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1. Introduction Q],f.2]

Stable supply of energy is the fundamental requirement for Japanese

social life and economy. Nuclear energy is thought to be the only alterna-

tive to fossile fuels and the development of the breeder reactor has been

regarded as the most important alternative in the near future by the Atomic

Energy Commission of Japan (AECJ).

Based on the two-year study to establish the basic strategy for devel-

oping advanced power reactors including the fast breeder reactor (FBR),
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AECJ issued in 1966 a revised long-term programme for atomic energy

development.

Thus the Power Reactor and Nuclear Fuel Development Corporation

(PNC) was established in 1967 as a nucleus of the project for developing

advanced power reactors. In 1968, the Prime Minister of the Japanese

Government set up the basic principle and the first phase programme for

PNC's FBR Project. Here it stipulates that, two liquid metal cooled fast

breeder reactors be constructed: one, the experimental fast reactor cf

about 100 MW thermal; and the other, the prc:.otype fast breeder reactor

plant of about 300 MW electricity. In 1975> after the oil crisis, an ex-

perts' committee on advanced power reactors was organized by AECJ to

revaluate the energy policy, in particular, the evaluation of nuclear fuel

cycle and the policy on advanced power reactor development. In Septem-

her 1976, AECJ released a report submitted to it by the experts' commit-

tee. It states that the transition from the light water reactor (LWR) to

FBR be the essential route in view of the nuclear energy strategy in Japan;

that the construction of the prototype FBR "MONJU" be initiated as sche-

duled; and that the demonstration fast breeder reactor start its construc-

tion following "MONJU" operation.

In order to reach these conclusions, the following assessments were

made :

i ) The capacity of nuclear power stations in Japan is assumed to be

more than 100 GWe in the year 2000, covering 30 to 4.0 % of the total

electric generating capacity. In Figure 1, the solid lines represent

the extrapolation of the current forecast up to 1985, and the dotted

lines,the one with more conservative assumptions.

Based on these assumptions, more than 500,000 cumulative

metric tons of uranium would be consumed up to the yeur 2000 even

with the introduction of FBRs in 1990. Because of decreasing
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uranium reserves and their increasing cost, saving of uranium is

strongly needed.

ii ) By breeding, FBR has the potential of extracting almost all the

energy from uranium, yielding a far greater amount of energy than

fossil fuels. It is also favourable in not relying much upon enriched

uranium and being able to make use of the depleted uranium disposed

from the enrichment process.

iii) FBR can close the uranium-plutonium fuel cycle most effectively, by

utilising the plutonium which would be produced in a great amount in

the near future in LWRs and in later stages in FBRs themselves, thus

establishing an independent and more flexible fuel cycle. Figure 2

shows the projected accumulation of fissionable plutonium in Japan.

iv) The construction cost would be more or less higher for FBRs than

that for LWRs, but we can anticipate its decrease through improve-

ment of technology, scaling-up and multi-units production. In view

of the lower fuel cost of FBR and the increasing trend of uranium

price, the electricity production cost of FBR plants would become

competitive to that of LWR plants before 2000.

vi) Normal operation and anticipated operational occurrences of FBR

plants are not practically different from those of LWR. FBR can

keep the integrity of the primary coolant boundary rather easily.

The reaction between sodium and water or air can be accommodated

well enough by design and fabrication so as to avoid any damage to

the reactor core. Thermal pollution is about 30 % less than that of

LWR of the same electric capacity.

Radioactive effluents would be same or less than those of LWR.

Our experience for many years on plutonium handling, fuel fabrica-

tion, and post-irradiation examination as well as the technical prog-

ress and effort indicates that the release of radioactive materials to
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the environment from nuclear power and reprocessing plants and dur-

ing transportation could properly be prevented.

Concludingly, the fast breeder reactor has an important role in

securing the energy supply and it would be the most promising reactor

in safety, environmental impact and economy.

The following summarises the current status and future plans in each

area of FBR development.

2. Experimental Fast Reactor "J

2.1 Introduction

"JOYO" is an experimental sodium- cooled fast reactor of the loop type

whose core is loaded with mixed oxide fuel of plutonium and enriched

uranium and surrounded by blanket fuel of depleted uranium oxide. The

rated output of "JOYO" is 50 MW thermal at the first stage (MK-I) and

will later be raised up to 100 MW thermal for use as an irradiation

facility (MK-Il). Figure 3 shows the "JOYO" plant. The reactor cool-

ing system consists of two identical primary and secondary loops and the

generated heat is dissipated to air through the terminal heat exchangers.

The construction of "JOYO" began at the beginning of 1970 at the O-arai

Engineering Center (OEC) of PNC.

2.2 Commissioning tests

The commissioning tests started in April 1975, and are divided into

two steps: the first is functional tests and the second, the nuclear tests.

The former has three phases in series, i .e. , cold, hot and in-

sodium. The cold tests are principally for preliminary testing of fuel

handling and transfer systems in air atmosphere at room temperature .

In the hot tests, the reactor components and pipings were heated

up to 200 C in argon gas atmosphere and their functional behaviour and

thermal deformation, if any, were tested.
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The in- sodium tests began in early 1976. Functioning and perform-

ance of the fuel handling system, entire cooling system and reactor shut

down systems were tested in sodium but under non-nuclear conditions.

Nuclear tests will begin with initial fuel loading in the spring of

1977. Then low power tests and power-up tests will folio.-, step- by-

step at several power levels up to the nominal power.

2.3 Future Programme

"JOYO" has plans of increasing power to 75 MW thermal (MK-I

phase 11) first and then to the target power of 100 MW thermal ( MK-U).

a) MK-I, Phase Il

For increasing power to 75 MW, no modifications are needed for

the hardware of the plant. The data of fuel irradiation has demon-

strated the capability of operation at a power level of 75 MW.

b) MK-Il

Studies have been made for a high neutroa flux core suitable for

irradiation purposes. Necessary modifications will be made only

to the core component structures, such as core subassemblies,

control rods, and reflector subassemblies which replace the blanket

subassemblies of the MK-I core. Main design parameters are

tabulated in TABLE I together with those of the MK-I cores.

Conversion work to the MK-II core is expected in 1979 and then the

rated 100 MW operation will begin in 1980.

3. Prototype Fast Breeder Reactor "MONJU" C6D.C7J, [8], Ce

The prototype fast breeder reactor "MONJU" aims at demonstrating

the feasibility of safe, reliable and economic FBRs on the commercial scale.

Its design concept was chosen based upon the extrapolation of proven tech-

nology, with emphasis on good maintainability and repairability, rather than

upon the retro-polation from a target of a future commercial reactor.
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Several conceptual designs have already been completed and the final

design is now in selection. Figure 4- shows a cut-view of the "MONJU" re-

actor system.

Meteorological and geological surveys have started at the proposed

site. Construction of the reactor will start in 1978 with criticality aimed

in 1984.. TABLE 11 indicates the principal design and performance data.

"MONJU" is a 7U MW thermal, 300 MW electricity, loop-type FBR plant,

fuelled with mixed oxide of plutonium and uranium. The core consists of

two different Pu enrichment zones and is composed of hexagon-shaped fuel

subassemblies. The reactor inlet and outlet coolant temperatures are

397 °C and 529 °C, respectively. The expected average fuel burn-up and

the breeding ratio in the first stage of operation are 5SfOOO MWd/tonne

and 1.2, respectively. The plant systems, however, are designed to ac-

commodate an average fuel burn-up of 80,000 MWd/tonne,

Heat is removed from the reactor by the primary sodium coolant,

transferred to the secondary sodium coolant by the three parallel inter-

mediate heat exchangers, and finally to the three once-through type steam

generators composed of helical coil tubes. The generated superheated

steam at 4-78 °C at 132 kg/cm^Cg), is sent to the turbine generator.

The main pumps are located on the cold legs for both the primary and

secondary systems, and these pumps are of the free-surface centrifugal

type. The intermediate heat exchangers are of the vertical shell-and-tube

type. Each steam generator consist3 of an evaporator, a superheater and

a reheater.

Components in the primary coolant system are enclosed by guard ves-

sels and connected to elevated pipes to prevent the level of sodium in the

system from falling belov/ the required minimum safe level.

Decay heat removal is normally accomplished by means of the three

parallel auxiliary core cooling systems (ACCS). The main primary
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coolant system and the main intermediate heat exchangers form the primary

side of the ACCS and the main intermediate heat exchangers are equipped

with auxiliary helical coil tubes as the secondary side of the ACCS.

The plant uses a simple, top-supported reactor vessel, 7.1 meters in

diameter and 17.8 meters in height, which is closed at the top by a two-

piece shield plug. One piece is fixed while the other is rotary. The re-

actor vessel is a cylindrical shell with a hemispherical bottom head where

three 24-inch main coolant inlet nozzles ars located, and three 32-inch

main coolant outlet nozzles are located about 1 m above the top of the core.

The vessel and its surrounding guard vessel are housed in a reactor cavity

which is inside the concrete biological shield structure.

The reactor vessel internals are supported at the lower part of the

vessel. Each fuel subassembly in the core has 169 fuel pins in a hexagonal

bundle and the radial blanket fuel subassembly consists of 61 fuel pins.

The flow distribution in the core is controlled by fixed orifices at the bot-

tom of the fuel subassembly. The fuel subassemblies are hydraulically

held-down to the support plate. Cladding material for fuel pins is SUS-

316 equivalent to AISI-316 stainless steel. The length of the subassembly

is 4,200 mm including shielding portions. The refuelling interval is fixed

at around six months and the core will be fuelled by a four-batch scatter

loading scheme.

The reactor is equipped with 19 control rods (12 regulating rods, 4-

safety rods and 3 back-up safety rods ) and B^C is used as the poison

material. A provision is made for instrumentation over the complete core

and a portion of the radial blanket. The design provides two thermocouples

and a flow meter probe for each core subassembly and two thermocouples

for each selected innermost radial blanket subassembly.

Reactor fuel handling is accomplished by use of the single rotating

plug and an in-reactor fuel handling machine of a fixed arm length and
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pantograph-type. The spent fuel is transferred from the core to the storage

position within the vessel for decay.

Following decay, fuel is placed into sodium filled pots and pulled up

into a charging-discharging machine. The spent fuel will be transported

by the machine to the decay storage facility located outside the containment

vessel. The decayed spent fuel is then transferred to a steam cleaning

facility by an underground transfer car and a rotating transfer machine.

Fresh fuel subassemblies will be loaded to the reactor in the reverse pro-

cess.

4. Research and Development

PNC established the above stated OEC in 1970, where "JOYO" and

sodium technology and components test facilities including 50 MW steam

generator, and the post-irradiation examination facilities are located.

Since PNC was established in 1967, about 500 million dollars have

been invested up to the 1976 fiscal year for the FBR development project

and the current number of personnel engaged in the project is around 800

at PNC plus other national institutions but excluding manufacturers and

utilities. International cooperation is also being implemented actively

with foreign organisations carrying out FBR development.

The following are the current status of each R and D area:

In the reactor physics area,LHJthe critical and engineering mock-up

experiment of the "JOYO" core had been carried out at the Fast Critical

Assembly of Japan Atomic Energy Research Institute (JAERI). For

"MONJU", full scale mock-up experiments, called the MOZART programme

have been carried out at ZEBRA in collaboration with UKAEA and was

completed in early 1973-

In order to assure the reliable performance of the components, full-

size prototype components or otherwise scaled-down models were tested in
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sodium/-12-1 >tl3] Prototypes of many key components of "JOYO" were tested

at the Large-Component Test Facility at OEC, as well as at indu s try-owned

test facilities.

1 MW and 50 MW steam generator test facilities were constructed at OEC.

The first unit of 50 MW steam generator started operation in June 1974 and

completed successfully all the tests in mid-1975 without any leakage. A

second unit made by a different manufacture was installed in the facility and

has been operating and tested without trouble.

Sodium technology development^ includes tests on compatibility with

other materials, thermohydraulics and impurities analyses and their control.

In the instrumentation and control areaClS], in-core and out-of-core neutron

monitors, failed fuel detection and location system, early warning devices

for core anomalies and process instrumentation including an under-sodium

viewer are being developed.

In fuels and materials,Cl6D,Cl7},Cl8] many piiot fuels, materials and

fuel subassemblies were and are being irradiated in Rapsodie, DFR, GETR

and JMTR and will be also in Phénix. OEC has three post-irradiation

examination facilities: Fuel Monitoring Facility, Material Monitoring

Facility and Alpha-Gamma Facility. So far post-irradiation examinations

have proved that the "JOYO" fuel can withstand 50,000 MWD/tonne of ir-

radiation, and some of test pins reached 120,000 MWD/tonne. For struc-

tural design and materials, high temperature structural design analysis

method including inelastic and thermal stress analyses are being developed.

In the safety are,Cl93pNC is conducting under-cooling experiments in

GETR in the U.S. as a joint project with GE, and transient overpower ex-

periments in CABRl in France as a junior partner to the CEA-GfK CABRI

Project. Out-of-rile experiments on sodium boiling and fuel failure pro-

pagation are being conducted at OEC and those of fuel coolant interaction

which have been conducted at PNC's Tokai Works will be intensified at



OEC. Other out-of-pile tests being conducted comprise scaled-down

model tests of "MON]U" reactor vessel against internal shock waves;

performance tests of aseismic mechanical snubbers operable under high-

radiation environments and capable of withstanding thermal expansion;

study on piping systems against severance and fracture induced by creep;

and development of alternate reactor shut-down systems. Sodium water

reaction is studied in three areas: the first, large leak experiment, the

second, small leak experiment and the third, integral steam generator

safety experiment. The facility of the third experiment was cpmpleted in

early 1975 and three tests were conducted successfully by the end of 1976.

A sodium in-pile loop at JAERI was operated to observe behaviour of the

fission product released from bare fuels into flowing sodium.

Beside those R and D activities relevant to the development of "JOYO"

and "MONJU", there are other basic activities in Japan in relation to the

development of LMFBR"s, Examples are those of JAERl where basic

studies of fast reactor physics analysis, tests of advanced carbide fuels

are being conducted. Also universities and reactor manufacturers have

their own sodium and other test loops to conduct experiments and tests.

Electric utilities have joint studies with reactor manufacturers on designs

of demonstration and commercial FBR plants .C20]

5. Key issues relevant to commercialisation of fast breeder reactors in

Japan .L 2]

Commercialisation of fast breeder reactors in Japan is now anticipated

in mid-1990's. To meet this goal, the following key issues must be as-

sessed,

i ) Fast reactor fuel cycle.

Fast breeder plant capacity around 2000 is expected to exceed 10 GW

electricity in Japan. Development of remote handling technology,
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automation in fabrication processes to handle heavy isotopes and

larger-cask transportation technology will be needed. In fast reac-

tor fuel reprocessing, developmental work should start in such areas

as pre-treatment, voloxidation, solution and solvent extraction tech-

nology, and waste treatment. A trial-reprocessing of spent fuels

from "JOYO" is being planned. Environmental impact of a large scale

FBR fuel cycle should be studied and demonstrated to be insignificant.

ii ) Economy of fast breeder reactors,

FBR plants will be competitive with LWR plants by 2000, assuming

possible reductions of the FBR construction cost b\ serial introduc-

tion of commercial fast reactor plants, employment of proper and

economical designs in addition to the safety design, and studies on

scaling-up and improvement of performance and reliability. Here

codification and standardisation of FBR design, fabrication and

inspection would be a key issue,

iii) Future R and D Programmes.

Following the operation of the prototype reactor, but prior to the

commercialisation it appears necessary to construct a demonstration

reactor plant which has almost the same capacity with the commercial

one and which can demonstrate the economy and performance of com-

mercial plants. The demonstration plant planned in Japan would be

of a 3-to-4 loop-design with 1000 ~ 15CO MW electricity in capacity

and its construction should start 1 to 2 years after the operation of

the prototype reactor.

R and D work for the plant would comprise scaling-up of components,

improvement of safety, reliability, operating condition including a

higher flow rate in the circulation system, and provision of fundamen-

tal data of nuclear constants and material property data, etc.

iv ) Organisation for the Development.
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In Japan the development has so far proceeded with PNC as a nucleus

to implement the work. It would, however, be necessary in the

future for the electric utilities to play more important role in the

development and demonstration of the FBR plant and for reactor manu-

facturers in developing system engineering technology so as to obtain

the capability to construct commercial FBR plants. Currently PNC

has the major role to develope "MONJU", and its efforts will, in the

long run, be intensified in areas such as the design of the demonstra-

tion plant, safety and fuel cycle research and development.

6. Conclusions

Above stated are the programme and current status of fast breeder

reactor development in Japan.

In summary:

1 ) Fast breeder reactor development in Japan has been carried out as a.

national project.

2) The experimental fast reactor, "JOYO" has 50 MW thermal as the ini-

tial output and would be critical in 1977, eventually its output will be

increased to 100 MW.

3) The prototype fast breeder reactor, "MONJU" of 300 MW el icity

has almost been completed in its conceptual design and the mc.iitoring

and survey have started at the proposed site.

4) The Atomic Energy Commission of Japan has recently reconfirmed the

highest priority for fast breeder ractor development.

Thus the fast breeder reactor would play a major role solving the

energy problem in Japan.
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TABLE II Principal Design and performance data

Reactor Type

Thermal Power

Electrical Power

Fuel Material

Core Fuel

Equivalent diameter

Height

Volume

Pu Enrichment (Pufiss %)

Initial core

Equilibrium core

Fuel Inventory

Core (U + Pumetal)

Blanket (Umetal)

Average Burn up of

Discharged Fuel

Cladding Material

Cladding Outside Diameter/Thickness

Permissive Cladding Temperature

(Middle of Thickness)

Power Density

Blanket Thickness (axial/radial)

Breeding Ratio

(initial/equilibrium)

Reactor in/out Sodium Temperature

Sodium cooling loop type

714 MW

300 MW

PuO2 - UO2

1,790 mm

930 mm

2,340 lit

Inner core/outer core

15.0/21.2

15.5/21.2

5.9 x 103kg

1.75 x 104 kg

55,000 MWD/T (initial)

80,000 MWD/T (target)

SUS 316

6.5/0.47 mm

675°C

273 KW/lit.

/ Upper 300 nm

^ Lower 350 mm/306 mm

1.22/1.20

397/529°C
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Fig.3 The "JOYO" Plant
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FIG. 4 MONJU REACTOR SYSTEM

20


