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The scope of the lactire is 10 present:

a  the rationale for tramsmutation

«  the principle of ADS (spallation source, sub-ritical blanket}

= an overview of the main concepls being investigated and the ongoing R&D accivilieg
in thiz wrea

»  development trends Eor this technology.
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Iniroductlon

One of the greatest challenges facing nuclear energy is the highly radicactve omg-lived
material penerated during power production. A sustzinable development of the nuclear 2nargy
crpti-:mv requires a safe and effective way to deal with (hiz material. While technical soluikms
exist, including desp geological disposal technologies, progress on the road to disposal of
radipactive waste has been influenced and, in many cases delayed, by public perceptions about
the safety of the technology. Ome of the primary reasons for this is the long life of many of Lhe
radivisotopes generated from fission, with half-lives in the order of 10F 10 10° years. Problems
of percepdon could be reduced to an cssental degree if there were a way to wtilize andfor
incineraks the most radictoxic long-lived isotopes during the production of energy.

& new technelogical option, or rather a viable development of eadier ideas, has been
inooduced rcently. This option merges accelerator and fission reactor technologies into a
single sysiem that has 1he potentiel o efficiently generate eleciticity from nuclear fission
andfor mansmoute the long-lived waste material. In its simplest form, this accelerator driven
energy production concept wses newtrons produced in a spallation source by 8 high-energy
protam beam o drive a blanket assembly conlaining [ssionable Tuel and mdicactive waste
material. The blanket assembly iz like 2 meactor, in that fission processes are the source of
power. Unlike a comventional reactor, however, this blanket assembly is sub-critical, and thus
the chain reaction canmet be sustained without ao external neutren sowrce, In the case of the
ADS without the accelerator providing a high-energy proton beam to the spallation source.
The fuel for this system could be uranium, platonium or thorium.

Why transmutation?

Per year, the opemiion of a 1 GW, Ulefuelled light water reactor, producing
approximately 6100 GWh,, vields about 21 t of spent feel. Most of this cadioaciive maleral
(about 20 1) is depketed uranium {approximately 0.9 % U content). The remaining 1t of
spent fuel comsists of fission producis {~760 kg), pluoniom (~200 kgh and other, 30 called
“minor actinides™ (-21 ke, of which Am and Mp are the major comtibutors, with roughly 10
kg each, and the remaining 1 kg is Cm).

The comeept of a ¢losed nuclear foel ¢ycle was traditionally considered a5 wansmutation
(iocineratiom} of ooly Po and the recycled U, with the mingr actinides and the lomp-lived
fisgsion products destined for final geolomcal disposal. But as fime goss on, @ new
understanding is emerging: reduction of the minor actinide and Jong-term fizsion products
inventory has the potential o sase the requirements for final repositories and reduce the
associaled costs.

The ratipoale for tansmutation is hased om this new perspective. Thus, the goal of
transmmcalion 15 twofold: (a) o reduse the source of potential radio-loxicity in the spent fuel,
and (B) to reduce the long-rermm residual radie-toxieity risk in the reposiory. The former goal
is determined by the actinida (Pa, Aaw, Np, Cm) invetiory in the spent fuel, whilz the latter,
ie the long-term dsk of radic-loxic leaks from the repositony ino the osphent (ence taking
tntp consideration the actwal physical (storage barriers) and geological environment in the

¥ an indispensable option, if ope considers that demand for all energy sources will increase
over the next couple of decades, if only to meet the needs of the world's growing population,
which the United Nations estmates will approach 8.3 billion people by the year 2023
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mpository which influsnces the solubility and migration of the madic-toxic izctopes) is
determined by the inventory of some of the long-lived fissiom products.
The actnides dominzte the source of potental radio-toxicity because they and their
Emgmies are mostly high-dose aeotters (as an example, comsider Hlpy which decayz o
Lam {} decay, 14 years half-life], which in turn is a o-emibter (432 years half.Jife) becoming
O, another a-emitter {2.1x10° yzars halflife) becoming “Pa, & short lived i (27
days half-life) transformed by B decay into * U which, again, iz a e-emitter (1.6x10° years
half-life} and becomes **Th, another a-emitter (788¢ years half-life} leading eventually
thovugh a few other short lived progenies to the stable isotope *Ei). & is dwrefore obvious
that a reduction of the potential radio-toxicity source asks for the incineration (L.e. fission) of
as¢ many Pu and minor sctinides isotopes as possible. A clpser look ar the potential redio-
toxicity in the spent fuel reveals the following pichmre: Pu and Am isotopes determine the
radio-toxicity level berween approximately 100 and 1007000 years, afler which Ii”I‘~2I|:- ard ils
progenics and *Th become dominant, More Juanttatively, e.g., the contribubons o the
pential radic-toxicity (for ingestion, expressed in Sv per TWh, of rypical FWR spent fuel
afler L0000 years are approximately 3.9%10% for Pu, Am and Np {with the relative share of
these three nuclides being about 96 %, 3 % and | %, respectively); 6.2x10° for U depleted
uranium after enrichment, wranium from reprocessing, and mill tailings): and only about
1.3%1¢" from loog-lived fission products. If only Pu were o be recycled, with 0.1 % Pu losses
al reprocessing and fabrication going inbo the repositary, the potential radipoxicicy from Pu,
Am and Np in the spent fuel after 100000 years would decrease to approdmansly 6. 7x10
SvTWh, (ingeston), f.e. by a factor of ~60. If, in addition 10 Pu, also Am, Np and Cm wers
removed from the spent fusl (and properly transtuted), and only 0.1 % losses would ¢nd up in
the repository, the potential madie-toxicity after 100°06)0 years would be reduced by an
additional factor of approximately 100, as compared 1o the case where only Pu is reprocessad.
Howeyer, if ome congiders that (a) traremutation of all actinides 1eads, after approsimately
SOP000G years, b0 a petential radio-toxicity level in the repository comparsble (o that of the
natural uranium wsed 10 fabricate the origingl fucl, and (b} solutility and migration propertics
are really determining the long-lemm residual radio-toxicity tisk in the reposilory, it must be
recogmized that for (ransmutation 1o have an impact, also long-lived fission products must be
considered, The most i anl conributors ko the long-lived fission producis radio-toxicity
are Tc, M50, 0, Bzr, MCs and 7Se. The Iomg-tertm risk of the repository would be vastly
rdueed, should it Be possible wo partition and cramsmue alzo these isotopes: in this case, one
could indeed argue, that eppropriate packaging of the wasie would be sufficient o ensme safe
geological disposal. Efficient transmutation of long-lived fission products, relying on newoon
capture processes, requires high thermal neuron fluxes (e.g., the (ny} processes for ™Tc —
™Te, decaying by P (16 s hall-Tile) to the stable "Ry, and for "1 = "™, decaying by f
{12.4 h balflife) to (he stable "CXe). ADS offers inleTesting options also for long-lived fiszion
products ransmutation (high-=nergy proton beams being used to produce a spallation neutron
souree, For either & high thermal Oux ieradiation in the sub-crilical blanket, or v adiabaile
resomance crossing, as will be discussed later),

Erief history of ADS
The ADS is based on “revived” ideas from the early 1950s. Building on Glenn Seaborg’s

pivieening work (it is reminded thal Seaborg had produced dhe first fEew Le of plutonivm with
the belp of an accelerator), E. 0. Lawrence {the inventor of the cyclotron) in the U5 a
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Livermore Mational Laboratory, and W. B. Lewis at Chalk River Laboratory in Canada have
bothy, io the early 19505, itisted scoeleraiot based breeding projecis: Lawrencd for producing
military *?Pu (*Material Test Accelerator” project, 1950 — 1954}, and Lewis, starting in 1952,
for bresding U in view of the thorium-based, heavy-water moderaied CANDU Line being
established in Canada.

These eafly projects were abandoned gainly dee w0 ecotomical reasons, In the Lo 1970:
and early 1980k, in ihe wake of [INFCE, and the U5 adminisiration's decision to slow down
the development of the fast breeder reactor, scientisis at Brookhaven National proposed
several concepts for accelerator breeders such as the Na-cooled fast reactor target, the Maolen
Salt torget, the He-gas-cooled target, as well as the LWR. fuel regencrator.

Furthermoare, the original idsa of exploiing directly the spallation process to transmute
actinides and long-lived fission products was soon abandoned. The prowon beant currents
tequired for direct transmutation by the spallation process wers much larger than the mosl
optimistic theoretical designs that an accelerator could achieve, which are around 300 mA.
Indeed, it was shown that the yearly transmutation ratz of & 300 mA proion accelerator would
comespond only to a fraction of the waste generated antwally by a | GWe LWE.

C. Bowman a1 Los Alamos Nadonal Laboratory and H. Takahashi at Brookhaven
Madomal Laboratory in the lare 193(s and early 1990s iniroduced the ADS concepl propozing
to use the high-enstgy proton beam from an accelerstor wo produce spallation nentrons which
in turt would drive a sub-critical blanket Bowman aimed at aceclaator driven ransmutaliom
and energy produciion oo the basis of a thermal system, while Takahashi's PHOENTX project
{osing 2 [6 Ge¥, 104 mA LINAC) was hazed on a fast spectrum sub-critical blanket atwd
aimed at the incineration of actinkdes.

In 19%4, . Rubbia proposed the “Energy Amplifier’ (EA) concept, otiginally as
accelerator driven, Lquid mewal cooled, Fasi, energy producing system based on the wranium-
thorium cyele. In later variangs, the EA has also been proposed as incineratingfteansmviing
device for actinides and long-lived fission products.

Physics principles of ADS

A brief overview of the physics principles for both the spallation tarpet and sub-critical
hlanket ere given.

Spallation refers o nuckear mactions thal oucur when eocrgelic pasticks {c.g. protons,
deuterons, newrons, plons, mMuons, etc.) interact with an atomic nueclens - the tarper nuckeus. In
this comuest, "enstgetic™ means kKinete anetpies larger than aboul 100 MeY per nucleon. At
thess energies it iz no lonper comect to think of the nuclear reaction as procesding through the
formation of a componmd nockens. The initial eollision between the incident projectile and the
targer nuckeus leads to a series of divect ractions (iotranuclear cascade} whertby individaal
micleons or small groups of muecleons are ejected from the nuclens. At energies above a few
GV per nuclent, fragmentation of the pucleus can also occur. After it
tniranuclear cascade phase of the meaction, the nucleus is lafi in an excited state. It
subsequently felaxes its ground state by Tevaporating” nucleons, inostly meotrons. The
spailation process i3 depicked in Fig. 1, showing two stages of the process (intranuckear
cascade and evaporation). For thick targets, high energy (> 20 MeV) secondary panicles {and
their propeniés) can undérga funber spallation reactions. For some tarpet malerials, low
energy (< 20 Mz} spallation newtronz (i.e., the cascade-evaporation neutrons) can enhance
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neutron prodoction Gwough Jow energy (nan) racoons. For heavier nwcled, high-coergy
fission can compete with evaporation in a highly excited nuclzus.

SPALLATION: A yuclear reacrion in which
the enengy of ench Incideny panticle b 5o
high vhar wore thas tan of three pageicles - -« - -- 2 iaeann e .
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Fig. 1 Mstratiom of the spallapon process mthin and thick wargeys aoth evapiraton cormeung with
high-energy s as de-eocnabon ways for highly exciiad apcls

High-enzrgy fiszion competition with evaporation in highly excited nuclei is alzo
ilustraied 1o Fig. | Tantalumn, teogsten, aod lead are examples of materals that con wodergpo
spallation f high-energy fission

Some spallation-target fissionable materials such as thoriom and depleted wanm can (it
additicn to undergeing bigh-cnergy fission) be fissioned by low-coergy (-1 to 20 MeV)
newrong. Spallation, high-energy fission and low-energy nentron fission produce different
nwckear debeiz (spaliation and fission producis).

These prcesszes are calculaied by intra- and inter-muclear cagcade codes developed by
several laboratories.

Deuteron and witon projectles produce more oewroms than protons in the energy range
bebow 1-2 CeV: thas, the afficiency of transmoutation can be moreased using theny However,
the lugh yicld of ntutrens among the low-energy deuterons and oiton can sasily contamnate
Ihe low-energy part of the acceleraor with radicactivicy fiom these spilled charged panicles;
this cauzes touble in hand-maintaning the accelerator. Thues, e mantenance cost of the
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accelerator becomes high, unless spilling of the beam, which is more likely to occur in the
Jow-energy section han in the high-enepey section, is edtrerndly limited.

The function of the targe1 in the ADS is to convent the incident high-energy particle beam
ko low energy neultrons (quite @ sk, conskdering the 9 or 10 omders of magmilde n
beraeen). The ensuing requirements can be summarized as:

Compact size t enzble gocd coupling to the siwrmounding sub-critical blanket;
High power aperation, of the order of L0 to 100 MW,

High neumon production efficiency:

Relizble and low maintenance operation;

Safe and kow hazard operation;

Small cmuribution o the wasle stream.

" % # ¥ 2 ¥

Tt 15 beTieved today that molten lead of lead-bismuth eutectic (LBE) are the best chaices o
meet moat of these requiremtents. A significant problemn with LBE, however, is the production
of radicactive and highly mobile polonium from high-enecgy proden and nentron Teactions on
bistmuth. This Becomnes 2 concem in accident scenarios where the pokmium contained in e
LBE iz rapidly releazed ar high temperanmes, Lead, on the other hand, has a muoch reduced
polonium production, but higher operating lemperatures, Experimental expeticnce and Funber
aszsszmenis ars nesded io make the best choice.

[n accelerator driven mansrmutation of minor actinides or Jong-lived fission products, the
subwcmitical blankel sumounding the spallation larget multiplies the spallztion neutens. In
quantitative tenms, Mg, the total number of fissions in the sub-critical blanket, can be
expressed bry: k

No=ND
d-k v
wher:
M= ttal number of fissipns by high-ensrgy proton reactions,
I = number of neurons produced by high-entrpy proton reaclioms per fission m the sub-
critical blanket {zpallation, evaporaticn, and very high energy fission)
v = pumber of neslons per “regular” fission
ko = ltiplicaiom factor for “regular fission nedtrons.

By increasing the ker value of the sub-critical blanker, one can reduce the proton current
reguured to atmn criticalily, I 1he kyp -value reaches 1, then the blanket becomes cribceal and
does not require the external nentron source provided by the prolon accelerator. However,
gafetly istpes limit the amount of minge actinides that can be loaded inte 2 “conventional”
eritcal reactor™. Thus, ADS offers the potential to attain higher miner actinide loadings. So

*In a fast neuoon spectrum Teactor, the B values of minor actinides fuel is considerably
lower (2.5 times in the case of “"Np and % times n the case of *'Am} than the P.g value for
rroxned uranium-plutonium oxide fucl (ypically 350 pem). This iz due o the fact that Py docs
not depend only on the fraction of delayed newtrons (which i3 similar for all the actinide
isotopes), bul also on the fission cross sectom of the isowopes averaged over the delayed
neuton spectwn. Since the delayed nentrons stemming fiom mioor actinides are “softer” than
in the case of mized vraniuorplulonium oxide fuel, their averaged Gusion cross scction will be
higher
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tar, the kgvalue that is most suitable for actindde incineration iz still being debated. The main
aspects bo be considered are: safety, operational procedures, choice of material, imd cost of the
ADS. by -valves siadizd in many cases span over an inberval of 0.9 - (L98.

The owmstanding ADS design fcatwre s its inherent sub-criticalily and stability of the
reaclivity. As already mentioned, this featurs can significantly improve the safety of the ADS,
and may ehiminate furthecmon: the necsssity of control mds, Conitrol vods are pot mly a safery
concem (in most cases it i a mechanically driven device): they alsp deprade. in most cases,
U meutrony ecomomy of the syitem Good neuton cconomy is the crucial issue for ADS
because it detenmines the power and consequently the cost of the accelerator.

Similar W conventiomal nuclear reactors, ADS con operate in different evtron specirum
modes. The thermal ¢rgs-sections for processes needed o ansmule oinor actinides and
Lomg-lived Fission prodoects are larger than the cross-sectiims 1 a £agt spectium, 50 (hat, in a
thermel syst¢m, the inventory of these materials in the cor= cim be réduced substantally.
Hewever, the thermal newron cross-section of the mansmted produces is also large, and, as
soon as these progeny isotopes are produced in the core, it is desirabk o =move them,
otherwize the neutrons will be wasted by neuron caphare by the poizem isctopes. The capiure
of fast newirons by the fission products and te stucoural maerial is strall, and from
the point of vicw of neulron economy, the fast reacin has adventages over the thenmal reactor.
Also, one would like to take advantage of the high ri-value for “*Pu, the other actinides as
will ay minor actingdes to further improve the noutrm coconomy through produced high-coergy
fizsion, and use these exira nevmrons for transmuing long-lived fission products.

It should al:o oot be forgotien, that, in principle, transmutation best serves ity purposes when
the actinides are “incinerated”, which requires fizssion processez to domicate 23 much as
possible. Again, this implies that fast or very fast newron spectra are best saited.

The therivm-uranium fuel cycle is an atractive option for ADS, The main advantages of
the thorivr-oraniom fuel eycle over the vranivm-plutonive cycle wsed in weday™s noclear
TEACHHS are:

# The thorium-uraniom cycle produces a relatively small amount of higher actmides
= with uranium-phitonium cycle, becamse of the small capture to ssion e
in and because of the presence of two other fissionable uranjum izotopes of y
and 271 in the chain kading o plutonivrm and the other miner actinides:

# The thoriwm-urantum cycle i regasded as gafer than the uranivm-plotoniom cycle
Rom 2 auclear weapons prolifetadon standpoint, because of the presence of the hard
y-emitter in the **1) decay chain, and because of the possibility of straightforward
isotopic dilution of 41 with depleted or naturad tranivm in the feed oF ster-up fuel.

Varions ADS concepts and overview of actividies

Varions technical options for iransmulation and power production using ADS are nowadays
umdler investigation in several coumiries and interoatdonal organisations. A nember of ADS
schemes are being smudied in the frame of the OMEGA project in Japan (Opions Making
Exira Gain from Actinides}, in the USA (at Loz Alamos Mational Laborarory and Brookhaven
National Laboratory), in France (CEA), in the Russian Federation, at CERN, al (Nuclear
Energy Agency {NEA) and 6t the European Commitsion {EC).
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Accelerator-Driven Systems
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Fig. 2: Classification of existing ADS concepis accordiog to their physical features and final objectives

ADS concepts ¢an be classified according to their physical features and final objectives. The
classificalion is based on the neutron energy spectrum, fuel form {solid, liquid), fusl cycle and
coclant/moderator Lype, and objectives for the system Fig.2 shows a classification of existing
ADE eoncepts according to both their physical features and final ohjeciives.

ADS systems - like reactors - can be desigped to work in twe différnt neubon spectrum
muxdes - in fast or thermal spactra. There amre alzo atlempis at CERN to design a system which
will exploit the newtmon capmure cross s2ction resonances in what could be termed a “neuloon
caplure resonance mexde” {or, as already mentionsd, the adiabatic msonance crossing).

Bath, fast apd thermal systems are considered for solid and liquid foels. Even quasi-liquid
fuel has betn proposed bazed on the panicle fuel (pebble bed) conceptd developed by
Brockhaven Mational Laboratory.

The objeclive for somne ADS 15 (0 wansmube existimg nuclear waste from nucless reactors,
mainly plutonium and minor actinidez, with or wilthout concwrent energy production. Other
systems ate desizmed to ek advantage of the thorium fusl cycle for energy production. As
can be seen in Fig. 2, most concepts are based om linear accelerators. However, the CERM
gmup and Brookhaven Mational Labaratory troposs 1o use 3 proton cychotnem.
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The accelerator driven emerpy production system at Loz Alamos Mationzl Laboratory
itcludes & high-enerpy proton beam Lnear sccelerator, a heavy metal @rget Jead or lead-
bismuth entectc) and liquid fuel. Liquid fuel is attractive because it avoids the steps of foel
fabrication and foeel bundle handlingfranagement while at e same time allowing contineous
extraction of & significant fracicn of lomg-lived fizsion products during operarion. This
removal improves both fuzl economy and enables desimction of the Jang-lived component of
the fiszion products. One of the early ideaz proposed by the Loz Alamos scientizts was based
o @ superthermal, high flux concept It is wonthwhile recalling that this concept has a very
inieresting feature with regard o **Np: at thermal neumon fuxes higher than -5x10™ nécm’s,
“Np does not act as 2 Reutrgn poiSOR ANYMTE, SINGE it CAPINTES TWO NEUONS in Sequence,
eventually becoming ®*Np which is fissionable {thus, ®'Mp is transformed in a high thermal
flux from neutron poisen bo fissile). Such hiph finxes would rquire in “conventonal”™ solid
fuel repchors very high reloading frequencies. The molten salt option provides am mmswer (o
this problent It was also chisen becaute il oporatts at low pressurss, has simpler mechanical
structures, ower neutron absorprion losses and lower liguic fuel inventory.

The accelerator driven sub-critical nuclezr sysiem proposed by C. Rubbia at CERM iz a
fast pewron system.  Fuel elements are in solid form, with cladded fuzl pine. The nominal fuel
is ThA U0 but it can also run on plutcninm (either military or reactor grade) and can fission
also the minor actinides. Liquid lead serves as spallation neutron targer, beet camying mediom,
as well as newron diffuser (weak moderator) A number of passive safery features of the
concep are based on iis physical properties. Particularly noteworthy is the absence of pomps.
Heat iz evecuated by natral convestion.

During the last two decades, the Japan Alomic Energy Research Institaie JAERT) has
been carmying out the partitioning and tansmuation propsam in the areas of design studies of
wansmulaton sysiems. Two types of ADS comoepts are being shadicd: a solid tangetfoomr
systemn and 3 molten-salt targetcore system.  Either system weilizes the hard newron spectrum
of spallation nevirons to efficiently tansmule minor sctinides by Gssion. Concepls of
accelerator driven molten salt reactors are under stiedy in several univerzities in Japan, JAERI
has launched the Newtron Science Project, which aims at bringing scientific and 1echnological
innovaticn for the 213t century in the ficlds of basic science amd muwtkar téchnology using
neutrons. The accelerator driven transmutation system stpdjes and the development of an
intense proton sccelerator are alzo under way as important parts of tis propect.

[n France, CEA's different laboratories have been worlding in recent years oo several
aspects of the wechnology and of the phyvsics of the ADS (high intensity acoelerator
technology, physics of sowce driven muliplying syslems, spatlation physics). [n 1995 it has
been decided to lannch a limited program, devided to the experimental validarion of the major
items velated Lo a2 generic ADS (namely, aceelenttor technology, targel physies and
multiplying sub critical system physics).

Several groups in the Russiam Federation Scieotific Cenires have been working in reoent
years on several aspects of the tochoology and of the physics of ADS systcms, Different
concepts of ADS with differerw soructures and magerials for targer and blanket are under
consideration. Some siwdies relaied o PET, so called conversion projects, are financially
supparted by intemational institutions, mainly in the frame of the International Science and
Tectmology Centre.

Six leading European muckear companies (Ansalde Mucleare, Tialy; Belgatom, Belgium;
Empresarios  Agrupados, Spain; Framatome, Fance; NNC  Limited, United Kingdow
Siemens, Germany) have established an indusirial parmership (EIF) to0 promote and develop
engineering design swudies of a dermmsication FGcafiny to assess the industrial fessability of an
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accelerator driven sub-critical systemy for high level, long-lived waste trangmwitation. This
industria? parnership will a1l both at nztional and at Ewropean: Union level, in perticular
within the fifth framework programme for Research, Technological Development and
Demensimation Acttvities. The contribupon of the EIP is constituted by the drafi proposal
*Preliminary Design Siudies of a Demonstration Facility of an ADS™ which has been prepared
W be discuzsed wilh B&ED badies, and eventually be submitizd to the ELT undes the fifih
framewerk programme call for proposals. The draft proposal has the purpese o identify a
mimimum set of desigh activilies which are cottsidered mandatory by the EIP 10 asscss the
engigeering Ceasibility of the rwo refersnce options (the lead-bisrmath cooled and the gas
coaled ADYS) and (o perform the selection of one solulion to be further developed in delail
within the 6" EU framework programme.

The EC itself co-prdinates projeces of the EU Member States on & cost-shared basis and
performs studies o tainor actnide fuel and paritioning at the Bumptan Instwate of
Transwranium Elements. The main enphasis has been target and fuel development. Studics on
tanor actimide cottaiming fuels have led to a series of irradiation experiments, some of which
are already completed while others are still in progress. The objective of the EC programme
“Impact of the Actelerator Bated Techoologies on the Nuclear Fssion Safety™ is to
concentrate and oo-ordinate different effosts from member states 1o create the Euwropean
scientific and technological basis for evenpual further projects aimed o develop safer rclear
fission energy source, Mbodels, tools, validated routines and some new ¢xperimental data for a
possible foture experimental activity on a larger scaie will be the final results.

The OECIY¥NEA has & comprehensive intzrmational work programme related o issoes
concemning ransmutation and scparation of fission products and actinddes. The NEA Nuoclear
Development Comniittes set up an Expert Chroap to petfoom system sindiss om Actinide and
Fission Product Parttitioning and Transmutation {the first repoct has been published in 1999,
the second phase of the group™s work is on-going), whereas the NEA Nuclear Scoence
Committes hat a number of co-operatve projects covering the scientdfic and physics aspecis
of different ransomrtation concepts.

A3 for the IAEA, besides its activide: in safcguards and safery, the Agency bas a
prometional funcbon “to encourage and assist research on, and development and practical
application of, atoimic energy for peacefol wses thmooghout the world...” In this context, the
IAEA within the frame of il propramume oo “Utilization and Transnutation of Actinides and
Long-lived Fission Products™ can provide a forum for information exchange, the review and
discuszion of programmes and projeels, as well as for collaborative R&D in the arez of ADS,
Specifically, the activibes camied out by the IAEA within the frame of the programme
mentioned above imclude preparation of statug rtpors on advanced schnologies development,
conduct of technical informaticn sxchangs oweetings and Co-oedinated Besearch Programmnes
(CRPs). Sore of the major ADS related activities ane:

*  Slatus Reponl om Accelerator Driven Sysiermes;

*  Status Report on Thorum-based Fuel Cycles;

e  CRP on “Use of Th-based Foel Cycle in ADS w Incinerate Pu and 15 Redwee Long-

termm Waste Toadeilies™;

# Technical Committee Meeting {TCM} on “Feagibility and Motivation for Hybrid

Concepts for Muclear Energy Generation and Transrmuation” (Meadrid, September
1997);

Database on ADS rzlated R&ED (WWW-hased);

Advisory Group Meeting on “Review of Naliemal Accelerator Driven Systeme (ADS)
Programmes” (Tagjon, Rep. of Korea, November 1950,
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Trends, outiook

Many techrical and enginetring questions rémain to be exploed and answertd before the
pential of the ADS concept can be demonstrated. The work ahead will require enhanged
international co-operation 1w poel expertise and resourses.

Construction of a "dems” or “pre-demo” will have o be envizaped (e.g., presenty,
SCK*CEN with its MYRRHA projeci is going into thal direction).

In many respects, accelerators driven systerns are worth pursuing: they may play an
impottant ol as pant of & susidoeble developrent of ooclear energy productodn. By
producing eleciricity, they can conmibwee to the world's growing energy nesds, and by
incinerating plutoninm and other actinides as well as loog-lived fission products they can
contribute 10 the goals of environmental pooteciion and safe waste management.

Some rypes of ADS being developed can produce epergy from the abundant element
thoriurm in a safe, sub-critical blanket with a mintmal nuclear waste-stream.

Beyond this, there is zlso the promise of systemas with the pgoal o bum weapons
phatoniom and 1o incinerats spent noclear fuel including its major Jong-lived fission producis
frem commercial nuelsar power plants,. With regard to this Lalter issue, it must be siressed that,
because of their newtronics properties, ADS are particularly sdapied to incinerale actinides and
reduce the long-term fadio-toxicity sk of waste repositordes 1o that of the Uranium ore wsed
for the energy production.

In recognition of this potential, presently a oomber of national and regional scienilfic
institutes and laboratories around the world are engaged in R&D of ADE, At the plobal Jevel,
the |AEA's progranumes in this feld are belping (o promote the exchangs of infoomation and
collabocatve research om specific wpics. The work is indicative For the heightened intersst in
ADE techmology as & practical ool for contribating to global emergy and enviroamental goals.



