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

Abstract

The U. S. policy an the dispasition of weapons and commercial plutontum by geologic
storage is cxamined and compared with destriction in reactrs or accclerator-driven
systems. The close coupling with Russian weapons plutonium is considered. Strong
cmphasis is placed on the prefercnce by terrorists and rogue stales for commescial
plutonium aver weapons plutonium for fast and simple nuclear weapons acquisition. U. S.
policy faccs now the issuc of whether the plutonium is going to bc 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 nuclecar
weapons designer. We were there to discuss technotogy aflecting the (uture of the two
kinds of plutonium...wcapons plutonium taken from nuclcar weapons in siockpile
reductions and the coinmercial plutonium being produced worldwide in commeescial nuclear
ncactors. My Russian colleague was restless and presently he leaned over and whispered,
"1 don't understand the U. S. policy at all with rcgard (o weapons plutonium. Why tum
wcapons plutonium into commercial plutonium when it's much casicr to build nuclear
weapons with commercial plutorium™ This was more interesting than the speaker's
paper, so | nodded to him w proceed.

lle said, "Three technologies must be mastered W make a nuclear weapon outl of weapons
plutonium. First, you have 1o master the compression technology... driving the plutosiium
into a highly compressed ball with conventional high explosive.  Second, you must
produce a burst of ncutrons to start a rapidly growing chain reaction and that's 8ot so easy.
And third, you have to time the burst of neutrons just right or the neutrins will come oo
latc or to carly. If you fail at any of these throe requinements, the bomb will bo a dud.*
Evealgghe said had been first stated publicly in unclassificd and published work! b
Dr. n Mark, a leader in nuclear weapons design at Los Alamos in the 1960's, It had
been recently repeated in the highly publicized study conducted by the U. S. National
Academy of Scicnces entitled, "Management and Disposition of Excess Plutonium?2® and
m;lx ?infonn:uion has been communicated by Russian scicntists.  So where was he

e continued, “For nuclear weapons from commercial pluloaium you need only the
compression technology. Lots of noutrons arc already present because the commercial
plutonium contains isotopes which undergo spontancous fission and produce neutrons all
of the ime. Bocauso they ane there already, one cannot control the tisting of the injection of
neutruns, $o0 the explosive power is quite uncertain, 1t right be anywhere in the ranpe
from 2000 tons of TNT w0 18,000 tons,” Well”, | thought, “20(K) tons is about XX times
lurger than the Qklshoma City bomb which produced no radlosctive fallout,”

He went o, “Who cures whether die explosion is 2,000 or 18,000 1ons when the damage
is only about a fuctor of three different? Terrorists wouldn't and even a ropue nation's war
plunners wouldn't curs much. So why dues Washington kecp pushing us 1o convert



difticuli-to-use weapons plutonium into casy-t0-usc conuacrcial plutonium? Your palicy 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 because 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 and you have the choice of commercial or weapoas plutonium.® He made as if w
hold weapons plutonium in the left hand and commercial plutonium in the right hund.
"Your U. S. weapons designers belicve a ierrorist orpanization or roguc state 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 on this. My group at Los Alamos, working with modest intemal 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 wtal 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 Academy of Sciences recommendations. and the U. S. policy
has been rather neutral instead of supportive of such studics in other countricsS. ‘The U. S,
Department of Encrgy is proposing the adoptioa of the U, §. National Academy of
Scienoes recommendationsZ which urge placement of plutonium of all ¢ underground
with or without partial bum-up. Itis 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 poelicy

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. These
arguments arc restated as questions below.

Does reprocessing promote an international market in plutonium?

Perhaps the weakest technical element in tocal plutonium destruction using existing
echnology is the PUREX process for separating plutsaium from spent nuclcar fuel. ‘this
technology was develoﬁd in the post-war years and it or its derivatives arc now widel
deployed excopt in the U. S. Itis gsscnuy not capable of dealing with the build-up of
highly radioactive constituents of the waste produced in the coursc of complete plutonivm
destruction. One might develop the technique further to deal with its shoricomings, 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 nor necessarily,
or perhaps ever, match perfoctly the feed into the plutonium~destroying systems, Thenstore
the excess must be stored. pcrh?s 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 0 prevent some of the commodity from being
lost or stolen. The U, S. is cormect on the point of avoiding a market and should push an to
prevent the development of a market in platonium,

"Ihe soiution to destruction of plutanium without producing a market in plutonium is o
perform separations which do not produce puce plutonium, l'rom the oginning of our



work on plutonium destruction at Los Alamos, the focus has beet. on separations which
allow the destruction of pilutonium withawr the production of naked plutonium?. Only the
weakly radioactive zirconium fucl cladding and the uranium arc removed so that the
plutonium remains mixed with the most radioactive ingredieats 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 accumulatcd. With highly contaminated plutonium and no cxocess, no market in
plutonium can be developed. Itis almost cortainly feasible to develop means for destroying,
plutonium without promuoting 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 sufTicicent
care and expease, it might not move around much of its own accord, but that docsan't mean
it will stay put. There arc a lot of reasons for peoplc lo want (o recover unique material
from the repository. Prof. P. Peterson of the University of California Berkeley Nuclear
Engincering Department has Jooked 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 Irag 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. Pcu:réon 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 (rom
storage than (0 pursue cither of the other two options. The Intermationa) 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 cxplosions have become a matter of major international concern, it
is now clear that nuclear explosions can occur in other ways than through the carcfu! design
by huinans. 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 all possess strong negative reactivity fecdback so that they tum
themselves off naturally with minor consequences. However, we sliow thal for plutonium
underground either positive or nogatlve neactivity focdback is pussible und that the positive
feedback aseans that cnergy release from supercriticality leads w even higher supercriticality
such that significant expivsive encrgy releuse is possible. The encrpy release is further
cahanced undeqi-,‘mund by the confineraent and mainienance of the supurcriticality by the
surrounding rock, which of course cannat happen above ground. The coergy n: from
these configuradons are calculated to be in the tens to hundreds of wns of high explogive
equivalent,

Onr study of these explosions enly involved highly enciched uraniuwm and weapons
plutonium. However Pigtord! 117 and Choi have studicd the criticality issucs fac
canplacement unda%mund of commercial spent (ucl and spent mixed-oxide fuel, ‘These
investigators determined that both waste types can reach crideality with positive (explosive
driving) tcedhack even without sc‘pnralinn of the plutonium from the wasw cladding, tho
uranium or the fission product. ‘they funther showed that the peescatly contigurcd
containers for commercial waste emplaccment in Yucea Mountain would boecom critical it
tilled with water and would show positive fecdback it the conscuences of the energy
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relcase 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 spontancously for perhaps all of the fissile waste under consid .ration
for repository storage.

Is accidental ar purposeful repository intrusion inconsoquential?

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
possibality of accidental intrusion into the repositary as for example in drilling for water or
mineqals, 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 obtain nuclear weapons capability, "The repositories may be the richest lode available for
other non-fissile materials of possible future interest. For example, all 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 for 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
rajor stockpile reductions, the disposition of the excess weapons plutonium, particularly
Russian plutonium, has become an issuc of major focus. There is good reason to want (o
get Russian plutonium under control as quickly us possible. In respouse (o this
concem, the U. S, Academy of Sciences co;\ducted a siudy entided Manugcraent and
Disposition of Excess Weapons Plutonium? to evaluae possibic options. The
recommendations 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 of 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 isotupes
which has some disadvantages for making sophisticated nuclear weapons. In uddition, the
coauuercial spent fuct is in the for of speut fuel assemblies. The presenoe of the fission
product tadloactivity in the assemblics with the plutonium is feft 10 be another consideable
deterront to aticmpis to remove the ﬂ:ntonlum for possible weapons use, Since tiere is so
much more commerclal plutonium than weapons plutonium, Ui transformation of weapons
plutonium to commercial plutonium by huning in a reactor gets eld of the weapons
plutonium but increases the amount of comunercial plutonfum by unly ubowt 10 %.
herefore conversion of weapons plutoniuim to cominerclal plutonium by purtial burning is
seen w0 boe worthwhile.

The conversion of weamms plutonium to the spent fuel standacd of conmercial plutonium
by pestial buming would be an exercise of rather ltde vatue, As we have aliemly soen, the
commercial plutoniwm és more valuable t those we wish not 0 have plutoniwn than

weapons plutonium, The value of the radiosctivity as a deterrent decrenses with e such
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that in about one 10 two hundred years the chemical separation of plutoniwn from the wasic
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 to future gencrations.
'l}u:y would have the responsihility for destruction following the prabably dangerous task
of rceavery.

Is the valuc of wcapons 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 wea?ons plutonium has negative value,
citing the energy value of the plutonium which is no different than for any fissile material.
In the U. S. this casc is valid because we currently have no technotogy available to extract
much of the energy cfficicntly. Howcver Russia has developed an advanced lead-cooled

naval reactor!® which it plans to move into the commercial sector which can bum the
plutonium with significant advantage. In addition the Russians understand that the primary
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 an exceedingly rich source of neutrons. Since the key
nucleur energy is sustaining a chain reaction, the buming 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 plutonium, row that it is coming out of
the nuclear weapons, seems strange when the same urgency was nat in cvidence while the
plutonium was in the weapons. Whilc the apparcent dissolution of controls in some aspects
of Russian socicty in rocent years might give reason for concern for plutonium in geacral,
there should be just as much basis for concern now about the availability of weapons
plutonium whiic in weapons as there is after 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 weapons plutonium 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-useful than
commercial plutonivm by rugue states or subnidonal gwu&x

5. Russian plutonium in nuclear weapons is sufe but outside of the weapons it is unsufe.
0. lzlcstrwtion by transmutation of buth weapons and commercial plutonium will be too
cosly.

Technologies for completc destruction of plutonivm

Although there me several promising wehnologics which huve been proposed for complew
destruction of plutunium, nune have been demonsuated yet because the pistenium problem
was not prowinent untl U, S, und Russian stockpile reductions creiawed an excess of
plutonivm and dwe problenas of cepository storage of conmercial plutonium becune
appurent, Soveral upprouches we bricfly described below,



.

“This cchnology has received billions of dolars of support worldwide hecause of its
capability to hroed plutonium. By opcrating them differcntly it is passible also to bum
Flulonium. and this technology is perhaps the most prominent candidate wchnology now.

Towever these systems are criticized for criticality safety reasons and for their use of the
sodium coolant which burns actively in oxygen, nitrogen, and cven with concrete. Pedhaps
the madin criticism of them is that their deployment for plutonium destruction opens the door
to futurc use 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 plutonium 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 inventory is such that a practical bum-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 reachcd acceptance afier more than 25 years of development speaks W a considerable
degrec for itself.

Lead-cooled fast-specim [eactors.

The Russians have developed 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 reaclors. It was developed primarily to resolve the flammubility problem of the
sodium coolant but it avoided the fast reactor void coefficicnt issie as well. Furthermore
i oan sty advamage for confining the system adioastivity 1 normal o cigent
signi t vantage i s joactivity in or accident
coaditions. This rcactor was developed in military secrecy, but 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-aqueors scparations
cchniques are proven to be practical. It is not suitable for destroying the long-lived fission
product, so an accelerator-driven systera might be added to the infrastructure W accomplish
this. The mast 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 weapons mateiud w great advantage. Russia
therefore has practical optioas for destructign of cxcess materials which are unavailable in
the U. S. The impact of the relative inactvity in the development of advanced nuclear
technology over the past two decades in the U, S. s beginning to show,

Existing commercial light water seactors can be employed 0 bum weapons plutonium as an
ultemnative fuel consistng of plutoniunu mixed with uranium called mixed oxide fucl
(MOX), Aflter one cycle (he plutonium cun be recycled once mone {or a (urther reduction,
However, after tha cycle existing fuel reprocessing systems cunnot cope with the high
rudivactivity of ke remaining plutonivm and its higher wetinide products, Complacfaum-
up therefore ty not possible although burn-up o the “spent fuel standard” is possibic.

werefure the only reactor capability tat the U, S, has can only do a job partiatly which
should be done o completeness or uot at wll. The (uct that something cun be done perhaps
secounty pautly for the curcent suppont in the U, S. for this MOX approsch. Since vhe U.
S. hus «o MOX fuel fabrication plants, it is considering wansporting the 50- 100 wons 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 conventing the weapons plutonium 10 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. . cooled " 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 5 % remnant of plutonium and higher actinide
mixture is not useful for nuclear weapons owing (o its poor isotopic content and its high
specific decay heat The same system also could be used to destroy comnercial plutonium.
The Corporation belicves that the weapons plutonium has a positive vulue in this mode; the
economic situation is less 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 (o 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 suppicmental ncutrons
supplicd by the accclerator, and the absenoe of ncutron losses in control rods! 7, The safe

opcration also makes possible opcration with a liquid fuel which allows
continuous refucling and removal of fission products. The liquid fucl impraves the neutron
cconomy {urthcr and avoids the cost and infrastruciure for fuc! fabsication and
refabrication. The reactor-like system with its on-line scparations capabitity altows onc to
feed fissile maicrial into the systcm 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 ycar 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 commereial 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 limikd by the absence of satisfactory
aceckerutr echnology. However advanoes over the 'r‘mm awde it clear by 1990 that the
required gecelerators could be built, and aeeclerator-driven transinutation wehnology
(ADTT) hus been under study at Los Alumos sinoe that time, Interest has grown in this
wehnology the world over with a large intemational mecting ¥, "The Second Intermnational
Conference on Accelerator-Diriven 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 cndorsement of the construction of a 1.3 billion volt 10 mitligap
proton accelerutor producing 130 megawalts of skady stae beam power (o praduce tritium
for the U, S, nuclear weapons stockpile.  The aceelerutor bean: will prsdike neutrons
which will bo absorbed into the helium 3 isotope 10 convert it to tritium (hydragen '3). ‘This
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tritium-producing accelerator is larger than the largest accelerators conwemplated for
ransmutation technology.

At Los Alamos three versions of this technology are being studied. The first called
Accclerator-Based Conversion (ABC) is aimed at the total bum-up of plutonium.
Itis cxpected to have capability for burn-up not only of the high-quality plutonium which
is retumed from weapons stockpile reductions, but it should also readily destruy 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 second system called Accelerator-Transmutation of Waste (ATW) is aimed 21 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“?aylhc
construction and opersating cost 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 1o pay a modest surcharge for the dispaositic of these wastcs, 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 pmductsubwause ﬁcd‘l:ﬂy nwmb ons provided :{0‘:00“ acoemuwu:_r tor dcsmnionlhy fission
are suppiemented signi neutrons in ission process. It appears
that the destruction of the utonii’:mandminorwﬁnidescmhcmadcecnnomknlly
practical by this means. for the fission products, onc ncutron is required to
transmute cach atom of fission product. Therefore transmutation of the fission products is

i more expensive in terms of requirements on the accclerator unlcss 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 neatrons necessary to drive the exponentially growing chain reaction in 4 nuclear
explosive. it these weapons maicrials were used to supplement the ncutron economy in
fission product burning, the destruction of the long-lived fission products would be much
more ncarly coconomically practical. The destruction of al! lang-lived constitueats 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 must
now cxtend for pechaps millions of ycars are transformed 10 3 300-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 cqnﬁninimc wauste after the integrity of the wasic container
disappears. scicatific problem i% to find the best genlogic site it political cowditions
permit, and to characwerize and engincer that site exhaustively so that cmplacement of the
wusie may be donc 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 level waste would then be
placd there. Therefore the natural result of following the best seicatific ewm:cdnru
availablc 10 sclect und develop the very hest site creates the political problens thae all of what
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many belicve to be the Nation's worst waste is imposed on the single community which is
host to this best sitc.

Science might help resolve this political preblem by changing the characteristics of the
wastc so that it is not necessary w place all of this wastic at onc 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
critcria for storage of the waste can he greatly relaxed. No statc would have a technical
g;&blcm identifying a sitc for its relatively innocuous wastc remnant aficr transmutation.

storage of the remnanc waste would become a state problem rather than a federat
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
malcmi recovery or of undesground criticality.

The third component of the ADTT project, Accelerator-Driven kinergy 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 o1 fusion programs. We
believe that this tcchnology could be made available in 12-15 years and that the present
technical matwrity 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 impoasible
to conduct demonstration experiments al a scale justified by the present design maturity.

Opposition to transmutation

If Los Alamos accelerator-driven transmutation technology offers such jwomise, why has it

becn difficult to obtain funding to develop and demonstrute this technology? ‘The technical
ition o 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 enpvironmentalists.

The various groups which support it are the following:

Repository storage development scientists

The 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 organizations, etc. which has a loud voice compand to
the advocates of the new ransmutation wehnology.

Eloctric utilitics -

Somc of thosc in the electric utility business sce geologic storage as an immediate and
viable solution to the disposition of the waste accumulating at their power plants .
Furthermore they want it (o be the only solution so that the Nation can get on with that
solution immediately. Transmutation, which might provide a much better solution than
simple storage, gets in the way of what they perceive 10 be near-term geolagic siwage.
(xhess in this community concenied about the long-teau political and wehnical problems of
geologic srage arc more supportive.



Reaclor venders
During the long hiatus in new reactor deployment in the U, S. , the reactor vendors have
had a difficult time but have managed to design improved reactlors. The accelerator-driven
transmutcrs promise (0 be even safer and offer a benign waste stream which the new
reactors cannot match. The of availzbility 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 to convert it to the spent fuel standard. This group does not
wCessarily rejoct transmutation entirely, but would prefer it o be pushed far enough in the
futurc that its cflects would not influcnee the current decision process on commercial waste
disposition

‘The thoughtful anti-nuclear community

‘This small but influcntial group which is prominently represented in the National Academy
of Sciences studics is perhaps legitimately unhappy with the present status of suclicar
technology, belicves that nuclear technology has had its opportunity to provide solutions to
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 anc generally
unsuppostive to the development of new nuclear technology wishing not 10 recognize that
sometimes it is necessary 1o fight fire with fire and that there probably is no altemative to
the development of new nuclear icchnology (o solve current puclear waste problems.

The reactionary anti-nuclear community

This group docs all it can to climinate nuclear technology by the placement of obstacles in
the path of any solution o the nuclear waste problcm. Some 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 afraid of
the benefits accruing to nuclear technology if this means of wastce disposition and cncrgy
geacration werc to be successful.

So backing for repository st is strong indeed and transmutation is gencrally viewed as
obamcﬁvcmgcningmmmm' iatcly with repository storage. However within most of the
above communitics there is growing concem ahout both the technical and palitical viabitity
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 itory storage of
fissilc matcrial safc. However plutonium will always be necoverable if it was possibie to
bury it, s0 the nuclcar weapons problem never gocs away. French law requires the
cxpeaditure of as much on wastc buming as is speat on geologic storage. Why not spend
in the U. S. half of that now being spent on storage 1o demonstrale 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 pluced in
repository storage anywhere in the world. It we continue with present policy, fifty years
from now when all of the waste has been placed underground, scientists still will be trying
to convince the public that the waste has been safely stored “forever.” If transmutation
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 dangerous
0

problem to our children to avoid the option veloping the technology for complei:
destruction of plutonium. With the repository we preserve the material for 100,000 years
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for national or subnationai groups to huild nuclear weapous, and leave open the danger o
the population and to the environment {rom spontaneous, accidentally, or purposeful
cruptions from permaneat storage of fissile material underground. It siould be
remembered also that plutonium 239 which s the key isotope of wezpons plutonium
decays into the other key weapon ingredient uranium 235, which lasts for 800 nullion
years.

Solving the plutunivm problem using transmutation

If the National Academy of Science's leadership has not always provided sound
recommendations, what course of action should be followed instcad? 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 buming of plutonium. and the continued use of PUREX-based processing which
produces a naked plutonium stream.

3. Recognize that transforming weapons plutonium 1o the spent fucl 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 matenial uscful for nuclear weapons consiruction.

5. Support demonstrations in the U. S. 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, reserve it for fission products and the more innacuous
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 miclear 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 IAEA recognizes that
safeguarding repositorics forever is not practical. this policy clearly lcaves the plutonium
problem out of control. The views expressed by the lgtc:ssian nuclear weapans designer
should be heeded. Present society fulure generations the world over deserve the
opportunity not to be saddled with a disposition mcans which makes possiblc nuclcar
weapans for everyone forever.
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