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3.5 Accomplishment of 10-year Research in NUCEF and Future Development
- Actinides Science Research -

Kazuo MINATO
Japan Atomic Energy Research Institute, Tokai-mura, Ibaraki 319-1195, Japan

The research relevant to nuclear fuel cycle technologies has been made in
NUCEF. One of the main topics in 10-year research in NUCEF is that a new
experimental facility for high temperature chemistry of transuranium elements
(TRU), called TRU-HITEC, has been installed in NUCEF and is under operation.
TRU-HITEC consists of three alpha/gamma cells shielded by steel and
polyethylene and a glove box, where experimental apparatuses are equipped and a
high purity argon gas atmosphere is maintained. In TRU-HITEC, Am-241, Am-243,
Cm-244, Np-237, Pu, U and spent fuel can be handled. The research activities at
TRU-HITEC are the measurements of chemical and electrochemical behavior of
minor actinides (MA) in molten salts for the pyrochemical processes, and the
fabrication and property measurements of MA-bearing fuel. Besides the research at
TRU-HITEC, the non-destructive and destructive analyses of spent LWR fuels to
obtain basic data for the burnup credit, the chemical analyses of irradiated actinide
samples for evaluation of the capture and fission cross sections, and the research on
the rock-like oxide (ROX) fuel for Pu-burning in LWRs were successfully made.
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1. Introduction

The long-term hazard of radioactive wastes arising from nuclear energy production is a matter of
discussion and public concern. To reduce the radiotoxicity of the high-level waste and to use the
repository efficiently, recycling (or partitioning and transmutation) of minor actinides (MA: Np, Am,
Cm) as well as plutonium is an option for the future nuclear fuel cycle. For the development of nuclear
fuel cycle technology that would be applied to Pu- and MA-bearing fuels, it is very important to
understand and control the behavior of transuranium elements (TRU) in the nuclear fuel cycle.
However, the properties and behavior of TRU, especially Am and Cm, are not known very well. One
of the reasons why the data are lacking is that few facilities are available for the research on Am and
Cm in a controlled atmosphere in the world.

One of the main topics in 10-year research in NUCEF is that a new experimental facility for high
temperature chemistry of TRU, called TRU-HITEC, has been installed in NUCEF and is under
operation within a collaborative research program with the Japan Atomic Power Company, Tokyo
Electric Power Company and Tohoku Electric Power Company.

Besides the research at TRU-HITEC, the non-destructive and destructive analyses of spent LWR
fuels to obtain basic data for the burnup credit1*, the chemical analyses of irradiated actinide (U, Np,
Pu, Am, Cm) samples for evaluation of the capture and fission cross sections25, and the research on the
rock-like oxide (ROX) fuel for Pu-burning in LWRs3) were successfully made.

2. High Temperature Chemistry of TRU

2.1 Research Needs for MA-bearing Fuel

The objectives of the partitioning and transmutation of MA are to reduce the radiotoxicity of the
high-level waste and to use the repository efficiently. The radiotoxicity can be reduced by 2 orders, if
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99.5% transmutation is achieved. The time period to reduce the radiotoxicity below the level of natural
uranium used as raw material would be shortened from 50,000 y to 500 y. Reduction of the area of the
repository means that the repository could be used for a long period.

In the partitioning and transmutation of MA, MA is incinerated by fission in fast neutron spectrum
systems. For the dedicated system, such as accelerator-driven system (ADS), the fuel with high
concentration of MA would be used. For recycling of MA in FBR, the fuel containing a few percent of
MA would be used.

However, few data are available on the behavior of MA in the fuel fabrication and reprocessing. The
MA-bearing fuel properties and irradiation behavior are not known very well.

2.2 Characteristics of Transuranium Elements

From the viewpoint of the handling, MA-bearing fuel is quite different from LWR UO2 fuel due to
the neutron emission and the decay heat. Table 1 summarizes the characteristics of transuranium
isotopes. MA-bearing fuel has the high neutron emission and decay heat even in a fresh fuel, which
must influence the conventional fuel cycle technologies; fuel fabrication, transport, storage, and
reprocessing. For the facilities for fabrication of the flesh fuel, alpha-tightness, shielding for
gamma-ray and neutron are required.

Table 1 Characteristics of transuranium elements

Isotope

Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Am-243
Cm-242
Cm-243
Cm-244

Half life
(y)
2.14xlO6

87.7
2.41xlO4

6.54xlOJ

14.4
3.76xlO5

432.2
7.38xl03

0.446
28.5
18.11

Neutron emission*
(gV1)
0.90
3.6xlO4

96
UxlO 3

1.23
2.0X10"1

7.0xl03

5.4x10^
2.9xlO7

1.3xlO5

1.2xlO7

Decay heat
(Wg-1)
0.00002
0.56
0.002
0.007
0.004
0.0001
0.11
0.007
120
1.7
2.8

* Spontaneous fission and (a,n) reaction

Alpha-decay of the nuclides may influence the fuel behavior. The amount of helium production by
the alpha-decay in MA-bearing fuel is much larger than that in UO2 fuel and could be equivalent to the
amount of fission gas depending on the conditions. The self-irradiation damage caused by
alpha-particles would accumulate in the fuel even after the irradiation, which may lead to the swelling
of the fuel.

2.3 Experimental Facility TRU-HITEC

TRU-HITEC consists of three alpha/gamma cells shielded by steel and polyethylene and a glove
box shielded by acrylic resin. A high purity argon gas atmosphere is maintained in the cells and glove
box, where impurities of oxygen and moisture are O2 < 1 ppm and dew point < -70°C. Figure 1 shows
the front side of TRU-HITEC. The hot cells and glove box are connected with each other. Each cell is
equipped with a wide window made of leaded glass and acrylic resin and three master-slave
manipulators. At the rear of the cells, as shown in Fig. 2, windows and ports for gloves and suits are
arranged, which are usually hidden by movable shielding. When the radiation dose rate is low enough
to open the movable shielding, one can access the installed apparatuses by hands with the inner
atmosphere unchanged.
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Fig. 1 Experimental facility TRU-HITEC.

Fig. 2 The rear of the cell, where a window and ports for gloves and suits are arranged.

The experimental apparatuses are installed in the cells and glove box for pyrochemical process
studies and for fundamental property measurements: electrochemical cells, a cathode processor, an
oxygen potential measurement apparatus, an induction heating equipment, an infrared image furnace,
a differential thermal analyzer, a high-temperature X-ray diffractometer, etc. In TRU-HITEC, Am-241,
Am-243, Cm-244, Np-237, Pu, U and spent fuel can be handled.

2.4 Research Activities at TRU-HITEC

The research activities at TRU-HITEC are MA-bearing fuel fabrication technology development,
MA-bearing fuel property measurements, and pyrochemical process development for MA-bearing fuel
for a basis of the future nuclear fuel cycle technology including the partitioning and transmutation of
MA.

In the MA-bearing fuel fabrication technology development, AmN was prepared from AmO2 by the
carbothermic reduction method, and AmO2 pellets were prepared for property measurements. For the
MA-bearing fuel property measurements, high temperature X-ray diffractometry of Am oxide and
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nitride were performed to obtain phase relations and lattice parameters as a function of temperature.
The self-irradiation damage of MA-bearing fuel was studied by the expansion of the lattice parameters
and bulk volume changes. The oxygen potential of Am oxide was measured. In the pyrochemical
process development for MA-bearing fuel, chemical and electrochemical behavior of MA in molten
salts is studied. The pyrochemical process is based on molten-salts technology. For the experiments on
the Am behavior in pyrochemical process, AmCb was prepared.

For the experimental material at TRU-HITEC, Am-241 was recovered from the americium aqueous
waste in NUCEF and supplied as the oxide form to the experiments.

3. Other Research Activities

3.1 Chemical Analysis of Spent Fuel

Technological development on burnup credit for spent LWR fuels had been performed^. The main
purposes were to obtain the experimental data on isotopic compositions of the spent fuels and to verify
burnup and criticality calculation codes. The non-destructive gamma-ray measurement of the spent
fuel rods for evaluating axial burnup profiles was made, and the destructive analyses of the spent fuel
samples to determine precise burnup and isotopic compositions were carried out. The measured data
obtained were used to validate the calculation codes as well as an examination of criticality safety
analyses.

To evaluate neutron cross-section data of MA, the actinide samples irradiated in the Dounreay
Prototype Fast Reactor were chemically analyzed2). The neutron flux distribution and the flux level
were adjusted at the locations where MA samples were irradiared. The burnup calculations were
carried out for MA using the determined flux distribution and flux level. The calculated results were
compared with the experimental data to validate MA cross-section data in evaluated nuclear data
libraries.

3.2 Research on Rock-like Oxide Fuel for Pu-burning in LWRs

For a profitable use of Pu, the research on rock-like oxide fuel for Pu-burning in LWRs was made3).
The concept consist of stable rock-like oxide (ROX) fuel fabrication in conventional fuel facilities
followed by almost complete Pu burning in LWR safely, and disposal of chemically stable spent fuels
without further processing. Because leach rates of hazardous nuclides, such as TRU and beta-emitters,
that have long half-lives, are very important for the evaluation of the geological safety, leaching tests
in deionized water at 363 K were performed. The ROX fuel showed better performance than the glass
waste form.

4. Summary

The research relevant to nuclear fuel cycle technologies has been made in NUCEF. One of the main
topics in 10-year research in NUCEF is that a new experimental facility for high temperature
chemistry of TRU, called TRU-HITEC, has been installed in NUCEF and is under operation.
TRU-HITEC consists of three alpha/gamma cells and a glove box, where experimental apparatuses are
equipped and a high purity argon gas atmosphere is maintained. The research activities at
TRU-HITEC are the MA-bearing fuel fabrication technology development, the MA-bearing fuel
property measurements, and the MA behavior in pyrochemical process. Besides the research activities
at TRU-HITEC, the chemical analyses of the spent fuels and the research on the rock-like oxide fuel
for Pu-burning in LWRs were successfully made.
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