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Treatment of spent nuclear fuel

long lived isotopes cause main part of long 
term radiotoxicity
� safe disposal is necessary for more 
500,000 years

� treatment of nuclear waste can reduce disposal time by 4 orders of magnitude
� Partitioning: separate actinides from the rest
� Transmutation: convert long lived isotopes into short lived ones

� via neutron induced reactions

natural Uranium

without treatment

Salvatores, NEA report No. 
6090, 2006

different nuclear
transmutation schemes

Radiotoxicity of spent nuclear fuel
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Accelerator driven Systems / Generation IV nuclear reactors

� fast neutron induced fission is used to produce 
electrical power (and hydrogen)
and to burn up long lived actinides

Hiroyuki OIGAWA
Presentation at Euratom PARTRA Cluster Meeting at FZK, Feb. 2008

http://www.gen-4.org/Technology/roadmap.htm

Steam generator 

Primary pump 

Reactor vessel

Beam duct 

Subcritical core
Beam window Core support

Fuel exchanger

Bending magnet

Movable support

Proton beam

Spallation target
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Data Needs
• for simulations and calculations to design such facilities detailed 

knowledge about the neutron interactions are necessary
� for nuclei to be transmuted as well as for structural materials

Y. Ikeda, Journal of Nucl. Sci. and Technology (2002) pp. 13-18

56Fe (n,γ) 57Fe
56Fe (n,n'γ) 56Fe

�

measure reaction cross 
section in dependence
of neutron energy σσσσ(En)
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nELBE – neutron facility at ELBE

W target
generator

liq. Pb radiator

e-

APb

n

A-1Pb

γγγγ
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nELBE – Detector Setup

4 plastic scintillators
for neutron detection
(1 m, 11 x 43 mm2)

neutron beam

BaF2 array for gamma detection
(42 crystalls, 29 cm, Ø 5.3 cm

sample: natFe (99.8%) � 91.754% 56Fe
mass: 19.82 g � 18.15 g 56Fe

measurement time:
34,9 h with sample
32,2 h without

flight paths:
source – sample:
600 cm
sample – BaF2:
30 cm
sample – Plastics:
100 cm

235U fission chamber
for neutron flux determination
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Experimental methods and results – Inelastic Scattering

Fe)n'Fe(n, 5656 γ
keV847E minn, =

n'FenFe *5656 +→+
γFeFe 56*56 +→{
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n
e−

γ

neutron
source

neutron
detectors

n’

chamber

sample

−detectorsγ

fission

absorber
Integral at target: 2x104 n/s/cm2

En,out = En,in - Ex
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The 56Fe(n,n’γ) cross section
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Summary and Outlook

• nELBE is intended to deliver data on fast neutron induced reactions

• first experiments were performed on inelastic neutron scattering using a
double time of flight setup

• the ELBE electron beam deliver high neutron flux,
new injector will deliver ~60 times more

• further investigations have to be done to determine and reduce all   
sources background
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