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COILED TUBING CONVEYANCE

(57) Disclosed embodiments relate to a pulsed-
power drilling system, in which a pulsed-power drill is
conveyed downhole and operated via coiled tubing. The
coiled tubing may be configured to simultaneously trans-
mit power and drilling fluid downhole. For example, the
coiled tubing may include a flexible hollow fluid tube
configured to transport drilling fluid therein, and a flexible
cable tube disposed within the fluid tube. The cable tube
may have one or more cable disposed within protective
tubing, protecting the cables from drilling fluid in the fluid
tube. Methods of making and using such coiled tubing
with pulsed-power drills are also disclosed.
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Description
FIELD
[0001] The present disclosure relates generally to

pulsed-power drilling operations and, more particularly,
to systems and methods for pulsed-power drilling with
coiled tubing conveyance.

BACKGROUND

[0002] Electrocrushing orelectrohydraulic drilling uses
pulsed-power technology to drill a wellbore in a rock
formation. Pulsed-power technology repeatedly applies
ahigh electric potential across the electrodes of a pulsed-
power drill bit, which ultimately causes the surrounding
rock to fracture. The fractured rock can be carried away
from the bit by drilling fluid, and the bit advances down-
hole. Electrocrushing drilling operations may also be
referred to as pulsed-power drilling operations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Embodiments of the disclosure may be better
understood by referencing the accompanying drawings.

FIG. 1 is an elevation view of an exemplary pulsed-
power drilling system used in a wellbore environ-
ment, according to embodiments of this disclosure;
FIG. 2A is a perspective view of exemplary compo-
nents of a bottom-hole assembly (BHA) for a pulsed-
power drilling system, according to embodiments of
this disclosure;

FIG. 2B is a perspective view of exemplary compo-
nents of an alternative bottom-hole assembly for a
pulsed-power drilling system, according to embodi-
ments of this disclosure;

FIGS. 3A to 3C illustrate three exemplary pulse-
generating circuits, according to embodiments of this
disclosure;

FIG. 4 illustrates an elevation view of an exemplary
coiled tubing system, according to embodiments of
this disclosure;

FIG. 5 illustrates schematically an exemplary coiled
tubing pulsed-power drilling system, according to
embodiments of this disclosure;

FIG. 6A illustrates schematically exemplary compo-
nents of an exemplary coiled tubing pulsed-power
drilling system, according to embodiments of this
disclosure;

FIG. 6B illustrates schematically a block diagram of
exemplary interaction of components of an exemp-
lary coiled tubing pulsed-power drilling system, ac-
cording to embodiments of this disclosure;

FIG. 7A illustrates a longitudinally sectioned eleva-
tion view of an exemplary coiled tubing embodiment,
according to embodiments of this disclosure;

FIG. 7B illustrates aradially sectioned elevation view
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of the exemplary coiled tubing embodiment of FIG.
7A, according to embodiments of this disclosure;
FIG. 8A illustrates schematically a longitudinal
cross-sectional view of an exemplary connector for
a cable within an exemplary cable tube of an ex-
emplary coiled tubing embodiment, according to
embodiments of this disclosure;

FIG. 8B illustrates schematically a longitudinal
cross-sectional view of another exemplary connec-
tor for a cable within an exemplary cable tube of an
exemplary coiled tubing embodiment, according to
embodiments of this disclosure;

FIG. 8C illustrates schematically a longitudinal
cross-sectional view of an exemplary connector for
multiple cables within an exemplary cable tube of an
exemplary coiled tubing embodiment, according to
embodiments of this disclosure;

FIG. 8D illustrates schematically a longitudinal
cross-sectional view of an exemplary connector for
an exemplary cable tube of an exemplary coiled
tubing embodiment, according to embodiments of
this disclosure; and

FIG. 8E illustrates schematically a longitudinal
cross-sectional view of an exemplary connector for
exemplary coiled tubing, according to embodiments
of this disclosure.

DESCRIPTION

[0004] The description that follows includes example
systems, methods, techniques, and program flows that
embody aspects of the disclosure. However, it is under-
stood that this disclosure may be practiced without these
specific details. For brevity, well-known steps, protocols,
structures, and techniques have not been shown in detail
in order not to obfuscate the description.

[0005] Electrocrushing or electrohydraulic drilling may
be used to form wellbores in subterranean rock forma-
tions for recovering hydrocarbons, such as oil and gas,
from these formations. Electrocrushing or electrohydrau-
lic drilling uses pulsed-power technology to repeatedly
fracture the rock formation by repeatedly delivering elec-
trical arcs or high-energy shock waves to the rock for-
mation. More specifically, a drill bit of a pulsed-power
drilling system is excited by a train of high-energy elec-
trical pulses that produce high power discharges through
the formation at the downhole end of the drill bit. The high-
energy electrical pulses, in turn, fracture part of the for-
mation surrounding the drilling tool and produce electro-
magnetic and acoustic waves. Typically, the pulsed-
power drill bit may be conveyed into the wellbore and
thereby moved and positioned downhole within the well-
bore by a conveyance mechanism. For example, the
conveyance mechanism may be drill pipe extending
downhole in some embodiments. Alternatively, coiled
tubing may serve as the conveyance mechanism.
[0006] In embodiments, certain components of a
pulsed-power drilling system may be located downhole.
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For example, an axial-field multi-armature alternator
power system and/or a pulse-generating circuit may be
located in a bottom-hole assembly (BHA) near the
pulsed-power drill bit. In embodiments, the pulsed-power
drill bit, axial-field multi-armature alternator power sys-
tem, pulse-generating circuit, and/or BHA may be dis-
posed at the downhole end of the conveyance mechan-
ism. In some embodiments, the axial-field multi-armature
alternator power system can provide power to the pulse-
generating circuit at required power levels, e.g., 500
kilowatts or higher. While the axial-field multi-armature
alternator power system (e.g. with power generation
downhole, typically within drill pipe) can be configured
to achieve the desired power output, e.g., the power
needed by the pulsed-power drill bit, the complexities
of power conversions can pose substantial challenges.
This may be particularly true in light of the size and
spacing constraints and/or downhole conditions when
power is generated downhole in a wellbore.

[0007] In other embodiments, power for the pulsed-
power drill may be delivered from the surface (e.g. froma
generator located at the surface) to the pulsed-power drill
bit and/or to the pulse-generating circuit (e.g. located at
the BHA). In embodiments, the pulsed-power drill bit, the
pulse-generating circuit, and/or the BHA can be config-
ured to be conveyed downhole via a conveyance me-
chanism, such as coiled tubing. Improved techniques,
such as those discussed herein, may be useful in effec-
tively delivering or transmitting power (in addition to dril-
ling fluid) downhole from the surface to the pulsed-power
drill bit (e.g. through the conveyance mechanism). For
example, all power generation for such systems may
occur at the surface and be transmitted downhole via
the coiled tubing. Embodiments of the present disclosure
and its advantages are best understood by reference to
the Figures, where like numbers are used to represent
like parts.

[0008] FIG. 1 is an elevation view of an exemplary
pulsed-power drilling system used to form a wellbore in
a subterranean formation. Although FIG. 1 shows land-
based equipment, downhole tools incorporating teach-
ings of the present disclosure may be satisfactorily used
with equipment located on offshore platforms, drill ships,
semi-submersibles, and drilling barges (not expressly
shown). Additionally, while wellbore 116 is shown as
being a generally vertical wellbore, wellbore 116 may
be or include any orientation including generally horizon-
tal, multilateral, or directional.

[0009] The exemplary drilling system 100 includes
drilling platform 102 that supports derrick 104 having
traveling block 106 for raising and lowering drill string
108. Drilling system 100 also includes pump 125, which
circulates pulsed-power drilling fluid 122 (e.g. drilling
mud) through a feed pipe to kelly 110, which in turn
conveys pulsed-power drilling fluid 122 downhole
through interior channels of drill string 108 and through
one or more orifices in pulsed-power drill bit 114. Pulsed-
power drilling fluid 122 then circulates back to the surface
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via annulus 126 formed between drill string 108 and the
sidewalls of wellbore 116. Fractured portions of the for-
mation are carried to the surface by pulsed-power drilling
fluid 122 to remove those fractured portions from well-
bore 116.

[0010] Drilling fluid 122 may have rheological proper-
ties for removing cuttings from wellbore 116. Drilling fluid
122 may also have electrical properties conducive to
particular pulse-powered drilling operations. Drilling fluid
122 may be or include oil-based fluids or water-based
fluids, depending upon the particular pulsed power dril-
ling approach used. Drilling fluid 122 may be formulated
to have high dielectric strength and a high dielectric
constant, so as to direct electrical arcs into the formation
rather than them being short circuited through drilling
fluid 122.

[0011] Pulsed-power drill bit 114 is attached to the
distal end of drill string 108 and may be an electrocrush-
ing drill bit or an electrohydraulic drill bit. Power may be
supplied to drill bit 114 from components downhole,
components at the surface and/or a combination of com-
ponents downhole and at the surface. For example,
generator 140 may generate electrical power and provide
that power to power-conditioning unit 142. Power-con-
ditioning unit 142 may then transmit electrical energy
downhole via surface cable 143 and a sub-surface cable
(not expressly shown in FIG. 1) contained within drill
string 108 or attached to the outer wall of drill string
108. While the drill string shown in FIG. 1 is typically
includes drill pipe, in other embodiments coiled tubing
may be used as the conveyance mechanism (as dis-
cussed below). A pulse-generating (PG) circuit within
BHA 128 may receive the electrical energy from
power-conditioning unit 142 and may generate high-en-
ergy electrical pulses to drive drill bit 114. The high-
energy electrical pulses may discharge through the rock
formation and/or drilling fluid 122 and, in some embodi-
ments, may provide information about the properties of
the formation and/or drilling fluid 122. The PG circuit
within BHA 128 may be located near drill bit 114 (e.g.
downhole and in proximity to the drill bit). The PG circuit
may include a power source input, including two input
terminals, and a first capacitor coupled between the input
terminals. The pulse generating circuit may include a first
inductor coupled between the input terminals with asso-
ciated opening switch and a first capacitor coupled to the
two ends of the inductor. The PG circuit may also include
a switch, a transformer, and a second capacitor whose
terminals are coupled to respective electrodes of drill bit
114. The switch may include a mechanical switch, a solid-
state switch, a magnetic switch, agas switch, orany other
type of switch suitable to open and close the electrical
path between the power source input and a first winding
of the transformer. The transformer can generate a cur-
rent through a second winding when the switch is closed
and current flows through first winding. The current
through the second winding can charge the second ca-
pacitor. As the voltage across the second capacitor in-
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creases, the voltage across the electrodes of the drill bit
increases. In some embodiments, the transformer may
be a segmented primary transformer including multiple
primary windings and a single secondary winding. In
another example, the transformer may be a magnetic
core transformer. The pulse generating circuit may also
include a first inductor coupled between the input term-
inals with an associated opening switch and a second
capacitor whose terminals are coupled to each end of the
first inductor and to respective electrodes of drill bit 114.
The first inductor may be an air core inductor or a mag-
netic core inductor and may generate the full voltage
needed by the second capacitor for drilling. The inductor
may be a segmented inductorincluding multiple windings
with respective opening switches. Three example PG
circuits are illustrated in FIGS. 3A through 3C, respec-
tively.

[0012] The pulse-generating circuit within BHA 128
may be utilized to repeatedly apply a high electric poten-
tial, for example up to or exceeding 150 kV (e.g. approxi-
mately 150-300 kV), across the electrodes of pulsed-
power drill bit 114. Each application of electric potential
is referred to as a pulse. When the electric potential
across the electrodes of pulsed-power drill bit 114 is
increased enough during a pulse to generate a suffi-
ciently high electric field, an electrical arc forms through
a rock formation at the bottom of wellbore 116. The arc
temporarily forms an electrical coupling between the
electrodes of pulsed-power drill bit 114, allowing electric
current to flow through the arc inside a portion of the rock
formation at the bottom of wellbore 116. The arc greatly
increases the temperature and pressure of the portion of
the rock formation through which the arc flows and the
surrounding formation and materials. The temperature
and pressure are sufficiently high to break the rock itself
into small bits or cuttings. This fractured rock is removed,
typically by pulsed-power drilling fluid 122, which moves
the fractured rock away from the electrodes and uphole.
The terms "uphole" and "downhole" may be used to
describe the location of various components of drilling
system 100 relative to the bottom or end of wellbore 116
shown in FIG. 1. For example, a first component de-
scribed as uphole from a second component may be
further away from the end of wellbore 116 (e.g. closer
to the surface) than the second component. Similarly, a
first component described as being downhole from a
second component may be located closer to the end of
wellbore 116 (e.g. further from the surface) than the
second component.

[0013] As pulsed-power drill bit 114 repeatedly frac-
tures the rock formation and pulsed-power drilling fluid
122 moves the fractured rock uphole, wellbore 116, which
penetrates various subterranean rock formations 118, is
created and/or extended. Wellbore 116 may be any hole
drilled into a subterranean formation or series of subter-
ranean formations for the purpose of exploration or ex-
traction of natural resources such as, for example, hydro-
carbons, or for the purpose of injection of fluids such as,
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for example, water, wastewater, brine, or water mixed
with other fluids. Additionally, wellbore 116 may be any
hole drilled into a subterranean formation or series of
subterranean formations for the purpose of geothermal
power generation.

[0014] Although pulsed-power drill bit 114 is described
above as implementing electrocrushing drilling, pulsed-
power drill bit 114 may also be used for electrohydraulic
drilling, rather than generating an electrical arc within the
rock, drill bit 114 applies a large electrical potential across
one or more electrodes and a ground ring to form an arc
across the drilling fluid proximate to the downhole end of
wellbore 116. The high temperature of the arc vaporizes
the portion of the drilling fluid immediately surrounding
the arc, which in turn generates a high-energy shock
wave in the remaining fluid. The one or more electrodes
of electrohydraulic drill bit may be oriented such that the
shock wave generated by the arc is transmitted toward
the bottom of wellbore 116. When the shock wave con-
tacts and bounces off of the rock at the bottom of wellbore
116, the rock fractures. Accordingly, wellbore 116 may be
formed in subterranean formation 118 using drill bit 114
that implements either electrocrushing or electrohydrau-
lic drilling.

[0015] FIG. 2A s a perspective view of components of
an exemplary bottom-hole assembly for a pulsed-power
drilling system. BHA 128 may include pulsed-power tool
230 and drill bit 114. For the purposes of the present
disclosure, pulsed-power drill bit 114 may be integrated
within BHA 128, or may be a separate component that is
coupled to BHA 128 (e.g. typically at its downhole end).
[0016] Pulsed-power tool 230 may provide pulsed
electrical energy to drill bit 114. In embodiments,
Pulsed-power tool 230 receives electrical power from a
power source via cable 220. For example, pulsed-power
tool 230 may receive electrical power via cable 220 from a
power source located on the surface as described above
with reference to FIG. 1. In alternate embodiments,
pulsed-power tool 230 may receive electrical power from
a power source located downhole such as a generator
powered by a mud turbine. In still other alternate embodi-
ments, Pulsed-power tool 230 may receive electrical
power via a combination of a power source located on
the surface and a power source located downhole. Drill
bit 114 may include one or more electrodes 208 and 210
and ground ring 250, shown in part in FIG. 2A. Ground
ring 250 may function as an electrode. Pulsed-power tool
230 converts electrical power received from the power
source into pulse drilling signals in the form of high-
energy electrical pulses that are applied across electro-
des 208 and/or 210 and ground ring 250 of drill bit 114.
Pulsed-power tool 230 may include a pulse-generating
circuit as described above with reference to FIG. 1.
[0017] Referring to FIG. 1 and FIG. 2A, pulsed-power
drilling fluid 122 may exit drill string 108 via openings 209
surrounding each electrode 208 and each electrode 210.
The flow of pulsed-power drilling fluid 122 out of openings
209 allows electrodes 208 and 210 to be insulated by the
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drilling fluid. Pulsed-power drill bit 114 may include a solid
insulator (not expressly shown in FIG. 1 or 2A) surround-
ing electrodes 208 and 210 and one or more orifices (not
expressly shown in FIG. 1 or 2A) on the face of pulsed-
power drill bit 114 through which pulsed-power drilling
fluid 122 exits drill string 108. Such orifices may be simple
holes, or they may be nozzles or other shaped features.
Because fines are not typically generated during pulsed-
power drilling, as opposed to mechanical drilling, pulsed-
power drilling fluid 122 may not need to exit the drill bit at
as high a pressure as the drilling fluid in mechanical
drilling. As a result, nozzles and other features used to
increase drilling fluid pressure may not be needed. How-
ever, nozzles or other features to increase pulsed-power
drilling fluid 122 pressure or to direct pulsed-power dril-
ling fluid may be included for some uses.

[0018] Pulsed-power drilling fluid 122 (e.g. drilling
mud) is typically circulated through drilling system 100
at a flow rate sufficient to remove fractured rock from the
vicinity of pulsed-power drill bit 114 (e.g. moving the
fractured rock material uphole). In addition, pulsed-
power drilling fluid 122 may be under sufficient pressure
atalocationin wellbore 116, particularly a location near a
hydrocarbon, gas, water, or other deposit, to prevent a
blowout.

[0019] In addition, pulsed-power drill bit 114 may in-
clude ground ring 250, shown in part in FIG. 2A. Ground
ring 250 may function as an electrode. Although illu-
strated as a contiguous ring in FIG. 2A, ground ring
250 may be non-contiguous discrete electrodes and/or
implemented in different shapes. Electrodes 208 and 210
may be atleast 0.4 inches (i.e., at least approximately 10
millimeters) apart from ground ring 250 at their closest
spacing, at least 1 inch apart at their closest spacing, at
least 1.5 inches (i.e., at least approximately 38 milli-
meters) apart at their closest spacing, or atleast 2 inches
(i.e., at least approximately 51 millimeters) apart at their
closest spacing.

[0020] If drilling system 100 experiences vaporization
bubbles in pulsed-power drilling fluid 122 near pulsed-
power drill bit 114, the vaporization bubbles may have
deleterious effects. For instance, vaporization bubbles
near electrodes 208 or 210 may impede formation of the
arc in the rock. Pulsed-power drilling fluid 122 may be
circulated at a flow rate also sufficient to remove vapor-
ization bubbles from the vicinity of electrocrushing drill bit
114. Although not all pulsed-power drill bits 114 may have
ground ring 250, if it is present, it may contain passages
260 to permit the flow of electrocrushing drilling fluid 122
along with any fractured rock or bubbles away from
electrodes 208 and 210 and uphole.

[0021] FIG. 2B is a perspective view of another ex-
emplary components of a bottom-hole assembly for
downhole pulsed-power drilling system 100. BHA 128
may include pulsed-power tool 230 and drill bit 114. For
the purposes of the present disclosure, drill bit 114 maybe
integrated within BHA 128, or may be a separate com-
ponent that is coupled to BHA 128. BHA and pulsed-
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power tool 230 may include features and functionalities
discussed above in FIG. 2A. For example, pulsed-power
drilling fluid 122 may exit drill string 108 via opening 213
surrounding electrode 212. The flow of pulsed-power drill
fluid 122 out of opening 213 allows electrode 212 to be
insulated by the pulsed-power drilling fluid. While one
electrode 212 is shown in FIG. 2B, pulsed-power drill bit
114 may include multiple electrodes 212. Pulsed-power
drill bit 114 may include solid insulator 210 surrounding
electrode 212 and one or more orifices (not expressly
shownin FIG. 2B) on the face of pulsed-power drill bit 114
through which pulsed-power drilling fluid 122 exits drill
string 108. Nozzles or other features to increase pulsed-
power drilling fluid 122 pressure or to direct pulsed-power
drilling fluid may be included for some uses. Additionally,
the shape of solid insulator 210 may be selected to
enhance the flow of pulsed-power drilling fluid 122
around the components of pulsed-power drill bit 114.
[0022] Pulsed-power drill bit 114 may include bit body
115, electrode 212, ground ring 250, and solid insulator
210. Electrode 212 may be placed approximately in the
center of pulsed-power drill bit 114. Electrode 212 may be
positioned ata minimum distance from ground ring 250 of
approximately 0.4 inches and at a maximum distance
from ground ring 250 of approximately 4 inches. The
distance between electrode 212 and ground ring 250
may be based on the parameters of the pulsed drilling
operation and/or on the dimeter of drill bit 114. For ex-
ample, the distance between electrode 212 and ground
ring 250, at their closest spacing, may be at least 0.4
inches, at least 1 inch, at least 1.5 inches, or at least 2
inches. The distance between electrode 212 and ground
ring 250 may be generally symmetrical or may be asym-
metrical such that the electric field surrounding the
pulsed-power drill bit 114 has a symmetrical or asymme-
trical shape. The distance between electrode 212 and
ground ring 250 allows pulsed-power drilling fluid 122 to
flow between electrode 212 and ground ring 250 to
remove vaporization bubbles from the drilling area.
[0023] Electrode 212 may have any suitable diameter
based on the drilling operation, on the distance between
electrode 212 and ground ring 250, and/or on the dimeter
of drill bit 114. For example, electrode 212 may have a
diameter between approximately two and approximately
ten inches (i.e., between approximately 51 and approxi-
mately 254 millimeters).

[0024] Ground ring 250 may function as an electrode
and provide a location on the pulsed-power drill bit where
an arc may initiate and/or terminate. Drill bit 114 may also
include one or more fluid flow ports 260 on the face of the
drill bit through which drilling fluid exits the drill string 108.
For example, ground ring 250 of drill bit 114 may include
one or more fluid flow ports 260 such that pulsed-power
drilling fluid 122 flow through fluid flow ports 260 carry
fractured rock and vaporization bubbles away from the
drilling area. Fluid flow ports 260 may be simple holes, or
they may be nozzles or other shaped features. Drilling
fluid 122is typically circulated through drilling system 100
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at a flow rate sufficient to remove fractured rock from the
vicinity of drill bit 114. In addition, drilling fluid 122 may be
under sufficient pressure at a location in wellbore 116,
particularly a location near a hydrocarbon, gas, water, or
other deposit, to prevent a blowout. Drilling fluid 122 may
exitdrill string 108 via opening 213 surrounding electrode
212. The flow of drilling fluid 122 out of opening 213
allows electrode 212 to be insulated by the drilling fluid.
Because fines are not typically generated during pulsed-
power drilling, as opposed to mechanical drilling, drilling
fluid 122 may not need to exit the drill bit at as high a
pressure as the drilling fluid in mechanical drilling. As a
result, nozzles and other features used to increase dril-
ling fluid pressure may not be needed on drill bit 114.
However, nozzles or other features to increase drilling
fluid 122 pressure or to direct drilling fluid may be in-
cluded for some uses. Additionally, the shape of solid
insulator 20 may be selected to enhance the flow of
drilling fluid 122 around the components of drill bit 114.
[0025] As described above with reference to FIGS. 1,
2A, and 2B, when the electric potential across electrodes
of a pulsed-power drill bit becomes sufficiently large, an
electrical arc forms through the rock formation and/or
drilling fluid thatis near the electrodes. The arc provides a
temporary electrical short between the electrodes, and
thus allows electric current to flow through the arcinside a
portion of the rock formation and/or drilling fluid at the
bottom of the wellbore. The arc increases the tempera-
ture of the portion of the rock formation through which the
arc flows and the surrounding formation and materials.
The temperature is sufficiently high to vaporize any water
or other fluids that might be proximate to the arc and may
also vaporize part of the rock itself. The vaporization
process creates a high-pressure gas which expands
and, in turn, fractures the surrounding rock.

[0026] Pulsed-power drilling systems and pulsed-
power tools may utilize any suitable pulse-generating
(PG) circuit topology to generate and apply high-energy
electrical pulses across electrodes within the pulsed-
power drill bit. Such pulse-generating circuit topologies
may utilize electrical resonance to generate the high-
energy electrical pulses required for pulsed-power dril-
ling. The pulse-generating circuit may be shaped and
sized to fit within the circular cross-section of pulsed-
power tool 230, which as described above with reference
to FIGS. 2A and 2B, may form part of BHA 128. The
pulse-generating circuit may be enclosed within an en-
capsulant, such a thermally conductive material that
protects the pulse-generating circuit from the wide range
of temperatures (for example, from approximately 10 to
approximately 200 degrees Centigrade) within the well-
bore.

[0027] The pulsed-power drilling systems described
herein may generate multiple electrical arcs per second
using a specified excitation current profile that causes a
transient electrical arc to form and arc through the most
conducting portion of the wellbore floor. As described
above, the arc causes that portion of the wellbore floor to
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disintegrate or fragment and be swept away by the flow of
drilling fluid. As the most conductive portions of the well-
bore floor are removed, subsequent electrical arcs may
naturally seek the next most conductive portion. There-
fore, obtaining measurements from which estimates of
the excitation direction can be generated may provide
information usable in determining characteristics of the
formation.

[0028] The electrical pulses used for electrocrushing
drilling may be generated using any of a variety of PG
circuits including, but not limited to, circuits that include
capacitive energy storage elements and circuits that
include inductive energy storage elements. FIGS. 3A
through 3C illustrate three non-limiting examples of PG
circuits.

[0029] Pulse-Generating (PG) circuit 300, illustrated in
FIG. 3A, is configured to store electrical energy in a
primary capacitor C1 (320) charged by an alternator
(310) through an isolation switch S1 (312). When the
appropriate voltage has been reached on primary capa-
citor C1(320), that energy is switched by electrical switch
S2 (314) into a pulse transformer (350) to step up the
voltage and charge an output capacitor CO (330). The
rising voltage on output capacitor CO (330), which is
coupled to a drill bit (340), creates the electrical arc that
fractures the rock. In this example, PG circuit 300 uses
capacitive energy storage.

[0030] PG circuit 302, illustrated in FIG. 3B, is config-
ured to use an inductor for charging the primary capacitor
C1 (320), which in turn is switched to the transformer
(350) to charge a secondary capacitor, shown as output
capacitor CO (330). In this example, currentruns from the
alternator (310) through an isolation and opening switch
S3 (316) through an inductor L1 (322) to store energy in
the magnetic field. When that current is interrupted by
opening switch S3 (316), a large voltage is created
across inductor L1 (322). This example PG circuit 302
uses an opening switch S3 (316) that first closes to
connect inductor L1 (322) to the alternator (310), or
another power source, and then on command opens to
interrupt that current flow, creating a voltage across in-
ductor L1 (322). In this example, opening switches such
as S3 (316) may need to be capable of high-voltage
standoff. The voltage pulse from inductor L1 (322)
charges primary capacitor C1 (320), which is then
switched into the transformer (350) via switch S2
(314). The rising voltage on output capacitor CO (330),
which is coupled to a drill bit (340), creates the electrical
arc thatfractures the rock. Inthis example, PG circuit 302,
inductor L1 (322) and opening switch S3 (316) may be
used to step up the voltage output from the alternator
(310). In this example, PG circuit 302 uses inductive
energy storage.

[0031] PG circuit 304, illustrated in FIG. 3C, is config-
ured to use the voltage output from aninductorL2 (332) to
directly charge a secondary capacitor, shown as output
capacitor CO (330, eliminating the transformer. The ris-
ing voltage on output capacitor CO (330), which is
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coupled to a drill bit (340), creates the electrical arc that
fractures the rock. The high voltage requirements for the
corresponding opening switch, shown as S4 (318), may
be significant.

[0032] In some embodiments, one or more sensors
may be located in the wellbore, for example disposed on
or in the BHA. In embodiments, the sensors may be
configured to transmit measured sensor data to the sur-
face. For example, a communication and/or fiber-optic
cable (as discussed below, for example with reference to
FIG. 5) may communicatively couple the one or more
downhole sensors to the surface (e.g. to a processor
and/or controller on the surface).

[0033] Forexample, the downhole sensors, which may
include any number of sensors of any suitable type, may
be part of a measurement system. In some embodi-
ments, the measurement system (with downhole sen-
sors) may be configured for example to detect, receive,
and/or measure an electric and/or magnetic field. In
embodiments, the sensors may include any type of sen-
sor that records responses from electromagnetic and/or
acoustic waves. In embodiments, the downhole sensors
of the measurement system may include one or more (or
in some instances, an array) of acoustic sensors which
may be used within the wellbore. For example, the acous-
tic sensors may be positioned at different locations within
the wellbore and/or may be oriented in different directions
to record responses to propagating acoustic waves. The
acoustic sensors may be configured to provide informa-
tion about the surrounding formation at various depths,
which may be used to form a three-dimensional image of
the surrounding subterranean features in some embodi-
ments. In some embodiments, the sensors may be in-
tegrated in the pulsed-power tool 230 or may be separate
sensors within the BHA 128, such as within a measure-
ment while drilling (MWD) system.

[0034] Some embodiments may include a processing
unit, which may be coupled to one or more input/output
interfaces and/or data storage, for example over an
interconnect. An exemplary interconnect may be imple-
mented using any suitable computing system intercon-
nect mechanism or protocol. Some embodiments of the
processing unit may be configured to determine charac-
teristics of a formation ahead of the drilling tool based, at
least in part, on inputs received by input/output inter-
faces, some of which may include measurements repre-
senting responses recorded by various sensors within
the wellbore, such as voltages, currents, ratios of vol-
tages to current, electric field strengths or magnetic field
strengths. For example, processing unit may be config-
ured to perform one or more inversions based on simula-
tion models that relate the electromagnetic properties of
the formation to electromagnetic data collected by down-
hole sensors and/or relate the acoustic properties of the
formation to acoustic data collected by downhole sen-
sors. In some embodiments, the processing unit (which
may serve as a controller for the pulsed-power drilling
system 100 in some embodiments) may be disposed at
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the surface.

[0035] The processing unit may include a processor,
that is any system, device, or apparatus configured to
interpret and/or execute program instructions and/or
process. For example, the processor may be or include,
without limitation, a microprocessor, microcontroller, di-
gital signal processor (DSP), application specific inte-
grated circuit (ASIC), or any other digital or analog cir-
cuitry configured to interpret and/or execute program
instructions and/or process data. In some cases, the
processor may interpret and/or execute program instruc-
tions and/or process data stored in one or more compu-
ter-readable media included in the processing unit.
[0036] In some embodiments, computer-readable
media may be communicatively coupled to the processor
and may include any system, device, or apparatus con-
figured to retain program instructions and/or data for a
period of time (e.g., computer-readable media). Compu-
ter-readable media may include random access memory
(RAM), read-only memory (ROM), solid state memory,
electrically erasable programmable read-only memory
(EEPROM), disk-based memory, a PCMCIA card, flash
memory, magnetic storage, opto-magnetic storage, or
any suitable selection and/or array of volatile or non-
volatile memory that retains data after power to the
processing unit is turned off. For example, computer-
readable media may include instructions for determining
one or more characteristics of formation based on signals
received from various acoustic, electrical or electromag-
netic sensors by input/output interfaces, logging data, or
characteristics of cuttings.

[0037] In some embodiments, input/output interfaces
may be coupled to an optical fiber (e.g. a fiber optic
cable), such as an optical fiber element of telemetry
mechanism, over which it may send and receive signals.
Signals received by input/output interfaces may include
measurements representing responses recorded by var-
ious sensors at the surface or downhole during a pulsed-
drilling operation. For example, signals received by in-
put/output interfaces may include measurements repre-
senting responses recorded by various acoustic, elec-
trical or electromagnetic sensors. These measurements
may include, without limitation, measurements of vol-
tage, current, electric field strength, or magnetic field
strength. In embodiments, these and other inputs may
be received using communication interfaces or telemetry
mechanisms other than an optical fiber including, but not
limited to, mechanisms for receiving acoustic, electric or
electromagnetics signals, and various mechanical tele-
metry methods.

[0038] In some embodiments, control signals relating
to the pulsed-power drilling system 100 may be commu-
nicated to one or more electrical or mechanical compo-
nents located downhole via input/output interfaces using
any suitable communication protocol interfaces or tele-
metry mechanisms. For example, a control signal may be
sent electrically over a power cable (e.g., over surface
cable 143 llustrated in FIG. 1 and a sub-surface cable, or



13 EP 4 520 914 A1 14

over cable 220 illustrated in FIG. 2A or 2B) or over a
separate control cable, via an optical fiber (e.g. a fiber
optic cable), a wireline or a wired pipe, or via acoustic,
mud pulse, or electromagnetic telemetry. In some cases,
an electrical or mechanical control signal may be com-
municated directly to a configurable electrical or mechan-
ical component downhole that is to be adjusted. In other
cases, when the control signal does not convey actuation
energy, the control signal may be communicated to an
intermediate downhole component that receives the con-
trol signal and translates it. In one example, the inter-
mediate downhole component may engage a power
supply for the actuation, such as a battery, a generator
power, or power received from the surface over a cable
that is switched on, in a controlled manner. In another
example, the intermediate downhole component may
include a downhole electrical actuator or a downhole
mechanical actuator. While control signals may be used
to operate any number of downhole tool elements (e.g.
associated with the pulsed-power drilling system), in
some embodiments the control signals may be useful
in steering the pulsed-power drilling system as it forms
the wellbore.

[0039] Forexample, the tool string/drill string 108 (e.g.
of the pulsed-power drilling system and or BHA) may be
configured to be steerable, for example as a rotary steer-
able tool. In some embodiments, this may provide full
three-dimensional (3D) directional control of the drill bit.
In some embodiments, the tool string may include one or
more logging while drilling (LWD) or measurement-while-
drilling (MWD) tools that collect measurements relating to
various borehole and formation properties as well as the
position of the drill bit and various other drilling conditions
as the drill bit extends the borehole of the wellbore
through the formations. For example, the LWD/MWD tool
may include a device for measuring formation resistivity,
a gamma ray device for measuring formation gamma ray
intensity, devices for measuring the inclination and azi-
muth of the tool string, pressure sensors for measuring
fluid pressure, temperature sensors for measuring bore-
hole temperature, or any other downhole tool or combi-
nation thereof.

[0040] In some embodiments, the tool string 108 may
also be configured for telemetry (e.g. by including a
telemetry module). For example, the telemetry module
may receive data provided by the various sensors of the
tool string 108 (for example, sensors of the LWD/MWD
tool), and transmit the data to a surface control unit (which
may be a processing unit as described herein). Data may
also be provided by the surface control unit, received by
the telemetry module, and transmitted to the tools (for
example, LWD/MWD tool, rotary steering tool, pulsed-
power drill bit, or any other tool) of the tool string 108. In
one or more embodiments, fiber optic telemetry, mud
pulse telemetry, wired drill pipe, acoustic telemetry, or
other telemetry technologies known in the art may be
used to provide communication between the surface
control unit and the telemetry module. In one or more
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embodiments, the surface control unit may communicate
directly with the LWD/MWD tool, the rotary steering tool
or both. In embodiments, the surface control unit may be
stationed at the well site, a portable electronic device, a
remote computer, or distributed between multiple loca-
tions and devices. The surface control unit may also be a
control unitthat controls functions of equipment of the tool
string.

[0041] Steering systems may, for example, allow the
well’s trajectory to be corrected or altered in response to
the measurements taken by the sensors. For example,
the steering system can be configured to change the
direction of the tool string, the drill bit or both, such as
based on information indicative of tool orientation and a
desired drilling direction and/or operation of an extend-
able member assembly. In one or more embodiments, an
exemplary extendable member assembly may comprise
an extendable member and an extendable member di-
agnostic assembly. In one or more embodiments, the
steering system may be coupled to the drill bit and drive
rotation of the drill bit. In one or more embodiments, the
steering system (e.g. rotary steerable tool) can rotate in
tandem with the drill bit. In one or more embodiments, the
rotary steerable tool may be a point-the-bit system or a
push-the-bit system. In embodiments, the steering sys-
tem may comprise one or more sensors for making any
measurement, including measurement while drilling
data, logging while drilling data, formation evaluation
data, temperature, pressure, velocity, speed, any other
downhole data or any combination thereof.

[0042] As previously described, the conveyance me-
chanism for the pulsed-power drill bit 114 (e.g. within a
tool string and/or BHA) can be coiled tubing in some
embodiments. Generally speaking, coiled tubing is rela-
tively flexible continuous tubing that can be run into the
wellbore from a large spool mounted on a truck or other
support structure. For example, the spool typically has an
axle, allowing rotation of the spool thereabout. While arig
using drilling pipe must stop periodically to make up or
break down connections when running drilling pipe into or
out of the wellbore, coiled tubing can be run in for sub-
stantial lengths before stopping to join in another strand
of coiled tubing, thereby saving time with reference to
jointed pipe. Furthermore, coiled tubing may provide
improved steering maneuverability, for example due to
its flexibility.

[0043] FIG. 4 illustrates an exemplary system for de-
ploying coiled tubing 422 downhole. Coiled tubing 422,
which typically is relatively small and flexible tubing, is
normally stored on a reel or spool 450 when not in use.
FIG. 4 relates to a generic coiled tubing system, and
illustrates generic coiled tubing 422. However, similar
systems may be used with pulsed-power coiled tubing
of the sort described herein and shown, for example, in
FIGS. 5-7B. Exemplary coiled tubing 422 may be formed
of steels having yield strengths ranging from 55,000 PSI
to 120,000 PSI or of composite materials (e.g. having
sufficient mechanical strength to support its own weight
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plus the weight of the drill string, sufficient flexibility to be
coiled on a spool or reel 450, and other physical proper-
ties (e.g. chemical and abrasion resistance) enabling use
in a wellbore in association with downhole operations).
Coiled tubing 422 may be available in diameters of 0.75to
4.5 inches, 1 to 3.5 inches, approximately 4.5 inches, or
approximately 2 inches, and may range in length from
2,000 to more than 30,000 ft (e.g. 600 to 9,000 m). Often,
coiled tubing 422 is coiled in a single continuous length,
thus precluding any need for making or breaking con-
nections between joints, although embodiments may
include coiled tubing 422 which is formed by connecting
two or more coiled tubing elements/segments (e.g. from
two or more spools of coiled tubing) end-to-end (e.g.
serially).

[0044] In operation, the coiled tubing 422 may be
passed through an injector mechanism 412, and a tool
string (e.g. drill string 108) may be connected to the end of
the coiled tubing 422 (e.g. the downhole end). For ex-
ample, the tool string/drill string 108 may comprise one or
more downhole tools (which may include the pulsed-
power drill bit 114 in some embodiments) joined together
by any convenient means known to those skilled in the
art. The injector mechanism 412 may be configured to
pull the tubing from the spool 450, straighten the tubing,
and then inject the tubing downhole, for example through
a seal assembly at the wellhead known as a "stuffing
box." The injector mechanism 412 may be capable of
injecting thousands of feet of coiled tubing 422 with the
tool string connected at the bottom end thereof into the
well. In embodiments, the coiled tubing 422 may be
supported by a gooseneck coupled to a mast or other
supporting structure.

[0045] A fluid, most often a liquid such as salt water,
brine, mud or a hydrocarbon liquid, can be circulated
through the coiled tubing 422 for operating the downhole
tool(s) or for other purposes. For example, drilling mud
(e.g. drilling fluid) may be pumped downhole through the
coiled tubing 422, with the mud exiting through the
pulsed-power drill bit 114 (e.g. as described herein)
and then circulating uphole to remove fractured rock from
the vicinity of the pulsed-power drill bit 114. The coiled
tubing injector at the surface can be used to raise and
lower the coiled tubing and the tool string 108 (e.g. during
drilling) and to remove the coiled tubing 422 and tool
string 108 as the tubing is rewound on the spool 450 at the
end of the drilling procedure.

[0046] The exemplary coiled tubing injector mechan-
ism 412 is of a design known to those skilled in the art.
Coiled tubing injector 412 is configured to straighten the
coiled tubing 422 (e.g. as it is pulled off of the spool 450)
and inject it into well 410, for example by way of stuffing
box 428. In FIG. 4, coiled tubing injector 412 comprises a
straightening mechanism 440 having a plurality of inter-
nal guide rollers 441 therein and a coiled tubing drive
mechanism 442 forinserting the coiled tubing 422 into the
well, raising it or lowering it within the well, and removing it
from the well as it is rewound on a spool 450. A depth
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measuring device 444 may be connected to the coiled
tubing drive mechanism 442 in some embodiments. For
example, measuring device 444 may continuously mea-
sure the length of coiled tubing 422 injected into the well
410 and provide that information by way of an electric
transducer (not shown) and an electric cable 448 to an
electronic data acquisition system 446.

[0047] In some embodiments, the spool 450 of coiled
tubing 422 may be mounted on a truck for ease of trans-
port. For example, a truck mounted spool assembly 414
can include spool 450 for containing coils of the coiled
tubing 422. A guide wheel 452 for guiding the coiled
tubing 422 on and off spool 450 may also be provided,
and a conduitassembly 454 may be connected to the end
of coiled tubing 422 on spool 450 by way of a swivel
system (not shown).

[0048] In embodiments, a coiled tubing conveyance
system (similar to that described above) may be used to
convey a pulsed-power drill downhole. By integrating a
pulsed-power drilling system 100 with a coiled tubing
conveyance system (as shown in FIG. 4, for example),
improved pulsed-power drilling may be possible. As dis-
cussed in FIG. 5 below, an exemplary coiled tubing
pulsed-power drilling system 505 can be configured to
simultaneously provide power and drilling fluid downhole
to the drill string/tool string 108, for example without the
need for downhole power generation.

[0049] FIG. 5 illustrates schematically an exemplary
system 505 in which a tool string (e.g. drill string 108)
having a pulsed-power drill bit 114 is conveyed downhole
in a wellbore and operated via coiled tubing 422. FIG. 6A
illustrates schematically exemplary components of an
exemplary coiled tubing pulsed-power drilling system
505, while FIG. 6B illustrates schematically a block dia-
gram of exemplary interaction of components of an ex-
emplary coiled tubing pulsed-power drilling system 505,
according to embodiments of this disclosure. Exemplary
pulsed-power drilling systems 505 will be discussed in
detail with reference to these figures.

[0050] For example, a pulsed-power drilling system
505 may include coiled tubing 422, a coiled tubing input
interface subsystem 510 disposed at the surface, and a
tool string 108 (which may have a pulsed-power drill bit
114). The coiled tubing 422 of the exemplary systems in
FIGS. 5 and 6A may be configured to allow simultaneous
transmission of power and drilling fluid downhole, for
example using a cable tube 550 within a fluid tube 560
as will be discussed in greater detail with respect to FIGS
7A and 7B. In some embodiments, the cable tube 550
may comprise one or more cables 553 disposed within
protective tubing 557. In FIG. 5, an uphole end 512 of the
coiled tubing 422 may be configured to connect or couple
to the coiled tubing input interface subsystem 510 (e.g. to
provide hydraulic connection for the fluid tube 560, elec-
trical connection of for the power cable of the cable tube
550, and/or electrical and/or fiber optic connection for the
telemetry/communication of the cable tube 550). In FIG
5, the coiled tubing input interface subsystem 510 is
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shown as having a 3-in-1 connector 520a, which may be
configured for input (e.g. from mud pump 125, a high
voltage DC power cable 507, which may provide power
from a generator 140 or other surface power source, and
fiber/wire telemetry 508) and distribution of drilling fluid
(e.g. drilling mud), power, and fiber/wire telemetry to the
coiled tubing 422. In some embodiments, the coiled
tubing input interface subsystem 510 may also include
one or more valves and/or switches. Similarly, a down-
hole end 514 of the coiled tubing 422 may be configured
to connect or couple to a distribution subsystem 518 of
the tool string 108 (e.g. to provide hydraulic connection
for the fluid tube 560, electrical connection of for the
power cable of the cable tube 550, and/or electrical
and/or fiber optic connection for the telemetry/communi-
cation of the cable tube 550). In Fig. 5, the distribution
subsystem 518 of the tool string 108 is shown as com-
prising a 3-in-1 connector 520b, which may be configured
for input from the coiled tubing 422 and distribution of
drilling fluid (e.g. drilling mud), power, and fiber/wire
telemetry to the tool string 108, for example as it is
deployed downhole in a wellbore. The tool string 108 is
disposed (e.g. coupled) at the downhole end 514 of the
coiled tubing 422, and the coiled tubing input interface
subsystem 510 is disposed (e.g. coupled) at the uphole
end 512 of the coiled tubing 422, as shown in FIG. 5. In
FIG. 5, the coiled tubing 422 has mating 3-in-1 connec-
tors 520 a, b at the uphole end 512 and the downhole end
514 (e.g. with the uphole end 3-in-1 connector 520 b of
the coiled tubing 422 configured to mate with the 3-in-1
connector 520a of the coiled tubing input interface sub-
system 510, and with the downhole end 3-in-1 connector
520a of the coiled tubing 422 configured to mate with the
distribution subsystem 518 of the tool string 108). These
and other connections will be discussed in more detail
below, for example with regard to FIGS. 8A-E.

[0051] In embodiments, power and drilling fluid may
simultaneously flow from the coiled tubing input interface
subsystem 510 to the tool string 108 via the coiled tubing
422. In use, the coiled tubing 422 extends downhole in a
wellbore. In embodiments, the tool string 108 comprises
a pulsed-power drill bit 114, and may further comprise, for
examplein a BHA 128, elements for telemetry 531, MWD
532, power boosting (e.g. using a pulse generating cir-
cuit, e.g. 300, 302, 304), sensing (e.g. sensors 533),
and/or steering 534, as shown in FIGS. 5-6B for example.
In some embodiments, the coiled tubing 422 may com-
prise two or more coiled tubing elements/segments (e.g.
605 a, b, c) coupled end-to-end (e.g. in series) to allow
fluid flow and power transmission therethrough from an
uphole end 512 of a first coiled tubing element to a
downhole end 514 of a second coiled tubing element
(for example as shown in FIG. 6A). Each coiled tubing
element 605 may comprise a fluid tubing element and a
cable conduit/tube element, for example so that jointly
the coupled coiled tubing elements may effectively trans-
mit drilling fluid and power downhole.

[0052] Inembodiments, the system 505 may include a
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generator 140 or other power source configured to pro-
vide power (e.g. through high voltage DC power cable
507) to the power cable 553a of the coiled tubing 422 via
the coiled tubing input interface subsystem 510. In em-
bodiments, there may be no power generation downhole,
with all power for the pulsed-power drill bit 114 and/or
pulse-generating circuit 300, 302, 304 being transmitted
downhole via the coiled tubing 422. As shown in FIG. 6A,
the generator 140 or power source may be a high-voltage
DC power supply 507, which may provide approximately
5kV DC power supply and/or 600W, and/or the power
cable 552a may transmit approximately 5kV and 200A
downhole, in some embodiments. In embodiments, the
system 505 may further comprise a mud pump 125
configured to provide drilling fluid to the fluid tube 560
of the coiled tubing 422 via the coiled tubing input inter-
face subsystem 510 (as shown in FIG. 5) and/or to pump
the drilling fluid downhole to the tool string 108 through
the fluid tube 560 of the coiled tubing 422. Some embodi-
ments may further comprise a safety interlock system
570, which may be configured to provide and/or detect
secure connections (e.g. of the fluid tube 560, the power
cable, etc.). In embodiments, the safety interlock system
570 may be disposed within the coiled tubing input inter-
face subsystem 510, the tool string 108 (e.g. the tool
string distribution subsystem 518), and/or the coiled tub-
ing 422 (e.g. the connector). See for example, FIG. 5.
[0053] In embodiments, the drilling fluid (e.g. mud)
pumped downhole may comprise dielectric drilling fluid,
which may be particularly useful in the context of pulsed-
power drilling. System embodiments may further include
a spool 450 (e.g. similar to that shown in FIG. 4), with at
least a portion of the coiled tubing 422 disposed on the
spool 450. For example, the coiled tubing 422 of the
present disclosure may be transported to the drill site
on a spool 450. The coiled tubing 422 may be unwound
from the spool 450 as it is fed downhole, and may be re-
wound onto the spool 450 as it is retracted/removed from
the wellbore.

[0054] FIG. 7A illustrates a longitudinally sectioned
elevation view of an exemplary coiled tubing 422 embo-
diment, while FIG. 7B illustrates a radially sectioned view
of the exemplary coiled tubing 422 embodiment of FIG.
7A. Exemplary coiled tubing 422 embodiments for
pulsed-power drilling downhole operations may com-
prise a flexible hollow fluid tube 560, configured to trans-
port drilling fluid (e.g. drilling mud) therein (e.g. the length
ofthe fluid tube 560, from a first end to a second end), and
a flexible cable conduit (which may be a cable tube 550 in
some embodiments). The cable conduit typically extends
substantially the length of the fluid tube 560 (e.g. having a
conduit length which is substantially the same as, per-
haps slightly longer than, the length of the fluid tube 560)
and comprises one or more cable 553. Both the fluid tube
560 and the cable conduit are sufficiently flexible to be
rolled onto a spool 450 (e.g. jointly, as when the cable
tube 550 is disposed within the fluid tube 560), allowing
this exemplary coiled tubing 422 to be transported and
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provided on a spool 450. While FIGS. 7A-7B illustrate an
exemplary embodiment in which there is only a single
cable conduit (for example, disposed within the fluid tube
560), having one or more cables 553 therein, in other
embodiments the coiled tubing 422 may include a plur-
ality of cable conduits, each having one or more cables
therein. For example, in some embodiments, each cable
for the coiled tubing 422 may be housed within its own
cable conduit (e.g. each cable conduit may have only one
cable therein). In some embodiments, such a plurality of
cable conduits may be coupled together (e.g. by tiesora
twist orientation), but in other embodiments, the plurality
of cable conduits may be independent of each other (e.g.
not linked physically). While the remaining discussion
regarding cable conduits of coiled tubing 422 embodi-
ments may be specifically with respect to the embodi-
ment shown in FIGS. 7A-7B (e.g. in which there isonly a
single cable conduit, which houses all of the cables 553
for the coiled tubing 422), it should be understood that the
coiled tubing 422 embodiments disclosed herein are not
so limited and are intended to include embodiments with
multiple cable conduits.

[0055] In embodiments, the one or more cable 553
within the cable conduit (e.g. cable tube 550) may com-
prise a power cable 553a for transmitting power from the
surface power source (e.g. generator 140) to the pulse-
power drill bit 114. The one or more cable 553 within the
cable conduit may further comprise one or more selected
from the following: a communication cable, fiber optic
cable, a coaxial cable, and an auxiliary power cable. As
shown in FIG. 5, the one or more cable 553 within the
cable conduit may comprise a power cable 553a, a
communication cable 553b, and a fiber-optic cable 553c.
[0056] In some embodiments, the fluid tube 560 can
have an outer diameter of approximately 4.5 inches. In
embodiments, the cable tube 550 can have an outer
diameter of approximately 1.5 inches or, in some in-
stances, no greater than 1.5 inches. In embodiments,
the fluid tube 560 can have a wall thickness of approxi-
mately 0.3-0.25inches. Inembodiments, the length of the
fluid tube 560 may be between approximately 2,000 and
20,000 feet, between approximately 2,000 and 15,000
feet, between approximately 2,000 and 10,000 feet, be-
tween approximately 10,000 and 20,000 feet, or between
approximately 10,000 and 15,000 feet. In embodiments,
the power cable 553a may comprise at least No. 1 con-
ductor. In embodiments, the power cable 553a can be
capable of transmitting approximately 5kV and 200A (or
any other power requirement for the pulsed-power drill
and/or the pulse-generating circuit)).

[0057] In the coiled tubing 422 embodiment shown in
FIGS. 7A-B, the cable conduit (e.g. cable tube 550) may
be disposed within the fluid tube 560. In some embodi-
ments, the cable conduit and the fluid tube 560 may be
concentrically arranged, while in other embodiments, the
inner cable conduit may be disposed anywhere within the
outer fluid tube 560. This configuration may allow for the
outer fluid tube 560 to protect and support the inner cable
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conduit. In some embodiments, the cable conduit may be
a cable tube 550, which may comprise hollow protective
tubing 557, with the one or more cables 553 disposed
therein and extending substantially the length of (e.g.
slightly longer than) the protective tubing 557. In embodi-
ments, the cable tube 550 may be anchored or fixed to the
fluid tube 560 atboth ends (e.g. with each end of the cable
tube 550 being anchored to a corresponding end of the
fluid tube 560). In embodiments, the portion of the cable
tube 550 between the anchored ends may be free floating
within the fluid tube 560 (e.g. not attached and having
sufficient length (e.g. typically greater than the length of
the fluid tube 560) so that the cable tube 550 is not taut
(even if the fluid tube 560 is taut) and/or does not carry
any of the weight of any drill string tools disposed at the
downhole end 514 of the coiled tubing 422). Such a
configuration may allow the fluid tube 560 to fully support
the cable tube 550, for example preventing the cable tube
550 for experiencing any forces due to weight of the fluid
tube 560 and/or the tool string 108.

[0058] In some embodiments, the one or more cables
553 of the cable tube 550 may be anchored to the
protective tubing 557 of the cable tube 550 at both ends
(e.g. with each end of each cable 553 being anchored/-
fixed to a corresponding end of the protective tubing 557).
In embodiments, the portion of each cable 553 between
the anchored ends may be free floating within the pro-
tective tubing 557 of the cable tube 550 (e.g. not attached
and having sufficient length (e.g. greater than the length
of the protective tubing 557) so that the one or more cable
553 is not taut (even if the protective tubing 557 is taut)
and/or does not carry any of the weight of any portion of
the protective tubing 557, the fluid tube 560, and/or the
tool string 108). Such a configuration may allow the
protective tube to fully support the cables 553 therein.
[0059] The cable tube 550 may comprise a power
cable for transmitting power from the surface power
source (e.g. generator 140) downhole. The one or more
cable 553 within the cable conduit may further comprise
one or more selected from the following: a communica-
tion cable, fiber optic cable, a coaxial cable, and an
auxiliary power cable. As shown in FIG. 5, the one or
more cable 553 within the cable conduit may comprise a
power cable, a communication cable, and a fiber-optic
cable. In embodiments, the power cable may be config-
ured to safely transmit approximately 5kV, 15-20 kV, 5-15
kV, 5-20 kV, 200A, and/or up to approximately 150kV.
[0060] As shown in FIG. 5, the coiled tubing 422 may
include a connector at each end. The connector may be
configured to connect the coiled tubing 422 ends for
hydraulic, electrical (e.g. power and/or signals), and/or
fiber-optic connection and/or communication. For exam-
ple, the connector may be configured so that the uphole
end 512 of the coiled tubing 422 connects to the coiled
tubing input interface subsystem 510 at the surface (al-
lowing communication therebetween), while the down-
hole end 514 of the coiled tubing 422 connects to the
distribution subsystem 518 at the top of the tool string 108
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(allowing communication therebetween). In some embo-
diments, the connector at the first end may be configured
to be capable of mating with (e.g. matingly engage) the
connector at the second end (e.g. the connector at the
first end comprises a male connector, and the connector
atthe second end comprises a female connector, with the
two connectors being configured to correspond for mat-
ing). Such a configuration may allow for simple linking
end-to-end of multiple similar coiled tubing elements 605,
for example with the downhole connector of one coiled
tubing element connecting to the uphole connector of
another axially adjacent coiled tubing element. In some
embodiments, the connector at each end may be con-
figured to provide anchoring/fixing of one or more ele-
ments with respect to one or more other elements. For
example, the connector at each end may be configured to
anchor the cable tube 550 to the fluid tube 560 in some
embodiments. In some embodiments, the connector at
each end may be configured to anchor the one or more
cable 553 to the protective tubing 557 of the cable tube
550.

[0061] In some embodiments, the connector at each
end of the cable tube 550 may comprise an integrated
multi-connector. For example, the integrated multi-con-
nector may comprise a 3-in-1 connector 520 configured
to simultaneously fluidly connect the fluid tube 560, con-
nect the power cable, and connect the communication
and/or fiber-optic cable (e.g. with a single connection
making all of these communicative connections, allowing
communication of fluid, power, and communication sig-
nals therethrough to the respective elements). For ex-
ample, a 3-in-1 integrated multi-connector 520b may be
used at the uphole end 512 of the coiled tubing 422 to
provide connection (e.g. hydraulic for the drilling fluid,
electric for the power, and either electric or fiber-optic for
the telemetry/communication signals) to the coiled tubing
input interface subsystem 510 at the surface (or to a
similar uphole coiled tubing element), and another
(e.g. matingly compatible) 3-in-1 integrated multi-con-
nector 520a may be used at the downhole end 514 of
the coiled tubing 422 to provide connection (e.g. hydrau-
lic for the drilling fluid, electric for the power, and either
electric or fiber-optic for the telemetry/communication
signals) to the distribution subsystem 518 of the tool
string 108 in the wellbore (or to a similar downhole coiled
tubing element). As shown in FIG. 5, the coiled tubing
input interface subsystem 510 may have a 3-in-1 inte-
grated multi-connector 520a (compatible with 520b at the
uphole end of the coiled tubing 422), and the distribution
subsystem 518 of the tool string 108 may have a 3-in-1
integrated multi-connector 520b (compatible with 520a at
the downhole end of the coiled tubing 422).

[0062] While FIG. Sillustrates such a 3-in-1 integrated
multi-connector 520 embodiment, in other embodiments
the connector may comprise one or more separate con-
nectors. Forexample, there may be a separate connector
for each cable 553 end, a separate connector for each
end of the protective tubing 557, and/or a separate con-
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nector for each end of the fluid tube 560. Alternatively,
one or more separate connector may be used ateach end
in conjunction with one or more integrated multi-connec-
tor. Forexample, a single integrated multi-connector may
be used at each end for all of the cables 553 of the cable
tube 550, while the protective tubing connector and/or
fluid tube connector at each end may be a separate
connector. Or in another alternate embodiment, a single
integrated multi-connector may be used at each end for
all of the cables 553 of the cable tube 550 and for either
the protective tubing 557 or the fluid tube 560, with the
remaining tube element having its own separate connec-
tor. In still another embodiment, each of the cables 553 at
each end may have its own separate connector, while the
protective tubing 557 and the fluid tube 560 may use an
integrated multi-connector (e.g. allowing simultaneous
connection of the fluid tube 560 and the protective tubing
557 ateach end). In yet another embodiment, only one or
some (but not all) of the cables 553 at each end may have
a separate connector, with the remaining cable(s) using
an integrated multi-connector (which may integrate con-
nection of the one or more cable 553 with other cable(s),
with the protective tubing 557, and/or with the fluid tube
560). Orin another embodiments, a first integrated multi-
connector may be used at each end for all of the cables
553, while a second integrated multi-connector may be
used at each end for the protective tubing 557 and the
fluid tube 560.

[0063] In some embodiments, the connector at each
end of the cable tube 550 may comprise a separate
connector for each of the one or more cable 553 (e.g.
allowing each cable 553 atan end of the cable tube 550 to
be connected separately/individually). For example, as
shown in FIG. 8A, each cable 553 may have a separate
connector 810 configured for plug-in (e.g. socket) con-
nection (e.g. allowing plug-in connection using corre-
sponding male 810a and female 810b connectors). In
some embodiments, the separate connectors for each
end of each cable 553 may comprise a clamping mechan-
ism configured to splice a conductor of the one or more
cable 553, fix the position of the conductor, and/or iso-
late/shield the conductor at the splice (e.g. to preventany
electrical shorting or inadvertent grounding due to a
breakin the insulation around the conductor in the vicinity
of the splice). FIG. 8B illustrates schematically a long-
itudinal cross-sectional view of such an exemplary con-
nector for a cable 553 within an exemplary cable tube 550
of an exemplary coiled tubing 422 embodiment. The
conductor of the cable 553 in the coiled tube may be
spliced to a conductor in either an adjacent coiled tube
cable, the coiled tubing input interface subsystem 510, or
the distribution subsystem 518 of the tool string 108
respectively, with the conductors abutting or overlapping
and being crimped or clamped together. FIG. 8B illus-
trates an exemplary clamping sleeve 820, which may
insulate the connection and securely fix the connection.
In embodiments, each cable 553 in the cable tube 550
may be configured to be individually spliced or otherwise
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connected. In some embodiments, the separate connec-
tors for each of the cables 553 at each end of the cable
tube 550 may be axially spaced (e.g. with respect to each
other). Inembodiments, the protective tubing 557 may be
wider (e.g. have a larger diameter) at the location of
connection/slicing. FIGS. 8A-B are merely illustrative,
and other mechanisms may be used for the connector.
[0064] In some embodiments, the connector at each
end of the coiled tubing 422 may comprise a separate
connector for the fluid tube 560 (e.g. to connect the fluid
tube 560 of the coiled tubing 422 either to another similar
fluid tube 560 of a similar coiled tubing 422, to the coiled
tubing input interface subsystem 510, or to the distribu-
tion subsystem 518 of the tool string 108). In some
embodiments, the connector may be configured to pro-
vide a sealing connection, for example sealingly coupling
two similar fluid tubes 560 together. In some embodi-
ments, the fluid tube connector may comprise screw
threads.

[0065] In some embodiments, the connector at each
end of the cable tube 550 may comprise a separate
connector for the protective tubing 557 (e.g. to connect
the protective tubing 557 of the cable tube 550 either to
another similar protective tubing 557 of a similar coiled
tubing 422, to the coiled tubing input interface subsystem
510, or to the distribution subsystem 518 of the tool string
108). In some embodiments, the connector may be con-
figured to provide a sealing connection, for example
sealingly coupling two similar protective tubings 557
together. In some embodiments, the protective tubing
connector may comprise screw threads.

[0066] In some embodiments, the connector at each
end of the cable tube 550 may comprise an integrated
multi-connector configured so that connection (e.g. mat-
ing attachment) of the integrated multi-connector con-
nects (e.g. matingly) each of the one or more cable 553
(e.g. allowing each cable 553 at an end of the cable tube
550 to be plugged in simultaneously). FIG. 8C illustrates
such an exemplary embodiment, with an integrated multi-
connector 830 a, b for all cables 553 in a cable tube 550.
InFIG. 8C, pluggingin the integrated multi-connector 830
simultaneously plugs in each cable 553 of the cable tube
550. FIG. 8Cis merely illustrative, and other mechanisms
may be used for the integrated multi-connector.

[0067] In the embodiment shown in FIG. 8D, the inte-
grated multi-connector 840 a, b may be configured so that
mating attachment further connects the protective tubing
557 of the cable tube 550, in addition to connecting the
cables 553 of the cable tube 550 (e.g. sealingly coupling
an end of the protective tubing 557 to a similar protective
tubing or to a tool string distribution system or to an input
distribution system). For example, the integrated multi-
connector 840 may include a seal 842 elementto provide
a water-tight connection to preventingress of drilling fluid
from the fluid tube 560 into the cable tube 550. In embo-
diments, the connector may serve to anchor the cables
553 to the protective tubing 557. FIG. 8D is merely
illustrative, and other mechanisms may be used for the
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integrated multi-connector.

[0068] In the embodiment of FIG. 8E, the integrated
multi-connector 850 may be configured so that mating
attachment further connects the fluid tube 560 of the
coiled tubing 422, in addition to connecting the cables
553 of the cable tube 550 and the protective tubing 557 of
the cable tube 550 (e.g. sealingly coupling an end of the
fluid tube 560 to a similar fluid tube 560 or to a tool string
distribution system or to an input distribution system). In
embodiments, the integrated multi-connector may in-
clude a seal element 852 to provide a water-tight con-
nection to prevent ingress of drilling fluid from the well-
bore into the fluid tube 560 or egress of drilling fluid from
the fluid tube 560 out to the wellbore. Inembodiments, the
connector may serve to anchor the cable tube 550 to the
fluid tube 560. FIG. 8E is merely illustrative, and other
mechanisms may be used for the integrated multi-con-
nector.

[0069] In some embodiments, the coiled tubing 422
may comprise two or more coiled tubing elements 605
coupled end-to-end (e.g. in series) to allow fluid flow
therethrough from an uphole end 512 of a first coiled
tubing element to a downhole end 514 of a second coiled
tubing element. FIG. 6A illustrates such an embodiment.
For example, each coiled tubing element 605 may com-
prise a fluid tubing element and a cable tube element. By
connecting the connectors of the corresponding ends of
adjacent coiled tubing elements, hydraulic, electrical,
and/or fiber-optic communications may pass therebetw-
een.

[0070] In embodiments, the protective tubing 557 of
the cable tube 550 may be configured to protect the one
or more cable 553 therein from drilling fluid within the fluid
tube 560. For example, the protective tubing 557 may be
sufficiently corrosive and/or abrasive resistant so that the
drilling fluid in the fluid tube 560 does not damage the
protective tubing 557 enough to allow ingress of the
drilling fluid into the cable tube 550 in a way that might
compromise the cables therein. In embodiments, the
outer fluid tube 560 may have sufficient mechanical
strength to support a drilling tool string 108, as well as
sufficiently corrosion and/or abrasion resistance to pro-
tect the cable tube 550 from drilling fluid outside the fluid
tube 560 in the wellbore with fractured rock cuttings (e.g.
rocks pieces from pulsed-power drilling) circulating up-
hole outside of the fluid tube 560. In some embodiments,
the outer fluid tube 560 may have greater mechanical
strength that the inner cable tube 550. In some embodi-
ments, the outer fluid tube 560 may be more resistant to
abrasion and/or puncture and/or wear than the inner
cable tube 550 (e.g. since exposed to fluid with fractured
rock cuttings). In some embodiments, the outer fluid tube
560 and the inner cable tube 550 may have similar
corrosion resistance, while in other embodiments the
outer fluid tube 560 may be more resistant to corrosion
than the inner cable tube 550. In some embodiments, the
fluid tube 560 may have greater wall thickness than the
protective tubing 557 of the cable tube 550. In some
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embodiments, the fluid tube 560 and the inner cable tube
550 may be formed of different materials. In some em-
bodiment, the fluid tube 560 and the protective tube may
be formed of similar material, with the fluid tube 560
having a greater wall thickness. In some embodiments,
one or more of the cables 553 within a cable tube 550 may
have a sheathing ofinsulating material around conductor,
for example to prevent electrical contact with the cable
tube 550 (e.g. particularly if the cable tube 550 is metal).
[0071] In some embodiments, the fluid tube 560 may
have similar characteristic to general coiled tubing 422,
for example as discussed above with respect to FIG. 4.
For example, the fluid tube 560 may be formed of steel. In
some embodiments, the inner diameter of the fluid tube
560 may be sufficient for effective drilling fluid flow down-
hole and circulation uphole to remove fractured rock
cuttings during pulsed-power drilling operations (e.g.
despite the presence of the inner cable tube 550 within
the outer fluid tube 560). In some embodiments, the fluid
tube 560 may be configured to transport dielectric drilling
fluid.

[0072] Inembodiments, forexample as showninFIGS.
7A-B, the coiled tubing 422 may have a smooth exterior
surface (e.g. asmooth cylindrical surface), integral power
cable, and no loose or separate power line. Some em-
bodiments of the coiled tubing 422 may further comprise
one or more safety sensor (e.g. disposed in the connec-
tor). Some embodiments of the coiled tubing 422 may
further comprise an interlock system 570 (e.g. configured
to provide and/or detect a secure connection).

[0073] In some embodiments, the cable conduit/cable
tube 550 may be disposed on an interior surface of the
fluid tube 560. For example, the cable conduit/cable tube
550 may be secured to the interior surface of the fluid tube
560 for substantially its entire length. And while the cable
conduit is generally described herein as being disposed
within the fluid tube 560 (which may have benefits when
rolling and unrolling the coiled tubing 422 on a spool 450,
for example), in other embodiments the cable conduit
may be disposed on an exterior surface of the fluid tube
560 (see for example, FIG. 6A). Some or all of the
features of the inner cable tube 550 may apply equally
to an exterior cable conduit in various embodiments.
[0074] Disclosed embodiments may also include
methods of forming coiled tubing 422 having an inner
cable tube 550 within an outer fluid tube 560. Exemplary
methods may comprise providing the cable tube 550
having one or more cables 553 disposed within protective
tubing 557; forming the fluid tube 560 to encompass the
inner cable tube 550; and anchoring both ends of the
cable tube 550 to the fluid tube 560. In some embodi-
ments, a remainder of the length of the cable tube 550
(e.g. between the anchored ends) may be free-floating
within the fluid tube 560. This may include leaving suffi-
cientslackinthe cable tube 550 so that the cable tube 550
is supported by the fluid tube 560 and does not carry any
weight. In some embodiments, the cables 553 within the
protective tubing 557 of the cable tube 550 may be
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anchored at both ends of the cable tube 550 (e.g. with
the remainder of the length of the cables free-floating).
Thus, the cables 553 within the protective tubing 557 of
the cable tube 550 may have sufficient slack so that the
cables 553 are supported by the protective tubing 557
(e.g. carry no load).

[0075] Inembodiments, the cable tube 550 may further
comprise one or more connector disposed at each end.
Forexample, the one or more connectors may anchor the
cables 553 to the protective tubing 557 and/or may be
configured to provide removable coupling/connect. In
some embodiments, the one or more connectors may
comprise a protective tubing connector configured to
provide a seal (e.g. a sealed connection). In some em-
bodiments, the fluid tube 560 may be configured with a
connector at each end to allow for connection/coupling to
a fluid element. In embodiments, the fluid tube connector
may be configured to provide a seal. In some embodi-
ments, the fluid tube connector may be configured so that
connection of the fluid tube 560 automatically ensures
connection of the cable tube 550 and the cables 553
therein.

[0076] The method embodiments may further com-
prise selecting material for the fluid tube 560 and the
protective tubing 557. For example, the fluid tube 560
material may be more resistant to abrasion and puncture
than the protective tubing 557 material. The method
embodiments may further comprise selecting wall thick-
ness for the fluid tube 560 and the protective tubing 557.
In some embodiments, the fluid tube 560 and the pro-
tective tubing 557 may be formed of the same or similar
material, but the fluid tube 560 may have a thicker wall
thickness.

[0077] Method embodiments may further comprise
selecting a first length for the fluid tube 560 and a second
length for the protective tubing 557, wherein the second
length is (slightly) greater than the first length. Method
embodiments may further comprise selecting a third
length for each of the cables 553 of the cable tube
550, wherein the third length is greater than the second
length. It should be understood that one or more of the
cables 553 may have a distinct length, but for example
each of the cables in such an embodiment may have a
length greater than the second length.

[0078] In some embodiments, forming the fluid tube
560 to encompass the inner cable tube 550 may com-
prise pulling the cable tube 550 through a hollow bore of
the fluid tube 560. In other embodiments, forming the fluid
tube 560 to encompass the inner cable tube 550 may
comprise manufacturing the outer fluid tube 560 around
the inner cable tube 550. For example, the outer fluid tube
560 can be formed and rolled into a circular/cylindrical/-
tubular shape with the already assembled inner cable
tube(s) 550 in place (e.g. during the rolling process), for
example with the material (e.g. metal/steel plate) for the
fluid tube 560 being rolled around the cable tube(s) 550
so that the cable tube(s) 550 will be in position inside the
fluid tube 560 once the rolling and welding (e.g. the rolled
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material for the fluid tube 560 may be welded into final
tubular shape) are completed.

[0079] Insomeembodiments, providing the cable tube
550 may comprise forming the cable tube 550 having one
or more cables 553 extending lengthwise through the
protective tubing 557. For example, forming the cable
tube 550 may comprise pulling the one or more cables
553 through the hollow bore of the protective tubing 557.
In other embodiments, forming the cable tube 550 may
comprise manufacturing the protective tubing 557
around the one or more cables 553. For example, the
inner cable tube(s) 550 may first (e.g. before formation of
the fluid tube 560) be manufactured as a completed
assembly using similar rolling methods as discussed
above with respect to the fluid tube 560. For example,
the material (e.g. metal/steel plate) of the protective
tubing 557 may be rolled around the one or more cables
553 (e.g. into tubular shape), with subsequent laser (or
other) welding of the rolled protective tubing 557 to form
the cable tube 550 assembly. The entire cable tube 550
assembly can then optionally be pulled through a dye to
reduce the tube diameter, for example to provide an
interference fit of the protective tubing 557 over the
one or more cables 553 (e.g. the power cable).

[0080] Disclosed embodiments also include methods
of drilling a wellbore. For example, method embodiments
may comprise connecting and/or coupling a tool string
108 having a pulsed power drill bit to a downhole end 514
of coiled tubing 422; deploying (e.g. running) the coiled
tubing 422 downhole; directing and/or supplying power to
the tool string 108 via the coiled tubing 422 (e.g. via the
cable tube 550 within the fluid tube 560); providing drilling
fluid downhole through the coiled tubing 422 (e.g. via the
fluid tube 560); and drilling the wellbore using the pulsed-
power drill bit 114. The coiled tubing 422 may comprise
any embodiments disclosed herein, for example with the
coiled tubing 422 having a flexible hollow fluid tube 560
configured to transport drilling fluid therein; and a flexible
cable tube 550 disposed within the fluid tube 560, where-
in the cable tube 550 extends substantially the length of
the fluid tube 560 and comprises one or more cable 553
disposed within protective tubing 557. In some embodi-
ments, the drilling fluid may be dielectric. In embodi-
ments, drilling fluid and power may be simultaneously
provided downhole through the coiled tubing 422 (e.g.
with the protective tubing 557 protecting the cables 553
from the drilling fluid within the fluid tubing, as the cables
transmit power, etc.).

[0081] Embodiments may further comprise boosting
the voltage of the power supplied through the coiled
tubing 422, for example using a pulse-generating circuit
in the tool string 108 (e.g. as previously discussed).
Deploying the coiled tubing 422 downhole may comprise
deploying (e.g. from a spool 450 of coiled tubing 422 on
the surface) an amount of coiled tubing 422 sufficient to
reach a desired drilling depth. Directing/supplying power
may comprise selecting the amount of power based on
the length of the coiled tubing 422 (e.g. less power for
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lesser depths, and more power for greater depths) and/or
altering the amount of power supplied based on the
length of the coiled tubing 422 in the wellbore.

[0082] Some embodiments may further comprise con-
necting/coupling an uphole end 512 of the coiled tubing
422 to an input interface subsystem at the surface. A
generator 140 or other power source may provide power
to the input interface subsystem. A mud pump 125 may
provide drilling fluid to the input interface subsystem. In
some embodiments, the coiled tubing 422 may comprise
two coiled tubing elements 605, and the method may
further comprise connecting a downhole end 514 of a
second of the two coiled tubing elements to an uphole
end 512 of a first of the two coiled tubing elements.
[0083] Inembodiments, connecting (with respecttothe
coiled tubing 422) may comprise connecting fluidly (e.g.
the fluid tube 560) and electrically/power (e.g. the cable
tube 550 and its cables). In some embodiments, con-
necting cables 553 may comprise splicing, wherein the
splices are axially spaced. In some embodiments, con-
necting may comprise connecting mating terminals for
each cable 553. In some embodiments, connecting may
comprise connecting a single integrated multi-connector,
whereby connecting the single integrated multi-connec-
tor connects all cables 553 simultaneously. In some
embodiments, connecting may further comprise con-
necting the protective tubing 557 of the cable tube 550
(e.g. to provide a fluid-tight connection, so no drilling fluid
can enter the cable tube 550 to contact the cables 553
therein). In some embodiments, connecting may further
comprise connecting the fluid tubing (e.g. to provide a
fluid-tight connection, so that drilling fluid does not leak
out of the fluid tube 560 but is effectively directed down-
hole to the pulsed-power drill bit 114). In some embodi-
ments, connecting cables 553 may comprise forming
(e.g. splicing) connections radially outward (e.g. starting
inward and working outward). In some embodiments,
connecting cables 553 may comprise forming (e.g. spli-
cing) connections which are axially spaced. Some em-
bodiments may further comprise sensing the connec-
tion(s) (e.g. using an interlock system 570) to ensure that
all connections are effectively made. In some embodi-
ments, a signal may be sent to indicate a good connec-
tion, a bad connection, or both.

[0084] In embodiments, there may be no power gen-
eration downhole. For example, all power for the pulsed-
power drill bit 114 may be transmitted downhole through
the coiled tubing 422 and/or all power generation for the
pulsed-power drilling system may be at the surface. In
some embodiments, atleast a portion of the wellbore may
extend or be drilled at an angle from vertical (e.g. at least
a portion of the wellbore is non-vertical). For example, at
least a portion of the wellbore can be drilled at an angle of
approximately 10-90, 15-90, 20-90, 25-90, 30-90, 35-90,
40-90, 45-90, 50-90, 55-90, 60-90, 65-90, 70-90, 75-90,
80-90, 85-90, 10-60, 20-50, 30-75, 40-80, 20-70, 25-60,
approximately 90, or even greater than 90 degrees from
vertical (e.g. where 90 degrees from vertical would re-
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present horizontal). Some embodiments of the method
may further comprise steering the tool string 108. For
example, control/command signals may be transmitted
downhole through the coiled tubing 422, which may allow
control of the path of the pulsed-power drill bit 114 and/or
the wellbore. The flexibility of the coiled tubing 422 may
allow for greater angles for drilling of the wellbore and/or
within wells formed by pulsed-power drill bit 114s (e.g.
compared to drill pipe conveyance). Some embodiments
may further comprise transmitting signals (e.g. sensor
signals) to the surface though the coiled tubing 422.
[0085] In embodiments, the coiled tubing 422 may be
rewound/re-rolled onto the spool 450 during removal
from the wellbore. For example, method embodiments
may further comprise retracting the tool string 108 from
the wellbore to the surface by rolling the coiled tubing 422
onto the spool 450. Some method embodiments may
comprise controlling the depth of the tool string
108/pulsed-power drill (e.g. the position in the wellbore)
by rolling and unrolling coiled tubing 422 from the spool
450 on the surface.

ADDITIONAL DISCLOSURE

[0086] The following are non-limiting, specific embodi-
ments in accordance with the present disclosure:

In a first embodiment, a coiled tubing comprises: a
flexible hollow fluid tube having a length and config-
ured to transport drilling fluid the length of the fluid
tube, from a first end to a second end; and a flexible
cable conduit; wherein the cable conduit extends
substantially the length of the fluid tube and com-
prises one or more cable; and wherein both the fluid
tube and the cable conduit are sufficiently flexible to
be rolled onto a spool.

A second embodiment can include the coiled tubing
of the first embodiment, wherein the one or more
cable within the cable conduit comprises a power
cable for transmitting power from a surface power
source to a pulsed-power drill bit.

A third embodiment can include the coiled tubing of
the second embodiment, wherein the one or more
cable within the cable conduit further comprises one
or more selected from the following: a communica-
tion cable, a fiber optic cable, a coaxial cable, and an
auxiliary power cable.

Afourth embodiment can include the coiled tubing of
the first embodiment, wherein the one or more cable
comprises a power cable, a communication cable,
and a fiber-optic cable.

A fifth embodiment can include the coiled tubing of
any one of the first to fourth embodiments, wherein:
the cable conduit is a cable tube comprising protec-
tive tubing, with the one or more cables disposed
therein; the cable tube is disposed within the fluid
tube.

A sixth embodiment can include the coiled tubing of
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the fifth embodiment, wherein the cable tube is an-
chored to the fluid tube at both ends.

A seventh embodiment can include the coiled tubing
of the sixth embodiment, wherein between the an-
chored ends, the cable tube is free floating within the
fluid tube.

An eighth embodiment can include the coiled tubing
of any one of the fifth to seventh embodiments,
wherein the one or more cables are anchored to
the protective tubing of the cable tube at both ends.
A ninth embodiment can include the coiled tubing of
the eighth embodiment, wherein between the an-
chored ends, the one or more cables within the cable
tube are free floating within the protective tubing.
A tenth embodiment can include the coiled tubing of
any one of the fifth to ninth embodiments, wherein
the cable tube further comprises a connector at each
end.

An eleventh embodiment can include the coiled tub-
ing of the tenth embodiment, wherein the connector
at each end comprises a separate connector for
each of the one or more cable.

A twelfth embodiment can include the coiled tubing
of the tenth embodiment, wherein the connector at
each end comprises an integrated multi-connector
configured so that connection of the integrated multi-
connector simultaneously connects each of the one
or more cable.

A thirteenth embodiment can include the coiled tub-
ing of the twelfth embodiment, wherein the inte-
grated multi-connector is configured so that connec-
tion of the integrated multi-connector further con-
nects the protective tubing of the cable tube.

A fourteenth embodiment can include the coiled
tubing of the thirteenth embodiment, wherein the
protective tubing is sealingly connected.

A fifteenth embodiment can include the coiled tubing
of any one of the twelfth to fourteenth embodiments,
wherein the integrated multi-connector is configured
so that connection of the integrated multi-connector
further connects the fluid tube of the coiled tubing.
A sixteenth embodiment can include the coiled tub-
ing of the fifteenth embodiment, wherein the fluid
tube is sealingly connected.

A seventeenth embodiment can include the coiled
tubing of the tenth embodiment, wherein the con-
nector is configured to connect the coiled tubing
ends for hydraulic, electrical (e.g. power and/or sig-
nals), and/or fiber-optic connection and/or commu-
nication.

An eighteenth embodiment can include the coiled
tubing of the tenth or seventeenth embodiment,
wherein the connector at the first end may be con-
figured to mate with (e.g. matingly engage) the con-
nector at the second end (e.g. the connector at the
first end comprises a male connector, and the con-
nector at the second end comprises a female con-
nector, with the two connectors being configured to
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correspond for mating

A nineteenth embodiment can include the coiled
tubing of any one of the tenth, seventeenth, or eight-
eenth embodiment, wherein the connector at each
end is configured to anchor the cable tube to the fluid
tube.

A twentieth embodiment can include the coiled tub-
ing of any one of the tenth or seventeenth to nine-
teenth embodiment, wherein the connector at each
end may be configured to anchor the one or more
cable to the protective tubing of the cable tube.

A twenty-first embodiment can include the coiled
tubing of any one of the tenth or seventeenth to
twentieth embodiment, wherein the connector at
each end of the cable tube may comprise an inte-
grated multi-connector.

Atwenty-second embodiment can include the coiled
tubing of the twenty-first embodiment, wherein the
integrated multi-connector may comprise a 3-in-1
connector configured to simultaneously fluidly con-
nect the fluid tube, connect the power cable, and
connect the communication and/or fiber-optic cable
(e.g. with a single connection making all of these
communicative connections, allowing communica-
tion of fluid, power, and communication signals
therethrough to the respective elements).

A twenty-third embodiment can include the coiled
tubing of any one of the tenth or seventeenth to
twentieth embodiment, wherein the connector at
each end of the cable tube may comprise a separate
connector for each of the one or more cable (e.g.
allowing each cable at an end of the cable tube to be
connected separately/individually).

A twenty-fourth embodiment can include the coiled
tubing of the twenty-third embodiment, wherein each
cable comprises a separate connector configured for
plug-in connection.

A twenty-fifth embodiment can include the coiled
tubing of the twenty-third embodiment, wherein the
separate connector for each end of each cable may
comprise a clamping mechanism configured to
splice a conductor of the one or more cable, fix the
position of the conductor, and/or isolate the conduc-
tor at the splice.

A twenty-sixth embodiment can include the coiled
tubing of the twenty-fifth embodiment, wherein the
clamping mechanism comprises a clamping sleeve.
A twenty-seventh embodiment can include the
coiled tubing of any one of the twenty-third to
twenty-sixth embodiment, wherein each cable in
the cable tube may be configured to be individually
spliced, plugged-in, or connected.

A twenty-eighth embodiment can include the coiled
tubing of any one of the twenty-third to twenty-se-
venth embodiment, wherein the separate connec-
tors for the cables at each end of the cable tube may
be axially spaced (e.g. with respect to each other).
A twenty-ninth embodiment can include the coiled
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tubing of any one of the twenty-third to twenty-eighth
embodiment, wherein the protective tubing may be
wider (e.g. have a larger diameter) at the location of
connection.

A thirtieth embodiment can include the coiled tubing
of any one of the twenty-third to twenty-ninth embo-
diment, wherein the connector at each end of the
coiled tubing may comprise a separate connector for
the fluid tube.

A thirty-first embodiment can include the coiled tub-
ing of any one of the twenty-third to thirtieth embodi-
ment, wherein the fluid tube connector may comprise
screw threads.

A thirty-second embodiment can include the coiled
tubing of any one of the twenty-third to thirty-first
embodiment, wherein the connector at each end of
the cable tube may comprise a separate connector
for the protective tubing.

A thirty-third embodiment can include the coiled
tubing of any one of the twenty-third to thirty-second
embodiment, wherein the protective tubing connec-
tor comprises screw threads.

A thirty-fourth embodiment can include the coiled
tubing of any one of the first to thirty-third embodi-
ment, wherein the coiled tubing comprises two or
more coiled tubing elements coupled end-to-end
(e.g. in series) to allow fluid flow therethrough from
an uphole end of a first coiled tubing element to a
downhole end of a second coiled tubing element.
A thirty-fifth embodiment can include the coiled tub-
ing of the thirty-fourth embodiment, wherein each
coiled tubing element comprises a fluid tubing ele-
ment and a cable tube element.

A thirty-sixth embodiment can include the coiled
tubing of any one of the fifth to the thirty-fifth embodi-
ment, wherein the protective tubing of the cable tube
is configured to protect the one or more cables there-
in from drilling fluid within the fluid tube.

A thirty-seventh embodiment can include the coiled
tubing of any one of the first to the thirty-sixth embo-
diment, wherein the outer fluid tube has sufficient
mechanical strength to support a drilling tool string,
as well as sufficiently corrosion and/or abrasion re-
sistant to protect the cable tube from drilling fluid with
fractured rock cuttings circulating uphole outside of
the fluid tube.

A thirty-eighth embodiment can include the coiled
tubing of any one of the first to thirty-seventh embo-
diment, wherein the outer fluid tube has greater
mechanical strength that the inner cable tube.

A thirty-ninth embodiment can include the coiled
tubing of any one of the first to thirty-eighth embodi-
ment, wherein the outer fluid tube is more resistant to
abrasion and/or puncture than the inner cable tube.
A fortieth embodiment can include the coiled tubing
of any one of the fifth to the thirty-ninth embodiment,
wherein the fluid tube and the protective tube are
formed of similar material, with the fluid tube having a
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greater wall thickness.

A forty-first embodiment can include the coiled tub-
ing of any one of the first to the fortieth embodiment,
wherein the inner diameter of the fluid tube is suffi-
cient for effective drilling fluid flow downhole and
circulation uphole to remove fractured rock cuttings
(e.g. despite the presence of the inner cable tube
within the outer fluid tube).

A forty-second embodiment can include the coiled
tubing of any one of the first to forty-first embodiment,
wherein the coiled tubing has a smooth cylindrical
exterior surface, integral power cable, and no loose
or separate power line.

A forty-third embodiment can include the coiled tub-
ing of any one of the first to forty-second embodi-
ment, further comprising one or more safety sensor
(e.g. disposed in the connector).

A forty-fourth embodiment can include the coiled
tubing of any one of the first to the forty-third embodi-
ment, further comprising an interlock system (e.g.
configured to provide and/or detect a secure con-
nection).

A forty-fifth embodiment can include the coiled tub-
ing of any one of the first to the fourth embodiment,
wherein the cable conduit/cable tube is disposed on
an exterior surface of the fluid tube.

In a forty-sixth embodiment, a pulsed-power drilling
system comprises: the coiled tubing of any one of the
first to forty-fifth embodiments; a coiled tubing input
interface subsystem disposed at the surface; and a
tool string.

A forty-seventh embodiment can include the system
of the forty-sixth embodiment, wherein the coiled
tubing further comprises: an uphole end of the coiled
tubing configured to connect/couple to the coiled
tubing input interface (e.g. to provide hydraulic con-
nection for the outer fluid tube, electrical connection
of for the power cable of the inner cable tube, and
electrical and/or fiber optic connection for the tele-
metry/communication of the inner cable tube), and a
downhole end of the coiled tubing configured to
connect/couple to a distribution subsystem of the
tool string (e.g. to provide hydraulic connection for
the outer fluid tube, electrical connection of for the
power cable of the inner cable tube, and electrical
and/or fiber optic connection for the telemetry/com-
munication of the inner cable tube).

Aforty-eighth embodiment can include the system of
the forty-sixth or forty-seventh embodiment, wherein
the tool string is disposed/coupled at the downhole
end of the coiled tubing, and the coiled tubing input
interface subsystem is disposed/coupled at the up-
hole end of the coiled tubing.

A forty-ninth embodiment can include the system of
any one of the forty-sixth to forty-eighth embodiment,
wherein power and drilling fluid simultaneously flow
from the coiled tubing input interface subsystem to
the tool string via the coiled tubing.
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A fiftieth embodiment can include the system of any
one of the forty-sixth to forty-ninth embodiment,
wherein the coiled tubing extends downhole in a
wellbore.

A fifty-first embodiment can include the system of
any one of the forty-sixth to fiftieth embodiment,
wherein the tool string comprises a pulsed-power
drill bit.

Afifty-second embodiment can include the system of
any one of the forty-sixth to fifty-first embodiment,
wherein the tool string further comprises telemetry,
MWD 532, power boosting (e.g. pulse generating
circuit), sensors, and/or steering.

A fifty-third embodiment can include the system of
any one of the forty-sixth to fifty-second embodi-
ment, further comprising a generator or other power
source configured to provide power to the power
cable via the coiled tubing input interface subsystem.
A fifty-fourth embodiment can include the system of
any one of the forty-sixth to fifty-third embodiment,
further comprising a mud pump configured to provide
drilling fluid to the fluid tube of the coiled tubing via the
coiled tubing input interface subsystem and/or to
pump the drilling fluid downhole to the tool string
through the fluid tube of the coiled tubing.

A fifty-fifth embodiment can include the system of
any one of the forty-sixth to fifty-fourth embodiment,
further comprising a safety interlock system config-
ured to provide and/or detect secure connections
(e.g. of the fluid tube, the power cable, etc.).

A fifty-sixth embodiment can include the system of
the fifty-fifth embodiment, wherein the safety inter-
lock system is disposed within the coiled tubing input
interface subsystem, the tool string, and/or the coiled
tubing (e.g. the connector).

A fifty-seventh embodiment can include the system
of any one of the forty-sixth to fifty-sixth embodiment,
further comprising a spool (e.g. disposed at the sur-
face), wherein atleast a portion of the coiled tubing is
disposed on the spool.

In a fifty-eighth embodiment, a method of forming
coiled tubing (e.g. similar to that of the first to forty-
fifth embodiments) having an inner cable tube within
an outer fluid tube comprises: providing the cable
tube having one or more cables disposed within
protective tubing; forming the fluid tube to encom-
pass the inner cable tube; and anchoring both ends
of the cable tube to the fluid tube, wherein a remain-
der of the length of the cable tube is free-floating
within the fluid tube (e.g. leaving sufficient slack in
the cable tube so that the cable tube is supported by
the fluid tube and does not carry any weight).

A fifty-ninth embodiment can include the method of
the fifty-eighth embodiment, wherein the cables with-
in the protective tubing of the cable tube are an-
chored at both ends of the cable tube (e.g. with
the remainder of the length of the cables free-float-

ing).
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A sixtieth embodiment can include the method of the
fifty-eighth or fifty-ninth embodiment, wherein the
cable tube further comprises one or more connector
disposed at each end of the cable tube, and the one
or more connectors anchor the cables to the protec-
tive tubing.

A sixty-first embodiment can include the method of
any one of the fifty-eighth to sixtieth embodiment,
wherein the protective tubing is configured with a
connector at each end to allow for connection/cou-
pling, and the connector anchors the protective tub-
ing to the fluid tube.

A sixty-second embodiment can include the method
of any one of the fifty-eighth to sixty-first embodi-
ment, further comprising selecting material for the
fluid tube and the protective tubing, wherein the fluid
tube material is more resistant to abrasion and punc-
ture than the protective tubing material.

A sixty-third embodiment can include the method of
any one of the fifty-eighth to sixty-second embodi-
ment, wherein the fluid tube and the protective tubing
are formed of the same or similar material, but the
fluid tube has a thicker wall thickness.

A sixty-fourth embodiment can include the method of
any one of the fifty-eighth to sixty-third embodiment,
further comprising selecting a first length for the fluid
tube and a second length for the protective tubing,
wherein the second length is (e.g. slightly) greater
than the first length.

A sixty-fifth embodiment can include the method of
any one of the fifty-eighth to sixty-fourth embodi-
ment, further comprising selecting a third length
for each of the cables of the cable tube, wherein
the third length is greater than the second length.
A sixty-sixth embodiment can include the method of
any one of the fifty-eighth to sixty-fifth embodiment,
wherein forming the fluid tube to encompass the
inner cable tube comprises pulling the cable tube
through a hollow bore of the fluid tube.

A sixty-seventh embodiment can include the method
of any one of the fifty-eighth to sixty-fifth embodi-
ment, wherein forming the fluid tube to encompass
the inner cable tube comprises manufacturing the
outer fluid tube around the inner cable tube.

A sixty-eighth embodiment can include the method
of any one of the fifty-eighth to sixty-seventh embo-
diment, wherein providing the cable tube comprises
forming the cable tube having one or more cables
extending lengthwise through the protective tubing.
A sixty-ninth embodiment can include the method of
any one of the fifty-eighth to sixty-eighth embodi-
ment, wherein forming the cable tube comprises
pulling the one or more cables through the hollow
bore of the protective tubing.

A seventieth embodiment can include the method of
any one of the fifty-eighth to sixty-eighth embodi-
ment, wherein forming the cable tube comprises
manufacturing the protective tubing around the
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one or more cables.

In a seventy-first embodiment, a method of drilling a
wellbore comprises: connecting/coupling a tool
string having a pulsed power drill bit to a downhole
end of coiled tubing, wherein the coiled tubing com-
prises any one of the first to the forty-fifth embodi-
ments; deploying (e.g. running) the coiled tubing
downhole; directing/supplying power to the tool
string via the coiled tubing (e.g. via the cable tubing
within the fluid tube); providing drilling fluid downhole
through the coiled tubing (e.g. via the fluid tube of the
same coiled tubing); and drilling the wellbore using
the pulsed-power drill bit.

A seventy-second embodiment can include the
method of the seventy-first embodiment, wherein
the drilling fluid is dielectric.

A seventy-third embodiment can include the method
of the seventy-first or seventy-second embodiment,
wherein drilling fluid and power are simultaneously
provided downhole through the coiled tubing (e.g.
with the protective tubing protecting the cables from
the drilling fluid within the fluid tubing, as the cables
transmit power, etc.).

A seventy-fourth embodiment can include the meth-
od of any one of the seventy-first to seventy-third
embodiment, further comprising boosting the vol-
tage of the power supplied through the coiled tubing
using a pulse-generating circuit in the tool string.

A seventy-fifth embodiment can include the method
of any one of the seventy-first to seventy-fourth
embodiment, wherein deploying the coiled tubing
downhole comprises deploying (e.g. from a spool
of coiled tubing) an amount of coiled tubing sufficient
to reach a desired drilling depth.

A seventy-sixth embodiment can include the method
of any one of the seventy-first to seventy-fifth embo-
diment, wherein directing/supplying power com-
prises selecting the amount of power based on the
length of the coiled tubing (e.g. less power for lesser
depths, and more power for greater depths).

A seventy-seventh embodiment can include the
method of any one of the seventy-first to seventy-
sixth embodiment, wherein directing/supplying
power comprises altering the amount of power
based on the length of the coiled tubing in the well-
bore.

A seventy-eighth embodiment can include the meth-
od of any one of the seventy-first to seventy-seventh
embodiment, further comprising connecting/cou-
pling an uphole end of the coiled tubing to an input
interface subsystem at the surface.

A seventy-ninthembodiment caninclude the method
of any one of the seventy-first to seventy-eighth
embodiment, wherein a generator or other power
source on the surface (e.g. a DC power source)
provides power to the input interface subsystem,
and wherein a mud pump provides drilling fluid to
the input interface subsystem.
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An eightieth embodiment can include the method of
any one of the seventy-first to seventy-ninth embodi-
ment, wherein the coiled tubing comprises two coiled
tubing elements, further comprising connecting a
downhole end of a second of the two coiled tubing
elements to an uphole end of a first of the two coiled
tubing elements.

An eighty-first embodiment can include the method
of any one of the seventy-first to eightieth embodi-
ment, wherein connecting comprises connecting
fluidly/hydraulically (e.g. the fluid tubes) and electri-
cally/power (e.g. the cable tube and its cables).

An eighty-second embodiment can include the
method of any one of the seventy-first to eighty-first
embodiment, wherein connecting cables comprises
splicing, wherein the splices are axially spaced.

An eighty-third embodiment can include the method
of any one of the seventy-first to eighty-second em-
bodiment, wherein connecting comprises connect-
ing mating terminals for each cable.

An eighty-fourth embodiment can include the meth-
od of any one of the seventy-first to eighty-first em-
bodiment, wherein connecting comprises connect-
ing a single integrated multi-connector, whereby
connecting the single integrated multi-connector
connects all cables simultaneously.

An eighty-fifth embodiment can include the method
of any one of the seventy-first to eighty-fourth em-
bodiment, wherein connecting further comprises
connecting the cable tube (e.g. to provide a fluid-
tight connection, so no drilling fluid can enter the
cable tube to contact the cables therein).

An eighty-sixth embodiment can include the method
of any one of the seventy-first to eighty-fifth embodi-
ment, wherein connecting further comprises con-
necting the fluid tubing (e.g. to provide a fluid-tight
connection, so that drilling fluid does not leak out of
the fluid tube but is effectively directed downhole to
the pulsed-power drill bit.

An eighty-seventh embodiment can include the
method of any one of the seventy-first to eighty-sixth
embodiment, further comprising sensing the con-
nections (e.g. using an interlock system) to ensure
that all connections are effectively made (and op-
tionally sending a signal to indicate, a good connec-
tion, a bad connection, or both).

An eighty-eighth embodiment can include the meth-
od of any one of the seventy-first to eighty-seventh
embodiment, wherein connecting cables comprises
forming (e.g. splicing) connections radially outward
(e.g. starting inward and working outward).

An eighty-ninth embodiment can include the method
of any one of the seventy-first to eighty-eighth em-
bodiment, wherein connecting cables comprises
forming (e.g. splicing) connections which are axially
spaced.

A ninetieth embodiment can include the method of
any one of the seventy-first to eighty-ninth embodi-
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ment, wherein there is no power generation down-
hole (e.g. all power for the pulsed-power drill bit is
transmitted downhole through the coiled tubing an-
d/or all power generation for the system is at the
surface).

A ninety-first embodiment can include the method of
any one of the seventy-first to ninetieth embodiment,
wherein at least a portion of the wellbore extends or
is drilled at an angle from vertical (e.g. at least a
portion of the wellbore is non-vertical).

A ninety-second embodiment can include the meth-
od of any one of the seventy-first to ninety-first em-
bodiment, further comprising steering the tool string
(e.g. via control/command signals transmitted down-
hole through the coiled tubing) (e.g. to control the
path of the pulsed-power drill bit and/or the wellbore).
A ninety-third embodiment can include the method of
any one of the seventy-first to ninety-second embo-
diment, wherein the flexibility of the coiled tubing
allows for greater angles within wells formed by
pulsed-power drill bits (e.g. compared to drill pipe).
A ninety-fourth embodiment can include the method
of any one of the seventy-first to ninety-third embodi-
ment, wherein the coiled tubing may be rewound/rer-
olled onto the spool during removal from the well-
bore.

A ninety-fifth embodiment can include the method of
any one of the seventy-first to ninety-fourth embodi-
ment, further comprising retracting the tool string
from the wellbore to the surface by rolling the coiled
tubing onto the spool.

[0087] While embodiments have been shown and de-
scribed, modifications thereof can be made by one skilled
inthe art without departing from the spiritand teachings of
this disclosure. The embodiments described herein are
exemplary only, and are not intended to be limiting. Many
variations and modifications of the embodiments dis-
closed herein are possible and are within the scope of
this disclosure. For example, the various elements or
components may be combined or integrated in another
system or certain features may be omitted or not imple-
mented. Also, techniques, systems, subsystems, and
methods described and illustrated in the various embodi-
ments as discrete or separate may be combined or in-
tegrated with other techniques, systems, subsystems, or
methods without departing from the scope of this disclo-
sure. Other items shown or discussed as directly coupled
or connected or communicating with each other may be
indirectly coupled, connected, or communicated with.
Method or process steps set forth may be performed in
a different order. The use of terms, such as "first," "sec-
ond," "third" or "fourth" to describe various processes or
structures is only used as a shorthand reference to such
steps/structures and does not necessarily imply that such
steps/structures are performed/formed in that ordered
sequence (unless such requirement is clearly stated
explicitly in the specification).
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[0088] Where numerical ranges or limitations are ex-
pressly stated, such express ranges or limitations should
be understood to include iterative ranges or limitations of
like magnitude falling within the expressly stated ranges
orlimitations (e.g., fromabout 1 to about 10includes, 2, 3,
4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.).
For example, whenever a numerical range with a lower
limit, RI, and an upper limit, Ru, is disclosed, any number
falling within the range is specifically disclosed. In parti-
cular, the following numbers within the range are speci-
fically disclosed: R=RI +k* (Ru-Rl), wherein k is a variable
ranging from 1 percent to 100 percent with a 1 percent
increment, i.e., k is 1 percent, 2 percent, 3 percent, 4
percent, 5 percent, ..... 50 percent, 51 percent, 52 per-
cent, ..... , 95 percent, 96 percent, 97 percent, 98 percent,
99 percent, or 100 percent. Moreover, any numerical
range defined by two R numbers as defined in the above
is also specifically disclosed. Language of degree used
herein, such as "approximately," "about," "generally," and
"substantially," represent a value, amount, or character-
istic close to the stated value, amount, or characteristic
that still performs a desired function or achieves a desired
result. For example, the language of degree may mean a
range of values as understood by a person of skill or,
otherwise, an amount that is +/-10%.

[0089] Use of broader terms such as comprises, in-
cludes, having, etc. should be understood to provide
support for narrower terms such as consisting of, con-
sisting essentially of, comprised substantially of, etc.
When a feature is described as "optional," both embodi-
ments with this feature and embodiments without this
feature are disclosed. Similarly, the present disclosure
contemplates embodiments where this "optional" feature
is required and embodiments where this feature is spe-
cifically excluded. The use of the terms such as "high-
pressure" and "low-pressure” is intended to only be de-
scriptive of the component and their position within the
systems disclosed herein. That is, the use of such terms
should not be understood to imply that there is a specific
operating pressure or pressure rating for such compo-
nents. For example, the term "high-pressure" describing
a manifold should be understood to refer to a manifold
that receives pressurized fluid that has been discharged
from a pump irrespective of the actual pressure of the
fluid as it leaves the pump or enters the manifold. Simi-
larly, the term "low-pressure" describing a manifold
should be understood to refer to a manifold that receives
fluid and supplies that fluid to the suction side of the pump
irrespective of the actual pressure of the fluid within the
low-pressure manifold.

[0090] Any and all exemplary embodiments and/or the
features therein which are discussed in this specification
are not intended to be limiting, but merely provide non-
limiting illustrative examples. Accordingly, the scope of
protection is not limited by the description set out above
but is only limited by the claims which follow, that scope
including all equivalents of the subject matter of the
claims. Each and every claim is incorporated into the
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specification as embodiments of the present disclosure.
Thus, the claims are a further description and are an
addition to the embodiments of the present disclosure.
The discussion of a reference herein is not an admission
thatitis prior art, especially any reference that can have a
publication date after the priority date of this application.
The disclosures of all patents, patent applications, and
publications cited herein are hereby incorporated by
reference, to the extent that they provide exemplary,
procedural, or other details supplementary to those set
forth herein.

[0091] Use of the phrase "at least one of" preceding a
list with the conjunction "and" should not be treated as an
exclusive list and should not be construed as a list of
categories with one item from each category, unless
specifically stated otherwise. A clause that recites "at
leastone of A, B, and C" can be infringed with only one of
the listed items, multiple of the listed items, and one or
more of the items in the list and another item not listed.
[0092] As used herein, the term "or" is inclusive unless
otherwise explicitly noted. Thus, the phrase "at least one
of A, B, or C"is satisfied by any element from the set {A, B,
C} or any combination thereof, including multiples of any
element.

[0093] As used herein, the term "and/or" includes any
combination of the elements associated with the "and/or"
term. Thus, the phrase "A, B, and/or C" includes any of A
alone, B alone, C alone, A and B together, B and C
together, A and C together, or A, B, and C together.

Claims
1. Acoiled tubing for downhole operations comprising:

a flexible hollow fluid tube having a length and
configured to transport drilling fluid the length of
the fluid tube, from a first end to a second end;
and

a flexible cable conduit;

wherein the cable conduit extends substantially
the length of the fluid tube and comprises one or
more cable; and

wherein both the fluid tube and the cable conduit
are sufficiently flexible to be rolled onto a spool.

2. The coiled tubing of claim 1, wherein the one or more
cable within the cable conduit comprises a power
cable for transmitting power from a surface power
source to a pulsed-power drill bit.

3. Thecoiled tubing of claim 2, wherein the one or more
cable within the cable conduit further comprises one
or more selected from the following: a communica-
tion cable, afiber optic cable, a coaxial cable, and an
auxiliary power cable.

4. The coiled tubing of any one of claims 1-3, wherein:
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the cable conduit is a cable tube comprising
protective tubing, with the one or more cables
disposed therein;

the cable tube is disposed within the fluid tube;
and

the cable tube is anchored to the fluid tube at
both ends.

The coiled tubing of claim 4, wherein the one or more
cables are anchored to the protective tubing of the
cable tube at both ends, and wherein the cable tube
further comprises a connector at each end.

The coiled tubing of claim 5, wherein the connector at
each end comprises an integrated multi-connector
configured so that connection of the integrated multi-
connector simultaneously connects each of the one
or more cables.

A pulsed-power drilling system, comprising:

the coiled tubing of any one of claims 1-6;

a coiled tubing input interface subsystem dis-
posed at a surface of a well; and

a tool string;

wherein:
the coiled tubing further comprises:

an uphole end configured to connect to the
coiled tubing input interface to provide hy-
draulic connection for the fluid tube and
electrical connection for a power cable of
the one or more cable of the cable tube; and
a downhole end configured to connect to a
distribution subsystem of the tool string to
provide hydraulic connection for the fluid
tube and electrical connection for the power
cable of the cable tube;

the tool string is disposed at the downhole end of
the coiled tubing; and

the coiled tubing input interface subsystem is
disposed at the uphole end of the coiled tubing.

The pulsed-power drilling system of claim 7, wherein
power and drilling fluid simultaneously flow from the
coiled tubing input interface subsystem to the tool
string via the coiled tubing.

The pulsed-power drilling system of any one of
claims 7-8, wherein the tool string comprises a
pulsed-power drill bit.

The pulsed-power drilling system of any one of
claims 7-9, further comprising:
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a generator on the surface configured to provide
power to the power cable via the coiled tubing
input interface subsystem, wherein no power is
generated downhole; and

a pump on the surface configured to provide
drilling fluid to the fluid tube of the coiled tubing
via the coiled tubing input interface subsystem
and to pump the drilling fluid downhole to the tool
string through the fluid tube of the coiled tubing.

The pulsed-power drilling system of any one of
claims 7-10, further comprising a spool on the sur-
face, wherein at least a portion of the coiled tubing is
disposed on the spool.

A method of drilling a wellbore, comprising:

connecting a tool string having a pulsed-power
drill bit to a downhole end of coiled tubing,
wherein the coiled tubing comprises:

a flexible hollow fluid tube having a length
and configured to transport drilling fluid
therein; and

a flexible cable tube disposed within the
fluid tube, wherein the cable tube extends
substantially the length of the fluid tube and
comprises one or more cable disposed with-
in

protective tubing;

deploying the coiled tubing downhole;
providing power to the tool string downhole via
the coiled tubing;

providing drilling fluid to the tool string downhole
via the coiled tubing; and

drilling the wellbore using the pulsed-power drill
bit;

wherein drilling fluid and power are simulta-
neously provided downhole through the coiled
tubing,

with the protective tubing protecting the one or
more cable from the drilling fluid within the fluid
tube as the one or more cable transmits power.

The method of claim 12, wherein deploying the
coiled tubing downhole comprises deploying an
amount of coiled tubing sufficient to reach a desired
drilling depth from a spool of coiled tubing at a sur-
face of the wellbore, and wherein providing power
comprises selecting an amount of power based on
the length of the coiled tubing deployed downhole.

The method of any one of claims 12-13, further
comprising connecting an uphole end of the coiled
tubing to an input interface subsystem at the surface;
wherein a power source at the surface provides
power to the input interface subsystem, and wherein
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a mud pump provides drilling fluid to the input inter-
face subsystem.

The method of any one of claims 12-14, further
comprising steering the tool string using the coiled
tubing to control the path of the pulsed-power drill bit;
wherein at least a portion of the wellbore is drilled at
an angle from vertical.
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