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IN-CIELD ANALYSIS AND ASSESSMENT OF NUCLEAR MATERIAL

Ricaand 1. Margada, Wilham 8. Murray. Jose A Olivaees,
foho R Phillips, amd Rob L Yk
Los Alamos National Laboratory
Los Alamuos, NM 878
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ABSTRACT

Loy Alunws Naocoul Laboruory has actively developed and implemented a
numher o struments o wonitor, detect, and analyze aucleae materads u dwe
Gkl Many of these wehaologies, developed under exting US Depastiment of
Fueepy proginmes, can abo be wsed 1o effecuvely imerdict nacleae msterinls
sinuggled across or within nutionul borders, ln particular, two 1ostiuments are
guntable for immediate implementation: the NAVI-L, a hand-held gamma ray
and acutron system for e deteetion and rapid deatification ol radioactive
materialn, and e pertable mass spectiometer i the capid analysis of minute
quantties of ruchoactive mutertals, Both wnytruments provide not oaly entical
information about the charactonstics of the nuclear matenal for law
enforcement agencies and wational authantics hat ebso supply healih and safety
infurmatlon for personne! handling the suspect materinds

1, INTRODUCTION -

Iheat vtk w nuelem imenads posen u tireat w0 globud proliferution ay swell us o poteatial
dutrer to public headth ad safery, The potential for a €monst group or 1ogue Mate w uhuun uuelew
wenpuns aueaials s cansidered ane of e most senous eeats o inteimatonal wewnity .\.umluq.
1o spedds recently apprehended moouclear smugpling actuvities, tens of midlwons of dollus have bean
offered for auelew muterind o nld w bomb The pust live yemrs have witaessed sl inereine
the e of stusegdog wwslents avolving nuclear niteeals, 1o Geanany llu.' number of e deats
wereased Ton 40 m 1990 o aboat 290 per year lor vach of e past two years ™ Within the R aft
Pedecation there were G560 Tiwsdents in 1990 iovolving e llepal anspodt of tadoss ine ttletials
Althengh st of the mutennds seized i tiese meideats hive beon son weapons-teloted matennks
such as nataeal and depleted urnnivm and cachioactive indusuial aud medicu) sourees, there wetw
waetnd aezies ol wenpote selited piclem wateoals i Baope mvalving phdosia ad bosiy
endachied viamunn i 1990,

Public attention @ nuelear smugghng bus focused moevtdy on the detecuon aid prevention of the
tatlic kg ul wuclear materials waetud 1or the production of & mielear hamb - Although peseally
gt dideadugie nl sahotape poses i agoally spmiticant thicat. A well-placed tadiosctine dispseeal
device conbd contammate & Lape area in e Bnainoal o poveraestal dishiacts ol acowny e
addpene dhwe peneeal teear of dlegal gatficking wy nuelea mmennly, the pemial mses of e maenal
i borly a guclae weapon and in a dinpersal desee mudt be considered. Fottute s e technolopies
wned to momitorn, detect v v2e, il e e allegal movenient of nuclear sstesads aee sulat G
Dol sy



I RATIONALE

In our diseussion of mwethads to counter nuclear spiugeling, we discen three distinet areas in
which twohinology cun mahe & difference: 1) contamment ol the maersal al its souree or point of
criging (1 dewection, amalysis, and asasessment while e imaterial is in tmmsic and, (3) analysis of
seized material Lo detemune the pathway and source where legitimate control was ost,

The first area is cunently heing awddeessed by the intetationnl community and, in particalia, by
the Russian Federauon and the US, Cooperative apreemeats have been estabhished between wehimical
instiutes and laboratories in Russia and the US o aamprove the materiuls control, protechion. and
oottty of mwlews matenals m both conntries and considenuble progeess s been achieryed
i st tine, As of Spring 1996, portal monitors Tor special ouclear matecial have been installed ot e
Russiun fucitities, Even with rupid improvements in physical protection and couuol of quelenr
materials, the threat of nuclear smuggling will connue for the foresecalhie future.

The second area, detection, anafy sis, and assegsinet dunng anaterial transit, i the most technwally
challenging and also provides the best opporupity 1o interict nuclear materl and Keep it fiom
falling into the hands of wrrorists or rojue states, The remander of the paper will address this
problem and review currently aviiladle instrumenintion and technologies that van be brought (o bear
on this ditficult problem,

The tarcd avca, torcusies, involves rhe detaded analysis of the nuclear mateesals following «wrizure
by a lawecnlorcenwent agency. Many ditlerent snalytical techitigues can e uwed o denve
informition about the anging souree of te materinds from isodopic disteibitions and wace elemeais
m the paeloar waterials, Pollen ad DNA sigoatures cun also help ideatfy pathwiys the miterial has
travelea as well ag provide wtormation about the possible lncauon where tegitunate control of the
nuclenr ntenial wias fost.

Sophisticided malyuwal abonggories in Barope and the 8 perfonm |I:--r detniled analy wes an
only atter the tact and are usetul in closig ottt tuture shipments of nuelear mawerials, Labotatory
Torensics amdbeas 1van eweellent ol for obtaining the aaamum amomnt of information from the
sadple of saspect maecial and ity pachaging, B s oo Gw-Cconummmg 10 seive as a ealstinwe ool
for faweenforcemwent agencies. Conveguentdy, addidonal echnologes e cequined o address the
problem iy ceal ame mothe teld.

L IN-FIELD ANALYSIS AND ASSESSMENT

eal unwe deweeton, snndy sy and aosessawent o sinup gled nuelear mateaals provide maes
technw ad challenge s lustiumemtation must be abile to mpidly uterrogate indisduals, eaeles
tantomehdes achs, and sailway sy, sl carpo wdigalanes, sups) o detetmine the presence ot
nuclenr or padioneuve mmterialz, Padse-almm rdes mast be very low 1t these wstamienty ae used
toutinelv by faw enforcement or customis ottenils, At the present tome e do nat lune the peeteat
awstouiients for accmmplisiony these poals it there e many caieat lechinologies that can seadily
U appiuad to the detecinom ot aispecd i leat wigienals

A Portal Monjtora

Loy Alinvos Natiorsd Labotatary has deseloped oty pedestinn amd setuele portal snonoong
ssatern (on deployment ol choke poines duongh sivch nocless matenad may be onsgpaaied T
wistrnmienty, ave a g level of seasitists s capable ot detectingt e aovement of Jess than 10y 0

Y



tighlv.enrtched aranm (1L theough the padestran portal mandonng sy stem and 40 ¢ of 1101
theough the most sensitive velnele monitoring system. The actiwal detection theesholds will depend oo
the 2ype ol nutenal, s conliguration, and the ethod of shiclding employed. Quoted seasivites are
with the teast tavarable metadlic source shipe, namels. an unshieldad sphere, passing through the
duetecton at the feast sensitive position with a SOF probability of defection at the 93¢ conlidence level
m 28 pR/h background. Seasitivities improve considerably if the source is in the shape of wdok.

L Pedesearan Moaitoes, Pedestrian poctal momitoes caan be deploved at airports, teiin and bus
stations, or any tocation through which i miss of people will be weqiited 10 pass Commercially-
prowduced pedesteian porad monitors are in torune uve i US nuclene facidities und samular sy stems
have been placed in several Russian facilities for wsting wnd evaluation. We are currently vorking
with Russian and Luropean customs authorities 1o improve the pertorminey and apphicability of theae
technologies.

At normal walking speeds and a zamipling ume of 0.3 s, the sensuivity of the pedestnian poital
monilor, as delined above, s 0.3 g of plutonium and 10 g of HEU,

2 Vehicle Monitors, Vehicle rudiation momtors exumnine cars and trucks m either the drive
througn or wait in modes. The detection sensitiviry of these systems will agam depead upon the
sageesshielding configurations and the ane avadable for the nwasurement High-volune
heckpoints require diisve-thiough monitors o minimize delavs with aesalting ceduction
sensitivity, while wint-tn monitors wee requited Tor muximum sensitivity.

At normiad deave-through specds of 8 Aavh and o samplng tioe of 1 10 g of metalhic pldonum
and 1000y of HEL will be detected for e feast=-favorable mctablic sontee shape . Tor low Ledin
voluines. the wait-in vebicle moniter sensitivity for w1 nunate saophog is increased 0 0.3y of
weapons-grade plutonium and 10 g ot Hey '

B. Hand-Held Monitors

1t cither of the abose systems sense the presence of radivactive nuaterials, an alanm (slent or
audibler satihies the pessonnet mannaig the podal. In i case, a battery powered, hind lickd
mottoning kit can be used 1o locate the sonrce of tadiation and detenmine €y duarwcterisaes, sah o
the NAVE 2" shown in Eigure 1y In this instrument, the gammi-iay detecton is a ruggredized,
vollmmated Nalc T cryvstal which combines good detcction etticiency with moderate encrsy
tesolution Mulhehannel analy sis of the pufse herght distabution o the pamina-tay sprectisiim s s
o identify enerpy windows for cach type of nnclear matedial Neations e sunibataeansly
momtored by two 20 aunosphere He propotsonil counters moderated by polyethyiene

[liin ey o aperate syatem can be med 10 capidhy deteet tie exact locauon ot nuelear matonal
on an indivedual o made a vebicle [Ccan also autossaiie Ally dentily the o e of nuclear matc al b
distmpuisfiing bevween depleted womivi, entiched uramnm, phtomnn, and s snsdnted sonce s
vapid wssesstient capability s crnveal for pessannel protection and o numnnze poaibie
contamination
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Figure 1. NAVI-2 handheld gamma-ray spectrometer and neunon detedtor.
C. Musys Spectrometry -

Ooce suspect nuclear material is detected. the it prionity 15 to place the mateniad ato i stabahied
configutation. This may range from the simple expedient of & plastic I, for a suail quanuy ol
plutonium, to a shiclded container for a highly-radiosetive source. 1 is imporant o mantan the
mterrty of the matenal and its packagmp because bath can provude mtorniation about e woutee of
the atenial sy well as the pathway sdong wiich the minterial has trveled Onee die audenial bas een
placed inta g safe-handling configarntion, tea wore detailed in-lield assessiment analyses can e
performed on the <ample. ranging (rom sophisticated gamma-ray spectronwtry {0 mass gpectimrettis
anatvsti, dependig upor the chemical and physical torm of the material,

Lo Alamnos has developed a rabust, casy-tosuse method for e rapid deteomination of the
wologae sipnmuie of a wide vartety of viniugn compounds Suall sanples of matetialy contiveated
from nuelear smugglmg or collected durmg -held inspections of nuciear tacitives can be rapudh
anaiy2od These samples can cither be puee compounds o nuatinges of warao compotindy wath
otlier aon-nuclear materials Less than 10 mg of sample s equived for the prosise mass spechionndi.
deterqunation of the sotgpne signitue of acmny Ths naggedesed, trams pocable mass spesc inomeene
showe e Fagure 2, provades 2 ungque m-held analsucid capabalty.

1 o stdaions, the Tew=enpforcenent ageiey oay ol wand (o amediaely seoze the it nal
Bt would prefec toomanpor the moveaent of potdesmds do detegmme s somce s final Pl
wivipmnenns smd simbar istiaments can aiso be ased (o nweet ths egquiement Unattended ssstert
hasve been developed whieh can by deploswd to monttar the movement ot nuclear matenale



Figure 2. Transpoitablemass spectrometric system for isotopic analyais of wanien.

V. CONCLUSIONS L

The tuee fnstrwments (portnd snd and=held radintion detecion and the mass spectionwien)
discussed above are pact of a sude of instruuentation developed withun US Department ot Lneryy
programs that can be Jdivectly apphicd to the problem of countenng nuclear stnuggling. Specift
applications wall cequire enhancements or modificutions 1o e existimganstruments bul we have a solid
base from which o begin addiessing this serious thiea
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