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The Problem of Nuclear
Energy Proliferation

Thomas B, Cochran

THE PROLIFERATION ISSUES RELATED fo chil nuclear power have
been recognized for almost fwo decodes:

» Yery smod quantities of plufonium {(Pu} andfor Righly

enfched uranium (HEU) are needed for a nuclear weaapan

e [t I35 very difficult fo provide odequate securty for

separagted plutcnium and HEU at bulk-handling facilities

(nuclear fuel reprocessing and fabrcation facilities) whare

seporated plutonium and HEL ang found in nondiscrate fonms

# Stockpiling of these materials in nonweapon states

provides a dangerous breakout capability.

The securty of fissle matenal in Russia, the need to dispose of large
staocks of fisslle matedals from refired weapons, and the growing
recognition that we must address the long-term proferation risks
assaciated with spent fusl once the protection afforded by the
radicactive fisson products hos decayed away, represent new
dimensions to these issuas.

The amount of plulonium and/or highly eniched wranium
needed for a nuclear weapon Is very small. After aimost a half
cenfury of lving with nucheor weopons, considerable
misinformation about 1he fisile materiol requirements for nuclear

[r. Cochran is a Sericr Scientie® af the Motunal Resowrcas Defense Courdl (MRDC)
ond drector of MEDC Mucleor Progrom. whees ba indioted and  gireched
porticioasion inseveral joint U5 -Sovied nuckeor weapors verificofion projects. For
s becdlenshin I reuckecr test bon weeificabion, Dr. Cochran received fha Amancan
Friysiodt Sochaty’s Selam Award (1987) and fhe Federction of Amendcan Sclantsts’
Punlc Sarvice Award (1787). Dr. Cocivan i the aulhor of ramerous aficias ond
working popeis and hos sened a3 a consuffant to numences govesnmandt ord
nongovisnmental cgencies on enargy. mudenr nonproffarafion and nucleds
reachar maters
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weapons stll exists. For single-stoge pure fission weapons, J
spharically symmethc implosion design requires the kBast amount
of fissile material to achieve o given explosive yisld, relotive to
otheer possible designs, For this kind of device the amount of fisile
maternal required depends primanty upon the type of fissile
matesiol wed (plutonium or HEL), the desred explosive yield of the
device, and he degrea to which tha fissile materal B comprassed
af the time disassambly of the fissle materol begins due o the
release of energy from the rapid nuclear chaln reaction. The
degree of comprassion achieved depends on the sophishcation
of the design and degree of symmetry ochieved by the imploding
shock wove, There are, of coursa, othar factors |, such as the timing
of the Inffiafion of the chain reactian and the type of nautron
reflector used, but we wil ossurne that the proliferont state or
subnational group alreody hos acguired the necassary skils so that
fhese foctors are of secondarny importance.

Figures 1 and 2 show the explosive yield of a pure fission
weaapon a5 a function of the guantity of weapon-grade (W&
fissile matenal (WGP in figure 1 and HEU in figure 2) for three
degrees of compression. In the figures the degree of compression
is labeled according to our judgment as to tha sophistication of
the design; that s, whether it represents low, madium or high
technology. As seen in figure 1. the Naogasakd bomb, Far Man,
which produced a 20 kiioton (k) explosion with 6.1 kilograms (kg)
of WGP, falls on the “low technology” curve. Howevear, anly three
Klograms of WSPU compressed the same amount would still have
produced a 1 kt explosion. A 1 ki yield is stil o vary damaging
explosion with tha potertial to kil tens of thousands of people,
depeanding on the population density and physical characteristics
of the targeted area, Many tactical nuclear weapons that werne
in the LS nuclaar arsenal hod yiedds in the kiloton, and aven
sub-kitoton range.

But the bod news does not stop there, A nonnuclear weaapons
state today can toke advantage of the wealth of nuclear
wanpans design infomation that has been made public over the
past 3 yaars, and do even befter, As seen in figure 1, 1o ochigve
an explosive yield of 1 kt, we estimate that from 1 to 3 kg of WGPU
are required, depending upon the sophistication of tha dasign.
And from figure 2 we can estimate that some 2 to 7 kg of HEU ara
required 1o achleve an explosive energy release of 1 kt. Table |

6



Muclear Energr snd Prolileratian

Figure 1. Yield vs, Pumass (as o function of technical
capability)
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Figure 2, “iedd vs. HEU mass (o5 a function of technical capabity)
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Tobka 1, Appioxdmate fissie matadol requirerments for pune fission ruclear
WeOpons

Weaapon-grode Plutenium Highty enriched Wranium

kg fkgd
Viehd Techmicol Copabity Technical Capablity
(kN Low | Med | Hgh | Low | Med High
1 3 15 1 8 4 25
5 4 258 15 11 & a5
10 5 3 2 13 7 4
20 & 2.5 3 T4 7 3

prasants some of the results of our calculations in a differant fomm.
Wa estimate, for exomple, that os ftle oz 2 kilegrams of plutonium,
or about 4 kilagrams of HEU, & required to produce a yield of 10
kiotons, The curves in figuse | apply to weopar-grads plutanium
wheara the Pu-240 confent is kess then 7 percent. Most of the
plutonium in the civil world is reactor-grade with a Pu-240 content
in the range of 20-35 percent. The critical mass of reactor-grade
plutonium folls between that of weapon-grade plutonium and
HEU,

PFlutonium with a high Pu-240 contert is less desimbile for
weapons purposes than weaapan-grade plutonium, becouse for
lkrw-technology weapons designs the neutrons generated by the
high rate of spontanecus fusion of Pu-240 can increase the
statistical uncertainty of the yield by “preinifiating” the chain
reaction befora the desired compression of the plutonium core
hos been achieved. In spite of this, miltaniy useful waapons, with
pracctabde yields in the kiloton range can be construchted based
on low technology designs with reactor-grade plutonium.
According to the conclusions of a recent study by the National
Acodemy of 5ciences in the United States, based in part on a

classified 1994 study by sclenfists at the Lowrenca Uvermore
Mational Laboratany,

wves i pra-inifiofion occus ot fhe woed pomibla moment (when the
materiol bacamas comprassed ancugh 1o sushain a choin reaction), the
aplomoe viald of pean o relatkely smple devics similor 1o the Nogosokd
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tomb would be on the ooer of one or o lew kictors, This yald &
ralared 1o o the ™ yvield ™ o sne kicion bomb wodd shll Baove a
destruchion fodus feughly one Brrd thed of the Hroshima weopon;
making it a potentaly fecrsoms capiosive. Regordiess of hew Righ e
concantraton of frouslaseme loiopat B The vl would not Do e

Wit @ more sophisiicoted desgn, weapors could Da bult with
reacter-grade plufanium that would be ceared af Raving bighse pialds.

By maoking use wvornows combinofion: of advanced
technologles, ncuding improved iImplosion technigues, the use of
baryllum as a neutron refiector, boostng with deutedurn and
tritiurm, and fwo stoge weapon designs, it is possible to offset the
problems created by the high rate of sponfonecus fusion of
Pu-240, Using sophisticated designs wel within the capabiity of the
deciored weapon stales, reiabde light weight efficient weapons
and high-yield weoapons whose vields have small statistical
uncatainties can be constucted with plutoniurm regaordbass of the
Pu-240 content. NRC Cormmissiones Victor Giinsky best summed
up the Bsue in 1974

Of eourse, when reactar-gads plulanium s wmed fhem Moy be o
pearaly in perlormonce that B consdeasle of neEignificant, depaendng
on fnie weapon desgn. But whabeyver we once might nove fnought, we
e e Tt erven, Bmpie cesigns, albeit witn some uncerfainty in weld,
con E'El'l‘i_-'El o5 affectiva, nighly poweriul weopons - rsliably intha kioton
g e

Existing physical securty measures provide insufficient
insurance againg theft of weopons-usable nuclear material,
Adeguate physcal sacurty & assantial fo prevent the thaft of any
quantity of matariak avan as ithe ai ona bamb's worth. Highky
accurate motenal accaunting ond contral maasuras are assantial
to determing whathar a thaeft hos taken ploce ond provids fimeaky
woming 1o prenent the matearial from being used for Sict purposas.
From expenence of exigding civil and military chemical separation
(reprocessing) plonts, naval fuel facilties, and mixed-oxgde fual
focilifies, it & well sstoblishaed thot i 5 edreamely difficult (somea
wiould argua impositle) 1o provide in practice a sufficiant kewvel of
physical securty arnd material accounting and control at bulk
honding focilifies that process large amounts of nuclear
weapons-usabla matarial :

The difficulty in providing adaguate physical security & that
thett of moternials can invohes a colluesion of individualk, intluding
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the head of the guard force, the head of the company. or even
the state. Despite having guands at every bank. employess at the
Bank of Credit ond Commernce, Inc, {BCCI) were able fo steal
billions of dollars from Bbonk customerns because the thieves were
running the bank—the colusion was at the top. If the threat
includes the potential for collusion invohing the guord force and
focility drectors, providing odequate physical security in the West
would reguire hening the foclity into a heaovily amed site
cccupked by an independent rmditary force. In Russia, physical
secunity haos relled on heavily guarding not only the faciities, but
also the towns where the work force resides. These closed cities
are anatharmao to a demociatic sociaty.

of course, the principal role of physical securty s complately
revesed when the colusion invalves elements of the governmeant
Hsalf. In this cose the primary mission of the sacurity apparatus s to
hide the program from oufside scruting. It is now known that at
wvarious times in the past, the govermnments of the United States,
Japan (duing Workd War ll, Soviet Union, United Kingdom, France,
Chira, lsrael, India, South Affca, Swedan, Argenting, Brazd, Taksan,
Pakistan, Morth Korea, South Korea, and rag hove hod sacref
nuclear weapons development programs.

The collapse of the Soviet Union and the currant aconomic
condifions n Russia have saversly chalengead the physical security
of weapons-usable fissile matenal there, Russian President Boris
Yeltsin has said thot 40 percent of individual private businessmean
and &7 percent of all Russion companies hove bean comupted by
organized come. Reports of illegal activities in Russia associatad
with nuclear materiol—offers o sell and seccessful and
unsuccessful offempfs to sfteal nuciear motenas—are now
aoppearng regulary i the Russian and European press. On
agverage there s about one new cose perweek, Low-enriched
uranum fued has been stolen, ond four tons of berylium aond o
small gquandity of HEU, thought to be kess than 1 kllogram, was
stedan frorn 0 Russion nuckear facility, peshops Obninsk,  These
rmaterials wera recovered last year by Uthuankan authorities in
Vilnius,  This may be fhe cose involving the thefi of several
hundmed grarns of HEU that hos been confimed by the Russian
bAinistry of Atornic Energy (Minatam).

in another case, a Bussion nuclear sclentist from the Luch
Production Association, which manufactures nucledr spoce
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raactors, was apprehended in October 1992 af the Podolsk train
station with 1.5 kilograms of HEU in his suitcass, In February of this
vaar 3 kilograrms of HEU (90 percent U-235) were stolen from a
plant near Moscow, Subsequently, a 31, Petersburg butchear was
apprehandad in an atterngd to 22l §, Beteean May 10 and August
12 of this year Serman authorifies intercepted four small samplas
of weapon-usable moterials, one having 300 to 350 grams of
plutonium.  These ora some of coes we know about becauss the
material were infercepted. We know for cedain that kiograrm
quantifies of weopons-usable materol are being stolen from
Rustian nuclear institutions and that some of # has crossed
intamational borders, The most serous cases to date have
Imvalved weapons-usable materkals in the civil sector. There oy
hove been other diversions of nuclear weapons-esable moterials
that were successful ond have gone undeteched

Plutonium-239 hos a half-ife of 24000 vears, and uranium-235
Rz o halfife of 700 millon years, The lifetimeas: of weapon-usable
rrcterials greatly exceed the ifetimes of the institutions that must
prevant their miuze. The sfuation in Rusio today makes this
abundantly clear.

IAEA sofeguard measures are Incapable of detecting diversion
of weapons-usable fissile materal from bulk handiing facilitles.
The internaticnal community's principal ool for penetrating the
sacrecy of nuclear facilifies is the power of the Infemational
Afomic Enengy Agency (AEA) to conduct inspections and requine
adherence to shict matedial accounting and control proceduras,
collectivaly refared 1o s "safeguards.”  Thasa gré meaant 1o
provides timaly detection of the diversion of significant guantitias
of weapons-usabie maternial,

While thera are numenous shotcomings in the design and
implementation of AEA safeguards, wa focus hera on thres
technical fiows: {a) the IAEA's “significant quantity™ (S&) values
are technically fiowad=—trey ara fartod high () detection of the
diversion of o 35 amount appligs to o moterial balance aea,
instead of the entire facilty, or aven country; and (<) tha IAEA'S
timeky detection criterion cannot ba meat.

For sofeguords purposes the LAEA defines a “significant
guantity™ (560 of nuclaar motarial os “the aporozximate quandity
of nuclear matanal in respect of which, taking into eccount any
comersion procass imioved, tha possibilty of manufasturing a
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nuclaar axplosive device connot be excludad. ™  Significant
quantity valuas currently in use by the IAEA ane ghen in table 24
The 58 walues were recommended fo the [AEA by a group of
expents, namely, the JAEA's Standing Adveory Group for
Safeguands implementation (SAGS), and "ralate to the potantiol

acquistion of a first nuclear explosive Dy O noN=NUCIBAr waapan
state. ™5

Toloks 2. [AEA sigrificant quoritities

Quantity of

Soleguords

Maderial Significance sofeguards Apply fo;

Direct-use matana
Flutcrum Bk Total elemant
Lircaniurm-223 akg Tatal isotopsa
Liraniure enfiched fo 25 kg U235 Botope
20 percent of mone
indirect-usa nuciear matenal
Uraniurm ({20 75 kg U235 isstope
parcarnt U-235)
Theium 20t Tl larment

The direct-use values in foble 2—that &, 8 kg of plutonium, 8 kg of
uraniurm-233, and 25 kg of HEU—are ako refarrad 1o by the 1AEA os
“thrashold amounts,” defined s “the approximote guantity of
special fssonable moternal required for a singée nuclear device, ™

The |AEA cites as a source for these threshold amounts a 1947
Unitad Mations document:

Thege threshold amounts mcluds the matanal haf wd unovoidebly be
fast in monufociuning o nuclear explosive deviea, They sheuld net be
cariuad with The mnimam citicol mos neaded Tor on explosive ain
reaction, which it snoler. (JAEA footnate: Lsing higHly sophisticated
techmiques available fo MY stotes. the citicol mes and e
coirEpanding thieshold amound con gso ba significomtly reduscad. Dut
fresie ore spacial Comes That neded not be corsicersd hara ) ©
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As seen from figures 1 and 2, the direct-use 52 of threshokd
values cumently uwsed by the |AEA are Technically indefansibie. The
LAEA B making false cloims as fo the minimurm guantity of nuclhear
material needed for o nuclear weopon, even for a |low-
technology first nucleor explosive by a nonnucksor weapon state,
including conslderotion of unovoidable lossas. If one fook the
same Fot Man design, first teshed ot the sife in New Mexico and
dropped on Magosakl in 1945, ond substituted a 3-kilogram
plutonkirm core for the &, 1-klogram cora fhat was used in 1945, the
yield of this device would be on the order of 1 kiloton, a very
respectable atomic bomb. Thus, the LAEA 5 in error to assert that
“highly sophisticoted fechnigues available to NW States” are
needad fo make nuclear weadapons with “significantly reduced”
quarnfities of materol,

The so-cofled “highly sophisticated technigues available to
MW States” were known to US weapons designers in the kate
19405 and eorly 19808, ond nuclear devices using vary smoal
quanfiies of plutonium ond HEU—so-coled “fractionol crit”
wadponi—with yields on the ocrder of ong kiloton were tasted
during the Ranger sares in 1951, Furhemaores, o welkadvised
sofeguards program for O given country or group of countries
would set tha “significant quantity”™ ievek at values less than the
minimurm amaurt neaded for o weapon, in recognition of the foct
that materials can be diverted from more than one source, The
practice of sefting higher levels to account for manufacturing
losses s imprudent, poriculady in view of the foct that o significant
froction of these "losses” are technically recoverable,

In sum, soféeguords opply to o nonweapons countries,
imgspective of thair technological sophistication, Mony countries,
such as Jopon, ermany, lsrael, India and Paklstan, have highly
developed nuclear infrostructures and must be considered
technologically sophsticoted. Even for countries that are in
general not teribly sophisticated technologically, the key
technical information needed to establish a program for
achigving substantial compression by impledon techniques is now
availoble in the unclossified Rergfure. The guanfitles defining
sofeguards significance, therefore. must be based an the
assumption that the preliferotor has access to advanced
technology, A5 o consequence, NRDC believes the |AEA's
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significant guantities should be lowerad of least 8fold fo the
values in table 3

Toble 3, MRDE's proposed significont quantifies

Quantity of

satagisds

Material signifcance Sofequards apply to:

Cirect-use nuclear rmokesial
Flutorbum 1kg Total Elernant
Uraniumm-233 1kg Tatal katope
Uranium endched to kg 225 sotope
20 percent of mane

in the porlance of nuclear matedal acoounting the inventory
difference (D) i defined as ID = Bl + 1 - B - El, whare Bl & tha
Beginning inventory, B is the anding inventory, and | and R ane,
respectively, the materal added and removed durng the
inventory pevod? For the minimum amount of diverted plutonium
(ossumed by the |AEA to be the 52 valus (curently B kg of
plutonium} 1o be diginguished from meaasurement nokss with
detection and fake alarm probabilties of 95 percent and 5
percent, respactively, it can be shown that 3.3 o, must be less than
the 5& value, where o, i the uncerainty in the invenfony
difference.® This means if the 5& value for plutonium were lowered
to 1 kg, o, should not excesed about 300 grams.

Al reprocessing plants that handle tons of weapons-usable
plutonium, oy 5 dominated by the eror in measuring the
plutonium input info the plant, which & about one percent of the
throughput. The Jopanease Tokai Mura reprocessing plant, one of
the smallest plarts in the West, has an average output of about 90
t of heawy metal per yeor (the/t), and the LWR spent fusl
processed has an average total plutanium cortent of about 0.9
parcent. Thus, o, for Tokal Mura is about 8 kg of plutonium per
annual invantary. Even if inventorias were taken every & months,
0y, wiould be about 4 kg, which is an order of magnitude too high.
Cne smply cannot detect the diversion of several bombs' wiorth
of plutonium annually from Tokai Mura. The inventory ditference
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would be karges af the plants in the United Kingdom and France
because they hove a greater throughput of phtonium.

Waea are told that materol occounting and controd at Russian
plants hondling nuclear fuel in bulk form & rudimertary at best, The
RT-1 cherrical separation plart aof Chelyabinsk-65 has a copaciy
of about 400 they, and untl 1991 hod been operating of abouwt
200 they. Therefore, the sfuation at BT-1 would be fwo to six times
worse than ot Tokal Mura, even if it were brought up to curent
Western stondords.® It Is difficult to imagine unning a bank in
which you counted the money only o few fimes a year, and then
only counted the notes lorger than 10,000 ubles. Yet the Russian
nuchkear establishment sanctions the commercial use of nuclear
weapons-usable materal under safeguards that are no better.

The [AEA permits focllifies to reduce inventory uncertainties in
fwio wioys. Ficst, the plutonium entering a reprocessing plont s not
meaasured untll affer the spent fugl hos been chopped up ond
dissolved, thereby sdestepping the lorge unceroinfies in
meaasurements of the amourts of plutonium enfering the plant.
Second, the faciities are subdivided info numerous material
balonce areas.  The fociities in fact should be 2o subdivided, and
this provides added protection against o sngle Insider threct, But
it must be recognized that this does not afford adequate
protaction againg o colusion of Individuals, pariculady in
scenarnos whare the state iz engoging In the diversion.

Irs Mery 1994 the Nuclear Contral Insfitute disclosed that there
wias a 70 kg discrapancy In the plutonium Inventory balonce ot
the Tokai Muna fual fabrication plarnt The Joponese clomed the
plutonum was not missing but was stuck o the sufoces of the
glove boxes. Meverthaless, the uncertainty in the estimate of this
plutanum holdup s on the order of 10-15 percent, one of more
nuclear waapons worth, Astonishingly. the IAEA hos given Japan
rmonths to resalve this discrepancy.

Detection tima (the modmum fime thot should elopse
betweaan dvarsion and detection of a significant guantity) should
be in the sorme ranga as the conversion time, defined as the time
reguired to conwerd different forrms of nuclear moteral info
componants of nuclaanweaapons, For mefolic plutanium and HELL
the conwversion fime is 7 1o 10 days; for other compounds of these
rmextarials, 1 to 3 weeks, Thesa tirmas are already much shorter than
the perod between invenfores af any fugd reprocessing plont
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Unfortunately fhe mistion of the 0OE effart & too narow, | & limited
to improving the national physical securty and  material
accounting programs in Russio. Unfortunately, the rate at which
improvermants will be mode 5 funding limited: 52 millon in FY 1994,
515 milion in FY 1995, and 540 million in FY 1994, Ako, only a few
focilties will be covered by the cooperative effort, and there will
bea litte capabdty for the LS. o observe the affactivenass of the
U5 ossstance when appled to sensitive miitary faciities.

The mission of the kab-to-ob effort needs 1o be expanded to
construct o comprehensive nondiscriminatony safeguards regimea
thaot covers all nucleor weopons ond weapon-usable fissile
marteniol Onky then will the porfies be forced fo addrass methods
for adeguotely sofeguarding the most sensithve facilities and
mictendal, There b no reason this should not be ane of the mainline
mission of the L5, and Russian labs.

As seen from fable 4, ol he nuclear weapons and mostof the
fissile motedal facities are not coverad by the 1AEA or even
Blloteral sofeguards. As shown in fable 5, even with the Clintan
adrminitration cbjectives of a global cutol in the production of
fasba materal for weapons, and with LAEA sofeguards ploced over
fssile materdal declared "exces”™ fo nafional securty
requirements, all nuclear warheads and many fissle material
invantonas and production facilities will remaln outside any
bilateral or intemationol  sofeguaords,  including  the
weapons-usabke materdal inventories in Russka, I we hope fo
achieve deep reductions in the global nuclear weapons arsenals,
we will neged o comprehensive safeguards regime covering all
nuclearweapons ond weapon-usable materol {table &) The U35
and Russian nuclear weapons labs should begin constructing such
aregime on a blloteral basis

Prolileration risks assoclated wilh the closed fuel cycle. The
United Kingdom, Fronce, Russio, and Jopan ore reprocessng
spant civil reactor fusd for waste management and to seporote
plutenium for recycle as a nuclear fuel in light water reoctors and
breedars. Fronce, Russio. and Jopon continue to develop
plutanium breeder reactors. Mot only is there no adeguate means
of safeguarding lorge bulk-handling faciifles to  prevent
wadapon-usable plutonium from being stalen, but also reprocessing
of spent fus! and the recycling of putonium™ into frash fuel for
reactors permit nonnuclear weopons states to justify The
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acquistion ond stockpling of nuclear weopons-usable matesal,
ostensibly for peaceful purposes. At the same fime, withouwt
violating any Infemational safeguands agreements, these countrias
coan desgn and fobdcote nonnuckeor weapon components, By
moning to o point of being within hours of having nuclear
weapons, pemnaps needing only 1o Infroduce the fissile material
imta the weapons, a nascent weopons stote would have oll of its
options open. Under these conditions, infernational sofeguards
ogreameants can serve s a cover by concaaling the signs of
crtical change urdil it s oo lote for diplomacy to reverse a
decison to "go nuciear.” Indla recovered the plutonium for its first
nuclear device in a reprocessing plant that was ostensibly
devaloped as port of #s natlionaol breeder program,

Acceptance of the plutonium breeder as an energy option
provides the justification for the eordy development of a
reprocessing copabliity by any country. A nonnuclear weapons
country would abway: have the optlon to shift s “peaceful
nuclear program to a waapons program, buf this would require
the polficaly difficult decision to attempt evasion or overtly
abrogate |AEA safeguands. Without national reprocessing facilties
and breeder reactors, counfries wishing fo develop nuclear
weapons capacity facea very conslderable poitical prowlems and
cost. Obtaining large quantities of weapon-usable plutonium
requires that they buld one or more specialized production
reactors and chemical separation faciities. By establishing their
nuclear weapons option through a plufenium-using nuclear
elactric generation program, they con circumvent these
obstacles.

Were plutonium fost breeder reactons ever fo become
aconomical (| seriously daubt this will happen), their deploymend
would ertail stoggering amounts of nuclear weaapons-usable
plutanium in the reactors and the supporting fuel cycla. ? If only
10 gigowatts of electic capacity were supplied by breeders.
hardly enough to justify the R&D effort in any country aven if the
aconomics were ofhanwize favorabile, the plutonium nventory in
the reactors and their suppoding fusl cycle would be on the order
of 100-200 t —sufficient for 17,000 to 33.000 nuclear weapons each
using & kg of ptonium. By compoarison, LS. nuclear weapons
stockplles in 1987 consisted of 23,400 warheads, and the
weaapon-grade plutonium inventory, most of which wos in
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weapons, was agbout 90t The Russion warheod phitonum
stockple consists of an estimated 1351701 of plutonium in a total
stockpile which peaked in 1985 ot abaut 45,000 warheads,

Moreower, about one-half of the plutonium created In o
breedear reactor 2 bred in the blanket rods, The bumup of the
blanket materdal s low. Consegquently, the resulfing phetonium is
weapon-grade, with a Pu-240 concentration lower than that used
in U2 ond Russhon weaapans, Thus, any nomweapons country that
has large stocks of breeder fusl has the capacity o produce o
ready stock of weapon-grade plutonium. | only has to segregate
and reprocess tha blanket ossemblies separately from the core
assamblies.

Consequently, emaining breeder research ond developmeant
programs. If not defered altogether, should be kmited fo
conceptual design effors only, with an emphasls on advanced
proffarction resistant fued cycles that do not require mastery of the
technology for botating and fobricating weopons-usable nuclear
materials. To the extant that this s poliicaly impossible, sufficient
phutoniurn hos already been separated fo meet the needs of R&D
programs, so0 at a minimum there is no requiremant to continue
saparating plutanium for this purpose. In this connection it shoukd
be noted if plutonium breeders some day prove to be
economicaly competitive, and if the breeder fuai cycla can be
safeguarded with high confldence under stingent international
cantrols, then commerciol deployment could bagin with coras of
nonweapons usable 20 percent endched uraniurm. in othear words,
there & no need fo occumulohte o stockple of separafed
plotanium todoy to insure the possibility of deploying breadsrs ot
sorma poaint in the future,

Civil Plutonium Stockpiles are o potential barrier to achieving
deep reductions in the global nuclear arsenals. The accumulation
of large stockpdles of separated phatonium ond weaapon-usable
axperisa in nominally chivil programs will act os a barrier to deep
reductions ond eventual alirmination of nuclear weapons haeld by
declared and undeciared weapon states. One nead only ask how
far China, for example, might be wiling to go in accepting limits
an, or reductions in i nuclear waapans stockpile f Japan is polsed
to occumulate an even larger inventony of weopons-usobla fissile
matarials in pursuit of a civil plufonium program with no clear
commarcial rationole. Similarly, Russio’'s continued operation of
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reprocessing phants and pofentially large-scale commitment fo
the breeder reactor fuel cycle could abort ULS, poltical support fior
continuing foward very deep reductions and ulfimate aboltion of
nuclear weapons stockpiles. The kack of such a commiiment by
the Uinited Stotes and other nuclear weapons states could, in fum,
lead to continued erosion of the nonprolferation regime. Hence
thia nead to fortheightly address the rmistoken legiimocy afforded
civil phutonium programs under the cument system of intfemational
contros, Inany cose, nafions hoving chil nuclear enargy programs
with closed fuel cycles con make an important confribution to the
dscmament process by defering further separation of plutonium
uril the global inventones of plufonium are substantially reduced,

Plutonium economics. Development effords wordwide hove
demonstrated thot plutcnium fost breadens arg uneconoMmicak—
unable to compeate with themrmal reactons operating on a once
through  uronum  cycle—aond  that breaders will  aman
uneconomical for the fossseable fufure, The putative benafits of
the plutonium breeder, ossocioted with s ability fo mone
efficientty ufiize wronium resources, ore not dimnghad i
commercial breeder development b postponed for decades, and
the spent fuel from existing conventional reactors is stored in the
irfedrn, As thoroughly documented by Paul Leventhal and Steve
Dokey of the Muclear Confral Institute. energy security in the
nuciear sector can be achleved more cheaply and mone quickly
by stockpiing wranium,

The use of plutoniurm in the form of MOX fuel In conventional
power (“themmal™) reacton & Ikewlke uneconomicol because the
costs of using MOX fuel cannot compete with those of enriched
frest uraniuen fuel for the foreseeable fufune, A recent study by the
RAMD Corp. estimates that, at the curent cost for reprocessing
servicas, the price of uranium feedstock for enrchment would
hove to increase by a factor of 16 befare plutonium recycle in
LWRs bacome: compatitive,

At curment reprocessing costs and an FBR/LWR capital cost
ratio of 1.5, the velowcake price would have o increase by o
factor of 45 before the breeder becomes: compalitive. Whan
might this happen? The earkast date, based on the most optimistic
ossumptions about nuclear anagy growth, reprocessing costs,
and breader capital costs, i af least 30 vears away, and the mone
likely cose i 100 years away. On the fimeascale for fechnology
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devalopmeant, o perod of 50 to 100 years s a very long fime,
during which more efficient fission options may amerge. to say
nathing of odhvanced solar and new enangy technologies not yet
invantead,

Accumulating a plutonium inventory today is not required to
insure a sufficlent starfup fuel supply for breeders, | the fime ever
comas when platonium breeders are both  economically
competitive and proliferation resistant, storfup cores con be made
from reserces of uranlum afnched fo about 20 percent 235
(Becouse the critical mass of 20 percent enrichead uranivm metal
is 14 fimes that of 93.5 percent anriched HEU metal, & would
reguire on thae order of 35 timas or more, 20%-enrched HEU
compared with the amount of weapon-grade plutonium needed,
and the saome Increase in the amount of high explosive, fo
ochisve a comparable yield). Consequently, there & no sound
BCONOMIc oF ahargy securhy justificotion for confinued
Commencial reprocassing.

Despite these realties, however, by the end of 1990, France,
thie United Kingdom ond Jopan alone hod separated about 201
of chil plutonium, and these countries plan fo separate an
additional 170t by 2000. The global Inventory of separated clvil
piutenium {i.e., not fabrcated into fuel or in use in reactors) will rse
to an astimated 170 1 by the turn of the century=that s, almost
two timas the size of the U.5. weapons piutonium stockpile at its
peak. This amount would be n addition to more than 100 t of
pAstonium lkely to be removed from refired U.S, and fomer Soviet
WeORons.

Conclusion, At tha dawn of the nuclear age. the authors of
the fomous Acheson-Lilenthal pkan for infermational cortrol of
atomic enengy clearly recognized the inherent miltary potential of
fissike motenas used for astensbly peaceful purposes. Indeed, they
believed that no widespread use of nuclear energy for clvil
purposes was possble or dedirable without intermaticonal cwnership
and contiol of the full nuckear fuel cycle,

Today it remains the unanimous opinion of the weapons
design and arms  control  communitles that the pacing
consideration in a country's acquiition of a nuclear weapon & nat
the capability to design a nuclear device, but the availability of
fisslle matadals that con be tumed to weapons pufposes. Ending,
a5 oppodad fo managng, nuclear weapons prolifération wil likehy
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prove mpossible oz long as production of HEU and chamical
sepoaration of plutonium for notional securty needs remain
legitimate octivities in o parficulr class of “nuclear weapon
states.” The infernational Ccontrol regime pemmits civil nuciear fuel
reprocessing in any state that asserts o peoceful interest in
plutonium recycle and future deployment of plutonium breader
recaciors for energy production.

With the end of the Cold War, and the reductions in tha
superpower ansenok, the United States aond Russia hove huge
surpluses of weapon-grade plutonium and highly enrched
uranium. Undoubtedly, there is no need for additionol weapons
plutonium production in other declored weopons states. By
complefely renouncing the proguction, separation. and sofopic
anrchment of weapons-usoble nucieor mofenak, declored
WaaDons states can put prassurg on undeciared weapons stales
fto do the some. Weopon-usable fissle moteriols hove no
legitinate appllcotion in foday's energy marketploce and coan
ahwiays ba produced In the fiture should the oppropriote morket
and intamational securty condifions smeange.

Daspite the fact thot ofl types of plutonium in relatheely smaoll
quantitias, imespactive of thair desgnation as civil o miitary, hove
an inhearant capability to ba used n wedpons, the cument
nonprofferation regrme abows nalional separation and acaquisition
of phtonum (ond  highly  anriched uraniomy under an
internationally monidored commitment of peaceful usa. A morea
effective nonproliferation appreoch would be a giobal ban on
the production, transfer, acquisifion, or botopic endichment of
seporgted plutonium and on the sotopic enfchment of wanium
to greater than 20 percent =235,

The heawy commitment of United Kingdom, France, Jopan
and Fussia to spent fusl reprocessing and recycle of plutoniurm
and the ingering hopes of o future revival of the plutonium fast-
breeder programs hove effectively bamed consideration of such
o drect step os ouflowing production and acguisition of
waapons-usable fissile matanals giobaly, While there are obwvious
technical advantages in such o comprehensive opproach,
tanglole poiticol progress wil mone lkely be achievedby adopling
paralel opprooches thot seek seporate controk {in the initial
stages aof least) on the miitory ond civil opplications of
waapon-usable fissile materials,
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