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Abstract

The "Long-term Program for Development and Utilization of Nuclear Energy"
by Japan Atomic Energy Commission (JAEC) plans to develop fast breeder
reactors (FBRs) as the mainstay of Japan's future nuclear power generation.
For the development of the FBR/ the main principle is to pursue the
establishment of FBR plutonium utilization systems, which are superior to the
LWR uranium utilization systems. The above program also states as follows:
"Incessant efforts, with proper co-operation of the public and private
sectors, will be required for a considerably long time for FBR development,
and the concrete measures to be implemented in this connection will be
discussed, hereafter, in continuation at the Advisory Committee on FBR
Development Program of the Atomic Energy Commission".

It was clearly stated in the "Long-term Program" that utilities would
play a leading role in the design, construction, and operation of DFBRs to
follow "Monju". They have entrusted Japan Atomic Power Company (JAPC) with
the above tasks. Technical verification and demonstration tests for seismic
design and feasibility studies of main components are being conducted with
government support.

Regarding the nuclear fuel cycle, PNC has been developing FBR fuel
reprocessing technologies. Currently, the Recycle Equipment Test Facility
(RETF) is being designed to conduct of engineering-scale tests. A pilot plant
is planned to start of operation after 2000 assuming positive results of the
tests.
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1. Introduction

(1) The "Long-term Program for Development and Utilization

of Nuclear Energy" by Japan Atomic Energy Commission

(JAEC) plans to develop fast breeder reactors (FBRs) as

the mainstay of Japan's future nuclear power generation.

For the development of the FBR, the main principle is

to pursue the establishment of FBR plutonium utilization

systems, which are superior to the LWR uranium utilization

systems. The above program also states as follows:

"Incessant efforts, with proper cooperation of the public

and private sectors, will be required for a considerably

long time for FBR development, and the concrete measures

to be implemented in this connection will be discussed,

hereafter, in continuation at the Advisory Committee on

FBR Development Program of the Atomic Energy Commission."

The above-mentioned Committee was established in May 1986

to discuss the following subjects relative to the domestic

and foreign FBR development status after the 198 4 FBR

Development Committee meeting report was issued:

(T) Policy of long-term promotion of FBR development

(5) Policy of promotion of FBR R 5 D

(5) Evaluation and discussion of principal specifi-

cations for demonstration FBRs (DFBRs)

(4) Policy of Promotion of International cooperation

(5) Others

Construction of the prototype FBR "Monju" is proceeding

with the goal of achieving criticality in 1992 based on

the "Long-term Program", and development of the first

demonstration FBR (DFBR) is also proceeding aiming at

selecting principal specifications around 1990 and starting

construction in the latter half of 1990s. In these

circumstances, this committee, thinking of necessity of



promotion of R & D at concerned organizations, established

the Basic Technology Review Subcommittee in April 1987.

Since its establishment, this committee has reviewed the

R & D status and has studied basic items for promoting

FBR R & D and technology to promote reactor development.

This report was based on the following policies:

(T) R & D status shall be reviewed for concerned

domestic and overseas organizations. In parallel,

on the basis of the plans given in the "Long-term

Program", present problems shall be discussed.

In addition, policy and important items for R & D

shall be clarified and future poromotion methods

shall be studied.

(2) R & D themes and objectives to be implemented within

a ten-year period shall be established considering

the future FBR commercialization.

(D R & D themes and the future promotion methods shall

be reviewed at proper times, for example, at the

time of selection of the principal specifications,

in order to efficiently and flexibly promote R & D

with the cooperation of government organizations

and private industries.

FBR fuel cycle development should be performed at a -pace

consistent with FBR development.

2. Status of FBR Development

(1) Significance of FBR Development

FBRs are advanced reactors which produce more fissionable

materials than they consume while generating electricity.

Achievement of FBR plutonium utilization systems will

reduce the consumption of natural uranium and will solve

basic problems concerning limited, nuclear fuel resources.

This is why FBRs should be developed as the mainstay of

Japan's future nuclear generation. Toward this goal,

it is very important to develop and establish FBR pultonium

utilization systems superior in safety and economics to

LWR uranium utilization systems.

From this standpoint, the active promotion of FBR develop-

ment has a polictical significance for Japan not only to

consolidate the domestic energy supply foundation but

also to contribute to the achievement of an adequate

long-term energy supply worldwide. FBRs are integrated

systems depending on a guite wide range of technologies,

and the promotion of R & D will greatly enhance a wide

range of science and technology areas.

(2) Present Status of FBR Development in Japan

FBR development in Japan started according to the

"Long-term Program" issued by the JAEC in 1956 and Japan

Atomic Energy Research Institute (JAERI) pioneered the

basic research. The JAEC provided the "Basic Principles
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for Power Reactor Development" in 1966 to promote FBR

development as a national project with the cooperation

of concerned organizations. For this purpose, the Power

Reactor and Nuclear Fuel Development Corporation (PNC)

was established in 1967 as a leading R & D organization.

JAERI's R & D results including the conceptual design

of the experimental FBR "Joyo" was transferred to PNC

at the time of its establishment.

Thereafter, R S D on basic technology has been systemati-

cally pursued by PNC. The R & D results as well as

accumulated knowhow and experience have been fully reflected

in the development of "Joyo" and "Monju". Utilities and

manufacturers have also accumulated knowhow and experience

by participating in this national project through the

assignment of personnel and the manufacture of components.

Utilities began FBR R & D by participating in the U.S.

Fermi reactor program from 1966 to 1972 together with

Japanese manufacturers and performed rationalized design

studies for DFBRs based on technologies cultivated through

LWR development.

Partly through the Central Research Institute of Electrical

Power Industry (CRIEPI), they have performed various basic

studies for DFBRs and accumulated their own technologies.

Furthermore, they pursued technical excellence by

participating in the "Monju" project through technical

support and construction management.

It was clearly stated in the "Long-term Program" that

utilities would play a leading role in the design, con-

struction, and operation of DFBRs to follow "Monju".

They have entrusted Japan Atomic Power Company (JAPC)

with the above tasks.

The Steering Committee for FBR Research and Development

was established jointly by JAPC, PNC, JAERI, and CRIEPI

to discuss, coordinate, and promote smooth and effective

R & D for DFBRs.

Technical verification and demonstration tests for seismic

design and feasibility studies of main components are

also being conducted with government support.

Regarding the nuclear fuel cycle, PNC has been developing

FBR fuel reprocessing technologies. Currently, the Recycle

Equipment Test Facility (RETF) is being designed to

conduct of engineering-scale tests. A pilot plant is

planned to start of operation after 2000 assuming

positive results of the tests.

PNC is also developing MOX fuel fabrication technology.

Construction of the Plutonium Fuel Production Facility

(PFPF) FBR line is to be completed in 1987 and it is

scheduled to start operation in 1988.
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organizations is as follows:

(T) Power Reactor and Nuclear Fuel Development

Corporatin (PNC)

Since its establishment in October 1967, PNC has

developed "Joyo" and "Monju" in accordance with

the government's basic principle to develop FBRs

with Japan's own technologies. For this develop-

ment, extensive R & D facilities, including large

facilities, were constructed and improved at the

O-arai Engineering Center, where PNC first performed

R & D for "Joyo" and then for "Monju". "Joyo" achieved

first criticality in April 1977 and started operation

and tests at 50 MWt in October 1978. Thereafter,

the core was replaced with a driver core as an

irradiation bed and various tests were conducted

including the irradiation of fuels and materials

at the output 100 MWt begining March 1983.

On the other hand, PNC obtained the construction

approval of "Monju" (output 280 MWe) in May 1983

and started construction in October 1985 with the

goal of achieving criticality in October 1992.

In addition to R S D for the construction and

operation of "Joyo" and "Monju", PNC is engaged

in the improvement of reactor core and fuel design

methods, elevated-temperature structural design

methods, and safety analysis methods of reactor

behavior at the time of accident. PNC is also

improving basic technologies for large-scale

reactors and conducting related design studies,

to establish and improve those technologies needed

for conunercialization.

Effective promotion of R & D is performed by

supplemental technologies plus efficient usage

of data and facilities through international

cooperation. Notable results have been obtained

in various fields.

Japan Atomic Power Company (JAPC)

Utilities started preliminary design studies for

large scale FBRs in the latter half of 1970s. They

conducted "The Conceptual Design of the Demonstration

Fast Breeder Reactor" in 1981 through 1983. The

study included safety, feasibility, operation and

maintenance capability, and improvement of economics

on the whole plant systems and components of a loop-

type and main systems of a pool-type FBR relative

to the "Monju" design. It was concluded that sub-

stantial cost reduction was necessary since the



construction cost of the above FBRs might be three

or four times higher than LWRs at the 1,0 00 MWe

scale. The "Cost Reduction Design Study" started

in 1984 to solve this problem.

When the utilities assigned the responsibility for

the design, construction, and operation of the DFBR

to JAPC, JAPC started the following R S D in 1986

as a part of the DFBR design study:

o Investigation of Innovative Technology and

Evaluation of Cost Reduction Effects

o R & D for the selection of principal specifi-

cations, design, construction, operation, and

maintenance of the DFBR to be performed as the

plant constructor

o R S D for improving safety, reliability, and

economics required for commercialization

(3) Japan Atomic Energy Research Institute (JAERI)
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JAERI mainly performs basic research to achieve

the full potential of a wide range of nuclear

energy applications. It experimentally fabricates

carbide fuels and conducts irradiation and post-

irradiation tests using Japan Research Reactor

(JRR-2) and Japan Materials Testing Reactor (JMTR).

It also conducts research on nucleonics including

reactor physics and shielding using Fast Critical

Assembly (FCA), and the evaluation of nuclear data.

It plans to conduct safety research including fuel

failure experiments using the Nuclear Safety

Research Reactor (NSRR).

Central Research 'Institute of Electric Power Industry

(CRIEPI)

Since 1984, on the basis of the technologies accumu-

lated as the central laboratory of utilities, CRIEPI

is performing R & D on seismic structure design

method improvement, component design rationalization,

elevated-temperature structural design method improve-

ment, and thermohydraulic design rationalization.

It is also studying innovative technologies that

will contribute to the commercialization.

(3) Present Status of FBR Development in Overseas Countries

(T) Europe

Advanced European countries are convinced that

the establishment of nuclear fuel cycle and

effective plutonium utilization is important

for the effective use of nuclear energy from



92 the long-term point of view. Under this conviction,

they are implementing a policy to attach importance

to FBR development,

(i) Status of Each Country

a. France

France started FBR development with the

construction of the experimental FBR

Rapsodie (output 40 MWt, criticality in

1967) . It was successfully followed by

prototype FBR Phenix (output 250 MWe,

criticality in 1973) and then demonstration

FBU Superphenix (SPX) (output 1240 MWe,

criticality in 1985). SPX was jointly

constructed with FRG, Italy, and other

European countries and Started full power

operation in December 1986. However,

sodium leakage from the spent fuel storage

tank shut down the reactor in March 1987.

Reoperation without using the tank for

fuel storage is now being studied.

b. United Kingdom

The U.K. first constructed the experimental

reactor Dounreay Fast Reactor (DFR) (output

150 MWe, criticality in 1959) and next the

Prototype Fast Reactor (PFR) (output 270 MWe,

cr.iticality in 1974) currently being operated.

The gcvarnment issued a policy to perform more

limited R 5 D to reduce the costs for FBR

R S D in July 1988.

c. Federal Republic of Germany

The experimental FBR KNK-II (output 20 MWe,

criticality in 1977) is now in operation.

Construction of the prototype FBR Schneller

Natriumgekuehlter Reactor (SNR)-300 (output

330 MWe) has almost been completed in

cooperation with Belgium and the Netherlands

but it has not yet obtained approval for

fuel loading from the state government,

(ii) F-, :-.ure European FBR Development

Construction of a European FBR which will

follow superphenix is being discussed to promote

cooperation between all concerned European

countries. European Fast Reactor Utilities

Group (FERUG) started discussions in July 1984

to unify the designs for SNR-2, SPX-2, and the

Commercial Demonstration Fast Reactor (CDPR)

which had been studied separately.

On the basis of these technologies, a joint

design policy is now being discussed for the

European Fast Reactor (EFR) to make it more

economical and licensable in concerned

European countries within five years.
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According to the current schedule, design work

is divided into two stages. Conceptual design,

cost estimation, and selection of R & D items

will be made within the first two years.

Based on these, detailed design will be made

in the next three years.

Based on the intergovernmental memorandum

signed by five countries (France, UK, FRG,

Italy, and Belgium) in January 1984, R & D

necessary for the construction of EFR will be

performed by sharing responsibilities,

cooperating, and coordinating efforts under

the cooperation agreements among utilities,

engineering companies and R & D organizations.

© U.S.A.

The U.S.A. started FBR development early. Many

reactors were constructed such as the experimental

Breeder Reactor Clementine (output 25 kWt, criti-

cality in 1946), the Experimental Breeder Reactor

(EBR-I) (output 200kWe, criticality in 1951),

Enrico Fermi Fast Breeder Reactor (EFFBR), (output

66 MWe, criticality in 1963), EBR-II (output 20

MVJe, criticality in 1963), Southwest Experimental

Fast Oxide Reactor (SEFOR) (output 20 MWt,

criticality in 1969) , Fast Flux Test Facility

(FFTF) (400 MWt, criticality in 1980) and much

R & D data were accumulated. EBR-II and FFTF are

still being operated successfully.

Construction of the Clinch River Breeder Reactor

(output 380 MWe) was abandoned in 1983. Thereafter,

the Department of Energy (DOE) has been promoting

the advanced liquid metal reactor (LMR) program

in parallel with the development of the basic

technology. The Power Reactor Inherent Safe Module

(PRISM) (output 155 MWe, General Electric) and the

Sodium Advanced Fast Reactor (SAFR) (output 450 MWe,

Rockwell International) were chosen as small modular

type LMRs using metal fuels in order to make the

most use of the inherent safety and make them cost

competitive with LWRs. In parallel, development

of the Integral Fast Reactor (IFR) integrating nuclear

fuel cycle facilities and using metal fuels has

been performed at the Argonne National Laboratory.

On this basis, DOE selected PRISM as the advanced

LMR in July this year, and decided to make conceptual

design in coming three years, and decided to fund

a preliminary design for two years to be followed

by detailed design.
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The experimental FBR BOR-60 (output 12 MWe, criti-

cality in 1969), the prototype FBR BN-350 (output

about 350 MWe, if all the heat were converted to

electricity; criticality in 1972), the prototype

FBR BN-600 (output 600 MWe, criticality in 1980)

are being operated in the USSR. Two demonstration

FBRs BN-800 (output 800 MWe) are planned to be built

in the five-year program begining 1986. Site pre-

paration work and the manufacture of plant components

have already been started. In parallel, conceptual

design of the BN-1600 (output 1,600 MWe) is

proceeding.

3. Basic Principle of FBR Technology Development

(1) FBR Development Scenario

For the purpose of discussing the policy for conducting

R & D, it is important to clarify the R & D subject and

targets in each technology field based on the development

scenario for demonstration through commercial FBRs to

which expected R & D results must be applied.

The following development scenario for commercialization

was made based on the the "Long-term Program":

(T) Successive construction with proper intervals of

multiple reactors including DFBR which will follow

"Monju" shall be planned aiming at the commerciali-

zation during the period 2020 to 2030. R & D for

FBR commercialization shall be globally promoted

from a long-term viewpoint reflecting the results

of each reactor.

(5) Development of the DFBR shall be promoted with the

cooperation of the government organization and

private industries. Designated with lead respon-

sibility by utilities, JAPC shall play a key role

in the design, construction, and operation.

The principal specifications shall be selected

about 1990 aiming at the start of construction in

the latter half of 1990s. The basic and detailed

design shall be performed in succession. Sodium-

cooled reactors using MOX fuel shall be given

priority to take into account the accumulation of

previous experience.

(3) The safety, reliability, operation and maintaina-

bility of commercial FBRs shall be equivalent to

or superior to LWRs and their economics shall be

roughly competitive with LWRs. R & D leading to

compact and high-performance plant systems and

components shall be carried out for this purpose.

The DFBR which will follow "Monju" is regarded as

a step to be taken with a long-term perspective



toward commercialization and should be developed

as a reactor capable of future commercialization.

(2) Management Structure of FBR Development

R S D by private industries for the DFBR has just started

and is expected to be intensified in the near future.

Roles of governmental organizations and private industries

for R S D should be shared in these circumstances; there-

fore, R S D should be pursued for the time being based

on the following idea:

(Governmental organizations)

Pioneering, basic and common R S D for FBR commercial-

ization, basic research including the fleshing out

of data base, and R S D too risky for private

industries to perform.

R & D on safety and other regulations to be performed

under government responsibility.

(Private industries)

- R s D necessary for design, construction, and operation

of the DFBR and its successors

• R & D for improving safety, reliability, and economics,

leading toward commercialization.

Development of the DFBR should be pursued on the basis

of close cooperation between JAPC, which plays a leading

95 role in design, construction, and operation, and PNC,

which has played a core role in previous R & D and is

expected to play an important role in the future R & D.

It is also important to pursue the R £. D with shared

responsibility according to the role of the each of the

organizations under cooperative structure including PNC,

JAPC, JAERI, CRIEPI, and manufacturers.

The FBR R & D Steering Committee, which is composed of

four organizations, JAPC, PNC, JAERI, and CRIEPI, started

activities in 1986 as the coordinating body of related

R S D organizations. This Committee was established for

the purpose of coordinating effective FBR R S D by related

organizations to prevent duplication and waste and

promoting international cooperation in accordance with

the national principle of FBR development. The cooperation,

is proceeding successfully and should continue.

In particular, technical cooperation is being extended

between PNC and JAPC including the transfer of technical

knowhow from PNC to JAPC for the development of the DFBR.

Further, even greater efficiency, it is important to cooperate

in wide range of activities through information exchanges,

personnel exchanges, and the shared use of facilities.

(3) R & D necessary to use Large-scale Test Facilities

(T) R & D including fuel irradiation tests and develop-

ment of key components has been performed in large-

scale test facilities such as "Joyo", fuel and



96 material post-irradiation test facilities, and

sodium test facilities at the PNC O-arai Engineering

Center (DEC). Seismic research has been performed

by CRIEPI at their large-scale test facilities.

Various areas of R & D have been performed in U.S.

and French facilities via international cooperation.

For the achievement of effective long-term R & D

for future FBR commercialization, it is important

to discuss further utilization of large-scale test

facilities, both from the viewpoint of costs and

effective implementation.

(2) Toward this end, one must first determine the

R & D themes that require large-scale facilities

and then determine how to perform R & D to obtain

the required results in a timely manner. In so

far as is possible, existing OEC facilities should

be used as much as possible. In cases when these—-*

facilities are inadequate, the use of foreign facilities

under international cooperation should also be

considered. Methods to establish cooperative

structures among PNC, JAPC and manufacturers and

ways to share responsibilities should be studied so

that OEC facilities are used most efficiently.

(3) In particular, the use of "Monju" now under con-

struction, for the verification of design criteria

and analysis codes should be maximized. Further

improvements, such as fuel life extention, demon-

stration of large component integrity, and

accumulation of operation and maintenance experi-

ence should be achieved through collaborative

experience in the design, construction, and

operation. Results thus obtained should be properly

used in the R & D for the development of the DFBR

and future reactors.

(4) International Cooperation

Reviewing the international status of FBR R & D,

© Several European countries had been performing the

development of DFBRs via international cooperation.

The U.S.A. wishes to cooperate with Japan in

establishing the advanced LMR concept now being

- studied by DOE.

(2) Japan's FBR development started later than Western

countries. This has led Japan to concentrate her

efforts on consolidating effectively her FBR

technology basis while learning experience of

Western countries. U.S.-Japan cooperation and

U.S.-Japan-Europe and Japan-Europe multinational

cooperation have been carried out on some FBR

technologies. Expected results have been obtained

through various cooperative agreements including

information exchange, personnel exchange, and

joint research using foreign facilities.
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Technical exchanges with these Western countries . .

should be further promoted. .- -

(3) At this time when FBR development is being vigorously

pursued, much more effort is needed worldwide

leading to FBR commercialization on an international

scale. Japan should make international contribution

by exchanging and supplementing technologies de-

veloped in Japan. The specific implementation of

international cooperation will be discussed at a

proper time.

(5) Other Items

Since the commercialization of FBRs should be pursued

and FBRs to be constructed prior to the commercialization

are limited to a few units, it is very important to pay

attention to the recruitment and training of sufficient

numbers of FBR engineers. Their skills and accumulated

experience should be maintained and expanded to the next

generation.

So far FBR R & D in Japan has been pursued principally

by PNC. Hereafter, acquired power plant technologies

should be demonstrated, and the plant performance and

economics should be improved for the commercialization.

In these circumstances, improved technical capability

of manufacturers and utilization of their knowhow are

increasingly required.

4. FBR R & D Themes

R & D for FBR commercialization should be carried out on

long-term basis. The basic policy is to construct several

DFBRs and reflect the results on the construction of the

next reactor.

For the future commercialization, important areas are system

design, safety, and seismic design. These are the funda-

mentals for improved plant systems. For FBR plant scale

expansion, cost reduction, and improvement of reliability,

R & D is necessary on reactor core and fuel design, plant

components and equipment, structures and materials, and

thermohydraulics as well as improved operation and

maintenance.

Important R & D themes have been selected for the principal

R & D areas. R & D objectives, R & D organizations, stages

of reactor development including design, construction and

operation to be reflected these results have been also

considered.

Results that will apply to FBRs beyond the DFBR and for

which R & D must be started now are included.

(1) System Design (2) Reactor Core and Fuel

(3) Plant Components and Equipment (4) Safety

(5) Structures and Materials (6) Thermohydraulics

(7) Seismic Design (8) Operation and Maintenance
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nologies and trained engineers through the following

tasks:

(T) Assignment of experts to PNC

(2) Contracts for the construction of test facilities,

development of computer codes, and analysis of test

results

(5) Contracts for the design, manufacture, and construction

of "Joyo" and "Monju"

(?) Design study contracts with utilities

(5) Technical cooperation with foreign manufacturers

Large consideration should be given to the maintenance of

manufacturers' technical capability through successive

construction of FBRs with proper time intervals, and per-

formance of related design and R & D. Particularly, it is

necessary to discuss plans to make good use of experts and

experienced engineers trained through "Monju" construction

for development of the DFBR and those which will follow

thereafter.

(1) System Design

a. R S D Objectives

Plant systems should be evaluated to select

principal specifications for the DFBR. Long-term

R & D for FBR commercialization including evalu-

ation and discussion of plant systems using

innovative technology such as secondary loop

elimination should be performed,

b. R & D Items

(Selection of Principal Specifications for the

DFBR)

Regarding the DFBR as the first step for FBR

commercialization, various design parameters

should be optimized and system concepts should

be established, and based on evaluation of its

feasibility, safety, and economics for selection

of the principal specifications, R & D on the

following item should be carried out by around

1990:

o Evaluation Study of Systems for the DFBR

(Study of FBR Systems using Innovative Technologies)

For evaluation of the feasibility of promising

innovative technologies and the system concept

incorporating it for commercialization,

R & D on the following item should be carried

out:

o Evaluation Study of Systems for Future

FBRs

c. R & D Organization

JAPC, PNC, and CRIEPI

(2) Reactor Core and Fuel

a. Research Objectives

Compact, long-life, and high-performance reactor
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core and fuel should be realized through the

improvement of core and fuel design wetnods and

amplification of data base,

b. Research items

(Development of Large-scale Reactor Core)

The following R s D items related to improve-

ment of evaluation technologies for nuclear

design, shielding design, core thermo-

hydraulic design and amplification of data

base should be carried out prior to the safety

review of the DFBR:

o Improvement of Nuclear Design Methods

o Improvement of Neutron Shielding Design

Methods

o Improvement of Core Thermohydraulie

Design Methods

o Improvement of Core Dynamics Evaluation

Methods

o Development of Long-life Core Elements

o Amplification of Nuclear Data used for

Core Accident Analyses

(Development of Long-life Fuel)

High fuel burnup should be achieved to reduce

fuel cycle cost. R & D should be carried out

on the following, items in order to achieve the

burnup of 90,000 MWD/T for the initial core of

the DFBR and that of approximately 200,000

MWD/T for conunercialization:

o Development of Materials for Long-life

Fuel

• Advanced Austenitic Stainless

Steel

- High-strength Ferritic Steel

(in long-term)

o Improvement of Fuel Design Methods

o Evaluation Study of Fuel Usage Life

Limit

(Research for Advanced Fuels)

Long-term research should be made on

the evaluation of the following advanced

fuels which might enable significant

improvement of FBR fuels:

o Carbide and Nitride Fuels

o Metal Fuels

c. R & D Organization

PNC, JAPC, JAERI, and CRIEPI

(3) Plant Components and equipment

a. Research Objectives

Superior reliability and lower costs are required

for DFBRs. Increased output will require the

expansion of the scale of reactor vessels and
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compact and high-performance plant components and

equipment should be realized by various means

including new concepts,

b. Research Items

(Develop lent of Optimized Large-scale Reactor

Structures)

New concepts should be applied for the

optimization of the reactor structures.

The optimized reactor structures will

necessitate the verification of their

characteristics and performance including

structural integrity. R & D should be made

on the following items prior to the safety

review:

o Development of Compact Reactor Vessels

o Development of Compact Upper Core

Structures Including Roof Slabs and

Rotating Plugs

o Development of Simplified In-vessel

Structures Including Redans and

Lower Core Structures

o Development of Reactivity Control

Systems

(Development of Demonstration-scale Cooling System

Components)

Feasibility of optimized concepts for cooling

systems and the adaptability to plant

components such as main circulation pump, steam

generator, intermediate heat exchanger, etc.

should be clarified. This will enable the

realization of reliable and low cost coolirg

systems. R & D should be carried out on the

following items prior to the start of con-

struction of the DFBR:

o Development of Main Circulation Pumps

o Development of Intermediate Heat

Exchangers

o Development of Steam Generators

(Development of once-through type integral

steam generators and study of sodium-water

reaction measures)

Additionally, long-term R s D should be

carried out on double-wall type steam generators.

(Simplified and Optimized Piping Systems)

Sodium piping tends to be long due to thermal

expansion measures. R S D should be carried

out on the following items prior to the safety
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review in order to shorten the piping and

optimize the plant:

o Development of Top Entry Piping Systems

o Development of Bellows Expansion Joints

(Simplified and Optimized Fuel Handling Systems)

In order to simplify and optimize fuel

handling systems and reduce volume of waste/

R S D should be carried out on the following

items prior to the construction approval

of the DFBR:

o Development of Compact Fuel Handling

Machines and Transfer Machines

o Development of Optimized Fuel Cleaning

Equipment

o Development of Optimized Fuel Transfer

and Storage Equipment

(Simplified and Optimized Instrumentation and

Control Systems)

In order to intensify preventive functions

against anomalies by improved instrumentation

and to achieve enhanced reliability and

safety of reactor as well as improved operation

and control, R & D should be carried out on

the following items prior to the safety review

and the start of construction of the DFBR:

o Improvement of In-core and Process

Instrumentation

o Improvement of Instrumentation for

Monitoring and Inspection

o Development of Diagnostic Systems

c. R & D Organization

JAPC, PNC, and CRIEPI

(4) Safety

a. Research Objectives

Optimized plant design should be performed while

assuring safety levels equivalent to or higher

than LWRs. For this purpose, efforts should be

made to establish rationalized safety design and

analysis principles, to improve safety analysis

methods, and to amplify data bases incorporating

inherent safety characteristics, passive safety

of FBRs.

b. Research Items

(Establishment of Optimized Safety Logic)

The DFBR should be constructed incroporating

inherent safety and passive safety character-

istics consistent with commercialization.

The basic concept of optimized safety design

and analysis methods should be clarified before

the selection of the principal specifications.
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safety review.

o Establishment of Safety Design

Philosophy or Policy

o Establishment of Safety Analysis

Philosophy or Policy

(Improvement of Safety Analysis Methods for Design

Basis Accidents and Site Evaluation Accidents)

Accident analysis methods should be improved

to more accurately determine the reactor

safety margin for optimization of safety

related countermeasure equipment. R & D

should be conducted on the following items

before the safety review:

o Study of Local Fault Accidents

o Study of Reactivity Insertion

Accidents, Loss of Flow Accidents,

and Fuel Handling Accidents

o Study of Fuel Behavior under Accident

Conditions

o Study of Sodium Leakage

o Study of Fission Product (FP) Release

and Transport

(Improvement of Safety Analysis Methods for Beyond-

Design-Basis Accidents)

Safety analysis codes should be improved and

verified to acquire understanding necessary

to evaluate the rationalized FBR safety margin.

Long-term R & D should be carried out for

this purpose. In the meantime, prior to the

safety review, it is necessary to conduct

R & D on the following items:

o Improvement of the Reliability of

Evaluation Methods of Hypotehtical

Core Disruptive Accident (HCDA)

(event sequence of anticipated

transient without scram (ATWS), loss

of heat sink (LOHS), and FP release

and transport behavior).

(Improvement of Probabilistic Safety Assessment

Methods (PSA))

Improvement of the PSA methods will enable

an overall and quantitative FBR plant safety

evaluation to be performed. This will enhance

plant safety, and supplement the conventional

deterministic safety approach. Long-term

R & D should be carried out. In the meantime,

prior to the safety review, it is necessary

to conduct R & D on the following items:

o Amplification and expansion of Data Base

o Improvement of PSA Analysis Methods

o Evaluation of applicability of PSA methods

c. R & D Organizations

PNC, JAPC, and JAERI
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(5) Structures and Materials

a. Research Objectives

Elevated-temperature structural design criteria

should be improved using inelastic analysis and new

materials. R & D should be carried out to apply

elevated-temperature fracture mechanics methods to

establish leak before break (LBB) criteria.

b. Research Items

(Improvement of Elevated-temperature Structural

Design Criteria)

Prototype FBR elevated-temperature structural

design criteria, based on elastic analysis

methods, should be further improved to develop

optimized structural designs. Long-term R & D

should be carried out. In the meantime, prior

to the safety review, it is necessary to conduct

R S D on the following items:

o Improvement of Elevated-temperature

Structural Design Criteria

o Amplification and Expansion of Structural

and Material Data Bases (9 Cr. Steel)

(Improvement of Inelastic Analysis Methods)

Inelastic analysis methods should be improved

to more accurately evaluate the inelastic

behavior of structures. R & D on the following

item should be made prior to the safety review:

o Improvement of Inelastic Analysis Methods

(Application of Fracture Mechanics to LBB Criteria

and In-vessel Structure Integrity Evaluation)

High temperature fracture mechanics methods should

be applied to improve safety design principles

and in-service inspection (ISI) criteria, making

the most use of FBR features.

Prior to the safety review, it is necessary to

conduct R & D on following items:

o Improvement of Evaluation Methods

Incorporating Fracture Machanics

Methods

o Improvement of ISI Criteria

c. R & D Organizations

PNC, CRIEPI, and JAPC

(6) Thermohydraulics

a. Research Objectives

Accuracy of thermohydraulic analysis and design

methods should be improved. Decay heat removal

system should be optimized by making the most

use of natural circulation.

b. Research Items

(Improvement and Verification of Normal and Transient

Thermohydraulic Evaluation Methods)

Improvement and verification of normal and

transient thermohydraulic evaluation methods

should be carried out to make optimization
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large-scale components.

Improvement should be made on the following

iteiis prior to the safety review:

o Improvement of Thermohydraulic Analysis

Methods for Plant Systems

o Improvement of In-vessel Thermohydraulic

Evaluation Methods

o Improvement of In-core Thermohydraulic

Evaluation Methods

(Development and Evaluation of Decay Heat Removal

Systems by Natural Circulation)

Reliable decay heat removal systems should be

developed by maximizing the use of natural

circulation. R & D should be carried out on

the following items prior to the safety review:

o Improvement of Thermohydraulic Evalu-

ation Methods for Plant Systems in

Natural Circulation

o Improvement of In-vessel Thermohydraulic

Evaluation Methods in Natural Circulation

c. R & D Organizations

PNC, CRIEPI, and JAPC

(7) Seismic Design

a. Research Objectives

In order to develop aseismic, reliable and economic

FBRs, seismic design methods should be improved to

enable balanced design against thermal stress and

seismic load making the most use of FBR character-

istics such as sodium usage, high temperatures and

low pressure systems, etc.

b. Research Items

(Verification of Reactor Building Design Methods

for mitigating Floor. Response to Earthquake)

Reliability of reactor building seismic design

methods should be improved in consideration of

FBR characteristics prior to the selection of

the principal specifications.

(Improvement and Verification of Seismic Design

Methods for Components and Structures)

Seismic safety and design adaptability should

be verified on the components and structures

developed for the scale expansion and optimization.

R & D should be carried out on the following

items prior to the safety review:

o Development of Fluid-structure Inter-

action Evaluation Methods

o Amplification of Reactor Core Seismic

Design Methods
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o Development of Components and Piping

Seismic Analysis Methods and Seismic

Limit Evaluation Methods

o Development of Advanced Support

Systems for Components and Piping

(Improvement of Buckling Evaluation Methods for

Reactor Structures)

Buckling evaluation criteria should be

improved by establishing seismic buckling

evaluation methods through verification tests

for large-scale models. R & D on the following

items should be carried out prior to the safety

review:

o Development of Seismic Buckling

Evauation Methods for Structures with

Thin Wall Thickness

(Development of Seismic Isolation Structures)

Large-scale seismic isolation structures should

be developed in the long run. R & D on the

following items should be carried out prior

to the safety review:

o Development of Seismic Isolation

Structures

o Evaluation of Seismic Movement for

Seismic Isolation Design

c. R & D Organizations

CRIEPI, JAPC, and PNC

(8) Operation and Maintenance

a. Research Objectives

Development of the DFBR operation and maintenance

techniques including improvement of support systems

and reduction of operator radiation exposure should

be attained through "Joyo" and "Monju".

b. Research Items

(Improvement of Preventive Maintenance Technologies

for Reduction of Radiation Doze by Operation and

Maintenance Improvements)

Plant reliability, radiation doze reduction,

maintenance work efficiency, and availability

should be improved by using maintenance and

repair techniques effective under the cir-

cumstances inherent to FBRs. This will reduce

operation costs.

Improvement should be made on the following items

prior to the start of construction of the DFBR:

o Improvement of Maintenance and Repair

Techniques

o Improvement of In-service Inspection

Techniques

o Improvement of Operation and Maintenance

Support Systems

C. R & D Organizations

PNC and JAPC


