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‘The l.ox Alamos Nationa! Luboratory Nuclear Vislon Project
Edwurd D, Arthur und Richard L. Wagner, Jr.
L.os Alamas National L.aboratory
Los Alamws, Ne - Mexico USA

Abstract

los Alamos National Laboratory lias initiated a project lo exmnine possible lutures
ussociawed with the global nuclear emerpriso over the course of the next [ifty vears. All major
components are inclided in this study—weapons, nonproliterntion, miclear pawer, niclear
materials, and institutional and public factors. To examine key issues, the project hus been
organised around three main activity  arcas—workshops, research and analy. =5, and
development of linkages with other synergistic world ctforts. This paper describes the
ctlort—its current and planiied sctivities—as well as provides discussion ol projeet
peripectives on nuclear weapons. nonproliferation, nuclear energy. and nuclear materials
tweus areas.

Introduction

A little over 50 yeurs ugo, the beginning of the Nucleur Age set into wotion developments in military
and civil applicatinng of nuclear scionce and techuotogy thit shaped history througl siguiticunt impacts
on internatiousl. national, und locul uspects ol society.

Drunutic global politicul cliwnges, including the end ol the Cold Wur. lmve provided both
opportunity and Incentive tor an ¢xumination ol the future of the globul nuclear enterprise.  The
Nuclear Visiadg Project ot Loy Alwmuoy National Laboratory is intended o explore haw the evolution ol
“things nuclear” might progress glohally aver the next halt century. lissential elements ot this study
inclikte the tuture of nuclear energy and other civil upplications; nucleur wenpous md prollteration: the
insiitutions asyociated with. and public opinions about, puclear science and technology: and
environmental nnd other reluted issues, ‘e genernl objective of the project is the crention of w “glhibat
vislon™ which secks to manage the bulance between renlising nuclear technology benetits globally und
reducing miclens daugers.  As exaniples, mclear techinology  henelits ean inclide mielear encrgy,
particulurly In lis contributlons to meeting wobw energy sceurity and environmentul ublectives, other
nclear techuology uppllcations in medical amd industrial arens, and, from some peispectives, the past
und possible Tuture roles of wueclear weapons in stablilsing internatlonal relatious, Nuclear dangers
Include arcas reluted ta the nse ol uticlear weupons In fiture contHets, growtl in the umubers 1l states
Posseasingg or develaping ueclesr weupons, illegad tlows of fisslle uuclenr materals, and the role of
nuelear wenpants treal anes or latent capabilities to posduiee themi as n sanree ol tension inuternational
relutins,

The etfonicdeseribead Tiere vecar it enviromment ot past sitnilie efforts, current ¢l uiderway
institutlons such un other Department of Cnergy Inborutorles, or ettorta plunied to begin shortly. Ay
examples, these inchide the U8 Nuthom] Academy of Sclences study an escess weppuons plutoninm',
the Amerivatt Nuelear Sogiety <tudy an protection ntd maugenient ol plutenivn’, the luternational
Nuclear Sovacties Conneil vision tor the seennd ity sears o mclear enerpy s e Samin National
Luboratories project on the mwle of American nuelear weapous it the fiest guarter ot the twenty tiet



cenrury?, The LS. Nuclear Posture Review, the Atlantic Council study on the future of nuclear power
in Asia and globally*, and the proposal® for an international commission tw ussess the future of nuclear
power globally.

Goals

The Nuclear Vision Project does not attempt to predict the future but rather aims to explore altemative
futures and their Implications. in doing so, we liope to gain a decper undersianding that will guide
actiuny ut Los Alamos, where the great majority of rescarch and development oceurs in ureus directly
linked to nuclcar technology. In addition, we would like project results to provide eredible information
relevant to current and future policy dlalogues on major nuclear lssues,

As will be described. the project seeks to examine aliernatve futures in the context of Importunt
realities that carry implicatlons for the future: the increasing demand for nucleur energy in cast Asin,
the growing global inventories of nuclear materials. an incrensing demand for energy coupled with tho
liniteness of many current fuel sources, the reduction of superpower stockplles, the increasingly rapid
diffusion of nuclear technical knowledge and capabilities acroas the globe, and the risks of nuclear
weapons proliferation and of prolileration !’ other weapons of mass destruction. lixactly where these
current situations may lead is unknown. but it is certain that the future will be shaped both by
unantlelpated events and intentional actions. The tusk of this project is to think broadly ubout what is
desirable und possible in the context of some set of future realities. without departing from the reulm ot
possibility.

Methodology and Appreach

Our atteinpty to examine a “globul vision™ are comditioned by the pructical nged to tic long-unge
ohjectives hack to ueassterm netlons and declsions throtgh achlevible steps and mtilestones, ‘This goal
and the process tvolved are Hllustrated schematically in Figure 1. Ay is Indicated, the process sturts
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with the positing of desimble futures (endstates) 20 to SO vears into the future. The decision to
iuhdress 1 nominal S0-year horizon represents a reaslistic boundary given that technology development
and iniplementation generally take decades, Some in the encrgy industry plan at least two or three
decades ahead, und individual military systeins, including ships, aircrafl, and nuclear weupons, cun
remain in inventory tor several decades. Such posited futures are intended to include the major nuclear-
related elements shown in Figure | as well us 10 explare relationships umonyg them.  Linkuges and
impacts on outside tactors associated with areas such as global stability and security or global. regional.
and national energy security ure under investigution as well. Finully, these posited (utures will be
tested against some serics of scenarios that could Impact them positively or negatively.

Once a set of nuclear futures has been proposed, the next step in the process involves identilying key
technology. institutional interface. and policy sweps that should oceur slong the way. Since expertise ut
l.os Alamos National Laboratory lies primwrily in forefront areas of technology developmenr.
identification of needed science and technology is a component of myjor interest (0 the project.  The
final step involves wking information developed as a result of the first steps to identify actions in
technology. institwtional, and policy areas that would allow one to proceed along u “rondmup™ towurds
a desired nuclear tuture, or some major component af such a future.  Examples of such a process are
provided later in the puper.

To uppronch these complex nucleur-reluted arcas, the projeet hus been divided into three elementy -
internal and external workshops, infernil L.os Alaniws researeh und amlysis projects, und ¢ftorts to link
work ot Loy Alumos with syuergistie efforts throughout the United States und the world,  Flgure 2
illustrates the conneetivity . these three essential elenients.  Developizent al’ both anderstanding and
(hapefally) consensus on complex md interrelnted globul nuclewr issues we intended praducts of' the
pruject. and its success will be measured by how and whether the fruits of the project impact actions
aml decisiony,
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Workshops

Three workshops have been held on the topic arcas outlined earlicr. liach workshop was designed to
include experts who contribute a broud spectrum of perspectives and opinions, runging from general
support of the benetits of nuclear technology to kgltimate concerns about present and future nuclear
activities.

The first workshop (Aupust 19935) was cntitled “Securing the Nuclear Futurg”, [1v objective wus to
launch the Nuclear Visiou project by discussing the present status and long-term implications of the
global nuclear endeavour. The title was chosen to reflect the theme of searching for desirable nuclear
futures that achieve the project objectlves outlined carlier and which deal with current and expected
nuclear reglities. Thus, nonproliferation. arma control, nuclear weapons. nuclear power, and nuclear
material policles and options were topics under examination during this imecting.

A second workshop on “Nonproliferation and Jntemationnl Security™ (November 1995) consisted ol
presentations and discussion on three major toplcs aimed at assessing the nuclear future in tho 2013
tinw trame trom nonprollleration and international securlty perspectives. These topics were a) the
bawes and implications associnted with linking urms control and nonproliferation; b) materiul
connections involving plutonium, futire situations In the former Saviet Union, and nucleur smuggling,
and ¢) research and development prioritics in nuclear material, protuction. control, und accountability
areds,

‘The third workshop on “Nuclear Weapons and Stewardship Isstues™ (April 1996) used the policy
coucept of regimey (defined to mean collections of agrcements. weatles, and cupabilities that describe u
global norm) as v major thrend Tor discussion. “This workshop examined the condltions. features, and
issuey assocluted with past. present. and future uuclear woupony repimes.  “The roles of nuclear
weapons in the futuro. associated dangers posed by nuclenr nrwenals, wnd the chintlenges in defining
deniruble regiines for the Muture are exumples of wples dlvcussed w this workshop.

Fature worksliop plany iuclude one on globad nueleur energy nud nuclenr miderinls futares (o be held
later this yenr. tentatively cntitlod “Nuclear Linergy und Global Security”.  Nouw issues and arcas
propused Tor dlycussion in thiy workshop we deseribed luter in this puper. We also plan u ynall
workshop on path gaming methods applicable to examinution of scenarios and futarcs. A tinal meeting
(in this waorkshop serics) will focuy on synthesising work frou previous workshops (aud mther project
activitic) into n coherent vision stutement.

Research and Analyses

To campleinvent and support wetivities ussociuted with workshops aml ey o estabilishe links with
other activitles, n small Imernal ¢ffort ¢xlsts 10 examing Key lssus. JAreas under Investigaton Include
uttlisatlott of unsdels o exatine Titire global mud regiomal crergy seenating with eingtliasis 1 how
nucleur power competes with otlier energy sources pn the basls of drivers such as economies,
cuvirantmental requireiments, und prollferation drivers. A particulnr fucus at fhis etiont 18 understunding
future dvuuntics of nuelear materluls (growth of plutanium cantiined i spent el stoeks, lor exmmpler
and the develapnient und appllcation of quantintlve methads for axsessing  pralifertion risky
mvacinted Wit o eier unnerinly ources, i arean pertnining o future envirotwnenty surrounding
uuclear weapony, unalvses are also bewig putaued that examme stability sclutionships and ntkelear
weapotts milew in future wnltipalor intermtionul security envitomments Disenssion that talliws in
luttet seetlons o this paper elaburates mg current uid Jatire ms estigatiom activaties



Links 1o Related Efforis

A great deal of work relevant to the Nuclear Visinn Project is being conducted outside of Los Alamos.
By developing collaborations with appropriate individuals and groups throughout the U.S. and
internationally, the project can cstablish important linkages to other institutions and centres of
expertise associated with future nuclear issues and systems.

Discussion

Where do we stand in our apprecintion of the nuclear (uture? To oversimplify somewhat, we will
divide ‘e discussion into two parts: 1) global nuclcar cnergy und 2) nuclear weapons and
(won)proliferation. To the extent thut these topics are linked, it is mainly by the global nuclewr
materials posture - civil and military —and possible approaches to managing it. ['art of our approach is
o study the nuclear materinds issues as they pertain to energy and to weapons and then to integraie
them later in the project. Figure 3 provides an overview of resecarch activitles underway or planned for
the project and illustrates connections Letween them as well as to global security wd energy security
externalities.
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Figure 3: Anulysly focus areas of the Nuclear Vision Profect

Nuclear Energy and Nuclear Mater iy
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Kev questions that guide our examinations include:

» What arc the linkages and tradeoffs associnied with future glohal energy sceurity- -inclnding
meeting energy und economic growth needs of' developing nutions—and uuelear power?  How
does the need to counter negative environmental factors, such as increased greenliouse pis
emissionys from fossil fuels, impuct such relationships?

What is the role of plutonium in future global nuclear cnergy scenarios? What teclmologies can
prove eifective in monaging plutonium—both to utilise its cnergy content und wininise
inventories that exist in a range of forms during functioning of the fucl cycle und which
cventually must be disposed of in long-tenm geologic storage?

+  What is the nature of the reltionship between thie growing global inventory ol nticlear niaterials
from civilian nuclear power and possible future dangers associated with proliferation of nuclear
weapons? (Sce discussion in the lollowing section on Nuclear Weapons nnd (Non)Proliferation.)
Can proliferauion risks from such manterial sources be quantified credibly so us to allow
imeaningtul conparlsons with nther routes for materinl production?  Are current saleguards Tor
nuclear materials sufficicnt or are extensions nceded? Could an inventory reduction strotegy by
applied? What techuologies and institintions! means would be uttractive?!

To provide an initial basis 10 nddress these topics, we tilise the Fdmonds, Reilly, Bames global
energy. cconomics, cuvironmental (EY) model’ modifled to provide more detail in its reatiment of the
unclear fucl eycle, purticitlarly in the arens ol reactor/fuel cyele econontics uid nuclenr mitteriuls ow?.
This framework ullows u conslstent set of projections for the amount (as competed on the basis ol
cconomics. resource availablilty, and projected encrgy needs) of nuclear power that counld he
linplerented in cuch of nine mnjor warld regians, us well us globally.  Figure 4 illusirntes some initiul
(unbenchmarked) nuclcar power and plwonitum iuventory scenario results® trom this model. As
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indicated hy these results, the model also computes expected material generation imd flow umounts,
types of material (high-level waste. plutonium in spent fuel, separated plutonium. ete.) for each major
rcgion versus time.  The model can also be used to examine other luture impactors on nuclear power,
such as (economic) impacts of etforts to reduce fossil-fuel-produced carbon emissions through wxing
structures.  With this basis, it is possible to examine tradeotfs between disparate variables, such s
reduction of plobal or regional carbon ¢missions versus increases in spent-fuel source plutonium, that
might occur nnder energy strategics driven by environmental considerations (acid rain, global warming,
elc.).

Results from such a model-based approach will be augmented with efforts involving two other areas.
The tirst nrea deals with the assessment und gioupiug (by broad catcgorics) ol current and tuture
national and/or regional situations regarding energy sceurity, This eflort is a “top-level™ attempt (using
much infornation nbt.ined via the effort: to link the Los Alumos project with other syuergistic elforts)
to better understand how nuclear power may tit into cnergy sceurity strategies. particularly those
associated with Asian nations' developiment,

The secoud area ol effort involves extension of pust nalvtic work™ ™ nimed n the quantification of
proliferation risks assaciated with continued world-wide deployment of nuclexr power.  'he tocus of
this effort is examination, lrow prolileration perspectives, of the rising global stocks ol plutoniume
containing spent fuel to assess risks against other materinl production/diversion routes that may be
used lor probferation or iassive nuclear weapon stockpile creation or reconstitntion (see Nuelea
Weapons and (Nonil'roliferation discussion that follows), Features ot interest lor ¢valuating such
weapons-related uspects of a global anclear muaterials posture luchnle:

o Totl quantities of wenpon-usnble: material—natiomally, repionally, and glabatly e varions
stages af u range of nuclear fuel eyeles

*  The chemicnd and isotopic forms of the material
*  Future technologies lor storage, seeurity and moutitoring, iransportaion, and sepasations
¢ Mumerinl location «id how (physically and institutianally ) it is secured und monitored.

This eltort will also exantine ways to address quatititatively &= agaenm rish tin weas sucl ax sateguirds
requirements and toxicity mapacts) that ire associnted with the sdisposal ot Large autiounts of spent tuel
contminiog plutonivin, For exapple, pluts ure underway 1o evuliate techmologies wid scenurios for
recovery o plutanium in spent fuel after it has been placed m gealogie disposal. Additlonally, we want
tor exaning methodeligpios used in decision unalvsis appronghes" that discoaut the Gante importanee of
an issue such as ueenmulbited platomunt, Such pssmptions do not appear 1o aeenunt tor long-tein
coneerts, parrticulorly these arising from aneerinios i insitabomad stractares that piy exist b into
the futere,

These twols cun be used to assess several plinonivm management siategtes . anee-tnomh evele
tallased by gealogie siapasat, o platnninm reeyele system possthiy fallowed by plitoni breeding.
ar other foel eyeles sueh as thwrintepraninme - «frem perspectlves of shor and long-tenu tishy wising
front nniclear mnterils, We ave already developed eapanded madets o predict prawtlt s titne
phtesminen jivente des aied (0 assess the fmpact of wehnologes o dealinge with thent These stidies’



arc also cxamining strategies and appreaches tor sithating und managing operations within the nuclear
tuel cvcle. In summary. we are building a suite o1 tools that will allow us to evaluate alternative tuture
nuclear miaterials postures i the context ot a range of possible Tuture regional and plobul security
¢nvironments.

A desired end result from these ettorts, as well as those developed in working relationships with other
interested parties, is creation of a clearer picture of, and perhaps even a high-level roadmap towards, a
desired nuclear power system endstate that would exist in the year 2030. (As P. Beck phrases it in his
recent book®, . . . what would a successful nuclear power industry look like it the year 20507"") Such
a picture would address tucl cycle options and strategics: institutions that might cxist or be created to
enhance nuclear power in areas such as safely, material muanagement, sufeguards, research and
development, etc.; and components and technology associaied with nuclear power in 2050.  An
example of ane par, of such u picture aud the process leading to it is illustented v Figure 5 where o
progression of activitics and technologics arc identitied for the management of’ plutonium from excess
weupons and spent fuel.
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Nuclear Weapons and (Nomil'roliferation

‘Twa nin thenies orgunise our approuch to thinking about nuclew weapons wid tnonpraliferation: 1)
understanding the dangers associated with miclear weapons over the long term and 21 widerstandng
possible evolution of congruem beliuviours—uegotiated or weit. uniluteral, bilisteral. or wdtilateral—-an
the part of nations/polities by which he dangers can be contained.

Conwining futire nuclear weapon dangers hes many tacets. For the purpose ot the paper. we cw
group futare nuelenr weapon-relnted seenarios iy iwa browd cutegories:

< Conenical” borizomtal profifenntion of the pepciad iyge epresented by North Kowew, rivg,
ludia’akistan. ete.

*  DPugsible (further) future cases in which the world situistion might develop in such a way thin
sy mtions polities’bloe s see a need (or Wi inercased need) tor muctear weipons, Such
situations could leud 10 possibly widespread, possibly rapid, cmnpetitive, ftotizomuel and
vertical. nuelear (relarhunnent ("hreakout™s.

Canontical horizantal proliteration tthe tirst categors t e much thought and warried about and v,
sense. the fuseline cine. Tnthie project, we extend examitation of this category 1 amaly se instabilities
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(and therelore nuclear dangers) arising from two principal trends; 1) erosion of the clussic conditions of
deterrence (a bi-polar environment. U.S. versus Soviet Union) to include multipolar intcractions and 2)
reduction of numbers of nuclear weapons possessed by current nuclear weapon states coupled with
possible expansion of the numbers of countries holding nuclear weapons so that possession of a “few”
is amplilied in its relative importance. We are also focusing artention on the "breakout” case for several
reasons. First, it is simply less well undersiood. (It is also less understandable, because it would
presumably develop, if at all, in the farther future, and becausc the only historical case--the early
decades of thie Cold War—is probably a poor model.) But more importantly, we teel that, in light of
the destructiveness of nuclear weapons. prudence demands looking at such limit cuses.

Atiention 10 large scale (re)armament scenarios is suggesied also because, as the global echnology base
grows and spreads over our long time horizon, the technology. science, und industrial capabilities
needed for nuclear weapons development and production become more widespread.  Capabilities 10
create substantial nunibers of nuclear weapons (perhaps quickly) would thus be "latent” in many nwre
nations' scientific, technological. and industrial bases (as they were in a few nations in 1942,) One
might say that these nations will "have™ "latent nuclear weapons.™s

In reality, there is a contintum in a conceptual sense between the extremes represented by our 1wo
catepories of scenarios. They could be connected over time as well: an increusing rute of canonic:y!,
horizontal proliferation could trigger a nuclear “hreakout” as posited in mur second category.  Thus, we
are conscious of the need not to give short shrift to neurcr-term. “smaller.” canonical proliferation -in
part because of connections with larger scenarios, Gilt also because it is wuportant in itself,

However, the reverse——neglect of Jnrge-scale nuclear (re)armament scenirios - is too often the cise
the current conventional wisdom. The emphasis on preveniing prolileration (decply embedded in the
current, Nonproliteration ‘I'reaty-oriented regime) diverts atteution trom developing ways of managing
ity consequence if it occurs.  Also, thinking about how 10 denl with o cunonicul pruliferution crisis
(including, possibly, a "next nwe™ of nuclear weapons) olten focuses almost entirely on the immediaie
outcome, with little aitention given 10 longei-term consequences involving the Tull runge of pussible
nuclear dangers.

With these considerations i mind. we are beginning to ty to understand the dyunaniics ot future nuclear
weapon proliferation ranging froin expunsion ol the nutiders ol nations hoving sinll nambers of nuclear
weapons to the other bound ol widespread. rapid. large-scale. nesided. competitive  naclear
(rewrnmmnent.. Among otlier things, w= ure extending wiodels nsed during the Cold Wor 10 anulyse twae
sided crisis-stability related to nuclzar (and conventionalt forees-in-bemg, 10 tre to understand the
mich more complex wcenarios iavolving lafenr nuclenr forees atid maore phrties.

We also want to understiind more abont thes techurological dimensions ot futine ams mees is well, and
it is here that connections with the global nuclear nuuerials posture may begin to cuter.  lu panicular,
what would be the pacing technological/industrial tactors in fiture melear proliferntian and pssible
(rejunuamient seenurnios? Candidates ane' avagiability of nuclear material; unelear warliwad design and
tabrication (given nuclear maicnial): and the uielear weapons sestems Glelivery plittaris, commnid ang

* e termna varbid ] nbclear weapoos ar Uy i, |un||h-|.|lmn" W0 pelies sl soenes bl e gahin
enee. We preter “atend as i eanodes T eVl hon-=e e g Ton ient s apemie bis vl anes whnb ..
o Ihe Cortn ¢ ol The o ca VRIS,

ty



control, etc.). Although it demands a much more careful look. general considerations seem to indicate
that the latter two capabilities may cxist widcly in a morc technologicalty/industrially advanced tuture.
So. it will behove us to understand in some detail how alternative future nuclear material postures might
affect nuclear material availahility for weapon purposes in the scenarios we have discussed here.

A principal consideration is whether nations would construct dedicated military facilities or
divert/access fissile material from the civil nuclear power fuel ¢vele. Thig national decision would be
the result of a complex set of drivers including national and intermational incentives and disincentives, as
well as a number of factors associated with routes that could be chosen for material production. These
factors include items such as technical implementation, complexity, cost, detectability, capacity, and
quality of material. Examples from history are of intercst. but siwations may be very different in the
future. For example, separations technologies may be easier, but monitoring/surveillance may be better.
In general. the more urgent the felt teed for material, the more weight that could be put on access to
(diversion from) the civil fucl cycle, either i terms of recovery of material from spemt fuel or from
reactor fuels themselves. Thus, figures of -« it for evaluating aliemnative future approaches (dedicated
reactors, clandestine separations facilities, uranium carichment, civilian reactors and reprocessing
facilities, alternative fuel cycles) should weigh heavily time to acquire materials and fabricaic weapons
under a variety of nuclear maierials postures. The discussion on nuclear power and nuclear materials
has highlighted our intended approach to this problem.

Of particular interest is the exwnt to which total quantitics of potentially accessible mmerial make a
diflerence to such proliteration and breakont scenarios. ‘I'o what extent, tor example, is totul quantity
related w the efficacy of securing materials? This is one question, of many, related o what we believe
are the two hasic alternative strategics for nuclear materinl futures:

*  Continued accumulation of spent tirel and nther fissile materials requiring long-ienn seeunty and
sufeguards

*  Development and implementation of {possibly new) reactor technologies wud fuel cycles such
that. over many decades. total/regional quantitics ol fissile miateria! ot concem in the situations
discussed above can be minimised (through long-tenn heldup in nuclear sy stewnr cores, through
reusc. and eventually through burndown of matctials).

Implicit in the forcgoing discussion is the idea that tuture global nticlear materials posturets) might be
more deliberately uanaged. As purt of our project, we are beginuing 10 explore liow wid to what extent
u concerr of inrerests (governments, snulti-nationul and international palitical entities (already existing or
newl, industries, non-governimental organisations, ete. ) wight develap, nr be devetoped, 1o this crut.

Conclusion

Murch 17, 1996, wus the S0th anniversury of the Acheson-Lilivithal Revort. which began efforty to
place all applicitions ot nuctenr scicnee and techinalogy under international control. Sueh intermatianal
contrul did nut coine o pass. During the ensuing 50 veurs, u fubrie related to nuclear alinivs, vivil and
militry. has been woven trom threads of bilateral, mululaterat, and uiternational arrnpement: 1 he
nuplications b mankivd of the peicmial - Tor good s Gl =ot e energy of e anclens ot e st
are =il global, indeed more 5o today tha in 1996, The fact that this gotential will continue (o ke a
migor isste it warlld allaies is a hey diiver for the Los Alirios Nuclear Visian Posgeet
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