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1. Role of FBR in Japan 

Stable supply of energy in a modern society is essential 
and the importance of securing of energy supply can be compared 
to that of securing of supply of food. In particular, stable 
energy supply to a country like Japan which is highly industri
alized and densely populated is absolutely necessary in order 
to maintain appropriate social and economical life of the 
people. 

According to recent statistics, consumption of energy in 
Japan has been slowly increasing in the past with a certain 
relation to economic growth and it is expected that such 
trend will continue, although a lower economic growth rate 
and therefore a lower increasing rate of energy consumption 
than that of the present is expected in the future. 

Statistics for the fiscal year 1975 indicate that energy 
equivalent to approximately 390 million kt of oil was consumed 
in the year. Of the energy, 88% was from imported energy 
resources; 290 million ki of oil and 62 million tons of coal. 
Major domestic energy resources were hydraulic power and 
domestic coal, but the contribution of those to the total 
energy consumed were only 5.7% and 3.4% respectively. Thus, 
the present situation of energy supply in Japan is rather 
unique in the world, by unusually heavily relying on imported 
energy, because of scarceness of domestic energy resources. 

It is believed that fulfillment of the increasing energy 
demand by increase of imported oil is not desirable from the 
following reasons. Firstly, it is unwise to continue simply 
burning useful oil for heat production and it is better to 
utilize oil more increasingly as useful raw material in the 
future, for instance for petro-chemical industry. Secondly, 
300 million k£ of oil, presently consumed per annum in Japan, 
corresponds to roughly 10% of the total quantity of oil 
produced per annum in the world today. 
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Since promotion of welfare and living standard of de
veloping countries is an important world problem to be solved 
and hence those countries will need much more oil in the future 
in order to achieve the aims, everly means should be taken by 
Japan for not increasing her consumption rate of oil which is 
a limited natural resource. 

In addition, if Japan will have to rely on imported oil 
by far larger amount than the present amount in order to meet 
the increasing energy demand, there will arise increasingly 
difficult problems, such as those of securing suppliers, 
transportation and storage, which are already becoming difficult 
problems today. Therefore, development of alternative energy 
resources to fossil fuel has been considered as vital im
portance for Japan and strong effort has also been made for 
development of hydraulic, geothermal, solar and fusion 
energies, besides fission energy. 

However, concerning hydraulic energy, it has been already 
well developed and not much potential of economically feasible 
hydraulic energy is left undeveloped. As is well known, it is 
believed that because of technical difficulties, technology 
will perhaps not reach a stage of development where large 
central power station utilizing any of geothermal, solar or 
fusion energies will play an important role as the alternative 
to fossil fuel power stations, before the beginning of the 
next century. 

Therefore, utilization of fission energy which will play 
an important role as the alternative energy resource to oil is 
inevitable before the end of this century and it will also be 
true after the turn of the century. Under the circumstances, 
a plan has been set up to augment the presently installed 
capacity of nuclear power of 8 GWe being produced by 14 reactors 
to 33 GWe in 1985, and in order to achieve the target, the 
government, utilities, and industries have been making jointly a 
strong effort. It should be noted that all the nuclear power 
stations currently in operation or under construction for 
commercial use in Japan are those of thermal reactors, non-
breeders . 

A perspective of such effort which will continue and be 
even stronger after 1985 gives an installed nuclear capacity 
of around 100 * 150 GWe in the year 2000, which may pose another 
serious problem of securing uranium supply. If 100 GWe installed 
nuclear capacity in the year 2000 is to be realized, there will 
be required natural uranium supply of approximately 0.2 million 
tons by the year 2000. In fact, if one considers uranium 
demand over the lives of 30 years for those installed reactors, 
roughly 0.2 million tons of additional natural uranium will be 
required. 

The sum of the figures, 0.4 million tons of uranium, cor
responds to over 10% of the total uranium resources reported 
by OECD and lAEAd) as the world resources, excluding those of 
eastern countries. Even if one can expect a significant addi
tion of new uranium resources to be found by that time, procure
ment of such vast amount of uranium should be still a serious 
problem to be solved in practice. 
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Therefore, early development and use of a new reactor, 
fast breeder reactor (FBR), which is capable of utilizing 
uranium far more effectively than present LNR is vital in 
order to secure future energy supply in Japan. Namely, in 
parallel with the effort to promote construction of LHRs, a 
strong effort is to be made in order to realize commercial 
introduction of FBRs, as early as possible, otherwise there 
will arise a difficult problem of urar.um supply in not so 
distant future. If one considers the commercial introduction 
of FBR in Japan in mid 1990s, which is considered at the 
present time as possible*2), delay of the introduction of 
only one year will eventually result in an additional demand 
of natural uranium by more than 20,000 tons, because several 
LWRs will have to be installed as the replacement. 

Thus, development and early introduction•of FBRs are 
essential in Japan and it is expected that utilization of FBRs 
will play an important role in mitigating difficulties in 
energy supply foreseeable in 1990s and in the beginning of the 
next century. From the reason, development of FBR has been 
carried out as national project(3) with the highest priority. 
Because of the specific situation facing Japan, it can be said 
that it is this country that needs breeders badly and perhaps 
most urgently in the world. 

2. Program of FBR Development 

The perspective and foreseeable problems of future energy 
supply in Japan, described in the preceedent section, were already 
predicted and recognized properly by the government more than 
10 years ago. Namely, after 2 year study of development 
strategy of new reactor types, the Japanese Atomic Energy 
Commission, JAEC, revised in 1967 a long range program for 
development of nuclear energy, including FBR development, and 
established the Power Reactor and Nuclear Fuel Development 
Corporation, PNC, as a nucleus in implementing FBR development, 
based on the law specifically set up for the purpose. 

In March 1968, the prime minister issued the basic plan 
specifying the early phase of the development program of FBR, 
up to construction of a prototype reactor. Some of the 
important points stated in the basic plan are as follows. 

"It is of vital importance in energy policy to develop a 
proper domestic power reactor, in order to secure stable supply 
and effective utilization of nuclear fuel material and also to 
materialize full potential of advantages in electric generation 
by nuclear energy. From the view point, aiming at commercial
ization of FBR in the later half of 1980s, development up to 
operation of a prototype reacotr should be carried out based 
on the following principles by concentrating major effort of 
the relevant organizations. 

Development work should be carried out aiming at developing 
a sodium cooled fast breeder reactor using mixed oxide fuel of 
uranium and plutonium. Construction of an experimental reactor 
of approximately 100 MWt should aim at acquisition of technologi
cal experience necessary for development of prototype reactor 
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and also utilization as an irradiation facility for fuels 
and materials after completion. A prototype reactor should 
have a power of 200 - 300 HWe. 

Development should be carried out by a responsible 
organization with PNC acting as nucleus in establishing 
collaboration of the Japan Atomic Energy Research Institute 
(JAERI), national institutions, universities and private 
enterprises concerned. In order to promote the development, 
effective utilization of foreign technology and international 
exchange of information and personnel should be made." 

Of course, even before that time there had been activities 
for studying FBR technology in Japan, for instance such as 
physics studies by constructing the Fast Critical Assembly, 
FCA, in JAERI, and experimental studies in sodium technology 
in some industries. However, real systematic development 
effort for commercialization was started by the establishment 
of PNC in 1967. 

It should be perhaps worth mentioning here that after the 
oil crisis a thorough review of the development program of new 
type of power reactors in Japan was made in 1975 through 1976 
by the government by setting up a special committee for the 
purpose. The results of this review by the committee was 
reported(4) to and approved by JAEC in September 1976. Among 
other important things, the report states on the development 
of FBR as follows, by strongly reaffirming the philosophy of 
the basic plan issued by the prime minister in 1968. 

"In Japan, where energy resources are scarce, nuclear 
energy should play a key role in the future as alternative 
energy to that from oil. As utilization of nuclear energy 
expands, securing of supply of nuclear fuel material becomes 
an increasingly important problem and it is necessary to 
develop and use FBR, capable of highly effective utilization 
of nuclear fuel material resources. 

Therefore, transfer from LWR to FBR should be the basic 
development strategy of new reactor types in Japan and major 
effort of both government and private enterprises should be 
concentrated for this purpose. Aiming at commercial deploy
ment of FBR in mid 1990s, development of a prototype reactor 
should be promoted and intensified. In order to implement 
commercialization of FBR in Japan, it is considered necessary 
to construct a large demonstration fast breeder reactor in 
the early stage of commercialization, by the beginning of 
1990s." 

Since PNC was established, the development work has been 
conducted under the guidance of PNC with the following 
philosophy. Any R and D work which can be conducted by and is 
suitable to an existing organization should be carried out by 
that organization under a research contract given by PNC. 
R and D works difficult to be conducted by an existing 
organization due to reasons such as those requiring a new 
large specific experimental facility, should be carried out by 
PNC itself. For this purpose, the 0-arai Engineering Center, 
OEC, was established. 

With the philosphy, intensive development works have been 
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carried out since 1967. In Table 1, yearly budget and personnel 
for FBR development in PNC, excluding wages of the personnel, 
are given. Concerning personnel, PNC has been making special 
effort in employing capable and experienced technical people in 
breeder technology, by soliciting such people to be seconded 
from various organizations for service in PNC. In fact, approxi
mately half of the technical people currently engaging in the 
development work in PNC are those seconded from JAERI, utilities 
and industries. 

3. Experimental Fast Reactor "JOYO" 

The experimental fast reactor "JOYO"<5^, the first mile 
stone in FBR development, is a small reactor of 100 MWt, liming 
at acquisition of technological experiences necessary for con
structing a prototype reactor, and also utilization as an 
irradiation facility for fuels and materials after completion. 
Namely, the aims of construction of "JOYO" is to obtain an in
sight of various engineering characteristics and feasibility of 
fast breeder power station in the future by domestic technology, 
and to cultivate the relevant technology to FBR. 

However, concerning steam generator which is one of the 
key components to be developed in materializing FBR power 
station, it was decided not to install steam generator in "JOYO", 
but to develop steam generator technology by constructing the 
50 MW Steam Generator Test Facility. Because, it was considered 
that at the stage of experimental reactor it would promote the 
development better, if development of reactor and steam generator 
are carried out separately. 

Although "JOYO" was designed aiming at a target power of 
100 MWt, 50 MWt was adopted as a power of the first phase of 
operation, considering that the reactor is the first sodium 
cooled fast reactor to be built in the country. Construction 
permit was issued in February 1970, followed immediately by 
construction work at the site of OEC. Sodium was charged into 
the reactor in the beginning of 1975. The first criticality 
was achieved on 24 April, 1977, and 50 MWt on 5th July, 1978. 

The reactor has a core fueled with mixed oxide fuel of 
uranium and plutonium, surrounded by blanket of depleted 
uranium oxide. The core has 6 control rods; 4 safety rods and 
2 regulating rods, made of B^C. Each of the two identical 
sodium loops has heat removal capacity of 50 MWt and consists 
of the primary sodium system, an intermediate heat exchanger 
and the secondary sodium system which has an air blast heat 
exchanger to dissipate finally heat generated in the core into 
the air. "JOYO" has an air-tight containment vessel in which 
all the primary sodium system including reactor vessel is 
installed. A picture of the reactor is shown in Fig. 1. 

Many R and D works were conducted for "JOYO". Those 
include physics experiments of "JOYO" core using FCA in JAERI, 
various engineering tests using full scale machines such as 
sodium pumps, fuel handling machines, control rod drive 
mechanisms, rotating shield plugs and reactor vessel, and 
irradiation experiments of fuels and materials using foreign 
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fast reactors, DFR and Rapsodie. Most of those R and D works 
have been already completed. 

Concerning performance characteristics of the reactor, the 
experimental results so far obtained through various performance 
tests have been in general satisfactory, being in good agreement 
with predicted values. Normal operation at 50 MWt will start 
soon. It is planned to increase reactor power later to 75 MWt 
after successful operation at 50 MWt for about half a year, 
without any mechanical modification to the reactor. It is also 
planned that since sufficient technical data of the present 
core will be accumulated by 1980 by operating the reactor at 
75 MWt, the reactor core will be modified to a core of 100 MWt 
suitable for irradiation purposes, by modifying design of fuel 
pins to thinner pins and replacing blanket with reflectors. 

In Table 2, some design parameters of the present core, 
MK-I Core, and the core for irradiation purposes, MK-II Core, 
are given. Licensing application for power increase up to 
100 MWt from the presently approved 50 MWt was made in September 
1977 and safety review by the regulatory authority is currently 
under way. 

4. Prototype Fast Breeder Reactor "MONJU" 

The purpose of constructing the prototype fast breeder 
reactor "MONJU"(6) is to demonstrate feasible performances, 
reliability and operability of a breeder power station and also 
to obtain an insight of economic competitiveness of FBR to 
conventional power reactor at future commercialization stage, 
through experiences of design, fabrication, construction and 
operation of a middle scale prototype breeder built with 
domestic technology as the second mile stone to commercializa
tion. 

Through a series of design studies so far made, the basic 
design of "MONJU" has been frozen as a loop type plant of ap
proximately 300 MWe. There still exists a well known issue of 
loop versus pool in breeder community. However, it was con
sidered that loop concept, adopted also for "JOYO", would be 
more suitable to the development program in Japan. Namely, 
since the program aims at as early commercialization as possible 
and therefore maintenance and repairing works on major com
ponents of primary sodium system, such as pumps, will be 
inevitable at least on early plants, it was considered that 
loop concept has certain advantages in conducting such works 
because of easier access to the components. 

The reasons for selecting a power of approximately 300 MWe 
are as follows. Firstly, if one considers scaling factors from 
"JOYO" to "MONJU" and also from "MONJU" to a follow on large 
demonstration reactor, by taking heat removal capacity of a 
sodium loop as an index towards commercialization, a 300 MWe 
plant with 3 loops seems a logical selection. Secondly, a 
reactor core which satisfies conditions required for a proto
type power breeder, such as steam conditions of 480°C at 130 
kg/cmS fuel burn up of 80,000 MWD/T and refueling interval of 
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6 months, tends to become larger and perhaps 300 MWe core could 
be close to the smallest. It may be understood also from the 
fact that several prototype reactors of similar size have been 
constructed also in other countries. 

"MONJU" is a plant of 714 MWt, 300 MWe, fueled with mixed 
oxide of uranium and plutonium. The core consists of two zones 
of different plutonium enrichment. Heat generated in the core 
is transferred by 3 identical sodium loops to once-through 
steam generators of helical coil type, in which steam of 483°C 
at 127 kg/cm2 is produced. Each loop has an evaporator and a 
superheater. Both primary and secondary pumps are located in 
cold legs. In order to keep sodium level always above a speci
fied level in the reactor vessel even.at a sodium leakage 
incident, all the components of the primary sodium system are 
connected by elevated piping and the reactor vessel, heat 
exchangers and pumps are located in guard vessels. 

The reactor has 19 control rods; 13 regulating - safety 
rods, and 6 back up rods. A fuel subassembly has 169 fuel pins 
inserted in a hexagonal wrapper tube. Refueling is carried out 
using a fuel handling maching having an arm of fixed length and 
a charge- discharge machine, which are placed on a single 
rotating shield plug. Spent fuels are discharged from reactor 
to a storage facility during shut down period for refueling, 
without cooling for many months in the reactor vessel. A 
vertical cross section and major design parameters of "MONJU" 
are given in Fig. 2 and Table 3 respectively. 

A site located in Tsuruga Peninsula has been proposed for 
"MONJU" and various geological and meteorological survey works 
have been carried out since 1976. The results so far obtained 
indicate that the proposed site seems suitable for "MONJU". 
Therefore, it is hoped that the licensing document prepared 
will be filed in the near future. If every thing goes smooth, 
construction will start in 1980 aiming at criticality in 1986. 

5. Research and Development 

As described in the preceedent section, the O-arai Engineer
ing Center, OEC, for conducting R and.D works was established in 
1970, where major facilies including "JOYO" and the 50 MW 
Steam Generator Test Facility were installed. Intensive R and 
D works are currently under way in OEC and elsewhere. 

In the field of physics, useful data were obtained by full 
mock up experiments of "MONJU" core using ZEBRA in UKAEA(') , 
which were completed in 1973. In addition, various experiments 
have been carried out in the last few years using FCA in JAERI. 

Concerning steam generator development, the 50 MW steam 
generator No. 1 was tested from mid 1975 to mid 1976 at the 50 
MW Steam Generator Test Facility and then dismantled for 
thorough inspection.*8' t»> Another 50 MW steam generator No. 2 
of similar design, but manufactured by a different company, 
was installed in the test facility and various tests are being 
made. Simulating leakage of steam generator tube, various 
experiments on sodium-water reaction have been carried out 
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using specially designed facilities.(1°* The results so far 
obtained from those tests and experiments are very encouraging, 
in particular no leakage of watcr has been experienced with 
50 NW steam generators tested. 

Tests on fuel subassemblies have been conducted using 
sodium loops in OEC. A series of irradiation tests of fuel 
pins fabricated following specifications for "MONJU" have 
been carried out using DPR in UK and Rapsodie in Franks. Post 
irradiation examination of those pins are made in the Alpha 
Gamma Facility and the Material Monitoring Facility, hot 
laboratories in OEC. The results so far obtained from the 
irradiation tests indicate that it seems possible to attain 
the target burn up for "MONJU". 

Prototypes of various components such as sodium pumps, 
machines for fuel handling, control rod drive mechanisms, are 
being tested using sodium loops. There are many other R and D 
works under way for development of "MONJU", which include 
experiments for reactor safety and instrumentation. 

The results accumulated from the past R and D work 
mentioned above indicate adequacy of design of "MONJU" and 
encourage effort towards construction of the reactor. 

With respect to fabrication and reprocessing of fuels, 
there are plans to build a fabrication plant and a reprocessing 
plant, both small scale facilities of roughly ten tons per 
year/ which will meet just the demands for "MONJU". A detailed 
design for the fabrication plant is under way and it is planned 
to start construction next year with a schedule to operate the 
plant for producing fuels for the first core of "MONJU" in 
time. Concerning the reprocessing plant, various relevant R 
and D works will be made first and design of the plant will 
be carried out taking into account the results of those R and 
D works. Construction of the reprocessing plant is planned to 
start in 1984, aiming at operation in 1987. 

6. Demonstration reactor 

The demonstration reactor has been defined as a reactor 
which is very similar both in size and technical aspect to 
those of commercial reactor and to be constructed following 
operation of the prototype reactor "MONJU". The aims of the 
reactor are to demonstrate technological performances and also 
to obtain an insight of economic aspects of commercial LMFBR, 
through design and construction of the reactor. Concerning 
this demonstration reactor, it is stated in the long range 
program of nuclear development, issued by the government in 
1972, as follows; it should be considered to promote com
mercialization of LMFBRs by taking various means actively, 
including such means as constructing a demonstration reactor. 

Construction of such a demonstration reactor is con
sidered necessary for commercialization of LMFBRs in this 
country from the following reasons. Since LMFBR requires a 
high capital investment and, therefore, there is a consider
able incentive to make reactor as large as possible, the size 
of early commercial LMFBR is currently considered to be 1000 
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to 1500 MWe. Therefore, it is considered difficult to proceed 
to commercialization with the experiences of constructing only 
a small prototype reactor of 300 MWe. 

Preliminary design studies of large LMFBR in Japan have 
been conducted in the last few years by an utility company and 
also by the Power Reactor and Nuclear Fuel Development 
Corporation, PNC. The design studies so far made by PNC have 
been on a 1000 MWe plant of loop type by extraporating the 
technology to be developed by construction of "MONJU". Some 
major parameters resulted from one of the design studies are 
given in Table 4. The steam conditions given in the table are 
very similar to those of "MONJU". Plants having different 
steam conditions are also being studied. 

Such studies will be continued for a few years until the 
responsible organization for constructing the demonstration 
reactor will be determined, since the present responsibility 
of PNC in developing LMFBR is limited up to the development of 
"MONJU". The importance of determining such organization has 
been recognized by the authorities concerned and it is ex
pected to be determined within 2 or 3 years. 

In developing the demonstration reactor, new R and D works 
are required in addition to the technology to be developed by 
construction of "MONJU". Present major effort in the field 
of R and D works for development of LMFBR in Japan is still 
concentrated of course in those necessary in constructing 
"MONJU". However, extensive R and D works for the demon
stration reactor'will begin in the near future. 

Development of demonstration reactor should be carried 
out so that experiences gained from design, construction and 
operation of "MONJU" will be properly reflected in respective 
stages of development of the demonstration reactor. Therefore, 
it has been considered that design and relevant R and D works 
of demonstration reactor should be started at about the same 
time as the commencement of construction of "MONJU" and be 
carried out in parallel with it. 

It has been considered also that construction of demon
stration reactor should be started at one or two years after 
the first criticality attainment of "MONJU". This timing of 
the construction of the demonstration reactor is desirable 
from the view point that the engineers of design, manufacturing 
and construction experienced from "MONJU" program be properly 
transferred to the respective works for the demonstration 
reactor. 

According to the present program, construction of demon
stration reactor will begin around mid 1980s aiming at 
criticality in the beginning of 1990s. 

7. Approach for commercialization 

Concerning to the means to promote commercialization of 
LMFBRs after demonstration reactor, it has been recognized by 
the authorities concerned that a serial construction of 
several reactors, similar in size and design to those of the 
demonstration reactor, should be made, by starting construction 
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of the first of those by 2 - 3 years after the commencement of 
construction of the demonstration reactor*4). By doing so, it 
will be possible to promote cultivation of extensive industrial 
basis of LMFBRs in the country and also to improve significantly 
economic aspects of early commercial LMFBRs at the same time. 
In addition, such serial construction of reactors will facilitate 
plans for constructing both fuel fabrication plant and reprocess
ing plant for LMFBRs. According to the program, commercializa
tion of LMFBRs will be materialized in Japan in mid 1990s as 
shown in Fig. 3. 

In order to realize the program, it is required to make a 
strong effort for starting construction of "MONJU" as soon as 
possible, and then to proceed to commencement of design and R 
and D works for the demonstration reactor. Preparing for the 
situation expected in the near future, major industries engag
ing in LMFBR development, i.e. Fuji, Hitachi, Mitsubishi and 
Toshiba, have set up last summer an office where design works 
can be jointly conducted. The office is called the FBR 
Engineering Office. It was set up in the hope that works will 
be conducted more effectively than in the past where such works 
used to be carried out in various offices of individual companies. 

8. Conclusion 

There are almost none of fossil fuel resources such as 
oil and coal in Japan. Hydraulic energy can supply only a few 
percent of the total energy demand today. To meet increasing 
energy demand in Japan, because of foreseeable difficulties to 
rely on imported oil, utilization of fission energy should be 
promoted and in particular it is of vital importance to develop 
and utilize FBR as soon as possible in order to save natural 
uranium to be needed. Therefore, development of FBR has been 
promoted as an important project of the highest priority in 
Japan. 

Since the project was initiated, 10 years have passed and 
now the experimental fast reactor "JOYO" which went critical 
in the spring 1977 is being successfully operated at 50 MWt, 
the maximum power currently licensed. For increasing the power 
further up to the target power of 100 MWt, safety review of 
licensing documents filed last autumn is being made by the 
regulatory authority. 

Concerning the prototype breeder reactor "MONJU" of 300 
MWe, commencement of construction is expected in the next year 
aiming at criticality in mid 1980s. Following operation of 
"MONJU", construction of a large demonstration reactor of 
1000 - 1500 MWe size will be started. Preliminary design 
studies of the demonstration reactor are under way. With delay 
of 2 - 3 years to the demonstration reactor, serial construction 
of several reactors, similar in size and design to those of 
the demonstration reactor, will be made in order to promote 
commercialization of LMFBRs. 

Thus, experiences gained from the development of FBR 
in the past encourage us to make further strong effort for 

- 10 



realizing breeder power stations and also to expect that 
commercialization of FBR will be possible in not so distant 
future. 

Therefore, further intensive effort will be made to 
materialize the program with the highest priority. If every 
thing goes smoothly as is planned, deployment of LMFBRs for 
commercial use will possibly begin in mid 1990s and it is 
expected that LMFBRs will play an important role in mitigating 
the serious problem of energy supply in Japan, foreseeable 
at around the turn of the century. 
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TABLE 1. Budget and Personnel for FBR Development in PNC 

———5L 
Budget (10* yen) 

Personnel 

•67 

4 

21 

'68 

22 

52 

•69 

70 

145 

'70 

136 

211 

•71 

172 

305 

•72 

202 

410 

•73 

181 

470 

•74 

125 

529 

•75 

136 

549 

•76 

160 

576 

'77 

217 

601 

•78 

258 

637 

TABLE 2. Design Paraneters of "JOYO 

—r~ — r«r» 
Parameter _ 

Thermal Output (MNt) 
Primary Coolant Inlet Temp. (°C) 
Primary Coolant Outlet Temp. (*C) 
Max. Linear Heat Rate at Rated Power(w/cm) 
No. of Core Fuel Assemblies (Max.) 
Core Volume (Max.) (*) 
Max. Burn-up (MND/T) 
Total Neutron Flux (Max.)(n/cm2/sec) 
Total Neutron Flux (Core Av.)(n/anz/sec) 
Max. Fuel Temp. (Hot Spot) <°C) 
Max. Clad Temp. (Hot Spot) (°C) 

Mark-I Core 

50 
370 
435 
210 
79 
294 

25,000 
2x10, 
lxio15 

1,600 
560 

75 
370 
468 
320 
82 
304 

42,000 
3xl015 

2xl015 

2,330 
620 

Mark-II Core 

100 
370 
500 
400 
67 
231 

50,000 
5xl015 

3xl015 

2,500 
650 

TABLE 3. Design Parameters of "M0NJU" 

Reactor Type 
Thermal Power 
Electrical Power 
Fuel Material 
Core 
Equivalent diameter 
Height 
Volume 
Pu fiss. % (inner zone/outer zone) 

Initial core 
Equilibrium core 

Fuel Inventory 
Core (0 + Pu metal) 
Blanket (U metal) 

Average Burn up of Discharged Fuel 

Cladding Material 
Cladding (outside diameter/thickness) 
Maximum Cladding Temperature (mid wall) 
Power Density 
Blanket Thickness (axial) 

(radial) 
Breeding Ratio (initial/equilibrium) 
Primary Sodium Temperature (max./AT) 
Steam Condition 
Temperature 
Pressure 

Sodium cooled, loop type 
714 MW 
300 MM 
PuO. U02 

(initial) 
(target) 

1,790 mm 
930 mm 
2,335 lit. 

15.0/21.1 
15.5/21.2 

5.9 x 103 kg 
1.7 x 104 kg 
55,000 MHD/T 
80,000 MMD/T 
SUS 316 
6.5/0.47 mm 
675»f 
275 KW/lit. 
Upper 300 mm, Lower 350 mm 
306 mm 
1.22/1.20 
529°C/132°C 

483»C 
127 kg/cm2g 
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Table 4.. Preliminary Design Parameters 
of Demonstration Reactor 

Thermal power 

Electric power 

Fuel 

Core 
equivalent diameter 
height 

Blanket thickness 

axial 

radial 

Cladding material 

Outer diameter of clad 

Number of primary loops 

Primary sodium coolant 

flow rate (per loop) 

maximum temperature 

AT 

Steam conditions 

temperature 

pressure 

2500 MW 

1000 MW 

Pu02 + U02 

3.2 m 

1.0 m 

35 cm 

40 cm 

SUS 316 

6.5 mm 

3 

1.6 x 104 t/h 

530°C 

150"»C 

483°C 

127 kg/cm2 
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Fig. l. Experimental Fast Reactor" JOVO" 
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Rotating shield 
Plug 

Control rod 
Rotating plug 
driving unit 

Ffctd shtelding driw mechoninn 

Fig. 2. Verticol Cross Section of * MONJU* Reactor 
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Experimental Reactor "JOYO" (100 MNt) 

Prototype Reactor "MONJU" (300 MWe) 

Demonstration Reactor (1000-1500 MNe) 

Early-Coaeiercial Reactor 

Early-CuiHiiircial Reactor 

Coanercial Reactor 

70 
i i i u 

J I L 

75 > 8 0 
J ! 1 I I ' ' • 

•85 •90 

J i i i i i i__ j -

J 1—4 I I—J 1 I 
'95 

A I I I 1 1 1 1 

Fig. 3. Construction schedule of LMFBRs in Japan 


