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Fast Reactor System with Promise as Major Energy Source

—Design Study of JAEA Sodium-Cooled Fast Reactor (JSFR)—
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+ Two-looped arrangement for a
simplified plant system

+ High-chromium steel structural
material for shortening piping
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Prevention of sodium chemical reaction

- Complete adoption of a double-walled piping system
- Steam generator with straight double-walled heat transfer tubes

Table1-1 Major Specifications of JSFR

ltems [ Specifications
Reactor type Sodium cooled loop type reactor
Electricity/Thermal 1500MWe/3530MWt
output
Number of primary loops | 2
Primary/Secondary HL:550°C, CL:395°C/HL:520°C,
sodium temperature CL:335C
Cycle length 26 months, 4 batches
Fuel type MOX
Core type FAIDUS type fuel subassembly

homogeneous two region core
Burn-up/Breeding ratio | Approx. 147GWd/t / 1.1
Intermediate heat
exchanger(IHX)
Steam generator Double-walled straight tube type
Decay heat removal |DRACSX1+PRACSX2
systems (total:69MWH)

Integrated with primary pump

Enhancement of reactor core safety

+ Passive reactor shutdown system and decay heat removal by natural circulation

- Core concept preventing re-criticality after core damage

Plant life length 60years

¢ HL/CL : Hot Leg/Cold Leg
* FAIDUS : Fuel Assembly with Inner Duct Structure

Fig.1-5 Concept of JSFR and the innovative technologies

The plant concept of the JAEA sodium-cooled fast reactor
(JSFR), one promising candidate for the fast reactor (FR)
system that will be a future major energy source, has been
established (Fig.1-5). There is a high possibility that this
reactor will meet development requirements (safety,
economic competitiveness, reduction of environmental
burden, efficient utilization of nuclear fuel resources and
enhancement of nuclear non-proliferation) and the design
requirements of the feasibility study on commercialized fast
reactor cycle systems (Phase-II). The major specifications of
this plant are shown in Tablel-1.

To improve economy, following innovative technologies
are adopted in the reactor design: compact reactor vessel,
two-looped heat transport system, integrated intermediate
heat exchangers with primary pumps, high-chromium steel,
and ODS (Oxide Dispersion Strengthened) steel cladding.
Consequently, the amount of plant materials and volume of
the building can be greatly reduced, and therefore it
is anticipated that the construction cost can be lowered
below the design requirement cost (200,000yen/kWe) which
is equal to that of future light water reactors (LWRs).

This design adopts a re-criticality free core concept using
an innovative fuel assembly with an inner duct to enhance
early discharge of molten fuel during core disruptive
accidents, and decay heat removal systems depending on
natural circulation are adopted for enhancing safety and
reliability. Furthermore, to prevent sodium leakage, the whole

* DRACS : Direct Reactor Auxiliary Cooling System
* PRACS : Primary Reactor Auxiliary Cooling System

sodium boundaries are covered with the guard vessels or
guard pipings, and double-walled heat transfer tubes for the
steam generator are adopted to prevent or minimize a sodium-
water reaction. As a result of the above measures, the core
damage frequency is estimated to be less than the design
requirement (10 per reactor year).

In the fuel and core design, a mixed oxide (MOX) fueled
core was adopted. In this core concept, higher burn-up can be
achieved by using large diameter fuel pins which could
increase internal conversion ratio. Further, from the
viewpoints of the efficient utilization of nuclear fuel
resources and the reduction of environmental burden, trans-
uranium fuels including minor actinide (up to 5%) recovered
from LWR spent fuels can be loaded, and long-lived fission
products can be transmuted into shorter nuclides by installing
the target assemblies in the radial blanket zone. As a result,
the fuel cycle costs can be reduced greatly by increasing the
average burn-up of the whole core including blanket fuels (90-
110GWd/t). Accordingly, the power generating costs can be
reduced due to improvement of utilization rate by extending
the operation period (26 months).

The JSFR concept was selected as one of the representative
candidate concepts in the Generation IV international forum.
In the future, it is possible that this plant will be developed as
the international standard breeding FR concept. Japan shall
continue to take the lead in developing sodium-cooled fast
reactors.
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