The Abdus Salam
International Centre for Theoretical Physics

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

1774/1

Description of Nuclear Fuel Cycle Options

L. Koch
Germany

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



Description of Nuclear Fuel Cycle Optiens

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



Jhe direct thexmal fission of U-235,
the fissile nuclide accurs in nature
in abundant supply;
Fission of plutenium
which is preduced from the fertile nuclide U-238 as a

by -praduct of Lissioning U-235
Fissian of U-233,
is obtained by imadiating the fertil lide thoxium,




e U-235 with an isctepic

Nuclear Fuel Cycle Options
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Nuclear Fuel Cycle Options

e U-235 with an isatepic
atundance of 0.727, in natural
wanium.

o U nuclear fuel cycle aptions
base on thexmal fission of U-
235

o (Except Th,U-233 - fission
initiated by spallation neutions

— enengy amplifier)




Nucleay Fuel Cycle Cptions

Fissien by navmal (light ) water
madenation needs U-235
enviichment aliove 2.1°7,

Ubout 2000 million years ago

U-235 enrichiment was moxre
than 3°/,. Natural reactors wexe

found at OKLO, Gabun
Jaday fissien reactes with
natural wanium ave only !

passible by graphite ox heavy . .
water mederation . e




The apen U fuel cycle strategy with LWR and
FHEWR is fully developed. Pawer stations using
this strategy axe operating presently at the
bowest costs of any nuclear eption. Speculative
wianium sesounces (recoverabile at casts up te
$130 per kg ) of 4,440,000 tones are expected te

be adequate thuough 2050.

T here are mainly thuee types of Light Waten
maderated Reacters, LR in aperation:
BWR, PUWR, VVR




Ca.440 nuclear reactors with an electiicity genevation
capacity of abeut 350 (GWe)

*  Jhe share of LUR and LR
o Whereas RBMHKA and
GCR aie getting shut dewn

° Jmentéytﬁwemanfyf)’ - Candu =

Other FBR  RBMK

r

J t(jz apmtl‘n’g’ Share of reactor types in worldwide fission energy
generation
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Ubout 300.000 t FEE of spent nuclear fuel have accumulated.
Prnesent annual arising aliout 10.000 t HE.

JIs built-up Pu a fuel ax is it waste ?
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Pu necavered presently from spent LUWR (HWR )
U-238 - Pu breeding in FR

thewunal weactoqs
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Suplus Pu (from PUREX and dismantled weapans )

will be necycled as MOL in LWR instead of FR

Present Fuel Cycles (open and closed)

U-235 enriched U-235 enriched
natural uranium ‘ <20% <6%
I-235 enrichment
plant
LWR LWR
K canou | TR MOX fuel _‘
Reprocessing plant '
Direct disposal
af spent fuel
Open fuel cycle Closed fuel cycle
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Spent LUR fuel, when stored in a gealogical
repasitany will decay slowly and constitute a hazard
ta futwie generations

g I he nadiclogical hazard
g S can be expressed
- ¢ Valume of watexr te
dilute te MPC
{ -~ o Cancer dases
o Numbew of ALI dasis
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Time-dependence of radiotoxicity in a spent LWR fuel a‘gemc

33 GWd/t normalized to the radiotoxicity of the uranium ore
(dashed line) mined to produce the fuel



Uctinides in spent LWR fuel, when stered in a
geclogical nepository will decay slouly and constitute
a hazard te future generations
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Fission product radiatexicity in spent LR fuel,
when stered in a geclogical nepasitery, will decay in
abiout 200a below that of U-axe, but still could
canstitute a hazard to future genevations

" List of long-lived radionuclides considered as can
dates for nuclear transmutation
10°
1 5 Total (actinides) Muclide Tz 8]
10’
5 s L 5.7 - 107
j?E; e Cl 3.0 -10°
g i | 1.6 - 107
g s 2.0-107
< m'; “Se 6.5 - 107
S 1.5-10°
10° inrll S 2.9 107
5 products) '.“Sﬂ 5.0 - I{P
ol L AL W S 1208 n 1.0 107
10 10 10 Tim;t:{_!? 10 10 IJTCS ‘3‘[] - 1[]1
" Te 2.1 - 108
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fuelled theunal weactors aperating en an‘‘cpen’ fuel cycle. Less
than 10°/, wecycle plutonium.

In ander ta be albile to continue the use of the apen fuel cycle
strategy for sevenal centwiies, it will be necessary to exploit
unconventional wwanium supply wesewices. Jf wranium can be
extracted from sea water at competitive prices, uwwanium fuels
would have a practically unlimited, “etexnal’ supply.

Un altexnative is U-235-Pu breeding in Fast neutron Breeder
Reactors, FBR, which is presently mase expensive.

The Th-U-233 breeding is regarded as an aption in the futue.



Options of nuclear waste disposal

e stable geological formations
crystalline rock, salt or clay

e transmutation of long living radiotoxic
nuclides into short lived or stable ones

* evacuation 1nto outer space or sun
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