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Fluoride -Salt -Cooled High Temperature
Reactor (FHR) with Nuclear Air -

Brayton Combined Cycle (NACC )

Stored Heat and/or Natural Gas
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Base-Load Gas Variable Electricity
Reactor Turbine And Steam

& 501t0100% Greater Revenue than Base-Load Plant
& Enable Zero-Carbon Energy System when Coupled to Heat Storage
& Safety Strategy to Assure Fuel Integrity in All Accidents



The Different Capabilities of an FHR with NACC and

FIRES May Enable Lower-Cost Electricity
2050 Minimum-Cost Texas Grid Vs Added Technologies and CO, Limits
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Energy Requirements for a
Low -Carbon Economy
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Market Defines Reactor Strategy

Understand 2030 Market
Baseload Electricity, Variable Electricity, Heat to Industry

Power Conversion System to

Meet Market Requirements

Nuclear Air Brayton Combined Cycle (NACC) with
FirebrickResistance Heated Energy Storage (FIRES)

Reactor: SalHCooled
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Going from Fossil-Fuel to Low-Carbon
Electricity Changes Electricity Markets

Fossil Fuel Electricity LowCarbon Electricity
Low Capital Cost —> High Capital Cost
High Operating Cost™ Low Operating Cost

Low-Carbon Electricity is Only Economic
If Operate Capital-Intensive Plants at Full Capacity



In Competitive Markets, Solar Revenue
Collapses as Solar Output Increases

A Price collapse is a
characteristic of large
scale use of low
operatingcost high
capitalcost
technologies.

A Becomes significant
when fraction of total
electricity is

I 10% solar
I 20% wind
I 70% nuclear

A Does not happen with
fossitfuel plants
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Same Effect If Large-Scale
Use of Wind



Price Collapse is Real: lowa and Wind
Half the Time Electricity is less than Natural Gas

Day—Ahead Electricity Price Distribution at
MISO node MEC.PPWIND, 2nd Thursdays Jan 2014 — June 2015
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Low -Carbon Nuclear -Renewable Grid
Changes Electricity Price Structure

HOURS/YEAR at Price
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PRICE: $/MWh
How Do We Create an Economically
Viable Low-Carbon Electricity Grid? 10



Require Rethinking Coupled Reactor
and Power System to Meet New
Electricity Grid Requirements

Fluoride-Salt-Cooled High-Temperature Reactor (FHR)
Nuclear Air-Brayton Combined Cycle (NACC)
Firebrick Resistance Heated Energy Storage (FIRES)
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FHR: Salt -Cooled Reactor Coupled to
Nuclear Air -Brayton Combined Cycle (NACC)

Main exhaust stack
Air intake filter

Simple cycle
vent stack
Generator
GE F7B
compressor Heat recovery
HP/LP turbines Seam
HP air ducts R
HP CTAH Combustor
Hot well Hot air bypass
Reactor
vessel LP air ducts
LP CTAH
Main salt drain tanks

Power Cycle Similar to Natural-Gas Combined Cycle Plant
12



FHR Combines EXisting Technologies

Fuel: High-Temperature Coated-Particle
Fuel Developed for High-Temperature Gas-
Cooled Reactors (HTGRS): Added detalls
Appendix A

Coolant: High-Temperature, Low-Pressure
Liquid-Salt Coolant developed for the 1950s
Aircraft Nuclear Propulsion Program: Added
Details Appendix B

Power Cycle: Modified Natural-Gas Air
Brayton Power Cycle with General
Electric 7FB Compressor: Added Detalils
Appendix C
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Fuel is the Graphite-Matrix Coated Particle Fuel
Used in High-Temperature Gas-cooled Reactors

A Coated particle fuel used in high
temperature reactors

i Failure temperatures ~175D
I Initial development in the 1970s

A Multiple HTGRs built
I U.S.: Two reactors
I Today
A One test reactor Iin Japan

A One test reactor in China :
A Two power reactors under construct{Gl

iIn China
A U.S. NGNP program improved Helium-Cooled Pebble Bed
performance in the last decade Reactor Core

BT massachusetts institute of Technotogy Added Information: Appendix A 14



In the 1950s the U.S. Launched the
Aircraft Nuclear Propulsion Program

Salt Coolants Designed to CouEIe Reactors to Jet Engines

Utility GasTurbine
Technologyto Mature
Sufficiently toEnable =~ o

Coupling with a Reactor g

Goal: Jet Bomber to Bomb Moscow (Cold War) 5



Significant Development of Salt Coolants

A Two reactors built
I Aircraft Reactor Experiment (ARE)
I Molten Salt Reactor Experiment
(MSRE)
A 8 MWt; Operated late 1960s
A Fuel dissolved in salt (not solid fuel

I Needed low weight (high power
density) reactor for aircraft jet engine

I ARE military reactor
I MSRE explored concept for civilian
reactor use

A Created the technological basis for
liquid salt coolants Molten Salt Reactor

A Boiling points >1408C Experiment (MSRE)

A FHR Uses clean salt coolants (no
fuel dissolved insalt)  agded Information: Appendix B
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Salt Coolants Originally Developed
To Meet Jet Engine Requirements

A Frontend air
compressor raises air
temperatures to sevel

hundred degrees C. ¢

ﬁ

A —I_eat Input must be at o - High Speed Warm
nigher temperatures ot Low-Pressure Air

A Salt coolants designe: = S—
to match jet engine

Add Heat Through Salt-Air Heat
Exchanger to Raise Temperature

requirementsdeliver Compress  Gas Turbine
heat in the 600 to Al
/00AC range Turbine Powers Air Compressor

Performance Limited By Temperature Limits of Salt-

Air Heat Exchangerd Below Gas Turbine Limits 17



Power Cycle: There Has Been a Revolution in
Natural -Gas Combined Cycle Gas Turbines

A Most efficient heato-

electricity technology:
60%

A Reduced cooling
water demand

A Produces
I Electricity

| Steam for added
electricity or industry

A Used by utilities and
iIndustry

Result of 50 Years of Jet Engine Development



