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Development of Gen IV Reactors (AMRs) & Advanced Fuel Cycle
> Multi-purpose applications for
+ National Program (since the mid-1990s)

decarbonization onal | :
A * Participating member in GIF
N &Y, EIECtr'_C'ty’ Process heat, » Signatory of a System Arrangement
H, production, etc.
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Fast neutron Fast Reactor

+* SNF Management Option e Program

Fast neutron
\ spectrum

processing < University Program

* Conceptual design for
Fast neutron
\ spectrum
-

maturing its technology level
(Maritime applications, etc.)

X ) . +¢ National Program (2023-)

+» National Program (since the early 2000s) - Diversified applications

* Participating member in GIF (Maritime, SNF management, etc.)
» Signatory of a System Arrangement « Negotiation in GIF pSSC
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FP: Fission Products

Spent Fuel
(U-TRU-Zr Fuel)

SFR Fuel

MA: Minor Actinides (Np, Am, Cm),

Pyro-

Fast reactor option coupled with Pyro-processing
processing
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Sodium-Cooled
Fast Reactor
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S23(c) 978 0

HISE(C) 883 100

2 (ko/m) 927(100°C) 958(100°C)
HHE & (W/mK) 87.1(100°C) 0.677(100°C)
HI % (kJ/kg-°C) 1.38(100°C) 4.217(100°C)
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SFREE Z(PGSFR*) 7| &
| * Prototype Generation IV SFR
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U Approx. 20 fast reactors built around the world had a mixed record of operation

« Lessons learned from mistakes and failures yielded confidence that fast reactors can be
designed properly to be inherently safe, reliable, and easy to operate and maintain

v Design mistakes, component failures, sodium leaks and fires, particularly in non-nuclear portions

€ EBR-| (Experimental Breeder Reactor-I)

O The world’s first fast reactor Clementine achieved criticality in 1946

0 CP-4was afast breeder reactor, renamed Experimental Breeder Reactor-|
(EBR-I) and constructed at NRTS in Idaho (ANL-West, later INL)

O EBR-l achieved the first electricity generation from nuclear reactor in 1951

¥ EBR-Il (Experimental Breeder Reactor-l)

O The first pool-type SFR EBR-II started operation in 1964

O Successfully operated over 30 years: No steam generator tube leak,
reliability of sodium components due to compatibility with sodium, etc.

= Monumental outcome in the World SFR History
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U In the 1970s, very strong fast reactor development programs were launched in the U.S.,
U.K., Russia, France, and Japan

» The CRBR project started in 1970 and continued about 13 years with up and down funding until it
was finally abandoned in the mid.1980s

L TMI-2 accident in 1979 led to cancellations of nuclear power plant orders and slowdown
of nuclear power expansion around the world

O IFR (Integral Fast Reactor) initiative was launched at ANL in 1984 to develop new
technology to enable fast reactors deployment to complete entire fuel cycle

» However, the program was canceled in 1994 for non-technical reasons

O Demonstration fast reactor Superphenix (SPX) reached first criticality in Sep.1985
» The first grid connection in Jan.1986, and was decommissioned

O Prototype fast reactor MONJU was constructed in Oct.1985, reached first criticality in
April 1994, and shutdown due to secondary sodium leakage incident in Dec.1995

» Restart plan of MONJU was abandoned and it was determined to be decommissioned by
Japanese Gov. in 2020
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L Operating experience
— ~ 400 reactor-year

[ Construction and
operation experience
— Decommissioned after
operation: 15 units
- Operation 6 units

CRER
PRISM

I 555558

.5

25kwth
0.2MWe
1Mwith
20MWe
61MWe
20MWe

400MWth
JE0MWe
155MWe

52 2HER
63 EHER
65 2HER

DFR

z

15MWe

PFR Proto. 250MWe
Rapsodie Exp. A0MWth
Phenix Proto. 250MWe
S-Phenix Demo. | 1240MWe

—:Construction:: 2 units

v

Challenges

J Economic Competitiveness

O Safety Enhancement

Generation IV

Sodium-cooled Fast Reactor

KNK-IL (I 7§=5)
SNR-200

Proto.

20MWe
327MWe

o1 2HER

- e
EE - 7u5

PEC

120MWth

R - az

EFR

Demo.

1580MWe

o DETEE

JovO Exp. | 100MWth 7 08 YA M
MONJU Proto. | 280MWe
DFER Demo. | 660MWe
BR-5/BR-10 Exp. | 5/10MWth
BOR-60 Exp. 12MWe
BN-600 Proto. | 600MWe
BN-800 Demo. | 8soMwe
BN-350 Proto. | 130MWwe
FBTR Exp. 15MWe
PFER Proto. | S00MWe
CEFR Exp. 20MWe

Constructioncompleted Criticality - Termination Criticality=Operation® Under construction
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< CFR-600, China, under construction (to be completed in ’23) >
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Bl 0|= ARC (Advanced Reactor Concept) i£°] SFR 7|t AR D EAXIE
> (Canada New Brunswick =&5Q} &0|E S0l A4 ==X
- 2RXUTEE AI20I= M) 1= 100 MWe 2HI™ ASHZISS (GE PRISM JHYE S EBR-II &1H] 714H
> 20174 9201 JHLICE CNSCOll pre-licensing 4178, AIMAHIAE 193] (VDR Phase1) St (1910)

- SIS A RIS 3 Pointenreal A0 24 MR o9 et

LD

Control Human
Rods r \ . Scale
| {
Concrete
| [
Reactor
Tank
Heat */ Containment
Exchanger Sodium
Pump
Reactor
Core

Source: © Advanced Reactor Concepts, LLC

o
/o SrRuR oI e
(—FKAERI m,rima(:"«tﬂm,mﬁm 12



=iLH SFR I IHE S o St

@ ‘0812ABHZNIEFO|SA)|ZTEMS H2 Uld AXISFAIAE IR 2| F=XH|I=! 2 (mizss KXl 2iv)
@ ‘M1 ZHAUSA BSOS HIASH T RXEEAIA IR 2D |I=ZHI= A0 S At =ZISSI)

.29

; ,
> Operation

22
> FSAR

2 Construction

&
> PSAR

> New Decision

k)

B Future Deployment Plan*
* 6t Comprehensive Nuclear Promotion Plan (2022-2026)

> Temporarily > Government review (‘21) on
suspended SNF recycling technologies
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El Development of TRU-transmutation demonstrator (PGSFR") coupled with pyro-processing

El Development of an SFR-based advanced SMR for facilitating global export
2 SALUS (Small, Advanced, Long-cycled, and Ultimate Safe SFR, Electric power output: 100 MWe)

@,

/ &
PGSFR Constructlon

KALIMER-600 - PGSFR (12-20)

B [Track 1] Technology demonstrator ‘B Domestic technology
for TRU transmutation demonstration for TRU

~ transmutation

5> Track1 | B} Specific plan for
resumption would be
prepared by 2025

19 SFR-based Power Rx.

IHTS - —

Jl Bl With keeping similar
Bl Fundamental SFR technology - o [ design concept of PGSFR
development :{> Track 2 except nuclear fuel and
Bl Target SFR design for TRU e - core desngn_
transmutation B [Track 2] SMR features with U-10%Zr Domonstiolinaa
Advanced design options to fuel for initial loading can be mostly
meet the GIF goals (Spin-off technologies from the PGSFR concept) used to the reactor d%lgn J
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