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U.S. Plutonium Disposition Policy...Bombs for Everybody Focever?
Charles D. Bowman

Abstract

The U. S, policy on the dispasition of weapons and commercial plutonium by geologic
storage is cxamincd and compared with destriction in reactors or aceclerator-driven
systems. The close coupling with Russian weapons plutonium is considered. Strong
cmphasis is placed on the preference by terrorists and rogue states for commesCial
plutonium aver weapons plutonium for fast and simple nuclear weapons acquisition. U. S,
policy faccs now the issue of whether the plutonium is going to be with us essentially
"forcver” or whether scveral technical options for total destruction will be supported.
Accelerator-driven transmutation technology is propased as a safe, affordable, and
complete solution to this problem.

‘This past Feheuary 1 found myself wearing a heavy ski jacket in the back of a cold
confercnce hall in St Petersburg, Russia beside a slightly bored Russian former nuclear
weapons designer. We were there to discuss technotogy aflecting the (uture of the two
kinds of plutonium...weapons plutonium taken from nuclcar weapons in siockpile
reductions and the coinmercial plutonium being produced worldwide in commeercial nuclear
ncactors. My Russian colleague was restless and presently he leaned over and whispered,
"1 don't undcrstand the U. S. policy at all with rcgard (o weapons plutonium. Why tum
wcapons plutonium into commercial plulonium when it's much casicr (o build nuclear
weapons with commercial plutonium? This was more interesting than the speaker's
paper, so 1 nodded to him W proceed.

lle said, "Three technologies must be mastered W make a nuclear weapon out of weapons
plutonium. First, you have 1o master the compression technology...dving the plutostivin
into a highly compressed ball with conventional high explosive.  Second, you must
produce a burst of ncutrons {o start a rapidly growing chain reaction and that's rot sv easy.
And third, you have to time the burst of neutrons just right or the neutrons will come too
latc or to carly. It you fail at any of these throe requinements, the bomb will be a dud.”
Everything he said had been first stated publicly in unclassificd and publishcd work! b
Dr. n Mark, a leader in nuclear weapons desipn at Los Alamos in the 1960's, It had
been recently repeated in the highly publicized study conducicd by the U. S. National
Academy of Svicnces entitled, "Management and Disposition of Excess Plutonium?2® and
m;lcaj ?infonn:uion has been communicated by Russiun scicntistsy.  So where was he

e continued, “lor nuclear weapons from commercial pluoaium you need only the
compression technology. Lots of noutrons arc already present because the commercial
plutonium contains isotopes which undergo spontancaus fission and produce ncutrons all
of the ime. Bocause they ane there already, once cannot control the timing of the injoction of
neutrons, so the explosive power is quite uncertain, 1 might be anywhere in the ranpe
from 2000 tons of TNT w0 18,000 tons.” Well”, | thought, “2((X) tons is about ItHX) times
Lurper thun the Okluhoma City bomb which produced no radiosctive fallout,”

He went on, “Who cures whether die explosion is 2,000 or 18,000 ons when the damage
is ouly about & factor of three different? Terrorists wouldn't and even a ropue nation's war
plunners wouldn't cure much, So why dues Washington kecp pushing us to convert



difTicult-to-use weapons plutonium into casy-to-use comunercial plutonium? Your policy is
influcnced too much by your weapons designers at Los Alamos and Livermore. With the
advanced technology develcped in the U. S. and Russia, sure, weapons plttonivm is the
best hecause the explosive 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 suppose you don't have nuclcar weapons and you want to get them quickly and
casily aad you have the choice of commercial or weapoas plutonium.® He made as if
hold weapons plutonium in the left hand and commercial phutonium in the right hund.
"Your U. S. weapons designers belicve a ierrorist orpanization or roguc stawe will choose
the weapons plutonium.” nodding toward the left hand. "But the clever fellow who has to
build a bomb for the boss fast and cheaply will choose the commercial plutonium cvery
tume.”

The Russians wish pardy for this rcason to bumn up all of the excess weapons and
commerciil plutonium as docs most of the rest of the world. The Russians have
developed new reactor technology to do this and the Freach, Japanese, and others also arc
working ou this. My group at Los Alamos, working with modest i funding is
studying new means for destroying this material using accelerators, which make possible
campletc destruction by proliferation-resistant ultra-safe and affordablc means. Lrom this
ammay of wchnologicseouldemax:pacﬁeal mcans for total destruction of plutonium before
the tirst plutonium anywhere in the world finds its way into geologi: storage.

But work on the development of this new accelerator-driven technology has not been
supported by the National Academyy of Sciences recommendations, and the U. S. policy
has been rather neutral instead of supportive of such studics in other countries®. ‘The U. S.
Depariment of Encrgy is proposing the adoptioa of the U, §. National Academy of
Scienoes recommendations? which urge placement of plutonium of all ¢ underground
with or without partial bum-up. It is now in the final stages of lnfummz)l‘l':"s gathering prior
to a decision to embark oa the implementation of these options®,

Qucstioning U. 8. ﬁ?sm“m disposition policy

Before the U. S. and o this strategy, it would be useful w question the
arguments which have steored far the selection of underground storage. Tlsc
arguments arc restated as questions below.

Does reprocessing promote an international market in plutonium?

Perhaps the weakest technical element in total plutonium destruction using cxisting
echnology is the PUREX process for separating plutsaium from spent nuclcar fucl. ‘This
technology was devcl(:ﬁd in the post-war years and it or its derivatives arc now widel
deployed excopt in the U, S. Ttis g‘l:scnuy not capable of deating with the huitd-up of
highly radioactive constituents of the waste produced in the course of complete plutonivm
destruction. One might devclop the technique further to deal with its shortcomings, but it
also has the problematic feature that it produces a pure stream of plutonium. The Swedes
call this "m&d" plutonium. The separation of this naked plutonium does nos necessarity,
or perhaps ever, match perfoctly the leed into the plutonium-~destroying systems, Theretone
the excess must be stored. mrlu:rs to get a betier halance between those who stone
and thosc who use plutonium, it could be sold thereby creating a plutonium masket. As
with any commodity market. it's not casy w0 prevent some of the commaodity from bl
lost or stolen. The U, S. is correct on the point of avoiding a market and should push on ta
prevent the development of a market in plutonlum.

‘The solution to destruction of plutonium without producing a market in plutoniunt is (o
perform separations which do not produce puce plutonium, I'rom the boginnmg of our
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work on plutonium destruction at Los Alamos, the focus has bees on separations which
allow the destruction of plutonium withow the production of naked plutonium?. Only the
weakly radioactive zirconium fuel cladding and the uranium arc removed so that the
plutonium remains mixed with the most radicactive ingredients of the nuclear waste, The
concentration of radicactivity of this product is about 100 times higher than in commercial
spent fuel and this product can ho fed directly into the transmuter. The Los Alamas process
also only makes accessible as much plutonium as the system buming it can usc, So no
excess is accumulated. With highly contaminated plutonium and no cxcess, ne market in
plutonium can be developed. Itis almost cortainly feasible to develop means for destroying,
plutonium without promoting a market in plutonium.

Is plutonium safe in geologic storage?

The burial solution would work if the plutonium would stay put for the period of over
100.000 years required for it to decay away. If it were placed in the ground with suflicient
care and expease, it might not move around much of its own accord, but that docsn't mean
it will stay put. These arc a lot of reasons for peoplc to want to recover unigue material
from the repository. Prof. P, Peterson of the University of California Berkeley Nuclear
Engincering Department has looked into the question of how a subnational group or rogue
swalc might go about obtaining weapons maicrial in the future8, They can always anempt 10
follow the preseat route of countries such as Iraq or North Korea of producing plutonium
in a reactor or of producing 235U by uranium enrichment. Added to these choices there
will also be the option of mining of plutonium from one of the many repotitories which
will exist all over the world if the world adopts the U. S. policy. Dr. Pclcféon comparcd
recovery of plutonium, from a repository with the other two routes and concludod that it
was over len times faster and over ten times less exgrensive (o recover the plutonium from
storage than (0 pursue cither of the other two options. The Intermnationa) Atomic Encryy
Agency (IAEA) recognizes the danger of the stored plutonium also® and tkes the position
that gcologic repositorics must be forcver. It seems impassible w avoid guards for
underground plutonium in the U. S. much less in other Icss stable countrics.

Whilc manmade nuclcar explosions have become a matter of major international concem, it
is now clear that nuclear explosions can occur in other ways than through the carcfu! design
by humans. Tn a paper recently published!0 we show that it is ble for plutonium
emplaced as safely subcritical configurations 1 reassemble natural means inlo
supercritical ammangements. Accldemal nuclear critical configurations above ground have
the feature that they ull possess strong negative reactivity feedback so that they tum
themselves off nuturally with minor consequences. However, we sliow thal for plutonium
underground either positive or nogatlve neactivity fecdback is possible und that the positive
feedback nieans that encrgy release from supercriticality leads w even higher supercriticality
such that significant expiusive energy releuse is possible. The enorpy release is further
cuhanced undeqi-,‘mund by the confineraent and mainienance of the supurcriticality by the
surrounding rock, which of course cannat happen above ground. The coergy w: from
these configurations are calculated to be In the tens to hundreds of wns of high explosive
equivalent,

Onr study of these explosions enly involved highly enciched uraniuwu and weapons
plutonlum. However Pigtord! 1.7 and Chol have studicd the criticality issucs fac
csnplacement unda%mund of commercial spent (uct and spent mixed-oxide fucl, “These
investigators determined that both waste types can reach crideality with positive (explosive
driving) teedhack cven without sc‘pnminn of the plutonium from the wasw cladding, tho
uranlum or the fission product. ‘they further showed that the peescatly contigurcd
containers for commercial waste emplaccment in Yucca Mountin would tecomc eritical it
tilled with water and would show positive fecdback it the conscuences of the encrgy
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release were to move the waste outward from its original configuration so that it mixes with
the surrounding backiill. ‘Therefore, it presently appears that criticality with positive
tecdback is possible spoatancously for perhaps all of the fissile waste under consid ration
for repository storage.

Is accidental ar purpascful repository intrusion inconscquential?

Of coursc, natural processes arc not the only oncs that could lead w critical configurations.
The r:g:;snory studies supporiod by the U. S. Department of Encrgy acknowledge the
possibulity of accidental intrusion into the repositary as for example in drilling for water or
minerals, although these studies had not recognized the possibility of criticality with
pasitive feed The IAEA study and the Petesson study niake the case that there arc
strong rcasons to recater and recover the plutonium from the repaository for those wishing
to oblin nuclear weapons capability. ‘The repositories may be the richest lode available for
other non-fissile materials of possible future interest. For example, ail of the elements in
the waste have isotopic concentrations diffcrent from those that occur naturally and have
potential value for that reason. Mining a repository purposefully is therefore almost a
certainty, and if the mining is not done with t care, critical configurations could b
created accidentally. Finally it is not out of the question that repository explosions might be
deliberutely induced for mulevolent reasons. If the possibility tor spontancous criticality
could be reduced to an aocepmbly low value (and how would that be decidod™?), the
possibility of purposcful and accidental, reconfiguration to criticality remains.

Is con\ersion to the "spent fucl standard” worthwhile?

For the many years while plutonium was stored in large inventories of nuclear weapons,
the safety of weapons plutonium was not questioned. Since relative peace has brought
major stockpile reductions, the disposition of the exccss weapons plutonium, particularly
Russian plutonium, has become an issuc of major focus. There is good reason to want to
get Russian plutonium under contro! as quickly us possible. In respouse o this
concem, the U, S. Academy of Sciences co;\ducted a study entiled Manugcracnt and
Disposition of Excess Weapons Plutonium? to evaluae possibic options. The
recommcndations included (1) declarations of weapons plutonium in the U. S. and Russia,
(2) Safcguarded of this material, and (3) final disposition including storage
un&ryomﬂmmbm-upmmcmbdmmmw Afier setiling on
undesground storagc, the issuc of burning before storage underground was addressed by
the NAS in a scparate study with 2 report entitied, Management and Disposition ¢f Excess
Weapons Plutonium....Reactor-Related Options!3,

Both reports were strongly influenced by the concept of the "spent fuel standard.” Tl
plutonium in the commercial spent fuel, as we have already soen, is & mixture of isotopes
which has some disedvantages for making sophisticated nuclear weapons. In uddition, the
coauuercial spent fuct Is in the foru of speut fuel assemblies. The presence of the fission
product tadloactivity in the assemblics with the plutonium is folt to be ynother considecable
deterront to aticmpis to remove the ﬂ:ntonlum for possible weapons use, Since thiere is so
much more commerclal plutonium than weapons plutonium, Ui transformation of weapons
plutonlum to commercial plutonium by huring in a reactor gets rid of the weapons
plutonium but increases the amount of conunercial plutonuin by unly ubowt 10 %.
herefore conversion of weapons plutonium to commerclal plutoniutn by putial Lurning is
seen o boe worthwhile.

The conversion of weamms plutonium to the spent fuel standazd of commercial plutonlum
hy pustial buming would be an exercise of rather lide value, As we tiuve aliemly soen, the
commercial plutonim is more valuable 1 those we wish not 0 have plutonium than

wirapois plutonium. The value of the radioisctivity as a deterrent decrenses with time such
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that in about one to two hundred years the chemical separation of plutoniwmn from the wasw
could be accomplished without the radioactivity being a significant bardier, Whatcver
advantage from the presently proposed policy of conversion to the spent fuzl standard
would be temporary and mainly passes the resolution of the probiem 1o future gencrations.,
‘l}u:y would have the responsihility for destruction following the prabably dangerous task
of rceavery.

Is the valuc of weapons plutonium always negative?

Of course the main objective of this U. S. policy might not be U. S. weapons plutonium
but Russian weapons plutonium. The Russians understand that weapons plutonium has
significant positive value and expect 1o receive some considerable socictal henefit from the
destruction of this matcrial. The U. S. argues that weapons plutonium has negative value,
citing thc energy value of the plutonium which is no different than for any fissile material.
Inthe U. §. this case is valid because we currently have no technology available o extract
much of the energy cfficicatly. Howcver Rossia has developed an advanced lead-cooled

naval reactor!® which it plans w move into the commercial sector which cun bum the
plutonium with significant advantage. In addition the Russians undecstand that the pomary
value of the weapons plutoniura is not in the fission produced frons buming but in
the neutroas it produces. Much of the reason weapoas plutonium is valued for
sophisticated weapons is that it is en exceedingly rich source of neutrons. Since the key w
nucleur energy is sustaining a chain reaction, the buring of weapons plutvnium eahances
the reactor neutron cconomy allowing the chain to continue to operate while perfforming
other useful functions such as destroying ruclear wasie by transmutation using these
neutrons. Studies at Los Alamos show that the economics of transmutation of commercial
nuclear waste is very significantly enhanced by the burning of weapons plutonium and
highly enriched uranium concurrently!S.

Why is plutonium morc dangcrous outside rather than inside of nuclear weapoas?

‘The suddea urgency of dealing with the Russian ptutonium, row that it is coming out of
the nuclear weapons, seems strange when the samce urgency was nat in cvidence while the
plutonium was in the weapons. While the apparent dissolution of coatrols in some aspects
of Russian socicty in rocent years might give reason for concern for plutonium in gencral,
there should be jist as much basis for concern now about the availability of weapons
plutonlum whiic in weapons as there is atter removal trom weapons.

The National Academy of Scicnees there(ore has skewed or biased their
recommendations®413 by basiag them on the following highly questionable assumptions:
L. Weapons plutenium can be placed in geologic storage in less umc than it wkes to
develop new technology tw completely destroy die plutoaium,

2. The weapans plutonsum and other plutonium is sufc in geologic storage.

3. Weapoas plutonium has negative value,

4, Weapons plutonium deserves priority atteation because it is more weapons-usetul thin
commercial plutonium by rugue staces or subnational gwu&x

5. Russian plutonium in nuclear weapons is sufe but outside of the weapons it is unsufe.
0. %cﬁm:tion by transmutation of both weapuns and commercial plutonium will be too
costly.

Technologies for completc destruction of plutonivm

Although there me several promlising wehnologics which huve been proposed for complew
destruction of plutynium, nune huve been detnansuated yet because the plutonium problem
wus 1ot promitent until U, S. und Russian stockpile reductions ereiawed an excess of
plutenivn and dwe problenas of aepository storage of conmucrcial plutonium becune
appurent. Soveral upprouches we bricfly described below,
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‘Ihis cchnology has received billions of dollars of support worldwide hecause of its
capability to breed plutonium. By opcrating them differcutly it is poassible also to bum
Putonium. and this technology is perhaps the most prominent candidate wechnology now.,

Towever these systems are enticized for criticality safety reasons and for their use of the
sodium coolant which burns actively in oxygen, nitrogen, and even with concrete. Perhaps
the madin criticism of them is that their deployment for plutonium destruction opens the door
to future usc as breeders of plutonium and therefore for proliferation of auclear weapons.
For this reason development of this technology was halted last year in the U. S. and the U.
S. government is putting pressure on other nations to halt this technology development as
well. Since only 15 % or 50 of the plutonium in a single fuel load can be destroyed, these
systems require removal of plutonivm and recycling of this plutonium back into the reactor.
The separations necessary for recycling this plutonium repeatedly to complete buruup lias
not been demonstrated and the National Academy of Scieaces belicves that the relationship
of burn-up to inventury is such that a practical burm-up plen might wke over 200 years to
complete?, There is much to be debated about this technology. but the fact that it has not
vet reached acceptance after morc than 25 years of development speaks 10 a considerable
degrec for itself.

Lead-cooled fast-specium eactors.

The Russians have develeped a different version!4 of the fast reactors which employ the
much safer lead-bismuth 'as the coolant. The reactor was developed for use in Russian
submarines where high power from a small system was desirabie and submarines powered
with it have held the world submarine speed record for many years. The reactor is reported
to have eighly reactor-years of suoccssful operation which substuntially exceeds that of the
sodium reactors. It was developed praimarily to resolve the flammubility problem of the
sodium coolant but it avoided the fast reactor void coefficicnt isse as well. Furthermore
i hoan sty advamage for confning the system adioasivity 1 normal o cigent
signi t vantage i s joactivity in or accident
coaditions. This rcactor was developedmm military mmecy. bat a Russian private company
has been organized 0 commercialize it Its design allows the complete burn-up of
plutonium and the minor actinides provided proposed new non-aqueor's scparations
cchniques are proven to be practical. It is not suitable for destroying the long-lived fission
product, so an accelerator-driven systeza might be added to the infrastructurc W accomplish
this. The most effective stan-up fuel is weapons plutonium or the hi l‘A),u:mi:.:hcduranimn
recovered frown weapons reductions. Russiz has u lechoology unavatleble in the U, 8. or
elscwhere which can use their excess weupmsmataiul w great advantage. Russia
therefore has practical optioas for destructign of cxcess materials which are unavailable in
the U. S. The impact of the relutive inactvity in the development of advanced nuclear
technology over the past two decades in the U, S. & beginning to show,

LJ . M

Existing commercial light water seactors can be employed to bum weapons plutonium as an
ulternative fuel consisting of plutoniunu mixed with uranium culled mixed oxide fusl
(MOX). Aflter one cycle the plutonium cun be recycled once mone for a (urther reduction.
However, after that cycle existing fuel reprocessing systems cannot cope with the high
rudivactivity of Gk remuining plutoitiom and its higher wetinide products, Complacfaum-
up therefore by not possible although burn-up o the “spent fuc] standard” is possibic,

werefure the only reactor cupability tat the U, S, has can only do a job partially which
should be done to completeness or uot at wll. The (uct that something cun be done perhaps
iecounts partly for the curcent suppodt in the U, S, for this MOX approsch.  Since vhe U.
S. hus «o MOX fuel fubrication plants, it is considering twansporting the 50- 100 tons of
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weapons plutonivm to Burope for fabrication into fresh MOX fucl. The U. S. government
still will have to pay for converting the weapons plutonium to a form more readily uscful
by terrorists and rogue states than the original weapons plutonium. The MOX option
offers nothing for the elimination of commercial plutonium.

High. . coaled i I , .
General Atomics has pursucd the development of high- temperature gas cooled reactors
(MTGRs) for commercial production of nuclcar pawer. The Corporation has proposed to
burn weapons plutonium to completencss without fucl reprocessing by buming the fuel
first in their existing reactor design until the reactor can no longer maintain criticality and
then to move the fuc to an accelerator-driven system which continucs the burn-down to a
much higher degree in a subcritical assemblyl6, Both systems sell electric power to pay the
costs of this opecation. The resulting § % remnant of plutoniuin and higher actinide
mixture is not useful for nuclear weapons owing to its poor isotopic content and its high
specific decay heat. The same system also could be used to destroy cominercial plutonium,
The Corporation belicves that the weapons plutonium has a positive vulue in this mode; the
¢conomic situation is kess clear for commercial plutonium owing to the complications of the
additional reprocessing required. The design of the components of this sysiem is mature
following many years of research and development, but this type of reactor hus not been
shown 10 be competitive with light water reactors in the production of commercial nuclear
power.

All reactors operate as critical systems with criticality being a coasiderable constraint on
system function aad fucl usage. The usc of accelerators as intcase neutron sources (o allow
reactor-like systems (0 opcratc as subcritical systems has been considered for many ycars.
The advantages arc safer operation as subcritical systems, operation over a wider dynamic
range of fucl bum-up, a supcrior neutron cconomy owing to the supplcmental ncutrons
supplicd by the accclerator, and the absenoe of necutron losses in control rods!?, The safe

opcration also makes possible operation with a liquid fuel which atlows
continuous refucling and removal of fission products. The liquid fucl impraves the neutron
cconomy further and avoids the cost and Infrastruciure for fuc! fabrication and
vefabrication. The reactor-like system with its on-line scparations capability atfows onc to
feed fissile maicrial into the sysicm continually and to remove fission product alonc
coatinuously. Therefore total fissile matcnial -up is possible, If these systcms wene
deployed as thermal rather than fast spectrum systems, the bum-up per year would be a
large fraction of the fuel inventory. An cxamination of the logistics of plutonium
destruction shows that such a system could destroy both commcereial and weapons
plutonium in a period of about sixty years* instead of the 200 required for a fast spectrum
system.

In the pust the swdy of theso systems was ulways limitd by the absence of satisfactory
avcckeratur technology. However advanoes over the mad it clear by 1990 chat the
required gecelerators could be built, and aeeclerator-driven transinutation wehnology
(ADTT) hus been under study at Los Alumos sinoe thut time,  Interest has grown in this
wehnology the world over with 4 large intemational mecting 8, "The Sccond Inwenational
Conference on Accelerator-Drriven Trunsmutation Technology” planned for June 1996 in
Kalmar, Sweden. Studics also arc underway in France, Lurope, Japan and Russia. The
viability of a large accelerator in an industrial convext was fivcn a large boost by the U, S,
Department of Liergy's endorsement of the consruction of a 1.3 billion volt 100 milligiup
proton aceelcrutor producing 130 megawatts of seady stae beam power to pradwee tritium
for the U, 8. nuclear weapons stockpile.  The aceelerutor bean: will prsdike neutrons
which will bo absorbed into the helium 3 isotope to convert it to tritium (hydragen '3). This
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tritium-producing accelerator is larger than the lurgest accelerators conwemplated for
wransmutation technology.

At Los Alamos three versions of this technology are being studied. The first called
Accelerator-Bascd Conversion (ABC) is aimed at the total bumn-up of plutonium.
ltis cxpected to have capability for burn-up not only of the high-quality plutonium which
is returned from weapons stockpile reductions, but it should also readily destroy the
plutonium remnant which was left as the 1-10 % contzmination of the waste from the
plutonium production process. This system would have its primary application in Russia
and the U. S. where the excess and waste weapons plutonium cxists.

The sccond sysiem calied AcceleratorTransmutation of Waste (ATW) is aimed 2: the
destruction of commercial plutonium, the minor actirides, and the long-lived fission
products. The system thercfore would provide the means for destruction of the world's
commercial plutonium and would transmute away the long-lived high-level waste
roduced ﬁommmlwcialnudmrpowarlmrs. One ATW facility operating at the same
ion power level as a typical commercial power reactor would destroy the waste from
fowoommacialg:wu' reactors. Since there are about 400 commercial power reactors in
the world today, the destruction of just the waste from diem would require 100 ATW
systems. Obviously this would be impossibly expensive unless the fission heat from the
destruction of the waste could be couveried to clectric power and sold w“?aythc
construction and opersating costs for the destruction of the waste. If all of thesc cosis could
be paid by electric power sales, the destruction of the waste would cost nathing. Socicty
bly is willing to pay a modest surcharge for the dispaositic of these wastces, but will
not accept & waste solution requiring a major increase in the nuclear electric power cost.

Destruction by fission of the plutonium and the minor actinides is less cosdy than the
fission pmduct;d mm% pmvidcdbymeacoek:;u}r t‘ordc.mmionlhy fission
are suppiemented significantly neutrons produccd in ission process. It appears
that the destruction of the utoni{:mandminorwﬁnidescmhcmadcecnnomknlly
practical by this means. for the fission products, one ncutron is requircd to
transmute each atom of fission product. Therefore transmutation of the fission products is

i more expensive in terms of requirements on the accclerator unicss some other
supplcmental source of neutrons can be ideatified. Weapons plutoninm and highly
canched uranium are good materials far weapons mainly because they are good sources of
the neutrons necessary to drive the exponentially growing chain reaction in 4 nuclear
explosive. It theso weapons matcrials were used to supplement the ncutron economy in
fission product burning, the destruction of the long-lived fission products would be much
moroc ncarly cconomically practical. The destruction of all lang-lived constituents of the
waste is thercfore made more viable by the freding of some of the weapons plutonium or
highly esviched uranium into the ATW system.,

If this wastc destruction can he donc well cnough, concems for these wastes which niust
now cxtend for perhaps millions of years are transformed 10 2 300-year perod. While this
is still a long ume, transmutation allows a fundumental reformulation of the wasie handling
problem. Without transmutstion, containcss cannot be built which outlive: the radioactivity
of the waste. Therefore the wasic must bo ng:wd underground in media with geologic
structurcs camc of conﬁninithc wauste after the integrity of the wask container
disappears. scicatific problem i4 to find the best genlogic site if political cowditivns
permit, and to characwerize and engincer that site exhaustively so that cmplacement of the
wusie may be done in the best &zmblc way. Having by these actions made this site the
best and only site available in the nation, all of the 's high leve) waste would then be
placd there. ‘Therefore the natural result of following the best seientitic procedune
available to sclect und develop the very hest site creates the political pmhl‘cm that all of what
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many belicve to be the Nation's worst waste is imposcd on the single community which is
host to this best site.

Science might help resolve this political preblem by changing the characteristics of the
waste $o that it is not neccssary w place all of this wastc at one site. If the long-lived high.
leved wasic could be transmutcd such that the period of concern is much shorter, then
coatainers can be readily made which will outlast the radioactivity of the waste.  Since the
containers are able to prevent the di ion of the waste, onc does not have to rely on
geologic features for this purpase. 1 ore thero no longer is a single best site and the
criteria for storage of the waste can he greatly relaxed. No statc would have a technical

blem identifying a site for its relatively innocuous wastc remnant aficr transmutation,
I;;:stomgc of the remnan waste would become a state problem rather than a federal
problem. The role of the federal government would be to help develop the technology and
the licensing and regulatory aspects for adherence by the states. In such a situation the
challenge of waste handling is greatly reduced and the politics of waste disposition arc
radically changed and improved. Transtnutation also removes the issuc of weapons
man:m{ recovery or of undesground criticality.

The third component of the ADTT project, Accelerator-Driven Linergy Production (ADEP),
is the production of nuclear energy from thorium using the accelerator withou the
production of weapons material and with concurrent destruction of the long-lived high-level
wastc. The encrgy available from thorium is virally unlimited, there is no output stream
of long-lived high-level waste, and operation as a subcricical systcm prevents nuclear
runaway. These three features arc also the primary advantages o) fusion programs. We
believe that this tcchrology could be made available in 12-15 years and that the present
technical maturity and likelihood of technical success far exceeds that of fusion.

Up to the present this ADTT project has been supported only with internal discretionary
funds of the Los Alamos Natonal Laboratory. With this limited funding, it is impossible
to conduct demonstration experiments al a scale justified by the present design maturity.

Opposition to transmutation

If Los Alamos accelerator-driven transm.utation technology offers such pwomise, why has it

becn difficult W obuain funding o develop and demonstrute this technology? ‘The technical
ition to the accelerator-driven technology is weak, but the political opposition is

diverse and formidable. Remarkably, geologic storage is almost everybody's solution to

the waste problem except those who must live near the waste and some environmentalists.

The various groups which support it are the following;

Repository storage development scientists

Tie Yucca Mountain repository storage facility has heen funded until recendy at the several
hundred million dollar per year level. There is therefore a very strong built-i repository
storage lobby within professional ofganizations, etc. which has a loud voice companyd to
the advocaies of the new transmutation wehnology.

Eloctric utilitics -

Somc of thosc in the electric utility business sce geologic storage as an Immedlate and
viable solution to the disposition of the waste accumulating at their power plunts .
Furthermore they want it to be the only solution so that the Nation can get on with that
solution immediately. Transmutation, which might provide a much better salution than
simple storage, gets in the way of what they perceive o be ncar-term geulagic siwage.
(xhess in this community concenied about the long-teau political and wehnical protikems of
geologic storage arc mose supportive.



Reactor venders
During the long hiatus in new reactor deployment in the U. S. , the reactor vendors have
had a difficult timc but have managed to design improved reactors. The accelerutor-driven
transmuters promise io be even safer and offer a benign waste stream which the new
reactors cannot match. The of availability of these transmutation systems not far
into the future would not be for the possibility of sales of the new reactors which rely
an geologic storage. Of course this community is pleased with mixed oxide buming of
~eapons plutonium (o convert it to the spent {uel standard. This group does not
wCessarily rejoct transmutation entirely. but would prefer it 1o be pushed far enough in the
futurc that its cflects would not influcnee the current decision process on commercial waste
disposition

‘The thoughtful anti-nuclcar community

‘This smali but influential group which is prominently represented in the National Academy
of Scicnees studics is perhaps legitimately unhappy with the present status of suclicar
technology, belicves that nuclear technology has had its opportunity o provide solutions 1o
the world'’s energy problems, and feels that other technologies descrve a baticr shot before
nuclear gets a chance w try again. They recognize that we can't just walk away from the
present nuclear problems and will listen to sound scientific arguments. They arc generally
unsuppostive to the development of new nuclear technology wishing not 10 recognize that
sometumcs it is necessary to fight fire with fire and that there probably is no aliemative to
the development of new nuclear icchnology to solve current puclear waste problems.

The rcactionary anti-nuclear community

This group docs all it can to climinate nuclear technology by the placement of obstacles in
the path of any solution to the nuclcar waste problcm. Somic of this community at first
hearing like transmutation technology becausc it competes with other waste technology and
to somc degree confuses the issucs by raising another option. They arc however afraxd of
the benefits accruing to nuclear technology if this means of wastc disposition and cacrgy
generation were 1o be successful.

So backing for repository st is strong indeed and transmutation is gencrally viewed as
t)banmﬁvcmgcxﬁngmmmm' iatcly with repository storage. However within most of the
above communitics there is growing concem ahout both the technical and palitical viability
of the geologic storage solution, dangess which have been identificd in the past year of
the commercial plutonium stored in them, of the easy accessibility to this b?mmm' of the
simplicity in the usc of this plutonium in nuclcar weapoas, and the passibility of
spontancous or induccd und cxplosions of the fissile matcrial were unwelcome
indecd. Undoubtedly work will go on for some time to try to make sitory storage of
fissilc matcrial safc. However plutonium will always be necoverable if it was possibie to
bury it, s0 the nuclcar weapons prablem never gocs away. French law requires the
cxpeaditure of as much on wastc buming as is spent on geologic storage. Why not spend
in the U. S. haif of that now being spent on storage 1o demonstrake the means
for total destruction of the material? We believe that this technology could be avaitable in
12-15 years which is the carlicst time that any high-level waste is scheduled to be placed in
repository storage anywhere in the world. It we continue with present policy. fafty years
from now when all of the waste has been placed underground, scientists still will be rying
to convince the public that the waste has been safely stored “forever.” If transmutatinsn
technology development were pursued now with success, scientists instcad would be able
to tell the public that the waste is gone forcver.,

Thercfore it scems that those who would bur{ cl:lmm'lium arc just passing oft’ a daugerous
0

problem to our childsen to avoid the option veloping the technolagy for compleis
destruction of plutonium. With the repository we preserve the materdal for 100000 yeians
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for national or subnationai groups to build nuclear weapous, and leave open the danger 1o
the population and to the environment from spontaneous, accidentally, or purposeful
cruptions from permaneat storage of fissile material underground. It siiould be
remembered also that plutonium 239 which is the key isotope of wezpons plutonium
decays into the other key weapon ingredient uranium 235, which tasts for 800 million
years.

Solving the plutonivm problem using trapsmutation

If the National Academy of Science's leadership hus not always provided sound
recommendations, what course of action should be followed instead? The following are
recommended:

1. Implement to the degree possible the Academy's call for declarations, accounting, and
safe storage of cxcess weapons plutonium

2. Continuc the U. S. policy discouraging a plutonium cconomy. the implementation of
MOX burming of plutonium. and the continued use of PUREX -based processing which
produces a naked plutonium stream.

3. Recognize that transforming weapons platonium 10 the spent fuc! standard makes the
plutonium more dangerous and only puts the uitimate solution off on (uture generations.
4. Announce as the U. 8. national goal the destruction of plutonium of any kind and of all
other matcnal uscful for nuclear weapons construction,

5. Support demonsirations in the U. 8. of means for destroying weapons plutonium,
commercial plutonium, and other higher actinide if the technology reduces the production
of weapons matcrial and improves on the safety and proliferation vulnerability of present
deploycd nuclear technology.

6. If repository storage is necessary, rescrve it for tission products and the morc innocuous
remnants of the nuclear waste stream, and devise means for interim weapons plutonium
storage for the 30-50 ycar period required to destroy it using newly developed technology.
7. Encourage the development of means for generating mickear energy which do not
produce weapons material in the first place.

This plutonium concem does nat exist only for the U. S. at Yucca Mountain. The U. S, is
advocating the emplaccment of spent reactor fuel underground for the 30 or so other
nations which operate commercial nuclear power reactors.  Since the 1AEA rocognizes that
safeguarding repositorics forever is not practical. this policy clearly leaves the plutonium
problem out of control. The views expressed by the lgtc:ssian nuclear weapons designer
should be heeded. Present society fulure generations the world over deserve the
opportunity not to be saddled with a disposition mcans which makes possible nuclcar
weapans for everyone forever.

References

. 3. Carson Mark. "Reactor Grude Plutonium’s Explosive Properties,” Nuclear Control
Institute (1990)

2. Management and Dispesition of Excess Pluteninn, Commitice on lntcrmaunonal Secrutity
and Arms Control. Narional Academy of Sciences, National Academy 'ress, Washigton,
C (1994)

3 NL V. Pritsyna, V. 1. Chitaikin, and L. L. Shibarshov, “Plutonium and Iis Chemical
Compounds: The Problem of Nuclear Weapon Non-Prolifcrution.” Managing the
Plutonjum Surplus: Applications and Technical Options cedited by R 1., Garwin et al. pp.
157-170, Klicwer Acudemic Publishers, Netherlands ( 1994)



4. Nuclear Wastes, Technologies for Separations and Transmutation, Comuniltee on
Separations Technology and Transmutation Systems. Board on Radicuctive Waste
Management, Commission on Geosciences, Environment, and Resources, National
Research Council, National Acadecmy Press, Washington, DC (1990)

5. The exception is the U.S. funding of Project 17 of the Intemational Science and
Technology Center entitled, “Feasibility Studies of Technologies for Accelerator-Based
Conversion of Military Plutonium and Long-Lived Radioactive Wasie.” This project
supports Russian scientists from many institutes including the Institute for Expenmental
and Theorencal Physics and the The Kurchatov Instiwute in Mascow and institutes in
Obninsk . Arzamas, Chelyabinsk and other sites. Aliogether about 350 formerRussian
nuclcar weapons scientists are being supported by this project.

6. The receipt of public input on the report, “Storage and Disposition of Weapons-Usable
[issile Materials Draft Programmatic Lavironmental Impact Statement” was completed on
May 7. 1996. The document may be obtained from U. S Department of Encrgy, Oftice of
Fissile Materials Disposition, P. O. Box 22786, Washington, DC 20026-3786

Y. . Venaen , C. D. Bowman, M. A. Williamson, L. Ning, ‘1. §. Bhatia, R. J. Jensen,
B. 5. Newnam, and 5. A. Wender, "Accelerator-Driven Tvansmutation ol Nuclear Wasie:
Status, New Concepts and Future Development,” Los Alamos National Liaboratory Report
LA-Ur 96-500 (1996) !

8. P. I, Peterson, “Long-Torm Safcguards and Security Parameters tor Plutoninm in
Geologic Repositories,” Cerler for Nuclear and Toxic Waste Managenwnt, accepted for
pablication in Nuclear Technology (1996)

9. G. Linsley. and A. Fattah, lAEA Bulletin 36, 22-26 (1994)

10. C. D. Bowman and F. Veaneri, "Underground Supercriticality from Plutonivm and
Other Fissile Material,” Science and Global Sccunity 5, pp. 279-303 (1996)

11.1. 8. Choi and T. H. Pigford, "Nuclear Criticality in Geologic Disposal ¢ Radioaciive
Wastce™ submitted 1o Nuclcar Technology (1996)

12. J.S. Choi and T. H. pigford, “Underground Criticality in Repasitory Sicage,”
Jnternational Conference on Emerging Nuclear Encrgy Systems, Obninsk, Russia, June
1996

13. "Management and Dispasition of Excess Weapons PLutonium, Reactor-Related
Options”, Pancl on Reactor-Related Options for the Dispasition of Excess Weapons
Plutonium, Commillce on International Sccurity and Arms Control, Nuticnal Academy of
Sciences, National Academy Press, Washington, DC (1995)

14. “White Land....New Russian Closed Cycle Nit-elar Technology for Global
Deployment,” repaxt prepared by C. D. Bowman aft.r atiending a coaterence w Russta
entitled, “First tntemational *White Land” Chapter Conference, Scientific and
‘f'echuological Basts for Global Encrgy System.” St Petersburg, Feb, 327, 1990

15. C. 2. Bowman and F. Vennerni, "High Value Use of Weapons-Plutoniuin by Buring
in Molten Salt Systems or Reactors.” in Global Security mr:::?h Disarmanwent, A Spectal
Workshop Sponsored by the NATO Division of Scientific and Environmental Altairs,
Fuore Majorana Center for Scientific Culture, Erice, haly, Aulust 19 24, {993



16. A unsuccessful proposal was made to the U, S, Department of Energy's Oftice af
Fissile Matenial Disposition for study of this prospect.

17. C. . Bowman, E. D, Avthur, P. W, Lisowski, G. P. Lawrence, R. L. Jensen, J. L.
Anderson, B. Blind, M. Cappicllo. ). W. Davidson, T R. England, L. N. Engle, R C.
Haight, 11. G. llughes L1, }. R, hicland, R. A, Krakowski, R. §. LaBauve, 8. C.
Letellier, R. T. Perry, G. J. Russell, K.P. Stauthanmimer, G. Versamis, and W, B. Wilson,
"Nuclear Lnergy Generation and Waste Transmutation Using an Accelerator-Driven Intense
Thermal Neutron Source,” Nuclear Instrunients and Methods in 'hysics Research A320,
136-367 (1992)

18. The first mecting in this senies was entitled, “Intemn.dional Conference on Accelerator
Driven Transmutation Technologics and Applications.” Lus Vegas, NV, AIP Conference
Proceedings 346 (1994)



