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RECENT TOPICS ON RADIOACTIVE WASTE MANAGEMENT
Takehiko ISHIHARA, Japana Atomic Industrial Forum, Inc.

The field of radioactive waste management is progressively expanding with hazardous/mixed
waste management and environmental recovery, and related old and new conferences are
attracting more presentations and attendants than original nuclear society mettings. Partitioning
and transmutation of long-lived nuclides is one of recent academic topics, and management of
recovered fissile materials and radioactive wastes in Russin is another interesting topics even to
radiochemists.
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THE STATUS QUO OF THE NUCLEAR DATA
Toyojiro FUKETA (Nuclear Energy Data Center)

Significance of the nuclear data activity, namely the activity on
measurement, collection, evaluation, compilation and dissemination of nuclear
data, is discussed. Availability of nuclear data is presented, and in relation
to this, the world status quo of nuclear data activities is touched.
Requirements for new nuclear data in various fields of specialty are also
discussed.



Table 1.

Databases available at the Nuclear Data Center,

Research Institute (JAERD)
(from a JAERD’ s pamphlet (December 1991))

Japan Atomic Energy

Database Name

Description

Applications

JENDL
(Japanese Bvaluated
Nuclear Data Library)

Evaluated neutron nuclear data
including neutron induced re-
action cross sections and sec-
ondary neutron distribution
data in the energy range from
10 “%eV to 20MeV.
(1) JENDL-1 (released in 1977)
72 nuclides, about 110, 000
records

q (2) JENDL-2 (released in 1982)

181 nuclides, about 330, 000
records

(3) JENDL-3 (released in 1989)
324 nuclides, about 980, 600
records

* Design of thermal

and fast reactors,

and calculations for

reactor characteris-

tics and neutron

shielding.

Radiation damage

Nuclear fuel cycle

- Comparison with ex-
perimental data
measured at univer-
sities and laborato-
ries

» Nuclear fusion

JNDC FP Decay Data
Library

. Fission products (FP) decay
i data

Version 1 (released in 1980)
1172 nuclides, about 8,500
records

Version 2 (released in 1990)
1227 nuclides, about 9,500
records

* Decay heat calcula-
~tion of fission

products
Calculation of reac-
tor safety

ENSDF
(Evaluated Nuclear
Structure Data File)

Evaluated nuclear structure

and decay data including data
of nuclear excitation levels,
decay, reactions and references
consists of 880, 000 records.
The Nuclear Structure Reference

¢ File (NSRF) contains informa-
ion of papers on nuclear struc—i

ture data

- Determination of nu-
clear excitation
levels for JENDL e-
valuation

* Medical field

« Decay heat

NESTOR 2
‘(Neutron Data Storage
“and Retrieval System)

Experimental data of neutron
induced reactions including
about 2, 900, 000 data points.

* Basic data for JENDL
evaluation

§ - Validation of theo-

retical calculations







:2 55 () 1 Rapid Radiochemical Separations and the Extension
of the Chemist’s Periodic Table

Giinter Herrmann

Institut fir Kernchemie
Johannes Gutenberg-Universitdt
Mainz, D-55099 Germany

Rapid radiochemical procedures on a time scale of a few seconds are one of the
approaches to isolate short-lived nuciides from complex mixtures and are the
only way to investigate chemical properties of the heaviest chemical elements.
Such procedures can be performed in two operation modes:

- the discontinuous, batch-wise mode in which a nuclide is sequentially pro-
duced, chemically separated, and measured, including its transport from the
product1on place to the chemical process1ng set-up and from there to the
detector system.

- the continuous, on-line mode in which the target is permanently irradiated
and extraction from the target, transport, chemical separation, and count-
ing are continuously performed delivering a steady source of short-Tived
activities to the detector system.

Discontinuous procedures are often easier to accomplish since a broader spec-
trum of chemical steps can be used. They are appropriate for following the
decay of nuclides for some time in order to unravel mixtures of several iso-
topes. Their main disadvantage is the short effective counting time. This can
be overcome by frequent repetition of the whole sequence in a fully automated,
quasi-continuous operation. True continuous operation puts more restraints on
the chemistry and also the transport and counting techniques. Gas-jet systems
are now well established for on-line transport from the hot target area to
set-ups Tocated in a normal environment. Continuous counting is easily accom-
plished for penetrating radiations such as v-rays but is a severe problem in
spectroscopic detection of a-ray emitters and spontaneous fission activities
where thin counting samples are normally required.

Rapid radiochemical separation procedures have originally been developed at
Mainz for the investigation of neutron-rich nuclides far off stability which
can be reached only by nuclear fission. Highly specific chemical separations
of individual elements from this complex multielement mixture are used for the



identification of new nuclides and the study of their nuclear properties, as
will be illustrated by some examples. Motivations are, among others: system-
atics and mechanism of B"-delayed neutron emission as an unusual decay mode
which has also implications in reactor technology; nuclear shapes in the tran-
'sition region between spherical and permanently deformed nuclei where soft,
"triaxial shapes occur; exploration of key nuclei in the natural nucleosyn-
thesis of heavy elements by rapid neutron capture in stars.

When the heavy ion accelerator UNILAC at GSI Darmstadt provided researchers
with all kinds of projectile beams the search for superheavy elements around
atomic number 114 became a mayor effort of the Mainz and Darmstadt nuclear
chemistry groups. Since the UNILAC delivered, for the first time, uranium
beams, the uranium-on-uranium reaction was taken up at first after it had been
shown that transfer reactions producing nuclei far beyond uranium occur. How-
ever, the search for superheavy nuclei remained unsuccessful. Obviously, the
products are formed with too much excitation energy for escape from fission.
The second example to be presented concerns the fusion reaction of curium-248
with calcium-48 considered to be the most promising access to the "island of
stability". The search experiments carried out with a variety of methods by a
German-American-Swiss collaboration remained unsuccesfull, too, at production
rates of less than 1 to 10 atoms per day. It is our present understanding that
not a lack of nuclear stability but rather a strong hindrance of nuclear
fusion at the Coulomb barrier prevents the synthesis of superheavy elements.

In recent years the emphasis in using rapid chemical procedures has shifted to
studies of the chemistry of the first transactinide elements 104 and 105,
hahnium. These studies are motivated by the question how far relativistic
effects manifest themselves at the end of the periodic table. Such effects are
the contraction of the radius and energetic stabilization of s- and p,,-
shells and, vice versa, increased radii and energetic destabilization of {ﬁe
outer d- and f-orbitals. Increasing deviations from the periodicity of chemi-
cal properties within the groups of the periodic table may therefore be ex-
pected, such as unusual ground-state electron configurations, oxidation
states, ionic radii, and molecular structures.

Here, computer-controlled automated systems are to be used not only because of
the short half-lives of the tracer nuclei 65-s 261104, 34-s 262105 and 27-s
263105 produced by heavy-ion reactions, but also because of production rates
at a "one-atom-at-a-time" Tevel. Hence, hundreds and sometimes thousands of
separations are required to obtain statistically significant results. Large
collaborations of groups from Germany, Norway, Russia, Sweden, Switzerland and
USA are pushing the development and application of such techniques mainly in
the following directions: (i) column chromatography of aqueous solutions by
ion exchange and solvent extraction using the ARCA apparatus; (ii) isothermal
gas chromatography of volatile species with OLGA and HEVI; and (iii) solvent
extraction from aqueous solutions with the SISAK centrifuge system. Deviations
of chemical behaviour from expectations based on simple extrapolations are
indeed observed. For example, in aqueous solution element 104 behaves more
Tike the actinide ions plutonium(IV) and thorium(IV), rather than zir-
conium(IV) and hafnium(IV), and element 105 shows non-tantalum-1ike properties



and similarity to protactinium(V) and niobium(V). In the Tatter example,
quantum-mechanical calculations indicate that the similarity of hahnium to
protactinium and niobium is due to the formation of the same oxygen-containing
molecular structures not shared by tantalum.

Extension of chemical studies to element 106 is a particular challenge in view
of the short half-Tlife, 0.9-sec, of its longest-lived isotope 263, but current
work in the collaborating laboratories indicates that it may be solvable. Fur-
thermore, there is some evidence that isotopes with half-Tives of some seconds
exist. For the still heavier elements 107, nielsbohrium, 108, hassium, and
109, meitnerium, the half-Tives decrease to the millisecond range and the pro-
duction rates to a level of one atom per week. Hence, unless novel approaches
such as strong neutron-rich radioactive beams now under discussion give access
to longer-lived isotopes, the chemist’s periodic table based on chemical evi-
dence may not extend quite as far as the list of elements identified by nu-
clear chemists.
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