The R and D program at CEA
4 major topics :

1 - Subcritical core :

Physics: - the| MUSE |experiments (2000 - 2003),
- nuclear data measuremenis and evaluation,
- code validation,
- safety and kinetics of subcritical cores.
Fuel : Common activity with critical reactors for transmutation
(homogeneous recycling, targets, dedicated fuels).

2 - Target

Physics: - OSpallation physics (experiments on spallation product
distribution, etfc ...}
- Code system: SPARTE (intranuclear cascade, intermediate
energy data, nuclei evolution, patticie transport E < 150 MeV).

CE . saERL - June 1999 MS/30/085



2 ~ Target (follows)

Materials : Mostly Pb/Bi.
The ISTC-559 1 MW1 target.

Loops for corrosion, purification studies |PLOMBIERES| at

Cadarache, to he huilt.
Eftects of irradiation (neutrons, protons).
Choice of 9Cr martensitic sieel.

Design:  Methods and codes for design.

= Global validation envisaged (the | MEGAPIE | project at PSI: 1 MWt Pb/Bi

flowing target, to be put in the SINQ installation by the end of 2003},

A preliminary experiment foreseen on embrittlement with 72 MeV protons (PSI

cyclotron injector) : LISOR experiment.

CE) . JAERI - June 1999
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3 - Accelerator

Most of the studies on linear accelerator with supraconduciive cavities
(above 150 + 200 MeV).

The | IPHI |project {Finat objective : ~ 20 mA - E, : ~ 600 MeV + 1 GeV).

The project is conducted jointly by CEA and CNRS,

(=Y. AERI - June 1999 ] - MS/09/085



4 - System studies

Images for demo plant {~ 100 MWt} :
- fast spectrum, gas cooling,
- idem, Na cooling (back-up),

~ - idem, Ph/Bi cooling {studied at ANSALDO - ltaly).

Also : Step by step appreach, with intermediale step at 10+ 20 MWt
(experimental reactor), with irradiation capabilities,

Secenario studies : motivations for ADS

- double strata,
- Puand MA management.

(=7 - UAERI - June 1899 M1S/09/085



System studies E Follow-up _ |
(choice of options) 3 |
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MUSE | Experimental and demo mock-up experiments |
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Target studies
 MEGAPIE
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IPHI {1% phase) | Upgrading of accelerator performances |
L |
IPHI + target O oot DEMO
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Calendar for demo deployment

99 0 01 02 03 04 D5 06 07 08 09 10 11 12 13 14

End of Motivation study 4’

Tachnical options - Prallminary
safety options - First feedbacks
fmaterials, mock-ups eic}

End of feasibility study é
(phase A)

End of Definition study é
iphase B}

Start « realisation phase »
(development and -
construction)

validation of spallation source é

End construction
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Figure -1, International Fuel Cyele Applications of ATW Cooecpis.
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Within the U.3,, current policy s to not reprocess spent Fucl, implying thal plulonium iz waske
and iz 10 be discarded. In contrast, Japan, France, and Russia view plutoninm as fiel and
therefore an asset, which leads to = different application of ATW technology, In the "double-
strata” concept in Japar, an ATW is seen a5 A way bo optimize a transitien from MOX recycle 1o
MDX and uranium recycle, to minimize, and eventually almost eliminate, radicactive washe.
ATW is used alongside LMEs, The Freech concept employs an AT'W as a back cod to a mix of
teackor lypes that inchedes LWRs, MOX-fueled LWEHz, and breeders, The Europest group at
CERM advocates an “Energy Amplifier” implementation of ATW,; Lhey envision the use of the
waste sircam fom the amnium-platonium fuel cycle as part of 2 means to ansihon to a
thorinm-uranium-233 eycle that may bave npon-proliferation apd waste: disgpose]l advantapes.

In all cases, the use envizaged for ATW is to_desirey the minor actinides which build up in the ?’ts f
fuel eyele and hamper afforts to demonstrats accaplability of peolopic repasitonss.



Tabde 9.3 Internaticos] Technology Base — Acceloraboes
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91,1 France

The primary Frepch objective is to develop specific technologies az an element of a plobal waste
management stratepy.  The goal is to keep options open, and be able to reach a waste
manapement decision in the [tture based on firm technical grounds. Thisz is desembed as a
science-kased approach, To this end France is following a nationsl progrmun to establish

feasibility of a large spectum of partition and transnvstation (P&T) steategies.

The French wasle management scenare includes a combination of most options: LWR, LWR
with MOX, fast reactors (specificaiiy LML) and ATW. Presently, the French effon iz of the
order of ~20 man-yeatfyear fir cwment B&D stage, which includes a large-seale international

collaboration (see below].




FLOI

Fuel roprocessing is based on “wet"” technologies, but pyrometaliurgical techrologics arc being

considered. Sodium, LBE and gas are being pursued. as goolant optivns
T, olouhle oftebs.

As presently cnvisioned, the French ATW progranty uld 1se Therium + Minor Actinides as
fue] to produce electric power as well a5 wase Transmutation. There is presently RED underway

to idemtifsr fuet forms, which melndes incdt maices. There are oo plans to wensmite T and 1
othet than carry over into the fuel ie., no wn of T, and 1js envisaged. decision for

constriction of a demo plant m]lbarmhad the year 2044, .
don 33 Shuetieq

E Franee

The European “Encrgy Amplifis” 15 2 concept that originated in CERN, and 1t imvalves a
cogperation between Haly, Spain, and Frange, The objective of the Erergy Amplifier concept is
dual: (1} burn actinides, and (2} power production trough a Thorium cycie. R&Tr resources are
pooled between the difforent countrics to reduce -overall B&D cost. The Energy Amplier
concept has received strong suppint from the Ennpean Uniog, with the goal of helping membearz
solve their varous nuclear waste problems. 'Ihe size of the present effort is hard to quantify, but

it is ex tedtuhe:la:gerﬂmuiﬂﬂman— in {hva mear future,

o e.an.unm s nf:ﬂ EMO (= oo M) it hivetennd
The Encrgy Amplifier it is an socelerator-driven siberitical pile weing Therium -+ Minror
Actinides fuel. The ptimary targef and coolant option is molten Pb-Bi, but other options such as
Pb, Ma, or pas-cooling areé bemp conmidersd.  Fuel reprosessing 15 nal part of the present
program, e i i i

, ne !
0.3.2 Eurgpean “En Ampliker™ (CERN, Ik

Current demo plens include a small-scale fissile tarper in CERN by 2003, LAESA (Spain) is
alza proposing to Build an Energy Amplifier demo facility using 2 350 bMeV' 5 mA cycloron with
a molten Pb-Bi target and a 10 MW sub-cmitics] pile (kea=9).

9.3.3 Japan

Japan hat aciive R&ED efforts in the areas of fast LMRs and fast-teactor actinide bumers. Even
though a long-lerm HLW strategy has not vet been fully defined, Japan 15 muosuing 2
combination of LWE, LWR-MUOX, LME, Actimds Bemer, and ATW.  They have active R&D
projecks tor examine @ fong termn PE&T stratepy for long term HLW digposal,

Fresent plans include a Test faoiliy n ~2002, The decizion point for smplemeating a PET
strategy 15 ~2030.

Japan is pursving nnride fucls compased mostly of minor actimides, Coolants constdered are
L.BE, iMa, He, and Pb. Their processing technology is agueons based, but sipgnificant reszarch imio
pyrometallurpical processss is being conducted.
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the radin-toxicity of a waste. This is a product of the decay rate and the biological effect of the
nuclide, The biological toxieity of ingested spent fusl nuclides with and without the actinides
present is shown in Figere 8-1 {Van Tuyle 1998). This illustrates (he domimanee of short lived
fizggion products in spent fuel in the early ume (fow hundred years) and the deminanee of long
lived actinides at longer times. ATW provides the polential to ¢liminate most of the actinide
inventory a2nd thus preatly reduce the long time hazard. In 2 reposibory, this allows a robust
engineered system to effectively isplate the waste during the first hundreds or thousands of
vears, and reduces the demand for isolation at vety long times, This demand for high confidenge
in isplation for 10° — 10" years represemts a technical challenpge vnprecedented in human
experience. Tao the extent thar ATW mederates this demand for very long-term isolation, the
confidence in repository safety is improved.
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Figure §-1. Relative Ingestion Toxicity of Speat Foel With and Without Removal of the
Actinides. '

Anocther measure of the impact from inventory redvction can be seen from the resulis of Taal
Systern Performance Asseszment for the “Viability Aszessment of a Reposiiory at Yuoeea
Blountain” (USDOE 1998), Through a complex synthesis of mechanistic models, probabilistic
models and expert judgement, the “base case™ porformance of a repository is représented In &
curve of “Dose Rate™ to an exposed population versus time for cach of the mest important
radionuclides.  As seen mn Figure 8-2 (USDOE 1998, Section 4.2.3), this dose rate {for this

B-2



Figure 1. Referenca ATW plant sized to process 10,155 tonnes of spent fuel
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Appendix C. ATW Reference Plant Pacameters

The following tabie details the plant paratueters used to predict the performance of the

reference ATW planit

Separatioens Facility H

Parameter Assum t| Computed Units
(TR Joss faction per pass o010

Fractional tlumup per pass 0, 2K}

Takal processitiy 1oss 0.0033

T & 1 preassing loss [EE

Throughpet- kgt of TRUMyear PR 17658 Reaiyr
[Throughpeikgs of Le-9oryr Low |l 1356 hgsyT
Throughpett-kgs of Fyr R RE 315 kgsyr
Thrcughpet-Sper Fuel Tl 1692 toonesyT
Appronimale Capal Codd Z o~ 52007 5
Annua) Cperating Coas . 1% T ESd 5
*1/9th of a £1500 M aqueous plant plus $100 M for pyre reprocessing

Acrelerstor

Paxaneter Asgomed orioput |  CoDlputed __ Unis
Profon Exeroy i OoY
[Froton Curment o A
Mumber of e s 2

Targets Supperted E

Beam Power 900 MW
IPower Required-Accelerator 0 MW¥e
Arcelerator ol cihciency 5.6 T
[Fovrer Required-Plant FTEG MWe
APPION. Laptal LOst per bramine (T E1T
Apprax, Copatal Cost lor Acceberuors 1720 M
Anfa] Lperating coste ' 5% 13 T
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