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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 

FIG. 2 
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210 
upon a nuclear reactor system shutdown event, thermoelectrically converting 
nuclear reactor generated heat to electrical energy 

302 304 306 5 

during initiation of a preceding initiation of 5 following initiation of a nuclear reactor a nuclear reactor nuclear reactor ' 

shutdown, shutdown, i shutdown, 
thermoelectrically thermoelectrically thermoelectrically 
converting nuclear converting nuclear converting nuclear I 

reactor generated heat reactor generated heat 2 reactor generated heat to electrical energy to electrical energy to electrical energy ' 

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

FIG. 3 
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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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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 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 

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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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 nuclear reactor generated heat to electrical energy using 
at least one semiconductor - semiconductor junction 

708 
upon a nuclear reactor system shutdown event, ; 

thermoelectrically converting nuclear reactor generated heat to 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 

F1 G. 7 
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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, : 

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. 8 
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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 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 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 



Patent Application Publication Oct. 14, 2010 Sheet 16 of 36 US 2010/0260306 A1 

K 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 thermoelectric device, the thermoelectric device having at least a 5 

second portion in thermal communication 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 a coolant of the 2 
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. 70 



Patent Application Publication Oct. 14, 2010 Sheet 17 0f 36 US 2010/0260306 A1 

'/ 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 

F1 G. 77 
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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 

F1 G. 72 
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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 I 

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. 73 
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