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ABSTRACT

Lus Aloows Natienul Laborutory has actively developed and implemented a
number at wstruments ta montor, deteet, sod aunlyzae nuclear matermts me the
b, Muny of these techaolagies, developed under existtag US Departiinent al
Fuerpy progrms, can alw be wsed i effecnively intendict nuelear nisterinds
simggled acrass o within nutivnud burders. lo panticular, teo imstiunwing are
guitable Cor tnmediate inplementtion: the NAVIE-Y, a hand-held gamma ray
and nentran systen fr the detection and rapin wlentification of radumetier
matetials, aml the postuble nmss spectiomerer G the rapinl analysis of minnte
quantities af rudonctuive matennly. Buth invtruments provide not only criticul
intarnmtian about the charactonisties ot the auclear watenal tor law
enforcement agenenis and matonal anthantes bat odso anpply beablh and salety
infwrmatlon fir persannel hamlting the suspect auteriala

LANTRODUCTION -

Hhe tnabickmg monuelea auenals puses u thren o globul prohifeiation ay well us a peicnnal
dmyger ta pubille healh and sifety. The patennal fur a €marist @mnp aeague site © ulmun meln
weapuaes nnterials s cansulered ane ot the st senans tnents o antematnonal wemity Y dnddany
e anspen ia ety appreliended moanetem snmggling acnvities, tens ol mdhans ol dotlas have beon
vlfered Foe nuclem materind @3 nld w bamle The pust Tive yems have winessed o sl menease
e e al sameghogg nesdents s alving nuelenr neterals, n Genanany llu.' unnber uf e dents
wertased Tane 4D 11 G aboaet 290 per year Tae cach ol the st twa year ™ Wit the Basaagn
Feadevation there wene 6 boeaboms in 1904 iavabving the slegal tansponn of cadoss tive naentabs
Abthsgh nost of the uteonds serzed e hiese menleans nve been mon weapons-velonnd nmtenalbs
euch as natmeal and depleted urtmivm and cactoactve wdnsual and medicul soures, e wae
wrernl ez al wenpuite edated ke matenab me Favape nobving platonnnm wd el
ennched mamuntn e 199,

Fubhie nttennnn e anelens siugghng b Tacosed westly on the detecnon and preveation et
watte kg ol unckear mtertals needul e e prodinctm al aounelear bomb Althongh geveraliy
g, vaidosdogie nd sabatuge pases an squally sopmtecant thicat. A well-plved ikhaactinve depeval
device condd comtmmuate o Linge e in e b alb o govenmentad distoets ot oo e
aedehesss e pesernd thieesn ol blegnl catflekmg @ melear mmenaly, e ptemal mses ot e pen
w both a nuelat Weapom amb e a deaeesab des e st be coosnbered. Pocmatels, the e lenh-n-u"
] fotmonntan, adetect analvze, amd e e e gal nesemeat ab mcdeast matenals age annban ta
bwath sy e




I BATIONALLE

b our disensaion af methads o counter nuckear snmgeling, we diseemn theee Jdistinet areas in
which wechncdogy cunmahe o differeace: o0 contamment ol the matertal at its sree ue paint of
eriging (o deweetion, saabysis, and assessient while the waterial is (o trmain: and. (3) malysis of
seized materiat 10 determine the pathway and source where legitimate control was lost.

The firstarea is curemly hesings addressed by the interpational commmmity and, in punicnac, by
the Russian Federanon and the US, Coopernive agreeiments have been estabhished between wechnical
instiutes and laboratories i Russia and the US o nnprave the matenuls control. protectian, and

eaantabihity of miclew nwtenals e both conntrnes and considenble progress has been achiesed m
wahort thae, As of Spring 1996, portal manitors Tor special nuclear matedial have been instatled at s
Russinn fucilinies, Even with rapid ipravenwems in glhysical protection and conttal of nuclenr
materials. the threat of nuelear smuggling will continue for the foresecable future.

The secaul area, detection, nnuly sis, and asseganett durimg matenial transin, s the mose teghngatly
challenging and also provides the best opportuminy tointerdict auclear matenial nnd Keep it toun
falling into the hands of wrrorists or ropue states, The rentunder of the paper wall mddress ths
problem ind cesiew cnevently nvatlaoh instrumentution and teelmolagies tne can be brought o ear
o this difficult puablen,

The tard arca. Corensies, invalves the detailed anatysis af the nuelear mawerals folluwang wizure
by n law entorcement ngeney. Maay dilleeent imalyGical techngues can e usedd W denve
infoannttion abwnn the onginad sree of the wnerinds G isotopie: disieilimions imd tace eleaienns
m the suehenr miterials, Pablen sd DNA sigantares cun abse helg identify patiwnys the niterial has
travelea as well ag provide wlotnmation about the posstble laciaton where legitnae control al Whe
nuglenr nunenal was lust,

Suplisticated mdyueal bivwnories in Barape amd the 38 perGann |I:-u- detniled maly ses tan
andy atter the tacr and are nsetul in clasmg al ture shipnuents of nuelear materials. Labogoy
hrensics analvany s an escellent oab Toe obtannng the maxiinm awaint ol mformation team the
sattiphe of sispect meral ad ity packagig, bt o oo tnme-comsinmgg o serve as 4 ealsimwe al
e faweentiereanen agencies, Conseguemly, blitnoond wclundioges e regquinesd w adidiess e
problew moreal tine o the teeld.

HIIN-FIELD ANALYSIS AND ASSESSMENT

Real nwe detection, mmlysis, and weessient at sungegled nuehear watenals pravide maes
techmeal chatlenge o lusimmenmigsn wust be able toomptly mterrogate mdividials, delele
vantomeelabes rncks, aml vaibway oy, wd canpagginpanmes, stupsy o derctmine e presence o
nuelenr oo indusncive mnterials. False-alam viates st be very low it ihese mstmmnenty age usal
wuttaelv hy law enfacement ap cuntime ntteeials, A the preesent o we do nat ave the perteat
wstinnents tar accamphisdony tese poats, bt thens are iy conent techdogies that can eadiy
b appbnd ke dete o ot sispect mm lear matenals

A 'oraal Muonitara

Faw Alnnoes Natreenl Eaboratany bas desetboqued ot pedestinm and seloele ponal nenitanng
satenia fon ddeploy aeent at ok poims ool which nueclen maenad aay beowomspeaged T s
wstoneey Qe gh devel of seasstioiy, capilde ot detectmge the amvemen of fess iban 100y o

\J



tghly enriehed sramunn QUL tvaugh the pedestonam portal mominng, sy stew and S0 2 al Di-0
theongh the west sensitive selucke maainoring sysiem. The sent detection thresholds will depend o
the vpe of menend, s comtigneativa, and tw method of shiclding employed. Quoted senstivines are
with the least tavarable inetathic sonrce shape, namely , an ansluelded sphere. passing throngh the
detecton at the feast sensitive position watlva SO probability of detection at the 93¢ canlidence level
0 1 25 pR/b backgreuud. Seasinivities improve considerably i the suuree is in the shape of o disk.

LoPadvsinas Mondtaes, Pedestriam pactal monnors cinn be deploved aearports, i and bus
stations, or amy location thretgh which a nies of people will be rgquined wopass Camunacialbly
prexdneed pedesteian pocail menitoes are i omne nse w US nclenr Goatlinies sind siaulur sy stems
have been placed in several Russian facilities tor wstang wd evaluabion. We are enrrently v.orkmg
with Russian and Lugapean castoms anthorties ta nnprose the pertormincy and apphicabilaty wi meae
technologies.

At normal walking speeds and a sanphing e of 0.3 <, the senstivity of the pedesinan patal
umtor, as detined above, s 0.3 g ol platonium wd 1 g of THEU,

2 Vehicle Monitors, Vehicle radiation monnors exumine ¢ars and tuchks n enher the drive
througn or wait in modes. The detecrion scusiuvity of these systems will agam depend wpon the
satgeesstielihing contignrations agd the e avandable for the measneeimem High-valh
heckpoines regquire oy estheoagh it e minimize delavs with a esalting edoction o
sensitivity, while wint-in wonors wre required Tor mexinnnn sensinvity.

A nomital davestlnaugh specds ol 8 vl and a samphog o ot s 10y al metntlic phidaaam
and 1000 ¢ o HEEY will be dewcred Ton the leasi-Fasenable merallic soucey \Impc T fuw nadin
velumes. the wait-in vehiele wmomiton sensitivity o a1 nnae sionphing is inereased a3 e of
weapons-grade plutontum and 10 g ol Heu'™

B. Hand Held Muaniturs

1 enther of the abuse systems sense the presence ol radivactive ninerials, an alann esilent ar
audibley sondies the persamel mmtg the pansd. b thin case, icbatiery pawered, and ekd
momtanng mt cant be wsed e focare the somee of vadiation aud detemnme s caswiensines, sals
the NAVE 2" dshiown in Figure by luodhis insirament, the gamaieiny detecson is o raggedized,
collmialed Nalvth covatal winch camlnnes goad detcetion etticieney with wmaderaie cuerpey
ol Multichannel winbs sec ol the pulse heght distnbntin ol the gan Ay st 1 aad
wecidemify encrpy windines B each type al oncleas aupevial Neanans e onmbaneaasdy

wiencned by nwo 20 mosphiere He propimomal counters imodered by potyerliviene

Fliss ey G opennte systenn cone beaead 10 taguedly deleet e exact taganan ol nneleas outsooad
ey an ey bl are msede aovetuele 0 can alsa anosnane ally wennly the iy pe ot anclest natonal ..
distmgrrisling beneecn depiennd aoanivo, enieled s, plaamon, and o aadaied soance T
cpid assessiment capsluluy s crueal for persannel praection .and o nummmze puasdile
OLTRITHITETIT
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Figore 1. NAVE2 handheld gamma-ray specirometer and neunon Jletedtor.
C. Musys Spectrometry -

Ouee sispect nnclear nmterial is detected, the hist pnonity s fo place the nateral mtaca stalntieed
coufiguatinn. This wmay vaage from the situple expedient of a plastic by, for a il quamny o
plutomum, 10 a shiclded voataingr fur a highly-radivsenve souree. s important ot the
mteenty at the watenal and s packagmg becaase bath can provide mturmation about the ~omee vl
tw interiat ay well as the pmhway ntong wheh the nntenal iy truveled Onee tie nuienial us teen
e sal i safe-hamdling canfigmtion, ten nxne detniled in-fehl psessanem atyses coan by
perfunued on the sample, ranging from sophisticated ganuma-ray gpectrometry 0 mass spectinectin
anabysrs, depending upor the chemical and phiysical tonn of the matenal,

U Alinos has develiped a rolinst, easy-tisnse iethed G the rapid detenminationn ot the
sotapae sigiutme af o wide vaewty of nominm comnpounds Small sianples of mterials comtine el
tronn unelear stnuggling ar callected durimg in-tield wmspections at nnelear 1acilines can be apudh
aaty zod These samples can either be pure compounds or nistages of wraring eompotinds wat
athee mom=nnedear nerabs Less dan B g o€ smaple isoequied Toe the procse duns speddomne e
ettt of e sotepne sigamtane o neanom Thas onggedezed, nanspotalde mass spesc e
sheowp e Pagnre 2, easdes o umigue meheid analsneal capabiity.

I e sinations, the law=enloreenent agoney oy ol want tooamnedsatels soze the mats sl
It woahd peelion e momten the prveem ol avaetnds weodeieronne it soonce o fingd Plese
awntpnnens ol swedar wstiments ¢an aiso be used woneet dos egquinciment Unattended sysien
lave been develuped whnet ean b deploved o manttn e mayement ar e bear neenals



Figure 2. Transpottablentass spectrometrivc syatem for isatopic analvais of waniom.

IV, CONCLUSIONS L

The thee iistnnments ipartal wnd amdbeld radintion detecton and the mass spectioawien
discussell ubove are pact of a suite of instruinentation developed withun US Department ot Laeryy
prageams that can be diveetly apphied o the poblem of countermg suclear smugghng. Speait,
apptheations will require enhanceineats ar imodificanons W e exnstivgimsiraments but we have o selig
base froann which 1o begin aldiessing s serious threa
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