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/ 200

210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG. 2
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'/ 200

210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

302

during initiation of a
nuclear reactor
shutdown,
thermoelectrically
converting nuclear
reactor generated heat
to electrical energy

304

preceding initiation of
a nuclear reactor
shutdown,
thermoelectrically
converting nuclear
reactor generated heat
to electrical energy

306

following initiation of a
nuclear reactor
shutdown,
thermoelectrically
converting nuclear
reactor generated heat

| to electrical energy

220

supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

End

FIG. 3
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'/' 200

210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

402

upon a nuclear reactor
system shutdown
event,
thermoelectrically
converting nuclear
reactor generated
decay heat to
electrical energy

404

upon a nuclear reactor
system shutdown
event,
thermoelectrically
converting nuclear
reactor generated
residual heat to
electrical energy

406

upon a nuclear reactor
system shutdown
event,
thermoelectrically
converting nuclear
reactor generated heat

' to electrical energy,
the nuclear reactor

system shutdown event
established by at least
one signal from an
operator

220

supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG. 4
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'/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting nuclear
reactor generated heat to electrical energy

502

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy, the nuclear reactor system
shutdown event established by at least one reactor control system

504

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy, the nuclear reactor system
shutdown event established by at least one reactor control system responsive to at
least one signal from at least one safety system

506

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy, the nuclear reactor system
shutdown event established by at least one reactor control system responsive to
at least one signal from at least one safety system, the at least one safety
system of the nuclear reactor system responsive to at least one sensed nuclear
reactor system condition

508

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy, the nuclear
reactor system shutdown event established by at least one reactor control
system responsive to at least one signal from at least one safety system,
the at least one safety system of the nuclear reactor system responsive to
at least one sensed external nuclear reactor system condition

220
supplying the electrical energy to at least one mechanical pump of the nuclear reactor

system

FIG. 5
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210

upon a nuclear reactor system shutdown event, thermoelectrically converting nuclear
reactor generated heat to electrical energy

502

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy, the nuclear reactor system
i shutdown event established by at least one reactor control system

504

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy, the nuclear reactor system
shutdown event established by at least one reactor control system responsive to at
least one signal from at least one safety system

506

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy, the nuctear reactor system
shutdown event established by at least one reactor control system responsive to
at least one signal from at least one safety system, the at least one safety
system of the nuclear reactor system responsive to at least one sensed nuclear
reactor system condition

602

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy, the nuclear
reactor system shutdown event established by at least one reactor control
system responsive to at least one signal from at least one safety system, the
at least one safety system of the nuclear reactor system responsive to at
least one sensed internal nuclear reactor system condition.

220
supplying the electrical energy to at least one mechanical pump of the nuclear reactor

system

FIG. 6
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'/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

702

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy using at least one
thermoelectric device

704

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric junction

706

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuctear reactor generated heat to electrical energy using
at least one semiconductor - semiconductor junction

1708

upon a nuclear reactor system shutdown event, i
i thermoelectrically converting nuclear reactor generated heat to
i electrical energy using at least one p-type/n-type junction

220
supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

FIG. 7
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@ '/' 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

702

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric device

704

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using
at least one thermoelectric junction

802

upon a nuclear reactor system shutdown event, i
thermoelectrically converting nuclear reactor generated heat
to electrical energy using at least one metal-metal junction

220
supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG. §
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'/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting nuclear
reactor generated heat to electrical energy

902

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy using at least one thermoelectric
device, the thermoelectric device having at least a first portion in thermal
communication with a first portion of the nuclear reactor system and at least a
second portion in thermal communication with a second portion of the nuclear
reactor system

904

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy using at least one
thermoelectric device, the thermoelectric device having at least a first portion in
thermal communication with at least one heat source of the nuclear reactor
system

906

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy using at least one
thermoelectric device, the thermoelectric device having at least a first portion in
thermal communication with at teast a portion of a nuclear reactor core, at least
a portion of at least one pressure vessel, at least a portion of at least one
containment vessel, at least a portion of at least one coolant loop, at least a
portion of at least one coolant pipe, at least a portion of at least one heat
exchanger, or at least a portion of a coolant of the nuclear reactor system

220
supplying the electrical energy to at least one mechanical pump of the nuclear reactor
system

FIG. 9
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/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting nuclear
reactor generated heat to electrical energy

902

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy using at least one thermoelectric
device, the thermoelectric device having at least a first portion in thermal
communication with a first portion of the nuclear reactor system and at least a
second portion in thermal communication with a second portion of the nuclear
reactor system

1002

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy using at least one
thermoelectric device, the thermoelectric device having at least a second
portion in thermal communication with a second portion of the nuclear reactor
i system, the second portion of the nuclear reactor system at a lower
temperature than the first portion of the nuclear reactor system

1004

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at least
one thermaelectric device, the thermoelectric device having at least a
second portion in thermal communication with at least a portion of at least
one coolant loop, at least a partion of at least one coolant pipe, at least a
portion of at least one heat exchanger, at least a portion of a coolant of the
nuclear reactor system, or at least a portion of at least one environmental
reservoir

220
supplying the electrical energy to at least one mechanical pump of the nuclear reactor

system

FIG. 10
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'/ 200

210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

1102

upon a nuclear
reactor system
shutdown event,
-thermoelectrical
ly converting
thermal
spectrum
nuclear reactor
generated heat
to electrical
energy

1104

upon a nuclear
reactor system
shutdown event,
thermoelectrical
ly converting
fast spectrum
nuclear reactor
generated heat
to electrical
energy

1106

upon a nuclear
reactor system
shutdown event,
thermoelectrical
ly converting
multi-spectrum
nuclear reactor
generated heat
to electrical
energy

1108

upon a nuclear
reactor system
shutdown event,
thermoelectrical
ly converting
breeder nuclear
reactor
generated heat
to electrical
energy

220

reactor system

supplying the electrical energy to at least one mechanical pump of the nuclear

FIG.

11
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@ '/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

1202

upon a nuclear
reactor system
shutdown event,
thermoelectrical
ly converting
traveling wave
nuclear reactor
generated heat
to electrical

1204

upon a nuclear
reactor system
shutdown event,
thermoelectrical
ly converting
nuclear reactor
generated heat
to electrical
energy using at

1206

upon a nuclear
reactor system
shutdown event,
thermoelectrical
ly converting
nuclear reactor
generated heat
to electrical
energy using at

1208

upon a nuclear
reactor system
shutdown event,
thermoelectrical
ly converting
nuclear reactor
generated heat
to electrical
energy using at

energy least two series least two least one
coupled parallel coupled thermoelectric
thermoelectric thermoelectric module
devices devices
220

supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG.

12
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@ '/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

1302
upon a nuclear reactor system shutdown event, thermoelectrically

converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric device sized to meet at least one selected
operational requirement of the nuclear reactor system

1304
upon a nuclear reactor system shutdown event, thermoelectrically

converting nuclear reactor generated heat to electrical energy using
at least one thermoelectric device sized to at least partially match
the heat rejection of the at least one thermoelectric device with at
least a portion of the heat produced by the nuclear reactor

220
supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG. 13
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'/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

1302
upon a nuclear reactor system shutdown event, thermoelectrically converting

nuclear reactor generated heat to electrical energy using at least one
thermoelectric device sized to meet at least one selected operational
requirement of the nuclear reactor system

1402
upon a nuclear reactor system shutdown event, thermoelectrically

converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric device sized to at least partially match the
power requirements of at least one selected operation system

1404
upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
using at least one thermoelectric device sized to match the power
requirements of at least one mechanical pump

220
supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG. 14
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@ / 1500
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

1510
at least partially driving at least one mechanical pump

1512
at least partially driving at least one mechanical pump coupled to at least
one coolant system of the nuclear reactor system

1514

at least partially driving at least one mechanical pump coupled to at |
least one coolant system of the nuclear reactor system, the at least one
mechanical pump in series with at least one additional mechanical

pump

FIG. 15
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@ '/ 1500
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanicatl pump of the nuclear
reactor system

1510
at least partially driving at least one mechanical pump

1512
at least partially driving at least one mechanical pump coupled to at least
one coolant system of the nuclear reactor system

1602

at least partially driving at least one mechanical pump coupled to at
least one coolant system of the nuclear reactor system, the at least one
mechanical pump in parallel with at least one additional mechanical

pump.

FIG. 16
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/ 1500
210

upon a nuclear reactor system shutdown event, thermoelectrically converting nuclear
reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear reactor

system

1510
at least partially driving at least one mechanical pump

1512
at least partially driving at least one mechanical pump coupled to at least one
coolant system of the nuclear reactor system

1702

at least partially driving at least one mechanical pump coupled to at least one
coolant system of the nuclear reactor system, the at least one mechanical pump
supplying supplemental pumping power to the at (east one coolant system

11704
fat least partially driving at least one mechanical pump coupled to at least
i one coolant system of the nuclear reactor system, the at least one
mechanical pump supplying supplemental pumping power to the at least

i one coolant system, the supplemental pumping power enhancing a

{ pumping mass flow rate

FIG. 17
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210

upon a nuclear reactor system shutdown event, thermoelectrically converting nuclear reactor
generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear reactor system

{1510
at least partially driving at least one mechanical pump

1512
at least partially driving at least one mechanical pump caupled to at least one coolant system

of the nuclear reactor system

1802
at least partially driving at least one mechanical pump coupled to at least one coolant

system of the nuclear reactor system, the at least one mechanical pump supplying
auxiliary pumping power to the at least one coolant system

1804

at least partially driving at least one mechanical pump coupled to at least one
coolant system of the nuclear reactor system, the at least one mechanical pump
supplying auxiliary pumping power to the at least one coolant system, the auxiliary
pumping power establishing a coolant mass flow rate

1806
at least partially driving at least one mechanical pump coupled to at least one

coolant system of the nuclear reactor system, the at least one mechanical
pump supplying auxiliary pumping power to the at least one coolant system,
the auxiliary pumping power establishing a coolant mass flow rate, the

i coolant mass flow rate maintaining circulation in at least one reactor coolant
pool, at least one reactor coolant pressure vessel, at least one reactor heat
exchange loop, or at least one ambient coolant

FIG. 18
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@ '/‘ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

702

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric device

1902

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at
least one nanofabricated thermoelectric device.

220
supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG. 19



Patent Application Publication  Oct. 14,2010 Sheet 26 of 36 US 2010/0260306 A1

H '/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

702

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric device

2002

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric device optimized for a specified range of
operating characteristics

220
supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG. 20
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@ '/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

1702

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric device

2102

upon a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy using at
least one thermoelectric device optimized for a first range of operating
characteristics and at least one additional thermoelectric device optimized
for a second range of operating characteristics, the second range of
operating characteristics different from the first range of operating
characteristics

220
supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

FIG. 21
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@ '/' 2200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

2210
substantially optimizing a thermal conduction between a portion of at least one

nuclear reactor system and a portion of at least one thermoelectric device

FIG. 22
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210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220

supplying the electrical energy to at least one mechanical pump of the nuclear

reactor system

2302

supplying the electrical
energy to at least one
mechanical pump of
the nuclear reactor
system, the at least
one mechanical pump
circulating coolant
through a portion of at
least one nuclear
reactor core or a
portion of at least one
heat exchanger

2304

supplying the electrical
energy to at least one
mechanical pump of
the nuclear reactor
system, the at least
one mechanical pump
circulating at least one
pressurized gas coolant

2306

supplying the electrical
energy to at least one
mechanical pump of
the nuclear reactor

i system, the at least

one mechanical pump
circulating a mixed
phase coolant

FIG. 23
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210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

2402

supplying the electrical energy to at least one mechanical pump of the
nuclear reactor system, the at least one mechanical pump circulating at
least one liquid coolant

2404

| supplying the electrical energy to at least one mechanical pump of
| the nuclear reactor system, the at least one mechanical pump

i circulating at least one liquid metal coolant

FIG. 24
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210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
“| supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

2402

supplying the electrical energy to at least one mechanical pump of the
nuclear reactor system, the at least one mechanical pump circulating at
least one liquid coolant

2502

: supplying the electrical energy to at least one mechanical pump of
 the nuclear reactor system, the at least one mechanical pump

| circulating at least one liquid salt coolant

FIG. 25
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'/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

2402

supplying the electrical energy to at least one mechanical pump of the
nuclear reactor system, the at least one mechanical pump circulating at
least one liquid coolant

2602

supplying the electrical energy to at least one mechanical pump of
the nuclear reactor system, the at least one mechanical pump
circulating liquid water

FIG. 26
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@ '/ 200
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

2402

supplying the electrical energy to at least one mechanical pump of the
nuclear reactor system, the at least one mechanical pump circulating at
least one liquid coolant

2702
supplying the electrical energy to at least one mechanical pump of a
pool type nuclear reactor system

FIG. 27
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@ '/' 2800
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

2810
protecting at least one thermoelectric device with regulation circuitry

2812
protecting at least one thermoelectric device with bypass circuitry

2814
protecting at least one thermoelectric device with bypass circuitry
configured to electrically bypass the at least one thermoelectric device

2816

electrically bypassing the at least one thermoelectric device using at
least one electromagnetic relay system, at least one solid state relay
system, at least one transistor, at least one microprocessor
controlled relay system, at least one microprocessor controlled relay
system programmed to respond to at least one external parameter,
or at teast one microprocessor controlled relay system programmed
to respond to at least one internal parameter

FIG. 28
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'/’ 2900

210
upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

2910

selectively augmenting at least one thermoelectric device using at least one
reserve thermoelectric device and reserve actuation circuitry configured to
selectively couple the at least one reserve thermoelectric device to the at least
one thermoelectric device

2912

selectively coupling at least one reserve thermoelectric device to at least one
thermoelectric device using at least one relay system, at least one
electromagnetic relay system, at least one solid state relay system, at least
one transistor, at least one microprocessor controlled relay system, at least
one microprocessor controlled relay system programmed to respond to at
least one external parameter, or at least one microprocessor controlled relay
system to respond to at least one internal parameter to the at least one
thermoelectric device

FIG. 29
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'/ 3000
210

upon a nuclear reactor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy

220
supplying the electrical energy to at least one mechanical pump of the nuclear
reactor system

3010
modifying at least one thermoelectric device output using power management
circuitry

13012
modifying at least one thermoelectric device output using voltage regulation
i circuitry

FIG. 30
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METHOD AND SYSTEM FOR THE
THERMOELECTRIC CONVERSION OF
NUCLEAR REACTOR GENERATED HEAT

BACKGROUND

[0001] Thermoelectric devices and materials can be uti-
lized to convert heat energy to electric power. Thermoelectric
devices are further known to be implemented within a nuclear
fission reactor system, so as to convert nuclear fission reactor
generated heat to electric power during reactor operation.

SUMMARY

[0002] In one aspect, a method includes but is not limited
to, upon a nuclear reactor system shutdown event, thermo-
electrically converting nuclear reactor generated heat to elec-
trical energy and supplying the electrical energy to at least
one mechanical pump of the nuclear reactor system. In addi-
tion to the foregoing, other method aspects are described in
the claims, drawings, and text forming a part of the present
disclosure.

[0003] In one or more various aspects, related systems
include but are not limited to circuitry and/or programming
for effecting the herein-referenced method aspects; the cir-
cuitry and/or programming can be virtually any combination
of hardware, software, and/or firmware configured to effect
the herein-referenced method aspects depending upon the
design choices of the system designer.

[0004] Inone aspect, a system includes but is not limited to
a means for, upon a nuclear reactor system shutdown event,
thermoelectrically converting nuclear reactor generated heat
to electrical energy and a means for supplying the electrical
energy to at least one mechanical pump of the nuclear reactor
system. In addition to the foregoing, other system aspects are
described in the claims, drawings, and text forming a part of
the present disclosure.

[0005] Inone aspect, a system includes but is not limited to
atleast one thermoelectric device for converting nuclear reac-
tor generated heat to electrical energy upon a nuclear reactor
system shutdown event and at least one electrical output of the
at least one thermoelectric device electrically coupled to at
least one mechanical pump of the nuclear reactor system for
supplying the electrical energy to the at least one mechanical
pump of the nuclear reactor system. In addition to the fore-
going, other system aspects are described in the claims, draw-
ings, and text forming a part of the present disclosure.
[0006] In addition to the foregoing, various other method
and/or system and/or program product aspects are set forth
and described in the teachings such as text (e.g., claims and/or
detailed description) and/or drawings of the present disclo-
sure.

[0007] The foregoing is a summary and thus may contain
simplifications, generalizations, inclusions, and/or omissions
of'detail; consequently, those skilled in the art will appreciate
that the summary is illustrative only and is NOT intended to
be in any way limiting. Other aspects, features, and advan-
tages of the devices and/or processes and/or other subject
matter described herein will become apparent in the teachings
set forth herein.

BRIEF DESCRIPTION OF THE FIGURES

[0008] FIGS. 1A through 1G are schematics of a system for
the thermoelectric conversion of nuclear reactor generated
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heat to electrical energy and the supplying of the electrical
energy to a mechanical pump of the nuclear reactor system.
[0009] FIG. 2 is a high-level flowchart of a method for
thermoelectrically converting nuclear reactor generated heat
to electrical energy.

[0010] FIGS. 3 through 30 are high-level flowcharts depict-
ing alternate implementations of FIG. 2.

DETAILED DESCRIPTION

[0011] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

[0012] Referring generally to FIGS. 1A through 1G, a sys-
tem 100 for the thermoelectric conversion of nuclear reactor
generated heat upon a nuclear reactor shutdown event 110 is
described in accordance with the present disclosure. Upon a
shutdown event 110 (e.g., routine shutdown or emergency
shutdown) of a nuclear reactor system 100, a thermoelectric
device 104 (e.g., a junction of two materials with different
Seebeck coefficients) may convert heat (e.g., operational
heat, decay heat, or residual heat) produced by the nuclear
reactor 102 of the nuclear reactor system 100 to electrical
energy. Then, the electrical output 108 of the thermoelectric
device 104 may supply electrical energy to a mechanical
pump 106 of the nuclear reactor system 100.

[0013] In embodiments, the nuclear reactor 102 of the
nuclear reactor system 100 may include, but is not limited to,
a thermal spectrum nuclear reactor 141, a fast spectrum
nuclear reactor 142, a multi-spectrum nuclear reactor 143, a
breeder reactor 144, or a traveling wave reactor 145. For
example, the heat produced from a thermal spectrum nuclear
reactor 141 may be thermoelectrically converted to electrical
energy via one or more than one thermoelectric device 104.
Then, the electrical output 108 of the thermoelectric device
may be used to supply electrical energy to amechanical pump
106 of the nuclear reactor system 100. By way of further
example, the heat produced from a traveling wave nuclear
reactor 145 may be thermoelectrically converted to electrical
energy via one or more than one thermoelectric device 104.
Then, the electrical output 108 of the thermoelectric device
104 may be used to supply electrical energy to a mechanical
pump 106 of the nuclear reactor system 100.

[0014] In another embodiment, the nuclear reactor shut-
down event 110 may be established by a signal from an
operator 111. For example, the nuclear reactor shutdown
event may be established by a remote signal, such as a wire-
line signal (e.g., copper wire signal or fiber optic cable signal)
or a wireless signal (e.g., radio frequency signal) from an
operator (e.g., human user). Then, upon establishing the
nuclear reactor shutdown event 110 via a signal from an
operator, the thermoelectric device 104 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.

[0015] In another embodiment, the nuclear reactor shut-
down event 110 may be established by a reactor control
system 112 (e.g., a system of microprocessors or computers
programmed to monitor and respond to specified reactor con-
ditions, such as temperature). For instance, the nuclear reac-
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tor shutdown event may be established by a wireline signal
(e.g., digital signal from microprocessor) sent from a reactor
control system 112. In a further embodiment, the reactor
control system 112 may be responsive to one or more signals
from a safety system 113 (e.g., thermal monitoring system,
radiation monitoring system, pressure monitoring system, or
security system). For instance, at a critical temperature a
safety system may send a digital signal to the reactor control
system 112. In turn, the nuclear reactor shutdown event may
be established via a signal from the reactor control system
112. In a further embodiment, the safety system of the nuclear
reactor system may be responsive to a sensed condition 114 of
the nuclear reactor system 100. For example, the safety sys-
tem of the nuclear reactor system 100 may be responsive to
one or more external conditions 115 (e.g., loss of heat sink,
security breach, or loss of external power supply to support
systems) or one or more internal conditions 116 (e.g., reactor
temperature or core radiation levels). By way of further
example, the safety system, upon sensing a loss of heat sink,
may send a signal to the reactor control system 112. In turn,
the reactor control system 112 may establish the nuclear
reactor shutdown event 110. Then, upon establishing the
nuclear reactor shutdown event 110 via a signal from a reactor
control system 112, the thermoelectric device 104 may con-
vert heat produced by the nuclear reactor system 100 to elec-
trical energy.

[0016] Inanembodiment, upon a nuclear reactor shutdown
event 110, nuclear reactor generated heat may be converted to
electrical energy via a thermoelectric device 104 placed in
thermal communication (e.g., placed in thermal communica-
tion ex-situ or in-situ) with a portion of the nuclear reactor
system 100. For example, the thermoelectric device 104 may
be placed in thermal communication with a portion of the
nuclear reactor system 100 during the construction of the
nuclear reactor system 100. By way of further example, the
nuclear reactor system 100 may be retrofitted such that a
thermoelectric device 104 may be placed in thermal commu-
nication with a portion of the nuclear reactor system 100.
Further, the thermoelectric device 104 may be placed in ther-
mal communication with a portion of the nuclear reactor
system 100 during operation of the nuclear reactor system
100 via a means of actuation (e.g., thermal expansion, elec-
tromechanical actuation, piezoelectric actuation, mechanical
actuation). Then, a thermoelectric device 104 in thermal com-
munication with a portion of the nuclear reactor system 100
may convert nuclear reactor generated heat to electrical
energy.

[0017] Inanotherembodiment, upona nuclear reactor shut-
down event 110, nuclear reactor generated heat may be con-
verted to electrical energy via a thermoelectric device 104
having a first portion 124 in thermal communication with a
first portion 125 of the nuclear reactor system 100 and a
second portion 126 in thermal communication with a second
portion 127 of the nuclear reactor system 100. For example,
the first portion 124 of the thermoelectric device 104 may be
in thermal communication with a heat source 128 of the
nuclear reactor system. By way of further example, the heat
source 128 may include, but is not limited to, a nuclear reactor
core 129, a pressure vessel 130, a containment vessel 131, a
coolant loop 132, a coolant pipe 133, a heat exchanger 134, or
a coolant 135 of the coolant system 154 of the nuclear reactor
system 100.

[0018] In another embodiment, the second portion 127 of
the nuclear reactor system may be at a temperature lower than
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the first portion 125 of the nuclear reactor system 100. For
example, the first portion 125 of the nuclear reactor system
100 may comprise a portion of the primary coolant system
(e.g., at a temperature above 300° C.) of the nuclear reactor
system 100 and the second portion 127 of the nuclear reactor
system 100 may comprise a portion of a condensing loop
(e.g., at a temperature below 75° C.) of the nuclear reactor
system 100. By way of further example, the second portion
127 of' the nuclear reactor system 100 may include, but is not
limited to, a coolant loop 136, a coolant pipe 137, a heat
exchanger 138, a coolant 139 of a coolant system 154, or an
environmental reservoir 140 (e.g., a lake, a river, or a subter-
ranean structure). For instance, a first portion 124 of a ther-
moelectric device 104 may be in thermal communication with
a heat exchanger 134 of the nuclear reactor system 100 and
the second portion 126 of the thermoelectric device 104 may
be in thermal communication with an environmental reser-
voir 140, such as a lake.

[0019] In another embodiment, the thermoelectric device
104 and a portion of the nuclear reactor system 100 may both
be in thermal communication with a means for optimizing
thermal conduction 162 (e.g., thermal paste, thermal glue,
thermal cement, or other highly thermally conductive mate-
rials) between the thermoelectric device 104 and the portion
of the nuclear reactor system 100. For example, the first
portion 124 of the thermoelectric device 104 may be con-
tacted to the first portion 125 of the nuclear reactor system
100 using thermal cement.

[0020] In an embodiment, the thermoelectric device 104
used to convert nuclear reactor generated heat to electrical
energy may comprise at least one thermoelectric junction 117
(e.g., a thermocouple or other device formed from a junction
of more than one material each with different Seebeck coef-
ficients). For example, the thermoelectric junction 117 may
include, but is not limited to, a semiconductor-semiconductor
junction 118 (e.g., p-type/p-type junction or n-type/n-type
junction) or a metal-metal junction 120 (e.g., copper-constan-
tan). By further example, the semiconductor-semiconductor
junction may include a p-type/n-type semiconductor junction
(e.g., p-doped bismuth telluride/n-doped bismuth telluride
junction, p-doped lead telluride/n-doped lead telluride junc-
tion, or p-doped silicon germanium/n-doped silicon germa-
nium junction).

[0021] In another embodiment, the thermoelectric device
104 used to convert nuclear reactor generated heat to electri-
cal energy may comprise at least one nanofabricated thermo-
electric device 121 (i.e., a device wherein the thermoelectric
effect is enhanced due to nanoscale manipulation of its con-
stituent materials). For example, the nanofabricated device
may include, but is not limited to, a device constructed in part
from a quantum dot material (e.g., PbSeTe), ananowire mate-
rial (e.g., Si), or a superlattice material (e.g., Bi,Te;/Sb, Te;).
[0022] In another embodiment, the thermoelectric device
104 used to convert nuclear reactor generated heat to electri-
cal energy may comprise a thermoelectric device optimized
for a specified range of operating characteristics 122. For
example, the thermoelectric device optimized for a specified
range of operating characteristics 122 may include, but is not
limited to, athermoelectric device having an output efficiency
optimized for a specified range of temperature. For instance,
the thermoelectric device 104 may include a thermoelectric
device with a maximum efficiency between approximately
200° C. and 500° C., such as a thermoelectric device com-
prised of thallium doped lead telluride. It will be appreciated
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in light of the description provided herein, that a nuclear
reactor system 100 incorporating a thermoelectric device 104
may incorporate a thermoelectric device having a maximum
output efficiency within the operating temperature range of
the nuclear reactor system 100.

[0023] In another embodiment, the heat generated by the
nuclear reactor 102 may be converted to electrical energy
using a first thermoelectric device optimized for a first range
of operating characteristics and a second thermoelectric
device optimized for a second range of operating character-
istics 123. For example, the output efficiency of a first ther-
moelectric device may be optimized for a first range in tem-
perature and the output efficiency of a second thermoelectric
device may be optimized for a second range in temperature.
For instance, the nuclear reactor generated heat may be con-
verted to electrical energy using a first thermoelectric device
having a maximum efficiency between approximately 500°
and 600° C. and a second thermoelectric device having a
maximum efficiency between approximately 400° and 500°
C. In a further embodiment, the heat generated by the nuclear
reactor 102 may be converted to electrical energy using a first
thermoelectric device optimized for a first range of operating
characteristics, a second thermoelectric device optimized for
a second range of operating characteristics, and up to and
including a Nth device optimized for a Nth range of operating
characteristics. For instance, the nuclear reactor generated
heat may be converted to electrical energy using a first ther-
moelectric device with a maximum efficiency between
approximately 200° and 300° C., a second thermoelectric
device with a maximum efficiency between approximately
400° and 500° C., and a third thermoelectric device with a
maximum efficiency between approximately 500° and 600°
C

[0024] In another embodiment, the heat generated by the
nuclear reactor 102 may be converted to electrical energy
using two or more series coupled thermoelectric devices 104.
For example, the heat generated by the nuclear reactor 102
may be converted to electrical energy using a first thermo-
electric device S; and a second thermoelectric device S,,
where the first thermoelectric device S, and the second ther-
moelectric device S, are electrically coupled in series. By
way of further example, the heat generated by the nuclear
reactor 102 may be converted to electrical energy using a first
thermoelectric device S,, a second thermoelectric device S,,
a third thermoelectric device S;, and up to and including an
Nth thermoelectric device S,, where the first thermoelectric
device S, the second thermoelectric device S,, the third
thermoelectric device S;, and the Nth thermoelectric device
S,-are electrically coupled in series.

[0025] In another embodiment, the heat generated by the
nuclear reactor 102 may be converted to electrical energy
using two or more parallel coupled thermoelectric devices
104. For example, the heat generated by the nuclear reactor
102 may be converted to electrical energy using a first ther-
moelectric device P, and a second thermoelectric device P,,
where the first thermoelectric device P, and the second ther-
moelectric device P, are electrically coupled in parallel. By
way of further example, the heat generated by the nuclear
reactor 102 may be converted to electrical energy using a first
thermoelectric device P,, a second thermoelectric device P,,
a third thermoelectric device P, and up to and including an
Nth thermoelectric device P, where the first thermoelectric
device P, the second thermoeclectric device P,, the third
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thermoelectric device P;, and the Nth thermoelectric device
P, are electrically coupled in parallel.

[0026] In another embodiment, the heat generated by the
nuclear reactor 102 may be converted to electrical energy
using one or more than one thermoelectric module 148. For
example, a thermoelectric module in thermal communication
with the nuclear reactor system 100 (e.g., first portion of a
thermoelectric module in thermal communication with a heat
source 128 and the second portion of a thermoelectric module
in thermal communication with an environmental reservoir
140) may convert nuclear reactor generated heat to electrical
energy. For example, the thermoelectric module 148 may
comprise a prefabricated network of parallel coupled thermo-
electric devices, series coupled thermoelectric devices, and
combinations of parallel coupled and series coupled thermo-
electric devices. By way of further example, a thermoelectric
module 148 may include a first set of parallel coupled ther-
moelectric devices, a second set of parallel coupled thermo-
electric devices, and up to and including a Mth set of parallel
coupled thermoelectric devices, where the first set of devices,
the second set of devices, and the Mth set of devices are
electrically coupled in series. By way of further example, a
thermoelectric module 148 may include a first set of series
coupled thermoelectric devices, a second set of series coupled
thermoelectric devices, and up to and including a Mth set of
series coupled thermoelectric devices, where the first set of
devices, the second set of devices, and the Mth set of devices
are electrically coupled in parallel.

[0027] Inanembodiment,the heat generated by the nuclear
reactor 102 may be converted to electrical energy using one or
more than one thermoelectric device sized to meet a selected
operational requirement 150 of the nuclear reactor system
100. For example, the thermoelectric device may be sized to
partially match the heat rejection 151 of the thermoelectric
device with a portion of the heat produced by the nuclear
reactor system 100. For instance, the thermoelectric device
may be sized by adding or subtracting the number of thermo-
electric junctions 117 used in the thermoelectric device 104.
By way of further example, the thermoelectric device may be
sized to match the power requirements 152 of a selected
operating system (e.g., control system, safety system, or cool-
ant system). For instance, the thermoelectric device may be
sized to match the mechanical pump power requirements 153
of'a coolant system 154 of the nuclear reactor system 100.

[0028] In certain embodiments, the thermoelectric device
104 used to convert heat produced by the nuclear reactor
system 100 to electrical energy may be protected via regula-
tion circuitry 170, such as voltage regulation circuitry (e.g.,
voltage regulator), current limiting circuitry (e.g., blocking
diode or fuse), or bypass circuitry 172 (e.g., bypass diode or
active bypass circuitry). For example, the regulation circuitry
used to protect the thermoelectric device 104 may include a
fuse, wherein the fuse is used to limit current from passing
through a short-circuited portion of a set of two or more
thermoelectric devices 104. In a further embodiment, bypass
circuitry configured to actively electrically bypass 174 one or
more than one thermoelectric device 104 may be used to
protect one or more than one thermoelectric device 104. For
example, the bypass circuitry configured to actively electri-
cally bypass 174 athermoelectric device 104 may include, but
is not limited to, an electromagnetic relay system 176, a solid
state relay system 178, a transistor 180, or a microprocessor
controlled relay system 182. By way of further example, the
microprocessor controlled relay system 182 used to electri-
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cally bypass a thermoelectric device 104 may be responsive to
an external parameter (e.g., signal from an operator) or an
internal parameter (e.g., current flowing through a specified
thermoelectric device).

[0029] In another embodiment, one or more than one ther-
moelectric device 104 used to convert heat produced by the
nuclear reactor system 100 to electrical energy may be aug-
mented by one or more than one reserve thermoelectric
device 188 (e.g., a thermoelectric junction or a thermoelectric
module) and reserve actuation circuitry 189. For example, the
electrical output 108 of one or more than one thermoelectric
device 104 may be augmented using the output of a reserve
thermoelectric device 188, where the one or more than one
reserve thermoelectric device may be selectively coupled to
one or more than one thermoelectric device 104 using reserve
actuation circuitry 189. For example, in the event a first ther-
moelectric device 104 of a set of thermoelectric devices fails,
a reserve thermoelectric device may be coupled to the set of
thermoelectric devices in order to augment the output of the
set of thermoelectric devices. By way of further example, the
reserve actuation circuitry 189 used to selectively couple the
one or more reserve thermoelectric devices 188 with the one
or more thermoelectric devices 104 may include, but is not
limited to, a relay system 190, an electromagnetic relay sys-
tem 191, a solid state relay system 192, a transistor 193, a
microprocessor controlled relay system, a microprocessor
controlled relay system programmed to respond to an exter-
nal parameter (e.g., required electrical power output of
nuclear reactor system 100 or availability of external electric
grid power), or a microprocessor controlled relay system
programmed to respond to an internal parameter (e.g., output
of one or more than one thermoelectric device 104).

[0030] Inanother embodiment, the electrical output 108 of
one or more than one thermoelectric device 104 used to
convert heat produced by the nuclear reactor system 100 to
electrical energy may be modified using power management
circuitry. For example, the power management circuitry 197
used to modify the electrical output 108 of a thermoelectric
device 104 may include, but is not limited to, a power con-
verter, voltage converter (e.g., a DC-DC converter or a DC-
AC inverter), or voltage regulation circuitry 198. By way of
further example, the voltage regulation circuitry 198 used to
modify the electrical output 108 of a thermoelectric device
104 may include, but is not limited to, a Zener diode, a series
voltage regulator, a shunt regulator, a fixed voltage regulator
or an adjustable voltage regulator.

[0031] In an embodiment, the thermoelectric device 104
may convert heat produced by the nuclear reactor system 100
to electrical energy during initiation of a nuclear reactor shut-
down. For example, during initiation of a routine nuclear
reactor shutdown (e.g., scheduled shutdown) or an emer-
gency nuclear reactor shutdown (e.g., SCRAM), the thermo-
electric device 104 may convert heat produced by the nuclear
reactor system to electrical energy.

[0032] In another embodiment, preceding initiation of a
nuclear reactor shutdown, the thermoelectric device 104 may
convert heat produced by the nuclear reactor system 100 to
electrical energy. For example, preceding initiation of a rou-
tine nuclear reactor shutdown or emergency nuclear reactor
shutdown, the thermoelectric device 104 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.

[0033] Inanadditional embodiment, following initiation of
a nuclear reactor shutdown, the thermoelectric device 104

Oct. 14,2010

may convert heat produced by the nuclear reactor system 100
to electrical energy. For example, following initiation of a
routine nuclear reactor shutdown or emergency nuclear reac-
tor shutdown, the thermoelectric device 104 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.

[0034] Inanotherembodiment, upon a nuclear reactor shut-
down event 110, nuclear reactor generated decay heat may be
thermoelectrically converted to electrical energy. For
example, after the shutdown of a nuclear reactor system 100,
athermoelectric device 104 may convert the persisting radio-
active decay heat to electrical energy. Then, the electrical
output 108 of the thermoelectric device may be used to power
the mechanical pump 106.

[0035] Inanadditional embodiment, upon a nuclear reactor
shutdown event 110, nuclear reactor generated residual heat
may be thermoelectrically converted to electrical energy. For
example, after the shutdown of a nuclear reactor system 100,
a thermoelectric device 104 may convert the residual heat of
the nuclear reactor to electrical energy. Then, the electrical
output 108 of the thermoelectric device may be used to power
the mechanical pump 106.

[0036] In an embodiment, the electrical output 108 of a
thermoelectric device 104 may supply electrical energy to a
mechanical pump 106 circulating coolant through a portion
of the reactor core or a heat exchanger 162 of the nuclear
reactor system 100. For example, the electrical output 108 of
athermoelectric device 104 may supply electrical energy to a
mechanical pump 106 circulating coolant through the heat
exchanger between the primary coolant loop and an interme-
diate coolant system of a nuclear reactor system 100.

[0037] Inanother embodiment, the electrical output 108 of
athermoelectric device 104 may supply electrical energy to a
mechanical pump 106 circulating a pressurized gas coolant
(e.g., helium, nitrogen, supercritical CO2, or steam) of a
coolant system 154 of a nuclear reactor system 100. For
example, the electrical output 108 of a thermoelectric device
104 may supply electrical energy to a mechanical pump 106
circulating pressurized helium through the primary coolant
system of a nuclear reactor system 100.

[0038] Inanother embodiment, the electrical output 108 of
athermoelectric device 104 may supply electrical energy to a
mechanical pump 106 circulating a liquid coolant ofa coolant
system 154 of the nuclear reactor system 100. For example,
the liquid coolant circulated by the mechanical pump 106
may include, but is not limited to, a liquid metal coolant (e.g.,
liquid sodium, liquid lead, or liquid lead bismuth), a liquid
salt coolant (e.g., lithium fluoride or other fluoride salts), or a
liquid water coolant. Further, the mechanical pump 106 may
circulate a liquid coolant through a coolant pool of a pool-
type nuclear reactor system 100. For instance, the mechanical
pump 106 may circulate liquid sodium in a pool-type breeder
nuclear reactor system 100.

[0039] Inanother embodiment, the electrical output 108 of
athermoelectric device 104 may supply electrical energy to a
mechanical pump 106 circulating a mixed phase coolant of a
coolant system 154 of the nuclear reactor system 100. For
example, the mechanical pump 106 may circulate a gas-liquid
(e.g., steam-liquid water) mixed phase coolant of a coolant
system 154 of a nuclear reactor system 100.

[0040] Inanother embodiment, the electrical output 108 of
a thermoelectric device 104 may be used to partially drive a
mechanical pump 106 of the nuclear reactor system 100. For
example, the electrical output 108 of a thermoelectric device
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104 may partially drive a mechanical pump 106 coupled to a
coolant system 154 (e.g., primary coolant system or second-
ary coolant system) of the nuclear reactor system 100.
[0041] In an embodiment, the electrical output 108 of a
thermoelectric device 104 may be used to partially drive a
mechanical pump 106 coupled to a coolant system 154 of a
nuclear reactor system 100 and coupled in series 155 with an
additional mechanical pump. For example, a first mechanical
pump 106 may be driven by the electrical output 108 of a
thermoelectric device and may, in combination with a series
connected additional mechanical pump 155, circulate a cool-
ant through a coolant system 154 of the nuclear reactor sys-
tem 100.

[0042] Inanother embodiment, the electrical output 108 of
a thermoelectric device 104 may be used to partially drive a
mechanical pump 106 coupled to a coolant system 154 of a
nuclear reactor system 100 and coupled in parallel 156 with
anadditional mechanical pump. For example, a first mechani-
cal pump 106 may be driven by the electrical output 108 of a
thermoelectric device and may, in combination with a parallel
connected additional mechanical pump 156, circulate a cool-
ant through a coolant system of the nuclear reactor system
100.

[0043] Inanother embodiment, the electrical output 108 of
a thermoelectric device 104 may be used to partially drive a
mechanical pump 106 coupled to a coolant system 154 in
order to provide supplemental pumping power 157 to the
coolant system 154. For example, the mechanical pump 106
driven by the electrical output 108 of the thermoelectric
device 104 may be used to supplement the pumping power of
another mechanical pump. For instance, during partial loss of
external electric power, in which external grid power to a first
mechanical pump partially fails, the electrical output 108 of
one or more than one thermoelectric device 104 may be used
to drive a second mechanical pump 106 in order to supple-
ment the pumping power 157 of the first mechanical pump.
By way of further example, the supplemental pumping power
157 provided by a mechanical pump 106 driven by the elec-
trical output 108 of a thermoelectric device 104 may be used
to enhance the mass flow rate 158 of coolant in a coolant
system 154.

[0044] Inanother embodiment, the electrical output 108 of
a thermoelectric device 104 may be used to partially drive a
mechanical pump 106 coupled to a coolant system 154 in
order to provide auxiliary pumping power 159 to the coolant
system 154. For example, during malfunction of a first
mechanical pump, in which the first mechanical pump totally
fails, the electrical output 108 of one or more than one ther-
moelectric device 104 may be used to drive a second
mechanical pump 106 in order to provide auxiliary pumping
power 159 to the coolant system 154 of the nuclear reactor
system 100. By way of further example, the auxiliary pump-
ing power 159 provided by a mechanical pump 106 driven by
the electrical output 108 of a thermoelectric device 104 may
be used to establish a mass flow rate 160 of coolant in a
coolant system 154. By way of further example, a mass flow
rate 160 may be established by a mechanical pump 106 driven
by the electrical output 108 of the thermoelectric device 104,
where the mass flow rate is established in order to maintain
coolant circulation in a coolant system 154 of the nuclear
reactor system 100. For instance, the established coolant
mass flow rate may maintain coolant circulation in a portion
of the nuclear reactor system 100, including, but not limited
to, a reactor coolant pool, a reactor coolant pressure vessel, a
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reactor heat exchange loop, or an ambient coolant reservoir.
By way of further example, a mechanical pump 106 driven by
the electrical output 108 of a thermoelectric device 104 may
be used to establish a mass flow rate 160 in a liquid sodium
coolant of a primary coolant loop of a nuclear reactor system
100 in order to maintain circulation of the liquid sodium
coolant.

[0045] Following are a series of flowcharts depicting
implementations. For ease of understanding, the flowcharts
are organized such that the initial flowcharts present imple-
mentations via an example implementation and thereafter the
following flowcharts present alternate implementations and/
or expansions of the initial flowchart(s) as either sub-compo-
nent operations or additional component operations building
on one or more earlier-presented flowcharts. Those having
skill in the art will appreciate that the style of presentation
utilized herein (e.g., beginning with a presentation of a flow-
chart(s) presenting an example implementation and thereafter
providing additions to and/or further details in subsequent
flowcharts) generally allows for a rapid and easy understand-
ing of the various process implementations. In addition, those
skilled in the art will further appreciate that the style of
presentation used herein also lends itself well to modular
and/or object-oriented program design paradigms.

[0046] FIG. 2 illustrates an operational flow 200 represent-
ing example operations related to the thermoelectric conver-
sion of nuclear reactor generated heat to electrical energy
upon a nuclear reactor system shutdown event. In FIG. 2 and
in following figures that include various examples of opera-
tional flows, discussion and explanation may be provided
with respect to the above-described examples of FIG. 1, and/
or with respect to other examples and contexts. However, it
should be understood that the operational flows may be
executed in a number of other environments and contexts,
and/or in modified versions of FIG. 1. Also, although the
various operational flows are presented in the sequence(s)
illustrated, it should be understood that the various operations
may be performed in other orders than those which are illus-
trated, or may be performed concurrently.

[0047] After a start operation, the operational flow 200
moves to a converting operation 210. Operation 210 depicts,
upon a nuclear reactor system shutdown event, thermoelec-
trically converting nuclear reactor generated heat to electrical
energy. For example, as shown in FIG. 1, upon a shutdown
event 110 of a nuclear reactor system 100, a thermoelectric
device 104 may convert heat produced by the nuclear reactor
system 100 to electrical energy.

[0048] Then, supplying operation 220 depicts supplying
the electrical energy to at least one mechanical pump of the
nuclear reactor system. For example, as shown in FIG. 1, the
electrical output 108 of a thermoelectric device 104 may be
used to supply electrical energy to a mechanical pump 106 of
the nuclear reactor system 100.

[0049] FIG. 3 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 3 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 302, an operation 304, and/or an opera-
tion 306.

[0050] At operation 302, nuclear reactor generated heat
may be thermoelectrically converted to electrical energy dur-
ing initiation of a nuclear reactor shutdown. For example, as
shown in FIG. 1, during initiation of a nuclear reactor shut-
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down 102, a thermoelectric device 104 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.

[0051] At operation 304, nuclear reactor generated heat
may be thermoelectrically converted to electrical energy pre-
ceding initiation of a nuclear reactor shutdown. For example,
as shown in FIG. 1, preceding initiation of a nuclear reactor
shutdown 102, a thermoelectric device 104 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.

[0052] At operation 306, nuclear reactor generated heat
may be thermoelectrically converted to electrical energy fol-
lowing initiation of a nuclear reactor shutdown. For example,
as shown in FIG. 1, following initiation of a nuclear reactor
shutdown 102, a thermoelectric device 104 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.

[0053] FIG. 4 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 4 illustrates
example embodiments where the converting operation 210
may include at least one additional operation. Additional
operations may include an operation 402, an operation 404,
and/or an operation 406.

[0054] At operation 402, upon a nuclear reactor system
shutdown event, nuclear reactor generated decay heat may be
thermoelectrically converted to electrical energy. For
example, as shown in FIG. 1, upon a nuclear reactor system
shutdown event 110, a thermoelectric device 104 may convert
radioactive decay heat produced by the nuclear reactor sys-
tem 100 to electrical energy.

[0055] At operation 404, upon a nuclear reactor system
shutdown event, residual nuclear reactor generated heat may
be thermoelectrically converted to electrical energy. For
example, as shown in FIG. 1, upon a nuclear reactor system
shutdown event 110, a thermoelectric device 104 may convert
residual heat produced by the nuclear reactor system 100 to
electrical energy.

[0056] At operation 406, upon a nuclear reactor system
shutdown event established by at least one signal from an
operator, nuclear reactor generated heat may be thermoelec-
trically converted to electrical energy. For example, as shown
in FIG. 1, a nuclear reactor system shutdown event 110 may
be established by at least one signal from an operator 111
(e.g., ahuman user). Upon establishing the nuclear shutdown
event, a thermoelectric device 104 may convert heat produced
by the nuclear reactor system 100 to electrical energy.
[0057] FIG. 5 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 5 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 502, an operation 504, an operation 506,
and/or an operation 508.

[0058] At operation 502, upon a nuclear reactor system
shutdown event established by at least one reactor control
system, nuclear reactor generated heat may be thermoelectri-
cally converted to electrical energy. For example, as shown in
FIG. 1, a nuclear reactor system shutdown event 110 may be
established by a reactor control system 112. Upon establish-
ing the nuclear shutdown event, a thermoelectric device 104
may then convert heat produced by the nuclear reactor system
100 to electrical energy. Further, at operation 504, upon a
nuclear reactor system shutdown event established by a reac-
tor control system responsive to a signal from a safety system,
nuclear reactor generated heat may be thermoelectrically
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converted to electrical energy. For example, as shown in FIG.
1, anuclear reactor system shutdown event 110 may be estab-
lished by a reactor control system responsive to a signal (e.g.,
wireline signal or wireless signal) from a safety system 113
(e.g., security system or temperature monitoring system).
Upon establishing the nuclear reactor shutdown event, a ther-
moelectric device 104 may then convert heat produced by the
nuclear reactor system 100 to electrical energy. Further, at
operation 506, upon a nuclear reactor system shutdown event
established by a reactor control system responsive to a signal
from a safety system, where the safety system is responsive to
a sensed nuclear reactor system condition, nuclear reactor
generated heat may be thermoelectrically converted to elec-
trical energy. For example, as shown in FIG. 1, a nuclear
reactor system shutdown event 110 may be established by a
reactor control system responsive to a signal from a safety
system 113, where the safety system is responsive to a sensed
condition 114 of the nuclear reactor system 100. Upon estab-
lishing the nuclear reactor system shutdown event, a thermo-
electric device 104 may then convert heat produced by the
nuclear reactor system 100 to electric energy. Further, at
operation 508, upon a nuclear reactor system shutdown event
established by a reactor control system responsive to a signal
from a safety system, where the safety system is responsive to
a sensed external condition of the nuclear reactor system,
nuclear reactor generated heat may be thermoelectrically
converted to electrical energy. For example, as shown in FIG.
1, anuclear reactor system shutdown event 110 may be estab-
lished by a reactor control system responsive to a signal from
a safety system 113, where the safety system is responsive to
a sensed external condition 115 (e.g., security breach or
access to external power supply) of the nuclear reactor system
100. Upon establishing the nuclear reactor system shutdown
event, a thermoelectric device 104 may then convert heat
produced by the nuclear reactor system 100 to electric energy.

[0059] FIG. 6 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 6 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 602. Further, at operation 602, upon a
nuclear reactor system shutdown event established by a reac-
tor control system responsive to a signal from a safety system,
where the safety system is responsive to a sensed internal
condition of the nuclear reactor system, nuclear reactor gen-
erated heat may be thermoelectrically converted to electrical
energy. For example, as shown in FIG. 1, a nuclear reactor
system shutdown event 110 may be established by a reactor
control system responsive to a signal from a safety system
113, where the safety system is responsive to a sensed internal
condition 116 (e.g., temperature or radiation levels of reactor)
of the nuclear reactor system 100. Upon establishing the
nuclear reactor system shutdown event, a thermoelectric
device 104 may then convert heat produced by the nuclear
reactor system 100 to electrical energy.

[0060] FIG. 7 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 7 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 702, an operation 704, an operation 706,
and/or an operation 708.

[0061] At operation 702, upon a nuclear reactor system
shutdown event, nuclear reactor generated heat may be con-
verted to electrical energy using at least one thermoelectric
device. For example, as shown in FIG. 1, upon a nuclear
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reactor system shutdown event 110, a thermoelectric device
104 placed in thermal communication with the nuclear reac-
tor system 100 may convert heat produced by the nuclear
reactor system 100 to electrical energy.

[0062] At operation 704, upon a nuclear reactor system
shutdown event, nuclear reactor generated heat may be con-
verted to electrical energy using at least one thermoelectric
junction. For instance, upon a nuclear reactor system shut-
down event 110, a thermoelectric junction 117 (e.g., thermo-
couple) placed in thermal communication with the nuclear
reactor system 100 may convert heat produced by the nuclear
reactor system 100 to electrical energy.

[0063] Further, at operation 706, upon a nuclear reactor
system shutdown event, nuclear reactor generated heat may
be converted to electrical energy using at least one semicon-
ductor-semiconductor junction. For example, as shown in
FIG. 1, the thermoelectric device 104 may comprise a semi-
conductor-semiconductor thermoelectric junction 118 (e.g.,
p-type/p-type junction of different semiconductor materials).
For instance, upon a nuclear reactor system shutdown event
110, a semiconductor-semiconductor junction 118 placed in
thermal communication with the nuclear reactor system 100
may convert heat produced by the nuclear reactor system 100
to electrical energy.

[0064] Further, at operation 708, upon a nuclear reactor
system shutdown event, nuclear reactor generated heat may
be converted to electrical energy using at least one p-type/n-
type semiconductor junction (e.g., p-doped lead telluride/n-
doped lead telluride junction). For example, as shown in FIG.
1, the thermoelectric device may comprise a p-type/n-type
semiconductor junction 119. For instance, upon a nuclear
reactor system shutdown event 110, a p-type/n-type semicon-
ductor junction placed in thermal communication with the
nuclear reactor system 100 may convert heat produced by the
nuclear reactor system 100 to electrical energy.

[0065] FIG. 8 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 8 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 802.

[0066] Further, at operation 802, upon a nuclear reactor
system shutdown event, nuclear reactor generated heat may
be converted to electrical energy using at least one metal-
metal thermoelectric junction. For example, as shown in FI1G.
1, the thermoelectric device 104 may comprise a metal-metal
thermoelectric junction 120 (e.g., copper-constantan junc-
tion). For instance, upon a nuclear reactor system shutdown
event 110, a metal-metal thermoelectric junction 120 placed
in thermal communication with the nuclear reactor system
100 may convert heat produced by the nuclear reactor system
100 to electrical energy.

[0067] FIG. 9 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 9 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 902, an operation 904, and/or an opera-
tion 906.

[0068] The operation 902 illustrates upon a nuclear reactor
system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy using at
least one thermoelectric device, the thermoelectric device
having at least a first portion in thermal communication with
a first portion of the nuclear reactor system and at least a
second portion in thermal communication with a second por-
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tion of the nuclear reactor system. For example, as shown in
FIG. 1, a first portion 124 of a thermoelectric device 104 may
be in thermal communication with a first portion 125 of a
nuclear reactor system 100, while a second portion 126 of the
thermoelectric device 104 may be in thermal communication
with a second portion 127 ofthe nuclear reactor system. Then,
upon a nuclear reactor system shutdown event 110, the ther-
moelectric device 104 may convert heat produced by the
nuclear reactor system 100 to electrical energy.

[0069] Further, the operation 904 illustrates upon a nuclear
reactor system shutdown event, thermoelectrically convert-
ing nuclear reactor generated heat to electrical energy using at
least one thermoelectric device, the thermoelectric device
having at least a first portion in thermal communication with
at least one heat source of the nuclear reactor system. For
example, as shown in FIG. 1, the first portion 125 of the
nuclear reactor system may comprise a heat source 128 of the
nuclear reactor system 100. Therefore, a first portion of a
thermoelectric device 124 may be in thermal communication
with a heat source 128 of the nuclear reactor system 100.
Then, upon a nuclear reactor system shutdown event 110, the
thermoelectric device 104 may convert heat produced by the
nuclear reactor system 100 to electrical energy.

[0070] Further, the operation 906 illustrates upon a nuclear
reactor system shutdown event, thermoelectrically convert-
ing nuclear reactor generated heat to electrical energy using at
least one thermoelectric device, the thermoelectric device
having at least a first portion in thermal communication with
at least a portion of a nuclear reactor core, at least a portion of
at least one pressure vessel, at least a portion of at least one
containment vessel, at least a portion of at least one coolant
loop, at least a portion of at least one coolant pipe, at least a
portion of at least one heat exchanger, or at least a portion of
the coolant of the nuclear reactor system. For example, as
shown in FIG. 1, the first portion 125 of the nuclear reactor
system 100 may include, but is not limited to, a nuclear
reactor core 129, a pressure vessel 130 of the nuclear reactor
system 100, a containment vessel 131 of the nuclear reactor
system 100, a coolant loop 132 of the nuclear reactor system
100, a coolant pipe 133 of the nuclear reactor system, a heat
exchanger 134 of the nuclear reactor system 100 or the cool-
ant 135 of the nuclear reactor system 100. By way of further
example, a first portion of a thermoelectric device 124 may be
in thermal communication with a coolant loop 132 of the
nuclear reactor system 100. Then, upon a nuclear reactor
system shutdown event 110, the thermoelectric device 104
may convert heat produced by the nuclear reactor system 100
to electrical energy.

[0071] FIG. 10 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 10 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 1002, and/or an operation 1004.

[0072] Further, the operation 1002 illustrates upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
using at least one thermoelectric device, the thermoelectric
device having at least a second portion in thermal communi-
cation with a second portion of the nuclear reactor system, the
second portion of the nuclear reactor system at a lower tem-
perature than the first portion of the nuclear reactor system.
For example, as shown in FIG. 1, a second portion 126 of a
thermoelectric device 104 may be in thermal communication
with a second portion 127 of a nuclear reactor system 100,
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where the second portion 127 of the nuclear reactor system
100 is at a lower temperature than the first portion 124 of the
nuclear reactor system 100. Then, upon a nuclear reactor
system shutdown event 110, the thermoelectric device 104
may convert heat produced by the nuclear reactor system 100
to electrical energy.

[0073] Further, the operation 1004 illustrates upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
using at least one thermoelectric device, the thermoelectric
device having at least a second portion in thermal communi-
cation with at least a portion of at least one coolant loop, at
least a portion of at least one coolant pipe, at least a portion of
at least one heat exchanger, at least a portion of the coolant of
the nuclear reactor system, or at least a portion of at least one
environmental reservoir. For example, as shown in FIG. 1, the
second portion 127 of the nuclear reactor system 100, which
is at a temperature lower than the first portion 124 of the
nuclear reactor system, may include, but is not limited to, a
coolant loop 136 of the nuclear reactor system 100, a coolant
loop 137 of the nuclear reactor system 100, a heat exchanger
138 of the nuclear reactor system 100, coolant 139 of the
nuclear reactor system 100, or an environmental reservoir
140, such as a body of water. By way of further example, the
second portion 126 of a thermoelectric device 104 may be in
thermal communication with a coolant pipe 137 of the
nuclear reactor system 100, where the coolant pipe 137 is at a
temperature lower than the first portion of the nuclear reactor
system 124. Then, upon a nuclear reactor system shutdown
event 110, the thermoelectric device 104 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.

[0074] FIG. 11 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 11 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 1102, an operation 1104, an operation
1106, and/or an operation 1108.

[0075] At operation 1102, upon a nuclear reactor system
shutdown event, thermal spectrum nuclear reactor generated
heat may be thermoelectrically converted to electrical energy.
For example, as shown in FIG. 1, upon a nuclear reactor
system shutdown event 110, a thermoelectric device 104 may
convert heat generated by a thermal spectrum nuclear reactor
141 of a nuclear reactor system 100 to electrical energy.
[0076] At operation 1104, upon a nuclear reactor system
shutdown event, fast spectrum nuclear reactor generated heat
may be thermoelectrically converted to electrical energy. For
example, as shown in FIG. 1, upon a nuclear reactor system
shutdown event 110, a thermoelectric device 104 may convert
heat generated by a fast spectrum nuclear reactor 142 of a
nuclear reactor system 100 to electrical energy.

[0077] At operation 1106, upon a nuclear reactor system
shutdown event, multi-spectrum nuclear reactor generated
heat may be thermoelectrically converted to electrical energy.
For example, as shown in FIG. 1, upon a nuclear reactor
system shutdown event 110, a thermoelectric device 104 may
convert heat generated by a multi-spectrum nuclear reactor
143 of a nuclear reactor system 100 to electrical energy.
[0078] At operation 1108, upon a nuclear reactor system
shutdown event, breeder nuclear reactor generated heat may
be thermoelectrically converted to electrical energy. For
example, as shown in FIG. 1, upon a nuclear reactor system
shutdown event 110, a thermoelectric device 104 may convert
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heat generated by a breeder nuclear reactor 144 of a nuclear
reactor system 100 to electrical energy.

[0079] FIG. 12 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 12 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 1202, an operation 1204, an operation
1206, and/or an operation 1208.

[0080] At operation 1202, upon a nuclear reactor system
shutdown event, traveling wave nuclear reactor generated
heat may be thermoelectrically converted to electrical energy.
For example, as shown in FIG. 1, upon a nuclear reactor
system shutdown event 110, a thermoelectric device 104 may
convert heat generated by a traveling wave nuclear reactor
145 of a nuclear reactor system 100 to electrical energy.

[0081] At operation 1204, upon a nuclear reactor system
shutdown event, nuclear reactor generated heat may be con-
verted to electrical energy using at least two series coupled
thermoelectric devices. For example, as shown in FIG. 1,
upon a nuclear reactor system shutdown event 110, a first
thermoelectric device S, electrically coupled in series to a
second thermoelectric device S, may convert heat produced
by the nuclear reactor system 100 to electrical energy. Fur-
ther, a first thermoelectric device S,, a second thermoelectric
device S,, a third thermoelectric device S;, and up to and
including a Nth thermoelectric device S, may be used to
convert nuclear reactor generated heat to electric energy,
where the first thermoelectric device S, the second thermo-
electric device S,, the third thermoelectric device S5, and up
to and including the Nth thermoelectric device SN are series
coupled.

[0082] At operation 1206, upon a nuclear reactor system
shutdown event, nuclear reactor generated heat may be con-
verted to electrical energy using at least two parallel coupled
thermoelectric devices. For example, as shown in FIG. 1,
upon a nuclear reactor system shutdown event 110, a first
thermoelectric device P, electrically coupled in parallel to a
second thermoelectric device P, may convert heat produced
by the nuclear reactor system 100 to electrical energy. Fur-
ther, a first thermoelectric device P, a second thermoelectric
device P,, a third thermoelectric device P, and up to and
including a Nth thermoelectric device P, may be used to
convert nuclear reactor generated heat to electric energy,
where the first thermoelectric device P, the second thermo-
electric device P,, the third thermoelectric device P;, and up
to and including the Nth thermoelectric device P, are parallel
coupled.

[0083] At operation 1208, upon a nuclear reactor system
shutdown event, nuclear reactor generated heat may be con-
verted to electrical energy using at least one thermoelectric
module. For example, as shown in FIG. 1, upon a nuclear
reactor system shutdown event 110, a thermoelectric module
148 placed in thermal communication with the nuclear reac-
tor system 100 may convert heat produced by the nuclear
reactor system 100 to electrical energy. For example, a ther-
moelectric module may comprise a prefabricated network of
a number of series coupled thermoelectric devices, a number
of parallel coupled thermoelectric devices, or combinations
of'parallel coupled thermoelectric devices and series coupled
thermoelectric devices.

[0084] FIG. 13 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 13 illustrates
example embodiments where the operation 210 may include
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at least one additional operation. Additional operations may
include an operation 1302, and/or an operation 1304.

[0085] The operation 1302 illustrates, upon a nuclear reac-
tor system shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy using at
least one thermoelectric device sized to meet at least one
selected operational requirement of the nuclear reactor sys-
tem. For example, as shown in FIG. 1, upon a nuclear reactor
system shutdown event 110, a thermoelectric device 104
sized to meet an operational requirement 150 (e.g., electric
power demand) of the nuclear reactor system 100 may con-
vert heat produced by the nuclear reactor system 100 to elec-
trical energy. The operation 1304 illustrates, upon a nuclear
reactor system shutdown event, thermoelectrically convert-
ing nuclear reactor generated heat to electrical energy using at
least one thermoelectric device sized to at least partially
match the heat rejection of the at least one thermoelectric
device with at least a portion of the heat produced by the
nuclear reactor. For example, as shown in FIG. 1, upon a
nuclear reactor system shutdown event 110, a thermoelectric
device 104 sized to match the heat rejection 151 of the ther-
moelectric device with the heat produced by the nuclear reac-
tor 102 of the nuclear reactor system 100 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.

[0086] FIG. 14 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 14 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 1402, and/or an operation 1404.

[0087] Further, the operation 1402 illustrates, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
using at least one thermoelectric device sized to at least par-
tially match the power requirements of at least one selected
operation system. For example, as shown in FIG. 1, upon a
nuclear reactor system shutdown event 110, a thermoelectric
device 104 sized to match the power requirements of a
selected operation system 152 (e.g., coolant system, control
system, or security system) of the nuclear reactor system 100
may convert heat produced by the nuclear reactor system 100
to electrical energy.

[0088] Further, the operation 1404 illustrates, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
using at least one thermoelectric device sized to match the
power requirements of at least one mechanical pump. For
example, as shown in FIG. 1, upon a nuclear reactor system
shutdown event 110, a thermoelectric device 104 sized to
match the power requirements of a mechanical pump 153
(e.g., mechanical pump used to circulate coolant in the pri-
mary coolant system) of the nuclear reactor system 100 may
convert heat produced by the nuclear reactor system 100 to
electrical energy.

[0089] FIG. 15 illustrates an operational flow 1500 repre-
senting example operations related to the thermoelectric con-
version of nuclear reactor generated heat to electrical energy
upon a nuclear reactor system shutdown event. FIG. 15 illus-
trates an example embodiment where the example opera-
tional flow 200 of FIG. 2 may include at least one additional
operation. Additional operations may include an operation
1510, an operation 1512, and/or an operation 1514.

[0090] After a start operation, a converting operation 210,
and a supplying operation 220, the operational flow 1500
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moves to a driving operation 1510. Operation 1510 illustrates
at least partially driving at least one mechanical pump. For
example, as shown in FIG. 1, the electrical output 108 of the
thermoelectric device 104 may be used to partially drive a
mechanical pump 106 of the nuclear reactor system 100.
[0091] The operation 1512 illustrates at least partially driv-
ing at least one mechanical pump coupled to at least one
coolant system of the nuclear reactor system. For example, as
shown in FIG. 1, the electrical output 108 of the thermoelec-
tric device 104 may be used to partially drive a mechanical
pump 106 coupled to a coolant system 154 of the nuclear
reactor system 100.

[0092] Further, the operation 1514 illustrates at least par-
tially driving at least one mechanical pump coupled to at least
one coolant system of the nuclear reactor system, the at least
one mechanical pump in series with at least one additional
mechanical pump. For example, as shown in FIG. 1, the
electrical output 108 of the thermoelectric device 104 may be
used to partially drive a first mechanical pump 106 coupled to
acoolant system 154 of the nuclear reactor system 100, where
the first mechanical pump 106 is coupled in series 155 with a
second mechanical pump.

[0093] FIG. 16 illustrates alternative embodiments of the
example operational flow 1500 of FIG. 15. FIG. 16 illustrates
example embodiments where the operation 1510 may include
at least one additional operation. Additional operations may
include an operation 1602. Further, the operation 1602 illus-
trates at least partially driving at least one mechanical pump
coupled to at least one coolant system of the nuclear reactor
system, the at least one mechanical pump in parallel with at
least one additional mechanical pump. For example, as shown
in FIG. 1, the electrical output 108 of the thermoelectric
device 104 may be used to partially drive a first mechanical
pump 106 coupled to a coolant system 154 of the nuclear
reactor system 100, where the first mechanical pump 106 is
coupled in parallel 156 with a second mechanical pump.
[0094] FIG. 17 illustrates alternative embodiments of the
example operational flow 1500 of FIG. 15. FIG. 17 illustrates
example embodiments where the operation 1510 may include
at least one additional operation. Additional operations may
include an operation 1702, and/or an operation 1704.

[0095] Further, the operation 1702 illustrates at least par-
tially driving at least one mechanical pump coupled to at least
one coolant system of the nuclear reactor system, the at least
one mechanical pump supplying supplemental pumping
power to the at least one coolant system. For example, as
shown in FIG. 1, the electrical output 108 of the thermoelec-
tric device 104 may be used to partially drive a mechanical
pump 106 coupled to a coolant system 154 of the nuclear
reactor system 100, where the mechanical pump 106 provides
supplemental pumping power 157 to the coolant system 154.
[0096] Further, the operation 1704 illustrates at least par-
tially driving at least one mechanical pump coupled to at least
one coolant system of the nuclear reactor system, the at least
one mechanical pump supplying supplemental pumping
power to the at least one coolant system, the supplemental
pumping power enhancing a pumping mass flow rate. For
example, as shown in FIG. 1, the electrical output 108 of the
thermoelectric device 104 may be used to partially drive a
mechanical pump 106 coupled to a coolant system 154 of the
nuclear reactor system 100, where the mechanical pump 106
provides supplemental pumping power 157 to the coolant
system 154 in order to enhance the pumping mass flow rate
158 of the coolant.
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[0097] FIG. 18 illustrates alternative embodiments of the
example operational flow 1500 of FIG. 15. FIG. 18 illustrates
example embodiments where the operation 1510 may include
at least one additional operation. Additional operations may
include an operation 1802, an operation 1804, and/or an
operation 1806.

[0098] Further, the operation 1802 illustrates at least par-
tially driving at least one mechanical pump coupled to at least
one coolant system of the nuclear reactor system, the at least
one mechanical pump supplying auxiliary pumping power to
the at least one coolant system. For example, as shown in FIG.
1, the electrical output 108 of the thermoelectric device 104
may be used to partially drive a mechanical pump 106
coupled to a coolant system 154 of the nuclear reactor system
100, where the mechanical pump 106 provides auxiliary
pumping power 159 to the coolant system 154.

[0099] Further, the operation 1804 illustrates at least par-
tially driving at least one mechanical pump coupled to at least
one coolant system of the nuclear reactor system, the at least
one mechanical pump supplying auxiliary pumping power to
the at least one coolant system, the auxiliary pumping power
establishing a coolant mass flow rate. For example, as shown
in FIG. 1, the electrical output 108 of the thermoelectric
device 104 may be used to partially drive a mechanical pump
106 coupled to a coolant system 154 of the nuclear reactor
system 100, where the mechanical pump 106 provides aux-
iliary pumping power 159 to the coolant system 154 in order
to establish a mass flow rate 160 of the coolant.

[0100] Further, the operation 1806 illustrates at least par-
tially driving at least one mechanical pump coupled to at least
one coolant system of the nuclear reactor system, the at least
one mechanical pump supplying auxiliary pumping power to
the at least one coolant system, the auxiliary pumping power
establishing a coolant mass flow rate, the coolant mass flow
rate maintaining circulation in at least one reactor coolant
pool, at least one reactor coolant pressure vessel, at least one
reactor heat exchanger, or at least one ambient coolant. For
example, as shown in FIG. 1, the electrical output 108 of the
thermoelectric device 104 may be used to partially drive a
mechanical pump 106 coupled to a coolant system 154 of the
nuclear reactor system 100, where the mechanical pump 106
provides auxiliary pumping power 159 to the coolant system
154 in order to establish a coolant mass flow rate 160 for
maintaining circulation 161 in a reactor coolant pool, a reac-
tor coolant pressure vessel, a reactor heat exchange loop, or
an ambient coolant.

[0101] FIG. 19 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 19 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 1902.

[0102] Further, the operation 1902 illustrates, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
using at least one nanofabricated thermoelectric device. For
example, as shown in FIG. 1, the thermoelectric device 104
may comprise a nanofabricated thermoelectric device 121
(e.g., device constructed using a quantum well material, a
nanowire material, or superlattice material). For instance,
upon a nuclear reactor system shutdown event 110, a nano-
fabricated thermoelectric device 121 in thermal communica-
tion with the nuclear reactor system 100 may convert heat
produced by the nuclear reactor system 100 to electrical
energy.
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[0103] FIG. 20 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 20 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 2002.

[0104] Further, the operation 2002 illustrates, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
using at least one thermoelectric device optimized for a speci-
fied range of operating characteristics. For example, as shown
in FIG. 1, the thermoelectric device 104 may comprise a
thermoelectric device optimized for a specified range of oper-
ating characteristics 122 (e.g., temperature or pressure). For
instance, upon a nuclear reactor system shutdown event 110,
a thermoelectric device optimized for a specified range of
operating characteristics 122 in thermal communication with
the nuclear reactor system 100 may convert heat produced by
the nuclear reactor system 100 to electrical energy.

[0105] FIG. 21 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 21 illustrates
example embodiments where the operation 210 may include
at least one additional operation. Additional operations may
include an operation 2102.

[0106] Further, the operation 2102 illustrates, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
using at least one thermoelectric device optimized for a first
range of operating characteristics and at least one additional
thermoelectric device optimized for a second range of oper-
ating characteristics, the second range of operating charac-
teristics different from the first range of operating character-
istics. For example, as shown in FIG. 1, a first thermoelectric
device optimized for a first range of operating characteristics
and a second thermoelectric device optimized for a second
range of operating characteristics 123, wherein the first range
of operating characteristics is different from the second range
of operating characteristics, may be placed in thermal com-
munication with the nuclear reactor system 100. For instance,
upon a nuclear reactor system shutdown event 110, the first
thermoelectric device and the second thermoelectric device
123 may convert heat produced by the nuclear reactor system
100 to electrical energy.

[0107] FIG. 22 illustrates an operational flow 2200 repre-
senting example operations related to the thermoelectric con-
version of nuclear reactor generated heat to electrical energy
upon a nuclear reactor system shutdown event. FIG. 22 illus-
trates an example embodiment where the example opera-
tional flow 200 of FIG. 2 may include at least one additional
operation. Additional operations may include an operation
2210.

[0108] After a start operation, a converting operation 210,
and a supplying operation 220, the operational flow 2200
moves to an optimizing operation 2210. Operation 2210 illus-
trates substantially optimizing the thermal conduction
between a portion of at least one nuclear reactor system and a
portion of at least one thermoelectric device. For example, as
shown in FIG. 1, at the position of thermal communication
between the thermoelectric device 104 and the nuclear reactor
system 100, the thermal conduction between the thermoelec-
tric device 104 and the nuclear reactor system 100 may be
optimized. For example, the thermal conduction optimization
162 may include, but is not limited to, placing thermal paste,
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thermal glue, or a highly thermal conductive material
between the thermoelectric device 104 and the nuclear reactor
system 100.

[0109] FIG. 23 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 23 illustrates
example embodiments where the operation 220 may include
at least one additional operation. Additional operations may
include an operation 2302, an operation 2304, and/or an
operation 2306.

[0110] The operation 2302 illustrates supplying the electri-
cal energy to at least one mechanical pump of the nuclear
reactor system, the at least one mechanical pump circulating
coolant through a portion of at least one nuclear reactor core
or a portion of at least one heat exchanger. For example, as
shown in FIG. 1, the electrical output 108 of a thermoelectric
device 104 may be used to supply electrical energy to a
mechanical pump 106 of a nuclear reactor system 100,
wherein the mechanical pump 106 circulates coolant through
a nuclear reactor core or a heat exchanger 162.

[0111] The operation 2304 illustrates supplying the electri-
cal energy to at least one mechanical pump of the nuclear
reactor system, the at least one mechanical pump circulating
at least one pressurized gas coolant. For example, as shown in
FIG. 1, the electrical output 108 of a thermoelectric device
104 may be used to supply electrical energy to a mechanical
pump 106 of a nuclear reactor system 100, wherein the
mechanical pump 106 circulates a pressurized gas coolant
163 (e.g., helium) through a portion of the nuclear reactor
system 100.

[0112] The operation 2306 illustrates supplying the electri-
cal energy to at least one mechanical pump of the nuclear
reactor system, the at least one mechanical pump circulating
a mixed phase coolant. For example, as shown in FIG. 1, the
electrical output 108 of a thermoelectric device 104 may be
used to supply electrical energy to a mechanical pump 106 of
a nuclear reactor system 100, wherein the mechanical pump
106 circulates a mixed phase coolant 164 (e.g., mixture of gas
and liquid coolant) through a portion of the nuclear reactor
system 100.

[0113] FIG. 24 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 24 illustrates
example embodiments where the operation 220 may include
at least one additional operation. Additional operations may
include an operation 2402, and/or an operation 2404.

[0114] The operation 2402 illustrates supplying the electri-
cal energy to at least one mechanical pump of the nuclear
reactor system, the at least one mechanical pump circulating
at least one liquid coolant. For example, as shown in FIG. 1,
the electrical output 108 of a thermoelectric device 104 may
be used to supply electrical energy to a mechanical pump 106
of a nuclear reactor system 100, wherein the mechanical
pump 106 circulates a liquid coolant 165 (e.g., liquid water)
through a portion of the nuclear reactor system 100.

[0115] Further, the operation 2404 illustrates supplying the
electrical energy to at least one mechanical pump of the
nuclear reactor system, the at least one mechanical pump
circulating at least one liquid metal coolant. For example, as
shown in FIG. 1, the electrical output 108 of a thermoelectric
device 104 may be used to supply electrical energy to a
mechanical pump 106 of a nuclear reactor system 100,
wherein the mechanical pump 106 circulates a liquid metal
coolant 166 (e.g., liquid sodium) through a portion of the
nuclear reactor system 100.
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[0116] FIG. 25 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 25 illustrates
example embodiments where the operation 220 may include
at least one additional operation. Additional operations may
include an operation 2502.

[0117] Further, the operation 2502 illustrates supplying the
electrical energy to at least one mechanical pump of the
nuclear reactor system, the at least one mechanical pump
circulating at least one liquid salt coolant. For example, as
shown in FIG. 1, the electrical output 108 of a thermoelectric
device 104 may be used to supply electrical energy to a
mechanical pump 106 of a nuclear reactor system 100,
wherein the mechanical pump 106 circulates a liquid salt
coolant 167 (e.g., fluoride salts) through a portion of the
nuclear reactor system 100.

[0118] FIG. 26 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 26 illustrates
example embodiments where the operation 220 may include
at least one additional operation. Additional operations may
include an operation 2602.

[0119] Further, the operation 2602 illustrates supplying the
electrical energy to at least one mechanical pump of the
nuclear reactor system, the at least one mechanical pump
circulating liquid water. For example, as shown in FIG. 1, the
electrical output 108 of a thermoelectric device 104 may be
used to supply electrical energy to a mechanical pump 106 of
a nuclear reactor system 100, wherein the mechanical pump
106 circulates a liquid water coolant 168 through a portion of
the nuclear reactor system 100.

[0120] FIG. 27 illustrates alternative embodiments of the
example operational flow 200 of FIG. 2. FIG. 27 illustrates
example embodiments where the operation 220 may include
at least one additional operation. Additional operations may
include an operation 2702.

[0121] Further, the operation 2702 illustrates supplying the
electrical energy to at least one mechanical pump of a pool
type nuclear reactor system. For example, as shown in FIG. 1,
the electrical output 108 of a thermoelectric device 104 may
be used to supply electrical energy to a mechanical pump 106
of'a pool cooled 169 nuclear reactor system 100.

[0122] FIG. 28 illustrates an operational flow 2800 repre-
senting example operations related to the thermoelectric con-
version of nuclear reactor generated heat to electrical energy
upon a nuclear reactor system shutdown event. FIG. 28 illus-
trates an example embodiment where the example opera-
tional flow 200 of FIG. 2 may include at least one additional
operation. Additional operations may include an operation
2810, an operation 2812, an operation 2814, and/or an opera-
tion 2816.

[0123] After a start operation, a converting operation 210,
and a supplying operation 220, the operational flow 2800
moves to a protecting operation 2810. Operation 2810 illus-
trates protecting at least one thermoelectric device with regu-
lation circuitry. For example, as shown in FIG. 1, one or more
than one thermoelectric device 104 may be protected using
regulation circuitry 170, such as voltage regulation circuitry
(e.g., voltage regulator) or current limiting circuitry (e.g.,
blocking diode or fuse).

[0124] The protecting operation 2812 illustrates protecting
at least one thermoelectric device with bypass circuitry. For
example, as shown in FIG. 1, one or more than one thermo-
electric device 104 may be protected using bypass circuitry
172, such as a bypass diode.
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[0125] Further, the operation 2814 illustrates protecting at
least one thermoelectric device with bypass circuitry config-
ured to electrically bypass the at least one thermoelectric
device. For example, as shown in FIG. 1, one or more than one
thermoelectric device 104 may be protected using bypass
circuitry configured to electrically bypass 174 one or more
than one thermoelectric device 104.

[0126] Further, the operation 2816 illustrates electrically
bypassing the at least one thermoelectric device using at least
one electromagnetic relay system, at least one solid state relay
system, at least one transistor, at least one microprocessor
controlled relay system, at least one microprocessor con-
trolled relay system programmed to respond to at least one
external parameter, or at least one microprocessor controlled
relay system programmed to respond to at least one internal
parameter. For example, as shown in FIG. 1, one or more than
one thermoelectric device 104 may be electrically bypassed
using an electromagnetic relay system 176, a solid state relay
system 178, a transistor 180, a microprocessor controlled
relay system 182, a microprocessor controlled relay system
programmed to respond to one or more than one external
parameters 184, or a microprocessor controlled relay system
programmed to respond to one or more than one internal
parameters 186.

[0127] FIG. 29 illustrates an operational flow 2900 repre-
senting example operations related to the thermoelectric con-
version of nuclear reactor generated heat to electrical energy
upon a nuclear reactor system shutdown event. FIG. 29 illus-
trates an example embodiment where the example opera-
tional flow 200 of FIG. 2 may include at least one additional
operation. Additional operations may include an operation
2910, and/or an operation 2912.

[0128] After a start operation, a converting operation 210,
and a supplying operation 220, the operational flow 2900
moves to an augmenting operation 2910. Operation 2910
illustrates selectively augmenting at least one thermoelectric
device using at least one reserve thermoelectric device and
reserve actuation circuitry configured to selectively couple
the at least one reserve thermoelectric device to the at least
one thermoelectric device. For example, as shown in FIG. 1,
the electrical output from one or more than one thermoelec-
tric device 104 may be augmented using one or more than one
reserve thermoelectric device 188, where the one or more
than one reserve thermoelectric device 188 may be selectively
coupled to the thermoelectric device 104 using reserve actua-
tion circuitry 189.

[0129] The augmenting operation 2912 illustrates selec-
tively coupling at least one reserve thermoelectric device to
the at least one thermoelectric device using at least one relay
system, at least one electromagnetic relay system, at least one
solid state relay system, at least one transistor, at least one
microprocessor controlled relay system, at least one micro-
processor controlled relay system programmed to respond to
at least one external parameter, or at least one microprocessor
controlled relay system to respond to at least one internal
parameter to the at least one thermoelectric device. For
example, as shown in FIG. 1, the electrical output from one or
more than one thermoelectric device 104 may be augmented
using one or more than one reserve thermoelectric device 188,
where the one or more than one reserve thermoelectric device
188 may be selectively coupled to the thermoelectric device
104 using a relay system 190, an electromagnetic relay sys-
tem 191, a solid state relay system 192, a transistor 193, a
microprocessor controlled relay system 194, a microproces-
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sor controlled relay system programmed to respond to at least
one external parameter 195, or a microprocessor controlled
relay system programmed to respond to at least one internal
parameter 196.

[0130] FIG. 30 illustrates an operational flow 3000 repre-
senting example operations related to the thermoelectric con-
version of nuclear reactor generated heat to electrical energy
upon a nuclear reactor system shutdown event. FIG. 30 illus-
trates an example embodiment where the example opera-
tional flow 200 of FIG. 2 may include at least one additional
operation. Additional operations may include an operation
3010, and/or an operation 3012.

[0131] After a start operation, a converting operation 210,
and a supplying operation 220, the operational flow 3000
moves to an output modifying operation 3010. Operation
3010 illustrates modifying the at least one thermoelectric
device output using power management circuitry. For
example, as shown in FIG. 1, the electrical output of a ther-
moelectric device 104 may be modified using power manage-
ment circuitry, such as a voltage converter (e.g., DC-DC
converter or DC-AC inverter).

[0132] The operation 3012 illustrates modifying the at least
one thermoelectric device output using voltage regulation
circuitry. For example, as shown in FIG. 1, the electrical
output of a thermoelectric device 104 may be modified using
voltage regulation circuitry, such as a voltage regulator (e.g.,
Zener diode, an adjustable voltage regulator or a fixed voltage
regulator).

[0133] Those having skill in the art will recognize that the
state of the art has progressed to the point where there is little
distinction left between hardware, software, and/or firmware
implementations of aspects of systems; the use of hardware,
software, and/or firmware is generally (but not always, in that
in certain contexts the choice between hardware and software
can become significant) a design choice representing cost vs.
efficiency tradeoffs. Those having skill in the art will appre-
ciate that there are various vehicles by which processes and/or
systems and/or other technologies described herein can be
effected (e.g., hardware, software, and/or firmware), and that
the preferred vehicle will vary with the context in which the
processes and/or systems and/or other technologies are
deployed. For example, if an implementer determines that
speed and accuracy are paramount, the implementer may opt
for a mainly hardware and/or firmware vehicle; alternatively,
if flexibility is paramount, the implementer may opt for a
mainly software implementation; or, yet again alternatively,
the implementer may opt for some combination of hardware,
software, and/or firmware. Hence, there are several possible
vehicles by which the processes and/or devices and/or other
technologies described herein may be effected, none of which
is inherently superior to the other in that any vehicle to be
utilized is a choice dependent upon the context in which the
vehicle will be deployed and the specific concerns (e.g.,
speed, flexibility, or predictability) of the implementer, any of
which may vary. Those skilled in the art will recognize that
optical aspects of implementations will typically employ
optically-oriented hardware, software, and or firmware.
[0134] In some implementations described herein, logic
and similar implementations may include software or other
control structures. Electronic circuitry, for example, may
have one or more paths of electrical current constructed and
arranged to implement various functions as described herein.
In some implementations, one or more media may be config-
ured to bear a device-detectable implementation when such
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media hold or transmit device-detectable instructions oper-
able to perform as described herein. In some variants, for
example, implementations may include an update or modifi-
cation of existing software or firmware, or of gate arrays or
programmable hardware, such as by performing a reception
of or a transmission of one or more instructions in relation to
one or more operations described herein. Alternatively or
additionally, in some variants, an implementation may
include special-purpose hardware, software, firmware com-
ponents, and/or general-purpose components executing or
otherwise invoking special-purpose components. Specifica-
tions or other implementations may be transmitted by one or
more instances of tangible transmission media as described
herein, optionally by packet transmission or otherwise by
passing through distributed media at various times.

[0135] Alternatively or additionally, implementations may
include executing a special-purpose instruction sequence or
invoking circuitry for enabling, triggering, coordinating,
requesting, or otherwise causing one or more occurrences of
virtually any functional operations described herein. In some
variants, operational or other logical descriptions herein may
be expressed as source code and compiled or otherwise
invoked as an executable instruction sequence. In some con-
texts, for example, implementations may be provided, in
whole or in part, by source code, such as C++, or other code
sequences. In other implementations, source or other code
implementation, using commercially available and/or tech-
niques in the art, may be compiled//implemented/translated/
converted into a high-level descriptor language (e.g., initially
implementing described technologies in C or C++ program-
ming language and thereafter converting the programming
language implementation into a logic-synthesizable language
implementation, a hardware description language implemen-
tation, a hardware design simulation implementation, and/or
other such similar mode(s) of expression). For example, some
or all of a logical expression (e.g., computer programming
language implementation) may be manifested as a Verilog-
type hardware description (e.g., via Hardware Description
Language (HDL) and/or Very High Speed Integrated Circuit
Hardware Descriptor Language (VHDL)) or other circuitry
model which may then be used to create a physical imple-
mentation having hardware (e.g., an Application Specific
Integrated Circuit). Those skilled in the art will recognize
how to obtain, configure, and optimize suitable transmission
or computational elements, material supplies, actuators, or
other structures in light of these teachings.

[0136] The foregoing detailed description has set forth vari-
ous embodiments of the devices and/or processes via the use
of block diagrams, flowcharts, and/or examples. Insofar as
such block diagrams, flowcharts, and/or examples contain
one or more functions and/or operations, it will be understood
by those within the art that each function and/or operation
within such block diagrams, flowcharts, or examples can be
implemented, individually and/or collectively, by a wide
range of hardware, software, firmware, or virtually any com-
bination thereof. In one embodiment, several portions of the
subject matter described herein may be implemented via
Application Specific Integrated Circuits (ASICs), Field Pro-
grammable Gate Arrays (FPGAs), digital signal processors
(DSPs), or other integrated formats. However, those skilled in
the art will recognize that some aspects of the embodiments
disclosed herein, in whole or in part, can be equivalently
implemented in integrated circuits, as one or more computer
programs running on one or more computers (e.g., as one or
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more programs running on one or more computer systems), as
one or more programs running on one or more pProcessors
(e.g., as one or more programs running on one or more micro-
processors), as firmware, or as virtually any combination
thereof, and that designing the circuitry and/or writing the
code for the software and or firmware would be well within
the skill of one of skill in the art in light of this disclosure. In
addition, those skilled in the art will appreciate that the
mechanisms of the subject matter described herein are
capable of being distributed as a program product in a variety
of forms, and that an illustrative embodiment of the subject
matter described herein applies regardless of the particular
type of signal bearing medium used to actually carry out the
distribution. Examples of a signal bearing medium include,
but are not limited to, the following: a recordable type
medium such as a floppy disk, a hard disk drive, a Compact
Disc (CD), a Digital Video Disk (DVD), a digital tape, a
computer memory, etc.; and a transmission type medium such
as a digital and/or an analog communication medium (e.g., a
fiber optic cable, a waveguide, a wired communications link,
a wireless communication link (e.g., transmitter, receiver,
transmission logic, reception logic, etc.), etc.).

[0137] In a general sense, those skilled in the art will rec-
ognize that the various embodiments described herein can be
implemented, individually and/or collectively, by various
types of electro-mechanical systems having a wide range of
electrical components such as hardware, software, firmware,
and/or virtually any combination thereof; and a wide range of
components that may impart mechanical force or motion such
asrigid bodies, spring or torsional bodies, hydraulics, electro-
magnetically actuated devices, and/or virtually any combina-
tion thereof. Consequently, as used herein “electro-mechani-
cal system” includes, but is not limited to, electrical circuitry
operably coupled with a transducer (e.g., an actuator, a motor,
a piezoelectric crystal, a Micro Electro Mechanical System
(MEMS), etc.), electrical circuitry having at least one discrete
electrical circuit, electrical circuitry having at least one inte-
grated circuit, electrical circuitry having at least one applica-
tion specific integrated circuit, electrical circuitry forming a
general purpose computing device configured by a computer
program (e.g., a general purpose computer configured by a
computer program which at least partially carries out pro-
cesses and/or devices described herein, or a microprocessor
configured by a computer program which at least partially
carries out processes and/or devices described herein), elec-
trical circuitry forming a memory device (e.g., forms of
memory (e.g., random access, flash, read only, etc.)), electri-
cal circuitry forming a communications device (e.g., a
modem, communications switch, optical-electrical equip-
ment, etc.), and/or any non-electrical analog thereto, such as
optical or other analogs. Those skilled in the art will also
appreciate that examples of electro-mechanical systems
include but are not limited to a variety of consumer electron-
ics systems, medical devices, as well as other systems such as
motorized transport systems, factory automation systems,
security systems, and/or communication/computing systems.
Those skilled in the art will recognize that electro-mechanical
as used herein is not necessarily limited to a system that has
both electrical and mechanical actuation except as context
may dictate otherwise.

[0138] In a general sense, those skilled in the art will rec-
ognize that the various aspects described herein which can be
implemented, individually and/or collectively, by a wide
range of hardware, software, firmware, and/or any combina-
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tion thereof can be viewed as being composed of various
types of “electrical circuitry.” Consequently, as used herein
“electrical circuitry” includes, but is not limited to, electrical
circuitry having at least one discrete electrical circuit, elec-
trical circuitry having at least one integrated circuit, electrical
circuitry having at least one application specific integrated
circuit, electrical circuitry forming a general purpose com-
puting device configured by a computer program (e.g., a
general purpose computer configured by a computer program
which at least partially carries out processes and/or devices
described herein, or a microprocessor configured by a com-
puter program which at least partially carries out processes
and/or devices described herein), electrical circuitry forming
a memory device (e.g., forms of memory (e.g., random
access, flash, read only, etc.)), and/or electrical circuitry
forming a communications device (e.g., a modem, commu-
nications switch, optical-electrical equipment, etc.). Those
having skill in the art will recognize that the subject matter
described herein may be implemented in an analog or digital
fashion or some combination thereof.

[0139] Those skilled in the art will recognize that at least a
portion of the devices and/or processes described herein can
be integrated into a data processing system. Those having
skill in the art will recognize that a data processing system
generally includes one or more of a system unit housing, a
video display device, memory such as volatile or non-volatile
memory, processors such as microprocessors or digital signal
processors, computational entities such as operating systems,
drivers, graphical user interfaces, and applications programs,
one or more interaction devices (e.g., a touch pad, a touch
screen, an antenna, etc.), and/or control systems including
feedback loops and control motors (e.g., feedback for sensing
position and/or velocity; control motors for moving and/or
adjusting components and/or quantities). A data processing
system may be implemented utilizing suitable commercially
available components, such as those typically found in data
computing/communication and/or network computing/com-
munication systems.

[0140] One skilled in the art will recognize that the herein
described components (e.g., operations), devices, objects,
and the discussion accompanying them are used as examples
for the sake of conceptual clarity and that various configura-
tion modifications are contemplated. Consequently, as used
herein, the specific exemplars set forth and the accompanying
discussion are intended to be representative of their more
general classes. In general, use of any specific exemplar is
intended to be representative of its class, and the non-inclu-
sion of specific components (e.g., operations), devices, and
objects should not be taken limiting.

[0141] Although a user is shown/described herein as a
single illustrated figure, those skilled in the art will appreciate
that the user may be representative of a human user, a robotic
user (e.g., computational entity), and/or substantially any
combination thereof (e.g., a user may be assisted by one or
more robotic agents) unless context dictates otherwise. Those
skilled in the art will appreciate that, in general, the same may
be said of “sender” and/or other entity-oriented terms as such
terms are used herein unless context dictates otherwise.
[0142] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations are not
expressly set forth herein for sake of clarity.
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[0143] The herein described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be understood
that such depicted architectures are merely exemplary, and
that in fact many other architectures may be implemented
which achieve the same functionality. In a conceptual sense,
any arrangement of components to achieve the same func-
tionality is effectively “associated” such that the desired func-
tionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as
“associated with” each other such that the desired function-
ality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated
can also be viewed as being “operably connected”, or “oper-
ably coupled,” to each other to achieve the desired function-
ality, and any two components capable of being so associated
can also be viewed as being “operably couplable,” to each
other to achieve the desired functionality. Specific examples
of'operably couplable include but are not limited to physically
mateable and/or physically interacting components, and/or
wirelessly interactable, and/or wirelessly interacting compo-
nents, and/or logically interacting, and/or logically inter-
actable components.

[0144] Insome instances, one or more components may be
referred to herein as “configured to,” “configurable to,” “oper-
able/operative to,” “adapted/adaptable,” “able to,” “conform-
able/conformed to,” etc. Those skilled in the art will recog-
nize that such terms (e.g., “configured to”) can generally
encompass active-state components and/or inactive-state
components and/or standby-state components, unless context
requires otherwise.

[0145] While particular aspects of the present subject mat-
ter described herein have been shown and described, it will be
apparent to those skilled in the art that, based upon the teach-
ings herein, changes and modifications may be made without
departing from the subject matter described herein and its
broader aspects and, therefore, the appended claims are to
encompass within their scope all such changes and modifica-
tions as are within the true spirit and scope of the subject
matter described herein. It will be understood by those within
the art that, in general, terms used herein, and especially in the
appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including”
should be interpreted as “including but not limited to,” the
term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but is not
limited to,” etc.). It will be further understood by those within
the art that if a specific number of an introduced claim reci-
tation is intended, such an intent will be explicitly recited in
the claim, and in the absence of such recitation no such intent
is present. For example, as an aid to understanding, the fol-
lowing appended claims may contain usage of the introduc-
tory phrases “at least one” and “one or more” to introduce
claim recitations. However, the use of such phrases should not
be construed to imply that the introduction of a claim recita-
tion by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to claims
containing only one such recitation, even when the same
claim includes the introductory phrases “one or more” or “at
least one” and indefinite articles such as “a” or “an” (e.g., “a”
and/or “an” should typically be interpreted to mean “at least
one” or “one or more”); the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
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tion is explicitly recited, those skilled in the art will recognize
that such recitation should typically be interpreted to mean at
least the recited number (e.g., the bare recitation of “two
recitations,” without other modifiers, typically means at least
two recitations, or two or more recitations). Furthermore, in
those instances where a convention analogous to “at least one
of' A, B, and C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would under-
stand the convention (e.g., “a system having at least one of A,
B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to “at least
oneof A, B, or C, etc.” is used, in general such a construction
is intended in the sense one having skill in the art would
understand the convention (e.g., “a system having at least one
of'A, B, or C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
It will be further understood by those within the art that
typically a disjunctive word and/or phrase presenting two or
more alternative terms, whether in the description, claims, or
drawings, should be understood to contemplate the possibili-
ties of including one of the terms, either of the terms, or both
terms unless context dictates otherwise. For example, the
phrase “A or B” will be typically understood to include the
possibilities of “A” or “B” or “A and B.

[0146] With respect to the appended claims, those skilled in
the art will appreciate that recited operations therein may
generally be performed in any order. Also, although various
operational flows are presented in a sequence(s), it should be
understood that the various operations may be performed in
other orders than those which are illustrated, or may be per-
formed concurrently. Examples of such alternate orderings
may include overlapping, interleaved, interrupted, reordered,
incremental, preparatory, supplemental, simultaneous,
reverse, or other variant orderings, unless context dictates
otherwise. Furthermore, terms like “responsive to,” “related
to,” or other past-tense adjectives are generally not intended
to exclude such variants, unless context dictates otherwise.

1-63. (canceled)

64. A system, comprising:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting nuclear reactor generated
heat to electrical energy; and

means for supplying the electrical energy to at least one

mechanical pump of the nuclear reactor system.

65. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, during initiation of a nuclear reactor shutdown,
thermoelectrically converting nuclear reactor generated
heat to electrical energy.

66. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, preceding initiation of a nuclear reactor shut-

down, thermoelectrically converting nuclear reactor
generated heat to electrical energy.
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67. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, following initiation of a nuclear reactor shut-

down, thermoelectrically converting nuclear reactor
generated heat to electrical energy.

68. The system of claim 64, further comprising:

means for at least partially driving at least one mechanical

pump.

69. The system of claim 68, wherein the means for at least
partially driving at least one mechanical pump comprises:

means for at least partially driving at least one mechanical

pump coupled to at least one coolant system of the
nuclear reactor system.

70. The system of claim 69, wherein the means for at least
partially driving at least one mechanical pump coupled to at
least one coolant system of the nuclear reactor system com-
prises:

means for at least partially driving at least one mechanical

pump coupled to at least one coolant system of the
nuclear reactor system, the at least one mechanical pump
in series with at least one additional mechanical pump.

71. The system of claim 69, wherein the means for at least
partially driving at least one mechanical pump coupled to at
least one coolant system of the nuclear reactor system com-
prises:

means for at least partially driving at least one mechanical

pump coupled to at least one coolant system of the
nuclear reactor system, the at least one mechanical pump
in parallel with at least one additional mechanical pump.

72. The system of claim 69, wherein the means for at least
partially driving at least one mechanical pump coupled to at
least one coolant system of the nuclear reactor system com-
prises:

means for at least partially driving at least one mechanical

pump coupled to at least one coolant system of the
nuclear reactor system, the at least one mechanical pump
supplying supplemental pumping power to the at least
one coolant system.

73. (canceled)

74. The system of claim 69, wherein the means for at least
partially driving at least one mechanical pump coupled to at
least one coolant system of the nuclear reactor system com-
prises:

means for at least partially driving at least one mechanical

pump coupled to at least one coolant system of the
nuclear reactor system, the at least one mechanical pump
supplying auxiliary pumping power to the at least one
coolant system.

75-76. (canceled)

77. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting nuclear reactor generated
decay heat to electrical energy.

78. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:
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means for, upon a nuclear reactor system shutdown event,
thermoelectrically converting nuclear reactor generated
residual heat to electrical energy.

79. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting nuclear reactor generated
heatto electrical energy, the nuclear reactor system shut-
down event established by at least one reactor control
system.

80. The system of claim 79, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy,
the nuclear reactor system shutdown event established by at
least one reactor control system comprises:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting nuclear reactor generated
heatto electrical energy, the nuclear reactor system shut-
down event established by at least one reactor control
system responsive to at least one signal from at least one
safety system.

81. The system of claim 80, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy,
the nuclear reactor system shutdown event established by at
least one reactor control system responsive to at least one
signal from at least one safety system comprises:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting nuclear reactor generated
heatto electrical energy, the nuclear reactor system shut-
down event established by at least one reactor control
system responsive to at least one signal from at least one
safety system, the at least one safety system of the
nuclear reactor system responsive to at least one sensed
nuclear reactor system condition.

82-83. (canceled)

84. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting nuclear reactor generated
heatto electrical energy, the nuclear reactor system shut-
down event established by at least one signal from an
operator.

85. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

at least one thermoelectric device for, upon a nuclear sys-

tem shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy.

86-89. (canceled)

90. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

at least one nanofabricated thermoelectric device for, upon

anuclear reactor system shutdown event, thermoelectri-
cally converting nuclear reactor generated heat to elec-
trical energy.
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91. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

at least one thermoelectric device optimized for a specified

range of operating characteristics for, upon a nuclear
reactor system shutdown event, thermoelectrically con-
verting nuclear reactor generated heat to electrical
energy.

92. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

at least one thermoelectric device optimized for a first

range of operating characteristics and at least one addi-
tional thermoelectric device optimized for a second
range of operating characteristics, the second range of
operating characteristics different from the first range of
operating characteristics, for, upon a nuclear reactor sys-
tem shutdown event, thermoelectrically converting
nuclear reactor generated heat to electrical energy.

93. The system of claim 64, wherein the means for, upon a
nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

at least one thermoelectric device, the thermoelectric

device having at least a first portion in thermal commu-
nication with a first portion of the nuclear reactor system
and at least a second portion in thermal communication
with a second portion of the nuclear reactor system, for,
upon a nuclear reactor system shutdown event, thermo-
electrically converting nuclear reactor generated heat to
electrical energy.

94-97. (canceled)

98. The system of claim 64, further comprising:

means for substantially optimizing a thermal conduction

between a portion of at least one nuclear reactor system
and a portion of at least one thermoelectric device.

99. The system of claim 64, wherein the means for supply-
ing the electrical energy to at least one mechanical pump of
the nuclear reactor system comprises:

means for supplying the electrical energy to at least one

mechanical pump of the nuclear reactor system, the at
least one mechanical pump circulating coolant through a
portion of at least one nuclear reactor core or a portion of
at least one heat exchanger.

100. The system of claim 64, wherein the means for sup-
plying the electrical energy to at least one mechanical pump
of the nuclear reactor system comprises:

means for supplying the electrical energy to at least one

mechanical pump of the nuclear reactor system, the at
least one mechanical pump circulating at least one liquid
coolant.

101. The system of claim 100, wherein the means for
supplying the electrical energy to at least one mechanical
pump of the nuclear reactor system, the at least one mechani-
cal pump circulating at least one liquid coolant comprises:

means for supplying the electrical energy to at least one

mechanical pump of the nuclear reactor system, the at
least one mechanical pump circulating at least one liquid
metal coolant.

102. The system of claim 100, wherein the means for
supplying the electrical energy to at least one mechanical
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pump of the nuclear reactor system, the at least one mechani-
cal pump circulating at least one liquid coolant comprises:

means for supplying the electrical energy to at least one
mechanical pump of the nuclear reactor system, the at
least one mechanical pump circulating at least one liquid
salt coolant.

103. The system of claim 100, wherein the means for
supplying the electrical energy to at least one mechanical
pump of the nuclear reactor system, the at least one mechani-
cal pump circulating at least one liquid coolant comprises:

means for supplying the electrical energy to at least one

mechanical pump of the nuclear reactor system, the at
least one mechanical pump circulating liquid water.

104. The system of claim 100, wherein the means for
supplying the electrical energy to at least one mechanical
pump of the nuclear reactor system, the at least one mechani-
cal pump circulating at least one liquid coolant comprises:

means for supplying the electrical energy to at least one

mechanical pump of a pool type nuclear reactor system.

105. The system of claim 64, wherein the means for sup-
plying the electrical energy to at least one mechanical pump
of the nuclear reactor system comprises:

means for supplying the electrical energy to at least one

mechanical pump of the nuclear reactor system, the at
least one mechanical pump circulating at least one pres-
surized gas coolant.

106. The system of claim 64, wherein the means for sup-
plying the electrical energy to at least one mechanical pump
of the nuclear reactor system comprises:

means for supplying the electrical energy to at least one

mechanical pump of the nuclear reactor system, the at
least one mechanical pump circulating a mixed phase
coolant.

107. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting thermal spectrum nuclear
reactor generated heat to electrical energy.

108. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting fast spectrum nuclear
reactor generated heat to electrical energy.

109. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, upon a nuclear reactor system shutdown event,
thermoelectrically converting multi-spectrum nuclear
reactor generated heat to electrical energy.
110. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:
means for, upon a nuclear reactor system shutdown event,
thermoelectrically converting breeder nuclear reactor
generated heat to electrical energy.
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111. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

means for, upon a nuclear reactor system shutdown event,

thermoelectrically converting traveling wave nuclear
reactor generated heat to electrical energy.

112. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

at least two series coupled thermoelectric devices for, upon

anuclear reactor system shutdown event, thermoelectri-
cally converting nuclear reactor generated heat to elec-
trical energy.

113. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

at least two parallel coupled thermoelectric devices for,

upon a nuclear reactor system shutdown event, thermo-
electrically converting nuclear reactor generated heat to
electrical energy.

114. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:

at least one thermoelectric module for, upon a nuclear

reactor system shutdown event, thermoelectrically con-
verting nuclear reactor generated heat to electrical
energy.

115. The system of claim 64, further comprising:

means for protecting at least one thermoelectric device.

116. The system of claim 115, wherein the means for
protecting at least one thermoelectric device comprises:

regulation circuitry for protecting at least one thermoelec-

tric device.

117-119. (canceled)

120. The system of claim 64, further comprising:

means for selectively augmenting at least one thermoelec-

tric device.

121. The system of claim 120, wherein the means for
selectively augmenting at least one thermoelectric device
comprises:

at least one reserve thermoelectric device and reserve

actuation circuitry configured to selectively couple the at
least one reserve thermoelectric device to the atleast one
thermoelectric device for selectively augmenting at least
one thermoelectric device.

122. (canceled)

123. The system of claim 64, wherein the means for, upon
a nuclear reactor system shutdown event, thermoelectrically
converting nuclear reactor generated heat to electrical energy
comprises:
at least one thermoelectric device sized to meet at least one
selected operational requirement of the nuclear reactor
system for, upon a nuclear reactor system shutdown
event, thermoelectrically converting nuclear reactor
generated heat to electrical energy.
124. The system of claim 123, wherein the at least one
thermoelectric device sized to meet at least one selected
operational requirement of the nuclear reactor system for,
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18
upon a nuclear reactor system shutdown event, thermoelec- 125-126. (canceled)
trically converting nuclear reactor generated heat to electrical 127. The system of claim 64, further comprising:
Gnergy COMPIISes: . L . means for modifying at least one thermoelectric device
at least one thermoelectric device sized to at least partially tout

match the heat rejection of the at least one thermoelec- output.

tric device with at least a portion of the heat produced by 128-129. (canceled)

the nuclear reactor for, upon a nuclear reactor system 130-186. (canceled)

shutdown event, thermoelectrically converting nuclear
reactor generated heat to electrical energy. ok ow R
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