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[. INTRODUCTION

Sodiumcooled Fast Reactor (SFR) systems
and Leaecooled Fast Reactor (LFR) systems
are among the six systems selected for joint
development by the Generatithh International
Forum (GIF) based orneir potential to meet the
GIF technology goal$ Both reactor types
enhancesustainability by means oftheir fast
neutron spectrum andlosed fuel cyclg which
serve tominimize waste and enhance resource
utilization. They also have excellent potential to
achieve the goalsof safety and reliability
economics, and proliferation resistance and
physical protection. Therimary missions for
both systems are electricitgeneration and
fiactinide managemait (fissile consumption,
conservation or breeding)Further, hydrogen
productionis feasible with electrolytic processes
and thermochemical cycles tailored to the
respective coolant temperatures.

Owing to the significant pastxperience
accumulated with SFRs in several countries, the
startup of a prototype GenationlV SFR
system is targeted for 2030rhe operation of a
LFR Technology Pilot Plant (TPP)s also
envisioned around 202

Liquid metal reactors are designed for
high-power densitytaking advantage of theigh
heatremoval and high heattransportcapability
of the coolant.
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The sodium reactor technology is
comparatively mature but remains to be
commercialized successfully. Drawbacks of
sodium as a coolant include its chemical
reactivity and opacity. Lead cooled systems are
comparatively less mater but provide
advantages stemming from the relative inertness
and high boiling temperature of lead coolant.
Drawbacks of lead coolant include its high
density corrosive nature, high melting point, and
opacity.For both SFR and LFR systems, R&D
requiredto take advantage of their strengths and
minimize their drawback$:or example, R&D on
in-service inspection and repair(ISI&R)
technologyis needed to assurthe safety of
reactor operationjn view of the opacity of
sodium and leadcoolants. TheGenerabn IV
International Forun¢GIF) provides an effective
mechanism for joint R&D in this key area and
others. With distilled knowledge, information,
experiences, funds and resources in the whole
world to one point through GIF cooperation,
based on the common Technology Roadmap, the
R&D for GererationlV nuclear systems
directing a unified ainis accelerated.

This pape providesan overview of the
SFR system which are formally undergoing
development through a GIF  System
Arrangement, and the LFR systeproposed for
joint development in the GIF framework; a
formal System Arrangement for the LFR remains
to be established
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II. SODIUM-COOLED FAST REACTORS pyroprocessing at a central or regional
(SFR) location®
II.LA. Features anddesignoptionsof SFRs The design and performance parameters of

the three options are shown in Talle

In several countries,experimental and
prototype SFRs have been constructed and
operated for more than 3@ars.The SFRsystem
features a fasteutron spectrum and a closed fuel
cycle for efficient conversion of fertile uranium
and management of actinides. A fudkttinide
recycle fuel cycle is envisionedln the
Technology Roadmafor GeneratioriV Nuclear
Energy Systems the SFR was primarily Primary
envisioned for missions in electricity and PumpI
actinide managementmportant safety features
of the system include a long thermal response
time, a large margin to coolant boiling, a primary
system that operates near atmospheric pressure
and an intermediate sodium system between the
radioactive sodium in the primary system and the
power conversion system. Water/steam and
carbondioxide (CQO,) are considered as working
fluids for the power conversion system to
achieve high level performaac on thermal
efficiency, safety and reliability. With
innovations to reduce capital cost, the SFR can Figure 1 Loop-type SFR
be competitiven electricity markets.

Secondary Pump

The three options, shown in Figurés2
and3 displaying loogype, pooitype and
modular pooltype systems, resptvely, are
under consideration:

AHX
Chimney

1 A medium to large size (600 to
1500MWe) looptype SFR with MA-
bearing mixed uraniurmplutonium oxide
(MOX) fuel, supported by a fuel cycle
based upon advanced aqueous processing
at a central location serving a number of
reactors’*

PDRC
piping

ini Steam
piping Generator

1 A medium size poelype SFR with
uraniumplutoniumminor-actinide

DHX

zirconium metal alloy fuel, supported by a PHTS
fuel cycle based on pyrometallurgical Reactor
processing in facilities ctocated with the

reactor;

Figure 2 Pooktype SFR

i A small size (50 to 15MWe) modular
pooktype SFR withsimilar metal alloy
fuel, supported by a fuel cycleased on
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Figure 3 Small Modular poctype SFR

Tablel: Key Design Parameters GfiF SFR

Concepts
SFR Design Loop Pool Small
Parameters Modular
Pool
Power Rating, 1500 600 50
MWe
Thermal Power, 3570 1525 125
MWth
Plant Efficiency, 42 42 ~38
%
Core outlet 550 545 ~510
coolant
temperaturg’C
Core inlet coolant| 395 370 ~355
temperaturg®C
Main steam 503 495 480
temperaturg®C
Main steam 16.7 16.5 20
Pressure, MPa
Cycle length, 1.52.2 1.5 30
years
Fuel reload batch| 4 4 1
batches
CoreDiameter, m 5.1 35 1.75
Core Height, m 1.0 0.8 1.0
Fuel Type MOX Metal (U- | Metal (U-
(TRU TRU- TRU-
bearing) | 10%?Zr 10%zZr
Alloy) Alloy)
Cladding oDSs HTO9M HT9
Material
Pu enrichment 13.8 24.9 15.0
(Pu/HM), %
Burnrup, GWd/t 150 79 ~87
Breeding ratio 1.01.2 1.0 1.0
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I1.B. SFRConcepts
LOOP-TYPE SFR

To promotefavorableeconomies of scale,
many SFR designs have targeted large
monolithic plant designs. For this approach, a
prominent recent concept is thapanes&odium
Fast Reactor (JSFE) which is a advanced
sodiumcooled loop-type reactor evolved from

Japanese fast reactor technologies; the
conceptual plant design is showrFigurel.
The JSFR design employs several

advanced technologies to reduce the construction

cost: compact design of reactortrusture,
shortened piping layout, reduction of loop
number, integration of components, and

simplification of decay heat removal system
through enhancement of natural circulation
capability. JSFR employs innovative tech
nologies such asnodified Cr-1Mo steel with
high strength, an advanced structural design
standard at elevated temperaturetwo-
dimensional seismic isolation, and-ageticality
free coreto excludepowerexcursion sequences

The JSFR design utilizes passive safety
features to increase safetassurance. The
improvement of the ISI&R technology is a key
objective to confirm the integrity of internal
structures including core support structued
coolant boundaries. The means of access is taken
into account in desigrand remote handling and
sensor technology for use under sodium as well
as a high reliable doublsall-tube SG are being
developed

While focusng on a large monolithic
concept, thelSFRdesign studies considgtant
sizesranging from a modular system composed
of medium size reactors to a large monolithic
size. The largescale sodiuntooled reactor
utilizes the advantage deconomy of scafeby
setting the electricity output of 300MWe. On
the other hand, a mediustalemodular reactor
would offer advantages of flexibility in meeting
power requirementfrom generating companies
and the reduction of investment risk compared
with largescale reactors.
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