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|sthe European Spallation Source

suitable for transmutation applications ?

Pointsto be consider ed
» Technical optionsavailable to apply transmutation
» ESS project history

» ESS design(s), former and latest
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Technical optionsto develop transmutation

Three possible technical options

*in Light Water Resear ch Reactors

- neutron flux intensity limit reached

- wor se neutrons production rate
- no lar ge development

e in Fast Breeder Reactors

- neutron flux intensity limit reached

- better neutrons production rate
- no large development for eseen

*in Accelerator Driven Systems (ADYS)

- neutron flux intensity limit not reached yet

- best available neutrons production rate
- less safety concernsthan with critical reactors
- great development foreseen
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ESS project history: phase 1
Toward thefirst design of ESS

» 1991-1992: initiative of the F.z. Julich (Germany) and the A. R. Laboratory (UK)
* 1993: creation of ESS Council gathering neutron scattering interestsin Europe
» 1994-1996: feasbility study phase
©11.1996: first design of the project
- Linear Accelerator (LINAC): 1,334 MeV, pulsed source
- Target station: 50 Hz, short pulse
- Target station: 10 Hz, short pulse

“The ESS RNB [Radioactive Nuclear Beam] facility could provide the nuclear

data needed for nuclear waste transmutation.”
Sour ce: ESS study, november 1996
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ESS project history: phase 2
Toward theintermediate design of ESS

* 1997-2000: R& D phase, main aspects and options are studied
Standby period for the ESS project
*05.2000: ESS Council decidesa Memorandum of Extension to make a new step
toward realization. Strategic options have to be studied:
- choice of thetarget stationstypes
- use or not of superconducting technology
- multipurpose or stand alonefacility, i.e. include or not transmutation
in the facility design
 2000-2001: CEA-ESS cooperation on CONCERT project. CEA proposes
a multi-purpose facility including a transmutation demonstrator

“The CONCERT team concluded that a single accelerator can serve more communities and is

technically feasible, without the increase in power leading to substantial extra costs for the
accelerator.” Sour ce: ESS Newsletter, July 2001
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ESS project history: phase 3
Theintermediate design and beyond

* 2001: CEA abandonsthe CONCERT project. Reasons are unclear but could be
either budgetary or/and strategic. ESS expressesregretsfor that decision

«06.2001: ESSabandonsthe CONCERT project and do not mention
the transmutation option anymore

*05.2002: ESSintermediatedesign isissued. It does not include transmutation
applicationsin the 48 planned neutron scattering instruments

* 2004: Decision phase (project approval and site design)
 2005-2010: Construction phase

» 2011-2012: Commissioning phase

» 2013: Operation phase
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ESS intermediate design as of May 2002

Main components of the facility

* LINAC: 1,334 MeV, pulsed source b unchanged from thefirst design

 Target station: 50 Hz, short pulseb unchanged from thefirst design
» Target station: 16 Hz, long pulse b changed from thefirst design
* No RNB facility b changed from thefirst design

< latest design and instrumentation do not include transmutation
< but thenew 16 Hz long pulse mercury target can be used for transmutation

Conclusion on ESS ability to apply transmutation

Strategic cor e of transmutation technology, i.e. advanced acceler ator
and adapted spallation target are present in the latest design
Thisdesign allows future developmentsto reintegrate transmutation.
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The ESS Facility: a Modular Facility
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“The ESS design is rather flexible. It allows using the facility for other purposes. A number of these would not
require major new facilities and can be added later if the site layout allows for the physical space.”
Source: ESS May 2002 Study, Volume I11 (Technical study)
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Aretransmutation applications needed at ESS ?
Key components of industrial transmutation

» Advanced separ ation technology applied on industrial scale
- needsR& D
- needs a demonstrator

» Largeindustrial facility for transmutation
- needs an ADS demonstrator

< Must demonstratethat it solvesthe nuclear waste management problems
and do not displace the problem from one to another
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Major implications of areprocessing industry
Waste management

» Countriesthat engaged into r eprocessing encountered major problemsin waste
management

» Separ ation leadsto arising of byproductswith no use, and create new waste
management difficulties:
- arising of plutonium (even if partially used)
- arising of uranium (even if partially used)
- create needsto manage very radioactive and hot waste (HL W)
- create secondary waste (ILW, LLW) to be managed.

< Reprocessing industry has not demonstrated its capacity
to solve nuclear waste management problems
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Historical and Projected French Separated Plutonium Stockpile
from 1988 to 2007 (as of 31 December of the year, in tons)

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

m Official Data
O Estimated Data
O Estimated trend 2001-2007 (based on the terms of EDF-COGEMA reprocessing contract

Source: EDF, MINEFI , COGEMA, |IAEA
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"Recycling" Rate of French Plutonium

Contained in Spent Fuels Discharged
from 1956 to 1998

m Spent fuel stocks
@ Military use
250 O MOX
O Fast breeder reactor fuel

@ Uranium Oxide fuel
200 B Magnox fuel

int

"RECYCLING" <19 %
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Separated plutonium "Recycled" plutonium

Source: WISE-Paris, "Recyclage des matieres nucléaires - Mythes ou réalités', May 2000
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Conditioned and Unconditioned Wastes at La Hague
as of 31 December 1999 (in m3)

14 500

7 435
2 355
3 059
| Unconditioned Wastes: 297798.3 m * 2 600 4 900 Conditioned Wastes: 162510 m *
495
I Hulls, nozzles and other ILW Canisters of vitrified waste [ NN
I Magnesium, graphite and metal Hulls and nozzles (N
] Sludge Bitumenized waste (RN
[ Storage resins Cemented technological waste [0
[] Nympheas resins cartridges Waste contaminated with alpha emitters [___]

—/1 Graphite resins

[ Low contaminated soil, sludge and metal

Source: WISE-Paris, "Possible Toxic Effects From the Nuclear Reprocessing Plants at Sellafield (UK) and Cap La Hague (France)”, EP/STOA, 10/2001
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Major implications of areprocessing industry
Environment and population protection

» Reprocessing produces large amounts of liquid and aerial radioactive r eleases
in the biospher e, which impacts cannot beignored

» Waste production has been engaged befor e waste management, resulting in
waste stockpiling and increased radioprotection and safety problems

» Reprocessing means transports of separated products and waste, it resultsin
an increase of radioprotection, safety and security risks

< Reprocessing of spent fudl, i.e. the separation industry,
resultsin more radioprotection, safety and security problems
than itsdirect disposal
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La Hague liquid discharges
from 1990 to 1999 (index 100 in 1990)

OSPAR (PARCOMZ91/4)Z: ;

EZThe contracting parties [E] agree [E] to apply the Best Available
Technology to minimize and, as appropriate, eliminate any
pollution caused by radioactive dischargeszZC

500 OSPAR (PARCOMZ93/5)Z:
EZContracting parties [E] agree
[E]
to adopt further measures,
including the application of Best

400 Available Techniques for the
reduction or elimination of inputs
of radioactive substances to the

maritime areaZC
300

Lozl

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

600

mm Reprocessed quantities lodine 129  ——Tritium

Source: WISE-Paris, "Possible Toxic Effects From the Nuclear Reprocessing Plants at Sellafield (UK) and Cap La Hague (France)”, EP/STOA, 10/2001
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|sthere aroadmap to transmutation?
Present reprocessing situation and possible futur e transmutation

* Only countriesthat havereprocessing industrieskeep a major interest
in pursuing separation activitiesand R& D

» Other European countries are either engaged in a phase out process
or considering the decision to stop reprocessing

 Before going further into a transmutation program, reprocessing countries
should first set up arealistic waste management program

* Actinidesand fission productsare currently processed into vitrified waste, which
thereprocessing industry regards as afinal waste under an non-retrievable form

< Transmutation programs need high level financing before being able
to operate on a small industrial scale

It will take decadesto develop and will only servetheinterests
of a few countriesto keep their reprocessing industry alive
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Annually Reprocessed LWR Spent Fuel at La Hague Plants
tHM as of 20/03/2002 (tons of heavy metal)
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Source: COGEMA 2002
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Conclusion
Thereisno demonstration of the need for transmutation

» US studies show that P& T isnot suitable as a nuclear waste management option
Estimated time scale and costs are tremendous and P& T will not avoid disposal
program and facilities

* In Europe, reprocessing hasn’t demonstrated it could be a complete, safe
and acceptable waste management option
Pursuingin the P& T strategy islessa real goal than a way
of keeping thereprocessing industry alive

< Pressuresin favour of P& T programs should not be consider ed
as an opportunity for the ESS project to be grounded
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