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1. INTRODUCTION

Japan lacks indigenous energy resources and has chosen nuclear power as a means of
achieving the energy security and diversity essential to economic growth. The
reprocessing of spent fuel and recycling of the nuclear materials have been part of
Japan’s nuclear policy since the 1950s. The plutonium and uranium recovered from
spent fuels are regarded as pseudo-domestic energy resources. To achieve the least
dependence on overseas resources for nuclear power, particular importance is placed on

k reprocessing and fuel fabrication within Japan. '

Japan s current nuclear fuel recycling plan, approved by the Atomic Energy Commission
(AEC) in August 1991, predicts that, by the year 2010, Japan’s total ssile plutonium
supply will be about 85 tonnes. Fifty ve tonnes are to be recovered from domestic
reprocessing (5 tonnes from the Tokai reprocessing plant and 50 tonnes from the
Rokkasho commercial reprocessing plant) while 30 tonnes are to retum from Britain and
France. It foresees this being in balance with planned consumption in Fast Breeder
Reactors (FBRs) of "22-35 tonnes, Advanced Thennal Reactors (ATRs) "8 tonnes and

Light Water Reactors (LWRs) "50 tonnes. This latest plutonium plan places an increased
importance on the utilisation of mixed uranium-plutonium (MOX) fuel in LWRs.

Table l summarises Japan’s anticipated cumulative plutonium supply and demand. The
important variables in achieving or modifying this balance will be the timing and output
of the Rokkasho plant, the number and type of fast reactors and the pace at which the
planned program of LWR MOX recycling is implemented.

Different sources use various quantities in discussing plutonium stocks, usually either
total plutonium (i.e. the mass of all the isotopes present) or ssile plutonium (Puf) (i.e
the mass of only the ssionable isotopes) plutonium 239 and plutonium 241. As the later
is the term used by Japanese sources, it has been adopted, where possible, here. The
mixture of plutonium isotopes in the plutonium recovered from spent fuel reprocessing
depends on the isotopic composition of the initial fuel, the reactor design and operating
conditions and the length of time for which the fuel has been irradiated. The ssile
isotopes, plutonium 239 and plutonium 241, make up approximately 70% of total
plutonium recovered from spent fuel irradiated to usual burnups in an LWR.
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TABLE 1. JAPAN ’S PLUTONIUM BALANCE

CUMULATIVE SUPPLY - Tonnes Puf

1992 2000* 2010

TRP 2.5 4.7 5

Rokkasho - 7.0 50
Imports 2.5 17.0 30

Totals 5.0 . 28.7 85

CUMULATIVE CONSUMPTION - Tonnes Puf

Joyo/Monju 2.5 7 12
Fugen/ATR 1.5 5 10

Totals 4.0 12 22

DFBRS - - 10-20
LWRs - 5- 10 43-53

Totals 4.0 17-22 85

*Ansto estimates

Notes: Following a core change in 1982, Joyo’s normal core is 168 kg Pu (120 kg Put) +
60 kg U. It has an annual requirement of 100 kg Puf so it is estimated that, since it
commenced operation in 1977, it has consumed 1.5 tonnes Puf. The initial core of
Monju, for which the fuel is now being fabricated, requires an estimated 1 tonne Puf.
The plutonium content of the fuel for Fugen has varied. The initial core included 110 kg
Pu while the latest reported annual requirement is 115 kg Puf. The reactor achieved
initial criticality in March 1978.

2. JAPAN’S PLUTONIUM POLICY

Japan has repeatedly declared that it will not possess more plutonium than it needs.
Despite this assurance and the openness with which Japan has discussed its plutonium
recovery and utilisation programs, concerns have been raised that the intended plutonium
balance will not be achieved and that a stockpile of plutonium will be accumulated.

These concems fail to take into account a number of signicant factors. The most
important of these is the exibility within the plan for aspects of it to be adjusted to
changing circumstances. For example, the type of fast reactor introduced could be
changed. Although Japan remains committed to its fast breeder reactor program, the core
of one or more of the fast reactors introduced after the prototype Monju could be
congured to use more plutonium than is produced, i.e. to operate as a plutonium
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E‘ "burner" rather than a "breeder". This could consume any predicted excess plutonium
stock.

Another important factor is the willingness of Japanese organisations to forego short-
term economic gains in favour of longer-term strategic benets. Thus, the contribution of
using MOX fuel to the objective of maximising energy independence through plutonium
utilisation could well be a more signicant consideration for utilities than its present
higher cost. Similarly, Japanese industry and Japanese government are willing to adopt
programs, such as commercial FBRs, that they recognise will take a considerable period
to achieve. The uniquely Japanese inter-relationship between govemment and industry
and government support for the nuclear program ensure goals are usually met. Thel present successful and thriving nuclear power program is evidence of this relationship.

In considering any possible plutonium stockpile in Japan, it is necessary to take
account of Japan’s long-standing commitment to nuclear non-proliferation. The Power
Reactor and Nuclear Fuel Development Corporation (PNC) has, for example, developed
its own process, microwave-heating direct denitration, for the co-conversion of
plutonium and uranium. Mixing the two and converting them to oxide immediately after
the plutonium has been recovered from spent fuel is an effective non-proliferation
measure. PNC has also developed a plutonium fuel verication system for the
experimental FBR Joyo and similar monitors will be used to conrm fuel movement at
the prototype FBR, Monju. In 1987, the Govemment of Japan provided the International
Atomic Energy Agency (IAEA) with extrabudgetary funding to enable a detailed review
of relevant technology for safeguarding typical LArge SCAle Reprocessing plants. After
four years of study, the LASCAR forum, with members from France, Germany, Japan,

the UK, the USA, the European Communities (Euratom) and the IAEA, concluded last
month that there is a wide range of techniques available to ensure effective safeguards at

such large reprocessing plants. All plutonium in Japan is, and will continue to be, subject
to IAEA inspection and verication.

3. PLUTONIUM UTILISATION

3.1 Domestic Development

The Power Reactor and Nuclear Fuel Development Corporation (PNC) is a govemment
corporation established in 1967 to develop advanced reactors and the nuclear fuel cycle.
Its key role is to develop a wide range of plutonium utilisation technologies. It is carrying
out extensive R&D programs on reprocessing of LWR and FBR fuels, co-conversion and

fabrication of MOX fuels and development of ATR and FBR technologies. It operates

the only reprocessing plant and plutonium fuel facilities presently in Japan. It also

operates the research and development facilities that use plutonium fuel - the Deuterium
Critical Assembly, the 100 MWt experimental FBR, Joyo, which rst achieved criticality
in 1977, and Fugen, a 150 MWe ATR which has been supplying electricity commercially
since 1979. PNC has constructed the prototype FBR, the 250 MWe Monju, scheduled to
achieve criticality in 1993. PNC is the bridge between R&D activities and the successful
commercialization of new technologies by private companies. It is cooperating with
Japanese utilities on the 606 MWe demonstration ATR to be constructed at Ohma and is
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providing design and other support for the Rokkasho reprocessing plant.

L 3.2 Fast Breeder Reactors

To utilise its plutonium, Japan s long-term intention has been that fast breeder reactors
(FBRs) will replace light water reactors (LWRs) as the country’s chief source of nuclear
energy after the year 2030. Construction of the Japanese prototype fast reactor, Monju
(250 MWe), began in 1985. A ceremony celebrating the completion of equipment
installation took place in May 1991. Initial criticality had been scheduled for October
1992 but the discovery of a problem in the secondary cooling system piping delayed this.
The problem has now been rectied and pre-operational testing resumed. Fuel loading is
now scheduled for January 1993 and rst criticality for March 1993. Estimates of
Monju’s plutonium requirements vary. The initial core is expected to require about 1

tonne Puf and the subsequent annual requirement is about 500 kg Puf. Joyo and Monju
together will require about 0.6 tonnes Puf annually and their cumulative requirement to
the year 2010 is around 12 - 13 tonnes Puf. PNC is reported to have sufcient plutonium
to nish the rst core of Monju fuel (about 1.36 tonnes) but requires the plutonium from
France to fabricate the rst reload.

Japan has long planned to build two or three demonstration units before introducing
commercial fast reactors in 2030. A Japanese utility ofcial recently conrmed this
program, announcing that industry will build three demonstration FBRs, one per decade,
by 2030. Construction of the rst Demonstration Fast Breeder Reactor (600-800 MWe)
is planned to start in 1996, with cormnissioning scheduled for shortly after the year 2000.
In 1990, Japanese utilities decided to focus their demonstration conceptual design studies
on a top-entry loop-type fast reactor to conrm its technical feasibility. The design,
patented by Westinghouse, is being developed by Mitsubishi Heavy Industries. The
Japan Atomic Power Company, a consortium including the country’s main utilities, has
now completed the two year conceptual design study and the basic specications for the
DFBR are expected to be decided upon by the electric utilities later this year.

It is estimated that the DFBR and the subsequent FBR will require a total of around 10 -

20 tonnes of Puf to the year 2010. The timing of the introduction and the size of the FBR
after the DFBR were viewed last year as the dominant factors goveming the exact
amount of Puf required. Recent developments and speculation in Japan now suggest that
the re-evaluation of the FBR program will also be of major importance in determining
plutonium usage. The ability of the FBR to produce more plutonium than it consumes is
no longer seen as having the importance it did once. Speaking at a press conference in
April, the PNC President said "we do not need to attach much importance to "breeding"
for the time being as our original expectation when we take account of supply-demand
conditions of plutonium in full-scale operation of FBR. If we acquire FBR technology,
we can utilize this technology for reduction. FBR is, therefore, exible technology".
The core of an FBR can be congured to "breed" plutonium, to produce as much
plutonium as it consumes or to burn plutonium. The Japanese Science and Technology
Agency has been carrying out a technical feasibility study of an exclusively plutonium-
buming reactor using FBR technology. Although this has been in the context of dealing
with dismantled nuclear warheads from the ex-USSR, such technology could presumably
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be applied to the civilian nuclear power industry as appropriate. Long-tenn, the FBR’s
plutonium production ability is still seen as essential to Japan’s energy independence but
the timing of a change from plutonium consuming to plutonium producing FBRs could
be adjusted to achieve Japan’s objective of no excess plutonium- stocks.

3.3 Advanced Thermal Reactors

The Advanced Thermal Reactor (ATR) is seen as a transition between the present LWRs
and the intended ultimate introduction of FBRs. The ATR is a heavy water moderated,
light water cooled reactor which can use both uranium and plutonium fuel. This
exibility in fuel use is its great advantage - the entire core can be MOX fuel. The
indigenously developed prototype, Fugen (150 MWe) has operated commercially since
1979. In 1988, MOX fuel reprocessed from Fugen’s own spent fuel was loaded into its
core, closing the nuclear fuel cycle. In its rst ten years of operation, Fugen generated
about 9.1 terawatt hours of electricity. It has demonstrated both the technical feasibility
and licensability of the ATR concept. Construction of a 606 MWe demonstration ATR
at Ohma, originally planned for July 1988, has been postponed several times. It is now
scheduled to begin in 1995 for operation in the year 2001. It is estimated that Ohma will
require 460 kg Puf annually and the total requirement for the two ATRs to 2010 will be a

little less than 10 tonnes Puf. According to the current "Long-term Program for
Development and Utilization of Nuclear Energy" (June 1987), the construction of further
ATRs will depend on "such factors as the state of construction of the demonstration
reactor, the economy of the ATR, and the plutonium balance. "

3.4 Light Water Reactors

Because the ATR and FBR research and demonstration programs will require only a

small proportion of the plutonium to be recovered in Europe, the use of MOX fuels in
LWRs is particularly important to achieving a plutonium balance. Although the rate of
return of plutonium from Europe is not certain and the length of storage time for MOX
fuel assemblies can be as long as twenty years, the LWR MOX usage program would
have to be reasonably adhered to to achieve a plutonium balance. It is estimated that,
when twelve 1000 MWe LWRs are using MOX fuel for a third of their core, the annual
requirement will be some 4 tonnes of Puf. Japan’s ofcial planning calls for the “gradual
and systematic expansion of the use of MOX fuels in LWRs". It is planned that, by the
mid-1990s, MOX fuel assemblies will make up one quarter of the core of one PWR and
one BWR, each larger than 800 MWe. The program will then be expanded to one third
MOX cores in four 1000 MWe LWRs by the end of the 1990s and one third MOX cores

in twelve 1000 MWe LWRs shortly after the year 2000. It is expected that this program
will require a total of 50 tonnes Puf to the year 2010. This LWR recycling program is to

continue on a scale compatible with the capacities of the commercial reprocessing and

MOX fabrication facilities. It can also be adapted to changing circumstances in the FBR
and ATR programs.

This usage of plutonium has the advantage that, unlike the FBR and the ATR which are

still being developed, the use of MOX fuel in LWRs is a well-established and proven
technology. There has been substantial experience gained in LWR MOX fuel fabrication
and use in Europe where the rst MOX fuel assembly was loaded into the BR3 reactor
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(ll MWe, PWR) in Belgium in 1963. MOX fuel is in use in commercial LWRs in
France, Germany and Switzerland and Belgium plans to introduce MOX into two 900
MWe reactors. MOX fuel demonstration programs have also been carried out in the
United States. France now operates ve 900 MWe PWRs with MOX fuel as a third of the
total core, less than ve years after the rst such MOX assemblies were loaded into St
Laurent Bl. For each of the French PWRs, about 7 tonnes of MOX fuel, together with
about 17 tonnes of UO2 fuel, is loaded during each annual refuelling. The 7 tonnes of
MOX fuel contains about 0.4 tonnes of ssile plutonium and 6.6 tonnes of depleted
uranium. A French MOX fuel assembly contains about 25 kg of ssile plutonium and
each reload is l6 MOX assemblies. A large LWR would therefore use about 400 kg Puf
annually. If one third of the reactor core is MOX, existing LWRs can use MOX fuel
without any special design changes. There is disagreement about the economics of MOX
fuel use. It depends on the economic parameters involved. Its advantages are the savings
in natural uranium, conversion and emichment costs. On the other hand, fabrication costs

are about ve times that for uranium fuel. This is expected to fall as larger fabrication
plants offering economies of scale begin production. It is estimated that, compared to
equivalently enriched uranium fuels, MOX is projected to be up to 30% cheaper,
assembly for assembly. Thus, a one-third core loading of MOX fuel would offer a 10%

saving in fuel costs. Japanese utilities have acknowledged that MOX fuel will initially be

more expensive for them but it is expected that, in deciding whether to use MOX fuel,
considerations of policy will be as important as those of economics.

A small scale demonstration program of MOX usage has been taking place at two
Japanese reactors, Kansai Electric’s Mihama l (320 MWe, PWR) and the Japan Atomic
Power Company’s Tsuruga l (341 MWe, BWR). Satisfactory results have been reported
so far with both core physics and fuel performance. It has, however, not yet been

announced which reactors will be used in the commercial scale demonstration program,
despite utility acknowledgement that the major part of the plutonium being returned from
Europe must be recycled in LWRs to achieve a plutonium balance. The agreement of
local people to MOX fuel use would be expected to be obtained before MOX fuel would
be introduced. Achieving this may cause delays to the program. Kansai is expected to
provide the next PWR and the Tokyo Electric Power Company (TEPCO) the next BWR
to use MOX fuel. Of the 42 Japanese power reactors now in commercial operation, there
are eight PWRs and ll BWRs with a capacity greater than the required 800 MWe.
When assessing the doubts that have been expressed about Japan’s ability to introduce
MOX fuel to LWRs in the timeframe announced, the established nature of the technology
and Japan’s proven ability to achieve its nuclear goals should be bome in mind. The

country’s rst industrial-scale enrichment plant, for example, began commercial
operation in March 1992, only three and a half years after construction began.

4. PLUTONIUM RECOVERY

4.1 Initial Development in Japan

PNC operates a prototype PUREX reprocessing plant at Tokai Mura. Operation has been

limited due to technical problems, but also due to US restrictions on the reprocessing of
US origin fuel. The Tokai Reprocessing Plant (TRP) was closed for modications during
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1988-89. In 1990, TRP reprocessed 99 tonnes of spent fuel and in the 15 years since it
began operation in 1977, 565.9 tonnes have been reprocessed. It is estimated about 2.5
tonnes of ssile plutonium would have been recovered. TRP now reprocesses 70-90
tonnes annually and the AEC’s Advisory Committee on Nuclear Fuel Recycling has

reported that this allows the recovery of about 0.4 tonnes Puf/year. The role of TRP is to
be modied when the commercial reprocessing plant begins operation at the end of the
1990s. TRP will then be used as a pilot plant for the reprocessing of MOX and FBR fuels
and the amount of Puf recovered would reduce to 0.1-0.2 tonnes Puf/year. The AEC
Committee calculated that the total recovery of plutonium from TRP could be ve tonnes
by 2010. The actual recovery will depend on technical operating factors and throughput,
both of which could be adjusted to expand or reduce recovery, as required.

4.2 Commercial Recovery in Japan

Domestic reprocessing of spent fuel elements on a commercial scale is considered an
essential element in reducing Japanese dependence on foreign uranium resources by
making the most effective use of uranium. It is also vital to the transition to FBRs which
are expected to become Japan’s main source of nuclear energy after the year 2030.
Construction of Japan’s rst commercial LWR reprocessing plant has been delayed.
Japan Nuclear Fuel Service (JNFS) was formed by Japanese utilities in 1980 to construct
and operate the plant. When JNFS made its original application for the 800 tonnes/year
plant at Rokkasho-Mura in March 1989, it expected construction to begin in September
1991 and operation to start in 1997. The opposition of the local people meant the
company had to conduct additional geological surveys and submit revised applications.
Commencement of construction is now scheduled for October 1992 and operation for
August 1999. Spent nuclear fuel is to be accepted at the plant from November 1995. A
3,000 tonnes spent fuel storage pond is planned. In August 1991, the plant passed its
rst-phase licensing safety examination. A public hearing has since been held. Public
hostility to the plant is expected to make achieving a safety agreement with local
communities extremely difcult. The AEC expects that 4.5 to 5 tonnes Puf will be

recovered annually when the plant reaches its full capacity and some 50 tonnes produced
by 2010.

The successful construction and operation of this reprocessing plant is the key to Japan’s
plutonium recycling plans. Its operation will dictate plutonium usage in the coming
decades. The preparations that have been made for it suggest the plant will operate as

planned. Most importantly, the plant is based on proven French technology. France had
by 1990 reprocessed more than 2,500 tonnes of LWR spent fuel at the Cogema UP2-400
plant at La Hague and a 800 t/year plant, UP3, has recently been inaugurated there, after
two years’ successful operation. The Rokkasho plant is based on the UP3 design and
technology. UP3 was constructed between 1983 and 1988 and active tests conducted in
1989 and 1990, showing the achievability of Japan’s construction schedule. Japan and
France have been cooperating in reprocessing since the 1960s. In April 1987, a

Technology Transfer Agreement was signed between JNFS and the Societe Generale
pour les Techniques Nouvelles (SGN) Engineering Company which built the French
plants and was also involved in the design and construction of the Tokai reprocessing
facility. Following this agreement, JNFS placed orders with Mitsubishi Heavy Industries
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for the basic designs of the main processes based on SGN technology. In 1986, the
Ministry of Intemational Trade and Industry announced the inauguration of a scheme by
which it would subsidise the sending of Japanese engineers and technicians to France so
that they would be fully familiar with the reprocessing technology. lVlITI has also been
nancially supporting the testing of the machinery and equipment to be used in
reprocessing while PNC is acting as a design consultant and also lending engineering
personnel to JNFS. Construction began in May 1992 of a nuclear fuel technology
development centre which will simulate the operation of the reprocessing plant and allow
research and development work to be carried out. Operation of the test centre is
scheduled for 1995.

4.3 Overseas Plutonium Recovery

Japanese utilities have concluded reprocessing contracts with Cogema (France) and
British Nuclear Fuels Limited (UK) covering in all approximately 6,700 tonnes of spent
fuel. Cogema is to reprocess 2,300 tonnes of LWR spent fuel this decade at La Hague
and BNFL 2,200 tonnes at Sellaeld. The spent fuel from Japan’s gas-cooled reactor,
Tokai 1, is also reprocessed by BNFL. More than 1000 tormes of this fuel have been
delivered to Sellaeld. It is estimated that some 2.5 tonnes of plutonium have already
been returned to Japan by sea and air and one tonne is in storage at La Hague and 950 kg
is held in the United Kingdom. Future shipments of plutonium are to be by sea and the
next is scheduled for later this year. Transportation of all plutonium from Europe is
expected to be completed by 2010. The next shipment is 1 tonne Puf and in all, 30 tonnes
are to be returned by regular convoys.

Together with the locally-recovered plutonium, these shipments will give Japan a total
cumulative ssile plutonium supply of about 85 tonnes by the year 2010. The exact
amount will depend on the type and amount of spent fuel actually reprocessed.

5. FUEL FABRICATION

5.1 Domestic Development

PNC has studied and developed the fabrication of MOX fuel at its Plutonium Fuel
Development Facility (PFDF) since 1965. It manufactures ATR MQX fuel and FBR
MOX at Tokai Mura, Ibaragi Prefecture. The Tokai Plutonium Fuel Fabrication Facility
(PFFF), which began producing fuel in 1972, has an ATR and an FBR fuel fabrication
line and has supplied the fuel for Joyo and Fugen. The Plutonium Conversion
Development Facility (PCDF), with a daily co-conversion capacity of 10 kg MOX, began
operating in 1983, converting a mixture of plutonium nitrate and uranyl nitrate to M()X
powder. The FBR MOX fuel production line at the Tokai Plutonium Fuel Production
Facility (PFPF) began in 1988 with a capacity of 5t MOX/year (about 20,000 fuel rods
and 100 fuel assemblies). It is designed to develop fuel fabrication technology as well as

fabricate the fuel for Monju. Another production line, now under construction at the
PFPF, will supply 40t of MOX fuel per year for the demonstration ATR and other plants.
Its operation is scheduled to start in 1997. Consideration is being given to any surplus
capacity on the ATR line, caused for example by delays to the implementation of the
demonstration ATR program, being used for LWR MOX fabrication. This is reported to
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be limited to around 15 tonnes armually. The capacity of the FBR line can be expanded
to about l5t MOX by adding more equipment. It was revealed last year that some of the
fuel being fabricated for Monju did not meet specications and would have to be
refabricated. PNC is now reportedly catching up with this fuel fabrication.

5.2 Commercial Fabrication

It is the Japanese intention that MOX fuels for LWRs be fabricated by the private sector.
A domestic LWR MOX fabrication plant with an annual capacity of about 100 tonnes is
planned to be in commercial operation around the year 2000, its exact timing being
geared to the operation of the Rokkasho reprocessing plant. The Japanese nuclear
industry has established a consortium to investigate MOX fuel issues, such as the
ownership and capacity of this plant.

5.3 Overseas Fabrication

Until domestic fabrication of LWR MOX fuel is available, the AEC has approved
overseas fabrication of the plutonium recovered by Cogema and BNFL. For the past two
years, discussions have taken place between Japanese utilities and European fuel
fabricators and it is expected that BNFL and the Cogema-Framatome joint venture
company, Melox, will be the future LWR MOX suppliers to Japan. BNFL and AEA
Technology are presently building a MOX demonstration plant to produce 5 tonnes of
PWR fuel as nished assemblies and BNFL has plans for a commercial scale plant to
operate from the late 1990s, depending on demand. Cogema presently operates a 15

tonne HM/year MOX plant at Cadarache and Melox is constructing a 120 t/year plant at

Marcoule for operation in 1995. An interesting recent development is the announcement
by Cogema that it intends to integrate into the UP3 plant a unit to remove americium
from stored plutonium. The ssile isotope, plutonium 241, decays to neutron absorbing
americium 241 which impairs fuel efciency and also adds to the gamma emission from
the plutonium. For this reason, plutonium dioxide powders can be stored for only some

two years if they are to be fabricated into fuel without further processing. (MOX fuel
rods have a maximum storage period of 10 to 13 years and fresh MOX fuel assemblies 13

to 20 years). A "de~americiation" unit would enable plutonium to be stored for longer.
This processing does put an extra step in the fuel cycle which may detract from the

economic competitiveness of MOX fuel, although Cogema has described the cost of the
unit, scheduled for operation in 1995 depending on customer demand, as "relatively
modest". By making immediate MOX fabrication no longer essential, it does increase

the adaptability of plutonium usage plans to changing circumstances.

Critics of Japan’s LWR plutonium plans have commented on the present limited MOX
fabrication capacity in operation. Apart from the French plant, Belgonucleaire has a 35

t/year plant in operation at Dessel and plans to expand its capacity but has no bilateral
treaty with Japan. Siemens in Gennany has one MOX plant in operation and one under
construction but their output is being hampered by licensing problems. All the European
fuel fabrication companies would be eager for Japanese business and there is no reason to

believe that BNFL and/or Cogema could not install sufcient capacity to match the

output from their reprocessing plants, particularly if Japan was to provide nancing in
advance, as the reprocessing customers did for both the Thorp and UP3 plants. Japanese
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utilities plan to transport the fuel assemblies to Japan in 100 tonne casks modied from
spent fuel transport casks, using spent fuel transport ships. Russia, where there have

been plans to have a MOX fuel fabrication in operation by 1995, has also been suggested

as a possible MOX supplier to Japan, although issues of fuel quality, American consent

and the general national uncertainties in the former USSR would seem to make this
unlikely.

6. CONCLUSIONS

0 The 0.4 tonnes Puf/year being recovered at Tokai will be insufcient to meet the

combined annual requirements of Fugen, Joyo and Monju of some 0.6-0.7 tonnes Puf.

The plutonium returning from France later this year is required for the manufacture
of the rst fuel reload for Monju.

¢ The intention of Japanese utilities to have the plutonium recovered in Europe

fabricated into LWR MOX fuel before return to Japan should allay many of the

concerns being expressed about continued plutonium shipments. The experience of
LWR MOX fabrication and usage in Europe indicates that there is no reason to

believe that the program proposed for Japan is unattainable, while the storage time
available for fabricated MOX gives the schedule exibility. On the other hand, the

importance of the use of MOX fuel in LWRs to achieving a balance with the

plutonium being recovered in Europe must be recognised. Demonstration of a

stronger, more irmnediate commitment to this program, by, for example, an

announcement of the next reactors to use MOX fuel or of contracts for its fabrication
overseas, would provide additional assurance that a plutonium balance is achievable.

0 With regard to the long-term balance of plutonium stocks and requirements within
Japan, there are many uncertainties - with timing of the operation of the commercial
domestic reprocessing plant, the demonstration ATR and the FBR program.

However, there is sufcient scope for variation, in particular for adjusting plutonium
supply to match requirements, to give credence to Japan’s claim that stocks and

requirements will be in balance by the year 2010. The exibilities available within
the plan can be used to ensure that, in accordance with its declared principles, no

excess plutonium is accumulated in Japan.

Nuclear Services Section
Extemal Affairs
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THE SHIPMENT OF PLUTONIUM TO JAPAN
AN ANSTO DISCUSSION PAPER

June 1992

1. INTRODUCTION

Japan has announced its intention to ship back later this year 1.3 tonnes of plutonium (1
tonne of ssile plutonium) recovered from the reprocessing of its spent fuel in France and
required for its FBR program. The Power Reactor and Nuclear Fuel Development
Corporation (PNC) will be responsible for the shipment. A vessel specially built for
transporting spent fuel will be used and it will be accompanied by a recently completed,
armed escort ship. The arrangements for the shipment have, as required, been approved
by the United States. In accordance with established international practice, the timing
and route to be used have not been announced but Japan has issued assurances that it will
be a non-stop voyage.

The safety record of the nuclear industry in transporting nuclear materials over more than
forty years has been exemplary. There has been no recorded case where a Type B
radioactive materials package (the type used for large quantities of radioactive material)
has released a signicant quantity of radioactivity, even though such containers have, on
occasions, been involved in major transport accidents. Plutonium has been transported
internationally for many years in varying amounts. In 1988, for example, it has been
reported that there were 61 movements containing a total of 1.7 tonnes of plutonium
between France and Germany.

2. BACKGROUND

Fourteen shipments of Japanese plutonium from Europe are reported to have taken place
between 1970 and 1984 - eight by air (the last in 1973) and six by sea. Most went
unremarked, except for the last. On October 5, 1984, the "Seishin Maru" sailed from the
French port of Cherbourg with some 288 kg of plutonium dioxide powder containing 251
kg of plutonium (189 kg of ssile plutonium). The vessel sailed through the Panama
Canal and, under the protection of the United States, French and Japanese navies,
reached Tokyo Port on November 15 without incident, although its arrival in Japan
prompted anti-nuclear protests. As well as the naval escorts, the ship was tracked by
sophisticated satellite surveillance.

The controversy surrounding this shipment and the scale of American military
involvement in the extraordinary security measures led the US to decide that future such
shipments would be by air. Accordingly, when the United States-Japan Agreement on
Co—operation in the Peaceful Uses of Nuclear Energy was renegotiated in 1987, Annex 5
of the Implementing Agreement provided guidelines for international plutonium
shipments which specied transfer by cargo aircraft via the polar route or another
selected to avoid areas of national disaster or civil disorder. Strict requirements on
shipment cask design and certication were imposed. The proposed route caused
concern in both Canada and Alaska about the overight of, and possible landing in, their
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territories by a plane carrying plutonium.

At the end of 1987, Congress passed legislation, proposed by Senator Murkowski of
Alaska, which required that plutonium transported through US air space be in a container
certied by the Nuclear Regulatory Commission (NRC) as safe. In 1975, the NRC had
begun a study of the air transport of plutonium and other radionuclides. Congress,
however, pre-empted its ndings by passing US Public Law 94-79 of 1975. Amongst
other measures, this prohibited air transport of plutonium (except in medical devices)
until the NRC had certied that a safe container has been developed and tested "which
will not rupture under crash and blast-testing equivalent to the crash and explosion of a
high-ying aircraft". In January 1978, the NRC published its "Qualication Criteria to
Certify a Package for Air Transport of Plutonium" (NUREG-0360). The criteria require
packages to be subjected to individual and sequential tests that simulate the conditions in
severe aircraft accidents. These tests are far more severe than those for Type B packages.
The Murkowski amendment went even further. To provide the required certication, the
NRC was to conduct an actual crash test of an aircraft carrying a sample container of test
material.

In the mid-1970s, Sandia National Laboratories developed and extensively tested several
designs of plutonium shipping containers. Two packages, PAT-1 (Plutonium Air
Transportable package) and PAT-2, passed the severe certication tests and were
licensed by the NRC. They are, however, relatively small. PAT-1 can only carry up to
two kilograms of plutonium. To meet American national standards, PNC has, since 1984,
been developing a plutonium air shipment cask both in Japan, and in co-operation with
Cogema in France and the Battelle and Sandia National Laboratories in the United
States. British Nuclear Fuels Limited (BNFL) has also been developing such a cask,
although it believes the US standards unnecessarily stringent.

From a secruity viewpoint, air transport is the preferable means of shipping plutonium.
The unilateral adoption by the USA of different requirements for packages for such
shipments has been a matter of concern to the Intemational Atomic Energy Agency
(IAEA) and its other member states. The IAEA’s Transport Regulations (see Section 3)
are intended to be world-wide in application and national regulations should not conict
with them. There is considerable work being carried out within the IAEA framework to
reach common intemational standards for safety arrangements associated with the air
transport of plutonium. Important here is the IAEA Standing Advisory Group on the
Safe Transport of Radioactive Material (SAGSTRAM), which was established in 1978 to
advise the IAEA and provide a continuous review of its Transport Regulations.

In 1988, the difculties Japan may have had in shipping plutonium by air were
recognised and a modication to Annex 5 of the US-Japan agreement was agreed which
meant that, in addition to air transportation of plutonium, the United States gave
programmatic approval to shipments by sea. Transportation is to be carried out by a
dedicated transport ship via a route selected to avoid areas of natural disaster or civil
disorder and to ensure the security of the cargo. No scheduled port calls are to be made
en route and emergency port calls made only in accordance with the procedures set out
in the mandated transportation plan for each shipment. Among other physical protection
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It -requirements, the US Japan agreement for sea transportation of plutonium provides that
armed and equipped escorts be aboard the transport ship and that "the transport ship will
be accompanied from departure to arrival by an armed escort vessel unless altemative
security measures, documented in the transportation plan, effectively compensate for any
absence of an armed escort vessel".

In December 1989, the Japanese govemment decided that the transport of returned
plutonium should be by sea in the initial period, that PNC would be responsible for the
transport and that, because the Maritime Safety Agency had no patrol boat capable of
travelling from Europe to Japan without refuelling, a special vessel armed to preven
robbery or terrorist attack, would be built.

3. THE SHIPMENT -

I

The forthcoming shipment of plutonium from France to Japan will be in the form of
plutonium dioxide powder. Plutonium dioxide has a melting point of 2400 degree C. It is
insoluble in water. In 1989, BNFL reported that, in the previous 16 years, it had made a

total of over 80 plutonium deliveries to overseas destinations amounting to more than
four tonnes of plutonium. At least 90% of these shipments were plutonium dioxide, the
remainder being fabricated plutonium in various forms. Japanese utilities have
announced plans for future plutonium shipments to be as MOX fuel assemblies, each
containing 3% to 5% plutonium carried in spent fuel transportation casks and ships.

The transport of radioactive materials is governed by the provisions of the "Regulations
for the Safe Transport of Radioactive Material" issued by the IAEA. The IAEA Transport
Regulations were rst issued, at the request of the United Nations, in 1961 and have been

updated regularly since. They have been adopted as, or used as the basis for, national
regulations in essentially all the member countries of the IAEA. They have also been
incorporated into all the major international conventions and requirements controlling the
transport of dangerous materials, including the International Maritime Organisation
(IMO) Dangerous Goods Code. The objective of the IAEA Transport Regulations is to
protect the public, transport workers and property from both the direct and indirecI
effects of radiation during the transport of radioactive materials. This is achieved by
limiting the nature and activity of the radioactive material which may be transported in a

package of a given design, by specifying design criteria for each type of package, and by
recommending simple rules for handling and stowage during transport. Package design is
essential to ensuring in-built safety. Controls on the design and use of the package and its
required strength increase as the hazardous nature of its radioactive contents increases

The IAEA Transport Regulations contain particular requirements for packages

containing ssile material such as plutonium 239 and plutonium 241. The most importan
requirement is that this material be packaged and shipped in such a manner tha

I
I

subcriticality is maintained under conditions likely to be encountered during normal
transportation and in accidents. This is assured through a combination of mass and

packaging restrictions. Criticality considerations will require the Japanese material to be

in a large number of small separate sealed containers and it is expected these will be

shipped inside one or more larger Type B transport casks.
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The type of container in which the plutonium dioxide will be transported has not been

announced. The French have developed and use a B(U) ssile class H package, the FS-47
container, for transporting plutonium dioxide. An illustration is attached. In the United
Kingdom, BNFL has developed the 1680 container for transporting large amounts
(around 50 kg) of plutonium dioxide from the Sellaeld reprocessing plant. It weighs
about 2.5 tonnes, is a little over one metre in diameter and one metre in length and
includes built-in timber shielding and containment tubes of Ferralium, a high strength
stainless steel.

Type B packages must be able to withstand the effects of a severe accident without
releasing their radioactive contents. They must meet stringent leak tightness provisions
and satisfy mechanical and then thermal (crash and burn) tests and a water immersion
test. There are three drop tests, one from a height of nine metres onto an essentially
unyielding surface, the second, a puncture test onto a steel bar and the third, a 500 kg
mass being dropped from 9 metres onto the package. The thermal test subjects the

package to a hydrocarbon fuel/air re with an average ame temperature of 800 degrees

C for thirty minutes. The water immersion test is that the specimen be immersed under a

head of water of at least 15 metres for a period of not less than eight hours and in the

attitude for which maximum leakage is expected. It is important to note that these tests

are not intended to replicate directly any specic transport accident. They are intended to
simulate the damage to a package which would result from normal transport conditions
or a severe transport accident as appropriate.

Type B packages have impressively survived some extraordinary tests, most
spectacularly a British demonstration in which a diesel locomotive pulling three carriages

was smashed into a nuclear fuel cask at 165 kilometres/hour. The cask suffered only
minor damage and no signicant leakage. The British plutonium dioxide containers have

been shown to withstand pressures equivalent to being submerged in at least 400 metres
of water. The Japanese government has announced that the casks to be used in this
year’s shipment have been tested to demonstrate leak-tightness in water to a depth of
10,000 metres. The IAEA Transport Regulations specify that ssile packages must have

multilateral approval, i.e. the approval of the national competent authority of the country
of the origin of the design and of each country through or into which the consignment is

to be transported. The casks for the Japanese shipment have been certied by the

regulatory authorities in both France and Japan.

Packages carrying radioactive materials have been involved in a number of transport

accidents involving all transport modes but most commonly road trafc accidents. In
August 1984, the cargo ship, Mont Louis carrying 350 tonnes of uranium hexauoride in
30 containers collided with a passenger ferry in the North Sea and sank in some 15

metres of water. Within 40 days, all the containers had been recovered intact from the

wreck. A very small leak was discovered in the closure valve of only one and the

incident caused no environmental detriment.

There have been a number of accidents involving the transportation of nuclear weapons

containing plutonium. The local areas have been efciently decontaminated and the

environmental behaviour of the released plutonium extensively monitored. One such
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l -accident took place in January 1968, when an American B 52 bomber crashed on the ice
near the Thule Air base in Greenland. The impact with the ice detonated the chemical
explosive in the four unarmed nuclear weapons on board and some plutonium was
released to the enviromnent. The debris, -wreckage and the surface layer of the
contaminated snow were removed and shipped to the United States. The plutonium was
mainly present as insoluble plutonium dioxide particles and the contamination was
largely conned to sea bottom sediments and the sea creatures such as molluscs and
worms that live there. Extensive collecting of samples of all elements of the human food
chain took place in 1968, 1970 and 1974. Analysis of these found no samples displayed
plutonium levels that were considered hazardous to man or any higher animals such as
sh, seabirds and marine mammals in the Thule district or in any other part of
Greenland.*

The IAEA Transport Regulations do not deal with physical protection, the security
measures designed to protect against theft, sabotage or unlawful use of nuclear materials
These are provided for by the intemational Convention on the Physical Protection of
Nuclear Materials to which both France and Japan are parties. Japan has announced that
the physical protection system it will use at sea will meet or exceed the requirements of
this Convention and will be consistent with the level of protection provided to similar
material in Japan, France and the United States. The transportation plan is being prepared
with the cooperation and assistance of France and the US. The Japan Atomic Energy
Research Institute (JAERI), with the cooperation of the United States Arms Control and
Disarmament Agency, has developed and successfully eld tested a remote-controlled
automatic verication system for nuclear material in marine transit. The Transportation
by Sea Verication (TRANSEAVER) consists of a ship-mounted system, an
INMARSAT satellite communication system and a ground control centre and enables
automatic monitoring of the integrity of the nuclear materials containers and of the
location of the ship.

4. THE SHIP

The ship to be used to transport the initial plutonium consignment to Japan in 1992 is the
"Pacic Crane". The plutonium dioxide powder will be its only cargo. It is one of ve
purpose-built ships operated by Pacic Nuclear Transport Limited (PNTL), a joint
venture of BNFL, Cogema and Japanese utilities and trading companies. They areused
to transport spent fuel from Japan to France. To the end of 1989, PNTL ships had made
100 journeys, covering three million miles and moving some 4,000 tonnes of spent fuel.
The "Pacic Crane" made its rst voyage in October 1980 and has been refurbished with
advanced safeguards equipment. An illustration of, and the specications for, a similar
PNTL ship, the "Pacic Pintail", are attached. The ships have been built to meet the

* These radioecological investigations are reported in, inter alia, "Health Physics", vol.20, Jan.197l
p.31-47 and again in vol.32, April 1977, p.271-284. ’ -
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Japanese Ministry of Transport requirement that they stay aoat after sustaining damage
from collision or grounding. To achieve this, they have been constructed with a double
hull. The irmer shell is formed by watertight longitudinal and transverse bulkheads. The
transverse bulkheads give the ship ve separate cargo holds and sufcient reserve
bouyancy with any two adjacent compartments ooded. The ship’s power plant has been
designed for a high degree of reliability with all the main plant duplicated. Thus there are
two diesel engines each driving its own propeller and two independent electrical
generators, each of 100% capacity. The transport ship is equipped with the most
advanced satellite navigation system and anti-collision radar. In addition to the structural
features designed to minimise the spread of res, the ship has a sophisticated CO2 re
suppression system. The ships normally travel between Europe and Japan via the
Panama Canal, but they are capable of completing the voyage around either the Cape of
Good Hope or Cape Hom without refuelling. The Japanese govemment has announced
that the forthcoming voyage will be non-stop. It is generally accepted that, should the
ship not be able to continue (something extremely unlikely considering its construction
and previous operating experience), it would be towed directly to Japan.

5. THE ESCORT VESSEL

The armed patrol boat, "Shikishima", has been specially built to escort the plutonium
transport ship. It is about 150 metres long and 17 metres wide with a total tomrage of
6,500 t. It is equipped with two helicopters, high speed boats and machine guns and will
have a crew of 100. It was delivered to the Maritime Safety Agency on April 8, 1992

~

6. CONCLUSION

Considering the design and testing of the transport casks, the construction of the ship and

the provision of an armed escort and noting the excellent safety record of nuclear
materials shipments, there is no reason to believe the forthcoming shipment of plutonium
from France to Japan poses any serious environmental or proliferation threat.

Nuclear Services Section
External Affairs
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‘Pacific Pintail' general arrangement-

- SOURCE: BRITISH NUCLEAR FUELS LIMITEIParticulars of "Pacific Pintail" are:-

Length overall 103.9 m

Breadth 16.5 m

Depth 10.0 m '

Draught (maximum) 6.047 m
Deadweight (maximum) 3,865 tonnes
Draught (Service) 5.647 m

3 Speed (Service) 13 knots,
Endurance at service speed 77 days
Range at service speed 24,000 nautical miles
Lightweight 3,870 tonnes
Cargo 24 flasks

Complement: Master, Chief Engineer, 3 Deck Officers, 3 Engineer Officers,
Radio Operator, Electrician, Refrigeration Engineer, Catering Officer,
Bosun, Cook, 3 Engineer Petty Officers, 10 Seamen, 4 Cadets

31 Normal Crew, 6 Supernumeries (max), 37 Maximum Number on Board

Propulsive power 3,712 B.H.P \ ' _

Number of propellers 2
Number of rudders Z

Electrical power - 2,260 kw
Emergency generator 100 kW
Cargo—cooling capability (flask heat output) 1,280 kw
Classification Lloyds + l00Al + LMC = RMC
Registration British
Class Cargo ship — Long international voyages




