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‘The L.ox Alamos National Luboratory Nuclear Vision Project
Edwurd D, Arthur and Richard L. Wagner, Jr.
Los Alamas National 1.aboratory
Los Alamuos, Ne - Mexico USA

Abstract

los Alamos National Laboratory has initiated a project to examine possible futures
ussociated with the global nuclear emterpriso over the course of the next f1fty years. All major
components arc included in this study—weapons, nonproliteration, nuclear power. nuclear
materials, and institutional and public factors. To examine key issues. the project hus been
organised around three main activity  arcas—workshops, research and analy. 25, and
development of linkages with other syvnergistic world ctforts, This paper describes the
cliort—its current and planned activities—as well as provides discussion of project
peripectives on nuclear weapons. nonproliferation, nuclear cnergy. and nueleur muterials
focus areas.

Introduction

Alittle over 50 years ugo, the beginning of the Nucleur Age set into motion developments in miliwry
and civil applications of nuclear scionce and technology that shaped history through signilicunt impacts
on international, national, und locul uspects of society.

Drunatic plobal political changes, including the end of the Cold War, have provided both
opportunity and lncentive for an ¢xumination ol the future of the globul nuclear enterprise.  The
Nuclear Visiva Project at Loy Alumos Nutional Laboratory is intended o explore how the evolution of
“things nuclear™ might progress glohally aver the next halt contury. lissential elements ot this study
include the tuture of nuclear energy and other civil upplicutions; nuclear wenpons wd proliterntion; the
institutions asyociated with., and public opinions about, nuclear science and technology: and
environmental and other reluted issues. ‘The general objective of the project is the creation of a “plobal
vislon™ which secks 10 manage the butance between renlising nuclear technology benetits globally and
reducing muclear dangers.  As examples, miclenr technology  benelits can inclide nuelear ¢ncrgy,
particulurly in {1s contributions to meeting wobad energy security and environmentul oblectives, other
nuclear technology applications in medical amd industrial areas, and, from soine perspectives, the past
und possible luure roles of nuclear weapons in swubilising inteenational relations,  Nuelear dangers
include arcas related to the use of nuclear weapona in fliture contlicts, grosth in the numbers of states
possessing or developing nuclear weupons, illogal flows of fisslle nuelear matedals, and the role of
nuclear weapons trend ones o latent capabilities to pradiee them as o sotiree of tenston ininternitional
relations,

The effons descritwal here eccar inan environment o pust vimiliae eftorts, current ellonts utderway
institutions such an other Department of Cnergy Inborutories, or ettorta planned to begin shortly, A4
examples, these inchde the 1S, National Academy of Sclenves study an escess weapons plitoniam',
the Awmerican Nuclewr Society =tudy on protection and maeement ot plutoniuny’, the International
Nuclear Sovicties Council vision tor the seeamd Bty sears of nucher eoerpy ' twe Sandia: National
Faborgtories projeet on the role of American naclear weapons in the fiest quarter o the i enty -1



cenrury®, The LS. Nuclear Posturc Review. the Atlantic Council study on the future ol nuclear power
in Asia and globually®, 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 (o explore altemative
futures and their implications. 1n doing so, we hope to gain a decper undersianding that will guide
activny ut Los Alamos, where the great majority of rescarch and development occurs in ureus directly
linked to nuclcar technology. In addition, we would like praject results to provide eredible information
relevant 1o current and future policy dlalogues on major nuclear issues,

As will be described, the project secks to examine alternative futures in the context of lmportunt
realities that carry implications for the future: the increasing demand for nuclear energy in cast Asin,
the growing global inventories of nuclear materials. an incrensing demand for energy coupled with tho
finiteness 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 ol 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
unanticipated events and intentional actions. The tusk of this project is to think broadly about what is
desirable und possible in the context of some set of future realities. without depurting from the reulm o
possibility.

Methodology and Approach

Our attempts o examine a4 “globul vision™ are comditioned by the pructical nged to tie long-runge
ohjectives hack to nens-term actions and decisions through achicvable steps and milestones. ‘This gool
and the process iwvolved are illustrated schematically in Figure 1. Ay iy indivated, the process sturts
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with the positing of desimble futures (endstates) 20 to S0 years into the future. The decision to
iddress a nominal $0-year horizon represents u realistic boundary given that technology development
and implementation generally take decades, Some in the energy industry plan at least two or three
decades ahead, und individual military systems, including ships, aircrafl, and nucleur weupons, cun
remain in inventory tor several decades. Such posited futures are intended to include the major nuclear-
related elements shown in Figure 1 as well us 10 explore relationships umong them,  Linkuges and
impacts on outside tactors associoted with areas such as global stability and security or global. regional.
and national energy security ure under investigation as well. Finully, these posited (utures will be
tested against some serics of scenarios that could impact them positively or negatively.

Oncee a set of nuclenr futures has been proposed, the next step in the process involves identilying key
technology. institutional interface, and policy sweps that should oceur along the way. Since expertise ut
los Alamos National Laboratory lies primarily in forefront areas of technology development.
identification of needed science and technology is a component of myjor interest (o the project, The
final step involves wking information developed as a result of the first steps to identity actions in
technology. institutional, and policy areas that would allow one to proceed along u “roudmup™ towurds
a desired nuclear tuture, or some major component of such a future.  Examples of such a process are
provided later in the paper.

To upproach these complex nueleur-reluted areas, the project hus been divided into three elementy -
intemnal and external workshops, internal L.os Alnmos research and analysis projects, and etfonts to link
work at Los Alumos with synergistic efforts throughout the United States und the world,  Flgure 2
illustrates the conncetivity o, these three essential elements, Development of both understanding and
(hopefully) consensus on complex and interrelated globul nuclewr issues wre intended products of' the
project. and its success will be measured by how and whether the fruits of the project impact actions
and decisiony,
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Workshops

Three workshops have been held on the topic arcas outlined earlicr. Each 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 kgitimate concerns about present and future nuclear
activities,

The first workshop (August 19935) was cntitled "Securing the Nuclear Future”. [is objective wus to
launch the Nuclear Vision 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 objectives outlined carlier and which deal with current and expected
nuclear realities. Thus, nonproliferation, arma control, nuclear weapons. nuclear power, and nuclear
material policles and options were topics under examination during this meeting.

A second workshop on “Nonproliteration and Intemationnl Security™ (November 1995) consisted of
presentations and discussion on three major topics aimed at assessing the nuclear futurc in tho 2013
time frame trom ponprollferation and international security perspectives. These topics were a) the
bawes and implications associnted with linking urms control and nonproliferation; b) materiul
connections involving plutonium, future situations in the former Saviet Union, and nuclenr smuggling,
and ¢) research and development prioritics in nuclear material, prowection. control, und accountability
areds,

The third workshop on “Nuclear Weapons and Stewardship Issues™ (April 1996) usad the policy
concept of regimey (defined to mean collections of agreements. weaties. and cupabilities that describe o
global norm) as u major threud for discussion. ‘This workshop examined the conditions, features, and
issuex omsocluted with past, present, and future nuclear weapons regimes.  ‘The roles of nuclear
weapons in the futuro, associated dangers posed by nuclear arsenaly, and the challenges in defining
deniruble regimes for the Muture are exumples of wples divcussed at this workshop.

Future workshop plany include one on global nuclenr energy und nuclewr muerinls futures (o be held
later this year. tentatively entitlod “Nuclear Lnergy and Global Security™,  Nomw issues and arcas
propused lor diycussion in this workshop we described luter in (this puper.  We also plun o unall
workshop on path gaming methods applicable to examinution of scenariow and futures. A tinal mecting
(in this waorkshop series) will focuy on synthesising work from previous workshopy Gund other project
activitics) into o coherent vision statcment.

Research and Analyses

To complement and support wetivities ussociuted with worhshops and ¢linis e establish links with
uther activitics, n small imernal ¢flort exists to examine key issues.  Areas under investipation include
utilisation of ousdels to examine future global and eegional crergy secmmion with emphisis on how
nucleur power competes with other energy sources on the basls of drivers such us economics,
environmental requirements, and proliteration drivers. A particulne tocus of thix etfort iv understanding
luture Jdy numics of nuclear materials (growth of plutonivm contained {n spein fuel suwky, (or example)
und the develapment and appiication of quantitutive methads for asdessiop  proliferation risks
nvwointed wille o eiewr nterinds wources,  In urean pertuining W future environmenty surrounding
nuclear weapons, analyses are also bemg puraucd that examine stability aclationships and nuelear
weapons moles in future multipolar intemtional security: envitonments Diseassion that tollows in
Ittt sections of thix paper elabotate: on current wned tutuere iy estigation aetiyities



Links to Related Efforis

A great deal of work relevant to the Nuclear Vision Project is being conducted outside of Los Alamos.
By developing collaborations with appropriate individuals and groups throughout the U.S. und
internationally, the project can establish important linkages 1o other institutions and centres of
expertise associated with future nuclear issues and systems.

Discussion

Where do we stand in our appreciation of the nuclear (uture? To oversimplily somewhat, we will
divide “we discussion into two parts: 1) global nuclcar cnergy und 2) nuclear weapons and
(non)proliferation. To the extent that 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
to study the nuclear materinls issues as they pertain o energy and to weapons and then to integraie
them later in the project. Figure 3 provides an overview of research activities underway or planned for
the project and illustrates connections Letween them as well as to global security and energy security
externalities,
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Figure 3 Anulysiy focus areay of the Nuclear Vision Project

Nuclear Fnergy and Nuclear Materiuls

Owr uppronch 0 exumination of nucleur energy seenurioy focusex on By undersianding drivers that van
impact future trendy in global, regional, or national use o nuclear power, and ) 1ssues u3sacilcd with
mclear power and technology(uel eycleZinstitutionat approuches i dead with theny, Both of these
two areas work towards detlnltion o a desired nuclear power “system’® tor the 2000 time Irme one
that has strengthened atteibintes i weas such s econonniies, safety, wmd materinl oanagerment — and the
stepy that can lead up to it
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Key questions that guide our examinations include:

«  What arce the linkages and tmdeofts associated with future glohal energy security- -including
meeting energy und economic growth needs of developing nutions—and nuclear power?  How
does the need to counter negative environmental factors, such as increased greenhouse pis
emissiony from fossil fuels, impuct such relationships?

»  What is the role of plutonium in future global nuclear cnergy scenarios? What technologies cun
prove effective in monaging plutonium—both to utilise its cnergy content and minimise
inventories that exist in a range of forms during functioning of the fuel cycle und which
cventually must be disposed of in long-term geologic storage?

*  What is the nature of the relationship between the growing global inventory ol nuclear materials
from civilian nuclear power and possible future dangers associated with proliferation of nuclear
weapons? (See discussion in the following section on Nuclear Weapons and (Non)Proliferation.)
Can proliferauon risks from such material sources b quantificd credibly so us to allow
meaningtul comparisons with other routes for materinl production?  Are current safcguards for
nuclear materials sufficicnt or are extensions needed? Could an inventory reduction strutegy be
applied? What technologies and institutionnl means would be attractive?!

To provide an initial basis to address these topics, we utilise the Fdmonds, Reilly, Bames glohal
energy. cconomics, environmenal (EY) model’ modified to provide more detail in its treutment of the
nuclear fucl cycle, particularly in the areas of reactor/fucl eyele economics and nuclear materinls low?
This frunework allows u consistent set of projectivns for the amount (as competed on the basis of
cconomics. resource availabillty, and projected encrgy needs) of nuclear power that could he
Implentented in euch of nine mujor world regions, as well us globully. Tigure 4 illustrutes some initinl
(unbenchmarked) nuclear power and pluionium inventory scenario results® from this model. As
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indicated by these results, the model also computes expected material gencration and flow amounts,
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 future impactors on nuclear power,
such as (economic) impaets of etforts 1o reduce fossil-fuel-produced carbon emissions through wxing
structures.  With this basis, it is possible to examine tradeotfs between disparate variables, such as
reduction of global or regional carbon ¢missions versus increases in spent-fuel source plutonium. that
might occur under energy strategies driven by environmental considerations (acid rain, global warming,
elc.).

Results tfrom such a model-based approach will be augmented with efforts involving two other arcas.
The tirst area deals with the assessment und grouping (by broad categorics) of current and future
national and/or regiona! situations regarding energy sccurity. This eflort is a “top-level™ attempt (using
much information obt.ined via the efforts (o link the Los Alumos project with other synergistic e¢fforts)
to beter understand how nuclear power may tit into cnergy security strategies. particularly those
associated with Asian nations” development,

The second area of ellort involves extension of pust unalvtic work® " dimed wt the quantification of
proliferation risks assaciated with continued world-wide deplovment of nucle:r power. The focus of
this effort is examination, (rom proliferation perspectives, of the rising global stocks of plutoniums
containing spent tuel to assess risks against other material production/diversion routes that may be
used for proliferation of mussive nuclear weapon stockpile creation or reconstitution (see Nueler
Weapons and (NonWroliferation discussion that follows), Features of interest for evaluating such
weapoans-related aspects of o global auclear materials posture include:

*  Total quantities of weapon-usuble material—nationally, regionally, and globally an various
stages of u runge of nuclear fuel cyeles

*  The chemicid and isotopic forms of the material
*  Futre technologies for storage, security and monitoring, transportation, and separations
¢ Muterial location und how (physically und institutionally ) it is secured und monitored.

This eftort will also exuamine ways 10 address quantitatively E ag-term rish tin weas such us sateguinds
requiremcents and toxicity impacts) that are associnted with the disposal of Lirge amounts of spent tuel
contining plutonivin,  For exwple, plans wre underway o evuluate technologies wid scenurios for
recovery of plutonium in spent tuel atter it has been placed i geologie disposal. Additonally, we want
o examing methodologies used in decision anulvsis appronghes" that discount the futare inportanee of
an issue such as aceumulated plutomum,  Such ussumptions de not appear to aecount tor lomg.term
coneert s, partivibarly those arising from uncertaintios i insttational structures that oy exist bainto
the tuture,

These touls cun be used 1o assess several plutoniun manapement stemeier a4 once-thiougth evele
followed by geologie disposal, o phatonium reeyele system possibly tallowed by plutonnnn breeding,
or other Fuel eycles sach av thorium-uranium-=frem perspectises of shorte and long-term rishy iwiving
rom nuclear motenads, We have already developed eapunded ntodets o predict prowth s tuture
plitomivre iy ente ties aed o assessothe impact of wehnokgnes for deiog with them These studies™



arc also examining strategies and appreaches for situating and managing operations within the nuclear
fuel cvcle. In summary. we are building a suite of tools that will allow us to evaluate alternative tuture
nuclear materials postures in the context of a range of possible future regional and plobul security
¢nvironments.

A desired end result from these etforts. as well as those developed in working relationships with other
interested partics, is creation of'a clearer picture of, and perhaps even a high-level roadmap towards, a
desired nuclear power systcm endstate that would cxist in the vear 2050, (As P. Beck phrases it in his
recent book®, . . . what would a successful nuclear power industry look like in the year 20507") Such
a picture would address fucl cycle options and strategics: institutions that might exist or be created to
enhance nuclear power in areas such as safely, materinl munagement, safeguards, research and
development, etc.; and components and technology associated with nuclear power in 2050. An
example of une par. of such u picture and the process leading to it is illustrated in Figure § where o
progression of activitics and technologics arc identitied tor the management of plutonium from excess
weupons and spent {uel.
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Figure 5b; Model results for projected plutonium inventories in reactor spent fuel cassuming s once
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Nuclear Weapons and (NoniProliferation

Two muin themes orgunise our upprouch 0 tinking ubout nuclew weapons und (non)proliteration: 1)
understanding the dangers associated with nuclear weapons over the long term and 21 understanding
possible evolution of congruent behuviours—uegotiated or teit. uniluteral, bilateral, or mudtilateral=-on
the part of nations/polities by which *he dangers can be contained.

Containing tuture nuclear weapon dangers has many tucets.  For the purpose of this paper. we can
group future nuclesr weapon-related seenarios inte (wo broad categories:

< Coanonical” horizontal proliteration of the pencial type represented by Noithe Korea, vy,
India/Pakistan, ete.

o Possible (further) future cases in which the world situition might develop in such a way thin
many nations/polities’blovs sed i need or an incrcased needy tor nuckear weapons, Sach
sitwations could leud (0 possibly widespread, possibly rapid, competitive, honizomal wnd
verticul, nuclear treiarmament ("hreakouts.

Canonicul horizontal proliteration tthe tirst catcgors 1 s much thought and wornied about and 15, 1 a
sense, the haseline case. T the project, we extend examiation of this catepory to amdy se instabilities



(and therefore nuclear dangers) arising from two principal trends: 1) erosion of the classic 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 countrics holding nuclear weapons so that possession o' a "few”
is amplilied in its relaive 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, hecause it would
presumably develop, if at all, in the farther furure, and because the only historical case--the early
decades of the 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 cascs.

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 numbers of nuclear weapons (perhaps quickly) would thus be "latent™ in many nore
nations’ scientific, technological, and industrial bases (as they were in u few nations in 1942,) One
might say that these nitions will "have" "latent nuclear weapons.™

In reality, there is a continuum in a conceptual sense between the extremes represented by our two
catepories of scenarios. They could be connected over time as well; an increusing rute of canonical,
horizontal proliferation could trigger a nuclear “breakout” as posited in our second calegory. Thus, we
are conscious of the need not to give short shrift to heurcr-term. “smaller,” canonical profiferation -in
part because of connections with larger scenarios., Gt also becausc it is miportant in itself.

However, the reverse—neglect of Inrge-scale nuclear (reJarmament scenarios - is too often the cise
the current conventional wisdom. The emphasis vn prevening proliferation (deeply embedded in the
current, Nonproliferation Trealy-orieated regime) diverts attention from developing ways of managing
ity consequence if it occurs. Also, thinking about how w deal with u cunonicul proliferwion erisis
(including. possibly, a "next uwe” of nuclear weapons) otten focuses almost cntirely on the immediate
vutcome, with littte attention given 1o longet-ternm consequences involving the Tull range of possible
nuclear dangers.

With these considerntions in mind. we are beginning to try 10 understand the dynatuics of future nuclear
weapon proliferation ranging from expunsion ol the nuimbers of nations uving sl numbees of nuclear
weapons to the other bound of widespread. rapid. flarge-scale, n-sided. competitive  nuclear
(rewrmament. Among other things, we= ure extending models used during the Cold War 1o anulyse twae.
sided crisis-stability related to nuclear (and conventional) forees-in-bewng, 1o try 0 understand the
much more complex wcenarios involving lufenr nuclenr forees and more parties.

We also want to understand more about the techpological dimensions of futire aris rices s well, amd
it is here that connections with the global nuelear materials posture may begin 1o enter. o panicular,
what would be the pacing technologicai/industrial tactors in future puchuar proliteration and possible
(rejunmuament scenurios? Candidates are' avatiability of nuclear material: nuclear wathead design and
tabrication (given nuclear maicrial): and the fuclear weapons svstemy Glelivery plattorms, command and

e tenna Cvirtuwal” nuclear weapons or Csaetua prohifenation” ae somediwes sl o somen hat the san
senee,. We preler “ltent,” as b congtes s evolutiom-=ewa ing trom Latent waapone teocal ones whih L
ot the Coenee of e o wenariog,
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vontrol, etc.). Although it demands a much more careful look. general considerations seem 10 indicate
that the latter two capabilities may cxist widely in a more technologically/industrially advanced future.
So. it will behove us to understand in some detail how alternative future nuclear material postures might
affect nuclear material availability 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 cycle. This 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 materinl production. These
factors includc items such as technical implementation, complexity, cost, detectability, capacity, and
quality of material. Examples from history are of interest. but siuations 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 niced 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 spent fuel or from
reactor fuels themselves. Thus. figures of 1.« it for evaluating alternative future approaches (dedicated
reactors, clandestine separations facilities, uraniun carichment, civilian reactors and reprocessing
facilities, alternative fuel cycles) should weigh heavily time to acquire materials and fabricate weapons
under n variety of nuclear materials postures. The discussion on nuclear power and nuclear materials
has highlighted our intended approach to this problem.

Of particular interest is the extent o which total quantitics of potentially accessible material make a
dittcrence to such proliferation and breakout scenarios. ‘T'o what extent, for example, is total quantity
related to the efficacy of securing materials? This is one question. of many, related 0 what we believe
are the two hasic alternative strategics for nuclear material futures:

*  Continued accumulation of spent fucl and other fissile materials requiring long-ienn secunty and
sufeguards

*  Development and implementation of (pussibly new) rescior technologies wnd fuel cycles such
that. over many decades. total/regional quantitics ot fissite materia! ot concem in the situations
discussed above can be minimised (through long-tenn holdup in nuclear sy stemnr cores, tirough
reusc. and eventually through burndown of matcrials).

Implicit in the forcgoing discussion is the idea that tuture global nuclear materials posturcts) might be
mure deliberately manuged. As puet of our project, we are beginuing W explure how wd (o what extent
a concert of ingerests (governments, :nulti-nationat and international political entities (already existing or
new), industries, non=governmental organisations, ete.) might develop, or be developed, o this el

Conclusion

Murch 17, 1996, wus the S0th anniversury of the Acheson-Lilicuthal Revort. which begun etforty o
place all applications of nuclear seicnee and technology under international control. Swch intemational
control did nut come w pass. During the ensuing 50 vears, a fubrie related w0 nuclear afvais, civil and
military. has been woven trom threuds of bilateral, multlaterul, and nternational arrangement.  Lhe
implications for manhind of te potential - o good and ill <ol e energy of the nueleas of the atom
are =till global, indeed more so today than in 1996, The fact that this potential will continue 10 ke a
miygor issue i workt ofTaies is a hey driver fon the Los Alamos Nuddear Vision Project
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