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Experience and Projects for Treatment, Conditioning
and Storage of All Radiocactive Wastes

from TOKAI Reprocessing Plant



Abstract

Since the active operation of TOKAI reprocessing plant
started on September 1977, about 170 t U of spent fuel have
been reprocessed for the time being (December 1982).

During this period, the amount of the radioactivity
discharged into the environment has been reduced in the low-
level waste processing plant.

Concerning to the radioactive liquid waste, the treat-
ment procedures consist mainly in evaporation to keep the
discharge into the sea at very low-level. For the combustible
low-level solid waste (comb. LLSW) and the solvent which is
of low T.B.P. content, the incinerator have been in successful
operation (burned: about 150 t of comb. LLSW, about 50 m® of
solvent waste which is called diluent waste).

Most of the past R&D works were devoted to a reduction
of the activity discharged into the environment. The current
R&D works are concerning the treatment of solvent waste, the
conditioning of solid wastes, the bituminization of low-level
liquid waste and the vitrification of high-level liguid waste.

This paper discribes the present practices, R&D works
and future aspects of the treatment, conditioning and storage
of all radioactive wastes from TOKAI reprocessing plant.



Introduction

As for TOKAI Reprocessing Plant of Power Reactor and
Nuclear Fuel Development Corporation (PNC) in Japan, the
design capacity is approximately 0.7 t of uranium metal per
day (1.0-tU/day in maximum) for the spent fuel (28,000-MWD/
tU burn up, 35-MW/tU specific power and 180-day cooling time),
which were shipped from the power stations (PWR or BWR) in
Japan. The plant capacity roughly corresponds to 7,000 MWe
reactors as 300 day per year in full operation. The total
electric power output of 24 nuclear power reactors now in
operation in Japan is about 17,000 MWe, which roughly accounts
for 18% of total electric power supply. Therefore the remain-
der is being, shipped to British and French Reprocessing
Plants for the time being, and then will be reprocessed in
the second reprocessing plant which is planned to complete in
around 1995 and will be operated by Japan Nuclear Fuel Service
Co.

Design of TOKAI reprocessing plant was carried out by
Saint-Gobain Techniques Nouvelles, which now is French company
called Societe General pour les Techniques Nouvelles. As
shown in Table 1, it has been 17 years since then i.e. 3 years
for design, 1.5 years for preparation, 3.5 years for construc-
tion including blank test, 3 years for chemical tests and
Uranium tests and 5 years for active tests and operation.
During this period, the replacement of acid recovery evapora-
tor was carried out, while the plant stopped the operation
about one year. On the other hand, the plant test operation
for checking the Prime Minister's prior inspection before
starting the normal operation was successfully finished, and
then first normal operation compaign (called 81-1 campaign)
was started on January 17, 1981, but unfortunately, the plant
operation was interrupted for about three months by the
obstacle of acid recovery distillation column. And then the
81-1 campaign was resumed on May 1981. By the end of December
1982, about 250 t of spent fuels from 5 BWRs and 4 PWRs were
received as shown in Table 2, and some 170 t of them were
reprocessed as shown in Fig. 1 and Table 3, while taking the
regular inspection of government.

Total amount of the recovered Plutonium nitrate as the
final product was got to about 1,000 kg as of December, 1982
from starting of the active tests, and about 460 kg was al-
ready shipped to the PNC Plutonium Fuel Facility (PPFF) for
fabrication mixed oxide as the exchange fuels for Japan's own
Advanced Thermal Reactor (ATR) "FUGEN". A part of them has
already loaded to the "FUGEN". Fig. 2 shows the material
balance of Plutonium on fuel cycle.

Meanwhile, all radioactive wastes generated through the
active operation shown as follows and Fig. 3.

Caseous wastes are treated by scrubbing and/or filtra-
tion and so first, according to the properties of off-gases,
and are discharged to the atmosphere through the main stack
after monitoring of the radioactive concentration. Since
the beginning of the active tests for the time being, the
concentrations of radioactive nuclides (except Iodine-129,
Tritium and Krypton-85) in the discharged off-gas have been
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below the detection limits. At the beginning of the active
test, we, however, faced the question how to control the
fission product iodine ('?°I) released into the environment.
The R & D works of Iodine removal techniques from the off-gas
have therefore been taken during the plant operation. Con-
sequently, it was confirmed that silver-exchanged zeolite
(Ag-X) filter was effective for the removal of airborne Iodine
(*?°I) in the off-gas.

Liquid wastes are classified into high-, medium- and
low-level (HLLW, MLLW and LLLW). Among them, the high- and
medium-level liquid wastes are treated in the Separations
Plant (MP), whereas the low-level liquid waste, solvent
waste and diluent waste are transferred to the Low Level
Waste Treatment Facility (LLWTF) in the Low-Level Waste
Processing Plant (LLWPP).

The radioactivity discharged into the environment is
reduced as low as reasonably achievable mainly by means of
evaporation. The diluent waste classified as a combustible
liquid waste is burnt with incinerator at the LLWTF for the
purpose of volume reduction, whereas the solvent waste was
difficult to burn because of the high concentration of tri-
butyl phosphate (TBP), leading to store in the exclusive
storage vessels.

Solid wastes are classified into high- and low-level
(HLSW and LLSW), and stored in their exclusive storages.

Among the high-level solid wastes, parts of reprocessing
fuel assembly (hardware) and residual fuel cluds (hulls)
generated from mechanical head-end and dissolution processes
(chop and leach), together with other highly contaminated
devices are packaged into an exclusive waste containers
before transported to the HLSW Storage (HLSWS) for storing
in safety.

The low-level solid wastes are transported to the LLWTF
before treated by incinerator or press in the case of them
for volume reduction and stabilization. The resultant incin-
erator ashes and compressed blocks, and untreated low-level
solid wastes such as alpha-contaminated waste (TRU-waste)
and highly beta- and gamma-contaminated waste (By-waste),
are packaged into a 200 £ drum or multi-stage concreate
container before transported to the LLSW Storage (LLSWS) for
storing in safety.

New technical problems had arisen in the course of
treating a variety of wastes generated from TOKAI reprocessing
plant. In order to solve them, efforts had been made for
developing and improving techniques suitable for them. As a
result, evaporation facilities, which had been R & D facili-
ties for reducing the radioactivity discharged into the sea,
were successfully incorporated into the treatment system
before the normal operation, thereby enabling the radioactiv-.
ity of the wastes to decrease to about one-tenth of the regu-
lation on the radioactivity-discharge.

Besides a bituminization technique for solidifying the
concentrates from LLLW evaporators and the sludge from LLLW
floculator, many techniques have been developed for solid,
liguid and gaseous wastes; they are a vitrification technique
for solidifying the concentrates from HLLW evaporator, a



Krypton recovery technique for treating gaseous waste, volume
reduction and immobilization techniques of low-level solid
waste, a solvent waste treatment technique, volume reduction
and immobilization techniques of high-level solid waste, and
so forth. At present, the Bituminization Pilot Plant alone
with the Krypton Recovery Pilot Plant is under test operation,
while the Solvent Waste Treatment Facility is under construc-
tion. Other developmental facilities associated with waste
treatment are being designed or planned to establish a repro-
cessing waste management program in the near future.

1. Operational Experience Gained in Management
of All Radioactive Wastes in TOKAI Reprocessing Plant

1.1 Operational experience on gaseous waste

Origin and classification of gaseous wastes

The gaseous wastes generated from the reprocessing plant
are classified as follows:

They are off-gases from mechanical head-end process,
dissolution and clarification process, HLLW concentration
process, vessel ventilation, and cell and room ventilation.
Main origins and flowrates of these off-gases are shown in
Table 4.

Treatment of gaseous wastes

Gaseous wastes generated from the reprocessing plant
are treated with scrubber and/or filter and so on, according
to the properties of off-gases, and discharged to the atmos-
phere through the main stack after monitoring of the radio-
active concentration.

We use the following treatment methods for each off-gas
streams. Fig. 4 and 5 show off-gas flow diagram and treat=
ment process flow diagram, respectively.

For the off-gas from chopping machine, it passes through
the dissolver, and is then filtered to remove solid particles
such as uranium dioxide dusts with sintered metal filter and
HEPA filter before treated by alkaline scrubbing and filtra-
tion (three steps filtration with two HEPA filters and Ag-X
filter).

For the off-gas from dissolver and pulsefilter, it is
also treated by alkaline scrubbing and filtration all the
same, after the condensable gases and the nitrogen oxides
are removed in a condenser and an absorber.

For the off-gas from HLLW concentrate storage, it is
also treated by alkaline scrubbing and filtration all the
same, after the condensable gases are removed in a condenser.

For the off-gas from vessels and evaporators of extrac-
tion process, including acid recovery process, purification
process and concentration process, it is also treated by
alkaline scrubbing and filtraction all the same.
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For the off-gas from rooms and cells, it is treated only
by filtration using HEPA filter.

Since the beginning of the active tests for the time
being, the concentrations of radioactive nuclides (except
Iodine, Tritium and Krypton) in the off-gas discharged to the
atmosphere through the main stack have been below the detec-
tion limits (the detection limits are 4x10~'° uCi/ml for gloss
a—emission and 4x10~'* uCci/ml for gloss By-emission).

At the beginning of the active operation, we, however,
faced the problem how to control the fission product iodine
(}1297) released into the environment. In order to solve this
problem, the measurements of Iodine in the gaseous and liquid
streams have been carried out through the active operation of
TOKAI reprocessing plant. From the result of measurements,
it was confirmed that more than 99% of the calculated amount
of Iodine in the spent fuel was released into the off-gas
circuit during the dissolution. Most of the released Iodine
was desorbed to liquid streams and then transferred to the
LLWPP, where some amounts of Iodine was released into the
vessel off-gas line.

Through the investigation of Iodine distribution in the
reprocessing plant, it was understood that the removal of
Todine in the dissolver off-gas (DOG) and vessel off-gas
(VDG) led to decreasing the Iodine discharged to the atmos-
phere, so that the Ag-X filters were installed in the DOG
system in the Main Plant and VOG system in the LLWPP, on
April and October 1979, respectively. Thereby, amount of
Todine-129 discharged to the atmosphere could be reduced to
less than a fourth of that in the past. And then, it was
cell ventilation system in the LLWPP that the Ag-X filter was
installed on August 1980.

Amount of Iodine and Tritium discharged to the atmosphere
on the active operation are shown in Fig. 6 and 7, respect-
ively.

With regard to Tritium and Krypton, we are making efforts
to develop the removal techniques at present.

1.2 Operational experience on liquid waste

Origin and classification of liquid wastes

The liquid wastes generated from the reprocessing plant
are classified into high-, medium- and low-level. As shown
in Table 5, the high-level liquid wastes consist of the
aqueous effluents (raffinates) from co-decontamination pro-
cess, the effluent from solvent regeneration process and the
concentrate from acid recovery process. The medium-level
liquid wastes are usually the aqueous effluents from the
separation and purification process, and the condensates from
the DOG and HLLW concentrate storage off-gas treatment process
as well as from the HLLW and plutonium concentration one.
Meanwhile, the low-level liquid wastes are effluents from the
off-gas scrubbing, the storage pool clean-up system, the sol-
vent regeneration process, the analytical laboratory, the de-
contamination shop and the laundry, and distillate from the
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acid recovery process and so on; moreover, their specific
activities are less than 10° uCi/ml. The amounts of liquid
wastes generated on the active operation in the reprocessing
plant are shown in Fig. 8.

Treatment and storage of liguid wastes

As shown in Fig. 9, the high- and medium-liguid wastes
are treated in the MP whereas the low-level liquid waste in
the LLWPP.

The high-level liquid waste is fed to the HLLW evapora-.
tor, in which nitric acid is decomposed by formaldehyde to
keep nitric acid concentration lower during operation. This
is why the process is provided with an absorption column.

The resultant concentrate is stored in the HLLW concentrate
storage vessels, which are always cooled with water to avoid
temperature rise due to the decay heat of fission products.
The amount of stored concentrate is about 150 m® as of
December 1982, but scheduled to be vitrified in the future.

The medium-level liquid waste is fed to the acid recovery
evaporator, and the resultant concentrate is then transferred
as a high-level liquid waste to the HLLW evaporator. The gas
phase generated in the evaporator is then transferred to the
acid recovery distillation column in order to recover the
concentrated nitric acid for reusing in the reagent make-up
process. The distillate from distillation column, on the
other hand, is transferred to the LLWPP with other low-level
liguid wastes. '

TOKAI reprocessing plant is provided with the LLWTF, the
second LLLW evaporation facility (E-Facility), the third LLLW
evaporation facility (z-Facility) and the effluent clean-up
facility (C-Facility) as LLWPP. As to LLLW treatment equip-
ments, the followings are installed: they are 3 units evapo-
rators, 1 unit flocculator, 1 unit sand filter, 1 unit neu-
tralization system and 3 units active carbon adsorption
columns.

Each evaporator is of self-thermocompressing natural-
circulation type, and provided with a cyclone and a wire mesh
demister to remove mist. In the flocculator, coprecipitation
is carried out by adding calcium carbonate and ferric hydro-
xide.

The low-level liguid wastes transferred to LLWPP are
treated with some of the above equipments, according to their
radioactive concentrations and chemical properties. Higher-
LILW (1x107°% to 1x10° uCi/ml) are subjected to two-stage
evaporation, whereas lower-LLLW (less than 1x107% uCi/ml) are
flocculated or evaporated in one stage. The resultant con-
centrate and sludge have been stored in the exclusive storage
vessels, amounting to about 1400 m?® and 680 m®, respectively
as of December 1982. The stored concentrate and sludge are
scheduled to be bituminized from now on. The liquid waste
for which various treatments was finished from radioactivity
point of view, further is treated by neutralization and oil
removal, being discharged into the sea through the discharge
piping after confirming that the radioactivities are well
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below the regulation on radioactivity-discharge. The volume
of effluent into the sea is approximately 236,000 m® as of
December 1982.

Concerning to the solvent and diluent waste generated
from solvent regeneration process, the incineration tests
were carried out using the incinerator to treat the solvent
waste which contained TBP up to 30% in dodecane. From the
results of these tests, we confirmed that phosphate compounds
formed by the decomposition of TBP gave rise to corrosion of
off~-gas system. In order to solve this problem of how to
prevent the corrosion, the incineration of solvent waste was
treated by neutralization using octyl acid calcium. In this
incineration, TBP reacted with octyl acid calcium in the fur-
nace to produce calcium phosphate, then it could reduce the
corrosion effectively. This process gave rise to clogging
of off-gas system though. Accordingly, various incineration
tests had been done to solve new problem, and an appropriate
operation mode was established for diluent waste whose TBP
fraction was less than 10%. Consequently, it was decided
that this process was to be applied only to the diluent waste
with the solvent waste stored. The process flow diagram is
shown in Fig. 10.

Already, diluent waste has been burnt more than 50 m?
through the active operation in the reprocessing plant,
thereby backing up the plant operation in terms of the volume
reduction of organic solvent waste.

Moreover, the stored solvent waste is shceduled to be
treated at the Solvent Waste Treatment Facility in the near
future.

Table 6 shows total amount of liquid wastes treated
during the active operation.

1.3 Operational experience on solid waste

Origin and classification of solid wastes

The solid wastes generated from our reprocessing plant
are classified into high- and low-level. As shown in Table
7, the high-level solid wastes consist mainly of hulls,
sampling bottles (jugs) from the analytical facility, stirrer
of mixer-settler, used filters from the clarification process
as well as from the solvent regeneration one, and so forth.

The low-level solid wastes are classified into By- and
TRU- wastes which are controlled on the basis of place in
which they are generated. The two kinds of low-level solid
wastes are classified further into combustible, difficult
combustible and non-combustible wastes. _

The low-level solid wastes generated from the reprocess-
ing plant are transferred to the LLWPP and treated there
before sent to the LLSWS for storing in safety. The amount
of low-level solid waste generated from starting of the active
operation was come to about 410 t as of the end of December
1982. During this period, the amount of the arising waste
in 1979 became 2 to 2.5 times as large as those in other
years because of a large-scale decontamination, dismantling
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and replacement works in that year.

Fig. 11 shows the amounts of solid wastes generated on
the active operation in the reprocessing plant. The amount
of high-level solid waste becomes greater as the amount of
reprocessed spent fuel and the term of operation increase.
Meanwhile, the amount of low-level solid waste depends largely
on the number of persons working within process areas and on
the scale of maintenance and repair works during an inter-
campaign period, rather than on the amount of reprocessed
spent fuel during the campaign.

Treatment and storage of solid wastes

As shown in Fig. 12, at present, the high-level solid
wastes are only packaged into the exclusive containers as
they are generated, and then transported to the HLSWS for
storing with safety. Among them, hulls and used filters
are stored under water in the pool provided for the hulls
storage made of stainless-steel-lined reinforced concrete,
whereas the sampling bottles are stored dryways in the con-
taminated device's storage.

The low-level solid wastes are first transported to the
LLWPP, in which By-wastes are treated by such method as
incineration or compression in the case of By-wastes with
TRU-wastes scheduled to be treated at the Plutonium-con-
taminated Waste Treatment Facility (PWTF) to be constructed
in TOKAI Works.

The effect of volume reduction for the combustible By-
wastes is great by means of incineration because they account
for about 37 % of the low-level solid wastes as shown in
Fig. 13. The incinerator has the air controlled lateral :
fixed-bed type furnace. The design capacity is 50 kg/h, and
the solid wastes with the surface dose rate of up to 200 mR/h
are burnt. Fig. 14 shows the vertical section drawing of
incinerator.

Approximately 150 t of combustible By-wastes have been
burnt from May 1976 to the end of December 1982, leaving
little combustible Ry-wastes unburnt. As a result, the
volume reduction rate was come to about one-eightieth.

Meanwhile, with regard to non-combustible By-wastes,
very low-level compressible ones only have been compressed
to reduce their volume, and the others have been stored in
the forms as they were generated.

At present, it is not so great that the amount of
irregular formed large-size non-combustible By-wastes, but
it will increase in the future.

2. Development of Reprocessing-Related Waste Treatment
Techniques

During plant operation, TOKAI reprocessing plant has
developed various techniques associated with reduction of
radioactivity discharged into the environment and with waste
treatment. The states of the art of them are described in
the following sections.
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2.1 Vitrification of high-level liquid waste

Although our reprocessing plant stores the high-level
liquid waste safely in the storage vessels at present, it is
planning to have the liquid waste solidified to increase the
storing safety. Upon solidifying the liquid waste, the
resultant solidified waste, however, should be suitable for
disposed, leading to the present plan of geologic disposal
after long-term storage.

As to solidification methods, there are calcination,
vitrification, ceramics and metal matrix composite method.
Among others, the vitrification method and the ceramics
method tend to be widely adopted owing to the long-term
stability and better heat removal capability (excellent
thermal conductivity) of the resultant solids.

As shown in Fig. 15, PNC has performed since 1976, in
close cooperation with Japan Atomic Energy Research Institute
(JAERI) and other national research institutes, in combina-
tion of laboratory scale, full-scale engineering, remote
maintenance and system mock-up tests with simulated waste to
obtain data necessary for designing an envisaged pilot plant
capable of vitrifying about 100 2 of high-level liquid waste
daily. As of 1983, demonstrative laboratory tests are under-
taking with actual waste by use of the Chemical Processing
Facility (CPF) at TOKAI Works, of which capacity is 12 &/
Batch of high-level liquid waste; they are process feasibility
test and characterization and evaluation test of waste forms.

Based on these techniques, the preliminary and conceptual
design of Vitrification Pilot Plant were carried out in 1979
and 1980, respectively, clarifying thereby the image of the
pilot plant as a whole, and major individual machines and
equipment, followed by the basic design in 1981. The detailed
design of the pilot plant has been carried out since 1982 for
the time being and the construction will be started in 1984,
aiming at demonstrative operation in 1987.

As Fig. 16 sug?ests, a 1000 MWe light water reactor
produces 15 to 30 m® high-level liguid waste for a year, but
the vitrification method may reduce it to 3 m® vitrified
waste (30 canisters). In the vitrification process, the
high-level liquid waste received from the reprocessing plant
is denitrated by formic acid, concentrated, mixed with glass
frit and fused in a direct electric ceramic melter. Molten
glass is filled in a canister, transported to the vitrified
waste storage after the inspection of welding, and stored
there. Fig. 17 shows the process flow diagram.

2.2 Conditioning of high-level solid waste

As for hulls and hardware, the volume reduction and
immobilization techniques such as hot isostatic pressing
(HIP) method are now under basic tests to improve a storing
efficiency and to convert their form to the suitable one for
long-term storage. Also for sampling bottles and so forth,
synthetic investigation was done about the volume reduction
and immobilization techniques, and R & D works are now being
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proceeded to establish the process. Photo 1 and 2 show the
HIP method for hulls and sampling bottles, respectively.

2.3 Bituminization of low-level liquid waste

The Bituminization Pilot Plant has been operated to
demonstrate a solidification technique with bitumen and a
storing technique for bituminous product.

This plant utilizes a horizontal extruder as bituminiza-
tion process, which has been widely used abroad. Fig. 18
shows the bituminization process flow diagram.

The resultant concentrates and sludge generated from
evaporation and flocculation in the LLWPP are received in
the Bituminization Pilot Plant before treated to pH adjust-
ment, insolubilization of radioactive nuclides on a batch
basis depending on the nature and composition of the liquid
waste, followed by extrusion. In the extruder, the liquid
waste is blended with bitumen, dehydrated and poured into
drums. The dehydration capacity of extruder is about 200 2/h.
The condensate from extruder is transferred to the liquid '
waste treatment process in the LLWTF after removing oil con- .
rents. Bitumen-filled drums are cooled, transferred with an
exclusive transferable cask to an exclusive storage and
stored with safety.

2.4 Treatment of solvent waste

The purpose of the Solvent Waste Treatment Facility lies
in developing an effective treatment method for the solvent
waste stored without being burnt which may substitute for
incineration.

After investigated several solvent waste treatment
methods such as reduced-pressure distillation and submerged
combustion, the "Karlsruhe method" was chosen, because it
runs at an ambient temperature and under an atmospheric
pressure in addition to its fairly long operation experience
on a pilot plant scale. Construction of this facility started
on April 1982, and will be completed on February 1984. The
process flow diagram is given Fig. 19.

The solvent waste received in this facility is first
washed with sodium carbonate, followed by separation of
dodecane and TBP using phosphoric acid and pure water. After
removing impurities by silica gels, dodecane is either reused
in the Separations Plant or burnt with incinerator in the
LLWPP. On the other hand, separated TBP is blended with poly
vinyl chloride (PVC) or plastics resin in drums for uniform-
alizing, and the resultant solidified wastes are sent to the
storage.

The Solvent Waste Treatment Facility plays an important
role in the development works of waste treatment technology
owing to safe and long-term storage capability by solidifica-
tion with PVC or plastics resin of recovered TBP.
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2.5 Conditioning of low-level solid waste

Conditioning of TRU-waste

Although a limited amount of TRU-waste from our repro-
cessing plant has been accumulated to the present, it is
anticipated that the amount will increase in the future
through the operation of a commercial reprocessing plant and
also through oversea reprocessing contracts.

The PNC has performed the R & D works on reduction of
arising, volume reduction, immobilization and disposal for
TRU-waste.

Improvements in reprocessing method, equipment, opera-
tion technigues, etc. are being achieved from the viewpoint
of reducing the waste arising.

Development works of the volume reduction techniques
for wastes are underway. These involve the incineration of
combustible waste, acid digestion of chlorinated organic
waste, melting of filter element by induction heating,
electroslag remelting of metal waste and immobilization of
non-combustible waste excluding metal into ceramic form by
microwave heating. These techniques will be demonstrated at
the PWTF, of which construction will be started soon and
operation is shceduled to initiate in around 1987. Fig. 20
shows the process flow diagram at the PWTF. Research has
also been performed to improve and identify the character-
istics of waste form including leach-ability, solubility of
plutonium and interaction with rock under simulated under-
ground conditions.

Conditioning of fy-waste

Among the By-solid waste generated from starting of the
active tests, combustible wastes have been burnt with the
incinerator installed in the LLWTF, but most of non-combusti-
ble wastes have been stored in the forms as they were genera-
ted.

In order to improve the situation, as shown in Fig. 21,
the volume reduction and immobilization techniques of non-
combustible waste have been developed aiming at its plant
operation in around 1988.

There are three volume reduction techniques which have
already put in practical use or are in development stage;
they are compression, melting and acid digestion method.
Investigation was carried out in 1981 on their applicability
to the solid wastes which are complicated in types, shapes
and contaminated nuclides. After the check and review for
the results, plant design was started in 1982. 1In order to
make volume reduction effective, it is necessary to establish
a flow sheet taking systematically into account pretreatment
techniques such as package opening, decontamination, disman-
tling, cutting and sorting. The R & D works on the pretreat-
ment techniques adequate for the characteristics of wastea
are proceeding, also.

On the one hand, a volume reduction of combustible waste



can be achieved by compression, incineration or pyrolysis,
molten salt combustion and wet oxidation.

In TOKAI reprocessing plant, the high volume reduction
effect has been gained by incineration of combustible waste,
the incineration, however, has been in use for more than
eight years with the furnace proper being superannuated.
Accordingly, construction planning of a second incineration
facility has been started aiming at its operation in around
1988. Conceptual plan of this facility is shown in Fig. 22.

Aiming at larger capacity and higher performance, the
R & D works for the new facility are proceeding on the basis
of the past operation experience gained by the existing
incinerator and of a role given to the new one. Fig. 23
shows the new process flow diagram.

2.6 Reduction of radioactivity discharged into the sea

The initial regulation on the radioactivity of sea-
discharge was 1 Ci/day in maximum (except Tritium) in TOKAI
reprocessing plant. Demand for improvement on environmental
safety, however, continued even after PNC passed the safety
evaluation examination and the construction permit was ob-
tained from the government. We, Japanese, depend much on
fishes and shells for their important resources of protain,
and our interests towards the sea are immeasurable which
caused lowsuits from fishermen association and related
organizations to stop the construction work.

In order to solve this problem, PNC modified the design
to additionally install two evaporators (E- and Z-Facilities)
at the LLWPP and had carried out the test for reduction of
radioactivity-discharge by using actual liquid waste during
the active tests in the reprocessing plant. Fig. 24 shows
the process flow diagram. Because the results indicated
technical feasibility of reducing radioactivity-discharge,
the two evaporators were incorporated into the low-level
liquid waste treatment process on September 1980. These
measures have enabled the reduction of radioactivity-discharge
since then, despite of increasing amount of reprocessed spent
fuels. The amount of radioactivity discharged are shown in
Fig. 25 and Table 8.

Meanwhile, the behavior of Iodine became clear through
the investigation of Iodine distribution during the active
tests in TOKAI reprocessing plant. Iodine discharged into
the sea has been considerably reduced by adapting the alkaline
process to the second evaporation stage.

Concerning to the entrained TBP, in order to remove TBP
from the effluent, the chacoal adsorption columns (C-Facility)
were installed before sea-discharge monitoring vessels.

2.7 Operation management system for low-level liquid waste
treatment

As described in the preceeding sections, the low-level
liguid wastes have been decontaminated with the three evapora-
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rators and flocculator. It is an essential theme for reduc-
tion of radiocactivity discharged into the environment that
the waste treatment operation is keeped being stable and safe.
TOKAI reprocessing plant, therefore, had investigated
the use of a computer system in its low-level liquid waste
treatment facilities since 1977 to make operation safe, and
introduced it in 1980 to mitigate the complexity in man-
machine relations and thereby to avoid human errors. The
scheme of operation management system is shown in Fig. 26.
The computer system automatically gathers the signals from
the control panels in various facilities on the temperatures
and pressures of the evaporators, on liquid levels and on the
state of valves and pumps, thereby providing the operators in
the control rooms through display terminals with intensive
information on the low-level liquid waste treatment processes.
Besides the above, this computer system records all the opera-
tion data. If abnormity occurs in the process or an operator
makes maloperation, it immediately raise an alarm with the
abnormal point shown on the display terminal, enabling the
operators in the control room to take appropriate measures
at once.

2.8 Recovery of Krypton

The off-gases from the chopping machine and the dissolver
installed in the Separations Plant, contain Krypton (8 °Kr)
and are discharged to the atmosphere through the main stack
90 meter high at present.

With regards to the atmosphere-discharge of gaseous
waste, no significant response to gamma radiation has been
recorded so far through the active operation.

But, in order to demonstrate the Krypton recovery
technique for the future necessity, construction of a pilot
plant was started in 1980 and almost completed on July 1982,
following engineering tests. The inactive tests will be
carried out by March 1983, and the active tests are schedu-
led to start on April 1983, followed presumably by various
test operations.

The Krypton recovery techniques have been developed in
many places of the world. This plant utilizes a cryogenic
distillation method which is widely used in the air liquefac-
tion industry and considered to have high reliability. The
process flow diagram is given in Fig. 27 and the operational
flow in this plant is shown as follows;

The off-gases generated from the chopping machine and
the dissolver are transferred to the receiving and adjust-
ment process of this pilot plant, in which they are adjusted
to be fed to the oxygen removal process. They are mixed with
hydrogen in the oxygen removal process to react on oxygen in
themselves to form water.

In the adsorption process, water, carbon dioxide and
Xenon are removed. The off-gases are then subjected to
cryogenic distillation at low temperature to separate nitrogen
and Krypton, which is filled into cylinders and stored.

Xenon is separated from the off-gases in the Xenon distil-
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lation column by applying cryogenic distillation technique,
and recovered Xenon is either stored in cylinders or dis-
charged through the main stack.

Moreover, condensed water arisen from the oxygen removal
and adsorption processes is transferred through the liquid
waste buffer vessel to the acid recovery process in the MP,
whereas carbon dioxide separated by adsorption and nitrogen
separated by cryogenic distillation are discharged through
the main stack.

3. Future Waste Management Program in TOKAI
Reprocessing Plant

Total reprocessing amount of the spent fuel has been
come to over 170 t since the beginning of the active tests,
making great efforts to treat and store the resultant radio-
active wastes in safety. Fig. 28 shows the generated wastes
from 1 t reprocessed spent fuel on the past operation experi-
ence in our plant.

Although TOKAI reprocessing plant was based on a foreign
technology, unique technical development works have been
performed in addition to the full-fledged reprocessing plant
operation with the view of fitting and fixing our own plant
operation to the state of affairs in Japan as follows: PNC's
various tests including system mock-up test are under way for
the purpose of getting sufficient information to start the
operation of Vitrification Pilot Plant by the end of 1980's.
Tn addition, PNC has proceeded with R & D activites for
bituminization of LLLW concentrates and sludge, Krypton
recovery of gaseous waste, and volume reduction and immobi-
lization of high-level solid waste as well as of low-level
one. With regards to disposal techniques, various studies
have been made on the research of geographic formations as
well as on the development of engineered barriers.

A series of these R & D works will lead to enable safe
and stable operation of the reprocessing plant.

At present, there exist only a few reprocessing plants
for the light water reactor (LWR) spent fuels running in the
world, with many being under planning for construction or
operation in future. Under these circumstances, the opera-
tion of TOKAI reprocessing plant and the information obtained
therefrom are very important for the world as well as for
Japan. Also, utilization of recovered Plutonium through
reprocessing spent fuels is indispensable for Japan that is
very poor in energy resources.

These facts indicate the importance of establishing the
fast breeder reactor (FBR) fuel cycle as well as the LWR one
as shown in Fig. 29. In order to obtain public acceptance
in the course of attaining the aim, it is necessary to develop
techniques associated with conditioning and disposal, and to
establish an overall management program of the radioactive
wastes generated from the reprocessing plant as shown in
Fig. 30.
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Table.5 Classification of Liquid Wastes

High-level 1st cycle effluent
liquid waste |1st cycle solvent wash effluent

Concentrate from acid recovery
process

Medium-level [2nd and 3rd Uranium and Plutonium
liquid waste cycle Aqueous effluents

DOG and HLLW vent. condensates
Plutonium evaporator condensate

Low-level Off-gas scrubbing effluents
liquid waste Storage pool cleanup system back-
wash

Solvent wash effluent
Floor drain

Laundry effluent
Distillate from acid recovery process
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Table.7 Classification of Solid Wastes

High-level Hardware, Hulls
solid waste |[Sampling jug, Sintered filter
Stirrer of mixer-settler

Comb.waste

Paper, Wood, Vinyl acetate
Polyethylene,

Used protective clothing

Low-level
Non-comb. waste
solid waste Compressibig:-:------ Glass, Wire
PVC
Non-compressible:--Metal chips,
Pipe, Tools

Difficult comb. waste

Glove (Latex or Neoprene rubber)
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Fig.4 Off-Gas Flow Diagram
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Fig.22 Conceptual Plan of 2nd-Incineration Facility
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Before HIP After HIP

Photo.2 The HIP method for sampling
bottles

After Pre-Press After HIFP

Photo.1 The HIP method for hulls
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