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(zlobal Nuclear Material Contrgl Model
Jared S. Dreicer and Debra A. Rutherford
Safepuards Systems Group. NIS Division
Los Alamos National l.ahoratory

Abstract

The nuclear disnger can be reduced by a system for global management, protection. conrol, and
accountng as part of a disposition programn for special nuciear materials. The development of an
internationel fissiie material management and control regime requires conceptual research
supported by ar analytical and madeling tool that treats thie nuclear fuel cycle as a complete
system. Such a tcol must represent the fundamental dat, information, and capabilities of the fue!
cycle including an assessment of the global distribution of military and civilian fissile material
inventories, a reptesentation of the proliferadon pertinent physical processes, and a framework
supportive of national or intcrnational perspective. We have develaped a prototype global nuciear
matenial management and control systems anaiysis capability, the Global Nuclear Matenial
Control (GNMC) model. The GNMC model establishes the frainework for evaluating the global
production, disposition. and safeguards and security requirements for fissile nuclear matcrial.

1.0 Introduction

With the end of the cold war and the dissolution of the Soviet Union. the threat of a global
ruclear exchange is essenzzlly non-cxistent. However, ihe global proutcranon of fissile material
has become orie of the foremost threats to 11.S. national and intemativnal security. This nuclear
canger can be reduced by a system for global management, protection. control, and accounting as
part ¢ "a disposition program for special nuclear materials, plutoniuin, and highly enriched
uraniuin (HEU') to prevent their use for weapons purposes. Recent initiatives within the U.S.
government and a stady by the Narional Academy of Sciences (NAS) are supportive of such
measures. One of the primary recommendations of the NAS! study was "that the Uniied States
pursuc new intcrational arrangements to improve safeguards and physical security over all forms
of plutonium and HEU worldwide."

Globally, proliferation concerns are currenuy focused on the accessibility and disposidon of
the excess and dismantled weapo::s-grade nuclear material resulting from past military
praduction. The existence and potential availability of this material presents an acquisition
opporwnit for politically unstable and less technically capable states, sub-narional organizatians,
orterrorist . Additionally; states with nuclear fuel cycle facilities outside of wntermational
safeguards, advances in commercially available techriolegy, large and increasing quantitics of
civilian fissile maierial, an increasing spectrum of pote:tial weapons materials, and accessibiiity
of deliver technologies present a number of proliferation oppertunitics. These opportuaines,
together with the dissemination of nuclear weapons design information and the potendal to secure
scientific and technical design expertise and capabilities, create a distressing situation. With
relatively little effort, it is pocsible that a terrorist group, sub-natienal organization, or roges state
could auemp: to procure fissilc weapons matesial and fabricate a nuclear weapon.

The total quantity of this excess and disrnanted ycparated weapons plutonium is munor
reiarive to the quantity of pon-separated plutonium that is containcd 1n stored spent tuel and thai

1. Nationai Academy of Sciences, Comminee on Intemational Secunty and Arms Contrsl. Management and
Dusposition cf Excess Weapons Plutorsum, ‘Washirgton. DD.C . Navonal Az ademy Ures-, 1994, p. 2



inventories, a representation of the prolifcration Fertinent nuvicar fuei cycie physical processes.
and a framework supportive of nationa! or internationai consideraton.

2.0 Global Nuclear Material Contrul Model

During the last year we have developed a pratotype global nuclear materniai inanagement
and control systems analysis capability, the Global Nuclear Matenal Control (GNMC) madel, o
a Sun workstation. This cfTort was undcrtaken as a result of our expertise and interest in .
nonproliferation, nativnal and international security, safeguards. and the NAS recommendations
There are :hree fundamental components to the (GINMC model: physical process representation.
model infrastructure design, and dzta and contextual information.

The physical process representation component has the primary functional computational
capabilides of the GNMC model. There are three distinct nuclear-material-related furctional
capability caicg._rics: rroliferation, safeguards and security, and disposition vptions; there is also
a graph theoretic capat.iity category. The proliferation category provides ana.ytical modeling and
computational support for the following nuc'eur fuel cycle production processes and facilities:
enrichment, fuel fabrication, reactor, reprocessing. metal fabrication, weapons assembly, weapons
disasscmbly, and storage. The proliferation category per-nits the investigation and srudy of fuel
cycle production, dismantlement, storage. and inventory depletion issues. ‘The safcguards and
security category provides analytival modeling and cor -utational suppon to study and analyze
international inspection and per:taction rescurces, rec:  :ments, and criteria.” ‘Ihe disposition
options category provides analytical modeling and computational suppor for vimfication,
geologic repository, and reactor-related research. The graph theorctic capability category provides
the analytical modeling and computational functionality to conduct various graph theasetic and
retwork optimization studies, including network (material) flow and shonest or constrained path
analysis. This category leverages the underlying graph-theury-based infrastructure design fearure.

The model infrasrucrure has been designed to support investigation across a broad range of
detail, specificity, and perspective. There are four aspects to the model infrastruciure: the graph-”
based data framework, the structural hierarchy, the nuclear fuel cycle visual representarion, and
the geographic illustration. The most fundamental design feature of this codel is the graph data
framework. This fearure enables the application of graph algonthms and material flow studies. All
facilitics, sites, countries, and categories are represented as vertices, and every connecton is
represented as either a directed or an undirected edge. The structural hierarchy desigs
decompuoses the world into four designations: nuclear weapon states (NWS . threshold nuclear
weapon states (TNWS), potential nuclear wcapon states (PNWS), and nuci: ar states (NS). These
designations are further decompused into their constituent countries. The countries are delineated
oy all their respective nuclear sites. A site is determincd by the facilitics that exist at 1he site, as
cxhibited in Fig 1. In Fig. 1 the vertices are connected by unordered edpes. The nuclear-related
computational capabilities can be executed from this hicrarchical representation or from the
nuciear fuel cycle visnalization. User specified nuclear fuel cycles can be represented, the
physical production nrocesses and material flow is simulated. This allows for the study of
altemative fuel cycles. The final feature of the mmodel infrasuructure is the geogrzphic illusraton

7. NAS (wote 1), pp. | - 27

8. Intcmational Atomic Energy Agency - Safcguards Criteria, 1990.11.21]

9. A graph Gi=(V. F) is definesd by a set V of veruces and a set E of edges. A gruph inay be either direcied \cach
edge is un ondered pair of distinct vertices) or uidirected (each edge 15 un unordered pair of distinct verticesr.
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Figure 2. Global Nuclear Material Control Model (Geographlc Contextual Information

2.1 Reactor Production

The GNMC miodel has three approaches for the calculation of the production of hssne
material in military, power, and research reactors. This tirst approach follows Albright’ s!* method
for estimsting plutonium content of spent fuel. This method calculates the quantity of spent fuel
discharged for a specific pericd of time, F, = E,/ (248 (a/100] ] - C, where E, is the gross
thermal output of the reactor during the specific time period ¢. B is the fuel design eqailibrium
bumnup, # is the gross thermal efficiency of the reactor, and C is a half-core of fuel. TTie niean
plutonium contem in the spent fuel is calculated, Pu,,. This is achieved by using onc of five
different functions that calculate the pluionium content bascd on typical initial fuel enrichment
and reactor type. By muliiplying the amount of fuel discharged by the mean plutonium content,
ihe total amount of plutonium in the discharged spent fuel, Pu, , , is estimated:

Pu,a, = F, x Pu,, . The advantage of this approach is the computational speed and easc of

nplemcmauon and it is not necessary to know the initial fuei enrichment. The disadvantage with
wnis method is that no indication of the isotopic composition of the plutonium, uranium, and other
isotopes is provided, and it is a broad estimate with potentially signiticant error.

For the purposes of the GNMC model, it is usually necessary to determine the isotopic
composition of the plutonium, uranium, and other actinide products with better precision. “ihe
szcund appruach is based on a C++ version of Liule’s BURN!? code to calculate the producuor:
of Assile materials in military and power rcactors. ‘The BURN code requires the specification of

1 1 Albright, D., Berkhoul, F., & Walker, W., World Invenicry of Plutonur and Highly Ennched Urauum
1692, Appeadix B, Oxford University Press, 1993

12 Persoral communication, Harry Forehand, Los Alames Nationat Labamatory from Winstor Litrle, Pacific
Nortiwest Laboratory



1) analytical methodologics to approximate the resource requirements for international
nucicar material inspecticn and protecton;

53 the capability to visually represent conteatual information reiated to nuclear materials
(e.g., quanary. !ocanor, and form), nuclear material movemeat. and geographic
characteristics surrounding facilities; and

6i it provides the fourdadon for the development of graph theoretic neiwork flow analysis
and constrained path analysis (i.c., minimal distance) asseviated with material shipment
and facility sicng d2terminadon studies.

We arc curtently engaged in testing and validatior: studies and are designing a study for
internaional inspection and pratection resource requirctnent cstimanion. We believe that the
approach 1aken with the prototype GNMC model has resulted in an unique tool that suppons
exhaustive systems 2nalysis study and investigarion. which cnables the study of gucestions such as
the degree of certainty associated with the estimation of material quantities based on available
irventery information and potential production capability, the verification of resources nceded for
safeguarcling excess weapons materials, or the chiunges in fissile materidls inventories as
rechnclogies for fissile matenials dispositicrn are introduced. An area that we intend to research
with this model is the determination of the effectiveness of safeguards. This requires further
resenrch into the rrade-off between inspection and proicction resources and safcguards
technologies and the effectiveness ol these technulogies within the context of facility feutures and
nissile material inventories.
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Global Nuclear Material Control Model
Jared S. Dreicer and Debra A. Rutherford
Sifeguards Systems Group, NIS Division
L.os Alamos National Laboratory

Abstract

The nuclear danger can be reduced by u system for global managem:n:, protection. contro!, and
accounting as part of a clisposition program for special nuclear niaterials. The developinent of an
interraticnal fissile materiai management and contol repgime requi-es conceptial rescarch
supported by an analytical and modcling tonl that treats the nuctear fuel cydie as a conmipleie
system. Such a tcol must represent the fundamental data, information. and capabiiities of the fuct
cycle including an assessment of the global distnbution of military and civilian fissile inaterial
inventories, a representation of the proliferation certnent physical processes, and a framewrirk
suppoitive of national or internatiaonal perspective. We have develeped a pmototype global nuclear
aterial management and conmrol syst=ms analysis capability, the Global Nuclear Matenal
Cantrol (GNMOC) model. The GNMC inniel estabiishes the framewark for evalusting the giobal
preduction, disposition. and safeguards and security requirements for 1i5a:le nuclcar maitcnial.

1.0 Introduction

With the end of the ¢nld war and the dissolution of the Soviet Unic:, the threat of a global
nuclear exchange is essentially non-cxisienz. However, the glohal proliferation of fissile material
has becorne one of the foremost threats to U.S. national and intemativnal security. This nuclear
duanger can be reduced by a svrtem for global managemcat. protecticn, control, and a<:nunting as
part of a disposition program tor special nuclear materials, plutonium, and highiy enriched
uranium {(HEU) to preven their use for weapons purposes. Recent initiatives within the U.S.
govemmen: and a study by the Nationai Academy of Sciences (NAS) are supponive of such
me=asures. One of the primary recommendations of the NAS' srudy was “that the United States
pursue new inteinational arrangements to improve «afeguerds and physical security over all forms
of piutonium and HEU worldwide.”

Glohally, prolifcration concerns are currently focused en 1the accessibility and disposidon of
the excess and dismantied weanous-grade nuclear material resuliing from past military
production. The existence and potential availability of this mutcrial presents an acquisition
opportunity for politically unstabie and less techniczlly capable states, sub-national organizations,
or terrorists. Additionally; states with nuclear fuel ¢:~le Iucilities vutside of intemadonal
safeguards, advances in commercially available technology, large and increasing quantitics ot
civilian fissile material, an increasing spectrum of potential weapons materiely, and accessibility
of deliver technclogies present 2 number of proliferation opportunitics. Thesc opportunines,
tcgether with the disscmination of nuclear weapons des:gn information and the potental to securs
scienufic and technical design expertise and capabilities, create a distressing situauon. With
relatively litde effor, it i- fossible that a terrorist group, sub-national orgunization, or roguc state
could attempr to procire fissile weapons material and rabricate a nuclear weapon.

The tatal quantity of this excess and dismantled separuled weapons plutorium is minor
relative ro the quantry of ngn_cparated plutonium that is contained :n stored spent tuel and that

i. Natonai Academy oi Sciences, Commitee on Intermaudnat Secuny ard Ams Conirdl. Management uad
Dusposuian af Excerzs Weapons Pluorewr. Warhinguen, D.C.. Nuhotal Academy thress, 1994, p 2



wiil continue to he separaizd if the closed fuel cycic (spent fuel is reprocessed and recycled is
more widely adopted. Whether of nut the closed fiel cycie is pursued by more staies, the
plutcnium contained ir: the spent fuel will constitute the greates: proiifcrason oroblem in the
future, with projected growth razes of 60 10 70 MT per year ®

The combination of he military weapon and civilian encrgy fucl cycles has resulted in a
slgmhcam quantity of plutonium being pradiced. This was estimated to be 1095 MT by the cpu
of 1993." The breakdown of this military and civilian plutonium inventory is summarized in Tabls
1. The military related plutonium inventory represented abeaut 23% of the total. ‘The mulitary
inventory was rougnly a third of the civilian invemory. but oniy about 17% of the civilian
pivtonium was separated. Several featusces distingnish the military plutonium inventory. All of the
miliary inventory is separated and 91 of it is weapons-grade, some in weapon component (orm.
immincnily resulving the proliferation concerns of this military inventory is crittcally important.
The menacing implications of the military plutonium outweighs the numerical imbalance wizh
respect to the total quasinty of plhzeniim praduced in beth the military and civilian fucl Cycics.

Tabhle L:
, Towl Pu | Scparated Pu ﬁ,
hﬁi’lc:‘P:af T?\'i]_': “ Sepurnted Grade & Quantity i
eraly 1 M (MDD (MT) i
"Civilian | 845.0 1440 | Fucl/Reactor 144.0
Military 250.0 250.0 Weapon 228.0 |
FueVReactor  22.0 :

Soarue Derived from Albright. D.. Arkin, W., Beskhout, F., Noris, R. & Waller W,
SIPRI Yearbaok 1995 Armaments. Dhsarmument, and Internancral Secardy. |SUPRI, 1995),
Oxfer University Pree, pp, 317 - 14

One of the few remaining technical barriers to proliferation 1s the manageri:ent aud control
of fissilc materials. Manegement and control should be extended to include not only the
nlutonium ard HEU ansmg from military production but to all civilian sp=nt fuel, separated
plutonium, and HEU.# Any regime for managing U.S. and Russian excess weapons fissile
maicrials should anticipatc and assume that it scr.fcs as a mode! for an inicmationa: matcrial
munagement and control mgime and standard ® Thercfore, the development of an intematonal
fissile material managernent and control regime requirzs conceptual rczearch considering the
nuclear fuel cycle as a complete wsu::m.‘s The objective of this research must be to merimize
proliferation while enabling study from both a national ard an intemational perspectic.

To undermake this conceprual reseasch requires an analytcal and modeling tool to support its
investigation aiid study. The fundamental data, information, and capabilities Jor such a tool
include an assessment of the global distribution of military and civilian fissile material

. NAS (noic 1}.p. 4

. Aloright, D.. Arkin, W., 3erkhout, F.. Norris. R.. & Walker. 'W.. SIPRI Yearbook 1195 Armaments. Disarmic.
mens. and International Securiry. (SIPRI, 1995\, Oxford University Press. p. 119

&. NAS (note 15, pp.Y.27

5. NAS inote i), pp. 2.9, 18,26, 27

i NAS (e 10 p. 26

e



sventiories, 4 repreceniation of the proliferation pertinem ruciear fuei cveie pnysical processes,
and 2 framework supportive of national ot ntemanonal consideraton.

2.0 Glohal Nuclear Material Contral Model

Deeing tlie last year we have developed a prototvpe global =uclear matenal maragzement
asd corrol srstems analysis capability, the Gilohal Nucicar Matenai Coetnl (GNMC) miodei, on
it Sun workstation. This effort was undertaken as 4 result oi our experuse znd 1nierest in .
nanpreliferation. national and iniemational secunty, safeguanis, anrl ihe NAS recommendations.”
Tlere are three fundamental components to the GNMC model: physical srocess representating.
maodel infrastructure design, and data and contextnal information.

The chysical process representation component has the primary functional computatioyial
capabilities ot the GNMC: modce!. There are three distinct nuclear-material-relawd funct’onal
capability categories: proliferation, safeguards and secunity, and disposibon options; there is also
a graph theoretic cap.bility categary The pmiiferarion category provides anaiylicai modeiing and
computational support for the following nuclear fuel cycle production processes and {acilisics
errichment, tuel fabrication, rcactor, reprocessing, meial fabrication, weapons assembly. weupens
Jisassembly, und siorage. The proliferatun category permits the investigasion and study of fuel
cycle productian. dismanticmien!, storage, and inventory deplenion issues. The safeguards and
security category provides analytical modeling and computational support o study and analyze
international inspection and protection resources. requirements, and criteria.® ‘Ihe disposition
cREons catecory provides analytcal modeling and computational support for vimificarion,
golc gic repository, and reactor-related research The graph theoretic capability category provides
th= analyrical modeling 2nd computational functonality to conduct vanous graph theoretic anid
nctwork optimization studies, including network (material) flow and shornest or constrained path
analysis. This category ieverages the underlying graph-theor - hased .afrastrucrure design fearure.

The maodel infrastrucwure has been designed to support investigation across a broad range of
detail, specificity, and perspective. There are four aspacts to the model infrasucture: the graph.”
based data framework, the sructural hierarchy, the nuclzar fuel cycle visua! representation, and
the gevgrzphic iliusration. The most fundamental design fearure of this modsl is the graph da:a
tramework. This featurc cnablcs the application of graph algorithms and materiai flow studies. All
[acilities, sites. countries. and categories are represented as vertices, and svery connection is
represenied as either a directed or an undirected edge. The structural hierarchy design
decomposes the werid irto four designations: nuclear weapon states (NWS), threshold nuclear
weapon states (TNWS), potential nuclear weapon siates (PNWS), and nuclear states (NS). These
designarions are furtker decomposed into their constituent countries. e countries arc delineated
by all their respective nuclear sites. A site is determined by the facilities thai exist at the site, as
exhibited in Fig L. In Fig. | the vertices are connected by unordered edges. ‘The nuclear-relaicd
computational capabilities can be executed from this hierarchical representation or from the
nuclear fuel cycle visualizaton. User specified nuclear fuel cycles can be represented, the
physical production processes and material flow is simulated. This allows for the swudy of
alternative fuel cycles. The final feanire of the modei infrasrnicrone is 1he geographic illusmration

7. NAS (note i), pp. 1 - 27

8. Inemational Alomic Energy Agency - Saleguards Criteria, 1990-11-21

9. A graph G=(V, E) is defined by a se1 V of venices and a set E of edges. A graph may be either directed (each
cdge is an ordered pair of cistnct vertces) or undiected (each eape is an unorderce paur of JSUNC? venices).



tsce Fig 2); thiz provides aninteract:ve map of the world that includes ail the mwdeled facihities
ard sites and some reorranhic charazienstics. such as nvers and lakes.
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Figure 1. Glubal Nuclear Material Contral Model Structural Hierarchy

The iast componznt of the GNM(: mode! is the data and coniexiaal information The Jdata
ard intcrmation s specific 1o each level of the hicrarchy of the :nodel. This runges fror fucility
specific physical process data to more gencral world information and data Figure 2 depicts sonie
of the nuclezr sitey ircluded in the model. Examples of some of the dua are geographic lowation
of facilities; type of facility; physical process data; the Nonproliferation Treaty signatory staius of
a country; and facility, site, country, category, end world fissile material inventory deta. A numlber
of different estimates for the facility, site, country, and global inventory data exist. To estimatc the
initiai global distributon of fistile meterials, we have used 2 number of pubiications including the
recently released Depanment of Energy report on plutoninm'? and are mv:st.gmng the
av ailability and accuracy of existing databases. The GNMC mode! uses inventory data as a
toundatic and limiting paramcter for systems studies concerning fissile material producrion.
disposition options, and intermationai safeguards and sccurity. The physical process component of
the GNMC modet provides the capability 1o ¢shmate future matcrial produciion and adjust the
inveniory da:a accordingiy.

10.U.S. Deparenent of Energy. Plutonium: The First 5U Vears, Cnited Sicies plwomium predaciion, us uiysiizn,
and unlizauon from 1914 0 1594, Febnuary 1996



Figure 2. Glahat Nuclear Materlal Cantrol Madel Geographlc Contextual Information

2.1 Reactor Production

The GNMC model has three approaches for the calcularion of the production of fissile
material in military, power, and rescarch reactors. This tirst approach follows Albright's s methed
for estimetung plutoaium content of spent fuel. This method calculates the quanrity of spent fuel
discharged for a specific period of time, /', = E,/[248[a/100]] -, where E, is the gross
thermal output of the reactor during the specific time period ¢, B is the fuel design equilibrium
bumup, n is the gross thermal cfliciency of the reactor, and € is a haif-core of fuel. The rtrean
plutonium content i the spent fuel is calculated, Pu,, . This is ackieved by using one of five
different functions that calculate the plutonium content hased on typical initiai fu«l enrich.nen:
and reactor type. By multinlying the amount of fuel discharged by the mean plutonium content,
the mtal amount of plitonium in the discharged spent fuel, Py, . is estimaied:

Pu,,, - F x P4, The advantage of this approach is the computational spced and ease ot
mplcmemauon and it is nnt necessary to know the iuiiial fuel enrichment. The Jisadvanwge with
this method is that no iudication of the isoiopic composition of tha plutonium:. umaniurs, and other
1sotopes is provided, and 1t is a broad estimale with potentiaily significant error.

For the purposzs of the GNMC model, it is usually necessary to determire the isaton
composition of the plutonium, uranium, and other actinide products with better prevision. The
second approach is based or a C++ version of Litle’s BURN'? cade 10 calculate the production
of fissile matcrials in military and power rcaciows The BURN cnule revuires the spevification of

1 1.Albright, D., Beskhant, )., & Walker, W., World ‘nveniary of Pluzonium 2nd Hoghly Exnenad Uran:um
1992. Appeadiz B, Oxicrg University Hress, 1993

12 Persomal communication, Harry Forehand, Las Alamas Nataa! Labamioey trem Winstan Liits, I'sadic
Northwest Laboratory



e inctial fuel enpehiment, reactor type. core weight. bumup. power. and decay ame. BURN
zomput=s the tesulting weight {ip). radintion teur). and weight fraciion fnr the uranivn-.

pht spram. amd other saiopes The advantages ol the BURN code are that the outut provides an
<CIURe cumpulati=n ol the sowpic content of the (pent Fiel, 1 relatyely compuiationasly
sovpomive, and 18 app’icatle for a large nsunber of ditferent reactor types. The apparent
&isaavantaze is the need t provide the initial fuel entichment. which is not generally boowr fur
mitary reactors and may be propnieiary 13{nemati. .n for power reaciors. However, if the actual
‘et enrichment is net kaown. based un the type of 1eactor and whether it iy heing operaied for 'he
MU prxfiiion of lissiic matenal or power, the optimal in:tial fuel enrichment is assumed.
Assurung that the npenii fue! canchment is used climinates the gnotewial disadvantage due to
i'w lack of information and enables the most accurate ~esults.

The thurd method is used to estimate the possible fissile matesial prodivt.on in thenszal
reszarch reactors. Information reganding the opemdon and fuel ennchment of rezear:h reactors is
partcilar:y spasse, necessitating an approach that places a hound on the gnannry of tissile
matcrial that ¢an he prodiced, Pu, ., - Tris approach is based on a study pubiished cn the
vareported plutoniim naxhikctinn at s rescanh reacton that conlirmwa! the "Binford lire.” T2
“Binford hine™ 15 based on the “cstimate that a minimurm reactor power of 40 MW (th; is requued
te maie 8 g of fissile piutanizm per vear hy unreported irradistions with a load factor (1) of
345 "'*3 An upper bound on 1he max:mum passible amount of pluronium tha: can be produced
based on the reporied power ieve! of 4 rosearch reacinr results hy assumunz & .90 load tactor jor
:he Binford estimaze. The GNMC madel emplors the following modified parunwterized
expression, permitting the Inad factor in be speciticd to atiow tor 4 vaneiy dl Compuntions
depending on he availability of utiliraZon daca:

. kz - -
PU . pras kYL .149-;?&_?3‘-‘}—7 v LF x CoerPwrLevel - MWithiy] |

4.0 Summary
The prototvpe GNMC mindel establisnes the framework and an aeaiyteal mwlel for
¢' aluating and assessing the global prrad xion, distnbxanon, disposttion, movernent, and
Afeguards and security resoute reguiremnents for fissile suciear muteriat. Additivnally a
visualization tool fur represeruny specific geographi and other relevant information conceming
specific aucicar factlites/sites has been developed. The model supports conceptual resewrch and
sddresses & number of issues and capahiiities that are o 1rrerest 1o the US and as intematonal
fissilc maierial disposiion program:
1y scharacterization of the globy. inventory ~f fisuiic ruclaar maenal globaily by s:ate
designation. courty, and where intormation exists, down o the site uwd Laciiity leve:,
2) analytical methadologies that represent the physicai processes in the nuclear tuel cycle
ard the distiant'cment of nuclear weapons, enabiing an estimation of future nuclear
materie! production capability or the quantity of materid resulting Irom vanous
dismarniement schedules:
3) analy.icel methudologies that represent the physical procesees associated with a number
of d:sposition options:

13.A%narty, T. F_and Bagm, V. N, “Uarepored Pluicrium Produzuoe Al Lasg: Research Rea bes,™ 301
annual Mroccedings o the INMM, July 17 20 1941, Naplzs, Flonda p. 1173 - 1178



AV anatytcal methodolyZies oy apProximate the messsnes reguiien=emis for isicrnatin.
nuclear matenal iaspecticn and protection:

S il capataliiy W visuaily reprosent contestual infomiation teiaied 0 nuciear tuazer jals
1¢.g.. quansty. locadon, ard formii, nucicr matenal moven:ear. and geagriphic
Jlaractensiin s surrounding Nadiiities, wi J

0} it provides the fourdaton for the developmen: of graph theoret:c network How an.ai,s:-
and constraned path anaivsis (e, minimal distance) assowciated -vith material skhipme st
and facility siting detertmunation sradies.

We are currentiy eagaged in teating and validation studies and are desipning a study for
artemanional inspeciion and proteciion resource requircment cstimation. We believe that the
Approach taken with the prototype GNMC model has resulted in an unigue tocl that suppons
exhacse:ve systems analysis study a 1d investigation. which enables the study of guestions such s
the degree of certainty associated with the estimation of mateiial quantities based on available
:nveaiory informat.on and poter aal production capability, the verification of resourves needed fi :
safeguarding excess weapo~, materiais, or the chunges in fissile inaweniuls inventories as
technologies for fissile materials disposition are introduced. An area that we intend ta researc®
with this model is the determination of the effectiveness of safeguards. This requires further
research into the trade-off herween inspection i d protection resources and safcguards
technningies and the efTectiveness nf these techn logics within tle ¢ontext of facility features ar.d
fissile masenial invertories.

DISCLAIMER

Thil repunt was prepared as as soccuct cf waork 1ponsored by nv ageacy uf 1he lintal Slaley
aenment Newrer the DInned Staies Guetranrenl a0l ady ety sherest. 801 any af (L'.:_r
empluyecs. Makes any wa:rally. GApreas ©f imp: 1, of mywres wey crgal tabisdy ur icaponme
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process Juclcesd, r repraseals that 1 vse wonild n miringe privale y veamd 1igha Reler-
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manalaciufer. N otherwn: dos B pecesranl) mmuncle ve npiy s eaduinewis A, 12000-
mendstinn, nr (avoniay by the Umilal fiala Governmens a1 amy agercy meieo! Mhe viewn
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