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Abstract

To eliminate or decrease radiotoxity for radioactive rare
gas element, produced in nuclear power or reprocessing plants,
such as 3Kr a transmutation scheme using accelerators is pro-
posed. The acceleration up to an energy of a few 100 MeV/u
would be useful for such nuclei to react and transmutate into
another less toxic nuclei. Accelerator complex is discussed on
the transmutation efficiency.

Introduction

There are several options for disposition of high-level

wastes produced in nuclear fusion power or fuel reprocessing
plants. In a nuclear technological field, many techniques have
been developed to safely place these wastes in sealed geologic
formations where the waste can decay to safe levels of radioac-
tivity!22).
As a non-retrievable option, full elimination of actinides
by injection into space or by transmutation in accelerators or
reactors have been proposed.?) If the cost performance could
be much improved, the transmutation option would be strongly
supported by an environmental safeguard.

Up to now, the transmutation with accelerators or reac-
tors has been discussed on the methods such that the acceler-
ated particles or neutrons react to the long-lived nuclei in the
wastes and transmutate an element or nuclide into another less
toxic one. Further, recent accelerator development has made
possible the acceleration of toxic radionuclide with being se-
lected in nuclear charge or mass, and has made possible the
transmutation, annihilation of these nuclide by the high energy
reaction.

In this study, we propose the transmutation scheme by
using the accelerator complex such as, injector linear accelera-
tor and super conducting cyclotron.

Gaseous wastes

There are fundamental researches and vast technologies
in a disposition of the nuclear wastes, and there are many use-
ful references for the treatment or management of radio active
wastes.?) These technologies which have been developed so far,
require isolated or sealed places to safely keep solidified nuclear
wastes. Regardless of an on-site storage or on an away from re-
actor storage, the disposition of radio active wastes is a crucial
problem for the public and the environment.

In table 1~3, the gaseous or liquid wastes from nuclear
power plants (Dresden-1) and the liquid disposal from NF'S fuel
reprocessing plants are listed.Y) Among the disposal, a technical
treatment for inert gas has been seriously behind other than
that developed for other chemical disposal. Thus, from the
environmental point of view, 3%Kr (T, /2=10.7y) would make
global radio active pollution due to its longer half-life without
accumulating into the earth’s surface.

Fig. 1 shows the variation of 85Kt concentration in envi-
ronmental air in the northern hemisphere produced by explo-
sions of the nuclear weapons and by commissioning of nuclear
power plants.
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Fig. 1. Concentration of ®Kr in the northern hemisphere.

If a 3000 MWe atomic power plant is operated in one year,
85Ky which should be treated, would be 5x10° Ci in total; if we
assumed 0.3% for the fission yield of ¥Kr, the disintegration
rate (A) can be estimated as

0.693
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=1.8 x 10'%d/s,

where N is the total produced number of 3°Kr per year, and A
is the decay constant.

Further, a nuclear fuel reprocessing plant having a scale .
of 5ton/d would produce 5x10* Ci of 3°Kr per day; this number
would be extremely larger amount than that of nuclear power
plants.

Estimation of a transmutation rate

Since high-energy heavy ion beams became available, the
projectile fragmentation reaction has been studied extensive-
1y.®) It was then realized that through that process, the high
energy projectile (of radio active or not) could be transmuted
or annihilated into other elements. There are useful results on
measurements of the cross sections for several radio active pro-
ectiles on the beryllium, carbon and aluminum targets. From
these measurements, it is noted that these interaction cross sec-
tions would be more than 0.5 barns, though they depend on the
target-projectile combination.5)

Therefore, if 3*Kr nuclei are accelerated up to its energy
of 100 MeV/u, these nuclei would transmute into another less
toxic or more useful one by nuclear reaction. If we assume the
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transmutation cross section of 3°Kr at 100 MeV/u as o >0.5
barn and the target number (n) as n=10?° atoms/cm?, we get
the reaction rate for the projectile as nearly as 100%.

Accelerator scheme

Acceleration scheme of 3N and several proposals in isol
projects suggest that accelerator complex composed of heavy
ion linac for low energy section and super conducting cyclotron
for further acceleration section would be most promising scheme
to transmutate 3°Kr efficiently.”®) In order to select a final ac-
celerator among the various choices which can afford the parti-
cles up to the required energy, the cost performance to operate
such machine, should be taken into account as an important
factor. According to this, we designed transmutation system
as follows, which is schematically shown in Fig. 2.

From atomic power and reprocessing plants, inert gas sep-
arated from other radiotoxic gas, is stored in a reservoir and
introduced into an ECR ionizer by an amount to hold the ECR
plasma. Some parts of introduced gas go back in neutral state
to reservoir again by closed evacuating system. Outgoing ions
with relatively lower charge state are accelerated with heavy
ion linear accelerators, for instance, RFQ or Widerée type and
Alvarez type. After this, we should install the charge stripper
and charge forcuser. Final accelerator would be superconduct-
ing cyclotron which has K=1000 equipped with an internal tar-
~ get for the transmutation by projectile fragmentation reaction.
By using a K=1000 machine, the charge state of the accelerated
particle would be 27, since we require the projectile energy of
more than 100 MeV/u.

Each efficiency in various sections of accelerators and ion
source could be estimated by using various data of existing ma-
chines or isol facilities as follows:

i) Ton source efficiency (€ion) of 3*Kr't at ECR source would
be

€ion = 0.65

if we assume the same values as Xe!" ion formation.?)

ii) Stripping efficiency for ®¥*Kr?7t or fraction of equilibrium
charge state (gfrqc) at the energy of a few MeV/u with
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single stripper is estimated!®) as

Efrac = F(q_) =0.2.

iii) Acceleration efficiency (gqcc) from injector linac to super
conducting cyclotron, although considerable amount of
the beam would be lost at injection to the 1st.orbit of the
cyclotron, would be

€gcc = 0.15

where it doesn’t include the extraction efficiency.

iv) Reaction rate (€reqet), as we already mentioned, would be

Ereac = 1.0.

In fact, it is probably possible to increase substantially
the total transmutation rate by recycling neutral gas and ions
non-accelerated or accelerated up to a certain energy.

By this procedure, the effective or artificial decay rate of
35Kr would be much faster than the natural one; the simple
estimation by using the above efficiencies for various stages,
gives the transmutation rates 10° ~ 10° times faster than the
natural decay rate of 33Kr.

There are, however, many inevitable problems produced
by the acceleration of radio-active ions: i) in total system, any
leak into environment should not be allowed; ii) energetic par-
ticles lost in due course of the acceleration or transportation
should be recollected and recycled; iii) radio active damage due
to the radiation induced by the high energy particles should be
protected.

Scope

To realize the full elimination of high level wastes, the
proposed scheme should be justified by using the several facil-
ities. Nuclear science laboratories such as RIKEN, NSCL and
GANIL are most promising machines to test and to get useful
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Fig. 2. Accelerator scheme.

— 362 —



data concerning the technical problems or real transmutation

efficiency by using stable isotopes.!!) Table 2. Liquid wastes from Dresden 1.

The cost to build these acceleration systems would be
about 1 billion yen!'?), which should be compared to the cost of
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