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Abstract

This report describes the development and activities on fast reactors in Japan thru

April 2000 to March 2001.

During this period, the most important result on Japanese Fast Reactor Project was

the first phase "Feasibility Study on Commercialized Fast Reactor Cycle Systems" has

completed on the end of March 2001, and the second phase study has just started in

order to narrow down the candidate concepts selected in the first phase for next stage.

In the Experimental Fast Reactor "Joyo", the 35th rated power operation was

completed by the end of May 2000. The 13th periodical inspection and reconstruction

works for the Joyo upgrading program (MK-UJ) have been started on the beginning of

June 2000. The modification of the cooling system is under way.

In the Prototype Fast Breeder Reactor "Monju", countermeasures against sodium

leakage have already been drawn up based on "Monju" comprehensive safety review.

The Japan Atomic Energy Commission (JAEC) has issued a new "Long-term

Program for Research, Development and Utilization of Nuclear Energy" on November

2000.

1. General View

In order to clearly show to the Japanese people, the international community, and

all parties involved with nuclear energy, Japan's basic policy and the policy measures it

must take, based on an analysis of changes in conditions since the previous Long-Term

Program (issued 1994) as well as the outlook for the 21st century, the JAEC undertook

to formulate a new Long-Term Program, referring study for the formulation of this

program to the Council for the Formulation of a Long-Term Program for Research,

Development and Utilization of Nuclear Energy in May 1999.



Immediately after the council initiated its discussions, a criticality accident

occurred at a uranium-processing plant operated by JCO co., Ltd., in the village of

Tokai in Ibaraki, serving only to increase the level of public distrust of the Japanese

nuclear power industry. Affirming anew the importance of discussions from the

starting point, the Long-Term Program Council widened its view and continued with its

work.

The Long-Term Program Council was composed not only of parties concerned

with nuclear power, but also of persons of learning and experience from various circles,

including the business community, legal circles, local site communities, and mass media.

Its members were thus from a wider range of fields than those of previous councils were.

The Council submitted the new Long-Term Program to JAEC after endeavor to reflect

the voices of the people in the new Long-Term Program, and then JAEC decided the

new "Long-term Program for Research, Development and Utilization of Nuclear

Energy" on November 24, 2000.

The Long-Term Program consists of two parts. Part I includes messages to the

people and the international community, and Part II includes specific policies on

promoting nuclear research, development and utilization.

Part I concluded "Nuclear energy was discovered in the 20th century. It is the

primary responsibility of the present generation to establish technology and a social

system to safety control and manage it wisely, in a manner socially acceptable in the 21st

century. Research and development must be carried out on the diverse potential of

nuclear energy to the fullest possible extent, in order to achieve a stable, long-term

supply of energy, advance cutting-edge scientific and technologies for using nuclear

energy, and improve the quality of life. The results must then, without fail, be passed

on to the next generation."

The extracts of Part U are as follows.

(1) Basic Policy on Nuclear Power Generation and the Nuclear Fuel Cycle

Nuclear power generation already supplies more than one third of the total

electricity produced in Japan, contributing much to the improvement of the nation's

self-sufficiency rate for energy, stability of supply, and reduction of carbon dioxide

emissions per unit of energy production. Accordingly, Japan's basic policy is to retain

nuclear power as one of its principal power sources, and to maximize its utilization.



Nuclear fuel cycle technologies help improve the characteristics of nuclear power

generation, especially in terms of supply stability, and enable it to continue supplying

energy over a longer period of time. Commercialization of these technologies in Japan

is expected to more firmly secure nuclear power's contribution to the nation's energy

supply system. The basic policy of the government thus calls for effective use of such

materials as plutonium and uranium recovered from spent fuel, while seeking public

acceptance of the nuclear fuel cycle. It is hoped, therefore, that nuclear operators will

continue their activities under this basic policy.

(2) Preferred Course and Future Prospects for Research and Development of FBR

Cycle Technology

(a) Importance of FBR Cycle Technology

It is essential that Japan, exceedingly poor in energy resources among the

major industrialized nations, endeavor to develop resource-saving energy

technologies as a step toward a long-term stable supply of energy, and to secure

technological options in a bid to solve future energy problems for the world

community as well as for itself. FBR cycle technology has some of the greatest

potential among such technological options.

FBR cycle technology can be applied flexibly to diverse fuel types and

compositions, including plutonium and minor actinides. This suggests that the

technology could contribute to a solution to waste problems by reducing the

amounts of trans-uranium materials that remain in high-level radioactive waste and

constitute high potential risks.

(b) Direction of Research and Development Efforts for FBR Cycle Technology

Against the backdrop of the liberalization of the electricity market and other

recent developments, the pursuit of higher economic efficiency has come to be

recognized as a modern societal requirement. It is important, therefore, in the

research and development of FBR cycle technology, to set the ultimate goal for

economic efficiency at the commercialization stage as comparable to that of light

water reactors (LWRs) - in addition to the further pursuit of safety.

Anticipating the diversity of future social needs, the research and development

of FBR technology should be carried out flexibly based on a study of diverse



options, unrestricted as to the size or type of reactor, or the method of spent fuel

reprocessing involved. Efforts will also continue on the research and development

of partitioning and transmutation technology for long-lived radioactive materials,

which is attracting great attention for its potential ability to reduce the

environmental burden and to make more effective use of available resources. In

carrying out these activities, it is important for all interested parties to work jointly

in a competitive climate. In order to make the results of these activities

internationally useful, efforts will be exerted to develop those options that are

technically unlikely to lead to nuclear proliferation.

The most developed of the FBR cycle technology options is one based on

MOX fuel and sodium cooling. This technology should be assessed first because it

provides a reference against which to assess the others.

(c) Future Deployment of Research and Development of FBR Cycle Technology

("Monju")
The prototype fast breeder reactor "Monju", operation of which has been

suspended since 1995 when the sodium leakage occurred, is the only FBR plant in

Japan with a reactor based on the most advanced FBR cycle - i.e., using MOX fuel

with sodium cooling, and with power-generation facilities as well.

The Special Committee on FBRs discussed the significance and role of the

prototype FBR "Monju" . Because attaining Monju's specified objective of

demonstrating reliability as an operational power plant and establishing

sodium-handling techniques will be the basis for evaluation in comparison with

other options, it is particularly important to give priority in technological

development hereafter to the attainment of that objective.

As mentioned above, the reactor is considered the core of research and

development activities for FBR cycle technology, and steps will be taken to

quickly resume its operation.

In this, following strict examinations by safety regulation agencies and the

Nuclear Safety Commission, the Japan Nuclear Cycle Development Institute

should resume operation to carry out research and development, ensuring the

implementation of measures to preventing sodium leakage and to improve safety



at the facility based on the results of its comprehensive safety inspection, in order

to obtain understanding from as grate a portion of society as possible, including

the site area.

In carrying out research and development, recognizing that people's distrust

in and uneasiness about nuclear power as a result of the accident at "Monju", as

well as a series of accidents and mishaps thereafter, have significantly increased,

the institute should do its utmost in securing safety, being aware that "Monju" is a

reactor still under research and development, and should fully disclose and

provide information, paying particular attention to ensuring confidence on the part

of the people both nationally and locally.

"Monju" is a valuable facility internationally as well, for the sake of FBR

development in the future. With this in mind, arrangements will be made to

develop "Monju" and its auxiliary facilities into an international cooperation base

open to researchers from Japan and abroad, with the results of their research and

development efforts widely shared internationally.

From a long-term point of view, it is important to effectively use "Monju" as

an irradiation bed for generating fast neutrons equivalent to those expected under

actual operating conditions. In conjunction with this, fuel production and

reprocessing, including the demonstration of elemental technologies and other

research and development results, toward the commercialization of FBR

technology, will also be pursued.

Another important task of "Monju" is to accumulate extensive data on the

burn-up of minor actinides and the transmutation of long-lived fission products.

(Steps toward Commercialization and Assessment of Research and

Development)

Research and development projects for FBR cycle technology should be

carried out based on a long-term outlook, with an exhaustive survey of the social

situation and the trends of research and development activities in Japan and

abroad. In view of the technical diversity of FBR cycle technology, therefore, it

is important to give these projects sufficient flexibility and to investigate multiple

options.

More specifically, the ongoing "Feasibility Study on a Commercialized Fast

Reactor Cycle Systems" undertaken by the Japan Nuclear Cycle Development



Institute with the cooperation of electric utilities and other interested parties, will

be continued to examine such aspects as reactor type selection, spent fuel

reprocessing methods, and fuel fabrication technologies, with the objective of

presenting an optimal commercialization vision of FBR technology and a research

and development program toward that end.

In addition, the Japan Nuclear Cycle Development Institute, the Japan

Atomic Energy Research Institute (JAERI), the Central Research Institute of

Electric Power Industry (CRIEPI), universities, equipment suppliers and other

interested parties will carry out extensive fundamental research and development

activities for FBR cycle technology, using their various research and development

facilities and inviting expert researchers, both domestically and from abroad.

It is appropriate that a specific program for a demonstration FBR be decided

after full assessment of various results attained in the process of research and

development activities toward the commercialization of FBR cycle

technology. Meanwhile, a development program for that commercialization will

be steadily carried out with flexibility including as to the date of

commercialization.

For this purpose, the government will review methods of carrying out

research and development projects and the degree of their implementation from

time to time, as necessary. In evaluating those projects, efforts are needed not

only to make technical assessments, but also to review the basic research and

development policies, taking into account, whenever necessary, changes in the

social situation, and paying special attention to the efficiency of investments in

research and development.

2 . Experimental Fast Reactor "Joyo"

The Experimental Fast Reactor "Joyo" at O-arai Engineering Center of JNC has

been operated from 1982 to 2000 with the MK-II core, as an irradiation test bed to

develop the fuels and materials for the future fast reactors.

Thirty-five duty cycle operations and thirteen special tests with the MK-II core

were completed by June 2000. The reactor is currently being upgraded to the MK-UI

core.
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(1) General status

The Experimental Fast Reactor "Joyo" has been operated as an irradiation test

facility for fuels and materials. The operation history and the accumulated operation

data are shown in Figure 2.1 and Table 2.1.

The 35th rated power operation was started in March 2000. This is the last

transition core toward the high performance irradiation core (MK-III core) and includes

twenty MK-III core fuel subassemblies. In June 2000, the MK-II core operation was

completed and the 13th periodic inspection and MK-UI construction work were started.

(2) Upgrading program of "Joyo" (MK-III program)

The Joyo upgrading program named MK-III program is planned to improve the

irradiation capability. The main objectives of this program are the increase of neutron

flux in the core, the increase of a plant availability factor and upgrading of irradiation

technologies. An outline of this program is shown in Figure 2.2.

Until the end of March 2000, the fabrication of cooling system components such

as IHXs (Intermediate Heat Exchangers) and DHXs (Dump Heat Exchangers) was

completed. The modification of the cooling system was started in November 2000.

The cooling system components including IHXs and DHXs are being replaced.

The fabrication of shielding subassemblies, which contains pins filled with boron

carbide pellet, are under way. The core modification will be started in the end of

2001. The initial criticality of the MK-JJI core is now scheduled in 2002.

The MK-EI construction work and the approval of operation will be completed

until January 2003. The schedule of the MK-JJI program is shown in Figure 2.3.

3. Prototype Fast Breeder Reactor "Monju"

(1) Present Status of "Monju"

"Monju" is a prototype FBR power-generating plant designed to have an output

of 280 MWe (714 MWth), fueled with mixed oxides of plutonium and uranium and

cooled by 3 sodium loops. The core of "Monju" and its sodium equipment were

designed on the basis of experience at Joyo as well as R&D results which had been

obtained mainly at O-arai Engineering Center(OEC).

The objectives of the development of "Monju" are to demonstrate the performance,

reliability and safety of a power-generating FR plant through experience of design,

fabrication, construction, operation and maintenance of the plant, and to contribute to



future FBR development in Japan and world-wide through supplying these results.

After completion of the fabrication and installation in 1991, "Monju" successfully

achieved its first criticality in April 1994, and supplied electricity to the grid initially in

August 1995. However, the pre-operational test of the plant was abruptly interrupted

by a sodium leak accident in the secondary heat transport system in December 1995

during a 40% power test, causing "Monju" to remain shutdown since the accident still

now.

From technical point of view, a thorough investigation of the cause of the

accident and a comprehensive safety review of the plant were carried out after the

sodium leak accident. The following countermeasures against sodium leakage have

already been drawn up based on these results.

(a) Prevention of sodium leakage

Modification of the thermocouple wells

(b) Early detection of sodium leakage

An additional sodium leakage monitoring system with an enhanced TV

camera network

(c) Reduction of sodium spillage both in its amount and in its duration

Modification of the drain circuits

(d) Rapid extinguishing and prevention of re-ignition

Further subdivision into airtight zones of the building for the secondary

circuits, and application of an additional system to inject nitrogen gas

(e) Suppression of moisture release from the concrete structure

Coverage of the walls and ceilings with insulating material

On the other hand, it should be pointed out that recovery of public confidence,

which was seriously injured by mishandling of information at the accident, is essential

for restart of "Monju". "Monju" has to get agreement by local governors prior to

application for its modification according to the promise with the local governments,

and the recovery of public confidence is one of the most essential indices for the local

governors to agree.

A lot of efforts have been performed, with including extensive promotion of local

explanatory meeting campaign in all of the 35 cities, towns and villages in Fukui

Prefecture, "Come-and-See" campaign, etc. The fact, that the total number of visitors

to "Monju" to observe leakage-spot exceeded 49,000 this April, can be called as a

typical example of the results of these efforts.



Fukui District Court positively ruled in last March, after trial since 1985, that the

governmental safety evaluation of "Monju" was conducted appropriately and lawfully,

and the request by the plaintiffs, to nullify the license and bar the operation of "Monju",

was rejected.

Meanwhile the final report of the deliberation on the revision of "Long-Term

Program for Research, Development and Utilization of Nuclear Energy" by the JAEC

was issued in last November. In this program, it was clarified that "Monju" is the core

of research and development activities for FR cycle technology, and steps will be taken

to resume is operation as soon as possible. Based on the results of the extensive efforts

to recover public confidence and with taking into account these positive circumstantial

features, we, JNC, believe that we can succeed soon to achieve distinct advancement.

(2) Future Outlook of "Monju"

First of all, "Monju" has to make application for governmental safety evaluation on

modification of its design. Here at least 4 years will be necessitated in Japan after

application is issued, for the resumption of operation of "Monju", which includes the

safety licensing examination of the sodium leakage countermeasures, the actual

improvement work such as fabrication/installation/examination, refueling, and startup

checks. A progress after sodium leak accident and future outlook of "Monju" are

shown in Figure 3.1 and Figure 3.2 respectively.

The role of "Monju" after the restart can be classified into the following three

phases, and the detailed plans for the second and third phases will depend on the results

of the feasibility studies on commercialized fast reactor cycle system.

(a) Phase 1 : Demonstration of technologies as an electricity generation plant

The operational data from "Monju" will be used to assess and validate the

design of the core, pumps, heat exchangers and their related equipment and

systems.

(b) Phase 2 : Demonstration of technologies for improved economics

The promising technologies selected through the feasibility study will be

demonstrated at "Monju" as far as possible.

For example, it is already appreciated that fuel discharge burn-up must be

raised in order to improve economic viability; in the future Monju's target

burn-up will therefore be increased to 150,000 MWD/t or more. The plant

facilities may also be used for the technical demonstration of a simplified

cooling system, improved fuel handling and a passive reactor shut-down



system,

(c) Phase 3 : Demonstration of technologies for commercialization of the FR

The role of "Monju" can also be enlarged to demonstrate as far as possible

the technologies, which are considered essential to the widespread use of FR

power plants.

For example, with regard to the reduction of environmental burden, it is

possible, at "Monju", to burn minor actinides and higher isotopes of

plutonium on the scale of the reactor core.

4. Feasibility Study on Commercialized Fast Reactor Cycle Systems

This research program has the following primary aims. One is to clarify the

perspectives for commercialized fast reactor cycle by making the maximum use of its

primary advantages so that the fast reactor cycle can achieve economic competitiveness

comparable to that of LWRs and other base power sources, all with the unyielding

premise of ensuring safety. The other is to establish a technical system that enables the

fast reactor cycle to become as the future primary energy source. This program also

will suggest development strategies that correspond flexibly to diverse future social

needs in 21st century.

In order to achieve the above purposes, this program is being carried out in two

phases. The JNC and Japanese electric utilities jointly started the first phase study

since July 1999 with the participation of CRE3PI and JAERI. During the first phase, a

wide range of technical alternatives incorporating innovative technologies were

reviewed and evaluated, data and materials required for clarifying the

commercialization strategy were collected and developed, and highly feasible candidate

concepts for the fast reactor cycle were selected.

During the second phase (approximately five years), the overall consistency of fast

reactor cycle will be sought based on engineering tests, candidate concepts selected in

first phase will be narrowed down, and essential research themes will be identified.

The objective of these research activities is to make a proposal regarding highly

attractive and competitive fast reactor cycle technology that assures safety by 2015.

The development of this research program is shown in Figure 4.1.



(1) Results of the First Phase Study

The results of the research and investigation activities in the first phase have been

summarized. The results show the prospects for successfully selecting possible FBR,

reprocessing, and fuel fabrication commercialized concepts.

(a) Fast Reactor Systems

Candidate fast reactor concepts that combine of various coolants such as sodium,

heavy metal, gas and water, and core fuels such as oxide, nitride, and metallic fuels

were reviewed. Based on the results of the review, highly feasible candidate

concepts that should be investigated in the second phase were selected for further

detailed review.

Plant concepts were evaluated by indices such as safety, structural integrity,

construction/manufacturing feasibility, operational maintainability, and economic

competitiveness. In addition, core safety, economic competitiveness, efficient

utilization of resources, reduction of environmental burden, and nuclear

nonproliferation were used indices in the evaluation of core design.

Based on these evaluations, the candidate concepts were comprehensively

compared, and the following perspectives were clarified.

Sodium cooled reactors were classified into large-scale and medium-scale

module reactors. Large-scale reactors, loop-type and tank-type reactors were

compared, and both types were found to be technically feasible and to satisfy the

development targets with similar level of economic competitiveness. However, the

loop-type reactor showed higher potentiality because of its superior maintainability

and repair-ability. Large-scale reactors have been reviewed earnestly by specialists

with experience in designing and constructing the "Monju", because a large number

of innovative technologies were incorporated in such large-scale reactors.

At the same time, improvements in the economic performance of

medium-scale module reactors have been pursued through design standardization,

learning effects and so on.

Oxide fuel and metallic fuel have been found particularly feasible. Oxide

fuel generally satisfied the development targets and has only a few developments

such as high burn-up and TRU cycle. Although metallic fuel has a number of

development challenges, it would satisfy the development targets very well if

successfully developed.
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Heavy-metal (Pb or Pb-Bi) cooled reactors with medium-scale modules

were studied. The Pb-Bi cooled reactors were found to have better prospects than

Pb cooled ones because of their better maintainability, anti-corrosion performance.

As a core fuel, oxide fuel was excluded from the study because it did not achieve the

appropriate breeding factor that was one of the development targets. Nitride fuel

and metallic fuel were the most promising alternatives to pursue in the second phase

for Pb-Bi cooled reactors.

Four concepts for gas-cooled reactors were compared: two types of steam

turbine methods using carbon-dioxide gas and helium gas coolants, and two types of

direct helium gas turbine methods using heat-resistant pin-type fuel and coated

particle type fuel. Comparative evaluations indicate that further studies are needed

for facilities for coping with a core melting accident regarding heat-resistant

pin-type fuel and further improvements are needed for coating material and core

performance regarding coated particle type fuel. Therefore, it has been determined

that approximately one additional year of investigation was desirable for both types

of fuel. As a core fuel, oxide fuel and nitride fuel should be selected for

investigation in the second phase in order to secure a higher core exit temperature.

Three types of water-cooled reactors were studied, BWRs with a high

conversion ratio, PWRs with a high conversion ratio, and SCFRs. Low-

decontamination fuel and core performance for MA recycling were the focus of the

study. All three of these water reactors were found to have disadvantages in terms

of efficient utilization of resources because of their breeding ratio of approximately

1.0.

The needs and design requirements of small-scale reactors have been

clarified, and sodium-cooled reactors (metallic or nitride fuel) as well as Pb-Bi

cooled reactors (nitride fuel) have been under conceptual study.

Giving common consideration of the adoption of low-decontamination fuel

and measures for promoting nuclear non-proliferation to each reactor, consistency

between the reactor type and the fuel cycle system has been pursued taking the

contents of FP and MA as parameters.



(b) Fuel Cycle Systems

Studies were carried out on the fuel cycle system (i.e. the reprocessing and

fuel fabrication system) as well as in the case of the fast reactor system discussed

earlier, a wide range of technologies were investigated and analyzed so that the

highly feasible technologies could be selected. The assurance of safety, the highly

economic competitiveness, the efficient utilization of resources, the reduction of

environmental burden and the enhancement of nuclear non-proliferation were taken

into account as development objectives. The general consistency between the fast

reactor system and the fuel cycle system was also set as a target for the development

of the fuel cycle system.

An aqueous-type system using water solution as the processing media and a

non-aqueous-type system using no water solution have been selected as a

reprocessing systems to be studies further. The original type of the aqueous-type

system is the PUREX method, with which we have some experience with

reprocessing LWR fuel. The new type is the advanced aqueous method, which is a

combination of the crystallization method, the simplified solvent extraction method,

and the extensively revised PUREX method, with the addition of TRU recovery

function. In addition, in order to improve the advance aqueous method further, the

ion exchange method, the amine extraction method, and the supercritical fluid

extraction method have been selected for further study.

In addition to the above aqueous method, three non-aqueous methods have

been selected for further study: the oxide electro-winning method, which was

developed by the Russian Institute of Atomic Research (RIAR), the metallic

electro-refining method, which was developed by Argonne National Laboratory in

the United States, and the fluoride volatility method.

Four fuel fabrication systems have been selected in combination with the

selected fuel types: the pelletization method; the vibro-packing method, where

fuel particles in varying diameters are directly filled into vibrating clad tubes; the

casting method, where metallic fuel with a low melting point is cast into molds,

and the coated particles method, where fuel particles are directly coated.

The studies revealed that in principle similar technologies could be applied to

the reprocessing and fabrication of two out of three fuel types, oxide fuel and nitride

fuel. Therefore, it has been decided that studies such as process flow, material



balance, specifications of facilities and equipment, and economic competitiveness

should be conducted at first for the oxide fuel cycle in which we have a great deal of

experience. Based on results of the studies, nitride fuel cycle will be evaluated.

Evaluations have revealed that there are very few significant differences

among these methods in terms of technical feasibility and achievability of the design

objectives. Comprehensive studies for selecting the highly feasible candidate

methods are planned for the future. At that time, the achievement of consistency

with the fast reactor system will be of key importance.

(2) Principles of the Second Phase Study

The second phase objective is to narrow down the candidate concepts and identify

research and developments items required for commercialized fast reactor cycle system.

In the second phase, an in-depth design study will be carried out so that a

quantitative comparative evaluation of the candidate concepts can be made for the fast

reactor system and fuel cycle system selected in the first phase studies. In addition, the

study will focus on the development of elemental technologies required for determining

the most promising concepts (e.g., the implementation tests for acquiring data and the

development of design evaluation techniques).

Each of the technical alternatives will be reviewed to confirm the technical

feasibility required in order to achieve the development targets and determine whether

there are any technical difficulties that cannot be overcome or not.

Based on the results of these studies and evaluations, the candidate concepts will

be narrowed down two or three promising ones with due consideration to consistency

with the fast reactor cycle.

When studying the candidate concepts selected in the first phase, further efforts

will be made to acquire a full understanding of domestic and international technical

development trends, develop more creative and innovative, and work out attractive

concepts.

A three-year period from fiscal 2001 to 2003 is the initial term of this phase.

During this term, research activities will be focused on the design of the candidate

concepts and elemental tests of key technologies. An interim summary of these

activities will be checked and reviewed, and based on the results; the research for fiscal

2004 to 2005 will be conducted in order to narrow down the number of alternatives for

the fast reactor cycle.



The conceptual design of the fast reactor system will be promoted for candidate

concepts selected during the first phase. These include two concepts of sodium-cooled

reactors (studies on large-scale reactor, and medium-scale modular reactor including a

simplified secondary system), one concept for heavy metal cooled reactor (Pb-Bi cooled

medium scale modular reactor), one concept for gas-cooled reactors (helium gas or

carbon-dioxide gas reactor will be selected during 2001), and two concepts for

small-scale reactors (sodium-cooled and Pb-Bi reactor will be studied). In the

development of elemental technologies, improving the economical competitiveness of

sodium-cooled reactors as well as confirming the feasibility of gas-cooled and Pb-Bi

cooled reactor is considered very important.

Conceptual design on the reprocessing will be further promoted for the advanced

aqueous-method and two non-aqueous type methods that will be selected from three

candidates, oxide-electro-winning, metallic-electro-refming, and fluoride volatility

method. Conceptual design on the fuel fabrication will be further pursued for the

simplified pelletizing method, vibro-packing method, and casting method.

Because available design data concerning fuel cycle is generally insufficient, a

priority will be given to the collection of necessary data in order to develop elemental

technologies.

Figure 4.2 shows the framework of the second phase study.
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Table 2.1 "Joyo" Operation Records
(as of April, 2001)
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Fig. 2.1 Operating History of Joyo (as of April, 2001)



— 5 / 1 0 -

Improvement of Plant Availability Factor
Reduction of the
Refueling Time

Reduction of the
Periodic Inspection Time

Secondary
Pump

Imtl
Fuel Changing

Machine

Upgrading in Irradiation Techniques
Material Irradiation
Cost down for Online Rig
Reassembling Techniques
Irradiation Beyond Design Limit

Irradiation Rig
/ (MARICO)

Dump Heat
Exchanger

(DHX)
Intermediate

Heat Exchanger
(IHX)

Reactor Vessel
MK-111 Core

(Two Region Core)
Inner Core
Outer Core

Reflector

Control Rod

hielding Subassembly

Modification of the Heat Transfer System
Primary Cooling System

Replacement of IHXs
Secondary Cooling System

Replacement of DHXs

High Performance Core
Neutron Flux
MK-II X 1.3

Core Expansion
67 — - 85 S/As

Fig.2.2 Outline of MK-III Program

1997 1998 1999 2000 2001 2002 2003
MK-Il Core Transition Core

30 31 32
MK-III Core

12th periodical
inspection

33 34 35 13th periodical inspection

i Fabrication of Driver Fuel S/A

Y///Y////77////////////////////////////////A Fabrication ofSh elding S/A
TLoad Subassembiies inio Core [j

'/////////////////////////////////////////////////////////A Fabrication of IHX

Y///////////////////////////////////////////////////A Fabrication of DHX

Excha it 1HX.DHX | : . ; :

V7////////////////A Fabrication of Control System

Modificale Control System \\_

Mechanical Function Test

Performance Test
J

Fig. 2.3 Schedule of JOYO MK-III Project
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Fig.3-2 Outline schedule for plant improvements
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Fig.4.2 Framework of the Second Phase Study
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