Fa

X\ The Abdus Salam
Y International Centre for Theoretical Physics

Joiaii"

Workshop on

ROLE OF PARTITIONING AND TRANSMUTATION IN THE
MITIGATION OF THE POTENTIAL ENVIRONMENTAL IMPACTS OF
NUCLEAR FUEL CYCLE

20 - 24 November 2006

ICTP - Trieste, Italy

1774/5

Comparative Evaluation

L. Koch
Germany

Strada Costiera | |, 34014 Trieste, ltaly - Tel. +39 040 2240 | | |; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



Camparative Cvaluation

Lathar Hach
kach.weingarten@t-enline.de
(Retired Division Fead, Nuclear Chemistry
JInstitute for Transuranium Elements, Karlswubie)



Enrico Fermi: “It is not certain that the
public will accept an energy source that
produces vast amounts of radioactivity as
well as fissile material that might be used
by terrorists.”




Comparisen of Nuclear Fuel Cycle Schemes regarding
wadiatexicity and proliferation
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Instead ef clasing the fuel cycle anly with Pu from spent fuels
of theunal reactons with PUREX - a proliferation-sensitive
techinology — one might wait until fast reactorns are in use and
could transmute the Minorw Uctinides, MU, too .

The idea te partition the heating and radictoxic MU together
with Pu and to transmute them inte less sadiotoxic fission
products would improve the public acceptance in regard to
environmental friendliness and te prolifenation resistance
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Puoliferation Resistance

e JIntexmediate and tinal preducts ef advanced
patitioning process, when divested, are not divectly
suited for nuclear explosive devices

o passilile ca-location of P& plants eases CLS

measuies
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Measuwres of intexnationt safeguards applied to a pyro-
proceesing and fuel fabrication plant
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Comparison Aqueous vs. Dry Reprocessing

Separation yields

Am-242 m critical mass

f.p. decontamination

radiolytic degradation

aqueous

> 99.85%
> 99.85%
> 99.97%
> 99.97%
95%

19¢g

high

dry

99.9%
99.9%
99.9%
99.9%
99.9%
95%

3.8 kg

poor (Ln<25%)

low

Institute for Transuranium Elements, Nuclear Chemistry,
L. Koch, 3/00, pyrochemtab.ppt



Weapen grade plutonium will generate 0.1 neutrons by
spaontanecus fissien duting a sphetical shock wave petiod of
aliout 5 microsec. Depending te what extend Cm-244 has reached
much maxe neutrons than for a nuclear device made ¢f a one year
ald TU mix with 100 ta 5000 neutrons.



J{ the spentanecuws fission neutrons
(expressed as N -n[sec- in the device)

duwiing the average neutron life time, t (7 nancsec)
exceeds ane, then the fission chain reaction
stants at prompt cuiticality — ox even before.

Ut this peint the cempaction is low.
Depending an the device’s design

little energy is needed to destroy it.



Predicted preignition yields of TU-mix

With a neutron background of &8 te £9 nfsec in a 5 g mass device
ca.l10 nsec) when cuiticality is reached. Ut this point the implosion
shockwave has not yet campacted the mass stwongly.




Cast of a PALY negime

PLI of MU in FR may achieve a relatively

Uimited increase in electvicity cest of 10°7, - 507, (? ),
when compared with the cost of the cpen LUR fuel

cycle

This is due to less gealogical repasitery capacity
Less U- mining and -cansumption

J{ the radietoxicity seduction becames a decisive
sacial issues, the additional LI cost may become
afferdabile



T echnaelogical Challenges in P&Y Development

* Uctinide group separation threughout the
partitioning process

o Puoliferation resistant in-line processing for
MSBR

e Cancenning the accelerater itself, its coupling to. the
subt cuitical neacten, the U free fuels and
implications ta ADS safety



Envinanmental $uiendliness of a LT scheme
campaed te the open fuel cycle

e PALY limits land censumption by less U — mining

o Jtreduces size and number of gealogical
nep ositories

o For future generation, PLI diminishes the
wadietoxic hazard caused by intwusion inte the
tepasitey ax the migration of rnadicnuclides to the
biosphete



Genenally Jmproving Sublic Ucceptance
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