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November 28,2006 

The.Honod1e John. Warner 
Chairman 
Committee on Armed Services 
United States Senate 
Washington, DC 205.10 

Dear Mr. Chairman: 

The Ronald W. Reagan National Defense- Authorization Act for Fiscal Year 2065 
directed the Administrator of the National Nuclear Security Administration (NNSA) to 
enter into a cantract with a; Federally Funded Research and Development Centw 
(FFRRC) providing for a study to assess the efbrts of h e  NNSA to understand the aging 
of plutoniumin nudear weapons. The enclwed report by the independent JASON group 
reviewing thestudies conducted by the Los Alamos and Lawreme Livennore.N.ational. 
Laboratories meets this requirement. The JASON review provided an independent 
.evaluation ofthe scientific. credibility of the laboratory studies. The weapon .lifetimes are 
determined by the laboratories. 

The studies conducted by the laboratories included an extensive experimental and 
computational investigation of the mechanical, physical, and chemical property changes 
caused by plutonium aging as we11 as a re-aaalysis of the underground nuclear test 
record. The results of these studies were incorporated into system-specific performance 
models that evaluated the effect of these property changes on primary performance, using 
the Quautification of Margins and Uncertainties methodology. The conclusion of the 
JASON report is that most plutonium pit types have credible lifetimes of at least 100 
years. Other pit types have mitigation strategies either proposed or being implemented. 
Overall, the studies showed that the majority of plutonium pits for most nuclear weapons 
types have minimum lifetimes of at least 85 years. 

Baed on ow cment ana1ys.i~ and knowledge, chmgbs :due solely to plutonium aging. do, 
not prevent significantly longer- pit lifetimes for warheads with sufficient margins. 
Mitigation stnitegies to address systems with tight'peformance margins are being 
propoed that. do not require repIachg current pits. or nuclear testing. We can, therefore,. 
conclude that pit lifetimes ,do .not at present determine warhead lifetimes. 

It i~ imperative that we.continue to assess plutonium aging bough vigilant surveilIance 
and scientific evaluation, since .the plutonium-aging database only extends to 
approximately 48. years for naturally aged material .and 60 .years for the accelerated ased 
material. The primary performance &take from underground testing is even more 
limited. The laboratories-will annually re-assess the primary performance lifetimes that 
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result h r n  plutonium aging by hcorpomtiag new data, understanding, and predictive 
capabilities as they become available. This is now part of the annuid assessment process 
for each weapon system, which uses all of tbe stockpile stewardship tools, including 
aging assessments, to determine the condition of the stockpile, 

The unclassified edition of .the repport from JASON is submitted with this lata. The 
complete reports h r n  both laboratories and JAS0Na-e classified'and are submitted 
sepzratel y. 

If you have any questions, please contact me or C. Anson FrankSi, Director, Office of 
Congressional, Interg~vemment~al and Public Affairs at (202) 586-8343. 
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EXECUTIVE SUMMARY 

JASON reviewed the nearly-.completed asseernq t of primary-stage "pit" 

lifetimes due to plutonium .aging for nnclem weapon sys$ems in the endur- 

ing U.S. $tackpile. The assessment i s  being prepared by Los Alamgs and 

Lawrcnce Livermore National Laborktories in support of NNNSA 's  "Level-1"' 

milatone to underst and passi ble - aging ~ffects in tlic primary stages of nu- 

clear weapons Iri the current sto&plle:arid t;a.provide system-specific lifetimes 

for pits. The joint Laboratoiy ,assessment uses t.he meth6dology of Qw- 

ti ficat ion of Margins and Unc;ert&inties '(QMu) :and specifically conside*; the 

physical aging effects of plutonium. 

We judge that the :L.m Aimos/~ivermorb assessment providelj a s&B- 

tifically valid framevmrk for evaluating pit lifetimes. The.assessment..demon- 

&rates that there is no dqpdation in pperformance.of psirnaries.of stockpile 

systems due. to  plutonium aging .that would be c q w  for wax-term cgncern 

regarding their safety and reliability. Most primary -types have crcdi tlc min- 

imum lifetimes in excess of 100 years as regards aging of' plutonium; -those 

with assessed minimum lifetimes of 100 ycars or less have clear mitigation 

paths. that axe proposed .and/or being implemented.. 

The Laboratories have made signifimit pra@@ss over the 1)m.t 3-5 years. 

iri undcrstandirig plutonium aging and pit lifetimes. Their work i# based 

.on analyses.. of .mchiva,l ~mderground nuclear-expision testing '(UGT) data, 

laboratory experime.nts; .and computer qirnulations; As .a. result of the Los 

Alamos/ Livermore effgrks., JASON concludes that there is. na evidence from 

the; U G T  for plutonium aging mechanisins affecting primary perfor- 

mance pn timescales of a century or less in ways that would be detrimental 

to -the enduring stockpile. The detailed experiments and computer simula- 

tions performed by the Laboratories to better understand plutonium aging 

mechanisms and their possible impact on performance of weapons primaries 



also reduce uncerbinties .in the expected performance of zek&age pits. The 

plu t on im aging studies are therefore- vduabls. f o tltle.over.dl Stockpile Stew- 

ardship program. 

JASON iden t~ed  .additional; work that .should be carried out .over the 

next ,year or -longer to gain a better understanding of relevant plutoniuxa 

properties- and aging- phenfimna that -could affect wenpons performance on 

tirn&scales of a century and beyond. 

A more dchiled t;ersion of this Executive Suxnmrzry -appears in t,he full 

(classified) JASON Report. 



2 INTRODUCTION 

Los Alamos National Laboratory (LANL) and Lawrence Livmno~e Na- 

tiond Laboratory (LLNL) have been tasked by the National Nuclear Security 

Administration [NNSA] to "providc estimates for predominant pit types" in 

a Level 1 Milestone Report by 'September 30, 2006. Results of this ascm 

ment by' the two nuclear weapons design laboratories cauld .have significant 

imp1ica;tions for the scope and timing of proposals. to restore U.S. capabil- 

ity to  m:$nufacture replacement pits. Ie. is. therefore important to provide 

scientifi~ally crdi ble information about pit lifctimcs to the. decision rnakeas 

at NNSA.. JASON was asked to conduct a compreh~nsive review of the pit 

assessment programs .of .t, he Laboratwies. as.. they approach t.his Milestme; 

P.reviously, JASON cmduct od preliminary st udks of spedfic elements: of 

the work of the Laboratories on pit aging. Our studies began with bfiefings 

.on pit lifetimes presen.ted to JASON by LA,N.L and LLNL in July 2004, 

briefmgs in January 2005, a review of the use :of undergrolmd. test (UGT) 
data in pit lifetime estimates in January 2006, and a fofIowup meeting on the- 

-stati&icd arralysis used in April 2006. The findings and recornrnend~tions 

of thest. earlier phases.of the study h.ave been published in classified ,JASON 

reports. The find phase of the review ww based on brie'fings 'that took place 

in June 2906,. two months befoke the deadin& for the Milestone Report. Tho 

Laboratory scientists demibed to JASON their procedures and the majority 

of their pit lifetime estimates for speciific weapons systems. 

The purpose of the overall 'study is to determine whether t he  resewch 

-done by the laboratories. is adequ,at:e .to support a reliable pit lifetime assess- 

ment for specific systems. Three- kinds of research have contributed to  the 

programs of the two Laboratories. The: -first consists of analysis of results df 

past underground .tmts. (UGTs) with pits .of various ages. Second are stu&& 

of the component materials,, including experimental .and theoretical investi- 

gations of the metalurgicd properties of Pu containing various. combinations 

of impurities. The experiments involve.smal1-scde (e.g,, static compression), 



medium-scale. (e. g., gas-gun dynamic .compression), .and large~seale (e.g., 

hydrotest and sub-critical) experi,nients. Third ;are computer ~irnulatiom of 

primary perfermance with model P u  properties varying with age. 

JASON was a s k d  by NNSA to consider the. following questions: 

1. Have the Laboratories identified relevant prapert ies of plutonium, which 

when varied have significant impact on p r i q  performance? Is this 

program of research adequate to quantify, bound or, where possible, 

rduce associated uncertainties? Have appropriate priorities been es- 

tahIished? 

2. Will the current prograJi3 of research serve to assess the impact; of aging 

on the properties of phtonium in a r&mmnbIy cornplete and tech& 

Gdly sound manner? Will the pro.pa~ed: experiments have the accuracy 

required to reduce or bmnd uncertaintied Is the balance amongst 

a,ctivities. nnd pragrm prioritization .appfopriate? 

3; Is the actelerated aging program appropriate ..and technically sound? 

Will the planned activities c:o;nfirm that the wcellerated aging samples 

adequately replicate the. propetties .of naturdly aged phtoniuin and 

provide. a. credible extrapolation beyond the age of existing stockpile. 

ma$erials? 

4. Are the Laborhtories pursuing a p m p m  of research for model dm& 

oprnent and simulation of fundamental plutonium propertics .and thdr  

change with age that. will provide useful information in the required 

time frame? 

5. Have tho Laboratories provided. a scientifica21y vdid and defensible pit 

lifetime for each of the systans analyzed? 

6. Are there areas of uncertainty identified where additional work should 

be: focused? 



Questions (1)-(4) were answered in our two previous reports: generdly 

in the .&xmative, dbeit with a number of rmmmendati.ons for chwging 

details of the program (to which -the Laboratories have bear responsiue). 

This repmt is therefore mainly concerned with questions (5). and (6). Our 

answers to b0t.h of these qnestions are summarized in the Executive Summary 

and explained in detail in the body of' the repart. 



UNDERGROUND TEST DATA 

To adduce evidence for ~ging, the Laboratcries have carried hut .a dic- 

taided examination Of the legacy underground test CUGT) data. Though 

the data, are remarkably pre& [some criticd ,p.wmeters memuied t o  I- 

3%), measurernl:nt accuracies were nut uniform in time, and accurate etrors 

needed to be est&lish.ed. We conclude that the Laboratories have extracted 

dl passible information i;e.gwtrding pit aging from the UGT data given the 

mcertainties associated with those data 



PLUTONIUM PROPERTIES 

Plutonium is a remarkable material. In an electronic sense Pu exists 

on the knifeedge between. localized arid deIocalieed behaviqr, md these elec- 

tronic characteristics in part give rise to  extensive polymorphism as .a funqtign 

of .ternperat.ure, pressure, add composition. The &phase of Pu stabilized with 

Ga in the facecentered cubic strddture is used in most pits. Pu nnde~goes 

radioactivk decgy and -%If-iiradiati~n, which c a ~ e s  build-up of Am, U, .and 
.Np, and in addition, He bubble formation. These radiation-induced changes 

l e d  to complex defects and microstrnctur~ Compounding the' problem is 

thefact, that the Qpa alleys of intetest are unst.able under ariibient: condi- 

tions and can p,mtially transform to new phases and phase segregate. Despite 

these effects there is substantid lattice..anneding that: counteracts this..darn- 

age. Indeed, an irnpqrtant fi,n&ng, is that despite the self-kr.adiat,ion, &Pu 

alloys arc remarkably. rcsilicnt and maintain their integrity (e-g.., not under- 

going voTd swelhg as discumd below). The question ai hand is how changes 

in physical and chemical properties. d e c t  pit, performance and on what time 

s d c .  

Research on how matirial properties change with age 'includes labora- 

h r y  experiments and computer simulationsl Most. of the focus has been an 

Pu md pits. Ekperimats and c&ldations on actual and simulated pitmate- 

rids .-are combined with experiments on 2,3'Pu-spikad materid in accelerated 

aging experimerlts. H.owever, t,he high explosive and oklm .c.b;nlpo~efita. dta. 

need attention. We have reviewed much of the program on .pitmatvial ag- 

ing in  our previous reports; and do not repeat that discussion here. New 

developments have emerged in the past yeas, induding results published in 

the open literature, 

4.1 Ambient Condition Studies 

The best-understood. past of Pu aging is the change in its isotopic and 



elementd csrnpqsition as unstable imbpes decay: Because half-lives .are 

known ... . vwy .accuratel3r, and relevant eras-sections-. arc. generally well known, 

the contribution of radioactive decay eg aging may be cdsulated with wnfi- 
. . 

dace. At eady times the dominant contribution is the decay of2?" PU (about 

9..5% of pit alloys) with a halElife of 14.4 years to '"Am, -wh.ich has a lower 

fissidn cra6~-section. At later times, following the depletion of the 241P~., the 

rate of decrease r~u1tin.g from the decay of 239~u, 240P~ and 2d'Am is .a few 

times Iess; If there were no other relevant aging:processes..these d u e s .  would 

themselves imply lifetimes, depending on the margin, of several hundred l o  

over a thousand yeas. 

Surveillance of pits md laboratory experiments on Pu alloys provide 

direct information an changes in physical and chemicd properties with we. 

Considerable work on density charges in Pu alloys due to aging has been 

done ming volumetric, dilatometric and x-ray dif f r~ t~ion  teclzniques. The 

results, which were reviewed during the past year, have clarified several in- 

consistencies. Much of this work invalvcs standard ruicroazialysis, including 

optical and electron microscopies, and has benefitted from the Enhw~cerl 
.SurveiIlance and Dynamic Materid Properties Campaigns. 

The Pu hccc.Ierated aging program augments the study of naturally aged. 

Pu. A central question is tho extent to which these "mtificialIyfl aged sam- 

ples, are. ~preSentative .of "naturally aged" material, given the differences in 

isot.opic composition and. heating. A variety of m&silrements dempnstrate 

qualitative s i rn ib  ties between the two types of The. samples are 

held at different ambient temperatures. in order tci try th match annealing, 

effects. There-are also similarities.in the density and stren:gth changes. Dif- 

ference~ due to the isotopic distribution we. well accounted fat. 

Ga-stabilized 6-Pu is metastable at room temperature. Many of the 

issues that arise are related t o  the met;.astability sf the 6-Pu alloy and the 

nearly 26% volume diEerence between the 6 a d  a! phases. The potential 

consequences .of the thermodynamic metastability for agirrg ~f &phase alloys. 

have been examined experimentally for both naturally and mtifici,ally aged 



material. Phase: decomposition and segregation can occur but the kinetics. 

are slow, with little 10% in integrfty of the bulk. materid. 

4.2, Equation of State 

The equation of state (EOS.) . . is the. fundamentid thennodynamic re- 

lation between the density, pressure, $emperature, and composition, and 

therefore includes the zerepressure density and comprmiibility. At least 

-approximately, the  measurements. betwe~ri methods and between naturally 

.and ;tcc&lerated-agd Pu hie comistent. 

Theoretical calcu~ations are in principle capable of disentangling the 

separate effects ,of Iattice- damage, inkerstitid and bubble He and chemical 

irxlpu&ies and of'aurueying the efitire p-vplanej on and off the Ilugdniot.. 

These .calculations me gmerally limited to  small sihlulati.on cells, while phe: 

norric~udogicd  calculation^. @re subject to ..un~ei.t.aintia in the interatomic 

potcntials. Differential effqcts of .aging may bg. estimated to useful accuracy 

even i f  the- absolute accuracy i s  limited. 

There is a need to extend high level comp.uta.tioas t o  the actual perfor- 

-fiance of aged Pu. LLNL and LANL have both applied largescale rno~~cular 

dy n-amics codes to attempt to simulate the effect. of shock compression.. This 

work has been perfor~ed an the BlueGene/L supercomputer for various met- 

.ds. le is importmt to continue to Improve high level caIculatibns an Pu using 

~ n & ~ s c d e  mo.deIing approaches, as disaissed below. 

4.3 Void Swelling 

One of themajor concerns initi.11~ in P~ag ing  was thepmsibility of void 
swelling: Void swelling is a well-known .consequence of radiation damage in 

nuclear re4dctor material. BecausQ of the potential exp,msion of material, with 

void swelling, it has been .a serious concern. Howem, there ib. no empiricd 



evidence for void swelling in aged 6-Pu.. This, in itself, is reassuring .because 

in other materids void swelling begins gradually after a finite incubation 

time, .and phe~omenol~cal  estimates based on these data, indicate that m y  

void swclli~g in 5-Pu wiII not. be significant for -several more dwades; Even 

more r-uring is the theoretical expectation that 6-Pu will .not undega 

void swding at dl. This follows .from the fact that the calc&ed volume 

increase produced by an interstitial atom in S-Pb is Iess (in .magnitude) than 

the calculated volume. decrease prqduced by a vacancy (in. materials k.nown 

to undergo void swelling the inequality is in the opposite direction), This 
implies that rdiat~on damage wiII not tend to produce net s t r ~ n  that can 

be. reheved by nucleating a void. Qualitatively, this i4; expected because 6Pu 
has an expaadd structure, so that disturbing it wilI tend to rdrganize it in. 

the direction of the denser a phase rather than expanding it. Nucleation of 

a 6 to a! transitfan is prevented by thc presence: of the stabilizing Ga, which 

is rdistributed by radiation damage- so that it is not lost to isdated tegiohs 

of Pu j Ga, .as wou1.d be required for such .a phase t~ansformatition. In view of' 

.the impsrtance of possible. void swelling in Pu phnses,, Eundamentd :s$udim 

of the problem should continue, for example using xcelsr,ted rtgd materid. 

4 Strength 

Strengkh is not an equilibrium thermodynamic property and is depen- 

dent on many fxtors. At the outset, i t  is important to distinguish between 

different types and measures of strength. These types include compres- 

sive yield strength, shear strength, and tensile strength. All are in general 

strongly dependent on temperature, strain rate, and phase, and can differ for 

single crystals, polycrystalline aggregates and compmitm. Thus, the strength 

of Pu at very high rates of deformation may be different from that observed 

in static or low strain-rate measurements. 

Mmwements an Pu .at. Ibw strain rates show increases in strength with 

age, .eitha natw,al or accelerated. This ..is foknd both for yield strength the: 



t6nsile stress at. which irreversible plastic work begins, usually defined at 
0.2% strain). and for ultirnate tensile strength (the maximum :stress.. ~chieved 

before a. specimen fails, larger thttn yield strength. because. of work hard- 
ening). However, these measurements of hmbess- and strength are either 

-static or quasi-static and perfbrmed under ambient candiiions, rather than 

.those encountered in the i'irrglosion of a pit, and their. rielevmce t o  nuclear- 

.pe&rmmce & at this time.'iinclar. 

We commend the -approach taken by the Laboratories for investigating 

strength in order to obtain a conservative estimate. of its effects- on lifetimes,. 

'-rut potentially larger .efr . t s  that might act in the opposite direction have not 

yet been taken lrito aca. -i. We conclude that the Labaratories have ma& 

good progress in identifyiqg possible. .agerelated .changes t.o the dynamic 

strength of Pu, but there is much wo~k to be, done to quantify uil:derstasrding 

in the rcgimev most importmt for pit performance. 



LIFETIME METHODOLOGY 

5 .I QMU fiarnewark 

The lahciratories have used the methodology of Qnmt.ifieatidn of Mar- 

,gins. and Uncertainty (Q.MU) to assless pit. 1iktiine.s based on simulations of 

primary Various metrics for tljia p.eFformance haw been est ab 

lished but- the key requirement is that- the primary must prcrduct! suffi~ient 

nuclear yield to dr,ive the: secondary. It is therefore c r i t k d  to ~rnderstaad 

if possible.d~pdation of the pit due to Pu aging will .ultimately .lead to a 

failwe to ignite the secondary. A large series of UG.Te have est&blishcd that, 

the pr imaq  will successfuUy ipite the. secondary provided that tthe ;yield is 

sufficiently large. Tha basic idea is to compute.a ratio of the margin M to 

the total uncertainty U. The higher this ratio, the higher the.lcvel of confi- 

dence in the uieapon's tperation,, and, in genad, -a central goal of Stockpile 

Stewardslup 'is ta continually monitor and assess this ratio -and to perform 

mitigation to .increase it should the ratio tend close t o  1. 

Initial minimum credible li fetime-estixnat es provided by tbc Lnboratiiries 

serwto highlight when and where more work 'is needed for a.spe~ific primary 

system. The non-uniqueness of defining a lifetime for a low margin system k, 

shown .by tha following. The physics input Ids to.. M md W changing with 

time as: 

M(tj = MO + St ~ ( t ) "  = 0: + ( b ~ ) ' t ~  

where we :assume that changes ..are: described by a linear slope, S, with rtn 

error 6s (2c, to. be consk3ent with U as .discussed ab,ove), .and 

Yearly certification demands that M > U, so the lifetime T is defined by 



The determination of lifetime T .for f hen depends on Knowing four numbers, 

Mo, Uo., S, and 8s. We have .two limiting, cases: 

1. When $he effect 6f aging is well undergtoad and cm- be calclcirlated 

accurately: 

2. When the- e&ct of aging has large uncertainty and MD is not . very close 

For systcms with low m.argi-ns, M, k -U,, and herice different approaches -to 

error hardling will give different answers. Thcse considera;tions point to the 
need for continued work on ~sessment  of margin's and uneertaint'ies. 



BEYOND THE LEVEL 1 MILESTONE 

The Laboratories have made significant pffigress toward meeting .the 

Level 1 Milestone, exceeding requirements in some ways, but .dso identifying 

work that .reillaim to be. d,orie. A.lthough more work is needed, both to. 

provide more complete validation of thg lifetime.esti.mates thcrnsdves,, and to 

better determine the associated uncertainties and trade06 [eg., mitigation 

strategies), it is likely that the uveraU level of effort required is much less 

-than in the past 3-5 years. Another key reson for further work is to gain 

expbience with Pu that has suffered the equivalent of a.century or more of 

.aging (i.e., with accekrated aging), thereby allowing an interpolation . . mather 
than an extr~pal&ion in estimating performance change aud degradation 

.due t o  .aging in particular, one. wants to know the. modes of failure that 

will be among. the &st $0 app.ear.., because these can infoim the sto~kpi.Ie 

urveilla3.- pmgram i'n order to make it most sensitive- to aging-induced 

degradation. 

'me l&nving is a listing of recpmmendations- for fo1Iow-on :studies, with 

a justification for the need and prioritization (or scheduling.) of each recom- 

mendation. 

I. Va~zrlation through peer review of current estimates of primary- 

pwfo~mance lifetimes. Several systems require more detailed analysis in 

order to obtain reliable estimates of minimum lifetimes, and their associ- 

ated uncertainties and trdeoffs. For these systems it is important that each 

contribution to the lifetime be well understood and didated. In a sense, 

the i m  is not one of accounting for aging but of rncmaging the margins and 

uncertainties that are already present at zero age, and this is best done by 

underst anding the tradeoffs involved and the conscq-uent mitigation strate- 

gies t,ha,t can be applied. It is our highestpriority recommendation that this 

effort be conlpleted within a matter of several weeks in order to ensure that 

no problems remain unrecognized with the current level of analysis. (We 
note that this short term recommendation has largely been completed since 



the writing of this report.) 

2. Primary perfonname and rnttcrid strength. Thcre must be % rnofc?. 

detailed understanding of the. different typw of dynamic (high s.train-wte) 

:strepgths involved in the weBp,ons codes, and then a more complete undei- 
standing of how these streq,gths vary with aging., through rel.l.evant experimen- 

tal and theoretical work. -This is fmdmcnt~ally difficub . . b.ecause strength 

is not an Gquilibrium-thermodynamic property, so is not well defined. theo- 

retically nor is. it dwaye. wdI-defined egperirnentally. Moreover, the rdsvant 

regirn,e of high pressures, temperatures and strain mtes .are. difficult to N:- 

.cess, :and the loadiag-path histdry and assodiatcd kinetics xross the rnatcrid 

phase diagram are therefore nbt well de,t:.termiued. New experiments shodd 

be s,axrid out on both naturally and .mtificdIy :aged Pu, 

3. Extended' acc,elercited aging .ezperimen.ts: an plutonium. These include 

bsth ongoing ptudy. of the current accelerated-qing . . Pu samples, which are. 
-spiked with the rapidly-decaying 23"~, as: well as production of sampl~s that, 

haw been aged by .dterna;tive mews. In all of these cases, the-objective is to 

get the equivdent of multi-century experience on aging phenomena, maci- 

ated with decay (e-g., radiation damage) as wellas with activated processes 

such as .annealing. The.latter requires taking subsamples of accelerated-aged 

materid .through various: temperature cycles in order to determine how the 

ackivated p r o c e ~ ~  have been &cted by radiciactivs decay. This is. longer- . . 

term ,[multi-year) work both because kine i~ required for the samp1es.t~ reach 

;sl;pprapriate- (equivdent) ages, and, because one is looking at .effects nbt likely 

to; Influence stockpile weapons for many decades. Neverth6less,. such studies 

are cssentiaI in ordkr to validate current mderstading, and ensure that no 

.new phenomena lurk unobserved be& the surface of existing results, as w d l  

as to provide specific predictions of the failure modes to be expected. in the 

dtockpilc? (which in turn. inform the .snrveill~nce pragrms on what t o  look 

for). 



FINDINGS AND .RECOMMENDATIONS 

Findiqgs 

1. The nudear weapons design Labqraturies have made.aignlfica.nt prdgress 

in understanding pit aging through improved knowledge of the under- 

lying science and imprbved techniques fm simulating. weapons perfrir- 

maincc. 'Through Eheir laboratory .studies of the matierids, including 

both naturally and artificially aged Pu, and stockpile ~urveillanceactiv- 

it,ies, the Lttlmra$~ries have .dm: made significant progress in .prioritjziug 

thc unresolved questions, regarding the aging of stockpi1.e weapons. The 

labs- have also ide.ntified key metrics,to assess the effects of aging. . .  . 

.2. There Is no evidence for wid swelling .in naturdy sged or a+rtificidly 

aged d P u  samples over thc :aitual a d  accelerated time scales exmined 

to date, tmd good reason to believe it will not occur on time scales of 

interest, if at all. 

.3. Systems ~ t h  large margins will remain. so h r  ,@eater tham 100 years 

with respect to Pu aging. Thus, the issue of Pu .aging iv :secondaqy to 

the i.&ssue of managing mar@&. 

Recommendations 

I. The Level 1 Milestone Report should indicate that the primaries of 

most weapons syst&n types in the stockpile have credible. rniqimum 

lifetimes in excess of 100 years and that theintrinsic lifetime of Ptl. in 

the pits is greater than a century. Each physical effect on the lifetime 

of selected systems should be calcufated and explicitly reported. The 

report should emphasize the need :to manage margins. 



2. Continued work is required beyond the Level 1 Milestone. This in- 

cludes validating through peer review the current estimates of primary- 

perfomlance Ii fetimcs for selected primary types, ex tending acceIerated 

aging experiments on Pu, and determining how aging affects primary 

performame by way of material strength- 




