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1. Experimental Fast Reactor, JOYO

1.1 General Status

This report covers the activities of the experimental 

fast reactor JOYO from April 1986 to December 1987. Five 

duty cycles operations from the 10th to 14th were done. 

Starting from the 13th operation, the duration per cycle was 

extended to 55 days at 13th cycle and 60 days at 14th, in 

order to elongate the fuel maximum burn-up from 50,000 MWd/t 

to 75,000 MWd/t. By the end of 15th cycle (mid-May of '88), 

the objective 70 days duration is attained.

The 6th annual inspection was finished in September 

1987. Work for maintenance or modification of the plant has 

been done on such system as Cecium trap in order to enable 

the loop to trap the Cecium which will be released from 

failed fuel during the reactor operation, the cold trap 

(replacement) of the primary coolant system in order to get 

higher trapping efficiency and the 2nd set-up (reloading) 

of on-line irradiation test assembly (INTA-S).

Besides the operation and maintenance, the following 

items of work were conducted.

1. Development of operation and maintenance supporting 

system using computers.

2. Data supply to the Centralized Reliability Data 

Organization (CREDO) system based on the agreement 

between DOE and PNC.

3. Operation of the replaced cold trap and measurement 

of the trapping characteristics.

The operation history of JOYO is illustrated in Fig.1.1.

1.2 Characteristics test of the replaced cold trap

Prior to the operation of the replaced Cold Trap (C/T), 

a function test was conducted such as heat up test, Argon 

gas purge at high temperature and sodium charge in the 

purification system.

Although plugging temperature of the primary loops was 

170°C when the purification system operation started, C/T 

temperature was kept at 200°C for several days, then the 

C/T temperature was gradually lowered at the rate of 2°C/ 

2days except during PCV leak test. The C/T temperature 

reached the target one of 150°C before starting of 100MW 

13th cycle operation.

Characteristics of the C/T for the initial purification 

are shown in Fig.1.2. both plugging and un-plugging temper

ature started decreasing when the C/T temperature was lowered 

to approximately 170°C.

During the first duty cycle operation of the C/T, its 

temperature was kept at 150°C. The temperature and inlet 

pressure showed stable characteristics, and the expected 

performance was confirmed.

1.3 INTA-S Measurement

An on-line monitored material irradiation test using 

Instrumented Test Assembly (INTA-S), has been successfully 

conducted since 13th cycle, Sept. 1987. It measures 

temperatures of material irradiation test specimens due to 

gamma heating, boron carbide pellet center temperature, etc.

The structure of INTA-S is shown in Fig.1.3. This 

irradiation test is to continue untill the 20th cycle in 

1989.
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FIG.1.1. Experimental fast reactor JOYO operating history.

FIG.1.2. Characteristics for initial purification.
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FIG.1.3. Instrumented test assembly (INTA-S).

2. Prototype Fast Breeder Reactor, MONJU

2.1 Summary

The fast breeder reactor Monju is a nuclear power 

plant of medium size, which is being built at Shiraki in 

Tsuruga City, Fukui Prefecture, approximately 400km west of 

Tokyo. Monju is a prototype reactor, which stands between 

the experimental reactor and the demonstration reactor in 

the development program of fast breeder reactors, and aims

to attain technological advancement and economic prospect 

towards the establishment of commercial viability of future 

nuclear power plants.

Power Reactor and Nuclear Fuel Development Corporation 

(PNC) undertook the design of Monju and the selection of its 

site in 1968, and in 1970 Shiraki area was chosen as a 

prospective site. Since then PNC conducted an environmental 

assessment and safety evaluation. The environmental 

assessment was completed by the local authorities of Fukui 

Prefecture in June, 1982, and by the government in July,

1982. The first stage of the safety examination was made by 

the reactor regulatory section of the Science and Technology 

Agency (STA) and the second by the Nuclear Safety Commission. 

The approval was granted for the reactor establishment in 

May, 1983. Preparatory construction work began early in

1983 such as preparation of the building siteand the roads 

around the site.

In January, 1984 PNC contracted with four of the main 

component manufacturers (Toshiba, Hitachi, Fuji Electric and 

Mitsubishi Heavy Industry) for design, fabrication, and 

installation of a containment vessel, design and fabrication 

of a reactor vessel, and design of primary and secondary 

heat transport systems, steam generator, electrical systems, 

fuel handling system, etc., as the first stage.

PNC made applications for the licensing approval of 

the designs and construction methods step by step. Reviews 

on the design and methods of construction by STA andon the 

construction plan by Ministry of International Trade and 

Industry (MITI) were initiated at almost the same time in 

December 1984.

With the approvals of STA ROUND 6 S MITI ROUND 8 in 

August, 1987, all major heat transport systems and safety 

related systems & components have completed their licensing 

reviews. The final rounds of STA and MITI hearings are 

scheduled to resume in November, 1989 and expected to be 

completed in early 1990.



The overall progress of Monju construction was 45% at 

the end of March 1988. Major milestones achieved in 1987 

are; containment vessel completion, C/V leak testing, 

initiation of reactor building and auxiliary building lower 

tier construction, initiation of modular reactor cavity 

construction, completion of mats of maintenance building and 

turbinebuilding, and initiation of cell liner and catch pan 

installation.

3. Demonstration Fast Breeder Reactor, DFBR

3.1 Overview

The Japan Atomic Engergy Commission revised Japanese 

"Long-Term Program for Development and Utilization of 

Nuclear Energey" in June 1987. In the program, it was 

concluded that the research and development for demonstration 

FBRs should be done with the cooperation of governmental and 

private sectors, and that utilities should play a major role 

in the design, construction and operation of the demonstra

tion FBR, aiming at the commercialization in the year from 

2020's to 2030 through construction of several FBRs with a 

step-by-step improvement of technologies and economics.

In this respect, it is requested to clarify a long-term 

strategy for FBR deplopment by 1990, based on the result of 

research and development activities made so far and to be 

obtained during the next few years, along with the 

determination of the basic specifications of the first 

demonstration FBR (DFBR-1). At present, the start of 

construction of DFBR-1 is scheduled in late 1990's and the 

start of operation at the beginning of the 21st century.

The scenario of DFBR-1 development is shownln Fig.3-1.

3.2 Design Study

The utilities finished their three years program of 

the design studies in March 1987. The program was begun in

1984 by the FBR Project Office (FPO) of the Federation of
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FIG.3.1. Scenario of DFBR-1 development.

Electric Power companies (FEPC) and later transfered to the 

Japan Atomic Power Company (JAPC). 1000MWe class loop type 

and pool type reactors were studied aiming at a construction 

cost less than 1.5 LWRs with the same level of safety and 

maintenability. The present study by JAPC proceeds to 

evaluate the above rationalized design studies adopting 

innovative and advanced technologies, from the viewpoint of 

economics and competitiveness with PWRs.

The Power Reactor and Nuclear Fuel Development Corpo

ration (PNC) has also carried out the design evaluation 

studies of large LMFBRs based on the experience of JOYO and 

MONJU.



4. Reactor Physics

4.1 Improvements of Core Analysis Methods

4.1.1 Two-dimensional (2-D) Modelling for Plate Cell 

Calculation

The cell-averaged cross sections and diffusion 

coefficients for plate lattice cell fast critical assembles 

were calculated using the 2-D cell model by the CASUP code.

The method was applied to criticality calculations of the 

Zebra CADENZA cores. Using the conventional 1-D model, the 

С/E values for the pin cores were larger by 0.3-0.5 %Ak/k, 

compared with the plate cores, depending on the 1-D cell 

homogenization models. However, by using the 2-D model for 

the plate cores, the difference between the pin and plate 

cores was reduced to about 0.2 % Дк/к.

4.1.2 Self-shielding Effect on Criticality of Plate Cell 

Assembly

For the preparation of cell calculation of plate cell, 

the Tone's method was applied to calculate the background 

cross sections of each plate in the cell, and then to derive 

the self-shielding factor of each plate. These self-shielding 

factors were used to obtain the cross sections of each plate, 

instead of the Dancoff factors.

The two methods were applied to the criticality 

calculations of the ZPPR-9, -10A, -10D and -1 ЗА cores. The 

k-eff values for these cores calculated by the Tone's method 

were lower by 0.14-0.16 % Д k/k compared with the values 

calculated by the Dancoff factor method. The difference is 

quantitatively significant for the analysis of criticality, 

and should be considered and corrected.

4.1.3 Streaming Effect of Double Heterogeneous Structure of 

Subassembly

The neutron streaming in a typical prototype fast 

reactor caused by the double heterogeneous structure of 

subassembly has been estimated by means of multi-group (70

group) calculations. The sum of the streaming effect caused 

by the pin cell structure and the streaming effect caused by 

the wrapper tube structure was evaluated to be -0.13 % Дк/к.

On the other hand, the streaming effect caused by the 

heterogeneity of the wrapper tube and inter-assembly sodium 

was evaluated to be -0.07 % Дк/к. Then, the total streaming 

effect becomes (-0 .1 3 ) + (-0.07 )= -0.20 %дк/к, which is almost 

twice of the streaming effect of -0.09 % дк/к obtained by 

the conventional pin cell structure. This magnitude of 

streaming effect of -0.20 % Дk/k is significant, compared 

with the double heterogeneity effect of 0.5 % Дк/к caused 

only by the resonance self-shielding and intracell flux 

distribution. The total heterogeneity with the streaming 

effect is reduced from 0.5 % Ak/k to 0.3 % Дк/к.

4.1.4 Three Dimensional Transport and Diffusion Codes Based 

on Nodal Method 

A three-dimensional transport/diffusion code TRITON has 

been developed by Osaka University. The TRITON code has been 

applied to transport and diffusion calculations in a simple 

3-D (XYZ) fast reactor core model. The calculations were 

performed in 4 energy groups, k-eff values and computing 

times were compared between TRITON and CITATION/TRITAC. In 

case of the nodal diffusion calculation, the k-eff was 

estimated as accurate as that by the finite diffusion 

calculation, and the computing time was reduced by a factor 

of 10. In case of the nodal transport calculation, the k-eff 

was improved greatly over the discrete ordinates calculation 

using the same number of mesh points, and the computing time 

was reduced by a factor of 5.

4.2 Critical Experiments

The JUPITER-III program, the joint physics large FBR 

core critical experiments program between the U.S. DOE and PNC, 

Japan, using the ZPPR facility and ANL-Idaho, started on 

January 1987, and will continue for one year. The 

experimental program consists of two different series of



experiments. The ZPPR-17 series are 650 MWe-size benchmark 

cores of axially heterogeneous core concept, including a clean 

benchmark core, an engineering benchmark core with 25 control 

rod channels and a beginning-of-life core with 13 half

inserted control rods. The ZPPR-18 series are 1000 MWe-size 

two-zone homogeneous cores, including an engineering benchmark 

core with 24 control rod channels, a beginning-of-life core

with 18 half-inserted control rods and its one-rod-stuck phase

core with 17 half-inserted control rods.

4.3 Shielding

A review meeting for the joint U.S./Japan Program for 

Experimental Shielding Research (JASPER) was held at ORNL in 

April 1987. The penetration experiments, the first item of 

the series of JASPER experiment, were analysed in Japan using 

standard transport codes ANISN and DOT3.5. Two cross section 

sets were used in the analyses, i.e., JSD100 and JSDJ2, which 

had been generated from the ENDF/B-IV and JENDL-2 libraries, 

respectively. Through all the cases the С/E values spanned 

between 1.5 and 0.7 for JSD100 and between 1.2 and 0.6 for 

JSDJ2. Both the U.S. and Japan analyses indicate similar 

trends of decreasing С/E values for increasing sodium 

thickness. More analyses would be needed to resolve the 

discrepancies. Transverse leakage effects in the square 

slab mockups were identified as a possible cause of the 

discrepancies and should be investigated in future analyses.

5. Reactor Components

5.1 Reactor Vessel and Internal Structure

5.1.1 Hydraulic Tests of Flow Distribution

Experimental studies of hydraulic characteristics in the 

Monju reactor vessel have been completed with an integral flow 

model of 1/2.14 geometric scale using water as a working fluid. 

Currently, the Monju design is being reevaluated using the 

test data obtained.

5.1.2 Transient Thermohydraulics in Reactor Plena

A flow visualization study of an outlet plenum was 

conducted to examine the transient thermo-hydraulic phenomena 

under such an accident as check valve stick, resulting in the 

reverse flow in a primary heat transport system. It is 

important to understand these phenomena in order to evaluate 

the structural integrity of the reactor vessel, outlet nozzles, 

etc. under such off-normal conditions. The 1/6-scale 

transparent acrylic model of the Monju reactor vessel was used 

to allow flow visualization. The hot (50 C)/cold(20 C) water 

was used as a working fluid and the flow visualization was 

realized by the aid of tufts and day injection. Flow patterns 

observed by the experiments well describe thermal behavior in 

the plenum and outlet nozzles. These experimental results are 

very helpful in developing simplified mixing models in reactor 

plena applied to whole plant transient analyses.

5.2 Shield Plug

Sodium vapor (or mist) concentration in the argon cover 

gas space was measured to provide basic data used for 

evaluating sodium deposition rates at relatively low temper

ature conditions. The tests were performed in thê  range 

from 150°C to 300°C. Axial temperature difference was also 

dependent variables ( T=70 - 150°C) in the tests. Sodium

concentration was decreased logarithmically with decreasing 

pool temperature, and there was almost two order of 

magnitude difference between the present data ( 3X10-^  - 

9X10-^  g/cm ) and saturated vapor concentration (1X10-^  

g/cm ) at 200°C. The cause of this large difference is 

considered to be attributed to mist formation at just above 

pool surface where sodium vapor should nucleate due to 

steep temperature drop. The above concentration data was 

reflected on the evaluation of sodium deposition rates for 

the rotating shield plug of Monju.



An effort is being made to develop an analysis code 

(FLUSH-Code) for heattransfer and covergas flow behavior 

above pool surface reactor vessel.

5.3 Primary Pump

Good hydraulic performances of the primary pump for 

MONJU were already verified by in-water and in-sodium tests 

with a full-size prototype.

As the final stage of the pump tests, a test with low 

sodium level in the pump casing and non-seal gas tests for 

pump shaft were carried out on the sodium pump test loop. As 

a result of the tests, it was not found any trouble. Endur

ance test of the pump are being continued. Total time of 

the sodium operation is about 32,000 hours.

Cavitation performance tests of a new pump impelías 

were carried out by in-water test with small-size impelía 

for DFBR pump.

5.4 Xnstermediate Heat Exchanger

In order to evaluate the heat transfer performance of 

the intermediate heat exchanger of LMFBRs at low flow 

condition, a heat transfer experiment was carried out using 

a double tubed cuntercurrent heat exchanger at low Peclet 

numbers and unbalanced flow rate conditions between the 

primary and secondary sides. In the experiment, temperature 

distributions along the test section were measured under the 

follwing conditions: the primary and secondary inlet

temperatures were about 350eC and 300°C respectively and the 

flow rate of primary or secondary side was varied from about

1.0 to 70 1/min. These experimental results have been used 

for better understanding of the heat transfer characteristics 

of sodium heat exchanger under low flow conditions and will 

be used for the design of sodium heat exchanger which can be 

operated both at forced low flow rate and natural circulation. 

Another sodium heat transfer test at low Peclet numbers is in 

progress for a 19-pin bare rod bundle having P/D parameters

of 1.2, 1.5 and 1.8 to obtain the low Peclet heat transfer 

correlation.

5.5 Control Rod Drive Mechanisms

Three kinds of control rod drive mechanisms for MONJU 

have been tested with full scale mock-up under simulated 

sodium conditions. They are drive mechanisms of fine control 

rod (FCRD), coarse control rod (CCRD) and back-up shut down 

rod (BCRD). In-sodium test on the final BCRD model was 

finished in December 1983, and a seismic test in water was 

carried out in Spring of 1985. The final models of FCRD and 

CCRD were manufactured in March 1985 and in-water and in

sodium tests were started in Feb. 1986. The final tests are 

expected to be carried out on sodium test loop in Aug. 1988.

A dynamic behavior and a fatigue tests on shaft seal 

bellows have been carried out to establish the design basis.

The self-actuated-shutdown system (SASS) for the demo 

-plant FBR was initiated in spring 1987. As a first stage, 

the performance test of magnet for high temperature was 

carried out in-air. In-sodium testing is expected to be 

started in spring 1988.

5.6 Refueling and Fuel Storage System

The refueling system of MONJU consists of an in-vessel

fuel machine (FHM), and an ex-vessel transfer machine (EVTM). 

Testing of prototype FHM in sodium and characteristics test 

of the shaft seal were completed. Testing of prototype EVTM 

in sodium has been performed since 1981.

5.7 Ex-Vessel Storage Tank

A simple geometry model test was conducted as a part of 

a program to study natural circulation in EVST. Experimental 

data obtained were temperature, velocity, and flow pattern 

profiles in the test vessel. Applicability of COMMIX-PNC 

(DRACS Version) code, which is a revised version of the 

COMMIX-1A code, was examinedfor developing the basis for its



use as a design and safety analysis tool. COMMIX-PNC results 

indicate relatively good agreement with the basic physical 

effects shown by the experimental data. Both analytical 

flow and temperature profiles, quantitatively match with 

experiments. Therefore, the COMMIX-PNC code is capable of 

predicting thermohydraulics of in-vessel natural circulation. 

Following the simple geometry test, a 1/3 scale, 1/6 sector 

model test is being continued to demonstrate the feasibility 

of the decay heat removal system by. natural circulation.

5.8 In-Service Inspection Equipment

An effort is being made to develop in-service inspec

tion equipments for reactor vessels, inlet pipes and PHTS 

(Primary Heat Transport System). A remote inspection 

technique using optical fiber scopes for reactor vessels is 

established, with 7-ray irradiation tests at R.T to 250°C.

Another effort is being directed to develop electro 

magnetic acoustic and ultrasonic transducers for high temper 

ature use on reactor vessels and primary piping systems.

Preparation of full size model tests for the Monju 

reactor vessel, steam generator tubes and primary pipes 

started from the spring 1987.

5.9 Expansion joint for piping system

Feasibility studies of expansion joints for piping 

system have been conducted since 1985. In-sodium tests of 

the expansion joints started from Feb. 1986. Those expansion 

joints are horizontal connection and vertical connection 

types. They are designed for a primary system of DFBR, and 

the size is 42 inches in diameter.

Endurance tests of the expansion joints were finished 

in 1987.
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6. Steam Generator System

6.1 Sodium-Water Reaction Studies

6.1.1 Leak Propagation Tests

Seven micro-leak tests were conducted in JFY '85 in 

the SWAT-4 rig. The total numbers of micro-leak tests 

conductedthus far in SWAT-4 since 1984 are 38 and 24, for 

2-1/4Cr-1Moferritic steel and JIS-SUS321 (321 so) austenitic 

stainless steel, respectively.

In a small leak range, twelve tests were conducted for 

SUS321 steel in SWAT-2 test loop by varying test parameters 

such as water injection rate, sodium temperature, and nozzle- 

to-target distance, to obtain an empirical formula of the 

SUS321 wastage rate as a function of the parameters.

A new series of wastage tests started in a small leak 

range for high-chrome steel which is major back-up tube 

material for future heat exchangers. Wastage tests carried 

out in SWAT-1 revealed that mod, 9Cr-1Mo steel had more 

wastage-reslstance than 2-1/4Cr-1Mo steel.

SWAT-3 Run 19 was conducted to clarify the possibility 

of overheating failure of SG tubes. In the test, water was 

injected from an initial leak tube at a rate of 1.9 kg/sec.

6.1.2 Development of Acoustic Leak Detection System

A background noise level in an actual steam generator 

was measured using 50MW Steam Generator Test Facility. 

Acoustic signals from sodium-water reaction of SWAT-2 wastage 

tests were compared with the spectrum of the 50MW SG.

Basic tests have been carried out by use of SWAT-5; 

a water-filled half-scale model for Monju evaporator, to 

obtain technical know-how of leak detection and location.

In series of the tests, an influence of internals, center 

pipe, and outer shroud on the intensity was examined.



6.1.3 Computar Code Development

A large leak sodium-water reaction analysis code,

SWACS, is being applied for various types of steam 

generators. Feasibility studies are under way. In 

addition, a one-demensional thermal-hydraulic computer code, 

SWAC13E, is under development. The code was validated by 

comparing calculational results with SWAT-3 large leak data.

6.2 High Chrome Steel- Steam Generator

Three modified 9Cr-1Mo Steel steam generators with a 

1 MW or 0.5 MW heat capacity were manufactured, and in-sodium
4

tests continue to confirm the reliability of long time 

operation under high temperature and thermal transient.

6.3 Double Wall Type Steam Generator

Development of double wall type steam generator started 

in 1985. The efforts are being made to fabricate several 

types of double wall tubes. Performance tests of the tubes 

and tube sheets started at Oct. 1986.

Work for a conceptual design of the double wall type 

steam generator and leak detector system continues.

7. Sodium Technology

7.1 Material Tests in Sodium

7.1.1 Core Material Tests in Sodium

For fuel cladding and duct materials of demostration 

FBRs, sodium environmental tests of modified austenitic 

stainless steel is being performed. The following are 

tests’ items;

* Tensile test after exposure to high temperature sodium 

and thermal ageing.

* Internal pressure creep rupture test

* Corrosion and mass transfer test

In addition to these tests, sodium environmental tests 

on possible candidate core materials for future FBRs have 

been commenced according to a program of core material 

development. The candidate core materials are high-chromium 

ferritic steels and oxide dispersion strengthened ferritic 

steels.

7.1.2 Tribology Tests in Sodium

Development and evaluation of cobalt-free hard facing 

materials have been performed to clarify the tribological 

behaviors of contacting and/or sliding parts of FBR 

components. The tribology test in sodium includes;

* Self-welding test

* Friction and wear test

* Sodium Compatibility test

A new test program started to evaluate the wear 

behaviors of high-chromium ferritic steel tubes.

7.2 Flow and Heat Transfer

The third heat transfer test at low Peclet numbers is 

in progress for 19-rod bundle having a P/D parameter of 1.8. 

The heat transfer correlation will be obtained from three 

sets of heat transfer data for P/D=1.2, 1.5 and 1.8 in the 

final evaluatin.

Measurements of pressure drop for the 19-pin wire- 

wrapped bundle have been conducted under isothermal and mixed 

convection conditions for upward and downward sodium flows, 

focussing on friction factor correlations. A similar test 

for 37-pin bundle is in progress to study bundle size 

effects.

Measurements of sodium mist content in argon cover gas 

space at relatively low temperature conditions have been 

completed.



A water test facility was developed to study natural 

circulation thermo-hydraulics in the Monju EVST. A water 

test for the 1/1 О-scale EVST model with a simple geometry 

have been completed. Following the above tests, 1/3-scale 

model tests with 1/б-sector are in progress to demonstrate 

the feasibility of natural circulation at the ex-vessel 

decay heat removal system.

7.3 Radioactive Material Behaviour and Control in Sodium 

This technology area covers studies to decrease the 

radiation exposure to plant personel due to radioactive 

corrosion and fission products (CP & FP) produced in LMFBR 

primary circuits, and to improve maintenability.

The objectives of the studies are as follows;

* To establish computer code for CP behaviour analysis.

* To develop CP and FP trapping methods (radioactive 

nuclide traps) in sodium.

(a) Development of computer code for CP behavior analysis 

An analytical model for CP behaviour in the 

primary system of LMFBR's has been developed by using 

results obtained from out-of-pile studies which 

consisted of CP transfer experiments and examinations 

of metallurgical effects of sodium exposure on stain

less steel test specimens, plant experience in JOYO 

and published data by some foreign laboratories.

A computer code "PSYCHE" has been developed to 

evaluate CP transfer in primary circuits of LMFBR1s 

and radiation dose rate by CP around primary cooling 

piping and components. The analytical parameters in 

this model were obtained by using data of the out- 

of-pile experiments and measurements in JOYO.

The CP deposit radioactivity and dose rate distribu

tion in the primary sodium system of JOYO was 

measured and compared with calculated results by

PSYCHE. The radioactivity of CP calculated by PSYHE 

agreeded with the measured within a factor of 0.7 -

1.7 and within a factor of 0.7 - 1.3 for the dose 

rate distributions.

(b) Development of CP trapping method in sodium

CP trapping materials have been developed to 

collect dissolved species of CP in sodium. It was

found that nickel was the most effective material to
54 51 58

trap Mn and Cr, and less effective for Co and

®®Co. Highly effective trapping materials made of

nickel have been developed and characterization tests

of the materials in sodium have been carried out.

Cesium trapping tests in sodium by cold traps

and RVC materials, included improvements of the

trapping materials, has been carried out. RVC trap

had been installed in the purification circuit of

the primary system of JOYO.

7.4 Sodium Chemistry and Sodium Purification

LMFBR coolant can be by impurities like oxygen, 

hydrogen and carbon contaminated during operation.

These impurities influence on the structural and core 

materials, so FBR plants must be operated under the control 

of these impurities. The following studies have been 

performed.

* To develop devices and techniques to remove impurities 

and keep these concentrations at a desirable level and 

to develop in-sodium chemical meters and techniques to 

monitor concentrations of impurities.

* To understand the behaviour and influence of impurities 

and to consider how to cope with the situation.

* To develop the regeneration methods of cold trap.

Impurity levels in sodium can be measured by the 

values of the impurities of metallic specimens exposed to 

the sodium. This method was applied for oxygen and carbon



measurements. Satisfactory results for oxygen were obtained 

by using vanadium wire.

Tests for carbon have been carried out by using 

SUS304L and Fe-12Mn metallic foils.

7.5 Sodium Removal and Decontamination

Since 1982, decontamination studies for CP have been 

done at O-arai Engineering Center.

A series of tests has been carried out to develop the 

decontamination process of CP by using samples contaminated 

by CP. The deposition characteristics of CP in the sodium 

cleaning equipment of fuel assembly fn Joyo and the chemical 

decontamination processes have been studied.

8. FBR Instrumentation

8.1 Nuclear Instrumentation

8.1.1 In-Core Fission chamber

A micro fission chamber to provide for the instru

mented assembly (INTA) has been tested at JOYO since 

December 1985.

8.1.2 Ex-vessel BF Proportional Counter

Experiments of ex-vessel BF proportional counter for 

Monju have been completed in the Japan Research Reactor-4. 

The experimental results satisfied design specifications 

under the following test conditions.

Accumulated irradiation dose:
П

Thermal neutron 1.6 X 10 n/cm2

Gamma ray 3.3 X 10** R

Temperature conditions

During irradiation 30°C

Post irradiation 160°C

(Time duration in the post irradiation experiment 

30 days.)

8.2 Failed Fuel Detection and Location

A demonstration test of the tagging gas system for 

locating failed fuel was carried out in JOYO, as described 

in Chap.2 of this report.

For Monju, experiments of the cryogenic adsorption 

system of the tagging gas system is being carried out to 

determine the design specification, by changing design 

parameters.

8.3 Early Warning System for Fuel Failure

8.3.1 Temperature Measurement

Temperature fluctuation due to flow blockage in the 

pin bundle has been analysed by computer code developed.

Calibration tests of the above-core instrumentation 

for Monju are planned to start in Jan. 1989.

Fast response thermocouples have been developed for 

application to the above-core instrumentation.

8.3.2 Flow Measurement

New type eddy-current flow/temperature sensors were 

developed and tested in a sodium loop.

8.3.3 Other Systems

An acoustic detection system is being developed for 

purpose of detecting anomalous sound, in particular the 

onset of local boiling in the core.

8.4 Process Instrumentation

8.4.1 Sodium Flow Meters for Large Piping

Since the permanent magnet type flowmeter was adopted 

for the flow measurement of the primary and secondary system 

of MONJU, flowmeter response and calibration method became a 

major concern.



A testing of on-site calibration technique using a 

cross-correlation technique of EM Flowmeter noise signals 

was carried out.

A equipment for the flowmeter calibration is being 

installed. The calibration tests for Monju will be started 

in spring 1988.

8.4.2 Sodium Level Meters

Calibration tests of the sodium level meters were 

conducted for Joyo reactor vessel and 50MW Steam Generator 

Test Facility using a sodium level meter calibration test loop.

A calibration test of the sodium level meters for 

Monju will be started in Jan. 1989.

8.5 Sodium Leak Detection System

Sodium ionization detector and aerosol trapping 

filter were tested in the leak rate of order of 100g/hr with 

the simulated environment of Monju's primary cell.

Their capability as the leak detector was also 

demonstrated with use of a piping model simulating Monju's 

secondary system.

Consequently, they have been adopted as the leak 

detectors of Monju’s primary and secondary piping systems.

9. Fuels and Materials

9.1 Fuel Fabrication

The installation of fully automated and remote fuel 

production line is now completed in the PFPF (Plutonium Fuel 

Production Facility). The fabrication of "JOYO" and "MONJU" 

fuels will start from this August.

9.2 Fuel Pin Performance

Fuel pin performance codes for transient state and 

fuel failure state are being improved with data of opera

tional reliability tests in EBR-II.

Feasibility studies of the fuel performance code for 

metal, carbide and nitride fuel are commenced. The 316 stain

less steel (MONJU core material) irradiated until 1.9X10^ n/ 

cm3, E 70-1 MeV showed excellent swelling registance with 

less than 1% swelling.

9.3 Core Materials

Out-of-reactor mechanical property and sodium corrosion 

tests of advanced austenitic stainless steels have been 

completed. These materials are being irradiated in "JOYO" 

and FFTF.

As a long life fuel core material, development of high 

strength ferritic steel is under way. Wrapper tube fabric

ation of 12% Cr ferritic/martensitic steels is performed, 

and their mechanical properties are under evaluation. The 

development of oxide dispersion strengthened ferritic steel 

progressed by using hot workedprocesslng.

9.4 Subassembly

Out-of-reactor testing of bundle-to-duct interaction for 

large assembly has been carried out. Computer tomography 

techniques are applied for the investigation of the bundle 

behavior.

The study of neutronics and thermal hydraulics for 

ductless subassemblies has been initiated.

9.5 Irradiation Experiments

1) JOYO

Monju fuel irradiations are being conducted. 

Irradiation of axial heterogenious core fuel pins 

started.

2) Foreign Reactors

Phase-I program of operational reliability testing 

in EBR-II is almost completed and Phase-II program is 

initiated.



Monju fuels irradiations in FFTF started from 

November, 1987.

9.6 Development of advanced fuels in Japan Atomic Energy 

Research Institute (JAERI)

The first irradiation of uranium-plutonium mixed 

carbide fuel was conducted in 1983 using the thermal reactor, 

JRR-2. Two pins containing (UQ g, PuQ.2) c anâ *U 0-8'

PUq 2 > C1 - 1 pellets with a fuel stack length of 100mm, were 

put in a capsule and irradiated with a low linear heat rate 

of 450W/cm to a burnup level of 1.2 at %. Other two pins 

were irradiated at a medium heat rate bf 650 W/cm in 1985 

and the irradiation aimed at medium (3 at %) and high 

(6 at %) burnup levels started in 1986 at the JMTR (Japan 

Material Test Reactor).

Post irradiation examinations (PIEs) for the irradiated 

pins have been completed at alpha cells of the RFEF (Reactor 

Fuel Examination Facility) at Tokai.

Following the above carbide fuel irradiations, JAERI 

is planning to perform irradiation tests for uranium- 

plutonium mixed nitride fuels. The fabrication of the fuel 

pellets is underway.

10. Structural Design and Materials

10.1 Development of Structural Design Methods

10.1.1 Structural Analysis Methods

a. Nolinear structural analysis program

Extension of the general purpose nonlinear 

structural analysis program FINAS has been made since 

1981, particularly with respect to inelastic consti

tutive models, large deformation analysis methods, 

fracture mechanics capabilities, dynamic analysis 

capabilities including fluid-structure interaction and 

output options. FINAS is currently utilized by

research engineers and designers of PNC and a number of 

fabricators.

b. Simplified analysis method of tube-sheet-shell struc

tures

Simplified analysis procedures combining 

axisymmetric and plate models have been developed for 

tube-sheet-shell structures.

Methods of predicting local stresses and strains in 

the cetral region of ligament as well as rim-ligament 

region are explored for thermal transient loads.

10.1.2 Structural design guides

a. Improvement of High Temperature Structural Design Guide

The following items have been discussed to improve 

and extend the current High Temperature Structural 

Design Guide.

* Design rules for welds

* Creep-fatigue design methods based on elastic ana

lysis

* Strain limit criteria (ratchetting except the Bree- 

type mechanism)

b. Development of a Hith Temperature Structural Design 

Guide for Piping Bellows

A tentative High Temperature Structural Design 

Guide for piping bellows was developed. The design 

rules are provided for stress limit, strain limit, 

creep-fatigue evaluation methods based on elastic ana

lysis and buckling criteria for internal pressure.

These rules have been developed through analytical and 

experimental research work by PNC.

10.2 Structural Tests and Evaluations

10.2.1 Structural element and component tests

In order to evaluate the adequacy of high temperature

design rules and analysis methods and also to confirm the



integrity of the actual components, the following structural 

element and component tests have been or are being performed.

a) Creep fatigue tests of elbows in sodium

Tests and evaluation were completed.

b) Fatigue tests and creep buckling tests of T-joints

Fatigue tests and creep buckling tests were completed.

c) Thermal and creep ratcheting tests of pipes and elbows 

Creep racheting tests on 2 1/4 Cr-1Mo pipes and elbows 

were completed.

d) Creep tests of cylindrical shell with axial temperature

gradient

Tests were completed.

e) Creep tests of beam with primary and secondary stresses

Tests were completed.

f) Elevated temperature tests of piping bellows 

Creep fatigue tests are near completion.

Buckling tests are near completion.

h) Thermal transient tests of SG tube-sheet model 

The first and the second tests were completed.

i) Thermal transient tests in TTS

The thermal transient test facility for structures 

(TTS) has been constructed, and a vessel model test

and a piping bellows model test are completed.

A thermal stress mitigation model (I) test is underway.

10.2.2 Thermal and hydraulic tests for reactor components 

Thermal and hydraulic tests were performed to clarify 

complesx thermal boundary conditions for structural design of 

reactor components.

a. Thermal stratification tests of 1/6 -scale and 1/10-

scale models of MONJU upper plenum tests were 

completed.

b. Structural integrity tests of reactor vessel with 

sodium

level Phase 1 and Phase 2 tests were completed.

c. Thermal striping tests for UCS

Water and sodium tests were completed.

10.3 Structural Material Tests

Structural materials tests in air, sodium and irradi

ation environment have been conducted to revise the "MONJU" 

material strength standard and prepare a new-version for 

demonstration FBR.

The new tests program in air and in sodium environment 

is called "Capella" program, and it is currently being 

performed. The Step-1 program (1985-1987) of the "Capella" 

has been completed. And the Step-2 program (1988-1990) has 

been started.

The neutron irradiation tests are being conducted 

according to a neutron irradiation program.

10.3.1 Structural Material Tests in Air

In-air structural material tests for the developement 

of the "MONJU" strength standard have been conducted since 

1977 as mentioned below.

From 1977 through 1978, basic mechanical properties on 

typical candidate materials for "MONJU" components were 

tested to compare the design allowable stresses of ASME Code 

Case N-47 including welded metals and joints. The following 

tests were conducted.

* tensile test

* creep test

* relaxation test

* fatigue test

* creep-fatigue test

From 1979 through 1981, the above tests continued to 

prepare the material strength standard for the "MONJU" 

structural design guide, and some theoretical methods on 

material strength behavior were investigated by the following 

tests,

* Creep damage estimation test with strain-hold



* inelastic strain behavior test

* evaluation test on strength of welded-joint

* notch effect test

* others

The test results were evaluated to verify the validity 

of the descriptions of Case N-47, and were reflected to the 

development of the design guide.

From 1982 through 1985, the tests were carried out to 

refine the "MONJU" design guide and material strength 

standard.

From 1985, the Capella program mentioned above 

continues up to now.

The Capella program has two principal purposes. One is 

to clarify the application limits of the present evaluation 

methods and to improve the accuracy of these methods. The 

other is to select new proper structural materials for FBRs.

The improvement of the accuracy of the evaluations and 

the application of new proper materials will contribute to 

the cost reduction for the construction of demonstration FBR.

For these purposes, the Capella Step 1 (1985-1987) 

program involves developing the following technologies;

* Improvement of "MONJU" technology for cost-down

* (creep-fatigue life evaluation, strength of welding, 

inelastic constitutive equation, and others)

* Design and fablication of large-scale structures

* Modification of material specification (Application of 

advanced SUS304 and 316 Stainless Steels)

* Application of elevated temperature fracture mechanics

* Development of material strength standard for high Cr- 

Mo steel

The above technologies continue to the Capella 

Step 2(1988-1990) program, and a new version of material 

strength standard including 9Cr-Mo steel and life evaluation 

method will be prepared tentatively in 1989.

10.3.2 Structural Material Tests in Sodium and Water

a. In-sodium Tests

Sodium emvironmental tests of the structural 

material for "MONJU" have been completed on Inconel 

718 alloy which will be used for the thermal striping 

resistance of the upper-core structures. Tests on the 

material for the bellows joint and on the carbon 

transfer behavior in simulation loop of the secondary 

sodium circuits of "MONJU" were also completed.

Corrosion tests of MONJU steam generators were 

completed in high temperature sodium contaminated, 

with NaOH or Na O, supposing water leak from steam 

generators.

A new series of sodium environmental effect 

tests, according to the Capella Step 1 (1985-1987) 

program, were carried out on possible candidate alloys 

for a future deomnstration FBR. The candidate alloys 

are high Cr-Mo steels, and advanced type (low carbon 

and/or high nitrogen) SUS304 and 316 stainless steels. 

Testing items are corrosion and mass transfer, carbon 

transfer, and mechanical strength (tensile, creep, 

fatigue, creep fatigue) tests in sodium.

These tests continue to the Capella Step 2 (1988- 

1990) program,

b. In-water (steam) Tests

It was confirmed that austenitlc stainless steels 

such as SUS304, 316 and 321 were unsusceptible to 

S.C.C. in wet steam containing oxygen and chloride ion 

up to 200 ppb. As the next step, corrosion tests were 

completed to confirm the integrity against S.C.C. for 

the plugs of stream generator tubings (after plugging) 

under the same wet steam conditions. The corrosion 

tests on possible candidate alloys (high Cr-Mo steels) 

for a demonstration FBR under the same wet steam 

conditions continue to the Capella Step 2 (1988-1990) 

program.



10.3.3 Structural Material Tests in Irradiation Environments

a. Surveillance Tests for "JOYO" and "MONJU"

Surveillance tests for the primary components of the 

experimental fast breeder reactor "JOYO" have been 

conducted to confirm the integrity of the reactor by 

evaluating irradiation effects of the materials.

Surveillance test data are used for the planning 

of "JOYO" operating program.

The second surveillance tests were completed on the 

materials of the reactor and safety vessels of "JOYO".

b. Research and Development Tests

Research and development tests have been conducted 

on the structural materials for the primary components 

of "MONJU" to evaluate irradiation effects on the 

mechanical properties up to the end of design life

and to evaluate irradiation effects on the

materials strength standards for "MONJU".

Both forged and rolled SUS304 steels, Inconel 718 

were irradiated in "JOYO" by SMIR (Structural Materials 

Irradiation Rig).

Another test for a demonstration PBR has been 

conducted to make clear the relationship between creep 

rupture strength and metallurgical variables such as 

chemical compositions, grain size, production process 

etc.

c. Miscellaneous

A new facility (Material Monitoring Facility 2:

MMF-2) started tests of irradiation materials from 

April, 1984. This facility is equipped with five 

uniaxial creep test machines, two creep fatigue 

machines and others for irradiated structural material 

tests.

10.3.4 Data Banking System

Material test data are compiled by specified data 

coding sheets, and the data are input the computer system 

for data banking, SMAT.

The SMAT system was developed to meet the requirements 

of efficient processing of large amounts of data.

The SMAT system currently has more than 10,000 data 

points on 11 different kinds of mechanical tests (tensile, 

low cycle fatigue, creep etc.) for 10 kinds of FBR structural 

steels, including type 304 stainless steel, Mod. 9Cr-Mo 

steel, etc.

11. Safety

11.1 Thermohydraulics Related to Reactor Systems and Design 

With regard to thermohydraulics related to reactor 

systems and design, major R&D work for Monju has been 

practically completed. Instead, experimental studies and code 

development are under way for demonstration FBRs.

Experimental studies are carried on decay heat removal 

by natural circulation, thermal striping, and heat transfer 

characteristics of an in-line rod array in natural convection. 

As for the decay heat removal experiment, a water test was 

started in July 1986 using a 1/б-scale reactor model of a 

1000 MWe loop-type plant. In the first phase test, emphasis 

was placed on determination of flow and temperature fields 

under transient low-flow conditions. A water test for thermal 

striping is being planned to acquire basic mixing data on 

multiple turbulent jets. The data are needed to develop a 

rational design method for a structure placed in a fluctuat

ing temperature field. Furthermore, the sodium test for the 

in-line rod array was started to determine the natural 

convection heat transfer characteristics of a coil-type heat 

exchanger immersed in a reactor plenum.



In addition to the experimental studies, code develop

ment is continued for the single-phase multi-dimensional 

thermohydraulics code AQUA (Advanced Quadratic Upstream 

Algorithm). Efforts on the improvement and validation of 

the code were directed to the implementation of a mass 

transfer model, and the analysis of transient thermalbuoyancy 

phenomena at a pipe/plenum interface. The analysis was 

reported partly in the PNC paper on the international 

benchmark problem proposed for the 5th meeting of the Inter

national Association for Hydraulic Research Working Group on 

Liquid Metals Thermal Hydraulics, at Grenoble in June 1986.

11.2 Thermohydraulics Related to Reactor Safety

This section describes thermohydraulic studies for 

evaluating the physical phenomena taking place in the early 

stage of postulated accidents such as LOPI (Loss of piping 

integrity), ULOF (Unprotected loss-of-flow), UTOP (Unprotect

ed transient overpower) and LOHS (Loss-of-heat sink).

Experimental studies are conducted on fuel subassembly 

thermohydraulics and plenum-channel thermohydraulic 

interaction. As to the former, the mixed convection pressure 

drop characteristics and intra-subassembly flow redistribu

tion have been investigated using four types of test 

sections. Comprehensive evaluation of these experiments is 

now in progress. A water test was newly started to find out 

the pressure drop and coolant mixing characteristics of a 

PNC-designed new pin bundle planned for the demonstration 

FBR, whose average fuel burnup is 1.5 times longer than the 

Monju core. Besides the experiments on an individual fuel 

subassemblies, another water test was conducted to clarify 

the thermohydraulic behavior of a parallel vertical fuel- 

channel array interacting with plena. This test concerns 

the development of thermohydraulic methods for assuring the 

effectiveness of decay heat removal in the demo plant.

The other subject dealt with in this section is LOPI 

simulation experiments. Three different experimental

programs, SIENA/37F&37G, DHB/37H and PLANDTL/37I437J have 

been in progress in parallel. Experiments related to low- 

power dryout characteristics were completed by the DHB/37H 

boiling series. Our present interest centers on PLANDTL/37I& 

37J, which aims at understanding of thermohydraulic behavior 

of a bundle linked with the plant system response following 

an inlet-pipe break. The construction of the PLANDTL facil

ity is scheduled for completion by the end of September 1987, 

and after a shakedown test from October to December, experi

ments will start in January, 1988.

Work on safety analysis codes follows. As for single

phase flow analysis in a fuel subassembly, effort for the 

development of the subchannel analysis codes ASFRE-III and 

SPIRAL has been continued. In conjunction with the analyses 

of ULOF, ULOHS and PLOHS accidents, two-phase flow analysis 

codes SABENA and ARMADA has been upgraded. For 

thermohydraulic analysis of reactor plant systems, the Super 

System Code-Loop version (SSC-L) has been improved in the 

computational scheme for the heat transfer calculation in the 

intermediate heat exchanger, and the pool version of SSC 

(SSC-P) has been installed at the O-arai Engineering Center. 

In the evaluation of decay heat removal by natural circula

tion coolability, long-term (upto several weeks) analyses 

are sometimes needed, and the code, LEDHER (Long Term Decay 

HeatRemoval) has been developed which can predict the plant 

behavior with reasonable computing cost.

In addition to the code developments, analytical 

investigations have been performed on mitigation possibili

ties of ATWS consequences.

11.3 Degraded Core Study

The objectives of this study are to prevent propagation 

of fuel pin failures and to mitigate consequences of whole 

core accidents.

Examination and quantification of local faults were 

continued in the framework of probabilistic safety assessment



of the Monju plant. Regarding the subassembly-to-subassembly 

failure propagation, the BE+3 test in the SCARABEE Program 

was conducted, and a PNC attache at CEA/Cadarache performed 

post-test analysis.

The first series of the simulation experiments VECTORS 

(Vapor Expansion and Condensation Tests in Out-of-Reacter 

Simulation) were begun to study the energetics mitigation 

effects during CDA bubble expansion and condensation and 

validate the SIMMER-II fluid-dynamics model. Other 

experimental efforts to study the materials motion and 

interactions related to the accident- and post-accident 

phases have proceeded to: (1) initiation of the JET-I tests

to study the behavior of molten jets and erosive behavior of 

structural materials in a low temperature range (<500°C);

(2) completion of systemic test of the MELT-I facility and 

initiation of the first series tests in an intermediate 

temperature range (1000°C - 2500°C); and (3) formulation of 

test objectives and design of an advanced large-scale test 

facility MELT-II.

Regarding the reactor and the code validation studies, 

much effort was devoted to the probabilistic evaluation of 

the in-vessel physical processes for the Monju PSA. Main 

emphasis was placed on establishing methods to probabilisti

cally represent accident trends, analyzing accident sequences 

and quantifying the results in the light of available experi

mental and theoretical information. Hence validation and 

reactor studies were performed mostly in support of the 

Monju consequence analysis and are reported in this chapter, 

while the progress and conclusions thus far obtained in the 

consequence analysis will be reported in section 11.6.

11.4 Plant Accident Study

This section covers two major R&D activities:

(1 ) sodium fires and aerosols study and (2) analysis of the 

severe accident ex-vessel event.

A major milestone during JFY86 related to the first 

activity is the completion of the large-scale tests and the 

validation analyses of the design of the sodium fire 

mitigation systems to be installed in the auxiliary building 

of the Monju plant. The study covers: (a) a sodium leak

from a reduced scale model of the Monju intermediate heat 

transport pipe; (b) a spray fire in the air atmosphere;

(c) a demostration of a sodium leak accident sequence using 

a two-storeyed concrete cell; (d) sodium aerosol exposure 

of reactor components and electrical instruments; and (e) 

code validation of the thermal conduction from a hot sodium 

pool to a structural concrete through a steel liner.

In the area of the sodium fires and aerosols study, new 

studies have been started which are directed to supporting 

the design of a demo plant. These are an analysis of site 

evaluation accident, development of a 2-D natural convection 

analysis code, selection of materials for the non-steel 

liner, and tests and analyses of fission products transport 

and release.

In the area of the accident analysis, emphasis has been 

focused on the analysis of the Monju severe accidents to 

evaluate the ex-vessel events following CDAs. The develop

ment of the CONTAIN code has also been continued under 

collaboration with Sandia National Laboratories (SNL). Since 

this fiscal year, the development has been accelerated by 

initiating the information exchange between PNC/SNL/KfK. An 

attempt to apply the CONTAIN code to the design study of the 

demo plant has been initiated to evaluate radiological 

consequences and source term problems. The results indicated 

to evaluate radiological consequences and source term 

problems. The results indicated that the code was applicable 

to evaluate overall accident consequences.

11.5 Steam Generator Safety Study

In the area of the steam generator safety, studies for 

supporting the procedures of the Monju construction permits



have been completed. Therefore, present activities are 

directed to the studies to support the design of a demo 

plant.

Since high chromium-content steels are nominated as the 

backup materials for steam generators of the demonstration 

reactor, the construction of the wastage database for Mod. 

9Cr-1Mo steel has been continued. In the micro-leak range, 

a heat transfer tube with a crack generated by mechanical 

stress cycles was used to obtain more realistic self-wastage 

data. Wastage tests for Mod. 9Cr-1Mo steel in the small and 

the intermediate water leak ranges have been completed.

Tests for 9Cr-2Mo steel and 9Cr-1Mo-Nb-V will be executed in 

JFY87.

In regard to the development and application of the 

large leak sodium-water reaction analysis code, SWACS, the 

evaluation of the pressure behavior in the steam generators 

with and without the cover gas phase has been conducted.

This is to support the design study of the demo plant. The 

results will be reflected on the selection of the steam 

generator type.

In the meantime, remodeling of SWAT-1, the large leak 

test rig, has been completed. The purpose of the remodeling 

is to conduct the test with steam flow inside the target heat 

transfer tube in order to study the cooling effects on the 

secondary tube failure.

Although the details are not included in this report, 

a preliminary evaluation of the consequences of a sodium- 

water reaction in a reactor without the secondary heat 

transport system has been conducted.

11.6 Research on Probabilistic Safety Assessment

As part of the research and development on the proto

type reactor Monju, Probabilistic Safety Assessment (PSA) 

has been performed since 1982.

The object of this study is to construct a probabili

stic model for the Monju plant so that overall safety

analysis can be performed. It is expected that (1) an 

overall evaluation based on the quantitative analysis is 

performed; (2) the methods to improve the system reliability 

are determined; (3) the operation and maintenance procedures 

are established on a technical basis; and (4) the reliabl- 

ity, safety and rationality of the plant are improved.

In Phase V, which began in April 1986, importance and 

uncertainty analyses were performed for safety-related 

systems and components and for the major event sequences.

Also efforts were made to develop computer codes and data

bases .

The systems analysis entered the second stage in April 

1987. The event trees (E/Ts) and fault tress (F/Ts), which 

have been the reference, are being reviewed. In order to 

reflect the changes in design and the technical specification 

made since 1984, new F/Ts are being constructed based on the 

newest information. Examples of changes are the inter-system 

dependencies between the component cooling system and the 

cooling seawater service system, and the interlock signals 

for the primary sodium overflow system (PSOS) and the mainte

nance cooling system (MCS). The interactive modular F/T 

constructing program MODESTY, which was developed in 1986, 

is utilized for this task. Another program FAUST is used 

in preparing the input data for the SETS code. More support 

programs have been developed for expeditious and efficient 

systems analysis. Namely, an uncertainty propagation ana

lysis program UNIFORM, an importance measure calculation 

program IMPROVE, and E/T drawing program ETD. For commer

cialization of fast reactors, evaluation of a rational safety 

design policy is needed. Thus a simplified systems analysis 

program, QUST is being developed. This program enables quick 

and easy case studies on various system designs.

Data development effort for the fast reactor components 

is being made. CREDO (Centralized Reliability Data Organi

zation), the cooperative project between Japan and the USA, 

is the core of this effort. The operation and maintenance



data on the 25 type, 2500 components have been obtained 

mainly from the experimental fast reactor Joyo. And these 

data have been entered into CREDO through FREEDOM, the 

primary database management program. Also the data from the 

50 MW Steam Generator Test Facility (SGTF), 2 MW Sodium Flow 

Test Facility, Sodium Exposure Test Loop, and Control Rod 

Drive Mechanism Test Loop were entered into the CREDO data-
Q

base. The data accumulated in CREDO by now are 1X10 compo

nent hours from PNC. Together with the data from the US fast 

reactors EBR-II and FFTF, and sodium test facilities, more
Q

than 20,000 components, 1,300 failure data, 1.5X10 component 

hours are accumulated.

More efforts will be made to collect reliability data 

for the fast reactor components and to develop programs for 

database management and statistical analysis. Efforts will 

be made further to collect data on more component types and 

human performance.

To help commercializing fast reactor plants, its 

economy needs to be improved while maintaining the same level 

of safety as light water reactors. Value-Impact Analysis 

(VIA)is effective in solving these problems. Development of 

the cost evaluation model as well as the PSA in needed for 

this purpose. Thus, the cost database SEDB is under develop

ment which can be used in the evaluation of the rationality 

of a plant safety design policy of fast reactors.

A preliminary evaluation of the in-vessel physical 

processes, radionuclide transport and risk analysis was 

performed in view of the level-3 PSA. Phase-1 of this task 

was finished in March 1987. The event sequences were divided 

into the following phases: Initiating; Transition; Core

Disruption; Core Materials Relocation; Post-Accident Heat 

Removal; Structure Response; Containment Response; and 

Fission Product Transport. Phenomenological E/Ts with 

multiple branches were developed for each of the above phases 

based on the result of the analyses. ULOF and PLOHS had 

mainly been investigated in 1986, UTOP and ULOHS will be 

added after April 1987.

Event progression and anomaly detectability of the 

local fault were analyzed. The result of the analyses using 

E/Ts shows that the probability of a local fault propagating 

into a whole core accident is very small. The detailed 

analysis reflecting the in-pile test result are planned on 

Blockage Formation, Subassembly-to-subassembly Failure Propa

gation, and Delayed Neutron Emitter Transport Phases.

The containment response analysis is being performed 

using the CONTAIN code. It is planned to develop an analysis 

model for debris-concrete interactioa in the dry cavity and 

to construct containment E/Ts based on the analyses on each 

event sequence.

A best-estimate based plant dynamics analysis was 

performed using the SSC-L code. As a result, the failure 

criteria which had been used in the earlier systems analysis 

could be relaxed for the decay heat removal system (DHRS) 

such as the Auxiliary Cooling system (ACS) and MCS.

In the FY 1987, sensitivity studies are to be executed 

for the PLOHS, LOPI, and ULOHS sequences to estimate the 

safety margin of the plant. Also the analyses on the seismic 

event which could cause a significant consequence are to be 

performed. Namely, the hazard analysis, the fragility 

analysis of the structures and components, and the screening 

analysis of seismic consequence.

12. Fuel Cycle

12.1 Policy for Nuclear Fuel Cycle

The Atomic Energy Commission (AEC) released a new 

policy for long-term nuclear energy development in June,

1987. The policy specifies as follows:

First, the utilization of uranium and plutonium 

recovered from reprocessing spent fuels shall be promoted. 

This will greatly contribute to save uranium resources and 

reduce Japan's dependence of foreign energy resources. 

Secondly, plutonium utilization in LWRs and ATRs shall be 

promoted. It will facilitate to build a basis for plutonium



utilization in FBRs which are expected to become leading 

nuclear power reactors in place of LWRs in the future. 

Thirdly, safe and appropriate radioactive wastes treatment 

and disposal shall be implemented. Radioactive wastes will 

be treated and disposed of in suitable methods considering 

the nature of nuclides.

The once-through system used in LWRs is far superior 

to that using fossil fuels because of the stability of 

supply. However, as Japan has to import all its resources, 

there is no fundamental difference between the two systems.

On the other hand, the reprocesslng-recycle system does 

differ in that it drastically enhances the efficient use of 

the uranium recovered which, according to the non-prolifer

ation concept,requires careful monitoring. Plutonium and 

uranium do existin Japan and can be recovered from these 

spent fuels as pseudo-domestic energy resources. Figura

tively speaking, spent fuels are the 'mines' of the energy 

resources in Japan; reprocessing should be regreded as the 

means of exploiting such 'mines'. Regular use of plutonium 

in the FBR could greatly lessen Japan's dependence on over

seas natural uranium. This may, however, take a considerable 

period to achieve.

Use of uranium in LWRs is expected to continue for a 

longer period than was formerly thought. Therefore, the long 

range stability of natural and enriched uranium prices will 

become increasingly important. As utilization of plutonium 

increases, the pressure of demand for natural and enriched 

uranium will decrease to a certain degree. This may result 

in the need for substitutes, and consequently contribute to 

a stability in price.

From the standpoint outlined above, Japan should seek 

to establish a plutonium utilization system which is superior 

to that of uranium in terms of both economy and safety. The 

reprocessing-recycle system should become the major approach 

and all developments should be pointed in this direction.

12.2 MOX Fuel Fabrication

Studies and development of fabrication of uranium- 

plutonium mixed oxide (MOX) fuel have been carried out since 

1965 at the Plutonium Fuel Development Facility (PFDF).

The Plutonium Fuel Fabrication Facility (PFFF), which started 

operation in 1972, has two fuel fabrication lines for ATR 

and FBR; at present it is the only MOX fuel fabrication 

facility in Japan. It supplies the fuel necessary for the 

operations of Fugen and Joyo. About 91 tonnes of MOX fuel 

will be fabricated by the end of February 1988. Of this, 

1020kg Pu are supplied from the Tokai Reprocessing Plant.

In parallel with the construction of Monju, construction 

of the Plutonium Fuel Production Facility (PFPF)(FBR line) 

(production capacity: 5t MOX/a) started from July 1982. It 

was designed to develop fuel fabrication technologies as 

well as to fabricate fuels for Monju. The construction 

was completed in October 1987. The PFPF is currently 

fabricating the fuels for Joyo. However, this fabrication 

will be shifted to the FBR line of PFPF. The goal is to 

start operations in 1988 so as to be able to supply fuels 

for Joyo and Monju.

This facility has the initial production capacity of 

5t Мох/year, but it is so designed as to increase the pro

duction capacity to 15 Мох/year by increasing the process 

equipments, considering the fabrication of fuel for a demon

stration FBR.

Remote control and automatic operation techniques, 

which are indispensable for MOX fuel fablication facilities, 

are being developed in PFPF. Although it has a direct 

maintenance system, personnel do not normally have approach 

to nuclear materials. This has been achieved through various 

experiences carried out at PFPF.

As mentioned above, technologies related to MOX fuel 

fablication have been basically established in Japan.

However, to establish plutonium utilization in the future, a 

significant amount of technology needs to be developed for



commercializing MOX fuel fabrication including safe handling 

of plutonium. In particular, MOX fuel for FBR use has the 

following specific features: it has a high plutonium content, 

its burnup is higher and the diameter of the pellets is 

smaller. Thus, there is a need to continue developing 

fundamental techniques, including sintering of pellets. For 

this reason, all work concerned with pellet fabrication and 

process equipment that aims at automation, high throughput 

and remote control will be continued at PNC.

At PFDF of PNC, research will be carried out on the 

manufacture of fuels with new materials, new welding 

techniques and other aspects of plutonium fuel fabrication.

At PFFF, development of fabrication equipment and instruments 

will be carried out. PFPF will serve as a bridge leading to 

the commercialization of MOX fuel processing by establishing 

remote controlled and automated operations as well as better 

quality control, thus furthering the economy of fabrication.

To provide MOX fuel for ATRs, PNC will advance the 

construction of the ATR line (40 tonnes MOX per year) at PFPF 

so that fuel for the demonstration reactor will be available 

for startup.

The present suppliers of uranium fuel and PNC will co

operate and make increased use of PFPF to manufacture MOX 

fuel for the large scale demonstration of plautonium use in 

LWRs.The organization for implementing this plan should be 

discussed as soon as possible.

12.3 Plutonium and Uranium Conversion

To use plutonium and recovered uranium obtained through 

reprocessing of spent fuel, development of conversion tech

nology is essential, together with reprocessing and MOX fuel 

fabrication technologies. PNCls the first company in the 

world to develop a co-conversion technology using microwave 

heating denitration process (MH method), which converts 

plutonium nitrate and uranyl nitrate solutium to MOX. This 

method was developed from negotiations that took place

between Japan and the United States of America on the opera

tion of the Tokai Plant. Compared with the conventional 

method, it is a simple process and generates less liquid 

waste.

The Plutonium Conversion Development Facility (PCDF) 

(conversion capacity: 10 kg MOX/d), designed for demonstrat

ing the co-conversion technology by the MH method, was com

pleted in February 1983. By the end of February 1988 it had 

produced about 4000kg of MOX powder. About 3100 kg from the 

converted MOX powder were transported to the PFPF and are 

being used for fabrication of MOX fuel for Fugen and Joyo.

Since uranium recovered through reprocessing of spent 

fuel has generally a higher U concentration as compared 

with natural uranium, our country has decided to use it as 

LWR fuel by reenriching it and on mixing it with other 

enriched uranium and use it by mixing with plutonium as 

fuels for ATR, etc. In preparation for a large scale 

recovered uranium conversion facility, various technical 

development and design studies are now under way to establish 

the continuous mass production technique by the MH method.

13. FBR Fuel Recycling

In the area of FBR fuel reprocessing, PNC has developed 

tne process and equipment with remote handling techniques, 

using large-scale cold mock-up tests and laboratory-scale 

hot tests on the basis of the experiences accumulated in the 

Tokai plant. PNC is planning to conduct engineering-scale 

equipment tests under hot conditions in order to enhance the 

technical level and economical efficiency.

13.1 Process Research and Development

(1 ) Research and Development Facilities in Tokai

In the Chemical Processing Facility (CPF) about

6.5 kg of irradiated fuel mainly from "Joyo" by 1986 

was used for hot laboratory tests with burn-up between



4,400 MWD/T and 55,300 MWD/T. The fuel irradiated at 

Phenix in France up to about 95,000 MWD/T has been 

treated since October 1986. In the Engineering 

Demonstration Facilities, EDF-I, II, and III, many 

kinds of engineering tests of process equipment have 

been carried out. Present status of R8D items is 

described below.

(2) Head-End Process

PNC has adopted a laser-beam disassembling 

machine. The prototype machine could effectively 

remove hardware of FBR fuel assembly from the fuel 

pins. Tests for improving remote maintainability, 

verifying aerosol produced by laser, and making it 

more compact are now performed.

PNC began to study on continuous dissolvers, 

considering larger capacity and higher economical 

efficiency which would be required in future. The 

development of centrifugal clarifier in DEF-II. Hot 

fundamental dissolution tests in CPF are continued.

(3) Chemical Separation Process

A engineering scale pulsed column test apparatus 

using plutonium has been fabricated. This is equipped 

with electroreductive pulsed column. PNC has also 

fabricated a. test apparatus of centrifugal contactor 

and started its performance test.

(4) Off-Gas Treatment

The caustic waste solution generated and DOG 

(dissolver off-gas) treatment process, which contains 

bluk iodine, is continuously dried up to the powder by 

the thin layer evaporator. Then, the powder is pressed 

to form the pellet at a normal temperature. This 

process was proved to be applicable through engineering 

tests.

(5) Common Technology

The development of remote system technology is now 

being promoted to establish remote maintenance concept 

with rack module system for the pilot plant and the 

new hot test facility. A new prototype of two-armed, 

elbow-down type servomanipulator has been fabricated 

and is now being tested in EDF-III. Other remote 

system, such as standardized racks, remote connectors, 

remote sampling systems, optical fiber signal trans

mission systems, arenow under development.

Materials of process equipment and manufacturing 

techniques have also been studied. In CPF, hot 

corrosion tests are continued. In-line analytical 

systems for plutonium, uranium, acid concentration, 

and gamma-nuclide are being developed aiming at prompt 

analysis, automated operation, high reliability, and 

reduction of waste and exposure dose.

13.2 Plant Design

(1) Recycling Equipment Test Facility

Results of recent research and development proved 

that highly available and economical recycling tech

nology is essential to realize FBR fuel cycle. It 

needs adoption of advanced process concept and hot 

engineering demonstration of advanced process unit 

components is necessary for steady operation of the 

pilot plant. From this viewpoint, PNC has carried out 

the conceptual design of Recycling Equipment Test 

Facility (RETF). This is a pure test facility, but it 

will be euipped with plan-scale test components and 

equipment for the purpose of plant-scale demonstration 

with irradiated FBR fuel and collection of hot data.

In RETF, test will be performed independently for 

each process. Therefore, each process capacity does 

not need to be consistent through all processes.



Remote technology with each module system will be 

adopted so that the test components are easily 

interexchangeable.

After demonstration of process components, these 

technologies will be applied to the pilot plant to 

realize high availability and economical efficiency as 

well as to verify cost advantage of FBR fuel recycling.

(2) FBR Fuel Recycling Pilot Plant

The purpose of the FBR Fuel Recycling Pilot Plant 

is to demonstrate the economical efficiency of FBR fuel 

reprocessing for recycling spent fuel from FBR such as 

"Monju". It is scheduled to begin operation soon after 

2 0 0 0.

13.3 Waste Management

The Japan Atomic Energy Commision (JAEC) initiated a 

high-level radioactive waste management program in 1976.

Since then, the Advisory Committee on Radioactive Waste 

Management of JAEC made recommendations on the program in

1980 and 1984. This program is a basic policy on the 

radioactive waste management in Japan and covers the develop

mental schemes of the treatment, storage and disposal of 

radioactive waste.

The major features on the treatment of HLLW in the 

basic policy are as follows:

1 . In the development of the HLLW solidification

technology, emphasis should be put on the vitrification 

into borosilicate glass;

2. PNC and JAERI should lead the researches on the 

development of vitrification technology and the safety 

evaluation of vitrified materials.

3. Vitrification technology should be demonstrated by the 

early 1990's through the construction and operation of 

the vitrification plant.

In accordance with this program, PNC has continued the 

development of the vitrification technology based on the 

liquid-fed joule-heated ceramic melter (LFCM) process.

The geologic disposal program consists of the following 

four stages:

1 st stage : Selection of potential geological

formations (completed)

2 nd stage : Selection of the candidate disposal

site(s)

3 rd stage : Demonstration of the disposal technology

at the candidate site(s)

4 th stage : Construction, operation and closure of

disposal facilities 

The principal goal of program is to initiate operation 

of a vitrification plant in 1992 for demonstration of the 

high level liquid waste solidification techonlolgy, and to 

initiate the fourth phase of HLW disposal program, that is, 

actual disposal of the solidified waste into geological 

formations.

13.3.1 Vitrification of High Level Liquid Waste

The technology development for vitrification has been 

continuing since 1975 in combination of cold engineering 

tests, full-scale mock-up tests and hot laboratory tests.

The vitrification process comprised of LFCM has been demon

strated in its performance and reliability at Engineering 

Test Facility, (ETF) and remote handling/maintenance 

techniques together with system reliability at Mock-up Test 

Facility. (MTF)

Vitrification test using HLLW from the Tokai Reprocess

ing Plant started in December 1982 at CPF where about one 

litter of waste glass was produced per batch. The gamma- 

scanning of the canister was performed to recognize the 

uniform distribution of some nuclides in the waste glass. 

Characterization of the waste glass properties is now under 

way.



100 These tests focussed on providing detailed data for

designing the vitrification plant for the Tokai Reprocessing 

Plant.

Major development items in process technology in recent 

years are improvement of both the design of a ceramic melter 

and the performance of melter off-gass cleanup system. A new 

engineering-scale ceramic melter with a 915 MHz microwave 

heating device has been in operation since September 1985. 

Melter dismantling technique, numerical flow analysis code 

and others are also being developed as a part of melter 

technology. In the off-gas technology, airfilm cooler at 

the outlet of the melter off-gas, high efficiency mist 

eliminator, scrubber, NOx absorber and adsorber are developed 

and their performances are checked.

The safety license of Tokai Vitrification Facility 

(TVF) was permitted on 9th of February, 1988. And prepara

tion work for the TVF construction was started in end of 

March. The treatment capacity of the facility is equivalent 

to the Tokai Reprocessing Plant (0.7 ton of HM/day), and the 

TVF employs fully remote operations and maintenance in a 

large virtrifi-cation cell. All the equipment in the cell 

area are designed in compliance with standardized rack

mounted modules. The reception of HLLW from the Tokai 

Reprocessing Plant are scheduled to start in early 1992.

The research and development on storage technology 

focussed in cooling system, durability and aseismic character 

of the facility. Design study of a Storage Pilot Plant based 

on these results is also under way to sart the storage of 

the vitrified waster for a longer period in 1992 on the 

other site.

13.3.2 Geological Disposal

Geological surveys were conducted in the first stage, 

achieving the results that a geological disposal system is 

feasible within geological formations combined with engineer

ed barrier in Japan.

The second stage program which started in 1985 

envisions to implement (1) R&D activities on the nationwide 

basis and(2) document examinations, field surveys, drilling 

surveys, etc. in an attempt to select candidate disposal 

site(s).

In the course of the R&D scheme (Para.1 above) it is 

necessary to establish a basic technology which facilitates 

the selection of candidate disposal site(s) and to step up 

comprehensive researches and experiments for development and 

safety assessment of the geological disposal system.

A methodical approach to the R&D of the system has been 

implemented during the first five years of the second stage 

with the following projects as priority items.

(1) Conceptual design of geological disposal system

(2) Performance assessment and natural analogue 

investigations

(3) In-site experiments in various geological formations

( 4) Improvement of site characterization technology

(5) Construction of large-scale research institutes

(6) Establishment of information control system

(7) International cooperation



First stage
SELECTION OF POTENTIAL 

GEOLOGICAL FORMATIONS
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* Study on engineered 
barrier

* System study etc.

Research and Development on Safety Assessment and Monitoring Programs 

FIG.13.1. National programme for geological disposal of HLW.

13.3.3 TRU Waste

Radioactive wastes containing transuranic (TRU) 

nuclides generated from the operation of reprocessing plants 

and plutonium fuel fablication facilities are currently being 

safely stored in the same manner as low-level radioactive 

wastes. Currently, more than 40,000 drums of TRU wastes are 

being stored at the PNC's Tokai plants.

TRU wastes have been treated similarly to the low-level

wastes. However, the importance of the research and develop

ment program on TRU wasted management is intensified in the 

report of the Advisory Committee on Radioactive Waste Manage

ment focussing the following items:

* Reduction of the creation of wastes

* Reduction of volume of wastes

* Solidification of wastes into a form appropriate for 

disposal

* Segregation of non-TRU from TRU wastes

* Disposal

In order to reduce creation of TRU wastes, improvement 

of in-process equipment and operation techniques are being 

carried out.

Furthermore, efforts on the development of techniques 

for volume reduction of wastes are being made. These involve 

the incineration of combustible materials, cyclone 

incineration of organic chlorinated wastes, acid digestion, 

electroslag remelting of metal wastes and solidification of 

non-combustible wastes into ceramic-like waste form by 

microwave heating. These techniques are being demonstrated



at the Pu-contaminated Waste Treatment Facility (PWTF) of 

PNC, which is now operation since 1987.

The techniques for decontamination and dismantling of 

large-size waste contaminated with TRU nuclides have also 

been developed in PNC, which will be applicable to decommis

sioning of nuclear fuel cycle facilities. These include ice/ 

dry ice blasting technique, electropolishing technique and 

redox technique for decontamination, and portable plasma 

cutting remote arm. These techniques have been developed 

and partlydemonstrated at the Waste Dismantling Facility 

(WDF) of PNC's O-arai Engineering Center since March 1984.

13.3.4 Construction Program of the Storage Engineering 

Center

The center is to be constructed for the purpose of 

storing vitrified HLW and immobilized LLW, and developing 

waste disposal technology including utilization of heat and 

radiation from HLW. 4,000,000m of land is to be provided 

for the center which will comprise a high-level vitrified 

radioactive waste storage plant and a low-level immobilized 

radioactive waste storage facility as main facilities and a 

research and development laboratory, an underground research 

laboratory, a hot test facility and others as adjacent 

facilities.

80 billion yen is anticipated for overall expenditures 

for the first 10 years.
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INTRODUCTION

By the beginning of 1988 in the Soviet Union 48 nuclear power 

units with a generating capacity of 33.100 megawatts were in ope

ration. Three power units with VVER-1000 reactors were put into 

operation during 1987.

The basic attitude of the USSR to the nuclear power i® unaffec

ted. It is supposed that electricity and heat production by ato

mic power stations will increase by a factor of two in 1990 as 

against 1985, by a factor of over three in 1995 and by a factor 

of five in 2000. Is the Soviet Union in the position to abandon 

nuclear power even if proceeding from the assessments of the ef

fects of Chernobyl NPP accident? The analysis shows that in spite 

of the availability of vast sources of energy, there is no rea

sonable alternative to the development of nuclear power in the 

European part of the country. Cancellation of nuclear power would 

render impossible the implementation of numerous social and eco

nomic programs. Nuclear power engineering should be developed, 

but its safety should be essentially improved.

Therefore, the advance in nuclear power development as well as 

electric energy transmission from the Eastern part of the country 

are still considered to be the basis of meeting demand for elec

tric energy in the European part of the USSR.

When planning large-scale development of nuclear power it is 

required to ensure its fuel supply, the most complete utilization 

of nuclear fuel resources. Past reactors are focused on the solu

tion of these problems. Consideration is given to the development 

of this trend of nuclear power engineering in the country too.


