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High-Level Nuclear Waste Problems
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Site of geological disposal is hardly selected.
It is hard to guess how structures of ground layers will be changed

for the coming ten thousands years.

Nuclear waste could be efficiently transmuted into

harmless materials?
No leaving waste for next generation



Geological Disposal and/or Reprocessing

In Japan, before Fukushima Incident 2011,
~ 800t U / year (~75% operation of 50 LWR)
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Further Partitioning and Reprocessing

R&D efforts to minimize risk of radioactive materials in future
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How about accelerator system
to reduce radioactivity of FP?

A variety of reactions

Nuclear Reactions Facility building cost

Beam species, energy <:> operation cost ...
Target material & system.....

Lack of nuclear reaction data for FP (so far, n-capture only)



A challenge at RIKEN

First targets are Cs-137 and Sr-90, to study
spallation reaction induced by proton and deuteron

Cs-137 and Sr-90 have a large weight fraction of FP.
Half-life is about 30 years.
At the present policy, “cooling” time needs about 300 years.

The thermal neutron capture cross sections are small.

0.27 b for Cs-137, 0.01 b for Sr-90
Total cross sections of spallation reaction could be expected
larger than 1b.

Production cross section of each fragment gives
half-life distributions of fragments.

RIBF provides a unique opportunity to get reaction data.



Nuclear Reaction Study via Inverse Reaction Method

Inverse reaction method to take nuclear reaction data
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World’s First and Strongest
K2600MeV
L il Superconducting Ring Cyclotron

400 MeV/u Light-ion beam
345 MeV/u Uranium beam

World’s Largest Acceptance
9Tm
Superconducting Rl beam Separator

~250-300 MeV/nucleon RIB



Transmutation for LLFP : The First Challenge Apri, 2014
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Cross section data 13/Cs + p, d
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Cross section data °°Sr + p, d
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Comparison
between d-induced and p-induced reactions
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Deuteron is a particle formed of proton and neutron, but
not an in-coherent composite of proton and neutron !
It is hard to get “neutron”-induced components.

Deuteron gives higher energy deposits in targets



Half-life Distributions of Fragments

137Cs + d 0Sr +d
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Fragments of which half-life is longer than 30 years are
less than several percent.
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RIKEN RIs for application studies
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Production of promising therapeutic 211At using 2°°Bi(a,2n)?11At at AVF
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Summary

RIBF has started a new project to obtain LLFP nuclear reaction data

via inverse reaction method.

A bunch of reaction data are being obtained.

A conceptual design for accelerator transmutation systems is being

discussed under collaboration of domestic universities/institutes.
e.g. Cyclotron, Linac, FFAG...

A project has started to deliver At-211 to chemists and biologists
for development of new nuclear medicine.



