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[. INTRODUCTION

Sodiumcooled Fast Reactor (SFR) nuclear
energy systems are among the six candidate
technologies selectedn the GenerationV
Technology Roadmap for their potential t@eh

the GeneratioliV technology goals. The primary
missions identified for the SFate(1) contribution

to sustainability, in particular through its
capabilities for actinide management, and (2)
electricity production.

The main characteristics of the
GeneratiolV SFR that make it especially
suitable for the missions identified are:

(1) High potential to operate with a high
conversion fast spectrum core with the
resulting benefits of increasing the utilization
of fuel resources.

(2) Capability of efficient and nearly complete
consumption of transuranias fuel, thus
reducing the actinide loadings in the high
level waste with benefits in disposal requi
rements and potentially ngproliferation.

(3) High level of safety obtained with the use
of active andpassivemeans that allow
accommodation of transientacdabounding
events.
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Enhanced economics achieved with the
use of high burtup fuels, fuel cycled.g,
disposal) benefits, reduction in power
plant capital costs with the use of
advanced materials and innovative design
options, and lower operating costs
acheved with improved operations and
maintenance.

(4)

The SFRcan be arranged in a pool layout
or a compact loop layout. Reactor size options
under consideration range from small (50 to
300MWe) modular reactors to larger reactors (up
to 1500MWe). The two primary fuel recycle
technology options are advanced aqueous and
pyrometallurgical processing. A variety of fuel
options are being considered for the SFR, with
mixed oxide preferred for advanced aqueous
recycle and mixed metal alloy preferred for
pyrometallurgcal processing.

Owing to the significant past experience
accumulated with sodium cooled reactors in
several countries, the deployment of &ationlV
SFR prototype systemss targeted for 2020.
Enhanced economics with high level of safety is
deemed be me of the obstacles to early
deployment of SFR.This paper provides an
overview of the R&D activities currently
conducted within the GIF (GeneratiolV
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International Forumpn the SFR nuclear energy
systems

[I. DEVELOPMENT TARGETS
[I.A. Developmentargets

The SFR is well suited for the
management of higlevel waste types. Important
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 amtermediate
sodium system between the radioactive sodium
in the primary system and the power conversion
system. Water/steam and carkioxide are
considered as working fluids for the power
conversion system to achieve high level
performance on thermal @ffency, safety and
reliability. With innovations to reduce capital
cost, the SFR can be competitive on electricity
markets. The SFR fast spectrum also makes it
possible to use available fissile and fertile
materials  (including  depleted  uranium)
consideraly more efficiently than in thermal
spectrum reactors with ontlerough fuel cycles

The goals of the SFR R&D program would
be achieved by establishing development targets
such as economic competitiveness, efficient
utilization of resources, reduction efvironmental
burden and enhancemendf nuclear non
proliferation, while maintaining an excellent
level of safet{f. The development targets for the
GenerationV SFR are summarized as follows:

(1) Safety assurance

The safety design approach for the SFR
places the highest priority on preventing the
occurrence and evolution of abnormal conditions
based on the concept of Defense in Depth. A
safety level equivalent to or better than
Generationll light-water reactor cycle systems
should be achieved

Passivesafety functions should possibly be
added or enhanced, and regarding the reactor,
measures should be taken for the prevention of
any hypothetical core disruption and exclude
energetic sequencekle to nuclear excursigim
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order to ensure that the impacf such a
hypothetical accident is confined within the
boundary of the reactor vessel or the containment
vessel.

The goal of the implementation of these
measures is to render the risk of installing the
SFR cycle system sufficiently small compared
with otherrisks already existing in society.

(2)

For the commercialization of na SFR
system, it is important to achieve a level of
economic competitiveness that enables the
system installation in acotdance with market
principles. For this purpose, an important goal
should be to ensure enough competitiveness in
terms of energy cost (unit cost of power
generation) compared with the competing energy
sources in the future.

3)

With the excellent neutron ecomy
characteristics of the SFR, there is a possibility
of achieving further reductions in the exposure
dose and risks associated with geological
disposal, which are already at safe levels, by
utilizing the transuranic (TRU) burning charac
teristicsalong with implementation of separation
and transmutation methods. To this end, the
developmentis advisable for theseparation of
nuclear transmutation technologies of ldifg
nuclides [TRU and LLFP (Longife fission
products) generated by lighivater reactors and
fast reactors, that would allow the utilization of
the full advantages of the closed fuel cycle of the
SFR system.

Economic competitiveness

Reduction in environmental burden

Efforts should also be made for achieving
reductions in the amount of waste generated from
the operations and maintenance arnte
decommissioning of system facilities, and the
amount of waste migrating to the environment.

(4)

The capacity for efficient burning of TRU
materials, including degraded plutonium, and the
excellent neutron economy earsome of the

Efficient utilization of resources
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advantages of the SFR, which enable the
utilization of nuclear energy as a sustainable
energy source over a velgng time period of
more than D00 yearsAccordingly, the effective
utilization of uranium resources includes the
recycling of TRU.

The current outlook is that lorgrm
demand for energy will keep increasing on a
global scale, but because there is an element of
uncertainty in any projection regarding energy
supply and demand, an SFR system should
possess the flexibility to adapib changing

[I.B. Design Requirements

Eight goals for the Generation IV nuclear
energy systems ardefined in the four broad
areas of sustainability, economics, safety and
reliability, and proliferation resistance and
physical protection The broad design
requirements for the SFR system, shown in
Tablel, are established in order to satisfy the
developnent targets corresponding to the
GenerationV goals. The design requirements
are consistent with the Generatidhgoals.

energy needs by adjusting its actinide SFRDesign Requirements Generation IV Goals
G ; eding Breeding ratioca. 1.2, Sustainability| -1:Resourceitilization
management Capa.b”.lty (from .net consumption gaﬁpability System doubling time: ca. 3
net generation of fissile material). years
; ; ; U TRU burningunder fast -2:Waste minimization and
(5) Resistance to nuc'_ear prOIIfe_ratlc urning reactor multirecycle and management
and enhanced physical protection longrterm storage of LWR
spentuel (Transmutation of
: LLFPsuch as-129, Te99is
Among the technical features that desirable)
contributeto the proliferation resistance of the
SFR are the characteristics of the recyclrg e'ggg"ve E\ﬁvlgv:'efl‘i?;t';?ma” prese
process, which include the presence of minor PP
actinides ( MA) and hi ghl y)/rrerra d|BxciolequePdsiale v eProliteriond) -J:Minimize diversion or
fission products (FP) in the recycled fuel, rather throughout systerfiow iﬁj‘;ﬁ;;i | undeclared production
than the separation of plutomiu This results in Protection | -2:Reactors have passive
lowering the chemical purity and the fissile features that resist sabotage
fraction of Pu, and in an increase in the surf %ty Operability maintainability | Safety and | -1:operations will excel in
dose rate of the recycled product. These features andreparability Reliahilty | safety andeliability
enhance the difficulty of accessing the nuclear , , o
ial . th fuel | d | thei Active and passiveafety -2:very low likelihood and
materlgs In e uel cycle an owgr Ir degree of reactor cotlamagg
attractiveness, since separated plutonium does
; ; H redamage frequepcy lesg 3:efminate the peed{or
not exi st I n Its pur st (é%n 0%; Excﬁﬁdegﬁergeﬁa ny 9fsic1emerg¥;n£sgnse
processes. sequence due Excursion
: ; : + Elactricity | Costcompetitiveness with | Economics | -1:life-cycle cost advantage
Regardmg_the orgamzatlonal aspects, | Egneration other means of electricity over other energy sources
necessary to |mplement nuclear safegu rds production and a variety of (Low overnight construction
(|AEA safeguards agreements) and to alw ys market conditions, including cost, Low production cost)
. . S highly competitive
T]amtalln an aCCL:cte- g]ate”a:jmve?]tor?/ throuQ deregulated or reformed -2: level of financial risk
the utilization of advanced technologies. An markets comparable to other energy
advanced system and facility design that allgws . | .. . project
for the integration of the safeguards and phys @éje ' ’
protection systems will ensure the
implementation  of effective  accountangyy it |Ase goal agecale: 42
monitaing and protection measures. It is also modular type: 36 months

necessary to maintain transparency and opennes
in terms of information in the relationships with
external organizations.
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S
Table 1: Major Broad Design Requiremefts SFR System
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II'l. SYSTEM DEFINITION

The three options, shown in Figurés 2
and 3displaying respectively loefype, pool
type and modulatype systems, are under
consideration:

1 A large size (600 to 500MWe) looptype
sodiumcooled reactor with  mixed
uraniumplutonium oxide fuel, supported
by a fuel cycle based upon advanced
agueous mcessing at a central location
serving a number of reactdfs®

1 A medium or large size (600 tac5D0MWe)
pooktype system also supported by a fuel
cycle.®

1 A small size (50 to 15MWe) modular
type sodiumcooled reactor with uranium
plutoniumminor-actinidezirconium metal
alloy fuel, supported by a fuel cycle based
on pyrometallurgical processing in
facilities integrated with the reactor

The design and performance parameters of
the three options are illustrated in Table 2.

Secondary Pump,

Primary
Pump/IHX

-

,/ Reactor Vessel

Figure 1 Loop-configuraton SFR
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SFR Design Parameters Loop Pool Small Modular
Power Rating, MWe 1500 600 50
Thermal Power, MWth 3570 1525 125
Plant Efficiency, % 42 39 ~38
Core outlet coolant temperatyfe 550 545 ~510
Core inlet coolant temperatyfi€ 395 390 ~355
Main steam temperaturdC 503 495 480
Main steam Pressure, MPa 16.7 16.5 20
Cycle length, years 1.52.2 15 30
Fuel reloadbatch, batches 4 4 1
Core Diameter, m 5.1 5.2 1.75
Core Height, m 1.0 0.94 1.0
Fuel Type MOX (_TRU Metal (U-TRU- Metal (U-TRU-

bearing) 10%Zr Alloy) 10%Zr Alloy)
Cladding Material ODS Mod.HT9M HT9
Pu enrichment (Pu/HM), % 13.8 14.3 15.0
Burn-up, GWd/t 150 82 ~87
Breeding ratio 1.0/1.2 1.0 1.0

Table 2: Design Parameters of Generation IV SFR Concepts
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AHX
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Figure 2 Pootconfiguration SFR

Figure3: Small modular SFR configuration
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