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

Charles D. Bowman

Abstract

The paper provides a rationale for resolution of the long: wrm waste disposiion issuc based
on complete destruction of risstle matenal and all higher actinides. Whegins with a brief
history of geologic storage leading to the present impasse in the U. 8. The prohiferation
aspects of commercial pluton;um are presented in a new light us a further dniver for
complete destruction. The special problems in Russia and the U S, of the disposition of
the highly enriched spent naval reactor tucl and spent research reactor fucl ure also
presented. The scale of the system required tor complete destruction is also examined and
it is shown that a practical svstem for complete destrucuon of commercial and defense
fissile material must be widely dispersed rather than concentrated at a single site. Central
tcnants of the U. S. National Academy of Sciences rccomendations on waste disposition
are examined critically and several technologics considered for waste destrucion are
described briefly and compared Recommendations for waste dispasition based on
Accelerator-Daven Transmutation Technology smtable for both the U S.and Russia are
presented.

Introduction

From the begimning of the development of commercial nuclear power, it was recognized
ihat means tor sate dispositon of the remnant waste would have to be developed. “The
waste was o consist ol fission products alone because 1t was expected that the actinde
component of the waste would be destroyed by fission with enhancenient of the total
encrgy output of the fuel. Since the decay halt-lives of the longest lived fission products
are measurcd in the hundreds of thousands and millions of years, it was not possible o
build storage canisters tor which the integnity could be guaranteed for such i long period.
Therefore geologic storage of the wiste fission product was proposed tor the purpose of
confining the movement of the waste away from the storage site atier the cmplacement
canister had decayed away.

Nuclear proliferation concemns i the 1970x led o an additional chailenge tor geologie
storage. The repracessing ot spent fuel from coniniercial power reactors to recover and
hum the plutonium it contained was viewed as being a Key element in an wemational
market for plutonium. Some of this nught be stolen for use i developing nuclear weapons
for terrorists of rogue states. Therctore i the late seventics President Canter issued a
Presidential Order stopping the development of reprocessing and establishing the "once
through" policy which required that commercial spent fuel assemblies be placed direcily
peologic storage. The plutomium they contiuned and other higher actinide was theretore
added to the burden of long lived rudioactive specics which must be contained by peologie
storage. ‘The U, S policy since that tume has been o discourage toreipn countres from the
developmient of reprocessing and o encourage the adoption of the onee through approach
Over the past twenty years tew nauons have adopted this policy panly owing to lesser
concerns ahout proliteration, partly to enhance the yield of electne erergy trom a ziven
mass ol fresh tue! by burnmg plutonium. and partly for prolitcration concerns about the
large amount of plutonium which would be stored in many repositories around the world.
(he world's inventory of plutonium in spent tued would approuch 6000 tons by the nuddle
ol the next century 1f auclear encrgy continued to be deploved at the present capacity.
Recent UL S National Academy studies assert that only about 3000 prams are reguied 1o
maicing aseveral kiloton nuclew weapon )



This author belicves that the U S. was right about the problems of proliferation associated
with reprocessing us lung as the existing aqueous (echoology (PUREX and its extensions)
resulted in the production of a pure stream of plutonium. The devclopment of uther
separations and fuel fabrication technology which would allow the plutonium and higher
actinide to be (issioned completely without separating a pure plutonium stream would
eliminate the primary justification for the U. S. ban against reprocessing. The inwnt of
other nations to bum the plutonium helps reduce the large plutonium inventory, but it does
litde good 10 burn half or even two-thirds of the plutonium since the inventory would sull
be mcasured in thousands of tons. If plutonium 1s to be destroyed by fissivn to eliminate
proliferation concems, it must be destroyed completely so that the remnant is small, the
1sowpic content of the remnant is unfavorable for weapons material, and so that natural
decay does 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 efficicnt 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 w achicve these
objectives.

More recently with the end of the cold war the clean-up of the nuclear defense complex in
the U. S. and Russia has also required these nations to address the disposition of excess
weapons plutonium and an apparcntly large inventory of spent fuel from naval reactors.
Attention to these materials also has drawn highly enriched spent research reacior fuel o
the spotlight. A prominent option for the U. S. for these three highly cnriched fissile
materials was cmpluacement in geologic storage and a strong movement in this direction wis
inittated. Since these fissile materials and some of their fissile daughters have half lives ot
millions of years. dissolution of their emplacement canisters is assured allowing these
fissile materials to reconfigure. This prospect previded the rauonale behind Los Alamos
work which showed that these materials could reconfigure into criticul masses, that the
reconfiguration could have positve feedback , and that the confinement provided by the
surrounding rock taken together with positive feedback might give rise to large nuclear
explosions in a repositoryl. Although it is difficult to quantify the likelihood of such
events or 10 show that the likelihood is too Jow as to be ignored, the passibility of the
occurrence of such events has been confirmed?. Mitigaton means o reduce the possimhy
of such events have been proposed and further study to evaluate such strategies has been
proposed2. It also has been reported that commercial spent fuel also will exhibit criticaliy
with positive feedback in emplacement contigurations currently planned by the 11 S,
Department of Encrpy?A,

The viability of repository storage of fissile material also was dealt another blow by studics
comparing the cost and speed of obtaining tissile material by removal frum geologic storuge
with isotopic separation of 2351) or reactor production of 29y The results of the suly
were that it was more than ten tmes faster and en times cheaper ta remove the fisale
material from a repository than w make it by vither of the whtematives®. The proliteration
concern about fissile matenial in repository storage was seconded by the IAEA which his
concluded that the repositones must be guanded into perpetuny®.

Finully the very nature ol the scientilic process tor finding a best single site tor stonny the
spent fuel assures dif icalues my pohtcal acceptance. “The purely technieal challenge 1s tn
fisd the single best site 1n the nation for storage of nuclear high level waste and o0
scienutically characterize it to the highest possible degree in order to understand the Gest
cmplacement procedure, The fact that there prabably s in pranciple such 4 single best place
imposes on the host community the obhigation to accept this winie, which many tehieve to



be the worst of the nation's wastes. Other types of society's waste can be stored locally,
but the worst wastc must be treated with the greatest care., stored in the single best place as
verifted by thorough scientific investigation, and must be monitored indefinitely since its
toxicity never decreases on time scales relevant to human experience. The citizens of
Nevada are unhappy with this and the rest of the nation understands that it's fundamentally
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 to be giving up for the time being on Yucea
Mountain or any other site for permanent wastc storage. 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 residents because without means for ultimate
disposition the interim site becomes a defacto permanent site. Furthermore once the waste
is placed at a single site, there is less motivation to scarch out means other than storage for
dealing with the waste and there is little possibility that the waste ever will be moved to
another site. Apparendy 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 theretore will stay for the foreseeable future on the reactor sites
in dry storage. The situauon will be viewed as unsatisfactory and other disposition
strategies which do not have the single-best-site feature may finally get considered. Itis
usclul to note here that if the long lived specics of the waste is destroyed sutticicnily well
such that storage canisters can be made which outlast the waste, then a single best geologic
storage site is pot required. The waste can be stored almost anywhere that it can be
physically guarded well until 1t decays to low level Class ¢ waste which can he storcal
following established Nuclear Regulatory Commission and Environmemal Protection
Agency guidelines. No aliemative to complete bumnup of all long-lived species of the waiste
appears to be in prospect. Without Yucca Mountain neither the storage option or the partial
burn-up optzon for weapons plutonium is viable. 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 relcased in total bum-up of actinide exchude the possibility that all of the
commercial plutonium could be destroyed on a single site. The power generated in buming
the plutonium anx] other higher actinide by fission using accelerator-driven systems (ADS)
or by other means tfrom a single commercial power reactor operating at 3000 MW is
smatlcr by about one quartcr or asout 750 MWt . This 4 to | ratio implics that it would
take about 25 ATW systems operatiag at 3000 MWt for about 40 years to bumn the waste
from our roughly 100 reactors of 3000-MWt power.  The cost to build and vperate these
twenty five 3000-MW? systems tor 40 years is impossibly large unless the heat gencrated
trom destruction of the waste by fission is converted efficienty to electric power and sold
to pay these costs.  All of these systems would have to be located in the Yucea Mountain
vicinity and all of this power from the equivalent of 25 reactors would have to be sold from
this one site inta the gtid. This is far too much power to be absorbed from one site.

1t becomes more practical to burn the plutonium and minor actinides it the wasie 18 hiuled
to several regional sites. In the UL S, tor exampli.f the commereial waste were equally
distributed o Savannah River, Oak Radge. Idaho Falls, the Nevada Test sue, and Hantond,
then only five ATW systems would be recquired on cach site. “The grd might well manage
to accept this power of about § GWe trom cach o § sites and pay a conipetitive price tor .
The remnant waste could ther be transported to Yueea Mountain for final permanem
disposition 1 this denatured tonn or stored locally in canisters which would reach Class ¢
levels after 300 years. Canasters certainly cun be made which can muantian their integrnty
untl the waste remainmg after transmutation has decayed o Class C levels,



It seems increasingly likely that when the DOE uikes tide 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 burn 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 lifc of 40 years. Or altlernatively an
ADS systcm four times larger (3000 MW?) could bumn the wastc in ten vears and then he
converted to electric power generation (Accelerator-Driven Energy Production (ADEP))
using 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.

Weapons Uscfulness of Commercial Plutonium

To express the necd for total bumn-up of commercial plutonium in the clearest terms, the
followiag conversation might be of intcrest. This past February I found myself wearing a
heavy ski jacker 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 takcen
from nuclear weapons in stockpile reductions and the commercial plutonium being
produccd worldwide in commercial nuclear reactors. My Russian collcaguc was restess
and presendy he lcancd over and whispered. 1 don't understand the U. S. policy at all
with regard 1o weapons plutonium? Why turn weapons plutonium into commercia
plutonium when it's much casier to build nuclear weapons with commercial plutonium?”
This was more interesting than the speaker’s paper so I nadded 10 him to procecd.  His
words arc paraphrased below.

He said. "Three wchnologices must be mastered 1o 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.  Sccomd you must
produce a burst of neutrons to start a ripidly growing chain rcaction and that's not so casy.
And third, you have to time the burst of ncutrons just right or the neutrons will come too
late or o carly. If you fail at any of these threc requircments the bomb will be a dud.”
Everything he said was truc. [t had been first stated publicly in unclassificd and published
work! hy Dr. Carson Mark, a leader in nuclear weapons design at Los Alamos in the
1960s. Mark's work also was referenced in the highly publicized study conducted by Uw
U, S. Nativnal Academy of Sciences entitled, "Management and Disposition of Fixcess
Plutonium?" and similar information has been communicated by Russian scienusts?. So
where was he headed”

He continued, “For nuclear weapons from commercial plutonium you need only the
compression technology. Lots of neutrons are already present because the commercial
plutcnium contains isotopes whick undergo spontancous fission and produce neutrons all
ot the ime. Because they are there already, one cannot control the uming of the imectivn ol
ncutrons so the explosive power is guite uncertain, It might be anywhere in te range from
2000 wons of TNT 1o 185,000 tons.” Well", I thought. "2000 tons is about 100 times
larger than the Oklahoma City bomb which produced no mdivactive fallow.”

e went on, “Who cares whether the explosion is 2.000 or 18,000 tons when the damige
is propot! mad wy the cube root of the yield and is therefore onty about i Factor o we
different: "Ferrorists wouldn't and even i mpue mdion’s war planners souldn't caue much
S why does Washington keep pushing us w convert difficuli-to-use weapons phaenium
intn easy-to-use commercial pletonium?  Your policy is influenced wo much by you



weapons designers at Los Alamos and Livermore. With the advanced wehnolopy
developed in the U. S. and Russia, sure, weapons plutonium 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 turth, But supposc
you don't have nuclcar weapons and you want 10 get them quickly and casily and you have
the choice of commercial or weapuns plutonium. Your U. S, weapons designers helieve a
terrorist 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 cvery tiwe.”

The Russians wish partly for this reason to bum the cxcess weapons and cominercial
plutonium as docs most of the rest of the world.  The Russians have developed new
reactor technology to o this and the French, Japanese, and athers also are working on
other approaches. My group at Los Alamos. working with modcst intcrnal funding s
studying ncw means for destroying this maitcrial using aceclerators, which promises to
make complete destruction ultra-safe und affordable. From this array of technologics could
emerge practical means for total destzuction of plutonium before the first plutonium
anywherc in the world finds its way into geologic storage.

Input from the National Academy of Scicnces

Work on the development of this new accelerator-driven technology has not been supported
by the National: Acadeny of Sciences recommendations!%:11 and the U. S. pulicy has been
rather neutral instead of supportive of such studies in other countries’ !, The U. S,
Department of Cnergy is proposing the adoption of the U. S. National Academy of
Sciences recommendatons! which urge placement of plutonium of all types underground
cither with or without partial bum-up. Tt is now in the final stages of infonnation gathering
prior to a decision to embark on the imiplementation of these options!?. It would be usctul
to examine the arguments which have steered thus far the sclection of underground storage.
[‘1ve statenients underlying the National Academy of Sciences position are discussed
below.

I. Reprocessing promotes an 1aternational market in plutonsum.

Perhaps the weakest technical element in total plutonium destruction using existing
technology is the PURLX proacess for separating plutonium from spent nuclear fuel. This
tcchnology was dzveloped in the post war years and it or its derivatives are now widely
deployed excepr in the U, 8. [tis presentdy not capable of dealing with the build-up ot
highly radinactive constituents of the waste produced in the course of complete plutonium
destruction. One might develop the technique turther to deal with its shortcrmings. but 1t
also has the problematic feature that it produces a pure stream of plutonium. The Swaodes
call this "naked" plutonium. The separation of this naked plutonium docs not necessarily
or perhaps ever match perfecly the feed into the plutonium destroying systems. Therefore
the excess must be stored. and perhaps to get a better balance between those who store and
those who burn plutonium, it could be sold thereby creating a plutonium market, Ay with
any commudity market it's not casy to prevent some of the commaodity from being lost or
stoJen. The U. 8. is correet on the point of avoiding a market and should push on 10
prevent the development of a murket in plutoniun.

‘The solution to destruction ot plutonium without producing a market in plutoniva s not to
ban reprogessing of any Kind but to develop separations processes which do not produee
nure plutunium, From the beginning of our work nn plutenium destrucuen at Los Alnnes
the focus has been an separadons which allow the destructon of plutenium witiout the
preaduction of naked plutonium!®. Only the weakly radioactive zicconinm tuel cladding wd
the uraninim ae removed so it the plgtonnm remams msed With the most iadioactive



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 1t can usc. s0 no excess 1s accumulated. With
highly contaminated plutonium and no excess and with scparation and buming integrated
together on the same site, it 1s almost certainly teasible 1o develop means for destroying
plutonium without promaoting a market in plutonium.

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

3. Accidental or purposeful repository intrusion is inconsequential,

Of course natural processes are not the only ones that could lead to critical configurations.
The repository smdies supported by the U. S, Department of Energy acknowledge the
possibility of accidental intrusion into the repository as for example in drilling for water or
minerals, although these stidies had not recognized the possibility of criticality with
positive foedback. The TAEA study and the Peterson siudy make the case that there are
strong reasons 1o reenter and recover the plutonium from the reposiiory for those wishing
to vbtain nuclear weapons capability. The repusitories may be the richest or only source
for other non-fissile matenials of possible future interest. For example, all of the elements
in the waste have isotopic concentrations different from those that occur naturally and have
potential value for thut reason. Mining a repository purposefully is therefore almost a
certainty and if the mining is not done with gicat care, cnitical configurations could be
created accidentally. Finally it is not out of the question that repository explosions might e
deliberately induced for malevolent reasons. If the possibility for spontancous criticality
could be reduced (0 an aceeptably low valoe (and how would that be Jdecided?), the
possibility of purposeful, accidental, or spontancous reconfiguration to criticality remains

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

For the many years while plutoninm was stored in large inventuries of nuclear weapons,
the safety of weupons plutoninm was not questioned. Siace relabive peace has brought
major stockpile reductions, the disposition of the cxcess weapons plutonium particularly
Russian plutonium has become an issuc of major focus. There is good reason to want th
get Russian weapons plutonium unkler control as quickly as possible. In response to this
concern, the U S, Academy of Sciences conducted a study entitled Management and
Disposition of Excess Weupons Plutonium3 w evaluate possible uptions. The
recommendations included (1) declarutions of weapons plutonium in the U. S. and Russia,
(2) Safcguarded storapge of this material, and (3) final disposition including storage
underground or parual bum-up in reactors before storage underpround.  Atter sewding on
underground storage, the issue of buming before sworape underground was addressed by
the NAS in a separate study with a report entide i, Munagement and Disposition of Excess
Weapons Plutonium..... Reactor-Related Optionsit

Both reports were strongly influenced by the concept of the "spent tuel standard ™ “The
plutonium in the conunereial spent fuel as we have already seen s a mixture of isolopes
wliich has vome disadvantages tor making sophisticated nuckear weapons. n addition the
commercial spent fuel 1s in the torm of spent fuel assemblies. The presence ot the Tission
product radioactivity in the assembhies with the plutoninm s felt e be another consuderable
deterrent to attempts to remove the plutonium or possible weapons use. Sie there s so
inuch more commercial plutomum than weapons plitomum, ithe transtormiaton of weapons
nlutonium to commercial plutonian by burning m a reactor gets id of the weapons
plutonnum but increases the amount of commarcial plutoniam by ondy about 10 45



Therelore conversion of weapons plutonium to commercial plutonium by partial burning is
seen t be worthwhile,

The conversion of weapons plutonium to the spent fuel standard of commercial plutonium
by partial burning would be an exercise of rather littde value. As we have already scen, the
commercial plutonium is more useful to those we wish not 1o have pluwnium than weapons
plutonium. The value of the radioactivity as a deterrent decreases with time such that in
about one 1o two hundred years the chemical separation of plutonium from the waste could
be accomphished without the radioactivity being a significant barricr. Whatever advantage
from the presently proposed policy of conversion to the spent fuel standard would be
temporary and mainly passes the resolution of the problem w future generations. They
would have the responsibility for destruction following the probably dangerous task of
recovery.

5. Weapons pidtoniura has only negative 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 material. The U. 8. arguces that weapons plutonium has negative value
citing the energy value of the plutonium which is no different than for any fissile matcnat.
In the U. S. this case is valid because we currently have no technology available o extract
the cnergy efficicntly. However Pussia has developed an advanced Icad-cooled naval
reactor!d which its advocates would like 10 move into the commercial sector. [t can burn
the pluonium with significant advantage. In addiion the Russizns undersiand that the
primary value of the weapons plutonium is net in the fission energy produced from buniing
but in the neutrons it produces. Much of the reason weapons plutonium is valued for
sophistcated weapons is that it is an exceadingly rich suurce of neutrons, Since the key to
nuclear energy is sustaining a chain reaction, the burning of weapons plutonium could
enhance the reactor neutron cconomy allowing the chain o continue 10 operate while
performing other useful functions such as destroving nuclear waste by transimutation using
these neutrons. Studies at Los Alanoes show that the economics of trunsmutation of
commercial nuclear waste is very significanly enhanced by the buming of weapons
plutonium and highly cnriched uranium concurrentiy16,

Technologics for complete destruction of plutonium

Although there arc scveral promising technologies which have been proposed tor complete
destruction of plutonium. none have been demenstrated yet hecause the plutonium problem
was not promincnt uatil U. S. and Russian stockpile r-ductions created an excess ot
plutonium and the problems of repasitory storage of commcercial plutonium becime
apparcnt. Scveral appoaches are briefly described below.

Sodium-cooled fast-spectrum reactors

This technology hus recetved bilhons ot dollars of support worldwide because ol its
capability 10 breed plutonium. By operating these reactors ditterently it s possible also to
bum plutonium and this technology ts perhaps the most prominent candidate technology
now. However these systems are eriticised for reactivity problems in case of loss off
coolant and for their use of sodium couvlant which bums uctive.y in oxypen, nitrogen, and
even with concrete, Perhaps the main U, N, criticism ol them s that deplovment of them
tor plutonium destruction opens the door to future use as breeders of plutonium and
therefore for pratiferation of nuclear weapons. For this reason development of this
teehnology wiws habted tust year in the U, 8. and the UL 3. povernment s puting pressure
un other natdons to hale this wehnology dovelopment as well. Since only 15 %% or su of the
plutonium i a single fuel load can be destroyed, these systems require remuoval of



plutonium and recycling of this plutonum bick into the reactor. The separalions necessaty
for recycling this plutonium repeatedly to complete bumup has not been denionstiated and
the Natiorial Academy of Sciences believes that the relationship of burn-up 10 inventory is

such thata practical burn-up plan might wke 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 itsclt.

Lcad-cooled fast-spectrum reactors

The Russians have developed a different version!3 of the fast reactors which employ the
much safer lead-bismuth as the coolant. The reactor was developed 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 reactor-years of successful operation which substanually exceeds that of the sodium-
cuoled reactors. It was developed primarily to resolve the flammability problem of tie
sodium coolant but it avoided the fast reactor positive void coclficient issue as well,
Furthermore the passive solidification of the lead-bismuth if it lcaks from the reactor is an
additional 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 ﬂlutunium and the minor actinides provided proposed new non-aqueous separations
techniques are proven to be practical. The most eftpccu've start-up fuel is weapons
plutonium or the highly enriched uranium recovered {rom weapons reductions. Russia
therefore has a echnology unavailable in the U. S. or elsewhen: which can use their cxcess
weapons material 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 relatve
inacuvity in the development of advanced nuclear echnoogy over the past two decades in
the U. S. is beginning to show.

Mixcd-oxide burning in commercial light water reactors

Existing commercial light water reactors can be employed 1 burn weapons plutonium as an
alernative fuel consisting of plutonium mixed with uranjum called mixed vxide 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 actinide products. Complete bumn-
up thercfore is not possible although bum-up tw the “spent fucl standand” is pussible.
Thercfore the only reactor capability that the U. 8. has can only do 4 job parually which
should be done w completeness or not at all. The Fact that something can be dune perhaps
accounts partly for the current support in the U. S, for this MOX approach. Since the U.
S. has no MOX fuel fabrication plants, it is considering transporung the 50 tons of
weapons plutonium to Europe for fabrication into {resh MOX fuel. Since the MOX parual
buming of plutonium cannol pay its way, the U. 8. government would be paying for
cunverting the weapons plutonium w a form more readily useful by tenorists and rogue
stales than the original weapons plutonivm! “The MOX opton might e used b desuoy
some of the commiereial plutonium, but plutenium is novelimnated by this vieans.

High-wmperature gas-cooled reactors with aceelerator assistice

The General Atomics Corporation has pursued the development of high-tetperature gas
cuoled reactors (HTGRS) for commercial production of nuclear power. The corpotation
has propus=d w burn weapons plutonium o completweness without fuel reprocessing by
Durning the fuel first in their existing reacton desipn until the ieactor can o longes niiniain
critivality and then o move the fuel to an aceslerator- driven system winch continues the
bum down o a much higher degree in a subentical assemblyl?, Both systeme self electnie
power to pav the casts of this aperanon. ‘The resclung 8 % remnpant of plutonium and



nigher actinide mixture is not uselul for nuclear weapons owing 1o its pure isotupic content
and ity high specific decay heat. The same system also could be used to destroy
commercial plutonium. The Corporation believes it the weapons plutonium has a
positive value in this mode; the economic situation is less clear for commercial plutonium
owing to the complications of the additional reprocessing required. The design or this
system is relatively mature following many years of research and deveiopment Although
this type of reactor has not been :wdupted for production of commervcial nuclear power, it
might be competitive for the waste burn-up mission with the accelerator addition.

Accelerator-driven transmutation echnology

All reactors operate as critical systems with critcality betag a considerable constramt on
system function and fucl usage. The use ol accelerators as intense neutron sources to allow
reactor-like systems (o operute as suberitical systems has beea considered for many years.
The advanuges are safer operation as subeniticul svstems. operation over a wider dynamic
range of fucl burm-up. a superior neutron cconomy owing to the supplemental neutrons
supplied by the accelerator, and the absence of neutron losses in control rods!S. The safe
subcritical operation also makes possible operadon with a liquid fuel which allows
continuous refueling and removal of fission products. The Iiguid fuel improves the neuttun
econumy further and avoids the cost and infrastructure for fuel fabrication and

refabrication. The reactor-like system with its on-line separations capability allows one 1
feed [issile 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 thun fast spectrum systems, the bum-up per yea would be a
large fraction of the fucl inventory. An examination of the logistics of plutonium
destruction shows that such a system could destroy both commervial and weapons
plutonium in a period of about sixty years!! instead of the 200 required for a fast spectrum
systcm.

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 it clear by 1990 that the
required accelerators could be built and accelerator-driven transmtuation technology
(ADTT) has becn under study at Los Alamos since that ime. Interest has grown in this
echoology the world over with a large international meeting!?, "The Second Intermaltiona
Conlerence on Accelerator-Driv :n Transmutation Technology ™ planned for June 1996 in
Kalmar. Sweden. Studies also are underway in France, Furape, Japan and Russia. The
viability of a large acceelerator in an indusirial context was piven i larpe booat by the U S
Department of Fnergy's endorsement of the construction of a 1.3 billion volt 100 millianp
proten aceelerator producing 130 mepawatts of steady state beam power 1o produce titivm
for the U. S. nuclear weapons stockpile.  The aceelerator beam wall produce neuuons
which will be absorbed into the helium 3 isotope o convert it o tntivm (hydrogen 3). This
tritium-~producing accelerator is larger than the largest aceelerators contemplated for
transmattation irchimoloyy

A1 Lox Alamos three versions of 1hi< accelerator-driven technology haver been stindied  The
firsl callesd accelerator-based conversion CARC) is aimed at the 1oL burn-np of weapons
plutonitm. Itis expected to have capability tor bum-up not only of tthe high quality
plutonium which is retumed from weapons stockpile reductions, but it should also eadily
destroy the plutonium remaant which was et as the 1-10 % contamanation of the waste
from the plutomium production process. This system wouhl have is prmary application in
Russia and the UL S where the excess and waste weapons platonian ¢xists.

‘The sccond system called aceclerator-transmutation of waste (ATW ) s awmed at the
destriction of commerchil plutonum, the nanaor setinides, ardd the long-hived tissien



products. The system therefcre 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. Onec ATW facility operating at the samc fission
power level as a typical commercial power reactor would destroy the waste from tour
commercial power reactors. Since there are about 400 commercial power reactors in the
world today. the destruction of just the waste trom them would require 100 ATW systems.
Obviously this would be impossibly cxpensive unless the fission heat frum the destruction
of the waste could be converted to electric power and sold to 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 would cost nothwg. Socicty probably is
willing to pay a modest surcharge for the dispositon of thesc wastes, but will not aceept a
waste solution requiring a major increase in the nuclear clectric power cost.

Destruction by lission of the plutonium and the minor actinides is less cosdy than the
fission products because the neuirons provided by the accelerator are supplemented
significantly by the ncutrons produccd in the fission process. It appears that the destrixction
of the plutonium and minor actmides can be made cconomically practical by this means.
Howcver for the fission products, one neutron is required to transmute each atom of fission
product. Therelore transmutation of the fission products 1s considerably more expensive in
termis of equirements on the accelerator unless some other supplemental source of neutrons
can be identified. Weapons plutonium and highly enriched uranium are good matenials for
weapons inainly because they arc goud sources of the neutrons necessary to drive the
exponentially growing chain reaction in a nuclear explosive. If these weapons materials
were used (o supplement the rcutron ccapomy in fission product buming, the destruction
of the long-lived fission products would be much more nearly econamically practical. Thae
destruction of all long-lived constituents of the waste is theretore made more viable by the
feeding of some of the weapoas plutonium or aghly conched uranium into the ATW
systen.

The third component of the ADTT praject is the production of nuclear energy trom thorium
asing the accelerator to make possible the production of nuclear encrgy trom thorium
without the production of weapons material and with concurrent destruction of the long-
lived high-level fission product waste. The energy available from thorium 1s virtually
unlimited. there would be no output stream of long-lived high-level waste, and operation as
a subcritical system prevents nuclear runaway. Thesc three teatures are the pamary
advantages of fusion progrums. We helieve that this technology coutd be made avalable in

2 15 years and that the present technical matunity and likelyhood of wechmical success far
exceeds that of (usion,

Up to the present this ADTT project has been supported only with internal diseret.onary
funds of the Los Alamos National Laberatory. With this hnuted tunding, it s impossible
w0 conduct demonstration experiments at a scale jusufied by the present design matunty.

Solving the plutonium problem using transinutation
Iy the recommendations of the U. S. Natcnal Academy of Science are not to he aceepted.
whaut course of action should be {oliowed mswead? The following are recomumended:

{. Implement to the degree possible the Academy’'s call tor declarauon:, accounting, and
sule storage of cxcess weapons plutonium,

2. Continue the U $. policy discouraging a pluwoniam ceonery, the inplementauon of
MOX buming of plutonium, and the use of PUREN-based processing which nproduces a
naked plutonium stream.



3. Recognize that ransforming weapons pletonium 1o the speat fuel standurd makes the
plutonium more dangerous and only puts the ulumate soluuon oif on future gencrations.

1. Arnounce as the U. 8. natonal goal the destruction: ot both commercial and weapons
plutonium and of all other weapons material not contiined 1n exisung nuclear weagnons
stockpilcs.

5. Support develpment and demonstratons in the U. 8. of means tor desiroying weapu s
plutonium, commercial plutonium. and other higher actinide if the iechnology smproves vn
the safety and proliferation vulnerubility of present deployed nuclear technology

6 If repository storage is necessary, reserve it for fission products amd the more innocions
rcmnants of the nucicar waste streanl. and devise means for intenm weapons plutonien
storage tor the 30-50 year period required to destroy it using newly developed technology.
7. Encourage the development of new means for gencrating nuckear energy which do uet
cuncurrently producc weapons.

Conclusion

The present author believes that the U S, and the rest of the world is beginuing 1u
understand that permanent storage of plutonium and unor actinides 15 not practical amd that
accelerator-driven transmutation technology with liquid fuel and on-line separations and
refueling offers the most attractive approach for elimination. It may be sansfactory 1o
proceed with the use of existing technology for beginning the destruction of these wastes
sv long as one recognizes that these systems will not destroy all of the waste on an
acceptably short tme scale and that strong Fnancial suppont of accelerator-doven syaiems is
required immadiately in order to take over and complete the destruction on a fime seale less
than & human life span.  The resolution of our waste problens should not be passed on o
future penerations.
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