
SYSTEMS AND METHODS FOR ISOLATING CURRENT FLOW TO WELL LOADS Technical
Field of the Invention [0001]The present invention relates generally to
controlling power to downhole devices in a subterranean wellbore and, more
particularly (although not necessarily exclusively), to isolating current
flow in loads in the subterranean wellbore. Background  [0002]Hydrocarbons
can be produced through a wellbore traversing a subterranean formation. The
wellbore can be relatively complex in that it can include various zones
defined by zonal isolation devices. Completion and production in each zone
can be configured and controlled independent of other zones. Each zone can
also include one or more downhole electrical loads (or tools) that operate
using electric power. Examples of these loads include pumps, solenoid
operated valves, and motors. [0003]Electric power can be delivered to these
loads through cables or 



other types of conducting paths. A tubing encapsulated conductor ("TEC")
can be used that includes 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 to twelve different downhole loads,
instead of  using two cables per load, which increases costs. For example,
one downhole load can receive full power independent of other loads, by
applying voltage to one of the conducting paths or to the sheath, grounding
another one of the conducting paths (or the sheath if applicable), and
leaving the remaining conducting paths (or remaining path and sheath if
applicable) floating electrically.  [0004] Although the one load receives
power to operate fully independent of the remaining loads through this
implementation, 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 half of the power provided down the conducting paths is
supplied to 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 voltage and ground, and (iii) one quarter of the power is supplied
through a third path in which another two loads are between positive
voltage and ground. [0005]Thus, the leak paths can waste half of the power
that is supplied downhole and the leak paths can result in the loads 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
loads (e.g. a motor or a pump) to operate partially when such operation is
not desirable. Furthermore, certain loads may require different power
levels to operate such that a load in a leak path operates fully when such
operation is not desirable. WO 2011/162919PCT/US2011/038671
[0006]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
controlling power distribution among various electrical loads disposed in a
bore. Each load can be associated with circuitry that can prevent leak
currents from flowing to 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 bore can have various electrical loads
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 voltage that is above a
threshold by allowing current to flow to 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 includes a thyristor having a gate.  WO
2011/162919PCT/US2011/038671 [0010]In at least one embodiment, the gate is
coupled to a resistor 



network. The thyristor can allow current to flow to the first load when the
voltage that is above the threshold is applied to the gate. [0011]In at
least 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 controlled
rectifier (SCR), a diode for alternating current (DIAC), a four layer diode
with a disconnected gate, or a triode 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 coupled to a power source and a second
conducting path being coupled to ground, the first control module can allow
current to flow to the first load and the control modules other than the
first control module can prevent current from flowing to loads other than
the first load. [0014]In at least one embodiment, the conducting paths
include a third conducting path that can float when the first control
module allows current to 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. [0016]In at least one embodiment, the
bore includes zones defined therein by zonal isolation devices. The loads
are disposed in the zones.  WO 2011/162919PCT/US2011/038671 [0017]In at
least one embodiment, the first control module includes a first thyristor
and a second thyristor that is biased in an opposite direction than the
first thyristor. The first thyristor can allow current flowing in a first
direction to flow to the first load. The second thyristor can allow current
flowing in a second direction to flow to the first load. [0018]In another
aspect, a method is provided for controlling power distribution downhole. A
level of a voltage is determined as being above a threshold in at least one
zone of a subterranean bore. The voltage is determined from a first
conducting path coupled to a power source and a second conducting path
coupled to ground. In response to determining the level of the voltage is
above the threshold, current is allowed to flow to a first load that is
disposed in the zone. Current is prevented from flowing to loads other than
the first load that are disposed in the plurality of zones. 



[0019]In at 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
voltage. The thyristor is associated with a load in the zone. [0020]In at
least one embodiment, a breakdown voltage of a thyristor is determined as
being above the threshold to determine the level of the voltage. 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.  WO
2011/162919PCT/US2011/038671 [0022]In at least 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 voltage 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 application. Other aspects,
advantages, and features of the present invention will become apparent
after review of the entire application. Brief Description of the Drawings
[0024]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 to a 



load according to an embodiment of the present invention. [0027]FIG. 4 is a
schematic view of a control system providing power to 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.  WO 2011/162919PCT/US2011/038671
[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]Certain aspects and embodiments of the present
invention relate to systems and methods for controlling power distribution
among various loads disposed in a bore, such as a wellbore 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 module includes
circuitry that is capable of responding to a voltage at a level that is
above a threshold by allowing current to flow to its associated load, and
that is capable of preventing current from flowing to its associated load
when a voltage level at another control module is above a threshold. The
loads and control modules can be located in various zones in the wellbore.
[0031]Various types of circuitry can be used to respond to a threshold
voltage by allowing current to flow to an associated load. Circuitry
according to various embodiments can also 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 include silicon controlled rectifier (SCR), a
diode for alternating current (DIAC), a four layer diode with a
disconnected gate, and a triode for alternating current (TRIAC). [0032]In
some embodiments, a conducting path is electrically coupled to a power
source and another conducting path is electrically coupled to ground. Other
conducting paths are allowed to 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 a voltage threshold,
such as a gate voltage that is provided by the power source. The circuitry
can include, for example, a thyristor that can block current until a
voltage on a gate of the thyristor exceeds the threshold level. In response
to the voltage level being above the threshold level, the thyristor allows
current to flow to the load, but blocks current flow in an opposite
direction. Current is allowed to continue flowing to the load, even if the
gate voltage is no longer present, until the current diminishes to zero
amperes. [0033]The other control modules in the system can also include
circuitry, 



such as thyristors, that control current flow to associated loads, based on
threshold voltages. When power is applied, more current (e.g. twice as
much) flows to the desired load as compared to paths that include loads
that are not desired to be "turned on." The current traveling through the
control modules associated with these "undesired" loads can be configured
to be below the voltage thresholds for those control modules such that the
control modules prevent current from flowing to associated loads.  WO
2011/162919PCT/US2011/038671 [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 voltage is applied, the
circuitry can be configured to allow current to flow to an associated load,
but otherwise can prevent current from flowing to associated loads.
[0035]In some embodiments, the loads 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 thyristor allows current to flow in the opposite direction.
This type of circuitry configuration can allow the motor to be operated
either forward or backward. [0036]Systems according to certain embodiments
can increase downhole power availability 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 to be used and
controlled downhole. 



[0037]In one embodiment, twelve loads are disposed downhole in a wellbore.
At least some of the loads are in different zones of the wellbores 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
load. A tubing encapsulated conductor (TEC) cable is run downhole. The TEC
cable includes three wires encapsulated in a sheath. The three wires and
the sheath are conducting paths. The conducting paths are electrically
coupled to the loads, such that each load 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 control module associated with
the load allows the current to flow to the load. 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 to 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 describe 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 certain embodiments of the present invention.
The well system 100 includes a bore that is a wellbore 102 extending
through various earth strata. The wellbore 102 has a substantially vertical
section 104 and a substantially horizontal section 106. The substantially
vertical section may include a casing string cemented at an upper portion
of the substantially vertical section 104. The substantially 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 string 110 can provide a conduit for formation fluids to travel
from the substantially horizontal section 106 to the surface. A cable 112
extends 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 example 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, water, 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 include any number of loads. Loads 118A-C can be any device
capable 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, control module 120A is associated  with load 118A that
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 control module is associated with
more than load. Each control module can include circuitry that controls
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 control modules
120A-C can control whether the current flows to the associated loads
118A-C. For example, one control module can allow current to flow to a load
associated with it and other control 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 certain threshold voltage. 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 level is
above the threshold, control module 120A allows current to follow to the
associated load 118A that is disposed in zone 114A. Control modules 120B-C
prevent current from flowing to loads 118B-C in zones 114B-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  according to
various embodiments of the present invention, however, can be used in other
types of wellbores, such as deviated, vertical, or multilateral wellbores.
Deviated wellbores may include directions different than, or in addition
to, a general horizontal or a general vertical direction. Multilateral
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 illustrative embodiments, should not be used to
limit the present invention. [0045]FIG. 2 schematically depicts a model of
twelve loads 202A-L electrically coupled to conducing paths 204 through
twelve control modules 206A-L. The conducting paths 204 depicted in FIG. 2
include path A, path B, path C, and a sheath path. The conducting paths 204
can be in a single cable disposed in a subterranean well. 



[0046]Each load is associated with a control module that is capable of
allowing or preventing current to flow to the associated load. Power can be
provided to 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 allowing the other two conducting paths to float. [0047]For example,
coupling path A to a voltage source and path B to ground can allow current
to flow to control module 206A, and may allow leak current to flow to other
control modules. The control module 206A can include circuitry that, in
response to a current or voltage that is above a threshold, allows  current
to flow to load 202A. The control modules 206B-L can be capable of
preventing current, including leak currents, from flowing to the loads
202B-L associated with the control modules 206B-L. For example, the
circuitry in the control modules 206B-L can be configured to respond to a
current or voltage 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
modules 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 lines or wires, can be used. [0049]Various
types of circuitry can be used in control modules according to certain
embodiments to control current flow to loads in downhole implementations.
Such circuitry can be 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  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 a voltage source, conducting path B coupled to ground,
and conducting path C and the sheath (which is also a conducting path)
allowed to 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,
R2. In some embodiments, the thyristor is a silicon controlled rectifier
(SCR). The thyristor includes 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 to 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
implementation. 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 resistor values
may depend on the resistive properties of the load 302A. Examples of values
are ten kilohms for R1 and one kilohm for R2. 



[0052]In response to the voltage at the gate being above a threshold
voltage, the thyristor allows current to flow to the load 302A and the load
302A  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 control
modules 404A-L has circuitry that includes a thyristor with a gate that is
not connected to other circuitry. Instead, each thyristor (which may be an
SCR) has a breakdown voltage in the forward-biased direction such that,
when the 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 module 404A, but does not exceed the
breakdown voltage of the thyristors for circuitry of control modules
404B-L. In some embodiments, the voltage exceeds the breakdown voltages of



(in addition to circuitry of control module 404A) the thyristor for
circuitry of control module 404C and the thyristor for circuitry of control
module 4041, but does not exceed the breakdown voltages of thyristors of
other circuitry and, thus a circuit is not completed for any load but load
402A. [0055]Circuitry according to some embodiments 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 module
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 to conducting path B),
one thyristor allows 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 to operate in accordance with the current flow
in the second direction that is opposite to 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.  WO
2011/162919PCT/US2011/038671 [0056]Circuitry according to various
embodiments can include any type of thyristor or other similar circuitry.
Examples of thyristors include an SCR, a diode for alternating current
(DIAC or SiDIAC), a four layer diode with a disconnected gate, 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 include DIACs 604A-F. In the configuration shown in FIG. 6, DIAC 604A
allows current to flow to motor 602A in either direction. DIACs 604B-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 illustrated embodiments, of the invention has
been presented only for the purpose of illustration and description and is
not intended to be exhaustive or to limit the invention to the precise
forms disclosed. Numerous modifications, adaptations, and uses thereof will
be apparent to those skilled in the art without departing from the scope of
this invention. 



Claims What is claimed is:  1. A system capable of being disposed in a bore
of a subterranean formation, the bore having a plurality of electrical
loads positioned therein, the system comprising:        a first control
module associated with a first electrical load of the plurality of
electrical loads; and at least one control module other than the first
control module,        wherein the first control module is configured to
respond to a voltage that is above a threshold by allowing current to flow
to the first electrical load, and        wherein, when the current is
allowed to flow to the first electrical load, the at least one control
module other than the first control module is configured to prevent current
from flowing to electrical loads other than the first electrical load of
the plurality of electrical loads.  2. The system of claim 1, wherein the
first 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 the
first electrical load when the voltage that is above the threshold is
applied to the gate.  WO 2011/162919PCT/US2011/038671  4. The system of
claim 2, wherein the gate is disconnected from other circuitry, wherein the
threshold corresponds 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). 



6. The system of claim 1, further comprising:        a plurality of
conducting paths, each of the plurality of conducting paths being capable
of conducting electricity in the bore,        wherein, in response to a
first conducting path of the plurality of conducting paths being coupled to
a power source and a second conducting path of the plurality of conducting
paths being coupled to ground, the first control module is configured to
allow current to flow to the first electrical load and the at least one
control module other than the first control module is configured to prevent
current from flowing to electrical loads other than the first electrical
load.  WO 2011/162919PCT/US2011/038671  7. The system of claim 6, wherein
at least a third conducting path of the plurality of conducting paths is
capable of floating when the first control module allows current to flow to
the first electrical load and when the at least one control module other
than the first control module prevent current from flowing to electrical
loads other than the first electrical load.  8. The system of claim 6,
wherein a conducting path of the plurality of conducting paths is a sheath
that encapsulates other conducting paths of the plurality of conducting
paths.  9. The system of claim 1, wherein the bore comprises a plurality of
zones defined therein by zonal isolation devices, the plurality of
electrical loads being disposed in the plurality of zones.  10. The system
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 electrical load, the
second thyristor being configured to allow current flowing in a second
direction to flow to the first electrical load. 



11. A method comprising:         determining a level of a voltage is above
a threshold in at least one zone of a plurality of zones of a subterranean
bore, the voltage being determined from a first conducting path coupled to
a power source and a second conducting path coupled to ground;
responsive to determining the level of the voltage is above the threshold,
allowing current to flow to a first electrical load that is disposed in the
at least one zone; and        preventing current from flowing to electrical
loads other than the first electrical load that are disposed in the
plurality of zones.  12. The method of claim 11, wherein determining the
level of the voltage is above the threshold comprises determining a gate
voltage at a gate of a thyristor as being above the threshold, the
thyristor being associated with an electrical load in the at least one
zone.  13. The method of claim 11, wherein determining the level of the
voltage is above the threshold comprises determining a breakdown voltage of
a thyristor as being above the threshold, the thyristor being associated
with an electrical load in the at least one zone. 14. The method of claim
11, further comprising: allowing a third conducting path to be floating.  



WO 2011/162919PCT/US2011/038671 15.The method of claim 11, further
comprising:       determining the level of the voltage at an electrical
load other than the first electrical load is below the threshold; and
preventing current from flowing to the electrical load other than the first
electrical load in response to determining the level of the voltage is
below the threshold. 




