SYSTEMS AND METHODS FOR | SOLATI NG CURRENT FLOW TO WELL LOADS Techni cal
Field of the Invention [0001] The present invention relates generally to
cont rol | iwgQ 2poveee91ivo downhol e devi ces in a subterraneanpaglusbanmisnd, nore
particularly (although not necessarily exclusively), to isolating current
flowin |oads in the subterranean well bore. Background [0002] Hydrocarbons
can be produced through a well bore traversing a subterranean fornmation. The
wel | bore can be relatively conplex in that it can include various zones
defined by zonal isolation devices. Conpletion and production in each zone

can be configug?g-rgwl%(‘Aq\mthﬁg%ﬁggfﬁiggbwgggﬂﬁgﬂ?ggﬁgﬁach zone can

al so i nclude one or nore down t hat operate
using el ectric power. Exanples 8&%%&ﬁ3§ kﬁ@ﬂ% i ncl ude punps, sol enoid
operated val ves, and notors. [O t ower can be delivered to these
| oads t hrough cabl es or

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



ot her types of conducting paths. A tubing encapsul ated conductor ("TEC")
can be used that includes three conductors surrounded by a sheath. Because
t he wel | bwoeotaw291e | ong - requiring a | ong cable - thePTETS2GI103%d1 Wi t h

di odes downhole to control power to up to twelve different downhol e | oads,
instead of using two cables per |oad, which increases costs. For exanple,
one downhol e | oad can receive full power independent of other |oads, by
appl ying voltage to one of the conducting paths or to the sheath, grounding
anot her one of the conducting paths (or the sheath if applicable), and
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value, (i) one half of the power provided down the conducting paths is
suppl i edcerdudhiegopethsodor ithe eslieatht & bpplialde )edand iledvioge thruaet@inio§ t he
power is supplied through a second path in which two | oads are between
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| evel s to operate such that a load in a | eak path operates fully when such
oper at i ofperetian: fRFsyeanple. inen 20piemerietiorof fvsrelindepasient loads that
[ 0006] Therefore, systens and net hods are desirable that can reduce or
el i m nat kaVveoad simare redistiyec valuent(i)t bne uwif loéake ppdsr @rovtiéerdawmdker abl e
ways in a downhole setting. Sunmary
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.



[ 0007] Certai n enbodi nents of the present invention are directed to
controlling power distribution anong various electrical |oads disposed in a
bore. EachOloudicerm be associated with circuitry that caoTarsemensssieak
currents fromflowing to the associated | oads. The circuitry can include
one or nore thyristors that can allow current to flow in response to a

t hreshol d vol tage bei ng exceeded, but otherw se can prevent current flow

[ 0008] I n one aspect, a systemis provided that can be disposed in a bore of
a subterranean formati on. The bore can have various electrical |oads
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is allowed to flowto the first |load, the control nodul es other than the
first coAdPBINREYERENGre configured to prevent current fromflowing to

| oads other than the first load. [0009] 1 n at |east one enbodi nent, the
first control nodule includes a thyristor having a gate. WD

2011/ 162919PCT/ US2011/ 038671 [0010] I n at | east one enbodi nent, the gate is

coupled to a resistor 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 if. 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.



network. The thyristor can allow current to flowto the first |oad when the
vol tage that is above the threshold is applied to the gate. [0011]In at

| east onewenbudiceEmnt, the gate i s di sconnected from ot hecTaise@uiosssy1 and t he
t hreshol d corresponds to a breakdown voltage of the thyristor. [0012]In at

| east one enbodi nent, the thyristor includes one of a silicon controlled
rectifier (SCR), a diode for alternating current (DIAC), a four |ayer diode
with a disconnected gate, or a triode for alternating current (TRl AC).
[0013] I n at | east one enbodi ment, the systemincludes various conducting
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first control nodule can prevent current fromflow ng to | oads other than
the firsthat iaepoveolhednrashald iscappliedde theBald nent, the conducting pat hs
include a third conducting path that can float when the first control
modul e al008Wg currimat {east lane embodenént; dine |gadel iamtiscanarctedefroom dther
nodul es other than the first control nodule can prevent current from
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enbodi ment, a conducting path is a sheath that
[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.



encapsul ates ot her conducting paths. [0016]In at |east one enbodi nent, the
bore includes zones defined therein by zonal isolation devices. The | oads
are di sposocoimieedie zones. WO 2011/ 162919PCT/ US2011/ 0386TAISp@AOFY6n at

| east one enbodiment, the first control nodule 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 flowng in a first
direction to flowto the first | oad. The second thyristor can all ow current
flowwng in a second direction to flowto the first |oad. [0018]1n anot her

aspect, b hod 1§ g lgé%PSﬁ’e feﬂ{(Po;d‘Qﬂ%H?'ﬂHé AEstoio) ﬁio%‘uﬁé Pﬁ‘id;o%%af‘ﬁ]’%ho' e. A

| evel of"a voltage iIs erm ne e’'ng above a resho ast one
zone of subpt erranean bqre. .The.vqltage is.determined froma fir
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coupled to ground. _In response to determning the |level of the voltage is
above t hirst Fvéisks d hedirst dwristos can alguacureet Mewinginga first girectenrita faw i s

di sposed in the zone. Current is prevented fromflowi ng to | oads ot her than
the firsto theadirsthaadar ¢heisgeosddthyristonecapl allewi ayrrestt flawieg.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 fo 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.



[0019] I n at | east one enbodiment, a gate voltage is determ ned at a gate of
a thyristor as being above the threshold to determne the |evel of the

vol t age. Wbeotigedist or i s associated with a load in thePzons201108801 | n at

| east one enbodi ment, a breakdown voltage of a thyristor is determ ned as
bei ng above the threshold to determne the |level of the voltage. The
thyristor is associated with a load in the zone. [0021]In at | east one
enbodi ment, a third conducting path is allowed to be floating. WO

2011/ 162919PCT/ US2011/ 038671 [0022] I n at | east one enbodi ment, the |evel of

the vol tage pt a | patk @LBEHNe 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 {o provide examples {o 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.
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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
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| oad according to an enbodi nent of the present invention. [0027]FIG 4 is a
schematic view of a control system providing power to a | oad according to a
second emvodnnere9lof the present invention. [0028] FI G PCrajsacismbssmat i c
view of a control system providing power to a |load according to a third
enbodi mrent of the present invention. WD 2011/162919PCT/US2011/ 038671
[0029]FIG 6 is a schematic view of a control system providing power to a

| oad according to a fourth enbodi nent of the present invention.

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 fraveling 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.



Det ai | ed Description [0030] Certain aspects and enbodi nents of the present
invention relate to systens and nethods for controlling power distribution
anong varwousilwadds di sposed in a bore, such as a wel | bece/usko1a/038671

subt erranean formation, to which power is delivered through a limted
nunber of conducting paths. A system according to sonme enbodi nents includes
control nodules that are associated with |oads such that each load is
associated with at | east one control nodule. Each control nodul e includes
circuitry that is capable of responding to a voltage at a level that is

above a @'(ﬁgagho' d BY ARhsOWMELEHIENEN tl#eo Jdlt%ﬁgt fhrbbRodS RO atBr%Qlkbé\ﬁﬂ | and

that is | e of preventing currert Trom wng to its assoc oad
when a vol evel anot her, coptr ol dul e i,s above t hr . The
L ats ar ol ot isnh suEh Bark T iRk Pun e e e Radid, 21 bor e,

[ 0031] Vari ous types of ci rcwtr can be used to respond tg a threshold
vol t age wa&ﬁpww yRitagaris applied, %eowqu@rxaﬁaa%ewtgéww sagllog Q%‘[ﬁﬁtr@
according to various enbodi nents can al so prevent current from fl ow ng when
vol t age flewdboar asstbiatachddatl, sautasibetvese czamt pedvemb dulrrent Hesim iflostinglde its
own circuitry. Exanples of circuitry include a thyristor and a circuit for
provi di ngssocydibl dgeisat a gate of the thyristor. Exanples of the types of
thyristors that can be used include silicon controlled rectifier (SCR), a

di ode fofypaki er nat jngofid 'BodimbAR) , th@ foidis. BAY §hotdh9 dhdMabalh acontrol

di sconnected gate, and a triode for al ter nating current (TRIAC). [0032]In
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conductin s are allowed to float ch as not being el ec
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that can control current flow through a | oad based on a voltage threshold,
such as Hygaios aﬂ@M/cSag'é"@miatO flawpinothiederpesitet dee@ioner ToUREE. OTRECWINVcui try
can include, for exanple, a thyristor that can block current until a

vol t age confgugation cdn ahew tihy maooto Bxopedied bgthdrfoestral ar Baokelardl n r esponse
to the voltage | evel being above the threshold |evel, the thyristor allows
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direction. Current is allowed to continue flowng to the load, even if the
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cireuit " ak paths. Loads other than the desired load can be prevented from operating
based on partial power or otherwise. lIssues 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



such as thyristors, that control current flow to associ ated | oads, based on
threshol d vol tages. Wien power is applied, nore current (e.g. twi ce as
much) fl ome 200/tek9desi red | oad as conpared to pat hs thaCTiusednmsssroads
that are not desired to be "turned on." The current traveling through the
control nodul es associated with these "undesired" |oads can be confi gured
to be bel ow the voltage thresholds for those control nobdul es such that the
control nodul es prevent current fromflow ng to associated | oads. WO
2011/162919PCT/U82011/038671 [0034] I n other enbodi ments, the voltage

th hol t th
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[0035] In sone enbodi nents, the |oads are notors and each control rmdul e

i ncl udesPiavifadsior 193 b&éPEQYéﬁ'n&@eVQ‘WQSa‘?C&Wt@l to ppe ofthe |Cﬁn6‘pb?itf§ paths
directions such that one thyristor allows current to flowin one direction
and the ®©t mbdicht hyisiaecirically compledr arhteleari¢alipywcouplingetcogpmenck thediptheet i on.
This type of circuitry configuration can allow the notor to be operated
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can increase downhol e power availability by, for exanple, preventing or
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[0038] These illustrative examples are given {o 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
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[0037] I n one enbodi ment, twelve |oads are di sposed downhole in a well bore.
At | east sone of the loads are in different zones of the wellbores than
zones i n wbhi2etv/wweher | oads are | ocated. Each | oad i s as®otitst@d/osgerh a
control nodule that can control current that can flow to the associ ated

| oad. A tubing encapsul ated conductor (TEC) cable is run downhole. The TEC
cabl e includes three wires encapsulated in a sheath. The three wres and
the sheath are conducting paths. The conducting paths are electrically
coupled to the | oads, such that each load is associated with two conducting

pat hs. ﬁéﬂ\ﬁiorﬁ%nsé?:‘ﬁoﬂr% % &EérP Wg ﬁtﬁjeWerﬂ"sotm' Pa f’r]y\él%éa"i‘g{?eg;%taﬁﬁbi al to

one of the conducting pat I's el ec y coup

el ectrical,ly coupli 0 nd the ot her conducti ng path. The renaining
conductlﬁ"éb%g?ﬂg %éq{ﬂl?e'olngﬁéufloatl ng. The control nodul e associated with

the load allows the current to flowto the |opad. Control nodul es associ ated
with ot h&040bads phAdibingssting tif esiendsdromdpe wirfacsewtiinrwakborer B4 | owi ng
to the other |oads. [0038] These illustrative exanples are given to

i nt r oducéhe tigbing stieng 1 40 che pyevidea candvjiefor fonmaten filiide ts vadelfeord thad are
not intended to limt the scope of the disclosed concepts. The foll ow ng

sect i onssglesantdly erizonts sudtibhi Wto anpedifaant A aadicextdekeshdsl dlbng
reference to the drawings, in which like nunerals indicate like elenents
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enbodi nents but, e the ilTustrative e di nents, shoul not be used to
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control Systens accor |ng o ce Iren e present invention.
The mellgy%ﬁgﬁ”]égg includes a bore that is a well bore 102 extendi ng

t hr ough B% strata. The wellbore 102 has a substantially verti cal
section 104 and a substantially horizontal section 106. The substantially

vertical [084d1i on ndyei Mbin@istine 440ng dividefginge menesd! HA-&n usifgeZOMir t i on

of the substantially vertical section 104. The substantially horizontal
section &0ktios dpeceholi@Adhd Axieeadpld lof eupdtna ibgldfion aldhvme isearacger.
subterranean formation 108. [0040] A tubing string 110 extends fromthe
surface pbhall Bolibhbveced216A-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
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The tubing string 110 can provide a conduit for formation fluids to travel
fromthe substantially horizontal section 106 to the surface. A cable 112
ext ends awvongittteediwubi ng string 110. Cable 112 nay be am¢Tiusp@108863ui t abl e
cable - an exanple of which is a TEC cable - that can include various, and
any nunber of, conducting paths. [0041] The tubing string 110 is divided
into zones 114A-C using zonal isolation devices 116A-C. An exanple of a
zonal isolation device is a packer. Zonal isolation devices 116A-C nay be
made from materials that can expand upon contact with a fluid, such as

hydr ocar pap l(Féch%A MY i€%in ZBRY 1%?_\2gggt@%ﬁ@%‘[ﬂ%ﬁbg‘:ﬁ%o@‘a‘%@&'%ﬁﬂoﬁ& ovide a

pressure sea etween two zones. sposed I'n the zones

114A-C. A FIG_ 1 depjicts one |oad ip.e one, each zo in,sone
enbodi et &8 QAL s aabe o fher, And Bopirof uaelli® HE06E N anc@aea Y8 By Gevi ce
capabl e of being disposed in the well|bore 102 and capabl e of control via
el ectricli§C @)’@gdﬁl iBszeme | bidds 1isAthen gmbhegdimanisorane senkabimPdte ust ed
val ves, punps, and gauges. FIG 1 depicts only three zones 114A-C. However,
wel | sysassreiated ovith mpre dhannioads Eachotintemhtrsodifle tdae ipckislentirduitiiethtdton can
i ncl ude any nunber of zones with any nunber of |oads. [0042] Control nodul es

120A- C cednthsls durpasholwitd thdassotigiedliddd- Orandf hesasriduictiag paths taads
118A-C. For exanple, control nodule 120A is associated wth | oad 118A that

isin zoe&ﬁé&/%o —g%itég%lwé@,ea%%dﬁerm&hg%w&r{ padcdfdEy that s

in zone 114B, and cont nmodul e 120C i s associated with oad 118C that is
in zone 4¢C. e i C I l e | i W th
ror o 1 harns S e Ruap B Rne 00 A oY iod S REPA G kAol
current flow to the associated |oad, One of the con ing_paths can be
coupted totbyhatigeTeoeat T R ctiien adty | HAT oBR 65T6lh! ed t o
ground, to cause current to flowto the |oads and the control nodul es
120A- C camne contrebmaghie iken aliev curesh tto flayndo tep laask agseiatiedt with Iband
118A-C. For example, one control nodule can allow current to flowto a | oad
associ at etthenicohtrot meddiest dear poeveint clirrent frbas flowimgpioeloads associated witbm
flowing to | oads associated with the other control nodul es.

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
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[0043] I n one enbodi nent, a level of a voltage in zone 114A is determ ned as
bei ng above a certain threshold voltage. The voltage is provided by

coupl i ng wWoOcondwetibng path to a vol tage source and couplPCrmgiSanaBbssr1
conducting path to ground. Any renaining conducting paths of the cable 112
can remain floating. In response to determning that the voltage level is
above the threshold, control nodule 120A allows current to follow to the
associated | oad 118A that is disposed in zone 114A. Control nodul es 120B-C
prevent current fromflowng to | oads 118B-C in zones 114B-C. [0044]FIG 1

h 1AA: Comict I | 1184 - di

Lo cort antcordpiidvatiot AMEHERS br 00 jHEBeACInvERGH Rogepd el par ¢ 19
hori zont al t 06 _of the wellbore 102. Such syst ing t

Var i ous. Erashat neRS Pet af BRUSS. RGN B eV Ry B TCR " HECLREH N ot her

types of wellbores, such as deviated, vertical, or nultilateral wellbores.
Devi at edVREPPNBSY eéj%?teidnt\;“ﬁﬂ@@r% @Ry ilpelgdai direstions differentotham glidRt i on
to, a general horizontal or a general vertical direction. Miltil ateral

wel | bor esddition i toclaudenaratahorizagitalbor e geteo everticaip deredtiamc hMukliaterales.
Directional descriptions are used herein to describe the illustrative

enbodi newklbdrak, can kecliie almasi madlibvee edrodingedt Snosh bhstmateliperassed to
limt the present invention. [0045]FIG 2 schematically depicts a nodel of

twel ve | ppdsiciRficsclpiRils’ dedidet RO &S dbScR HHECHING BRI EmMBBAinkdrgugh
twel ve control nodul es 206A-L. The conducting paths 204 depicted in FIG 2

i ncl ude rgé’tla'?iké’ thﬁaﬁlﬂsﬁ?ti\}?ea%bg’dirﬁ@ﬁtﬁ? gﬁ@ﬁ@{ HoP%Ehust*‘?? ﬁﬁﬂf"d&’é | Dgs it hs 204

can be i sIngl’e cabre dr'spose erranean we
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 {o 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
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[ 0046] Each | oad is associated with a control nodule that is capable of
allowi ng or preventing current to flow to the associated | oad. Power can be
provi ded wo 2a11diw241ved | oad by coupling one of the condueCirns2@anbs7204 to a
vol t age source, coupling another one of the conducting paths 204 to ground,
and allowi ng the other two conducting paths to float. [0047] For exanpl e,
coupling path Ato a voltage source and path B to ground can all ow current
to flow to control nodule 206A, and may allow | eak current to flow to other
control nodul es. The control nodul e 206A can include circuitry that, in

cSPoneceifed 4TI Shy B RoT eyt ARGy =ea0d sl b Sl ocurren

to flow e control L can be capa

preventing current, includi l.eak current fromfl ow to,t oads
D026 L oBSYEEEE Tt iifdi i S8K iR e oms BOMIna: 5y 1BS dhfre. Zars
circuitry in the control nodul es 206B-L can be configured to respond to a
current 89SagAtedguth dvecoptrobmogiirme 28684yt Aioh aIRothe BYCHly dnithe
current to flow, where such threshold is higher than that provided by nost
or all |eakraunpdules. 20GtLcoan bel confifured te0eBpend dn deuent iogwolidgeo
prevent currents or voltages below that threshold, such as in |eak

curr ent sievbr ator | gbwvegatcertdie theats!d8gBallowiag atireint dovlidvn, Where eothol

nodul es 206B-L. [0048] Certain enbodi mnents of the system shown in FIG 2

al I ow f ofhrédifold 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 fo loads in downhole
implementations. Such circuitry can be configured to prevent or reduce foads

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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twel ve | oads 202A-L to be operated using a three-conductor TEC that form
conducting paths 204. In sone enbodi nents, the twelve | oads 202A-L can be
cont r ol | edousimig24ibr ee wel | head penetrations and t hree ®URNISRE11i0885M1
hydraulic lines. Al though enbodi nents are described as using three to four
conducting paths via lines or wires, any nunber of conducting paths,

i npl emented using any nunber of lines or wires, can be used. [0049] Vari ous
types of circuitry can be used in control nodul es according to certain
enbodi nents to control current flowto loads in dovvnhol e [ rrpl enment ati ons.
Such cir o t o tur ni ng
on" due @Hﬁ{l ak%%ﬁt@ﬂgt %gfeﬁg?fvmﬁ%cﬂftﬁ)’%@eﬂgaéqﬂﬁl ct eqw {/aﬁe@nst ¥
schemati gs of 2 do hoI e inplenmentation of various Ioads and vari ous types
of circ 1 ot her types of circuitry, other than those depicted
in FlIGs. e used [0050] FIG 3 schematically shows conducti ng
path A c@@épbd to E‘Q/cﬁ §§W§M'W§h%@mﬂqﬁggw%@w avetgesund,
and conducting path C and the sheath (which is also a conducting path)

al | owed seurtepaonddaiisigvpathoBdsowgixiid. givendisant icanddchng pattoft aod thedul es
304A-L that have circuitry. The circuitry for the each of the control

nodul es Skt LwihiH isdsise o boridustting pl) alldwesd 3¢ AbaneTwelve loads lBORA-pai r R1,
R2. In sone enbodinents, the thyristor is a silicon controlled rectifier

(SCR). The é@ﬁdua?é@rwutH‘EéMﬂﬂ%né&hléQ@@@,ACQ‘t'rﬁ)éterﬁia\IeOcnPc PAYGE! GURAL fbr( OF

sheath as applicable), a cathode coupled to the respective |oad, "and a gate

that i,s BRUBLECLH Be UREPRIBLRE BRI, R B 908)) i %Oaégiswgqaegsagggct! ng

path Atoa vo & CSOUPEREHE Sconduct' ng pat o groun Ais
the desired load. tQ b perated, or atherw "turned on". i 0 ol e
e orontith B8 o RaoRey DR Sime mreb ot mania (B ABMBar BelHRr ST o

allow current to flowto the | oad 302A. For exanple, current flows through

Rl and Rectiiep(&viRieThe Vyrisierenciiden @ngnadetoumed thgracadeeting pathy @si st or

val ues can be sel ected such that a voltage is provided on the gate of the
t hyri st oshedibras appleatiky) a edthiceopaupite to iee resmecB0R foadl landr & giagd tratval ues
may depend on the resistive properties of the |oad 302A. Exanpl es of val ues
are ten jidoupred foothefdsiafst paiveRki Rehm for R2.
[0051] By coupling conducting path A to a voltage source and conducting
path B to ground, load 302A is the desired load {o 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 o flow to the load 302A and the load 302A
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[0052] I n response to the voltage at the gate being above a threshold

vol tage, the thyristor allows current to flowto the | oad 302A and the | oad
302A opeweates/167he thyristor allows current to flow regaraiSess/osd67t he gate
voltage, until the current fromthe anode to the cathode drops to zero (or
cl ose thereto). [0053] Sone current in conducting path A may also flowto
circuitry associated with at | east sone of the other |oads, along |eak
pat hs for exanple. The resistance in these | eak paths, however, is tw ce or
nore as great as that of the path through circuitry of control nodul e 304A.

The resigh %’ %%é {‘Et’é@g@ﬂ z?lfbkf\{] é:UrPér?( 63w %P@%:Q?f}ﬁfé? %‘itQ dnio! tage

i's prOV|d ese other cir UI beIo a vol t age
t hr eshol Thus t he ot her reuitr a vent urrent flowng to
hese. ot e CHTR I BE LR SEOAS i cetoé st e G40 SRR 8ol @ vol t age.
The ot her Ioads can be prevented from"turning on" or otherw se from
oper at i ni§08ak ti al | YOBIEd CHIENY IN[ SUKHIGHIRY BAE %TM r#R sflow e ekeidliMol d
voltage is a breakdown voltage. FIG 4 schematically shows | oads 402A-L in
a si m | aassomidted with ableast sbhwesef the siher Ids aleny ledkapatbadhr ekample. r ol
nodul es 404A-L has circuitry that includes a thyristor with a gate that is

not connghé edsitianet iethede leaktpaths, |steard, isaatde dhpdrstagrgréahas khatey be an
SCR) has a breakdown voltage in the forward-biased direction such that,

when t heyar ?éﬂf}dﬂ%ugl‘i"dir%gﬁ%z‘céf %éﬁﬁ&dﬁ‘ﬂ)du?é‘%ohhyr Wﬁbofesfs@érléoiﬁdﬁweb%t@H ow ng

current to flowto tThe associated |oad. For exanple, when voltage 1s

appl i ed c\fdr&}it?gﬁchﬁ Bgnfgqf%gd ’%’uchtthgf(gﬁﬁﬂggégipp%\ﬁ@g@%\f%ev §% 29+ Bls he

thyristor o IrCUI control does h excee

4045 L. DL SHETERD A domel huolaes Jisshibbedblning P Séwﬁ?t%'p%éges of
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. iInstead,
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
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(in addition to circuitry of control nodule 404A) the thyristor for
circuitry of control nodule 404C and the thyristor for circuitry of control
nodul e 40%0,200wte20es not exceed t he breakdown vol t ages Pofi/ushyiiosssor s of
other circuitry and, thus a circuit is not conpleted for any |oad but | oad
402A. [0055]Circuitry according to sone enbodi nents can be used to control
various types of |oads, such as bidirectional notors. FIG 5 schematically
shows six loads that are bidirectional DC notors 502A-F. The bidirectional
DC notors 502A-F are associ ated control nodul es 504A-F. Each control nodul e

125, i SR RS BHLSHO1S) Hp SR Al PSS
ARG R T TR R T T R

one thyristor allows current to flow to the assocjated notor to cause it to
oper at e Xcagcchedensakdayvpvoltigaes of thyrisipisroft ofber cirayitryiande thumna ajieel

current flows in the opposite direction (e.g. fromconducting path B to
conduct i sygi@aompitediforanye oaddutigad 402A. al | ows current to flow to the
associated notor to cause it to operate in accordance with the current flow
in the spoesy direCircaitryt faordifgappssrhe eerhbodifterits Icah o reetli toncorkths!
resistors RlL, R2, R3, and R4 operate simlar to the resistors of the

embodi meph il RPlebe &t Idhds! Suct? abBidifetiofal Motsts! 396 @tséhﬁﬁﬁﬁbﬁy{ ghoie

thyristors. In"sonme enbodi ments, the thyristors have gates that are

di sconnegt qd, §{ ﬂ{HtoérQeJadigéc{tféHbFW m[%'t(g?sl SoA-# tﬁ‘ﬁ’é?oia‘??e%‘ti%gpop”m%b 4. The
thyristors are configure O prevent carrent fromflowng to the notors
502A-F u t he associ at ed or i.s desjr to_be operated. WO

2011/ 167815 AB LRSS 1O TR SBPE I DS Fac CEATH PTG vaFigs has

enbodi nents can include any type of thyristor or other simlar circuitry.
Exanpl escigguitrnythals instudesntva dayrgioscand ;2 desigtorf retwark dhatatrichiflesufauent
(DIAC or SiDIAC), a four layer diode with a disconnected gate, and a triode

for alt erasastorsgRtURR eRB, 4MRRAC) Thé-va tibyristdreraae i phlajiet Hivars biasedads t hat
are notors 602 A-F. The notors 602A-F are associated with control nodul es

that i nchpistssifel AfecttisAsheh [that ReherorRLiaHE AoWnirp e directidG(e 8. fRIMC 604A
allows current to flowto notor 602A in either direction. DI ACS 604B-F are

capabl e | I | gwi = F
because ErieBGRch B cRBbciiicrBait B oife Wrieh® AW R & oo Cr v ent
is allowgd to flowto . the nmotor. 602A. [ 0057] The foreqoi ng descri.ptjon of
e embolermesiate it o, s i BPerm e atrdrannes SR AR GBI e has
been presented only for the purpose of illustration and description and is
not i nt effgbdirestiie” VoAU flgws ig themrposie dirgelien (DE- trem W%’Fé'egse
fornms disclosed. Nunerous nodifications, adaptations, and uses thereof wll
be appar path Bdotdorskicting Ipadu A)ntheheecond thivristart altbsysactirenf or towtthehecope of
this invention.

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 {o be operated.
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Claims What is clainmed is: 1. A system capable of being disposed in a bore
of a subterranean formation, the bore having a plurality of electrical

| oads poswoi2oned241ber ei n, the system conpri si ng: PaTiuseeil/oassnt r ol
nodul e associated with a first electrical load of the plurality of
electrical |oads; and at |east one control nodule other than the first

control nodul e, wherein the first control nodule is configured to
respond to a voltage that is above a threshold by allow ng current to flow
to the first electrical |oad, and wherein, when the current is

al | owed {opysk) ow togLrB@s :&ia{c%brcﬁh % %ﬁé‘u UF%% rPuQ Har | ﬂg&he%@e@getafol

nodul e ot her than rst con roI els co I gure nt current
to electri t her

the pl ur SPTEl B SURETIE, RECHEL ., e oydfiots EhePahoER BdplPn the

first COfrc]}rracl)tlerrgraﬂlcllqlé;I ceur?gnr{p(ﬁligsoraS}Dq rCI)SE‘:lc])‘chwrh %\g/lep%noadeg\?vtlth 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 voitage 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
fllustration and description and is not intended to be exhaustive or to limit the
invention {o 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.
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3. The systemof claim2, wherein the gate is coupled to a resistor
network, the thyristor being configured to allow current to flowto the
first el ewOnotalé2919ad when the voltage that is above thecrhuseshoBsh7i s
applied to the gate. WD 2011/162919PCT/ US2011/ 038671 4. The system of
claim2, wherein the gate is disconnected fromother circuitry, wherein the
threshol d corresponds to a breakdown voltage of the thyristor. 5. The
system of claim2, wherein the thyristor conprises at |east one of: a
silicon controlled rectifier (SCR); a diode for alternating current (D AC);
a four layer diode with a disconnectgggate; or a triode for alternating
current (TRI AC). E—

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.
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6. The systemof claim11, further conprising: a plurality of
conducting paths, each of the plurality of conducting paths being capable
of conducwOngtieleeapricity in the bore, wher ei n, PATMASSEAN3%E7I 0 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
pat hs being coupled to ground, the first control nodule is configured to
allow current to flowto the first electrical |oad and the at |east one
control nodule other than the first control nodule is configured to prevent
current fromflowng to electrical |oads other than the first electrical

| oad. WO 2011/ 162919PCT/ US2011/ 038671 7. The system of claim6, wherein
at least ,a thiyd conductin ath of. the ural.ity of conductjng paths is
capable B 11508 SHgehaheRRR 2 iPefein it pBle RSttt B R ER: "Fo T ow to
the first electrical |oad and when the at | east one control nodul e other

t han t heCH§4&Y, control nodul e prevent current fromflowing to el ectrical

| oads other than the first electrical load. 8. The system of claim6,

wher ei n a conwbetdimthetireshdid cheeppands ia § bofdakdomaueliagg gfdbadhyrister. sheat h
t hat encapsul ates ot her conducting paths of the plurality of conducting
paths. 9. The systemof claim1l, wherein the bore conprises a plurality of
zones defined therein by zonal isolation devices, the plurality of

el ectricgl |opds sheleRgotbiapeoednkheik e mgh'irs?ériéo‘(n&fseéoéﬁéas_t ol@-ofThe system
of claim1, wherefin the first control nodule conprises a first thyristor

and a second g@wc'%)ﬁtecghtrbgga {%}Cﬁ/lflg;‘ f%(?‘qbl n an opposite direction than the

first thyristor, r’'s eing configured to allow current
flowng in afifrs irection to fl o.the first electrical |oad, the
second thyri s?gl‘oci?e%ﬁﬁt@ 'Pgm&?ngwﬂ%w current flowing in a second
direction to flowto the first electrical |oad.

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.
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11. A nmethod conpri sing: determning a |l evel of a voltage is above
a threshold in at |east one zone of a plurality of zones of a subterranean
bore, thewoabtiaggedibei ng determned froma first conduct iPog/ysatih/osssapl ed to
a power source and a second conducting path coupled to ground;

responsive to determning the level of the voltage is above the threshold,
allowing current to flowto a first electrical load that is disposed in the
at | east one zone; and preventing current fromflowing to electrical
| oads other than the first electrical |oad that are disposed in the

plurality of ’T—R{:‘t‘égsten?@f c%f?r‘?ra”%@?%ﬂ%ftl g?%%ﬁ&noﬂ@&étﬂggpt)&ﬁto‘?rtﬁé ning the

| evel of the vo ge 1's above'the res conpri ses ermning a gate

| t t a. t hyrij st bej b t h |.d
vt 7% PRt SolktabBYies e LA BNl % B RETE adlB o
zone. 13. The nethod of claim 11, wherein determ ning the |evel of the
vol t age RlowheviEertie flovy asths fisi@lapiricaead andrwhen g at IBRrEldi@Ntidl t age of

a thyristor as being above the threshold, the thyristor being associated

wi t h an mlodote othal thawelihei fiist ¢ontend nashde poavent oneentitfomTiovingtdod of clai m

11, further conprising: allowing a third conducting path to be floating.
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:
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WO 2011/ 162919PCT/ US2011/ 038671 15. The net hod of claim 11, further
conpri si ng: determ ning the | evel of the voltage at an el ectrical
| oad ot hewotzhamerdie first electrical load is bel ow t he rhrashalig3isesand
preventing current fromflowing to the electrical |oad other than the first
el ectrical load in response to determning the |evel of the voltage is
bel ow t he threshol d.
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.
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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.
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