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Abstract
This report describes the development and activities on fast reactor in Japan for the period of April 1997
- March 1998.

During this period, two important results were drawn by the Special Committee on Fast Breeder
Reactors (FBRs) and the Power Reactor and Nuclear Fuel Development Corporation (PNC) Reform
Committee, respectively. The Special Committee on FBRs discussed on the future FBR development in
Japan including the Prototype FBR "Monju" operation, and proposed its conclusion as the final report to
the Japan Atomic Energy Commission (JAEC) on December 1, 1997. The PNC Reform Committee
reviewed PNC's management and safety assurance system, and recommended to reform PNC to a new
organization. Each committee result is outlined in this report.

The Experimental Fast Reactor "Joyo" operated 30th - 32nd cycle. In parallel with the operation, the
Joyo Upgrading Program (MK-III program) is in progress. Five MK-III driver fuel subassemblies were
loaded to the core in the 32nd cycle.

Monju comprehensive safety review, which was started in December 1996, was continued through
1997, and was completed in March 1998.

The DFBR Plant Optimization (phase 2) design study was launched by the Japan Atomic Power
Company(JAPC) with goal of constructing FBR plant that achieves both reliability and economy from
FY 1997 for three years.

Research and development works are underway under the discussion and coordination of the Japanese
FBR R&D Steering Committee, which is composed of PNC, JAPC, Japan Atomic Energy Research
Institute(JAERI) and Central Research Institute of Electric Power Industry(CRIEPI).

I. General Review

1. After the sodium leak accident at Monju, it was required to discuss FBR research and development
including Monju operation to obtain the public understanding of its significance and process. Thus
the Special Committee on FBRs was formed by the JAEC on January 31, 1997. Committee
members heard various views from a local government representative, FBR specialists from
overseas, an FBR critic, and many others. The deliberations of the committee and the materials
presented in the discussions were open to the public. Conclusions of the Committee are that
pursuing FBR research and development - with commercialization as a goal - is appropriate given
the technology's place as a key alternative to fossil fuels; as part of a flexible development plan,
regular reviews reflecting public opinion must be undertaken; Monju is a part of this research and
development plan, which must be undertaken with full public understanding of its significance and
implications, and they were proposed to the JAEC as the final report.

2. By the lessons of PNC's series of troubles which are the Monju sodium leakage on 8 December
1995 and the fire and explosion in Bituminization Demonstration Facility in Tokai Reprocessing
Plant on 11 March 1997, the necessity of reforming PNC heightened. Therefore, in order to
construct management reform, system of safety assurance and structures open to the society, it was
decided to reform PNC as a new organization. Core functions of the new organization were also
defined as FBR and related fuel cycle technology development, and as high-level nuclear waste
treatment and disposal research and development.

3. Three cycles of lOOMWt rated power operation were carried out in Joyo by the end of March 1998.
The Joyo upgrading program named MK-III program is planned to improve its irradiation
capability. The main objects of this program are the increase of neutron flux, the modification of the
cooling system related to the power increase, extension of irradiation period and upgrading of
irradiation technology. The 32nd cycle was the first transition core in which five MK-III fuels were
loaded.
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4. Monju comprehensive safety review, which was started in December 1996, was continued through
1997, and was completed in March 1998. The review was performed in the fields of (l) structural
integrity against flow induced vibration, (2) structural integrity of sodium boundaries, (3) sodium
leak detection, prevention of accident expansion and mitigation of sodium leak accidents, (4) the
safety design basis of Monju, (5) the operation manuals, (6) reflections of R&D products and
technical information, and (7) quality assurance(QA) system and QA activities. Based on the review
results, PNC will make an licensing application to STA for modified design.

5. Based on recent situation on both FBR and LWR field, the DFBR Plant Optimization (phase 2)
design study was launched with goal of constructing FBR plant that achieves both reliability and
economy from FY 1997 for three years. The top priority of design subject in FY 1997 was given to
strengthening sodium leakage and fire measures in the sodium cooling systems. It is accomplished
by integrating and concentrating sodium equipment, and enclosing whole sodium boundary of both
the primary and secondary circuits that the risks of sodium leaks and fire is virtually eliminated.

II. Special Committee on FBRs of the JAEC

The sodium leak accident at the FBR Monju had developed strong sentiments of uneasiness and distrust
of the local residents and of the nation on the safety and the future FBR research and development in
Japan. In order to obtain the public understanding of its significance and implications, it was required to
discuss FBR research and development, including Monju operation.

Special Committee on FBRs was formed at 31 January 1997 by the JAEC. The committee members
heard various views from a local government representative, FBR specialists from overseas, an FBR
critic, and many others. The deliberations of the committee and the materials presented in the discussions
were open to the public.

Draft deport of the Special Committee was proposed on 14 October 1997, and then opened to the public
to collect the public opinions on the report. Following to the collection of the public opinions from 14
October to 14 November 1997, a meeting was held in Tokyo on 7 November 1997 to hear public
opinions. Reflecting the public opinions, the final report of the committee was submitted to the JAEC.
The JAEC declared on 5 December 1997 that the JAEC have a respect for the report of the subcommittee
on FBRs and FBR research and development should be carried out under its policy.

The Final Report of the Special Committee, "Future FBR Research and Development in Japan", dated
on December 1, 1997 is outlined as follows:

1 . Introduction

(a) Background
The "Special Committee on FBRs" was formed by the Atomic Energy Commission (JAEC) at the
end of January 1997 as a result of deliberations of the "Roundtable Conference on Nuclear Energy
Policy" held in 1996 following the sodium leak incident at the FBR Monju.

(b) The Special Committee on FBRs

The Special Committee consists of specialists from various different fields spanning Japanese
society. As part of their meetings, the committee members heard from a local government
representative, FBR specialists from overseas, an FBR critic, and many others. The deliberations of
the committee and the materials presented in the discussions are open to the public.

2 . Energy and Nuclear Power in Japan
Given Japan's paucity of energy resources, the committee feels that it is prudent for Japan to
maintain nuclear energy as a supply source for the future. There are quantitative limits to achieving
possible gains through increased energy efficiency or the use of the new energy sources.
Nevertheless a variety of energy supply options must be maintained for future generations.
Therefore, based on a foundation of safety and of peaceful use, nuclear energy is a wise energy
supply choice for continued maintenance and development into the next century. In addition,
increased energy efficiency and the use of new energies should be actively promoted.
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3 . The Significance of FBR Research and Development
Although opinions vary as to the levels of future energy demand or the quantities of remaining
uranium reserves, most of the committee members agree that FBRs can realize a role as a long-term
energy supply resource, as well as the fact that their development represents a duty to humanity.
Some members expressed concerns about the economic feasibility of FBR technology, but a
majority agree that it is necessary to pursue the possibility of commercialization through concrete
efforts. Safety and nuclear proliferation were also mentioned as risk factors, but it is felt that these
problems will have technological solutions, especially in a 21st century society which places great
emphasis on technologies for recycling. Hence, the committee feels that In the future FBRs will
play a significant role as an alternative to the use of fossil fuels, and that it is therefore prudent to
promote the research and development of FBRs in order to determine the feasibility of their
commercialization.

4 . Matters for Further Consideration

(a) Insuring Safety

The organization responsible for FBR research and development must be capable of guaranteeing
the highest level of safety. Every possible accident prevention measure must be taken, and when an
incident does occur, all efforts must be made to prevent there being any effect on humans or the
environment.

(b) Promoting the Understanding and Agreement of Local Residents and the Nation

Due to a series of accidents and mishaps at facilities operated by the Power Reactor and Nuclear
Fuel Development Corporation (PNC), residents of the areas surrounding these facilities have
developed strong sentiments of uneasiness and distrust. It is therefore essential to reform PNC and
put into action an effective plan of safety assurance that will convince the local community.

(c) Insuring Cost Effectiveness and Flexibility

Periodic review of the research and development plan is necessary in the areas of R&D economic
efficiency (investments versus results), economic efficiency improvements of the FBR, and the
relationship between the reactor and the fuel cycle as a whole. In addition, periodic reviews to
assess the viability of the plan are essential to promote flexibility.

(d) Promoting Nuclear Non-Proliferation
Every effort must be made to prevent the proliferation of nuclear weapons.

5 . Monju's Research and Development Role
While PNC must be subjected to reform from the ground up, a complete abandonment of Monju at
this stage followed by a future resumption of FBR research and development would be an immense
waste of human and fiscal resources. With the understanding of the local community, and realizing
that Monju is a reactor in a research and development phase, operation must be undertaken with
great care in order to reach the research and development goals for the facility.

6 . Demonstration FBR Development and Beyond
A concrete plan for developing a demonstration FBR as a successor to Monju can only be
formulated following thorough examination of the research results from Monju and from the design
studies for such a successor. Ample efforts must be made to insure that safety and economic
efficiency are maintained while adopting a flexible approach in view of future energy circumstances
on a date for commercialization.

7 . Conclusions
Pursuing FBR research and development with commercialization as a goal is appropriate given the
technology's place as a key alternative to fossil fuels use. As part of a flexible development plan,
regular reviews reflecting public opinion must be undertaken. The prototype reactor Monju is a part
of this research and development plan, which must be undertaken with full public understanding of
its significance and implications.
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Ill PNC Reformation

By the lessons of PNC's series of troubles which are the Monju sodium leakage on 8 December 1995
and the fire and explosion in the Bituminization Demonstration Facility in Tokai Reprocessing Plant on
11 March 1997, the necessity of drastic reformation of PNC heightened.

PNC Reform Committee was formed in April 1997 by the Science and Technology Agency(STA) to
review PNC's management and system of safety assurance, etc., and to design the reformation. The
Committee proposed recommendations for the reformation on August 1,1997.

According to the recommendations, it was decided to establish a new organization in order to construct
management reform, system of safety assurance and structures open to the society.

With the PNC Reform Committee monitoring its progress, a working group, formed with the industry's
cooperation and as part of the Science and Technology Agency, drafted concrete measures based on
these recommendations.

The bill related to PNC Reformation is under deliberation at the Diet scheduling to establish the new
organization on October 1, 1998.

The outline of PNC reformation is shown in figure 3.1, and the PNC Reform Committee Report is
summarized as follows:

1 . Summary of the PNC Reform Committee Report

(1) Part One: The Conceptual Framework for PNC Reform

Japan's Nuclear Energy Policy and PNC

Developing a nuclear fuel cycle to insure a future energy source is connected with ideas of both
national energy security as well as of contributing to the international community. PNC, being at the
center of this effort, was entrusted by the people of Japan with the responsibility to develop the fuel
cycle.

The Structure of the PNC Problem

• PNC has been simultaneously faced with a variety of conflicting circumstances requiring
differing analytical and practical tools, such as: the fact that it must conduct unprecedented
research and development; the need to supply competitive technology; and the need for
particularly high safety standards stipulated by the fact of nuclear energy use.

• In spite of this, PNC found itself in a state of "management lapse" as a result of its inability to
formulate precise responses to the changing circumstances surrounding the organization.

(2) Part Two: Basic Concepts for PNC Reform

Examples of Management Lapse

• Overemphasis on research and development resulting in insufficient safety and crisis
management capabilities.

• Neglect of seeking outside feedback leading to a closed corporate culture.

• Increases in project size resulting in problems controlling the daily business and structure of the
organization.

The Basic Design of the Reform

• Required elements for strong management are: a clear definition of the new corporation's realm
of discretion; clearly defined project goals and their precise evaluation; and continuing internal
reform as well as external appraisal.

• Regarding the new corporation's projects, the sphere of operations must be clearly delineated,
clear criteria for reevaluation must be set, and programs to be undertaken must be distinctly
specified.

- 4 -



(3) Part Three: Working Toward Realizing Reform

Concrete Aims of the Reform

• Projects must be fundamentally reevaluated and PNC reorganized prior to establishing the new
corporation.

• The new corporation must carry out practical, project-oriented research and development with
the goal of achieving the nuclear fuel cycle.

Management Reform

• The new corporation will implement clear project goals based on instructions from the Atomic
Energy Commission in the form of the Long Term Nuclear Development and Utilization Plan.

• Management will be subject to systematic external evaluation.

• Personnel affairs will be thoroughly reformed through training and exchange efforts.

• The new corporation will be responsible for conducting its own business, with the Science and
Technology Agency acting as its auditor and evaluator.

Core Functions to be Undertaken by the New Corporation

• Fast breeder reactor research and related fuel cycle technology development.

• High-level nuclear waste treatment and disposal research and development.

Functions to be Discontinued

• Overseas uranium exploration, uranium enrichment, and development of the advanced thermal
reactor will all be discontinued following periods of transition and consultation with affected
local governments and other bodies.

Strengthening Safety Assurance

• Eliminating the overemphasis on research and development, the operations and maintenance
sections will be separated from research and development sections.

• The operations and maintenance sections will be suffused with the experience and know-how
of private sector industries such as the electric utilities.

• Views on general disaster prevention will be enhanced.
• Perfection will be the goal in formulating a structure for crisis management.

An Organizational Structure Open to Society

• The new corporation's main office will be located close to the site of its actual operations in
order to demonstrate the importance of the local community.

• Openness of communications and information to the public will have as a basis a thorough
explanation of self-administered reform.

• Openness will be sought in forming domestic and international research networks.

• The understanding and support of area communities will be pursued through efforts to enhance
harmonious coexistence.

31
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Current PNC Programs Recommendations (PNC Reform Committee)

O\

Level 0
• Frontier Research (0)

Level 1
• Frontier Research (1)
• Advanced Fuel Cycle

Development

Level 2
• FBR and related Fuel Cycle

Development
• HLW Treatment and Disposal

R&D

Level 3
• LWR Fuel Reprocessing R&D

Level 4a
• Uranium Enrichment R&D
• Overseas Uranium Exploration

Level 4b
• ATR Fugen development

Possibly Transferred
to JAERI; otherwise discontinued

Core Functions
• FBR and related Fuel Cycle

Development
• HLW Treatment and Disposal

R&D
Advanced Fuel Cycle Development

• Advanced Fuel Cycle Development and
Frontier Research

• Cooperation with JAERI, Universities
LWR Fuel Reprocessing R&D

• Reprocessing at Tokai from Commercial LWRs
and from ATR Fugen

• Training for Rokkasho Reprocessing Plant Staff

Possibly Privatised
following periods of transition

Discontinued
following a period of transition

Figure 3.1 Outline of PNC Reformation



IV. EXPERIMENTAL FAST REACTOR JOYO

1 . General Status
This report covers the activities of JOYO from April 1997 through March 1998. The operating
history of JOYO is shown in figure 4.1.

After finishing the 1 lth periodical inspection in March 1997, JOYO started the 30th cycle operation
with the MK-II core. Three cycles of lOOMWt rated power operation were carried out by the end of
March 1998.

The 32nd cycle was the first transition core. The transition core is the transformation process from
MK-II core to MK-III core, which the MK-III fuels are gradually loaded into the MK-II core. Five
MK-III fuels were loaded into the MK-II core for the 32nd cycle.

The irradiation tests carried out in these cycles are summarized as follows.

(1) The creep test of fuel cladding materials under irradiation with MARICO (Material Testing Rig
with Temperature Control)

(2) Advanced fuel test (mixed carbide fuel, nitride fuel)

(3) Sodium bond type control rod test

The 12th periodical inspection was started on February 24 in 1998 after completion of the 32nd
cycle operation. This inspection will finish in March 1999.

Main items of the 12th periodical inspection are as follows.

(1) ISI of the primary piping boundary

(2) Visual inspection of thermocouple well in the secondary loop

(3) Leak rate test of the containment vessel

(4) Overhaul of the control rod driving mechanism

(5) Inspection of power supply system

2 . Upgrading program of JOYO (MK-III program)
The JOYO upgrading program named MK-III program is planned to improve its irradiation
capability. The main objects of this program are the increase of neutron flux, the modification of
the cooling system related to the power increase, extension of irradiation period and upgrading of
irradiation technology.

An outline of this program is shown in figure 4.2.

The license of the MK-III program for the modification of nuclear plant was issued in September
1995. Then, the design approvals on the driver fuel and cooling components such as IHX and
DHX were submitted. After obtaining the design permit, the fabrication of fuels and cooling
system components was started. The fabrication of outer driver fuels of 25 subassemblies were
already finished, and five MK-III driver fuels were loaded for the MK-II core in the 32nd cycle.
The manufacturing of IHXs' parts were completed, and the fabrication of the IHXs have started.
The manufacturing of DHXs' parts are in progress.

The modification of the MK-III core and the cooling system are planned to start in the year of 2000
with the 13th periodical inspection after completion of the 35th cycle operation. The initial criticality
of the MK-III core is now scheduled for the year of 2002. The schedule of the MK-III program is
shown in figure 4.3.
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V. Prototypes FBR, Monju

1. Introduction
Monju is the Japanese prototype fast breeder reactor, which is located on the north side of the
Tsuruga Peninsula in the central Japan, facing the Sea of Japan. Monju is fueled with mixed oxide
of plutonium and uranium, and cooled by liquid sodium. It's principal design is shown in Table
5.1.
The construction of Monju began in 1985. Monju achieved the initial criticality in April 1994 and
started generating electricity in July 1995.

On December 8, 1995, a sodium leak occurred on the secondary heat transport system (SHTS)
while the reactor power was being increased to 40% for a plant trip test as part of the performance
tests. About 0.7 ton of sodium leaked out by a break-off of the thermometer well tube installed on
the intermediate heat exchanger (IHX) outlet pipe of the SHTS. There was no effect on the general
public or the employees due to radioactive materials. However, small thinning of the floor liner
was observed where sodium leaked .

In 1996, the cause investigation of the accident was done and it was found that the break-off of the
thermometer well tube had been caused by high frequency fatigue by the flow-induced vibration
parallel to the direction of the sodium flow. On the other hand, experiments simulating the accident
were carried out to examine the sodium leak and combustion behavior. In the test, the floor liner of
the experimental facility was perforated; this had not occurred in the Monju accident. By these
experiments, it was found that high temperature Na-Fe compound oxide type corrosion had
resulted in the small thinning of the floor liner of Monju and molten-salt type corrosion by peroxide
ion (O22") had occurred on the floor liner in the experimental facility.

In December 1996, Monju comprehensive safety review was started and continued through 1997.

2 . Out line of Monju comprehensive safety review
The aim of Monju comprehensive safety review is to improve the safety and reliability of Monju by
considering the problems revealed by the cause investigations. In this work, PNC performed
comprehensive review of the Monju design and the operational safety. Special attention paid to the
characteristics of Monju such as utilizing sodium as coolant and being in a prototype R&D-stage .

3 . Organization for Monju comprehensive safety review
Headquarters for the comprehensive review is composed of the personnel of Monju construction
office, PNC head office, O-arai engineering center, and Tokai works. PNC set up an advisory
group of learned men in order to ask extensive recommendation for the comprehensive safety
review.

Science and Technology Agency (STA) set up a safety review team in Oct. 1996. The STA team
consists of many kinds of experts. PNC has been reporting the progress and the results of the
comprehensive safety review to the STA team . The STA team plays a leading part in the
comprehensive safety review. PNC respects comments of the local administration as well.

4 . Review Fields
The comprehensive safety review was performed in seven major fields below.

(1) structural integrity against flow induced vibration

(2) structural integrity of sodium boundaries

(3) sodium leak detection, prevention of accident expansion, and mitigation of sodium leak
accidents

(4) safety design basis of Monju

(5) operation manuals

(6) reflections of R&D products and technical information

(7) quality assurance (QA) system and activities
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In order to extract safety problems easily through the confirmation of the plant quality and
reliability, these fields are set.

5 . Review of the structural integrity against flow induced vibration
Integrity of the equipment making sodium boundaries or water/steam boundary is reviewed form a
perspective of prevention of a leak accident. Objects of the review are as follows.

(1) thermometer well tubes

(2) structures that penetrate or make sodium boundary or water/steam boundary

(3) heat transfer tubes of heat exchangers such as IHX, SG, and air cooler

(4) equipment submerged in sodium.

Vibration modes and effects of each equipment are listed first. Integrity of the equipment is
evaluated from viewpoints of avoiding synchronization with flow-induced vibration and preventing
high cycle fatigue in comparison with the "design criteria for preventing flow-induced vibration of
thermometers" established by PNC.

As a result of the review, it turned out that 22 thermometer well tubes of the water/steam system
was unsuitable to the design criteria. These well tubes will be replaced or removed if unnecessarily.
Additional 15 well tubes under similar condition will be replaced by way of precaution.

6 . Review of the structural integrity of the sodium boundaries
Structural integrity of the whole sodium boundaries is reviewed from a perspective of prevention of
a sodium leak accident. The systems that have sodium boundaries are as follows.

(1) reactor vessel

(2) primary cooling system

(3) secondary cooling system

(4) auxiliary cooling system

(5) ex-vessel fuel storage system

(6) maintenance cooling system

The design requirements are checked to be reflected in the detailed design, the manufacturing, the
installation, the testing, and the inspection. As a result, there is no problem that damages the
integrity of the boundaries but a few issues to be improved.
Five flow junctions (outlets of the plugging instrument) where temperature difference exists will be
taken measures such as heating up by way of precaution. Thermal displacement and magnitude of
vibration of the small piping will be measured under the actual plant operating condition after re-
starting of Monju.

7 . Review of the systems relating sodium leak detection, prevention of the accident
expansion, and mitigation of a sodium leak accident
The measures against a sodium leak accident have been reviewed from the viewpoint of early
detection, prevention of expansion, and mitigation of the consequence of the accident.

Objects of the review are as follows.

(1) sodium leak detectors

(2) fire extinguishers

(3) HVACs

(4) charge/drain system

(5) heat-retaining structure surrounding the sodium piping

(6) liners on the floor concrete
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(7) sodium transfering or storing equipment after a leak accident

(8) control system such as safety protection system, level indicators, and interlocks

(9) central monitoring and control system

The design philosophy of the equipment is inspected in the light of lessons from the accident, the
experience and the knowledge of the preceding reactors, up-to-date R&D products, analyses of the
accident.

As a result of the review, following improvements are decided:

(1) Increasing monitoring capability of leak detection.

Cell monitors that detect aerosol existence and temperature rise in the room where sodium leak
occurs accidentally are going to be installed to enhance the capability of leak detection.

A unified monitoring system that supports the operators will be installed in the central control
room. This system will gather the information about sodium leak, fire, visual scene, and
process data.

(2) Early sodium drainage following immediate shutdown of the HVACs and the reactor.

When the operators verify sodium leak, the reactor should be scrammed regardless of the leak
scale. HVACs will be shutdown automatically by the signal from the cell monitors. The
operator will drain the sodium of the broken system then. To prevent the floor liner from
failing due to corrosion, time for drainage will be decreased from 50 minutes to 20 minutes.
As a result, the drainage will be completed in 40 minutes after initiation of the accident as to
the secondary cooling system.

(3) Discharging nitrogen gas to extinguish sodium fire.
After evacuation and safety of the plant personnel is verified, the operator injects nitrogen gas
into the concerned area for firm termination of an incident. The nitrogen-gas-injection-system
is able to extinguish sodium fire of the leakage of medium scale in 15 minutes.

(4) Preventing spread of sodium aerosol.

The rooms where the secondary cooling systems are installed are separated independently to
secure the reactor cooling in a sodium leak accident. However, the volume of the room is too
large for the effectiveness of the nitrogen injection and for the suppression of the spread of the
sodium aerosol. Each room will be compartmentalized into four smaller area.

(5) Suppressing the temperature rise of the wall and ceiling concrete to prevent discharge of
moisture.

If moisture comes out too much in a sodium leak accident, the uncertainty of production of
hydrogen and chemical products became large. To prevent the discharge of moisture from
concrete wall, thermal insulation structure will be paneled on the wall. Temperature of the wall
will be suppressed less than 100 °C.

8 . Review of the safety design basis of Monju plant
Objective of this review is to confirm the succession of the plant design basis through the detailed
design, the manufacturing, the installation, the testing, and the inspection.

As a result of the review, there is no safety problem generally. However , establishment of the
impurity (oxygen) control in the primary cooling system is needed to ensure the fuel cladding
integrity during power operation.

9 . Review of the operation manuals
Suitability of the following items are reviewed.

(1) notification and communication system and structure at emergency.

(2) operation manuals for transient and accident.

(3) education and training of the operators.
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As a result of the review, following improvements are decided.

(1) It is necessary to provide the manuals against fire with all the supposed situations.

(2) The manuals will be modified to check sheet type ones.

(3) Introduction of the symptom-base manuals in the not-too-distant future is recommended

10 . Review of the reflections of R&D products and technical information
Objects of the review are as follows.

(1) R&D products regarding FBR (about 16,000 reports)

(2) operational experience from experimental reactor Joyo

(3) operational experience from domestic and foreign nuclear power plants

(4) operational experience from Monju itself

(5) data using in the safety analyses

As a result of the review, following items for further investigation will be taken out.

(1) Evaluation of the fuel maximum temperature.

(2) Life extension of the control rods.

(3) Confirmation of no SG tube failure due to the mode of high temperature rupture.

1 1 . Review of the system and the activities of quality assurance
Objects of the review are as follows.

(1) QA activities for the design and the manufacturing of Monju

(2) examination and approval process of the operation manuals

(3) organization of the education and the training of the operators

(4) implementation system of reflecting the most up-to-date technical information.

As a result of the review, following plans are decided.

(1) A manual for design review will be prepared.
(2) Definition of the new design and modified design will be cleared.

(3) WANO peer review will be invited.

12 . Concluding Remarks
The comprehensive safety review was completed in March 1998. A licensing application is to be
made to STA for modified design. Major modifications and improvements recommended through
the safety review are scheduled by restart.
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Table 5.1 Principal Design of Monju

Sodium-cooled / loop-type

3

714 MWt

280 MWe

PuO2-UO2

Reactor type

Number of loops

Thermal output

Electrical output

Fuel material

Core dimensions

Equivalent diameter 1,790 mm

Height 930 mm

Plutonium enrichment (inner core / outer core)

(Pu fissile %)

Initial core 15 /20

Equilibrium core 16 /21

Fuel inventory

Core (U+Pu metal) 5.9 t

Blanket (U metal) 17.5 t

Average burnup 80,000 MWD/1

Cladding material SUS316

Cladding outer diameter/thickness 6.5 / 0.47 mm

Blanket thickness

Upper / lower / radial 30 / 35 / 30 cm

Breeding ratio 1.2

Reactor vessel

height / diameter 1 8 / 7 m

Primary coolant systems

Coolant sodium mass 760 ton

Inlet / outlet reactor temperature 397 / 529 °C

Coolant flow rate 5.1 X106kg /h / loopX3loops

Coolant flow velocity 6m/s(inlet), 4m/s(outlet)

Secondary coolant systems

Coolant sodium mass 760 ton

Inlet / outlet IHX temperature 325 / 505 °C

Coolant flow rate 3.7X106kg /h / loopX3loops

Coolant flow velocity 5 m/s

Water - steam systems

Feed water flow rate 113.7X104kg/h

Steam temperature (turbine inlet) 483 °C

Steam pressure (turbine inlet) 12.7 MPa

Type of steam generator Helical coil

Refueling system Single rotating plug

with fixed arm FHM

Refueling interval 6 months



VI. DESIGN STUDY OF DFBR

Based on the results of previous design studies and the major specifications determined by the
Federation of Electric Power Companies(FEPC), the design study for the DFBR plant optimization was
carried out during 3 years from FY 1994 to establish the overall concepts of the DFBR plant by
designing a consistent overall plant and evaluating the safety property and economical advantages.

The plant concepts was optimized. The optimization was executed upon the reactor structure, the cooling
system, BOP and building layout, incorporating the results of the study on the core safety enhancement,
pressure capability of the containment vessel and the technical subjects to be solved in case of applying
the horizontal seismic isolation design. The technical reports for application of license of the plant
construction were drafted based on the results of the evaluation of the plant safety and the structural
integrity of major components. The economical evaluation showed that the construction cost of the
DFBR was lower than the target cost, which is, 1.5 times that of LWR on lOOOMWe basis.

In December 1995, the sodium leakage incident occurred in the prototype reactor MONJU and after that,
the measures for the sodium leakage incident became the most important design issue in the DFBR.
And, the reduction of the construction cost also became more important because a great effort on further
cost reduction of the LWR has being carried out.
Based on such recent situation on both FBR and LWR field, the DFBR Plant Optimization (phase 2)
design study was launched with goal of constructing FBR plant that achieves both reliability and
economy from FY 1997 for three years.

The top priority of design subject in FY 1997 was given to strengthening sodium leakage and fire
measures in the sodium cooling systems. It is accomplished by integrating and concentrating sodium
equipment, and enclosing whole sodium boundary of both the primary and secondary circuits that the
risks of sodium leaks and fire is virtually eliminated. Further, the basic concept of the main cooling
system in line with reducing construction costs has been established. From the point of view of
simplifying the structure and improving the reliability of plant, a concept of a well balanced, reduced
cost, high reliability structure has been achieved. Concepts of rationalizing the fuel handling equipment
and BOP have been clarified related to achievement of sodium leak and fire.

VII. RESEARCH AND DEVELOPMENT

Research and development works are underway under the discussion and coordination of the Japanese
FBR R&D Steering Committee, which is composed of PNC, JAPC, JAERI and CRIEPI.

R&D items for DFBR among four organizations in Japanese fiscal year 1997 are shown in Table 7.1.
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Table 7.1 R&D items for DFBR among four organizations in JFY 1997

1. Plant System Design

Classification
1. Plant System

Design

JAPC
• Design Study of DFBR

(phase il)

PNC
• Core & Fuel Design Study for

DFBR

JAERI CRIEPI

2. Safety

Classification
2.1 Design Principle &

related Standard
2.2 Safety Evaluation

2.3 PSA

JAPC
• Study on DFBR Safety

Design Principle
• Study on Mechanical

Consequences of CDA:
Evaluation &
Countermeasures

• Study on permission
Scenario

• Study on Local Core Faults
Events : Event Sequences &
Countermeasures

• Study on Sodium-Water
Reaction : Consequences &
Countermeasures

• Study on Sodium Leak :
Consequences &
Countermeasures

• Study on Protection against
Sodium Spray Mitigation of
Sodium Leakage

PNC
• Study on FBR Safety

Evaluation Principle
• Development of CDA

Evaluation Method :
SIMMER-III/SAS4A

• Study on CDA Scenario for
DFBR

• Development of Local Core
Faults Events Evaluation
Method

• Study on Fuel Pin Behavior
under Accidental Conditions

• Development of Evaluation
Method for FP Behavior

• Development of Evaluation
Method for Sodium-Water
Reaction

• Development of Evaluation
Method for Sodium Fire

• Development of PSA
Method & Data Base

JAERI

• NSRR In-pile Transient Fuel
Pin Behavior Tests

CRIEPI



3. Core & Fuel

Table 7.1 continued

oo

Classification
3.1 Enhancement of

Core Safety
3.2 Core Design

3.3 Fuel Design

3.4 Core Components

JAPC
• Development of Gas

Expansion Module(GEM)
• Application Study of

Improved Core Physics
Method

• Design Study of B4C
Shielding Assembly

• Evaluation of Fuel Design
Related to Safety Design
Principle

• Development of Evaluation
Method for Core Mechanics

• Investigation of PFR and
European Large Scale FBR
Long Life Control

PNC

• Improvement of Core Physics
Method : Codes & Nuclear
Data Development

• Study on B4C Shielding
Assembly: Irradiation
Behavior and B4C Material
Properties

• Study on Fuel Design
Principle, Design Criteria &
Related Material Properties

• Study on Deformation
Behavior of Fuel
Subassembly

• Development of Long Life
and High Performance
Control Rod

JAERI
• Reactivity Evaluation Test of

Gas Expansion Module(GEM)
• Improvement of Core Physics

Method: Nuclear Data
Development

CRIEPI



Table 7.1 continued

4. Components

Classification
4.1 Advanced Reactor

Shutdown System

4.2 Fuel Handling
System

4.3 Instrumentation

4.4 Inspection &
Repair

4.5 Others

JAPC
• Development of CRDM for Simplified

Reactor Upper Structures
• Development of Self-Actuated

Shutdown System
• Development of Manipulator Type In-

vessel Fuel Handling Machine
• Development of Seal Structure &

Sodium Vapor Deposition Protection of
Rotating Plug

• Development of Spent Fuel Dry
Cleaning System

• Development of Flow Meter for Primary
Sodium Circuit, CR Position Detection
System & Leak Detection System in SG

• Study on Reliability Improvement of
Reactor Shutdown System

• Development and Improvement of
Sodium Leak Detection System

• Development of Fuel Failure Detection
and Location System

• Development of Inspection Technology
for Sodium Components : Development
of Under Sodium Viewer and under
Sodium Volumetic Inspection

• Development of Repair Technology for
Sodium Components

• Development on Sodium-immersed Self-
cooled Electromagnetic Pump

• Development on Slide Joint of In-vessel
Piping

• Application Study of Rapture Disk under
Sodium for DFBR

PNC

• In-pile Reliability Tests for
SASS in JOYO

• Development of Leak
Detection System in SG :
MONJU Test Data Analysis

• Study on Operating
Procedure in case of Fuel
Failure

JAERI CRIEPI

• Development of Leak
Detection System in SG :
Active System

ioG



Table 7.1 continued

5. Structure, Materials, Thermal-hydraulics and Seismic Design

O
i

Classification
5.1 Structures

Materials

5.2 Thermal-hydraulics

5.3 Seismic Design

JAPC
• Development of Elevated

Temperature Structural
Design Guide for DFBR

• Development of Material
Strength Standard for Mod.
9Cr Steel, SUS316

• Application Study of LBB for
DFBR Primary & Secondary
Pipes

• Development of Design
Guide of Rectangular RCCV
(Reinforced Concrete
Containment Vessel)

• Design Study of Cover Gas
Entrainment Protection
Structure, Reactor Wall
Protection Structure

• Evaluation of Coolant-Cover
Gas Interface Stability

• Evaluation of Natural
Circulation Capability

• Large Scale Water Test for
Design Confirmation

• Development of Seismic
Isolation Design Method

PNC
• Under Sodium Experiment

for Data Base

• Development of Material
Strength Data Base

• Study on LBB Evaluation
Method: Crack Propagation
Test under Sodium
Condition

• Development of Evaluation
Method for Natural Circulation
Capability: Sodium & Water
Test, Code Development

JAERI CRIEPI
• Under Air Experiment for

Data Base

• Development of Material
Strength Data Base for
Applicability of Inelastic
Analysis

• Study on LBB Evaluation
Method: Crack Propagation
Test under Long Term Load
Condition

• Development of Evaluation
Method for Cover Gas
Entrainment & Coolant-Cover
Gas Interface Stability

• Development of Evaluation
Method for Natural Circulation
Capability: Water Test
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Table 7.1 continued

6. Large Scale Tests

Classification
6. Large Scale Tests PNC will take responsibility

• Overall In-sodium Test for Reactor Cooling System
• Performance Test for Reactor Wall Protection Structure
• Heat Removal Characteristic Test for DHRS
• Performance Test for Neutron Detector
• Overall Test for SG Tube Rupture
• Structural Reliability Test for SG 4

4

Not yet decided which organization will take resonsibility

• Overall Seismic Test for Reactor Cooling System
(Overall Seismic Isolation Test for Reactor Cooling System)

• Reliability Test for Main Reactor Shutdown System
1 Reliability Test for Backup Reactor Shutdown System
> Reliability Test for Main Loop Sodium Pump
• Reliability Test for Fuel Handling Machine
• Reliability Test for Fuel Transfer Machine
• Structural Reliability Test for Heat Resistant Concrete Liner
• Overall Test for Flow Meter

7. Reflection of Experience in MONJU

Classification
7. Reflection of

Experience in
MONJU

JAPC
• Reflection of Pre-operational

Test and Operational
Experience of MONJU to
DFBR

PNC
• Evaluation of Pre-operational

Test and Operational
Experience of MONJU :
Design Technology,
Radioactive Material
Behavior, Breeding
Capability, Core
Performance, Inspection &
Maintenance Technology

JAERI CRIEPI

ios


