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History, Characteristics, and Status:
The Advanced High-Temperature Reactor

e New reactor concept that combines three
characteristics in a single reactor
— High temperature for electricity and H, production

— Passive safety (same safety basis as modular gas-
cooled reactors)

— Large power output (improved economics)

e Joint effort
— Oak Ridge National Laboratory
— Sandia National Laboratories
— University of California at Berkeley

e A series of studies and evaluations have been
conducted, but a point design has not been fully
developed
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| The Advanced
High-Temperature
Reactor

Combining Existing
Technologies In A New Way

General Electric
S-PRISM

Passively Safe Pool-Type
Reactor Designs L

High-Temperature,

High-Temperature Low-Pressure
Brayton Power Cycles Coated-Particle  Transparent Molten-
Fuel Salt Coolant
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The Advanced High Temperature Reactor
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The AHTR Extends High-Temperature
Capabilities To Large Reactors
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The Economic Goal Is To Drive Costs
Significantly Below $1000/kW(e)

Three times more
electrical output
from a similar sized
facility

Economics of Scale
(>1200 MWe)

Higher Efficiency \J

(~50%)

Lower Cost -
Systems \—\(

[

High-temperature
coated-particle fuel
for high efficiency

Cost/KW(e)

Brayton
power
cycles for
lower costs

JA—

1 ¥
GE Power Systems MS7001FB
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The Safety Goal Is To Match or Exceed
Modular High Temperature Reactors

Passively Safe Pool- High-Temperature Low-Pressure Low-Stored-
Type Reactor Design Robust Fuel Energy Molten-Salt Coolant

Superior Safety

OAK RIDGE NATIONAL LABORATORY
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Fuels

Only One Type of High-Temperature Nuclear Fuel Has
Been Demonstrated on a Significant Scale

OAK RIDGE NATIONAL LABORATORY
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The AHTR Uses Coated-Particle Graphite Fuel Elements
(Peak Operating Temperature: 1250°C; Failure Temperature >1600°C)

Same Fuel as Used in Gas-Cooled Reactors

N Pyrolytic Carbon

‘ Silicon Carbide e Fuel particle with multiple
N | coatings to retain fission

Porous Carbon Buffer p rod u ctS

Fuel Kernel

e Fuel compact contains particles

e Compacts inserted into graphite
blocks

— Several options for graphite
geometry (prismatic, rod, pebble
bed, etc.

FUEL PARTICLE

U
| -

— Base design uses prismatic;
other options viable

e Graphite blocks provide neutron
moderation and heat transfer to

coolant
FUEL COMPACT FUEL ASSEMBLIES
OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE
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Coated-Particle LEU Fuels Have
High-Temperature Performance Capabilities
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Coated Particle Fuels Have Low Radionuclide
Releases Under Accident Conditions To ~1600°C
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Molten Fluoride Salt Coolants

OAK RIDGE NATIONAL LABORATORY
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Only Two Coolants Have Been Demonstrated As
Compatible with High-Temperature Graphite Fuels

I G ,«w.

Helium Molten Fluoride Salts
(High-Pressure/Transparent) (Low Pressure/Transparent)

OAK RIDGE NATIONAL LABORATORY
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The AHTR Uses a Molten Salt Coolant

Good Heat Transfer, Low-Pressure Operation,
And Transparent (In-Service Inspection)
Molten Fluoride Salts Were Used in

Molten Salt Reactors With Fuel in Coolant
(AHTR uses clean salt and solid fuel)

Molten Fluoride Salts Have Been Used
for a Century to Make Aluminum in
Graphite Baths at 1000°C

OAK RIDGE NATIONAL LABORATORY
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Molten Salt Technology Was Developed To
Support Several Large (1950-1970) Programs

Molten Salt Reactors: Fuel Dissolved In Coolant

| %?l Aircraft Nuclear
~ Propulsion Program

< ORNL Aircraft
Reactor Experiment:
2.5 MW; 882°C
Fuel Salt: Na/Zr/F

~INEEL Shielded Aircraft
Hanger—

-l v, Molten Salt Breeder
o | TS Reactor Program

< ORNL Molten Salt
Reactor Experiment
Power level: 8 MW(t)
Fuel Salt: "Li/BelF,
Clean Salt: Na/Be/F

Air-Cooled Heat
Exchangers —

OAK RIDGE NATIONAL LABORATORY
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Molten-Sailt Technology Is Being
Developed for Multiple Future Applications

Reactor Molten Hydrogen
Salt Facilit
Heat y
Transfe
Sre_ > H
V\fater

Reactor to Hydrogen Production Facility

aaaaaaaaa

Coolant Salt || gotendary

(Clean)

=1 -

-

RRRRRRR

Fuel Salt
- Dissolved Uranium
- Fission Products

eeeeee

Critically Safe, Passively Cooled

Molten Salt Reactor (EC and France) Magnet Fusion Tokamak
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Different Reactor Applications Require Different

Mixtures of Molten Fluoride Salts
[Aircraft (Na:Zr), Breeder (Fuel: 7Li:Be; Clean Secondary Salt: Na:B)]

Economics Corrosion
Capital Noble Relative

to Materials of

:nl;?rlntc;)r/\c;lr?ce Construction
Candidate
Fluorides for
Mixtures
’LiF, NaF, RbF,
BeF,, ZrF,,

Neutronics Al Physical Properties
Low Cross Sections Freeze Point
Activation Dose Heat Capacity

Gamma Viscosity
Tritium

OAK RIDGE NATIONAL LABORATORY
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Physical Properties of Demonstrated Coolants
(Properties at ~700°C Except for Pressurized Water at 290°C)

Trmeit Thoil p P Cp k v-10°
Coolant (°C) (°C) | (kg/m3) | (kd/m3°C) | (W/m°C) | (m?/s)
Li,BeF, 459* | 1,430 | 1,940 4,540 1.0 2.8
(MSRE)
0.58 NaF- 500* | 1,290 | 3,140 3,670 ~1 1.6
0.42 ZrF,
(ARE)
Sodium 97.8 883 790 1,000 62 0.25
Lead 328 | 1,750 | 10,540 1,700 16 0.13
Water 0 100 732 4,040 0.56 0.13

*Salts Used in Reactors. Examples of fluoride salts with lower melting
points: Li-Na-Be (22-44-33): ~300°C; Na-Rb-Zr (6-46-48): 380°C

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT—BA'II;FELLE




Molten Salts Have Superior
Capabilities for Transport of Heat

Number of 1-m-dia. Pipes Needed

To Transport 1000 MW(t)

With 100°C Rise

In Coolant Temperature

O

o
00
o0
o0
o0
00
00

—

Water Sodium

(PWR) (LMR) Helium Molten Salt
Pressure (MPa) 15.5 0.69 7.07 0.69
Outlet Temp (°C) 320 540 1000 1000
Coolant Velocities (m/s) 6 6 75 6

OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY

UT-BATTELLE
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Liquids Remove Heat More Effectively Than Gas:
Cooler Fuel For the Same Coolant Exit Temperatures

GT-MHR —

AHTR —>
1160
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—
o
(5}
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=
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1000

980

Coolant Channel

Centerline
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Distance (cm)
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For Any Coolant Exit Temperature, the Average
Temperature of Delivered Heat (the Product) Is Higher
with Liquid Coolants than with Gas Coolants

Average Temperature
of Delivered Heat

1000

800 z-750°Cc
o~ = J;(Hi Cooled)
S _AHTR S~
°o_ [~ __ (Lower Temperature) =~ - =~
o 600 ~— _ ~ < —
2 T —~ GT MHR—] .
o A . 7
5 LMFBR
Q_ ~
(O] ~ <
~ S
L PWR
200 —
— Liquid
- — Gas
0
Peak Coolant Coolant Return
Temperature Delivered Heat Temperature
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Materials

Graphite and Graphite Fuels
Compatibility with Molten Salt Tested to 1400°C

Metals
Existing Code Materials to 750°C
Candidates For Higher Temperature Operation

Status: Similar to Helium-Cooled VHTR, Need to Qualify and
Demonstrate Higher-Temperature Materials

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




Experience Shows that Fluoride Salts Are
Compatible with Carbon-Based Materials

Same Graphite Radiation Damage Issues As With Gas-Cooled Reactors

Molten Salt Reactor
Experiment (8 MW(t))

< Reactor Compartment

Graphite Core
(Moderator) —»

<« Aluminum Plant: 1000°C
(NaF-ALF, Molten Salt
in Graphite)

Molten Salt Reactor
Experiment [8 MW(t)]
Postirradiation
Graphite —»>

OAK RIDGE NATIONAL LABORATORY
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Hastelloy-N Qualified To 750°C; Testing

Required For Higher Temperature Materials

e High-temperature issues (salt or He systems)
— Air oxidation
— Creep
— Material property changes at temperature
— Corrosion

e Corrosion control strategy

— Metals noble with respect to salt (Same
corrosion strategy used in sodium systems)

— Requires salt chemistry control
e Pure molten salts

e Maintain salt under highly-reducing
conditions

e Test program required for high temperatures
(>750°C)
— Flow loop corrosion testing

— Some high-temperature corrosion mechanisms
depend upon temperature differences

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

3000 hours at 815°C with minimal
corrosion by fluoride salt (Williams:
Global 2003)

UT-BATTELLE
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Facility Design

AHTR: A Low-Pressure,
High-Temperature Liquid-Cooled Reactor

Not a Point Design

OAK RIDGE NATIONAL LABORATORY
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AHTR Parameters For 1000°C Exit Temperature®

Power lever 2400 MW(t) Core diameter 7.8 m
Core inlet/outlet temperature | 900°C/1000°C Core height 7.9m
Core inlet/outlet pressures 0.230MPa/0.101 MPa Fuel annulus 2.3 m
Core pressure drop 0.129 MPa (18.7 PSI) Number of fuel columns 324
Coolant (several options) 2LiF-BeF, Number inner reflector columns | 55
Coolant mass flow rate 12,070 kg/s Number outer reflector columns | 138

(20% bypass)
Coolant volumetric flow rate | 5.54 m3/s Fuel kernel Uuco
Coolant channel diameter 0.95cm Fuel enrichment 10.36 wt% 235U
Coolant fraction (active 6.57% Mean core power density 8.3 W/icm3
core)
Coolant velocity 2.32 m/s (7.6 ft/s) Peak core power density TBD W/cm?

Core pumping power

716 kKW

Reactivity, temperature

Negative Doppler

Vessel Pressure ~0.1 MPa Reactivity, void (whole core) TBD
Vessel external temperature Mean fuel temperature 1050°C
Vessel outside diameter 9.2m Peak fuel operating temperature | 1168°C

Vessel wall thickness

5-10 cm (material

dependent)
Net electric output ~1200 MW(e)
Net plant efficiency 48-59%

OAK RIDGE NATIONAL LABORATORY *Exit temperature dependent upon goals.

U. S. DEPARTMENT OF ENERGY

Range: 700 to 1100°C
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Proposed AHTR Facility Layouts Are Based

on Sodium-Cooled Fast Reactors
Low-Pressure, High-Temperature, Liquid-Cooled

General Electric S-PRISM 7~

OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY UT-BATTELLE
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2400 MW(t) AHTR Nuclear Island Is Similar Size
To 1000 MW(t) S-PRISM Plant

Turbine Hall With MS GasHX o . Palgflﬁltfgr}ac;g Lf[om S-PRISM

No SNF storage in vessel
— No heat exchanger inside vessel

— Molten salt-to-gas heat
exchanger in turbine hall

e Same vessel size

— Space for 2400 MW(t) AHTR
core with low power density

Fuel
Storage e Similar Equipment Size

— Molten salt volumetric heat
capacity > sodium

e Higher capacity decay heat
removal system

— Higher vessel temperatures

MS-MS Heat
Exchanger

e Higher electrical output
—  S-PRISM: 380 MW(e)
—  AHTR: >1200 MW(e)

OAK RIDGE NATIONAL LABORATORY
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In an Emergency, Decay Heat Is Transferred to
the Reactor Vessel and Then to the Environment

Hot Air Out

Air

== TL
=

Fuel
(Similar to
MHTGR)—]

Reactor
Vessel

Argon Gap —

NI

Guard

Control
Rods

Vessel
Insulation

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

- Similar to GE S-PRISM (LMR)

* Argon Gap
— Heat Transfer ~T4
— Thermal Switch Mechanism

* Heat Rejection: Temperature
Dependent
- LMR: 500-550°C [~1000 MW(t)]
- AHTR: 750-1000°C [>2000 MW(t)]

* High Heat Capacity
- Molten Salt and Graphite
— High Temperature (limited by
insulation of vessel from hot salt)

UT-BATTELLE
03256 3()




High-Temperature Low-Pressure Liquid Coolants Enable
the Design of Large Reactors with Passive Safety

Reactor:
Coolant:
Power:
Constraint:

Passively
Cooled Wall

(ANl Reactors)/

Thick Vessel
Wall

MHTGR
Helium
600 MW(t)
Conduction

A

Y

S-PRISM AHTR
Sodium Molten Salt
1000 MW(t) >2000 MW(t)
Sodium Boiling Point Vessel
Uniform Higher Vessel
Vessel Temperature
Temperature | Low 47
(Liquid)—"] Pressure)

Thin Vessel
\ /V
T~—Wall— |

v Graphite Liner
Insulates />\_/

Vessel Wall

OAK RIDGE NATIONAL LABORATORY
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Decay Heat Removal Increases Rapidly

With Temperature
S-PRISM Vessel with Air-Cooled System

50 | | I | | I V4 I
L / —
/
4.0 | / -
/
0 ‘_(750°C AHTR N
// ¥[>2000 MW(t)]
3.0 + -

\ Validated
Performance

S-PRISM (Solid Line)

50 L [380 MW(e); 1000 MW(t)

Relative Heat Removal

Not Optimized for .
Higher Temperatures
1.0 |

i 750°C |
| ] 1 ] | l | | ]
300 400 500 600 700 800 900 1000
Temperature (°C)
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The AHTR Has Superior Fission Product Containment
(More Barriers) Compared To Gas-Cooled Reactors

Gas-Cooled Reactor

Building Leaks <«—

Venting (High Pressure) <«—

Advanced High
Temperature Reactor

l«— Low Pressure
Containment

|

Low Pressure
Cover-gas
Clean-up
Molten_» Plateout on Metal

Salt Ag
Coolant "pjssolved in Salt

\\\\\\\\

/]
/]
¢

Fission Product
Plateout on Metal /f
/]
/]
/]
/]
Graphite j
BIockN
Uranium j
Contamination —
Matrix—’f
TRISO —
/]
Circulating Activity /
to Power Cycle —
- Plateout 7
* Liftoff A
* Washoff f
/]
/]
/]
/

Graphite Cs, |, Sr
Block

§\Uranium

Contamination

NANNANN

Matrix
TRISO

\\\\\\\\\\2(\2(\
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Beyond-Design-Basis Accident Avoids Radionuclide

Release By Multiple Mechanisms

Molten Salts Trap Radionuclides (Including Cs and I) in the Salt, Isolate SNF from Air,
Can Not pressurize Containment, and Transfer Heat to the Silo If Vessel Failure

Normal Beyond-Design-Basis
Conditions Accident Conditions
greoczoenndary Salt / Salt Condensation
KN 7 S Melting
< il 4 7 7 Secordary
Molten Salt Salt
Level Boiling
Reactor Vessel Salt
“ Heat
Guard Vessel Conduction
Iron Ring — to Ground
\ . .
D Circulating Salt

Reactor Core
(Fuel Failure ~1600°C)

\ Silo

OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY UT-BATTELLE
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Reactor Core Design

OAK RIDGE NATIONAL LABORATORY
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AHTR 9.0m Vessel Allows 2400 MW(t) Core

102 GT-MHR fuel columns
222 Additional fuel columns
Elev.0.0m — Reactor Closure 324 Total fuel columns
ﬁ Floor Slab O ..' O
Elev.-29 m — = ; i
P :> Cavity Cooling Channels S S

Cavity Liner

Cavity Cooling Baffle

Coolant Pumps

Siphon Breakers

Control Rod Drives .88888.
Elev.-9.7m — Guard Vessel .’ﬂg’:‘g’

Reactor Vessel .“‘."’.

Graphite Liner ..g.g.g..

Outer Reflector .......

( ol )

Reactor Core

Inner Reflector
Elev. -19.2m—
Elev. -20.9 m —
Elev. -21.1m —

Power density = 8.3 MW/m3
(26% larger than 600 MW GT-MHR)

OAK RIDGE NATIONAL LABORATORY
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AHTR And Gas-Cooled Reactors Have Similar Neutronics

10% enriched U
15;""1““#‘"‘#""#““&“"

« Excess reactivity similar for given
core loading

» Lower coolant volume fraction

* Neutron lifetime ~1ms

* k¢ Increases with higher moderator
to fuel ratio (undermoderated in

K effective

Y] S —

0.0 0.1 ‘0.2‘ a ‘0.3‘ ‘0.4‘ 0.5 0.6 design region)
Fuel Volume Fraction .
y « Large negative temperature
"] el Loading ] feedback due to Doppler effects
ol Outer o 330 0avS Outer et 100 dars  Ouer ot 190 cond (~-$0.01/K)

g aan « Similar fuel burnup/ fuel cycle
[8) [ ] .
e I S N NN options
i} 09: & :Heterogeneous C moderator ] * At 83 chm3’ core Ilfe IS = 580 days
1 Tiwes Radi Regions ] * 10% enrichment
750 MW, core vol = 90 m® ] .
0.8 Lssusdissss s ] * 0.5 fuel volume fraction
0 120 240 360 480 600 720 840 960 1080
Time (days)
OAK RIDGE NATIONAL LABORATORY m
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Key Difference: AHTR Void Coefficient Depends
on Salt Composition and Core Configuration

10% enriched U

N i

0““‘
a 9 ,‘ ............... § ................... .................... .................... .................... .................. ‘
> 8 b S i % 50%NaF - 50%ZrF4 E
£ i @ Flibei-66%LiF -34%BFp !
.-E 7 ;,. ......................................................... ~ .................... .................. ‘;
5 : :
> 6 ;,. ......................................................... ........................................................... ‘;
(] E : 3
qq-l; 5 ? ........................................................... ........................................ .................. ‘;
S 4 b e R S e with Boron 3
] § P:oisoning
[e] 3 : :

o
5 2 |
=1
©
© 0
[J]
14 1
2

I R

0.2 0.3 0.4 0.5

Fuel Volume Fraction

Fuel Compact
Graphite \

Matrix \ .
| Il
Coolant ‘ . ‘

Channel

o
o
=N

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

Traditional
Gas-Cooled
Fuel Model

Void coefficient ranges from
negative to positive, depending on
coolant fraction and salt choice
'LiFBeF, salt yields negative VC
for higher fuel fractions
NaZrF, salt yields most positive
VC of salt options
1st order effect is absorption, 2nd
order effect is moderation
Ranking: Be,’Li, Mg, Zr, Na
Design options may allow use of
several salts

— Geometry

— Coolant fraction

— Heterogeneous core design

— Burnable absorbers

— Isotopic purity

— Fuel loading/enrichment

UT-BATTELLE
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AHTR Cores Have An Unusual Behavior If the

Core Has a Positive Void Coefficient
Example: Na-Zr Salt (worst salt) with 20% Flow Blockage:
+$0.40 Instantaneous Reactivity Insertion

5000 e —————-—— 1050
4500 ............ ........... ........... ............ ............ ......... 1 1025
[ E//f\\ . Temperature
o\ LTS = § § § I
g 000 e e 1000
g LN o S S . Reactivity Addition.= +$0.4 1
§ 3500 |-/ T Neutron Lifetime = 1.4 ms 975
2 /"N . . Temp. Feedback =-0.009/K
o 3000 Lo\ e I S ... 2400 MW, core vol.=90.m° . 1 950
2500 |- 1 ' L 925
2000 ¢ 900

Time (s)

« Core power increases but is mitigated by increase in

fuel temp of ~60°C.
« Slow transient (10’s of sec).

« Core reaches lower equilibrium power — issue is

100

heat-up of blocked fuel columns (~9 °C/sec)

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

Core Average Temperature (°C)

» Void coefficient of reactivity
impacts core design more for
AHTR than for gas-cooled
reactors

« Sign (+/-) and magnitude of
void coefficient depend upon:

— Salt composition

— Core geometry
— Coolant/fuel/graphite
— Heterogeneous cores

— Core fractions
— Coolant
— Fuel
— Burnable absorber in:
— Fuel
— Graphite
— Enrichment

UT-BATTELLE
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Void Coefficients Can Be Reduced or Made
Negative By Several Methods

Examples: Neutron Absorbers in Graphite and Geometry

Potential for Positive Void Coefficient

raphite
Cocilant 7

Ny

DA

Absorber > Absorber
Moderator Moderator
Coolant Graphite

Negative Void Coefficient Strategies
///,/Graphite with Absorber

7

Absorber < Absorber
~_ |Moderator Moderator
Coolant Graphite

/
/

ANSNNNR

AANNNN

7

(a)

(b)

AN N

Fuel

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

» Positive void coefficients can
occur when the coolant neutron
absorption-to-scattering ratio is
greater than for the graphite

* Void coefficient can be reduced
by:

(a) Absorber: Addition of a
neutron absorber to the
graphite

(b) Geometry: Placing fuel
between the coolant and the

graphite - example: N-Reactor
» Large reactor: 4000 MW(t)
» Water-cooled graphite reactor
» Negative void coefficient

UT-BATTELLE
04-008  4()




Energy Conversion

Electricity Generation
Hydrogen Production

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




A Multi-Reheat Brayton Cycle Is Used for
Efficient Electricity Production

Passive Decay Heat Exchanger Brayton
Heat Removal Reactor Compartment Power Cycle
Hot Air Out
A Control Hot Molten Salt
Air Inlet Rods )i ] |
e \ I Heat b )
ue Exchanger
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Generator
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™ Pump . t
Guard Vessel—\\ Helium or Nitrogen a ecuperator
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Nitrogen and Helium
Brayton Cycle Options Can
be Considered for AHTR

Turbine Stages

Recuperator

60% Qrej
To & From

55% -

50% - Compressor Stages
>
2 4co Recuperated Brayton cycle
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Near Term: Use Nitrogen Brayton Cycle
(with minor amounts of helium)

e Same turbine technology as
existing natural-gas-fired
turbines

— Lower temperatures than
current commercial units

— Option for small amounts
of helium to improve
thermal properties (reduce
heat exchanger size)

— Higher power density
because low pressure (0.5-
1.0 MPa) in the power cycle
is not at 1 atm. (0.1 MPa)

e Helium Brayton Cycle
— Second-generation option

— Use if developed for
helium-cooled reactor

e Minimize technical risk and
development cost with little
penalty

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

GE Power Systems
MS7001FB

- GT-MHR PCU
el (Russian Design)

Precooler/ Imtercesler
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Scaled Comparison of the 1380 MW(e) ABWR
Turbine Building and ~1300 MW(e) AHTR

ABWR

Advanced helium Brayton
cycles can likely achieve
a substantial reduction of
the turbine building
volume

He-Brayton Cycle With
3 Power Conversion
Units Similar to GT-MHR

e AHTR turbine building must also contain crane, turbine lay-down
space, compressed gas storage, and cooling water circulation
equipment

e AHTR requires ~1100 MW(t) of cooling water capacity, compared
to 2800 MW(t) for ABWR; no low pressure turbines (steam)
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Hydrogen Production May Require Development

of Molten Salt Coolant Technology
AHTR Couples Better to Such Systems

Nuclear Safety Hydrogen Safety by Dilution

by Isolation Oxygen

Heat
Exchanger

>
3 % ~— Water

e Smaller system (1 molten salt loop = 25 Helium loops)
e Lower heat loses
e Lower costs

e Chemical plant safety (German chemical industry evaluation)
e No compressed-gas energy
e Avoid toxic chemical release if heat exchanger failure
OAK RIDGE NATIONAL LABORATORY
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47 g




Economics

Larger Reactors Have the Potential for
Lower Capital and Operating Costs
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Initial Cost Analysis Shows That
AHTR Economics Is Favorable

e Used scaled cost data from S-PRISM and GT-MHR

— S-PRISM for reactor, construction, engineering, and
contingency

— GT-MHR for power conversion and heat rejection systems

e Included several cost elements for reactor, power
conversion, and balance of plant systems

e Standard scaling laws used to normalize all three
reactors to 2400 MW(t)

e Indicates that AHTR will be 50 to 75% of S-PRISM
costs (dependent upon assumptions) and
potentially even better economics than MHTGRs.
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Research And Development

Overlap with Other High-
Temperature Reactors

Some Unique Issues
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The R&D Requirements for the Molten-
Salt- Cooled AHTR and Helium-Cooled
VHTR Have Much In Common

COMMON R&D

Nuclear Fuels

e Higher-Temperature
Materials

e Electricity Production
— Brayton Helium Cycle
e Hydrogen Production

— Reactor to Hydrogen
Heat Transfer

— Production Systems

VHTR

Helium
Coolant

System
Studies

AHTR

Molten Salt
Coolant

System

Studies
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Global AHTR R&D Perspective

Future Growth Potential

Carbons
Garbon

Composite
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AHTR Conclusions

o Attractive features

— High temperatures
o Efficient power production
e Hydrogen production

— Economics
e Large power output
e Compact design
e High efficiency

— Passive safety
e Match or exceed modular gas-cooled reactors

e Challenges

— Point design
e Salt selection
e Decay heat removal system
o Core design
— Materials for higher-temperature operations

— High melting temperatures
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