyspd: at:aiwell sHeor&ingsiéhentrasitional degriserseni i idtiizes metalligeir
flow tubes containing grease with a tight tolerance as part of the wellhead
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2006/075306 PCT/IB2006/050119 21 friction seal pack off equipment,
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smooth, or slick, on the outer surface, frictional
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 tubulars 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 b," or, equivalently,

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



forces (both with WHE and cable drag) are significantly reduced as
compared with similar sized armored logging cables. The reduced friction

wiionlid pake possible the ability to use less weight to run the caiRis, i3 4861 19
wellbore and reduction in the possihiity of vortex formation, resulting in
shortey tool strings and additional reduction in the rig u height ,
SRR PR S BRI o, O HISE RO B ERHA e o
v‘é{[lleé'ﬁf?c@x'm%]ﬂ%%ﬁw&k’i%ﬂQ&gﬁ[‘ﬁé‘?&% DCORSEIEWCAMNGERYS, 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
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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 layergf 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 betweedithBMiSner armor wires and the insulated
conductor, the polymeric material forming a continuously bonded layer

We Glith 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

1. Agyisiewiveldepemnpanituter jacket disposed around the polymeric jacket,
wherein the outer jacket is bonded with the polymeric jacket 2. A cable

at 1%%33‘%05‘?3'4”%&8&49'% 1d1%?§r%b%tg%%ihgsgﬁ%%‘3t C&%"H}%@iw@ 3P & MUY o
of metallic conductors encased In‘the insulated jac et. 3V A'cable

msgedieRke any of the preceding claims wherein the insulated conductor
comprises a first insulating jacket layer disposed around the metallic
conductors wherein the firs .ins[HIatinlg '%cket Iayer hgls f first relte\tive :

a layer o J%%neli armor wires surro 11’1%I € NS at%( %cinduc o&an a layer of outer aﬁm?r WITeS
Berml Ivity, and a second instilating jacket layer disposed around' the Tirst

suripi\diag ey japRerTeriEicRRhving a second relative permittivity that is less
than the first relative permittivity: wherein the first relative permittivity is

a pé;’i’yifgl‘é%car{%&?a‘? 8fspaot§g<y 1tn21h e}‘gﬁgg%%gc]é(s) Qn%é‘&%@%é% i&et ri]nemar 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 ! 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.
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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,gonsisting of polyolefins,
polyaryletherether ketone, polyaryl ether ketone, polyphenylene sulfide,
modified polyphenylene sulfide, polymers of ethylene-tetrafluoroethylene,

4. APQME‘QE%%HQ b (g 9@@1@%&@&%9% ¥ipl afiHaroeiivens, RelHAre YK atic

ymers, flugrinated ethylene propylene,
COH‘S’&?@?%HTB P syt e}f‘)‘?—f‘irfﬁ.’ﬂﬁjt‘%ﬁﬁlé:-thyIV|nylether polymers, and any

mixtures thereof. 6. A cable according to any of the preceding claims

5. A"‘Q&@feeﬁac%ﬁu@{}m%“&f@B@t&@é@dﬁHQ@ﬁ{m@%Elréﬁpﬁméfvﬁﬁ&xﬁ@&s}ﬁa{%&% 1 is selected

particles. 7. A cable according to an oft e preceding claims wherein the
ﬁo%&Wﬁ%?f@n‘i&‘f‘é‘ﬁ%‘?ﬁu?fh%?ly&‘?%fﬁr@é’ TRETPRSEE. R eaBYHEE ST e
polyphyngletheyifiseedinifiefaintehehpiraimstifidarpobmwiras efylpre-evafied athybme,
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outer diameter from about |- mm to about 125 mm, 10. A cable accordlng
eth%“énf’@ﬂ’r‘?élﬁare??é‘&ﬁ%’@%l&ﬁﬁ?@ﬂfﬁﬁ@?@mmgﬁ%véﬂﬁﬁﬁ oReEFrofrd” a0y

mixgoespger@iit 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-tetrafluoroeth é%%ene perfluoroalkoxy

SRR OBEPRLS BT eh 36 BTG S TS MSTEH Sisy PORE PG gyisiig! further
n};umlgdsrmaraﬁdsmyemmm@s thereof. 12. A cable according to any of the
preceding claims wherein the insulated conductor comprises a
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 1

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.



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 cablezfgccording to any of the preceding
claims which has an outer diameter from about 2 mm to about 10 mm.

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.



