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THE DIFFERENT NUCLEAR FUEL CYCLE OPTIONS
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Natural uranium is a finite resource

Global efficiency is currently very
low: ~0.7%
W ~70t from the initial ~9500t Uore

Uranium conventional resource

B Limited for the far-future at a
reasonable price (130$/kg U)
MW Lifespan ~1-2 centuries (current

consumption 75kt/y)

Need for preserving U resource
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PRESERVING THE NATURAL RESOURCE

depleted U 430 TWh,
(0.2 — 0.5% 235U)
8300t/a
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235
56t/ 235U ~Ot/a U
236+238
1144t/a 238U - ~122Ua J
— AT — 495 PU
Efficiency~0.7% | <5512 FP+AM

Rough estimates derived from French Fuel
cycle assuming no recycling




SAVING THE NATURAL RESOURCE
e RECYCLING THE ACTINIDES

93.0% 238y 0,76% °99Pu
0.75% 235U K 0,41% ©venPu

0.54% 238U

' FP 4.55%

95% | 1% mox fuels "
@

URE U re-enriched fuels ‘

Recycling plants

fuel

Depleted -
uranium

MELOX

La Hague

e
>33 000 tHM reprocessed  >2 000tHM of MOX fuel produced

Already allows saving ~20% U,,. C efficiency increased to ~1%
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IMPROVING FURTHER RESOURCE PRESERVATION
C PU-MULTIRECYCLING FOR TRANSFORMING 238U

Multirecycling limited | ) GEN4 systems with
by "Pu buildup fast neutrons
Fission : FR MO 450 t
fcapture Sfission/Scapture i xS )
' Used MOx
5,00 LWR E (450 1)
4,00 FNR Fuel
3,00 ' Manufacturing "‘
2,00 i 7 Plutonium (# 70 1) [ 4 Waste
1,00 A : " > (50 1)
0,00 Uranium (U,.# 330 t) Recycling
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With current reactors With fast neutrons reactors
50Gtoe
1;;\/\66 7 m COAL 1GWe ~
Y e 1t u ../
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U=6% U=90%

Very significant improvement of natural uranium efficiency
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With recycling

Tailoredor confining

S. Bourg, TM IAEAGCNERnNdia, Nov2019

10°°

—

=
@
!

=
R

Relativaadiotoxicity
H
o

0,1

[ —

A BENEFICIAL LONG-TERM IMPACT
OF RECYCLING ON THE WASTE ISSUE
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ENVIRONMENTAL FOOTPRINT
OF NUCLEAR ENERGY

Relativaadiotoxicity




PRESENTATION OF THE REFERENCE CASE:
FRENCH NUCLEAR POWERPLANTS FLEET

Oraveines I 58 reactors located on 19 sites, capped at 63,2 GWe
O .~ M m Standardised fleet: 1 single reactor types, with 3 different
wm oE e powers 900, 1300 et 1450 MWe
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Fessenheim B Produce 70-80% of French electricity (~400-450 TWh), i.e.

St Laurent t.)amplerre
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° M Mo Cruas
BE cotecn | ggricestin I 1 GEN3 generation reactor under construction
& = (Flammanville3, EPR)
4 Nombre d'unités
Hw?oo Mw B 1300 MW B 1500 MW 7 'J— Génération II (PWR/REP)
500
! Génération I
400 ' (Graphite-gaz UNGG) t ] : T
3°° ‘IL_ED.JlE[H!J.DJD.. L ]'[Tﬂ‘,l.,m.
200 1960 1965 1970 ;\x;‘:‘zt‘:d‘\ (‘::.:::;c wl:j:nu 1990 1995 2000
100
HYDRA!!—"IC' UEG Eau!ourde “i:E]r:té) RE‘I’:EIIOO Rts!:tl)oo R[PEIIJOO RE!N4
I3|g50 1960 1970 1980 1990 unités arrétées unités en exploitation

2000

S. Bourg, TM IAEAGCNERnNdia, Nov2019



Reference = 2010

U enriched
1053 tly

FRENCH REFERENCE FUEL CYCLE
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CHAP.II'T RESULTS OF THE CURRENT FRENCH CYCLE
THE GENERAL ENVIRONMENTAL INDICATORS OF THE TTC

100%
90%
80% -
70% - m Disposal
B MOX fabrication
60% .
B Reprocessing
50% m Reactors
40% B UOX fabrication
.
M Enrichment
30% - )
° M Conversion
20% H Mining
10% -
0% -

CO2 Land use

Acidification Eutrophication ~ POCP Ecotoxicity Human
toxicity

(9CO, eq/kWhy, (9SO2eq/MWhe) | (gC2H4eq/MWhe) | (gPO4eq/MWhe) (91,4- (91,4- (m?/GWh,)
DCBeg/MWhe) | DCBeqg/MWhe)

5,29 34,1 5,2 2,84 638 1233 211
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THE POTENTIAL IMPACT INDICATORS OF THE TTC
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CONTRIBUTION OF THE DIFFERENT FUEL
CYCLE STEPS TO THE OVERALL FOOTPRINT
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Improve overall footprint C improve or reduce front-end activities
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Radioactive Releases

Gas- Other RN

Lig- Tritium
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1245,6KBg/KWhe
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THE RADIOACTIVE RELEASES OF THE TTC

U Radioactive releases (KBQ!):

B 53% Rnrelease around mi ne s
however strong overestimation since
al the Rn is assumed to be
instantaneously released (no kinetics)

é

B 45% Rare gases release during
reprocessing:
== 1 he overall radiological impact is
estimated to be ~1% of natural
radioactivity
B 2% liquid release

== Dominated by 3H release around
reactors.

U Necessity for considering dose
| mpact €& Dbuthigkly e na
subjective and site-dependent




