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Acceleratar-Driven Transmutation Technologies for Resolution of Long-
term Nuclear Waste Conceras

Charles D. Bowman

Abstract

The paper provides a rationale for resalution of the long wrm waste disposiion issuc based
on complete destruction of rissile ratenal and alt higher actinides. Ihegins with a brief
history of geologic storage leading to the present imipasse in the U. 8. The proliteration
aspects of cominercial pluton:umi are preseuted in a new hght as a turther dniver for
complete destruction. The special problems in Russia and the U S, ol the disposition of
the highly enriched spent naval reactor tucl and spent research reactor fucl ure also
presented. The scale of the system required 1or complete destruction is also examined and
it is shown that a practical system for complete desirucuon of commercial and delense
fissile matenial must be widely dispersed rather than concentrated at a single site. Central
tenants of the U. 8. National Acadenty ol Sciences recomendations on waste disposition
are exanmtined critically and several technalogics cansidered for waste destrucion are
described briefly and compared Recommendations tor waste disposition based on
Accelerator-Daven Transmutation Technology suitable for both the UL S.and Russia are
presented.

Introduction

Fromi the begiuning ol the developmient of commerciat nuclear pawer, it was recognized
hat means for sate. dispasiuon of the reninant waste wonkl have to be developed. ‘The
waste wils Lo consist ol fission pradacts alone becanse 1t was expected that the actinide
component of the wasle would be destroyed by fission with enhancenient of the total
encryy ontput of the tuel. Since the decay halt-hves ol the longest hived fission products
are measured in the hundreds ot thonsands and millians ot yeirs, it was not possible e
build storage camsters tor which the integnty codld be guaranteed tor such iclong period.
Therefore gealogic storage of the wiste Hission prodict was proposed for the purpose b
onulining the movement ol the wiste away from the storage sie alter the cmplicenient
canister had decayved away.

Nuclear probferation concerns m the 1970s fed tan addtionat chiilenge tor geologic
storage. ‘The repracessing ol spent fucl from conuercal power reuctors o recover and
hum the phitonium it contained was viewed as beng a Key element moan mtermational
market for plutoninn. Samc ol this might be stolen for use 1o developmyg naclear weapons
tor terronsts or rogue states. Therctore o thie ate seventies President Carter issued a
Presidential Order stapping the development of reprocessig and establishmy the "onee
through” policy which required that commercial spent fuel wssemblies be placed directty m
eeologic starage. Thie plutomun ihey contimed und olier higher acimide was theretoee
added to the bunden ol long lived rudivactive species which maost be cantianed by peologwe
storage. The U S policy smee that time has been to discoarage toreipi countries trons the
developreai af repracessing alid to encourage the adoption of the onee thronrh appraach
Over the past twenty years few nauons have adopted this pohicy pantly owing to lesser
concerts abont proliteration. partly to euhance the yield of electne erergy tromaa siven
mass ol fresh tue) by burnmg plutonium. and partdy for prolifcraban concerns about the
farge amonnt ot plutonium which would be stored i many repositories around th: world.
CThe workd's inventory of plutonium in =pent tucl would approuch 600U tees byahe nnddle
ol the next ceatnry 1t nuclear energy continued 1o be deploved at the present capacny.
Recent UL S National Academs studhes assert that only aboat 3000 grams are requined .
maing aseveral kloton nuclewr weapon )



This author believes that the UL S. was right about the problems of proliferativn assvciated
with reprovessing ns long as the existing aqueous technology (PUREX and its extensions)
resulted in the production of a pure stream of plutonium. The devclopinent ol other
separations and fuel fubrication technology which would allow the: plutonium and higher
actinide to be (issioned completely without separating a pure plutonium steam would
eliminate the primary justification for the U. S. ban against reprocessing. The inwnt of
uther nations to bum the plutonium helps reduce the large plutonium inventory. but it does
litde good to burn half or even two-thirds of the plutonium since the inventory would sl
be measured in thousands of tons. If plutonium is to be destroyed by lissivn o climinate
proliferation concems, it must be destroyed completely so that the remnant is small, the
isolopic content of the remnant is unfavorable for weapons material, and so that natural
decay docs not eventually convert the remnant into weapons material. Therefore, all
nauons’ concerns about plutonium would be met if plutonium and other higher actinide
could be destroyed completely by a system which is efficient in generating clectric power
from the fission heat and which did not produce pure weapons material along the way.
Accelerator-driven transmutation for spent commercial fucl promises o achicve these
objectives.

More recently with the end of the cold war the clean-up of the nuclear detense complex in
the U. S. and Russia has also required thesc nations 1o address the disposition of cxcess
weapons plutonium and an apparently large inventory of spent fuel from paval reactors.
Attention to these materials also has drawn highly cnriched spent rescarch reactor fuel wo
the spotlight. A prominent option for the U. S. for these three highly cnriched fissile
materials was cniplacement in geologic storage and a strong movenient in this direction ws
initiated. Since these fissile materials and some of their fissile daughters have half' lives ot
millions of years. dissolution ol their emplacement canisters is assured allowing these
fissile materials to reconfigure. This prospect previded the rationale behind Los Alamos
work which showed that these materials could reconfigure inta critical masses, that the
reconfiguraton could have positive feedback . and that the confinement provided by the
surrounding rock taken together with positive feedback might give rise to lurge nuclear
explosions in a repository!. Althongh it is difticult to quantify the likelihood of such
cvents or 1o show that the likelihood is too low as to be ignored, the passibility of the
occurrence of such events has been confirmed?. Mitigaton nieans to reduce the possibihty
of such events have been proposcd and further study to evaluate such strategies has been
proposed2. 1t also has been reporteat that commercial spent ikl also will exhibin eriticaliny
with pusitivi: feedback in eniplacement confignrations enrrently planned by the U1 S,
Department of Encergy?4,

The viability of repository storage of lissile material also was dealt another blow by studies
comparing the cost and specd of obtaining tissile materiad by removal frum geologic storage
with isotopic separatiun of 351 oreactor prodaction of 2Py, The results of the sty
were that it was more than ten times taster and ten times cheaper o icmove the lissile
material from a repository than w make it by either of the witemauves®. The proliteration
concern about fissile matenial in repository storage was seconded by the JAEA which s
conelnded that the wepositones mussi be puanded into perpetunty®.

Fradly the very nature o the scienhilic process tor ftnding a best siigle site tor stonny the
spent luet assures ditheulues  poliscal acceptance. ‘e purely techuteal challenge 1s wi
hid Uie sigle best site in the nation lor storage of nuclear high level waste and to
scienutically characterize 1t to the highest possible degree in order to understand the Lest
cinplacement procedure, The fuct that there probably 1 in panciple sieh a =mple best place
unposes on the host comnmnity the obhigation to accept this wasie, which manv ehieve to



be the worst of the nation's wastes. Other types of saciety's waste can be stored locally,
but the worst wastc must be treated with the greatest care. stored in the single best place ay
verifted by thorough scientific investigation, and must be monitored indefinitely since its
toxicity never decreases on time scales relevant to human expericnce. The citizens of
Nevada are unhappy with this and the rest of the nation understands that it's Cundamentally
unfair to force this waste on a single community which doesn't want it

Current uncertainty in the U. S.

The U. S. DOE and the Congress seem w be giving up for the time being on Yucea
Mountain or any other site for permaneat wastc storagc. The Congress has therefore just
voted instead for interim storage of commercial spent fuel near Yucca Mountain. Of course
this is not acceptable either to the Nevada residerts because without mcans for ultimate
disposition the interim site becomes a defacto permanent site. Furthermore ance the waste
is placed at a single site., there is less motivation o scarch out means ather than swrage for
dealing with the waste and there is little passibility that the waste ever will be moved o
anather site. Apparenty interim storage will not be implemented because President Clinton
intends to veto the bill and it was not passed with sufficient majority to override the veto,
‘The commercial spent fuel therefore will stay for the foreseeahle future on the reactor sites
in dry storage. The situauon will be viewed as unsatisfactory and other dispasition
strategies which do not have the single-best-site feature may tinally pet considered. Itis
usclul to note here that il the long lived species of the waste is destroyed sufficienily well
such that storage canisters can be made which outlast the waste, then a single best geologic
storage site is not required. The waste can be stored almost anywhere Uiat it ¢an be
physically guarded well until it decays to low level Class ¢ waste which can be storca
following established Nuclear Regulatory Commission and Environmental Protection
Ageney guidelines. No alticrnative to complete burnup of all long-lived species of the wiiste
appears 10 be in prospect. Without Yucca Mountain neither the storage option or the partial
burn-np optzon for weapons plutoninm is vianle. The same may be said tor the spent naval
tuel and research reactor fuel. Bum-up of the long:lived species is the only option if
geologic storage is impractical.

‘The energy released in totad bum-up of actinide exclude the possibility that all of the
commercial plutonium could be destrayed on a single site. The power generated in buming
the plutonium and other higher actinide by lission using accelerator-driven systems (ADS)
or by other means lrom a single commercial power reactor operating at 3000 MWt is
smalicr by about one quarter or asout 750 MWt This 4 to | rotio implics that it would
toke about 25 ATW systems operating at 3000 MWt for about 40 years to burmn the waste
from our roughly 100 reactors of 3000-MWt powcer.  The cost to build and operate these
twenty five 3000.MWt systems tor 40 years is impossibly large unless the heat gencrated
tfrom destruction of the waste by fission is converted efficiently to clectric power and sold
to pay these costs. All of these systems would have to be located in the Yucea Mountain
vicimity and all of this power trom the equivalent of 25 reactors would have 10 be sold fram
this one site into the grid, "This is Iar tao moch power ta be ahsorbed tron: one site.

1t heconies more practical to burn the plutonium and munor actiaides il the wasic 1s hinled
to several regional sites. In the U S, tor exampliaf the commercial waste were equally
distributed o Savannah River, Oak Ridee, daho Falls, the Nevada Teat site, and Hanlord,
then only live ATW systems would be recquired on cach site. “The gnd maght well manape
to accept this power of about § GWe tront cach of § sites and pay a competitive price fort.
The remnmant wasée could ther be transpr sted o Yueea Mountain or finad permanent
disposition 11 tlus denatured tonn or stored locally in canisters which would reach Class ¢
levels alter 300 years. Canasters cetainly can he made which coan nimntin their intepnty
until the waste remainuag after transpoiauon hus decayed o Class C levels.



It seems increasingly likely that when the DOE uikes tde w the waste that it will remain at
the reactor site. This would appear to insure certain death for new nuclear reactor
construction unless the DOE/Congress can come up with a plan to denature the waste. This
problem might be resolved by building on each reactor power plant sitc an ADS w bumn the
waste on site. A single ADS operating at 750 MWt (300 MWc) would destroy the actinide
in 40 years from a 3000 MWt reactor with an operating life of 40 years. Or alleratively an
ADS systcm four imes larger (3000 MW?t) could bumn the wastc in ten years and then he
converted to electric power generation (Accelurator-Driven Energy Production (ADEP))
usiug the Th-U cycle which doesn't produce the plutonium and higher actinides in the tirst
place. Itis important to note that a market at a satsfactory price for e clectric power
probably already exists at the site because the ADS syutem would replace an older nuclear
reactor which was supplying an csuablished market.

Wecapons Uscfulness of Commercial Plutonium

To express the necd for total bum-up of commercial plutonium in the clearest terms, the
followiag conversation might be of interest.  This past February I found myself wearing a
heavy ski jacke: in the back of a cold conference hall in St Petersburg. Russia beside a
slightly bored Russian former nuclear weapons designer. We were there to discuss
icchnology affecting the future of the two kinds of plutonium...weapons plutonium taken
from nuclear weapons in stockpile reductions and the commercial plutonium being
produccd worldwide in commercial nuclear reactors. My Russian collcaguc was restless
and presendy he leancd over and whispered. 1 don't understand the U. 8. policy at all
with regard to weapons plutonium? Why turn weapons plutonium intv commercia
plutonium when it's much casier 10 build nuclear weapons with commercial pluionium?”
This was more interesting than the speaker’s paper so I nadded to him to proceed.  His
words arc paraphrased below.

He said. “Three wehnologices must be mastered to make a nuclear weapon out of weapons
plutonium. First. you have to master the compression technology...dnving the plutonium
into a highly compressed ball with conventional high explosive.  Sccond you must
produce a burst of neutrons to start a rapidly growing chain reaction and that's ant so casy.
And third, you have to time the burst of ncutrons just right or the ucutrons will come tco
late or to carly. If you fail at any of these three requirements the bomb will be a dud.”
Evcrything he said was truc. It had been first stated publicly in unclassified and published
wark? hy Dr. Carson Mark, a lcader in nuclear weapons design at Los Alamos in the
196('s. Mark's work also was referenced in the highly publicized study conducted by 1l
U, S. Natinpal Academy ol Sciences entitled, "Management and Disposition ol Fixcess
Plutonium®" and similur information has been communicated by Russian scienusts?. So
where was he headed”

He continued, "For nuclear weapons from commercial plutonium you neced only the
compression technology. Lots of neutrons are already present because the commercial
plutcnium contains isotopes whick undergo spontancous fission and produce neutroas all
ol the ime. Because they are there already, ot cannot control the uming of the injection of
ncutruns so the explosive power is quite uncertain. It niight be anywhere i tie runge from
2000 tons of TNT 1o 15,000 wns.” Well”, I thought. "2000 tous is about 1000 times
larger than the Oklshoma City bouth which preduced no midiooctive fallou.”

e went on, "Who cares whether the explosion is 2,000 or 18,000 tous when the damaye
is propart’ nai w the cube raot of the yield wnd is therefore only aboat a Faetor vl twee
different: ‘Terrorists wauldn't and even i opue imtion’s war plantiers wouldi't care much
Se why does Washington keep pushing us 1a conven difticolt-to-use weapans plareninm
intn casy-te-use commercial pletoniun? Yonr poliey is influenced oo much by van



weapons designers at Los Alamos and Livermore. With the advanced wechnology
developed in the U. S. and Russia. sure, weapons pluzonium is the best because the
cxplosive power is highly dependable and therefore always the maximum and you also can
make all kinds of fancy bombs such as nuclear artillery shells and so forth, But supposc
you don't have nuclecar weapons and you want 1o get them quickly and casily and you have
the choice of commercial or weapuns plutonium. Your U. S, weapons designers heheve a
terorist organization or rogue state will choose the weapons plutonium. But the clever
fellow who has to build a reliable bomb for the boss fast and cheaply will choose the
commercial plutonium ¢very tmre.”

The Russians wish partly for this reason to bum the excess weapons and cominercial
plutonium as does most of the rest of the world.  The Russians have developed new
reactor technology to co this and the French. Japancse. and athers also are working on
other approaches. My group at Los Alamos. working with modest intcrnal funding 15
studying ncw means for destroying this maicrial using aceclerators, which promises to
make complete destruction ultra-safe and atffordable. From this array of technologies could
emerge practical meuns lor total destruction of plutonium before the first plutonium
anywhere in the world finds its way into geolugic storage.

Input from the National Academy of Scicnces
Work on the development of this new accelerator-driven technology has not been supported

hy the National Acadeiny of Sciences recommendations'0-11 and the U S. pulicy has been
rather neutral instead of supportive of such studies in other countries' !, ‘The U. 8.
Department of Cnergy is proposing the adoption of the U. S. National Academy of
Sciences recommendations!< which urge placement of plutopiuvm of all types underground
cither with or without partial burm-up. Ttis now in the final stages of infonnation gathering
prior to a decision to embark on the uaplementation of these options! . It would be usciul
to examing the arguments which have steered thus far the selection of underground storage.
[1ve statenients underlying the National Academy of Sciences position ane disonssed
bulow,

}. Reprocessing promotes an international market in plutonium.

Perhaps the weakest technical element in total plutonium destruction using exastirig
technology is the PURLX process for separating plutonium rom spent nuclear tucl. This
tcchnology was daveloped in the post war years and it or its derivatives are now widely
deployed except in the U, 8. Itis presentdy not capable of dealing with the binld-up ol
highly radinactive constititents of the waste produced in the course of complete plutonium
destruction. One might develop the technigue turther to deal with its shortermings. but 1t
also has the problcmatic feature that it produces a pure stream of plutonium. The Swedkes
call this "naked" plutonium. The separation of this naked plutoniuni docs not necessarily
or perhaps ever match perfecuy the feed into the plutonium destroying systems. Thenefore
the excess must be stored. and perhaps to get & better balance between thase who store and
thase who bumn plutunium, it could be snld thereby creating a plutonium market. Ay with
any commadity market it's not casy to prevent some ol the commaodity trom being lost or
stolen. The UL 8, is correet nn the point of avoiding a market and should push vn 1o
prevent the development of a4 market in plutoniun.

‘The solution to destrucuion of plutoniuin without producing o market i plutoninn 1s not
bau reprocessing of any kind but 10 develap scparations processes which do nor prohiee
nure plutoniun, From the begiunig of our work oo plutonm destrucuon at Los Alames
the focus bas been on separations which wllaw the destrucuon ol pluteimun without e
prosducticn of naked plutmium!4. Ouly the weakly radioactive zirconinm el caldimy il
the uranion aie removed so bt the phatonnun emams mised with the mostiadiochve



ingredients of the nuclear waste. The concentration of radioactivity of this product is about
100 times higher thaa in commercial spent fucl and this product can be fed directy into an
accelerator-driven transmuter. The Los Alamos process also only makes accessible as
much plutonium as the system buming it can usc. so no excess ts accumulated. With
highly contaminated plutonium and no excess and with scparation and buming integrated
together on the same site, it is almast certainly teasible 1o develop means for destroying
piutonium without promoting a market in phitoninm.

2. Phatonium is salc in geologic storage.
This statement already has been addresses in the introduction of the paper.

3. Accidental ar purposeinl repository intrusiou is inconsequential,

Of course natural processes are not the only ones that conld lead ta critical configurations.
The repository smdies supported by the UL S, Department of Energy acknowledge the
passibility of accidental intrusion into the repusitory as for example in drilling for water or
mincrals, although these studies had not recoguized the possibility of criticality with
positive foedback. The TAEA study and the Peterson study miake the case that there ae
strang reasons to reenter and recover the plutonium from the repository for those wishing
to obtain nuclear weapons capability. The repusitories may be the richest or only source
fur other non.-lissile materials of possible future interest. For example, all of the clements
i the waste have isotopic concentratons dilferent from those that occur natirally and have
potential value for that reason. Mining a repository purposclully iy therefore almost a
certainty and if the mining is not done with g cat care, cnitical configurations could be
created accidentally. Finally it is not out of the question that repository explosions might be
deliberately induced for malevolent reasons. I the passibility for spontancous criticality
could be reduced 1o an aceeptably low value (and haw would that be decided?), the
possibility of purposeful, accidental, or spontancons reconfignration to criticality remains

4. Conversion to the "spent firel standard” is worthwhile.

For the many years while phitoninm was stored in large inventories of miclear weapons,
the safcety of weapons phitoninm was not questioned. Since relative peace has bronght
major stockpile reductons, the dispasition of the cxcess weapons plutanium particolarly
Russian plutoniuni has become an issue of major focus. There is goad reason to want to
get Russian weapons plutaninm ukler contral as uickly as possibile.  th response tacthis
concern, the U. 8. Academy ol Sciences condneted i study entithad Management and
Disposition of Excess Weuapons Plutonium3 1o evaluate possible uptions. The
recommendations included (1) declarations of weapons plutonium in the U. S. and Russii,
(2) Safcguarded storage of this material, and (3) final dispositing including storage
undcrground or parual bum-up in reactors before storage underground.  Alwr seiding on
underground storage, the issuc of buming before sorage undergraund was addressed by
the NAS in a scparte study with a report entide i, Mun:gement and Disposition of Excess
Weapons Phatoninm ... Reactor-Related Options! !

Both reports were strongly influenced by the concept of the “spent fuel standard © “The
plutonium in the conuncreal spent fuel as we have already seett1s a niixtire o isotopes
which has same disadvantages lor niaking sophisticated nuckear weapons. I addition the
commercial spent fuel 1s in the torm ot spent fuel asscmiblies. e presence ol the hissiin
prochict radioactivity in the assembhies wath the phitonium as Felt te be another consudesuble
daterrent to witemipts o remave the plutommm for possible weapons use. Smee there 15 s
imich more commercial patonimm thon weapans plutonmm, the transtormation ol weapone
nhitonium to cotmererd plutonimm by burning ma reactor gets 1 of the weapons
phatonnum but increises the wmount of cammicieial plutonsnm by ouly about 1) 4



Therefore conversion of weapuors plutonium to commercial plutoninm by partial burning is
seen to be worthwhile.

The conversion of weapons plutonium to the spent fuel sand=rd of commercial plutoniunt
by partial burning would be an exercise of rather little value, As we have already scen, the
commercial plutonium is more useful to those we wish not to have plutnium than weapons
plutonium. The value of the radioactivity as a determent decreases with time such that in
about one to two hundred years the chemical separation of plutonium from the waste could
be accomplished without the radioactivity being a significant barricr. Whatever advantage
from the preseniy proposed policy of conversion to the spent fuel standund would be
temporary and mainly passes the resolution of the problem w future generations. They
would have the responsibility for destruction following the probably dungerous task of
recovery.

5. Weapons pidtonium has only ncgative value.

Of course the main objective of this U. S. policy might not be U. §. weapons plutonium
but Russian weapons plutonium. The Russians understand that weapons plutonium has
significant positive valuc and expect W reccive come considerable societal benefit from the
destruction of this matcrial. The U. S. argucs that weapons plutonium has negative value
citing the cnergy value of the plutonium which is no different than for any fissile matcnal.
1n the U. 8. this case is valid because we currently have no technology available to extract
the cnergy cfficicntly. However Pussia has developed an advanced lead-cioaled naval
reactor!d which its advocates would like to move into the commerciad seetor. [t can burn
the plutonium with significant advantage. In addition the Russizns understand that the
primary value of the weapous plutonium is uct in the fission cnergy produced from buming
but in the neutrons it produces. Much of the reason weapons plutonium is valued for
sophisticated weapons is that it is an exceedingly rich source of neutrons,  Since the key 10
nuclear cnergy is sustaining a chain reaction, the burning of weapons plutonium could
cnhance the reactor neutron cconowty allowing the chain to continue to operate while
performing other useful functions such as destroyviug nuclear waste by transinutation using
these neutrons. Studies at Los Alunoes shaow diat the economics of iransmuotation of
commercial nuclear waste is very significandy enhanced by the buming of weapons
plutonium and highly cnriched uranium conenrrentiy 16,

Technologics for complete destruction of plutonium

Although there arc several promising echnologies which have been proposed tor comiplete
destruction of plutonium. none have been demcnstrated yet beeause the platonium problem
was nut prominent until 1, S. ard Russian stockpile rductions created an exeess ot
plutonium and the problems of repasitory starage of commcercial plutonium beciame
apparcnt. Scverd appoaches are briefly deseribed below:.

Sodium-cooled tast-spectrum reactors

This technolugy hus recerved billons ot dollurs of support worldwide hecimse ol its
capability to breed plutonium. By operating these reactors ditferently ;t1s possible abso to
bum plutunium and this technology is perhaps the most prominent candidate tectmology
now. However these systems are criticised tor reacuvity problems in vase of loss nlf
coolant and tur their use of sodium coolant which bums sctively in oxygen. mtrogen, and
even with concerete. Perhaps the main Ul N, criticism ol them s that deplovment of tier
tar plutonium destruction opens the door to future use as breeders of plutonium and
therclore for proliferation of nuclear weapons. For this reason development of this
teehnology wiss hudted lust year iu the UL S, and the UL 3. goveriment is putting pressaie
«:n ather natons to halt this weehnology developnient as well, Since only 15 *% ar su of the
putoniung i a single fuel load can be destioyved. these systems require removal of



plotoninm and recycling of this plutonum bisck inio the reactor. The separabions ecessaty
for recycling this plutonium repeatedly to complete bumup has not been denjonstiated and
the Natiorial Academy of Sciences belicves that the relationship of busii-up o inventory is

such that a practical bumn-up plan might ke over 200 years to completei!, There is much
to be debated about this technology. but the fact that it has not yet reached acceptance atter
more than 25 years of development speaks to a considerable degree for itsclf.

Lcad-cooled fast-spectrum reactors

The Russians have developed a different version'3 of thw: fast reacturs which employ the
much safer lead-bismuth as the coolant. The reactor was develuped for use in Russian
submurines where high power from a compact power plant is desireable and submarines
powered with it hold the world submarine speed record. The reactor is reported to have
cighty reacior-years of successful operation which substanually exceeds that of the sodium-
couled reactors. It was developed primarily to resolve the flammsbility problem of tie
sodium coolant but it avoided the fast reactor pusitive void cocfficient issue ay well,
Furthermore the passive solidification of the lead.bismuth if it lcaks from the reaclor is an
addigonal significant safety advantage for confining the system radioactivity in normal or
accident conditions. This reactor was developed in military seerecy, but a Russian private
company has been organized to commercialize it Its design allows the complete bumn-up
of ﬂlutonium and the minor actinides provided proposed new non-aqueous separatons
techniques are proven to be practical. The most eftpccu've start-up fuel is weapons
plutonium or the highly enriched uranium recovered from weapons reductions. Russia
therefore has a technology unavailable in the U. S. or elsewhen: which can use their cxcess
weapons malerial to great advantage. Russia therefore has a practical option for destruction
of excess fissile materials which is unavailable in the U. S. The impact of the relauve
inactvity in the development of advanced nuclear technoogy over the past two decades in
the U. S. is beginning to show.

Mixcd-oxide burning in commercial light water reactors

Existung commercial light water reactors can be employed to burn weapons plutonium us an
alwemative fuel consisting of plutonium mixed with uranium called mixed oxide fuel
(MOX). After one cycle the plutonium can be recycled once more for a further reduction.
However. after that cycle exisiting fuel reprocessing systems cannot cope with the high
radioactivity of the remaining plutonium aud its higher actnide products, Cumplete bum-
up therefore is not possible although bum-up o the “spent fucl standand” is pussible.
Thercfore the only reactor capability that the U. 8. has can only do a jub partially which
should be done to completeness or not at all. The fact that something can be done perhaps
accounts partly for the current support in the U. 8. for this MOX approach. Since the U,
S. has no MOX fuel fabrication plants, it is considering transporung thie 50 tons of
weapoas plutonium to Europe for fabrication into fresh MOX fuel. Since the MOX paniud
buming of plutbnium cannot pay its way, the U, S, government would be payisg for
cunverting the weapons plutonium w a fopn more readily useful by tenorists and rogue
states than the uriginal weapons plutonium! The MOX option might be used o destroy
some ol the commercial plutoniung, but pluteniin is not elisnysited by this pieans.

High-wemperature gas-cooled reactors with aceelerutor issistuice

The General Atinies Carporation has pursued the developmen of high-temiperature gas
couled reacturs (HTGRS) for commercial production ol miclea power. She cotpoation
his prapus=d e buin weapons phitardmmn 1o compleicness withoat Inel reprocessing by
burning the Tuel fust in their existing resicton desipn until the 1eactor con no longen niainiain
critivality and then to move the Tuel oo ace leratad-divven systencwhich continae s ihe
bum down to a much higher degree in a subcritical assembly!?, Both systeme sell electne
puwer 1o pav the casts ot this aperauon. The resclung 8 % remnant of pluton:um and



ingher actinide niixture is not useful for nuclear weapons owing o its pure Botupic conient
and 1ty high specifie decay heat. The same system also could be used to destroy
commercial plutonium. The Corporation believes Laat the weapons plutonium has a
positive value in this mode; the economic situation is Iess clear for commercial plutonium
owing to the complicanions of the additional reprocessing required. The design or this
system is relatively mature following many years of research and deveiopnient Ahthough
this type of resctor has nut been wdopted for production of commiercial nuclear power. it
might be ccmpetitve for the waste burn-up mission with the aceelerator addition.

Acaclerator-driven transmutation wehnology

Ail reactors operate as cnitical systems with criticality being a considerable constraint on
system function and fucl usage. The use of accelerators as intense neutron saurces (o allow
reactor-like systems to uperute as subceriticul systems has beea considered for many years.
The advanuages are safer operation as subeniticul svstems. operation over a wider dynamic
range of fuel burn-up. a superior neutron cconomy owing ta the supplemental neutrons
supplied by the accelerator, and the absence of neutron losses in control rods!®. The safe
subcritical operation also mares possible operadon with a liquid fuel which wlows
continuous refucling and removal of fission products. The hiquid fuel improves the neutiun
economy further and avoids the cost and inlrastructure Jor fuel fabrication and
refabrication. The reactor-like system with its on-line separations capability allows one 1
leed fissile material into the system continually and to remove fission product alone
continuously. Therefore total fissile material burn-up is possible. If these systems were
deployed as thermal rather than fast spectruni systems, the bumn-up per yea would be u
large fraction of the ficl inventory. An examination of the logistics of plutoninm
destruction shows that such a system could destroy both commervial and weapans
plutunium in a period of about sixty years! ! instead of the 200 reqmired for a tast spectrum
system.

The study of these systems was always limited in the past by the absence of a sausfactory
accclerator technology. Howcver advances over the years made 1t clear by 19%) that the
required accelerators could be built and accelerator-driven transmtuation technology
(ADTT) has hecn under study at Los Alamos since that time. Interest has grawn in this
echology the world over with a large international meeting!?, "The Second Internaltiona
Cunlerence on Accelerator-Driv :n Transmutation Technology ™ plannied for June 1996 in
Kalmar, Sweden. Studies also are mderway in Erance, Furape, Japan and Rassia. The
viability of a farpe acceclerator in an imhisiaal context was piven o larpe boost hyabe UL S
Department of Foergy's endorsement of the constrnetian of a 1.3 billione volt 100 miillianp
proten accclerator producing 130 mepawatts of steady stue beam power ta produce titium
Tor the U. S, nuclear weapons stockpile.  The acecelerator beam wall produce neuuons
which will be absorbed inticthe helium 3 isotope o conven it taaritivn (hydrogen 3). This
tritium-~produweing accelerator is larger than the largest aceclerators contengplated for
wansmiitath m lectmolopy

Al Tax Alanns three versions af 1hic accelerator-driven technology have been stivlied  1a
lirst callesl iccelerator.based conversion CARCVis aimed at the total burn-up of weapons
plvtonium. ltis expected to have capability lor bumeaip not only of tthe hivh quality
rimtonium wiinch is retumed from weapons stockpile rednctions, bant shonld slsa eadily
destroy the pluteninm remnant which was (et as the 110 % contamiistion ol the waste
from the plutonium production pravess. This system woukl have w8 pntary applicatian m
Russia and the 118 where the excess amd waste weipons plutonnun exists.

‘The second system called aceelerator-trausinutation of waste (ATW ) as aimed it the
destruction ot comnteretid plutonium, the wanor actimdes, and the Jong-hived tissien



products. The system thereicre would provide the means for destruction of the world's
commercial plutonium and also perhaps all of the long-lived high-level waste produced
trom commercial nuclear power plants. One ATW [acility operating at the same lission
power level as a typical commercial pawer reactor would destroy the waste from tour
commercial power reactars. Since there are akour 400 commiercial power reactors in the
world today. the destruction of just the waste trom them would require 100 ATW systems.
Obviously this would be impossibly expensive unless the fission heat Irum the destruction
of the waste could be convernted to electric power and sold 10 pay the construction and
operating costs for the destruction of the waste. If all of these costs could be paid by
clectric power sales, the destruction of the waste wuuld cost nothwg, Socicty probably is
willing to pay a modest surcharge for the disposition of thesc wastes, but will not aceept a
waste soluuon requiring a major increase in the nuclear clectric power cost.

Destruction by fission of the plutonium and the minur actinides is less costly than the
tission products because the neuirons provided by the accelerator are supplemented
significantly by the ncutrons produccd in the fission process. It appears that the destnxction
of the plutonium and minor actinides can he made cconomically practical by this means.
Howcver for the fission products, one neutron is required to transmute éach atom of fission
product. Therelore transmutation of the fission products 1s considerably nore expensive n
s of grements on the aceelerator unless some ather supplemental sounce ot nentrons
can be identificd. Weapons plutonium and highly enriched uranmim are good matenuls tor
weapons mainly because they are goud sources of the neutrans necessary to drive the
expunentially growing chain reaction in a nuclear explosive. If these weapons mitenials
were used o supplement the reatron ccopomy in fission product buming, the destruction
of the long-lived fission products would be much mote nearly cconumically prachical. Thw
Jestruction ol all long-lived constituents of the waste is therefore mide more viahle by the
feeding of some of the weapoas plutoninm or laghly enrched uratiam into the ATW
systens.

The third componcit ol the ADTT project is the prodaction of nuclear caergy rom ihariam
asing the aceelerator to make possible the production of nuclear encrgy trom thorium
without the production ol weapons material and witl: concurrent destruction of the long-
hved high-level fission product waste. The energy available trom thorum s virtually
anlimited. there would be no output stream ot long -lived high-level waste, and cperation as
a subcritical system prevents ruclear runaway. These three teatures are the pamary
advantages ol fusion progrums. We helieve that this technology could be made avalable in
12 15 years and tha the present techaical matunity and likelyhood of wehnreal suceess Lar
exceeds that of fusion.

Up to the present this ADTT project has been supported only with intemal dhseret.onary
lunds of the Los Alamos Nationad Labcratory. With this himited funding, it s impossible
1o ¢nnduct demonstration experiments at a scale justfied by the present desips motunty.

Salving the plutonium problent using transinutation
If the recommendations of the U. S, Naticnal Academy of Science are naot 10 by aceepted,
what course of acton should be foliowed mswead”? The following &re 1econnneaded:

{. Implement to the degree pussible the Academy’s call tor declaration:, accounting, and
sufe storage uf exeess weapons plutonn,

2. Cuntinuzibe Uil & policy discouraging a phnoniam ceonery, e implementinon of
MOX buming ol plitanium, und the use ol PUREN-based processing which nroduces a
naked plutonium stream.



3. Recognize that trunstorming weapons pletenium to the spent Tuel standard makes the
plutonium more dangerous and only puts the ulumate soluuon il on future gencrations,

1. Arnounce as the U. S, nagonal goal the destructior ot both commercial and weapons
plutonium and of all other weapons material not contiined 1n existng nuclear weapans
stockpiles.

S. Support develpment and demonstratons in the UL 8. of means tor desiroying witapuns
pimonium, commercial plutonium. aad other higher actinide 1t the icchnology improves v
the safetv and prohiferation vulnerahility of present deployed nuclear technology

6 It repository storage is necessary, reserve it for fission products and the mare intoviions
rempants of the nuclear waste streant. ard devise means for intenm weapens plitoniem
storage tor the 30-50 year period required to destroy it using newly developed techialagy.

7. Encourage the development of new means tor generating nielear energy which dana
concurrently producc wcapons.

Conclusion

The present author believes that the U S, ind the rest of the warld is beginning 1,
nnderstand that permanent storage of platonium aud punor achidides 13 ot practical amd tha
acceterator=driven transmutation techbnology with liquid tiwel «nd on-line separations and
refueling offers the miost attractive approach for climination. Itmay be sausfactory to
proceed with the nse of existing technology For be ginning the destruction il these wasies
so long as one recognizes that these systems will not destroy all o' the waste an an
acceplably short time scade and that strong Fnancial suppon of accelerater-dnvey, syslems is
required immadiately in order to take over and complete the destriction on a time s« ale bess
thin & human life span. The resobution of our waste problems should net be passed on e
futore penerations.
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