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SYSTEMS AND METHODS FOR ISOLATING CURRENT FLOW

TO WELL LOADS

Technical Field of the Invention

[00t1) The present invention relates generally to controlling power to
downhole devices in a subterranean weilbore and, more particularly {(although

not necessarily exclusively), o isolating current flow in foads in the subterranean

welibore.
Background
[0002] Hydrocarbons can be produced through a wellbore traversing a

subterranean formation. The wellbore can be refatively complex in that it can
include various zones defined by zonal isolation devices. Completion and
production in each zone can be configured and controlied independent of other
zones. Each zone can also include one or more downhole electrical toads {or
toois) that operate using electric power. Examples of these loads include pumps,
solenoid cperated vaives, and motors.

[0003] Electric power can be deiivered fo these loads through cables or
other types of conducting paths. A tuting encapsulated conductor (“TEC™ can
be used that inciudes three conductors surrounded by a sheath. Because the
wellbore can be long — requiring a long cable — the TEC is used with diodes

downhole to control power to up fo tweive different downhole loads, instead of
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using two cables per load, which increases costs. For example, one downhole
load can receive full power independent of ofher loads, by applying voltage to
one of the conducting paths of to the sheath, grounding another one of the
conducting paths {or the sheath if applicable}, and leaving the remaining
cenducting paths {or remaining path and sheath if applicable} floating electrically.
[0004] Although the one load receives power to cperate fully independent
of the remaining loads through this impiementation, one or more leak paths can
be present through which current can flow away from the one load in full
operation. For example, in an implementation of twelve independent loads that
have a similar resistive value, {i}) one haif of the power provided down the
conducting paths is supplied fo the one load intended to be powered, (ii) one
quarter of the power is supplied through a second path in which two loads are
between positive voliage and ground, and (iii} one quarter of the power is
supplied through a third path in which anather two lnads are between positive
voltage and ground.

[0003] Thus, the leak paths can waste hailf of the power that is supplied
downhole and the leak paths can resull in the Joads in the leak paths being
provided only part of the power that the loads require to operate fully. Providing
part of the power to the loads can cause some ioads {(e.g. a motor or a pump) to
operate partially when such operation is not desirable. Furthermore, certain
loads may require different power levels 1o operate such that a load in a leak

path operates fully when such operation is not desirable.
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[0008] Therefore, systems and methods are desirable that can reduce or
eliminate loads receiving current through leak paths or other undesirable ways in

a downhole setting.

Summary

[0007] Certain embodiments of the present invention are directed to
controiling power distribution among various electrical loads disposed in a bore,
Each ioad can be associated with circuitry that can prevent leak currents from
flowing fo the associated loads. The circuitry can include one or more thyristors
that can allow current to flow in response to a threshold voltage being exceeded,
but otherwise can prevent current flow.

[0008] In one aspect, a system is provided that can be disposed in a bore
of a subterranean formation. The hore can have various electrical ioads
positioned in it. The system can include a first control module and control
modules other than the first control module. The first control module is
associated with a first load and can respond to a voitage that is above a
threshald by allowing current to flow {o the first load. When the current is allowed
to flow to the first load, the control modules other than the first control module are
configured to prevent current from flowing to loads other than the first load.

[0009] in at least one embodiment, the first control module inciudes a

thyristor having a gate.
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[0010] in at least one embodiment, the gate is coupled to a resistor
netwark. The thyristor can allow current to flow to the first load when the voltage
that is above the threshold is applied o the gate.

[0011] in at |east one embodiment, the gate is disconnected from other
circuitry and the threshold corresponds to a breakdown voltage of the thyristor.
[0012] In at least one embodiment, the thyristor includes one of a silicon
caontrofled rectifier (SCR), a diode for alternating current (DIAC), a four layer
dicde with a disconnected gate, or a triade for alternating current (TRIAC).

[0013] in at least one embodiment, the system includes various
conducting paths. Each path can conduct electricity in the bore. in response to
a first conducting path being coupied to a power source and a second conducting
path being coupled to ground, the first confrol module can allow current to flow to
the first load and the control modules other than the first controf module can
prevent current from flowing to ioads other than the first ioad.

[0014] In at least one embodiment, the conducting paths include a third
conducting path that can float when the first control module allows current o flow
to the first load and when the control modules other than the first control module
can prevent current from flowing to loads other than the first load.

[0015] In at least one embodiment, a conducting path is a sheath that
encapsulates other conducting paths.

[00186] In at least one embodiment, the bore includes zones defined

therein by zonal isoiation devices. The loads are disposed in the zones.
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[0017] in at [east one embodiment, the first control module inciudes a first
thyristor and a second thyristor that is biased in an opposite direction than the
tirst thyristor. The first thyristor can allow current flowing in a first direction to flow
fo the first load. The second thyristor can alfow current Howing in a second
direction to flow to the first ioad.

[0018] In another aspect, a method is provided for controlling power
distribution downhole. A level of a voltage is determined as being above a
threshoid in at least one zone of a subterranean bore. The voltage is determined
from a first conducting path coupled to 2 power source and a second conducting
path coupled to ground. In response to detemmining the fevel of the voltage is
above the threshold, current is aliowed to flow to a first load that is disposed in
the zone. Current is prevented from flowing to loads other than the first ioad that
are disposed in the plurality of zones.

[0019] In &t least one embodiment, a gate voltage is determined at a gate
of a thyristor as being above the threshold to determine the level of the voitage.
The thyristor is associated with a load in the zone.

[0020] in at least one embodiment, a breakdown voltage of a thyrisfor is
determined as being above the threshoid to determine the level of the voitage.
The thyristor is associated with a load in the zone.

[0021] In at least one embodiment, a third conducting path is allowed to be

floating.
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[0022] in at [east one embodiment, the level of the voltage at a load other
than the first load is determined to be below the threshold. Current is prevented
from flowing to the load other than the first load in response to determining the
level of the voitage is below the threshold.

[0023] These illustrative aspects and embodiments are mentioned not to
limit or define the invention, but to provide examples to aid understanding of the
inventive concepts disclosed in this appiication. Other aspects, advantages, and
features of the present invention will become apparent after review of the entire

application.

Brief Description of the Drawings

[C024] FIG. 1 is a cross-sectional schematic illustration of a well having a
system that can control current flow to loads to prevent or reduce leak currents
according to an embodiment of the present invention.

[0025] FIG. 2 is a schematic view of a control system according to an
embodiment of the present invention.

[0026] FIG. 3 is a schematic view of a control system providing power {o a
load according to an embodiment of the present invention.

[0027] FIG. 4 is a schematic view of a control system providing power {0 a
load according to a second embodiment of the present invention.

[0028] FIG. 5 is a schematic view of a control system providing power to a

load according to a third embodiment of the present invention.
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[0029] FIG. 6 is a schematic view of a control system providing power to a

load according to a fourth embodiment of the present invention.

Detailed Description

[0030] Centain aspects and embodiments of the present invention relate to
systems and methods for controling power distribution among various loads
disposed in a bore, such as a welibore of a subterranean formation, to which
power is delivered through a limited number of conducting paths. A system
according to some embodiments includes control modules that are associated
with loads such that each load is associated with at least one control module.
Each control medule includes circuitry that is capable of responding to a voltage
at a level that is above a threshold by allowing current to fiow to its associated
load, and that is capable of preventing current from flowing to its associated load
when a voltage level at ancther control module is above a threshold. The loads
and control modules can be tocated in various zones in the wellbore.

[0031] Various types of circuitry can be used to respond to a threshold
voltage by aiflowing current to flow to an associated load. Circuitry according to
various embodiments can aiso prevent current from flowing when voltage is
above a threshold at another control module that includes its own circuitry.
Examples of circuitry include a thyristor and a circuit for providing a voltage at a
gate of the thyristor. Examples of the types of thyristors that can be used inciude

silicon controlled rectifier (SCR), a diode for afternating current (DIAC), a four
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layer diode with a disconnected gate, and a ftriode for alternating current
(TRIAG).

[0032] In some embodiments, a conducting path is electrically coupied to a
power source and another conducting path is electrically coupled to ground.
Other conducting paths are allowed fo float, such as not being electrically
coupled to ground or to a voltage source. Control modules include circuitry that
can control current flow through a load based on & voltage threshold, such as a
gate voitage that is provided by the power source. The circuitry can include, for
example, a thyristor that can block current unfil a voitage on a gate of the
thyristor exceeds the threshold level. in response to the voltage level being
above the threshold level, the thyristor aliows current to flow to the load, but
blocks current Aow in an opposite direction. Current is aliowed to continue
fiowing to the load, even if the gate voltage is no longer present, until the current
diminishes to zero amperes.

[G033] The other control moduies in the system can also include circuitry,
such as thyristors, that control current flow to associated loads, based on
threshold voitages. When power is applied, more current (e.g. twice as much)
fiows to the desired load as compared to paths that include loads that are not
desired to be “turned on.” The current traveiing through the control modules
associated with these “undesired” loads can be configured to be below the
voltage thresholds for those confrol modules such that the control modules

prevent current from flowing to associated loads.
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[0034] in other embodiments, the voltage threshold is a breakdown
voltage of circuitry, such as a thyristor, in the forward-biased direction. When the
breakdown voliage is applied, the circuitry can be configured to aliow current 1o
flow lo an associated load, but otherwise can prevent current from flowing to
associated loads.

[0035] in some embodiments, the lcads are motors and each control
module includes thyristor pairs that are in parallel, but are in opposite directions
such that one thyristor allows current to flow in one direction and the other
thyristar allows current to flow in the opposite direction. This type of circuitry
configuration can aliow the motar to be operated either forward or backward.
[0038] Systems according to certain embodiments can increase downhole
power avadiability by, for example, preventing or reducing power loss through
leak paths. Loads other than the desired load can be prevented from operating
based on partial power or otherwise. Issues caused by different resistances of
conducting paths can be reduced. Some embodiments can allow for various
types and sizes of loads 10 be used and controlled downhole.

[0037] In one embadiment, twelve loads are disposed downhole in a
welibore. At least some of the loads are in different zones of the weilbores than
zones in which other loads are located. Each load is associated with a control
module that can control current that can flow to the associated joad. A fubing
encapsulated conductor {TEC) cabie is run downhole. The TEC cable includes

three wires encapsulated in a sheath. The three wires and the sheath are
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conducting paths. The conducting paths are electrically coupled to the loads,
such that each ioad is associated with two conducting paths. Power can be
provided to a load by providing a voltage potential to one of the conducting paths
to which it is electrically coupled and electrically coupling to ground the other
conducting path. The remaining conducting paths can be left floating. The
controf module associated with the load allows the current {o flow to the {oad.
Control modules associated with other loads prevents the current, or part of the
current, from flowing to the other loads.

[0038] These illustrative examples are given to introduce the reader to the
general subject matter discussed here and are not intended fo limit the scope of
the disclosed concepts. The following sections describe various additional
embodiments and examples with reference to the drawings, in which like
numerals indicate like elements and directional descriptions are used to descrbe
the illustrative embodiments but, like the illustrative embodiments, should not be
used to limit the present invention.

[0039] FIG. 1 depicts a well system 100 with control systems according to
cerlain embodiments of the present invention. The well system 100 includes a
bore that is a wellbore 102 extending through various earth strata. The weillbore
102 has a substantially vertical section 104 and a substantially horizontal section
108. The substantially vertical section may include a casing string cemented at

an upper portion of the substanfially vertical section 104. The substantially

10
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horizontal section 106 is open hole and extends through a hydrocarbon bearing
subterranean formation 108.

[0040] A tubing string 110 extends from the surface within wellbore 102,
The tubing siring 110 can provide a conduit for formation fluids to fravei from the
substantially horizontal section 106 to the surface. A cable 112 exiends along
the tubing string 110. Cable 112 may be any type of suitable cable — an example
of which is a TEC cable — that can include various, and any number of,
conducting paths.

[0041] The tubing string 110 is divided into zones 114A-C using zonal
isolation devices 116A-C. An exampie of a zonal isolation device is a packer.
Zonal isolation devices 116A-C may be made from materials that can expand
upon contact with a fluid, such as hydrocarbon fluids, waler, and gasses. The
material can expand to provide a pressure seal between two zones. Loads
118A-C can be disposed in the zones 114A-C. Although FIG. 1 depicts one load
in each zone, each zone in some embodiments can inciude any number of loads.
Loads 118A-C ¢an be any device capabie of being disposed in the wellbore 102
and capable of control via electricity. Examples of loads 118A-C include motors,
solenoid actuated valves, pumps, and gauges. FIG. 1 depicts only three zones
114A-C. However, well systems according to various embodiments of the
present invention can include any number of zones with any number of loads.
[0042] Control modules 120A-C can be disposed in the zones 114A-C and

associated with loads 118A-C. For example, confrol moduie 120A is associated
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with load 118A thai is in zone 114A, control module 120B is associated with load
118B that is in zone 114B, and control module 120C is associated with load
118C that is in zone 114C. in other embodiments, one controf module is
associated with more than load. Each confrol module can include circuitry that
confrols current flow to the associated load. One of the conducting paths can be
coupled to a voltage source, and another conducting path can be coupled to
ground, to cause current to flow to the loads and the controf modules 120A-C can
controf whether the current flows to the associated loads 118A-C. For example,
one confrol module can allow current to flow to a load associated with it and
cther controf modules can prevent current from flowing to loads associated with
the other control modules.

[0043] in one embodiment, a level of a voltage in zone 114A is determined
as being above a cerfain threshold voitage. The voltage is provided by coupling
a conducting path to a voltage source and coupling another conducting path to
ground. Any remaining conducting paths of the cable 112 can remain floating. in
response to determining that the voltage ievel is above the threshoid, control
module 120A aliows current to follow {o the associated load 118A that is
disposed tn zone 114A, Control modules 120B-C prevent current from flowing to
loads 118B-C in zones 1148-C.

[0044] FIG. 1 shows zones 114A-C with loads 118A-C and control
modules 120A-C according to certain embodiments of the present invention in

the substantially horizontal section 106 of the wellbore 102, Such systems

12
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according to various embodiments of the present invention, however, can be
used i other types of welbores, such as deviated, vertical, or muitilateral
wellbores. Deviated wellbores may include directions different than, or in
addition to, a general horizontal or a general vertical direction. Muitilateral
wellbores can include a main wellbore and one or more branch wellbores.
Directional descriptions are used herein to describe the illustrative embodiments
but, like the iliustrative embodiments, should not be used to limit the present
invention.

[0045] FIG. 2 schematically depicts a model of twelve loads 202A-L
electrically coupied to conducing paths 204 through twelve control modules
206A-L. The conducting paths 204 depicted in FIG. 2 inciude path A, path B,
path C, and a sheath path. The conducting paths 204 can be in a single cable
disposed in a subterranean wefl.

[0048] Each Ioad is associated with a control module that is capable of
aliowing or preventing current fo flow to the associated load. Power can be
provided fc a desired load by coupling one of the conducting paths 204 to a
voltage source, coupling another one of the conducting paths 204 to ground, and
aliowing the other two conducting paths to float.

[0047] For exampie, coupling path A to a voltage socurce and path B to
ground ¢an aflow cuirent to flow to control module 208A, and may allow leak
current to flow to other control modules. The control moduie 208A can include

circuitry that, in response to a current or voltage that is above a threshold, aliows

13
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current to flow to load 202A. The control modules 206B-L can be capable of
preventing current, including leak currents, from flowing fo the loads 202B-L
associated with the control modules 2068-L. For example, the circuitry in the
controf modules 206B-L can be configured o respond fo a current or voliage
level at or above a certain threshold by allowing current to flow, where such
threshold is higher than that provided by most or all leak currents. The control
modules 206B-L can be configured to prevent currents or voltages below that
threshold, such as in leak currents, from flowing to the loads 202B-L associated
with the control modutes 206B-L..

[0048] Certain embodiments of the system shown in FIG. 2 allow for the
twelve loads 202A-L to be operated using a three-conductor TEC that form
conducting paths 204. In some embodiments, the twelve loads 202A-L can be
controlled using three wellhead penetrations and three quarter inch hydraulic
lines. Although embodiments are described as using three to four conducting
paths via lines or wires, any number of conducting paths, implemented using any
number of fines or wires, can be used.

[0049) Various types of circuifry can be used in control modules according
to certain embodiments to conirol current flow to loads in downhole
impiementations. Such circuitry can he configured to prevent or reduce loads
from “turning on” due to leak currents or otherwise. FiGs. 3-6 depict equivalent

schematics of a downhole implementation of various loads and various types of
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circuitry. However, other types of circuitry, other than those depicted in FIGs. 3-
6, may be used.

[0050] FIG. 3 schematically shows conducting path A coupled to 2 voltage
source, conducting path B coupled to ground, and conducting path C and the
sheath (which is also a conducting path) allowed {o float. Twelve loads 302A-L
are associated with control modules 304A-L that have circuitry. The circuitry for
the each of the control modules 304A-L include a thyristor and a resistor network,
such as pair R1, RZ. In some embodiments, the thyrisior is a silicon controiled
rectifier (SCR). The thyristor inciudes an anode coupled to a conducting path (or
sheath as applicable}, a cathode coupled to the respective load, and a gate that
is coupled to the resistor pair R1, R2.

[0051] By coupling conducting path A fo a voltage source and conducting
path B to ground, load 302A is the desired load to be operated, or otherwise
“turned on™ in a downhole impiementation. Circuitry for control module 304A can
be configured to allow current to flow to the load 302A. For example, current
flows through R1 and R2 to provide a voltage on the gate of the thyristor. The
resistor values can be selected such that a voltage is provided on the gate of the
thyristor when it is desired to operate the load 302A. The resisfor values may
depend on the resistive properties of the load 302A. Examples of values are ten
kilohms for R1 and one kiiohm for R2.

[0052] In response to the voifage af the gate being above a threshold

voltage, the thyristor allows current to flow {o the load 302A and the load 302A
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operates. The thyristor allows current to flow regardless of the gate voltage, until
the current from the anode to the cathode drops to zero {or close thereto).

[0053] Some current in conducting path A may also flow to circuitry
associated with at least some of the other loads, along leak paths for example.
The resistance in these leak paths, however, is twice or more as great as that of
the path through circuitry of control module 304A. The resistors in the other
circuitry can be configured such that a voltage is provided at the gates of these
other circuitry that is below a voltage threshold. Thus, the other circuitry can
prevent current from flowing to these other loads because the gate voltage is
below the threshold voltage. The other loads can be prevented from “turning on”
or otherwise from operating partially and fully.

[0054] In some embodiments, the threshold voltage is a breakdown
voltage. FIG. 4 schematically shows loads 402A-L in a similar configuration as
those in FIG. 3, except that each of conirol modules 404A-L has circuitry that
includes a thyristor with a gate that is not connected fo other circuitry. instead,
each thyristor {(which may be an SCR)} has a breakdown voltage in the forward-
biased direction such that, when {he breakdown voltage is exceeded, the
thyristor responds by allowing current to flow to the associated load. For
example, when voltage is applied via conducting path A, it exceeds the
breakdown voltage of the thyristor of circuitry of control moduie 4044, but does
not exceed the breakdown voltage of the thyristors for circuitry of control moedules

404B-L.. In some embodiments, the veoltage exceeds the breakdown voitages of
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{in addition to circuitry of control module 404A} the thyristor for circuitry of control
module 404C and the thyristor for circuitry of control module 4044, but does not
exceed the breakdown voltages of thyristors of other circuitry and, thus a circuit
is not completed for any ioad but load 402A.

[0055] Circuitry according to some embediments can be used to control
various types of loads, such as bidirectional motors. FIG. 5 schematically shows
six loads that are bidirectional DC motors 502A-F. The bidirectional DC motors
502A-F are associated control modules 504A-F. Each control moduie has
circuitry that includes two thyristors and a resistor network that includes four
resistors R1, R2, R3, and R4. The two thyristors are in parallel, but are biased in
opposite directions such that when current flows in one direction (e.g. from
conducting path A o conducting path B), one thyristor aliows current to flow to
the associated motor to cause it to operate in accordance with current flow in the
first direction. When current flows in the opposite direction (e.g. from conducting
path B to conducting path A), the second thyristor allows current to flow to the
associated motor to cause it fo operate in accordance with the current flow in the
second direction that is opposie o the first direction. The resistors R1, R2, R3,
and R4 operate similar to the resistors of the embodiment depicted in FIG. 3 to
provide a voltage at the gate of the thyristors. In some embodiments, the
thyristors have gates that are disconnected from other circuitry, similar to those
depicted in FIG. 4. The thyristors are configured to prevent current from flowing

to the motors 502A-F unless the associated motor is desired to be operated.
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[0036] Circuitry according o various embodiments can include any type of
thyristor or other similar circuitry. Examples of thyristors include an SCR, a diode
for aiternating current {DIAC or SiDIAC), a four layer diode with a disconnected
gale, and a triode for alternating current (TRIAC). FIG. 6 schematically shows
six loads that are motors 602 A-F. The motors 602A-F are associated with
control modules that inciude DIACs 604A-F. in the configuration shown in FIG.
6, DIAC B04A allows current fo flow to motor 802A in either direction. DIACs
6048-F are capable of preventing current from flowing to the other motors 602B-
F because the current and/or voltage fails to exceed a threshold when current is
allowed to flow to the motor 602A.

[0057] The foregoing description of the embodiments, including #llustrated
embodiments, of the invention has been presented only for the purpose of
ilustration and description and is not intended to be exhaustive or fo limit the
inventton 1o the precise forms disclosed. Numerous modifications, adaptations,
and uses thereof will be apparent to those skilied in the art without departing from

the scope of this invention.
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What is claimed is:

1. A system for coupling to conducting paths that include a sheath conducting path,

a first conducting path, a second conducting path, and a third conducting path, the system
comprising:

a first control module configured for coupling to the first conducting path and for being in electrical
series with a first well load coupled to the second conducting path;

a second control module configured for coupling to the second conducting path and for being in
electrical series with a second well load coupled to the first conducting path;

a third control module configured for coupling to the first conducting path and for being in electrical
series with a third well load coupled to the third conducting path; and

a fourth control module configured for coupling to the first conducting path and for being in electrical
series with a fourth well load coupled to the sheath conducting path,

wherein the second control module, third control module, and fourth contral module prevent leak
current from flowing to the second well load, third well load, and fourth well load, respectively, when
the first control module allows current to flow to the first well load.

2. The system of claim 1, wherein each of the first control module, the second control module, the
third control module, and the fourth control module comprises a thyristor having a gate.

3. The system of claim 2, wherein the gate is coupled to a resistor network, the thyristor being
configured to allow current to flow to a well load associated with the respective control module when a
voltage that is above the threshold is applied to the gate.

4. The system of claim 2, wherein the gate is disconnected from other circuitry,
wherein the threshold correspands to a breakdown voltage of the thyristor.

5. The system of claim 2, wherein the thyristor comprises at least one of:
a silicon controlled rectifier (SCR});

a diode for alternating current (DIAC);

a four layer diode with a disconnected gate; or

a triode for alternating current (TRIAC).

8. The system of claim 1, further comprising:

wherein, in response to the first conducting path being coupled to a power source, second conducting
path being coupled to ground, and the third conducting path and the sheath conducting path being
allowed to flow, the first control module is configured to allow current to flow to the first well [oad and
the second conirol module, the third control module, and the fourth control module are configured to
prevent current from flowing to the second well load, the third well load, and the fourth well load.

7. The system of claim 1, wherein the sheath conducting path is a sheath that encapsulates the first
conducting path, the second conducting path, and the third conducting path.

8. The system of claim 1, wherein the system is located in a bore that includes zones defined therein
by isolation packers, the well loads being disposed among the zones.

9. The systemn of claim 1, wherein the first control module comprises a first thyristor and a second
thyristor that is biased in an opposite direction than the first thyristor, the first thyristor being
configured to allow current flowing in a first direction to flow to the first well load, the second thyristor
being configured {o altow current flowing in a second direction to flow to the first well load.

10. The system of claim 1, wherein the first well load is a motor, the second well load is a solenoid
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actuated valve, the third well load is a pump, and the fourth well load is a gauge.

11. The system of claim 1, wherein the sheath conducting path is a grounded conducting path and the
second conducting path and the third conducting path are floating conducting paths.

12. The system of claim 1, further comprising:

a fifth controi module configured for coupling to the third conducting path and for being in electrical
series with a fifth well load coupled to the first conducting path;

a sixth control module configured for coupling to the second conducting path and for being in
electrical series with a sixth well load coupfed to the third conducting path;

a seventh control module configured for coupling to third conducting path and for being in electrical
series with a seventh well load coupled to the second conducting path;

an eighth control module configured for coupling to the sheath conducting path and for being in
electrical series with an eighth well load coupled to the first conducting path;

a ninth control module configured for coupling to the second conducting path and for being in
electrical series with a ninth well load coupled to the sheath conducting path;

a tenth control module configured for coupling to the sheath conducting path and for being in electrical
series with a tenth well load coupled teo the second conducting path;

an eleventh control module configured for coupling to the third conducting path and for being in
electrical series with an eleventh well load coupled to the sheath conducting path; and

a twelfth contrel module configured for coupled to the sheath conducting path and for being in
electrical series with a twelfth well load coupled to the third conducting path.

13. The system of claim 12, wherein the fifth control module, the sixth control module, the seventh
control module, the eighth control module, the ninth control module, the tenth control module, the
eleventh control module, and the twelve control module prevent leak current from flowing to the fifth
well load, the sixth well load, the seventh well load, the eighth well load, the ninth well load, the tenth
well load, the eleventh well load, and the twelve well load, respectively, when the first control module
allows current to flow to the first well load.

14. A method, comprising:

allowing current to flow to a first well load in a wellbore by a first control module coupled to a first
conducting path and in electrical series with the first weil load that is coupled to a second conducting
path; and

substantialty simultaneous to the first conirol modute allowing current to flow to the first well load,
preventing leak current from flowing to a second well load in the wellbore by a second control moduie
coupled to the second conducting path and in electrical series with the second well load that is
coupled to the first conducting path;

preventing leak current from flowing to a third well load in the wellbore by a third control module
coupled to the first conducting path and in electrical series with the third well load that is coupled to a
third conducting path; and

preventing leak current from flowing to a fourth well load in the wellbore by a fourth control module
coupled to the first conducting path and in electrical series with the fourth well load that is coupled to a
sheath conducting path.

15. The method of claim 14, wherein the sheath conducting path is formed by a sheath that
encapsulates the first conducting path, the second conducting path, and the third conducting path.

16. The method of claim 14, wherein the first well load, the second well load, the third well load, and
the sheath well load are disposed among wellbore zones that are defined by isolation packers.

17. The method of claim 14, wherein the first well load is a motor, the second well load is a solenoid
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aciuated valve, the third well load is a pump, and the fourth well load is a gauge.

18. The method of claim 14, further comprising:

substantially simuitaneous to the first control module allowing current to flow to the first well load,
preventing leak current from flowing to a fifth well load in the wellbore by a fifth contral module
coupled to the third conducting path and in electrical series with the fifth well load that is coupled to
the first conducting path;

preventing leak current from flowing to a sixth well load in the wellbore by a sixth control module
coupled to the second conducting path and in electrical series with the sixth well load that is coupled
to the third conducting path;

preventing leak current from flowing to a seventh well load in the wellbare by a seventh control
module coupled to the third conducting path and in electrical series with the seventh well load that is
coupled to the second conducting path;

preventing leak current from flowing to an eighth well load in the wellbore by an eighth control module
coupled to the sheath conducting path and in electrical series with the eighth well load that is coupled
to the first conducting path;

preventing leak current from flowing to a ninth well load in the wellbore by a ninth contral module
coupled to the second conducting path and in electrical series with the ninth well load that is coupled
to the sheath conducting path;

preventing leak current from flowing to a tenth well load in the wellbore by a tenth control module
coupled to the sheath conducting path and in electrical series with the tenth well load that is coupled
to the second conducting path;

preventing leak current from flowing to an eleventh well load in the wellbore by an eleventh control
module coupled to the third conducting path and in electrical series with the eleventh well load that is
coupled to the sheath conducting path; and

preventing leak current from flowing to a twelfth well ioad in the wellbore by a twelfth control module
coupled to the sheath conducting path and in electrical series with the twelfth well load that is coupled
to the third conducting path.
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