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Global Estimation of Potentlal Unreported Plutonlum Production
in Thermal Rescarch Reactors

lared S. Dreicer and Debra A. Rutherford
Safeguards Systems Group
Los Alamos Nalional Laborutory
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ABSTRACT

At of November 1993, 303 resewrch renctom
(research, teal, trawning, prowotype, and electricity pa
dwing) wers operslonul worldwide: 155 ol thess wory
in non-nuclewr wewpon statex.! Of these 153 renearch
reaciofs, R0 are thermal renctons thid have u pawer ruting
of | MW(th) ur greater and could be utlllzed 1o produce
pluwmlum. A provieuly publlshed wdy by T. K,
Minlwity mnd V. N Bragln' in the uneeported ploteniiom
pronduction we wlx resowech resctons imlicates that
Mininun resctd pawer of 40 MWOhY s required (o
winke o slgnlficant quuntity (3Q), 8 kg. uf llaile pluti
nlum per year by unreporied Irradiations. As pan of the
Qlobal Nicloar Materlal Control Model effort, we
derermined an upper bound on the maximum possible
rantlty of plutonjum that could be produced by the KO
thetinel research reactors in the non-nuclear weapun
sutes (NNWS), We entlinate that in one year a wmale
wanin of roughly une quurter of a merke ton (250 kg) of
plutenivn could he produced In thiese B NNWS ther-
wmal research teactors based 1in thelr reporied power ouls
put We linve calculued the quunthy of plutinluim anl
the number uf years thut winrkl be required b priduce s
SO uf plusenlunn In il 80 theanial resaasc i reacinrs wnl
aggreguiedl by NNWS. A safeguurds upprowch for wahi:
ple therinul reveurch femion il can prdice lesy ilan
1 $Q per yeur should be 1e- vistted und criteels sdupied o
ensure wn wpproprine degree nf safeguanis, ‘Dhis Invesi.
gntlon should be comducted In ussocitlion witle Aurtlwy
develiqung nosuleguands wul deslgn infuramnon ievei:
fication uppisum b foi stutes tlat liave onbiple emeaich
LTI A

INTRODUCTION

As the U8 und funimer Soviet Unton 1ESEY ¢one
unue 1o advance miml eatablinh International wgreeinents
awd treatics an the matertal pratectton, conimal, el
accounting (MPC &AL and i continl wnd dimaning:

ment arenas, the potental vl u nuclearsrelared military
enchunge is effecuvely nonexisient. Presently the pre
dominant threat w» U.8. nailonal and ineenunonal
vevunity uppeurs th he the global profiferation ui Nawile
material reluted L0 excexs military wospons, This is Uue
oven though the wul quanuty of this excess und dw-
mantied opani] weapons plutonlum I minur relalive
10 the quantlty of pooastamsiad plvtonium conuuned 1n
siored commerelad spent fuel and currenily  venupicl
vommerciul plutenium. The pon:asparailed plutonivm in
vommerviul spent (vl niky continue 1o be scpatoiad il
Uw closed fuel cycle (spemi fual 15 reprocossed ad
recycled) v inure whlely wdopted. Whathet of nit the
vlused fuel cycle ls pursued by niore states, the pluy-
niuni contained in the apent fuel wlll canmitute u grew
prolifersion problem In the future, with  prujected
grawth mtes uf 60 10 70 MT of spent uel per yeur '
Recent Innintives fram the lughest levels of the U5,
grverninent, the Naional Securly Science wnd Tech-
nohagy Strategy’ (NSSTH), wd the study by the
Natlonal Academy «of Sciencen' (NAY) support tneasures
w4 systent for global MPC&A as past of a dispsi:
tlun program 1o deal wali ey excess nuluary ol
conuirerclal fisslle waterial The NSSTS dwlicates il
“the prrsuy technical harrier honning she sjueal of
wuclent weapoma In lunlia on sccess bothe suwclear pude.
tnls neeiml tn make them “ Tlus peespecuve o alus
propeounded und expinded o by e ol de proay e
aendannn ul e NAN ainly, s e Uoied
Staten  purstie  new  anternatinnil - siangenwnn e
npeove salegaasts aml phiysicat sevinty oves all foenes
oo phurctins and HEU worklwale ™

The cowbinatton ot the mtlnaty  wespen and
civthan energy Tuel cyclen lias tesulied In w sipniicant
quantity of plutemiuin eing prodiwed iy we
eaimaicd G b 1AW MT 1y ahe el o) 1920
treakduwn o tlus nudoaey el cevbin pdigteniing
nveanay v sumidizet i CTalite T The wnliay
seledd plotoennie inventory rpresenval alimn J U4 o8
the wnal The iy wsventery wan toughily o shisd ot



the civiban (ventory, bur only abour 17% o ihe
vivilian plutonium was scparawed. Several fomuren din-
tinguish the military plutonlom lnveniney, All of the
milltary Inventory is separaied and 91% of it g
weapona-grade, some in weapon component (orm.
Imminently rasnlving the proliferailun concerns of this
mlitary inventory is critically imporiant because the
menacing implivations uf the military plutoalum out.
woigh the numorical imbalance with respect to the 10l
quanuty of plutalum produced in both fuel cyclen.

Table 1. Global Civilian and Military
Plutonlum Inventorles

QGlobal Total | Total Pu Separated Pu
Inventiory Pu | Separmed | Grwdo & Quanthty
end of 1993 | (MT) MT (MT)

Clvillan B845.0 | 144.0 FuslMReaciur 144.0

Milltary 250.0 | 25%0.0 Weapon 228.0

MuelRoucior 22.0

*Sourca: denved Irom |

In light of these facta It 13 casy to undorntand why
global prtiferni:un concerns we currently fncused «n
the accessibilty un' dispusition ol the excess and dis.
manthd we spons-gracy nuc'er mutenial resuling from
past milltar production. Nevenhelens, It |s imporiant
thit the aiternative means of plutonium production
{reprocessing cotunarcial spent fuel und ressirch reacuw
production) nut be neglecied. The recont proliferation
eaperiences tn lrag and Nurth Korea provide motivation
for this continuedd vigilinge. The prumise uf thin report
is that even though the fink and Impact af Illiewt pluto-
num production |n rescarch reactors by naon-nuclear
woupon slutes uppears guantitatively insignificant rela-
uve 10 tha existing miluary und commercial-relassd
plutonium (hundreds of kilograma voraus himdrode of
neLrie tons), it should be ennured. Indesd, the Intoma.
Uonal Atomic Bnergy Asonc{ (LABA) hax previously
developed Safeguards Criterla,” which are “uwed i the
planning of saleguards Implementation sciivities In the
Teld” and the “crilriy cover safeguands perfomied with
bth  INRCIRC/18).-type  und  INECIRC/66.type
agreenenta.

To better understand the quantity and disithuien ot
plutontum thal coald eenult frome anreported producinm
in thermal rosearch rem uey, we calenlated (he eatumated
tiagnym plusoniuiy with the Cluebal Nuglear Malerlal
Conteal Modal. Thin supporicd an immediste nattanal
level presenttion of the potential plutinium  Listbu
wun in the vontert vt exsting wulitary amt domunenal
plutoninm inventuties, niwlead tacrliies. wnd o antaies

nuclear tochnical cepabilitles. The Sateguards Critona
widross tho synergistic effoct of maenal producton of
loss than | 3Q at multlplo facilitles only during the
evaluation of “Entlre States” (Sectlon 13*). The Roure
States evaluation addressen facillties “with un inventory
af any matenal type of 0.9 3Q or mure.”™ such (acllitics
wre (0 be inspegied onge dunng o yoar. [t is not cloar
fram tho Safeguards Criteria that muluple lacilities with
lexx than | SQ are sufficientty nddrossod.

GLOBAL NUCLEAR MATERIAL CONTROL
MODEL

The Olobal Nuclear Material Cunieol Molel'?
(ONMCM) characterizes site and lacility Infurmminn,
muslear nimerial inventory deta. wnd maclewr maierial
production capabillties globally. There we throo Awdle-
mnenial components to the GNMCM: pliysical proveny
representatlon. model Infrastructure deslgn, and s wnd
vontexiual Informatlon,

The physlual process reprosgnuation component has
the primary functional cumputational capabilites of the
GNMCM. Thess analytic computational capabllities aru
tolated 10 proliferauon, dispusiuon, safeguards und secu.
vity, wd gruph' thoury, The oroliferation category pro
vidos analytcal modeling and computatonal support fix
the (ollywing nuclowr Bl cycle producdon procosses
and (solildes: onrichment, fuel fabrivation, reactor,
rprocessing, metal fabrication, weapona assembly.
weapons dlsassembly, and storuge. The prallieration
cokegory permis the study of fuel cycle prwducuon,
weupon Jistantloment. sturage, and material inventory
lwuen, The safeguards and recurtty cutegury privides
analyucal modeling and computatiunal suppan tor
sMudving. analyzing. and exthinating future roquirements
and critena for LARA safeguands sl vecuitty inspeciion
and protection tesources. Ihe disponition options cete-
gory provides analytical nudeling snd computational
wppont (or  vhrification, gonlugic  repoaitory,  wad
reactor-related ressarch. The graph iheotenc cupability
category providen the unalytical inideling amd cranpuna
tiunal funciionallty we condint varius geaph ileecreny
und netwirh aptimuzatens stinles, inclishng aetwirk
ool s 1o aned wlonigat o coaninned pran ity
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‘chor apo four aspocts (o the model infrastructure:
iho graph-based data framework, the structural hierarchy,
the nuclear fuel cyele visual presentation, and the geo:
groaphic illustration. The most fundamental design
feature of this model Is the graph theoretie frumework.
All facilitles, sltes, countries, and catogorics aro ropro-
sentod as vertices, and overy connection is represanted as
cithor a directed or an undirected oc¢ge. ‘The structural
hisrarchy design docomposos the world into four desig.
nations: nuclear weapon $tatos (NWS), threshold nuclear
waapon states (TNWS), potential nuclear weapon states
(PNWS), and non-nuclear woapon states (NNWS),
‘Theso daesignations arv furthor decompuosed into their
vonsfituent states. Tho sites wre dellncatsd by all of
thelr reapective nuclenr sltes, A slio {s dotormined hy the
faclition that exiat at the slte. The vertlces wy vonnected
by unorderod odgen. Another feature of the model infra.
structure Ix the geographle (llustration; thiy pravides an
Intoractive iup of the world that Includes all of the
mundeledt fucilitlen and sltes and some other geograplde
churacteriatics, such os rivers and lakes.

‘The last component of tho GNMCM ix the dath and
vontaxtual Intormation specific to euch level of the hier
archy uf the model. This runges from Cfaulity-npecific
physical process data to mure generat world inforutation
and data. Examplos of xume uf the dawn are geographic
location of f{acllicios; type of fuctlity: plysical proves
data; tho Nonproliferation Trewty signutory staius of n
countey; and flssile mutenal inventury data for cah
tacillty, site. country, uateguory, und wurld,

POTENTIAL PLUTONIUM PRODUCTION
IN THERMAL RESEARCH REACTOARS
GLOBALLY

Ax uf the heglitning of 1994 there were MY opure
tlonal research reactors (reacarch, test, tralning, proe
type, amd lectnenty prshicing) wonkdwide listed in the
LARA tesenrch remctor dinabane. As part f the GNMCM
eut we recently estimated that at smost une-half menls
a1 300 k) of plutonivin could be produced 1n thermal
waearch reactom worlkdwide (excluding those i the
US) Tl esthinaie was baad on the fulluwing
aunpliciia. o one-yewr petlod, @ reactut loml fwctr of
0.90, furtile trgets ('L a thermal power tor te
reneinh reasluts of IMW ar e, and the applicatinn
W the reported tnaimuin aperaling power Ot the W4
tesearch reaciote wirhiwide, 189 «f theas were (n nun.
nucluat weapun states * We beligve that Wit at these 188
teseatih reactinos ate thermal reacton thut have o povwer
rang ul IMWith) e greater inee Tahle 2) and mv

capable of producing plutonlum. During this unalysis
wo cstimated that in one year about & quarter metri¢ ton
(250 kg) of plutonlum could be produced in these 80
thermal research reactom combinad, We have calculated
tho quantity of plutonium and the number of years that
wauld he required to produco a significant quanuty (8Q),
8§ kg of plutonlum, in the rospective rescarch feactors.
‘l'able 2 summarizos this data by providing values based
on the declared oporating power level, For example a
roscarch roactor operatod at |0 MW(th) power with a
load factor of 0.9 is estimated to be capable nf praduc-
Ing plutonium at a raie of 2.24 kg/yr and it would ke
roughly 3.6 years 10 abtain | $Q The quanuty ol
plutonium and the number of years thut would bhe
rouuired to produce an SQ of plutontum aggreguted by
NNWS busotl on the 80 reseirch reacton i sutiininzal
in Table 3.

Moriasty and Bragin’ published a study on the
unreported plutunmum production at six research reactors
confinning the “Bintord line.” For iliose caleulationy we
utilized the function that represonts an upper bound on
the Binford line, This expression is bused on the unuly-
sts of the results from the study of these «ix lwyy
thermal covonrch roactors, it v mat upplicable o fast
reactons. ‘The Blntord line Is lused an the “estlmate that
a inintim eenctr pawer of 40 MW(th) is required ta
make 8 kg of fsslle plutonivin per year by unrepated
irvadlations with n lowed fuctor (LI of O RS " By twmnn-
Ing a 0.90 hiwd fucnn fur the Dinfond estlimate, Minlutty
wwl Bragln huve ¢atahlished an upper boumd on the
tslmum posnible quantity of plutinivn that can be
pronduced by u thernul renearch tenctin, an Jesctibed
Ref. 2. The minimum reacior power o produce an S0
drops 10 3 MW(th) with the isstied lival Gt of
0.80, After modifying Mirlurty aml Brugin's exwes.
ston, we ubinined the folluwing expiession fir o
estimated maximumn plutsninm  prosluctien (BMPu
caleulatitin:

KMPu Ikg/ye) & 0320 (hw/™MWitha ye) »
Operating Power | evel (MWitln]

A munbser of factiny nltimately afheme the atual
e oof plutonun phalicins 0 a et aeinlng
temtr operattun ol funtot, rradlation  thie, wnl
pewet lesel, the Mueme tuanduct of licadtatio tieg ol
on wmagnituder, the eacttsity, aml et mateeial
sype uantity, Cempn, lovatnin, aml bt dvsipation)
ot aty tn depthe dissunyiom of these prisluchion lactss
we Dinlord's eeport’ aml b o brieter diacusatm wy
Muttwrty atnd Hiugia = iepmat



Table 2. Number of Thermal Research Reactors Within Power Range and the

Eatimated Maximum Plutonlum Production (EMPu)

Oporating Power Numbor EMPu Years to Aggregatod EMPu for
Level of @LF=0%0 Produce | SQ Power Level
MW(th)) Reactors Cegyn) (r/SQ) kig/yr
1.8 42 022 . 1.12 36.36 - 7.14 26.768
6-10 18 1.3 -2.24 597.3.97 38976
118 3 2.46 - 1.36 31.25- 2.8 9.886
16 - 20 2 3.%8 . 440 2.23- 1.79 §.960
21 .28 2 4.70 - 5.60 1.70 . 1.43 10.752
26 30 3 5.8 -0.72 1.37. .19 32.704
3] - 38 0 6.94 - 7.84 115 . 1.02 -
36 40 3 8.06 . 8.96 099 . 0.89 26.8%0
» 40 s AL < (.87 97.440
Tolal %0 - . 232.336

SAPRGUARDS CRITEBRIA
IMPROVEMENTS

‘The factors that effect the rute und ubllity 10 produce
plutonlum In a rewtor also provide indicators and
observables for an Inspector. Some of these include
devintion from normal reactor operatlon (low burnup,
high power. high fuelicore throughput, shutdown
frequency variance, and change in research activity).
engineering changes that Increasc cooling capaclly or
target accens, and the presence of lertile materlal, targets
or stored Irradiated fertile material. Binford’ and Morinrty
and Bragin? should he reviawed tor n more specific and
lengthy discusslon of thexe indicatorn. The Safeguards
Criterla® provide the means to deniify und Interpret
many ol theae obrervahles, especially If the rovewrch
reavtor hus a power rated wt 28 MW(th) or larger, Sume
of the recent Improvements in safeguards tochinology
factinnte the safeguards approsch. Improvementa In
vontalnment and survetliance os well av automaed
sceounting wnd record keeping pravide the sbllity w
mure cost effectively mest wifeguarde goaly, The Sufe.
gunrds Criterla require that, tn confient the nhwence of
unrecordedd productinn of ditectuse aternl ot rewach
renciors, on “anolyxis shuws thine the reavtor conghd aui
prodhece | 8Q of plutonium™ per year e Ui et
with thernal power of 28 Mwt or tess, o nnalysis s
tgred ™ The cholee nf o theenml power ihteshobil of
2% MWethy s grewder equriving liwreamd serutlny Lo
twor entential sufeguarde problens assinimed with It
The firat problem pontsd . ut by Rinfird' amd again by
Manarty and Deagin® - itiat the speatficd lweshuld anly

refems (o the dovtw! maximum operating powor of the
reactor. Typically renctors huve been conservattvely
dextgned. »0 that without uny sngineering modificutions
It in possible to operate 4 reactor at up w 406-50%
greater power. ‘That s, “a reactor with a declared nomi-
nal maximum operating power of 25 MWl could tw
uperniod st A3 MW(th) or tmore."? Bocause this ¢ould be
whieved without englneering modifiestions, safoguands
criterin related 10 design verificaillon we ignored and o
Ly an Important impmct on the tinte ) produce an 8Q.
The second problem Is that of multiple resesrch ieacton
aach producing small quantities of phatuniwim such 1hat
safeguards crileria are not triggered or indicated This
was mentionsd by Binford, it 1« much saaier to conveal
the annual production ol' a small quantity.«one or twn
kilogramn of plutinium---than that of a ‘sigmiicant’
quantliy™ and ia wbstracily relted to the sixth comelu
ston in Moriarty and Brugin ? ‘1hax study 1 anly related
tes thermal rosearclt tomtoes, when other sl potentinl
proctiction sitees e comnidered, the comhiimipen of
multiple prduction patentlels provides wn inpetn o
nre cutefolly conuader crlierm that whirews the conadi
dnred iunmtrty

CONCLUSIONS

I steenggthen the Saleguards Crtterta, an sppvomh
for reseurch reactiors that can produee less than | M)/t
shiyuld be investigated and techmigues develipml: tn pat-
seular, when multiple 1eseanch reacting anig, the syt
guted peondocnion capaliluy stusthl e atlizad T thwe NQ



Table 3. EMPu and Number of Years
to Produce a SQ in NNWS
Thermal Research Reactors
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vitlue in Scction 4° not just under Soction 13* (“Entre
Siatox"). This investigation should be conducted in
ussocimtion with daveloping a safoguards and design
information reverification approach for states that huve
numerous ressarch roactors and that takes inta account
the potential maximum uperating power rather thun the
declared powar. We belleve that onhanced safeguurds
techniques and technology nood to be investigated axl
for their effectiveness tu he detarmined.
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