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ABSTRACT
In the NUCEF, the researches on criticality safety have been performed at two critical experiment

facilities, STACY and TRACY in addition to the researches on fuel cycle such as advanced reprocessing and
partitioning in alpha-gamma concrete cells and glove boxes. Many kinds of radioactive wastes have been
generated through the research activities. Furthermore, the waste treatment itself may produce some
secondary wastes. In addition, the separation and purification of plutonium of several tens-kg from MOX
powder are scheduled in order to supply plutonium nitrate solution fuel for critical experiments at STACY.
A large amount of wastes containing plutonium and americium will be generated from the plutonium fuel
treatment. From the viewpoint of safety, the proper waste management is one of important works in NUCEF.
Many efforts, therefore, have been made for the development of advanced waste treatment techniques to
improve the waste management in NUCEF. Especially the reduction of alpha-contaminated wastes is a
major interest. For example, the separation of americium is planned from the liquid waste evolved after
plutonium purification by application of tannin gel as an adsorbent of actinide elements. The waste
management and the relating technological development in NUCEF are briefly described in this paper.

INTRODUCTION
The NUCEF, Nuclear Fuel Cycle Safety Engineering Research Facility, is a central facility in JAERI for

the safety researches in the field of fuel cycle, such as criticality safety, reprocessing and waste management,
in addition to the research on partitioning of actinides and fission products from high level liquid waste
(HLLW) and other fundamental researches. As shown in Fig. 1, NUCEF is composed of three buildings, the
Administrative Building, the Experimental Buildings A and B, and the sizes of the latter two buildings are 42
m x 55 m x 50 mH and 45 m x 50 m x 50 mH, respectively. In the Experimental Building A, there are two
critical experimental facilities, STACY, the Static Experiment Critical Facility, and TRACY, the Transient
Experiment Critical Facility, to measure criticality mass on the safety in reprocessing plants and other fissile
solution handling processes as well as the solution fuel behavior at criticality accidents[l,2]. For the critical
experiments, the fuel treatment system for the preparation of uranyl and plutonium solution fuels from the
powders of uranium dioxide and uranium-plutonium mixed oxide (MOX) is attached as well as an analytical
laboratory. Furthermore, experimental works have been carried out in the Experimental Building B, which is
called as "BECKY", by using concrete cells and glove boxes for the researches on reprocessing, partitioning,
waste management and chemistry on transuranium (TRU) elements[3].

Many kinds of radioactive solid and liquid wastes generated through the research activities have been
treated and managed safely in NUCEF. Especially the management of wastes contaminated by plutonium
and americium is important. The present paper describes the kinds and amounts of the wastes generated in
NUCEF and the present status of the waste management. For safer handling of the wastes and effective
utilization of the facility space, advanced waste treatment techniques have been investigated on the reduction
of waste volume as well as the stabilization of the wastes. This paper will also show the research program on
the advanced waste treatment carried out in NUCEF and some typical experimental results.

RESEARCH ACTIVITIES IN NUCEF
STACY

At STACY, the data on criticality safety have been measured by using 10% enriched uranyl nitrate
solution as fuel. Tables I and II show the main specifications of STACY and the core systems applied to the
critical experiments, respectively. The operation of STACY is daily and total operation runs are 293 at the
end of Jun., 2000 since the first criticality on Feb., 1995. At present, reactivity effects due to neutron
interaction between two slab tanks of 350mm in thickness are being determined with the parameters of the
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Table I Main specifications of STACYdistance of the slab tanks and the kind of
neutron absorbing materials between the
tanks. Critical experiments are planned
in the heterogeneous core system
consisting of a cylindrical core tank of
600 mm in diameter with 5% enriched
uranium dioxide fuel rods from 2002.
Six percent enriched uranyl nitrate
solution will be supplied for the
experiments.

From 2004, we have a plan to start
critical experiments by using plutonium
nitrate solution fuel to obtain the
criticality data on reactor grade
plutonium, because the utilization of
plutonium is a main target of the research
and development in the field of nuclear energy in Japan. The first core will be a cylindrical one of 1000 mm
in diameter with plutonium nitrate solution of 15 to 300gPu/l. In order to prepare the plutonium solution
fuel, MOX powder will be dissolved into nitric acid solution by applying a silver-mediated electrochemical
oxidation method and then plutonium will be separated from uranium followed by the purification of
plutonium by TBP/dodecane. The fuel treatment will start two years before the criticality of STACY,
namely, from 2002. Total amount of plutonium finally separated from MOX may be around 60 kg.

Thermal power
Excess reactivity
Maximum fuel inventory

Uranyl nitrate solution
4 or 6% enrichment
10% enrichment

Plutonium nitrate solution
UO2 fuel rod

5% enrichment
Reactivity control method Feed and drainage

200 W max.
0.8 $ max.

500 kgU
150 kgU
60 kgPu

400 kgU
of solution

(safety rods for emergency shut down)
First criticality Feb., 1995

Core Configurations

Cylindrical tank of
600 mm in diameter
Slab tank of 280 mm
in thickness
Cylindrical tank of
800 mm in diameter
Two slab tanks of
350mm in thickness
Cylindrical tank of
600 mm in diameter

Cylindrical tank of
1000 mm in diameter

Cylindrical tank of
400 and/or 600 mm in
diameter

Table II Core system and fuel in STACY
Fuel

10% enriched uranyl
nitrate solution
10% enriched uranyl
nitrate solution
10% enriched uranyl
nitrate solution
10% enriched uranyl
nitrate solution
6% enriched uranyl
nitrate solution and 5%
enriched UO2 rods
Plutonium nitrate
solution

Plutonium nitrate
solution and/or U-Pu
mixed nitrate solution

Experimental
program

1995-1996

1997-1998

1998

1999-2001

to be in 2002-
2003

to be in 2004-
2005

Research Objects

Critical mass with function of fuel
concentration and reactivity effect
of reflectors e.g. water, concrete,
polyethylene
Temperature coefficient of
reactivity
Reactivity effect of neutron
interaction between two tanks
Simulation of spent fuel dissolver

Critical mass with function of fuel
concentration and temperature
coefficient of reactivity

Under planning

TRACY
The TRACY is a critical experiment facility for the studies on the behavior of fissile solution under

supercritical conditions. The core tank is cylindrical and its diameter is about 500 mm. In TRACY, the
behavior of uranyl nitrate solution fuel, such as the formation of radiolytic gas voids and the action of the
fuel itself, as well as power changes as a function of time at criticality accident conditions can be observed
under different reactivity conditions up to the maximum additive reactivity of 3 $. In order to directly
observe the fuel behavior, an observation system has been successfully installed with the combination of
radiation-resistive fiber-scope and a video-camera[4]. In addition, dosimetry data have been measured for
the case of criticality accidents [5]. The migration of fission products such as iodine and rare gases from the
solution has been measured to determine the release rates of radio nuclides at criticality accident
conditions[6]. The fuel is also 10% enriched uranyl nitrate solution. Typical specifications of TRACY are
summarized in table III. Total operations are 162 runs at the end of Jun., 2000 since the first criticality on
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Table III Main specifications of TRACY

Thermal power
Excess reactivity
Maxiumu fission number
Maximum fuel inventory
Reactivity control method
First criticality

5000 MW max. (at transient operation)
3.0 $ max. (at transient operation)
10"18

150 kgU, 10 % enriched uranyl nitrate solution
Feed and drainage of solution, and withdrawal of transient rod

Dec,1995

Dec, 1995.

BECKY
There are three alpha-gamma concrete cells and more than thirty glove boxes in BECKY and used for the

researches on separation of actinides and fission products, TRU waste management and other experimental
works on TRU chemistry as shown in table IV. In the concrete cells, the behavior of nuclides in the Purex
reprocessing process has been examined by using spent uranium dioxide fuel irradiated up to the burn-up of
45 GWd/t at power reactors[7]. Furthermore the application of diisodecylphosphoric acid (DIDPA) as an
extractant to partitioning of actinides and fission productions has been investigated by using HLLW formed
from the above research on reprocessing[8]. In glove boxes, the researches on TRU waste management
have been carried out to obtain the data on migration of TRU and fission products under geological disposal
conditions[9] and to develop the technique for non-destructive measurements by use of active and passive
neutron assay combined with computed tomography.

At present, the design and fabrication of the equipment, which is composed of three steel-made cells and
an attached glove box with argon gas atmosphere, have been carried out for the research on americium
chemistry including the system of molten chloride salts. An electrorefmg cell, an X-ray diffractometer
(XRD), a differential thermal analyzer (DTA) and other apparatus will be installed in the equipment for the
research. Americium of 10 g will be handled at the cells in addition to 237Np and 244Cm and experimental
works will start in 2002. For the purpose, it is planned to recover americium from the liquid waste formed
through plutonium purification for the critical experiments in STACY as described below. In addition, the
research on analytical chemistry has been carried out mainly by using a tracer amount of spent LWR
fuel[10].

Table IV Research activities in BECKY
Field of research

Fuel reprocessing
(safety & advanced technology)
Partitioning

TRU waste management

TRU chemistry

Facilities
Cells and glove-
boxes
Cells and glove-
boxes
Glove-boxes

Glove-boxes
Steel cells and
glove-box
(under construction)

Content of research
Dissolution, iodine evolution, extraction process
etc by spent LWR fuels
Demonstration tests of 4-group partitioning with
real HLLW
Evaluation of engineered and natural barrier
Migration/sorption tests for waste disposal
Non-destructive measurement of TRU waste
Analysis of spent fuels and irradiated actinides
Pyrochemistry and electrochemistry of TRU in
molten salts
High temperature properties of TRU fuels

GENERATION OF RADIOACTIVE WASTES AND WASTE MANAGEMENT IN NUCEF
In NUCEF, many kinds of radioactive solid and liquid wastes have been generated through the research

activities and fuel treatment of uranyl nitrate solution for STACY and TRACY. Additional TRU-containing
wastes are expected to form from the plutonium fuel treatment for STACY in near future as well as other
research activities.

Beta-gamma wastes
The wastes mainly uranium and beta-gamma emitters are classified as "beta-gamma wastes" according the

definition of wastes in NUCEF. Beta-gamma solid wastes are caused mainly from the maintenance of the
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facility and some experimental works in glove boxes. They are packed in cans or boxes and transferred to
the Radioactive Waste Treatment Facility in Tokai for treatment and/or storage.

Beta-gamma liquid wastes have been generated from the fuel treatment of uranyl nitrate solution fuels for
critical experiments in STACY and TRACY, and the treatment system of gaseous wastes such as a NOx
scrubber of the ventilation system of critical experiment facilities. Beta-gamma liquid wastes are also
generated through the research activities in NUCEF. Some of the aqueous wastes with ultra-low level
activity are transferred outside the facility. Organic wastes and some high level aqueous wastes are stored in
the facility. The others are solidified and also transferred outside the facility.

Alpha wastes (TRU waste)
The wastes containing a significant amount of plutonium and americium are classified as "TRU wastes" as

shown in Table V[ll] . The solid TRU wastes, which are defined as the waste containing alpha emitters of
more than 1.85 Bq/cm3, are generated from all research activities in NUCEF. They are packed into steel cans
and stored at the storage room in NUCEF. At present, the accumulated amount of the TRU solid wastes is
relatively small, but it is presumed that the wastes may increase drastically in near future, especially when
the treatment of plutonium fuel starts in 2002. Therefore, it is essential to develop decontamination
techniques so that alpha wastes would be re-categorized as beta-gamma wastes by decontamination.

Type

Solid
Liquid
Type I

Liquid
Type II

Liquid
Type III

Table V Classifications of TRU
Waste form

Solid waste
Americium aqueous
waste
Concentrated
aqueous waste
Organic liquid
waste

Alpha aqueous
waste
Recovered water

Main sources

All facility
Acid recovery process

Acid recovery process

Solvent regeneration
process
Cells

Glove boxes

Acid recovery process

wastes generated
Alpha activity

(Bq/cm3)
>1.85
about 1.2x10*

<7.7xlOb

<5.7xlO4

<1.85xl0;'
(alpha + beta)
<4.1xlO^

<7.2

in NUCEF
Volume
(m3/yr)
40
0.3

1.0

0.1

0.1

0.1

2.2

Management

Stored at storage room

Stored in tanks

Stored in tanks

Alpha aqueous waste
treatment process

The liquid wastes containing alpha activity of more than 1.85 Bq/cm3 are categorized as alpha wastes
according to the definition of wastes in NUCEF. A major source of the alpha liquid wastes is due to the fuel
treatment system at which uranyl and plutonium nitrate solutions are prepared from uranium dioxide and
MOX. As shown in Fig. 2, the system consists of a dissolution process, an adjustment process, a separation
process and a recovery process. For the dissolution of MOX powder, a silver-mediated electrochemical
method has been introduced[12]. The separation of plutonium is performed by mixer setters with 30%TBP-
dodecane, and then plutonium and uranium solutions separated are concentrated by an evaporator. Most of
liquid wastes are formed by the concentration of the solutions in the adjustment process. Raffinates from the
separation process are concentrated in an evaporator followed by the distillation to recover nitric acid and
water. As a result, three kinds of aqueous wastes are formed; americium aqueous waste, concentrated
aqueous waste and recovered excess water. The radioactivity of the latest is relatively low and treated at the
alpha aqueous waste treatment process mentioned below. The two formers contain high alpha activities,
especially 241Am, a daughter of 241Pu, when the preparation of plutonium solution fuel starts. Among them,
the raffmate from the first step of the separation process is categorized as "americium aqueous waste"
because of its high concentration of 241Am and the other is categorized as "concentrated aqueous waste".
These wastes are stored separately in tanks.

In NUCEF some organic compounds such as TBP and dodecane are used as a solvent for the separation of
plutonium as described above. The solvent is washed in mixer settlers using sodium carbonate or hydrazine
carbonate and the diluent is polished by an adsorption column using silicagel. The resultant aqueous solution
from the solvent recovery process is transferred back to the acid recovery process. The solvent is finally
discharged after repeated usage and stored in tanks as the TRU waste Type II. In addition, some spent
organic compounds are also used for the safety research on the Purex reprocessing and partitioning processes
in the concrete cells.
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The aqueous wastes from glove boxes and recovered water mentioned above are classified as Type III and
treated at the alpha aqueous waste treatment process by ultra-filtration, if necessary, and decontaminated by
evaporation to reduce the volume and separate TRU elements. The distillate is released from the facility
after the filtration by reverse osmosis followed by confirmation of activity levels of <10~4 Bq/cm3 for alpha
and <10"3 Bq/cm3 for beta-gamma. The equipment for the treatment has been constructed and is waiting for
practical usage. The concentrates are transferred to the storage tank.

RELATIONG TECHNOLOGICAL DEVELOPMENT
Some kinds of wastes, especially TRU-bearing ones, have been designed to be stored in the facility. From

viewpoints of safe management of the wastes and effective utilization of the facility space, it is essential to
develop the advanced techniques on the treatment of such wastes. Especially our interests are focused on the
decontamination and volume reduction of TRU containing wastes.

Americium containing liquid wastes
In the process of the treatment of plutonium solution fuel for criticality experiments, a large amount of the

americium aqueous waste should be generated. The volume of the liquid waste and the concentration of
americium are 3 m3 in maximum and about l.OxlO"3 g-241Am/cm3, respectively, after the preparation of 60 kg
plutonium solution fuel. At present the liquid waste is designed to be stored at a storage tank. In contrast,
insoluble tannin gel is well known to adsorb selectively actinide elements such as plutonium and americium.
It is a kind of biomass and it is easy to reduce the volume drastically by incineration. Therefore, the
application of tannin gel to the treatment of TRU liquid waste generated in NUCEF has been
investigated[13-16]. The insoluble tannin adsorbent used in the experiments is TANNIXR , a product of
Mitsubishi Nuclear Fuel Co. Ltd.

The adsorption behavior of americium on tannin gel was studied by using a tracer amount of
americium[14,15]. The americium distribution coefficient was found to be about 2000 m//g at 298 K in
2.0xl0"3 M HNO3. In higher nitric acid concentrations tannin gel showed much smaller values for the
distribution coefficient. The adsorption capability was determined by column experiments using europium
as a simulant of americium to be 7xlO"6 mol/g-dried tannin in 0.01 M HNO3 at 298 K, which corresponds to
approximately 1.7 mg-241Arn/g-tannin. It has been confirmed that tannin gel fundamentally shows excellent
property as an adsorbent for the treatment of the liquid waste containing americium. The adsorption kinetics
might be a problem to be resolved for practical application, because of its slow adsorption rate at room
temperature. From the column experiment with europium-containing nitrate solution, it was found that
adsorption kinetics may be improved by temperature control; for example, a breakthrough point was around
20xl0"6 mol/g-dried tannin at 313 K at the conditions of 6.0xl0"4 M Eu, 10"3 M HNO3, column size of 10
mm in diameter and 200 mm in height, and a flow rate of 2.78 m//min, while a braking point at 298 K was
almost zero at the same condition[16].

The americium aqueous waste generated in NUCEF is considered to contain some impurities such as
silver, iron, nickel, chromium and so on, and its acid concentration may be about 4 M HN03. Contrary, it
has been found from the above experiments that tannin gel is more effective in the conditions of low acidity;
namely in the pH range of 6 - 8. It was already found that the neutralization of nitrate solution by salts such
as sodium nitrate would produce secondary wastes and also depress the adsorption behavior of tannin.
Therefore the application of denitration of the liquid waste by formic acid was investigated by using
simulated liquid waste, in which americium was replaced by europium and some impurity elements of
several tens-ppm were added. From the preliminary experiments the following results have been
obtained[13];
1) The presence of impurities such as silver and iron was found to decrease relatively the adsorption amount

of americium, but tannin gel may be still a promising adsorbent of americium.
2) Denitration by formic acid may be effective for the control of acid concentration without significant

influence to the adsorption behavior.
From the above experience on the experiments with a tracer of americium and simulated TRU waste, it

may be concluded that the combination of tannin gel with denitration by formic acid may be applicable to the
treatment of the americium aqueous waste generated from the plutonium fuel treatment for critical
experiments. A preliminary test on plutonium fuel treatment is planned to start this year and the handling of
1 OOg-order plutonium is considered in order to confirm the conditions for the dissolution of MOX into nitric
acid solution and the separation of plutonium by mixer settlers. The technique on the waste treatment by
tannin gel will be also examined at the preliminary examination on plutonium fuel treatment. Americium
recovered by tannin gel will be supplied as starting material for the research on americium chemistry as
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mentioned above.

Alpha contaminated organic wastes
A significant amount of organic wastes such as contaminated tributlphosphate (TBP) and dodecane is

expected to form mainly through the plutonium fuel treatment for STACY. At present the wastes are
designed to be transferred to a storage tank in the facility through the solvent recovery process. From the
viewpoint of safety, the organic wastes should be reduced and mineralized. As well known, Ag(II) is used
for decomposition of organic compounds, because of its strong oxidizing capability. Therefore, the
applicability of silver-mediated electrochemical oxidation technique to the treatment of spent organic wastes
contaminated by TRU such as plutonium has been investigated.

The decomposition of TBP and dodecane, which are used for separation and purification of plutonium and
uranium, has been examined by silver-mediated oxidation method[17,18]. As for TBP, it is suggested that
TBP may decompose quickly into intermediates by the reaction with Ag(II). One of the intermediates is
considered to be monobutylphosphoric acid (H2MBP), because the molecular weight was found by gel
permeation chromatography to be approximately 160. A major final product was confirmed to be phosphoric
acid, the amount of which increased linearly with reaction time. The overall reaction may be governed by a
reaction of the intermediates with Ag(II) into phosphoric acid under the condition of sufficient stirring. The
decomposition rate of TBP calculated from carbon dioxide evolved was approximately 0.21 gbf'A"1. The
decomposition of dodecane by Ag(II) was also examined. With regard to the decomposition of dodecane, no
major intermediate was detected in contrast with the case of TBP. The decomposition rate was calculated to
be around 0.09gh'1A'1, which was relatively low compared with that of TBP. Current efficiency was
estimated to be about 80 %. These experimental results show that TBP and dodecane could be decomposed
into inorganic compounds by the reaction with Ag(II). In order to confirm the practical application, scale-up
experiments are under planning.

As described above, it is planned to use insoluble tannin gel for the adsorption of americium from the
liquid waste after the purification of plutonium. The americium-containing tannin could be treated by
incineration followed by the recovery of americium as the dioxide. As an alternative, the decomposition of
tannin was investigated by use of silver mediated oxidation technique[17,18]. As a preliminary result, it has
been found that Ag(II) is very effective for the decomposition of tannin. Tannin will decompose into carbon
dioxide and other inorganic compounds at the rate of 0.29 gfr'A"1 through the intermediates such as
formaldehyde and catechin. The current efficiency was almost 100 %. The results shows that the
application of Ag(II) may be a promising alternative for the treatment of tannin gel containing TRU
elements.

Other researches on waste treatment
Decontamination of solid wastes contaminated by TRU elements is preferable for effective utilization of

the limited storage space if the classification of the wastes becomes a beta-gamma waste group. French
researchers reported the experience on the decontamination of alpha wastes by silver mediated oxidation
technique[19]. The application of the decontamination technique to the solid wastes in NUCEF was,
therefore, investigated. As preliminary experiments, several tens stainless steel sheets were tested for
decomposition by Ag(II) [17]. It is suggested from the experiment that the components of steel may dissolve
into nitric acid solution almost linearly with time. It means that the TRU elements on the surface of steel
could be decontaminated by silver mediated electrochemical technique. The rate-determining step may be
the mass transfer of Ag(II) to the interface of the solution and stainless steel sheet surface.

SUMMARY
Many kinds of radioactive wastes have been generated through the research activities in the field of

criticality safety, actinide separation chemistry, TRU waste management and so on in NUCEF. In addition, a
large amount of TRU-containing wastes is expected to form from the plutonium fuel treatment for the
criticality experiments in STACY in near future. Some liquid wastes are being treated to reduce the waste
volume and also recycled. However, the accumulation of the wastes tends to limit the research activities in a
future. Therefore, the efforts have been focused on the development of the techniques such as application of
tannin gel to the treatment of TRU containing liquid waste and a silver-mediated electrochemical technique
to decomposition and/or decontamination of TRU contaminated wastes. The developed technology is
expected to contribute the safe and reasonable management of the wastes in NUCEF as well as the industrial
applications.
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Critical Experiment Facil

Fig. 1 Bird's eye view of NUCEF
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Fig.2 Management flow of alpha liquid wastes in NUCEF


