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multiplied in a target containing actinides in some subcritical 
configraation. 



SP&LATION PHYSICS 
"Spallation"referstormcfearreactiansthatdevelopwhenhigh 

ezltfgy particles (above 100 MeV pa ntacleon), such as pmtons, 
neutrons, pions, muons, or tktmms, intaact with an atomic 
nucleus. At energies above the DeBroglie wavelea& dthe 
incident particle, the particle iataacts with individual nucleons 
withinthenuclew. Theini t ia lool l is ion~~theincident  
particle and the target nucleus leads to an "irrtrawclear cascade", 
whcmhimiividual~m d groups ofnucleons tm ejected 
bntbetargetmrcleus. Should the iacideat particle energy exceed 
afewGeVpcrnuclecm,thetargdnucleuscouldbe"fiagmented". 
Subsequent to the cascade process, excited nuclei "evaporate" off 
nuclcaos to reach the grormd state. Most of these nucleons are 
neutrons, and many ofthe ''spallation neutnms' result h m  the 

OneNmAirlnte~targefdeVelopedbyBNL (Todosow and 

cikne&x)are packedinto cl~-packedbedsandoooleddirectly 

~ 1 9 9 4 ~ i s s h o w n i n F i g u x e 5 .  InordatoabsorbSMWd 
beam power in a m y  comp8of tungskn particles (2 l l ~ l  

by heavy water. In orda to minimh parasitic capture in the 



PRODUCX'ION OF SPECIAL ISOTOPES 
h a  1992-theGAO desaibes the production and availability 
o f m c d i c a l ~ i n c l u d i u g t h o s e & ~ ~ ~ c ~  
th~applicatian(u.s.GeneralAccolmtingofficeReport, 
1992). While at thattimeDOE sold only about $15 millionofthe 
m@dy$SOOmillionin isotope sal- that year, the GAO stated that 

"DOE is CoQSidercd an importrrnt supplier, since most ofthe 
isotopes it produces arc not othawise available domestically and 
sanehalimitedwaidwrde * backupsourceEortheirsupply," In 
additiq theuse oftsdioisotopes isbxasingandtheavailabiity 
danisatopes canimpact oatheuse dthat isotope, ie., ifit can be 
establisbcd that UTI isotope is m dannnd SOIILCOI~C will begin 
~ a a d ~ a d i v i t i e s .  



TheATWTargetA3ldcct (see Fv 8) resembles a pool- 
typesodiumcooledreedor. Infact,itismu=closelybasedoathe 
1%osoatrRidgeMdtezlsaltreactorooacepts. Inthecenterofthe 
vessel is a m a l l  moltea lead spallaticmtargd, which is usedto 
mvat the protonbeamentehgthroughthe vessel head into a 
fairly intense source oflleutmm various materials, including all 
the actinih m contakd inthe molten satt, with the plutonim 
u n l t a l t ~ ~ l l d t o ~ t h e ~ ~ t y .  

TEE ENERGYAMPLIFLER 
Rubbia (Rubbia, 1994) has nxeutly been a strong advocate ofa 



t 

proliferationresistantaccel~*v~bnedareac~whi&he 
describesasrm"~gy-nmplifier". Inthiscaseitisthoxiumthatis 
tbe base fuel, although much ofthe fission takes place in the 
d u m - 2 3 3  that is created whea the thorium-232 captures a 

quautihposinglittleproliferatianhazard. Inprincipk,onecould 
rmltmn. Plutonium production is with the trace 

divattfreuraT.lhm233, ~tllislfiisisradiradioactiveabough 

Qwnusingnaturaluranium. 
t o a e a t e m p r o b l ~ ~ ~ ,  and OIE ~ r m  always blend t h~  U-233 

with respect to the a c c e l ~ * V e r I  aspect ofthe % q y -  
A m p l i d ,  this d m  one to begin the cycle with low system 
~vityandtoaccommodatesigaificantreactivityswingschaing 
machine opetation. In principle, it resembles early accelaator- 
bncdacuxxpts, although in this case it is aprolikdon-resisbd 
fuel cycle that is the objective. While the design principles dthe 
machine are quitefmilq theproposedscope ofthis approachis 
ambitious. 

SUMMARY 
The amcumnt technology developments in the accelerator field 

endthediscoraagtng * prospectsforthecoastructr 'on of new nuclear 

d t b e  concepts desar'bed herein am technicallyfmile, as are 
manyoftheideasbeingdisumedl~formally. Thequestionof 

mxethanthe fact that it is "not- a-reactor that is beingpmpcd. 

supacoaducting niobium cavities and niobium-based magnets 
becomemare~andashighea~ciencyAC-t~-RFpower 
tubes@lystms)beaxneavailable. The~~remaiasomeopeasatkty 

reactors in the U.S. for any purpose has 8et up an opportunity for 
~ ~ o f ~ l m t e c h n o l o g y a r a d ~ o n t a t g e t s .  Many 

e c m m i c v i a b i l i t y i s f a r ~ ~ l ~ , d a n d ~ m u s t e s t a b l i s h  

certainly the economics of the technology will improve as 

~cspecb@*actinidesareinthetargetregion. 
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Figure 1. Reference Concept for Funneled 1-GeV, 200-mA Linac 
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Figure 2. Schematic Drawing of a Possible Superconducting Accelerator Module 



Figure 3. Illustration of the Spallation Process in Thick Targets, with Evaporation Competing 
with High-Energy Fission in the De-Excitation of Highly-Excited Nuclei 
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Figure 4. Production of Low-Energy Neutrons 8s a Function of Incident Proton Energy for 
Various Target Materials. The Targets are 50-cm-diam x 2OO-cm-long Right-Ckcdar 
Cyclinders; the Protons are Incident on the Cylindrical Axis. 
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Figure 5. Two Bed Target 
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Figure 6. Tungsten Neutron Source! Region for the Accelerator Production of TritiUm 

- 3400 MTNr 
LWR Fuel Waste ,-> 
100 x 1000 MWe 

- None Significant e' - 0.43 kg/Yr of C-14 - All to Repository 

Figure 7. Approximate Mass Flow from 100 LWRs 
(Predicted, Not Measured) 



Pumps and Heat 
Exchangers 

Moderating graphite 
lattice with channels for 

Figure 8. The prototype 500 MWt ADTT molten salt blanket. This blanket can be used for all 
the ADTT applications (ADEP, ATW, ABC). Graphite-moderated and fbeled by 
molten salt, the ADTT blanket improves on the 1960’s Oak Ridge molten salt reactor 
concept, by incorporating the many design improvements introduced by the newer 
liquid-metal reactors “pool” designs. 

input, Per Year: 
2.6 Tonnes of 

-300 kg Iodine 
Minor Actinides 

\ 

850 MWe 

410 MWe to 
Accelerator 

1.6 GeV 
Protons 

Note: 
Output, Per Year: lntermediate 

1.05 Tonnes FPs Sodium System 
1.55 Tonnes Pu Not Shown 
-300 kg Xenon 

Figure 9. The PHOENIX Concept 


