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The emission o St s aitd Last seztions ™y
Muo OdF BRSNS DRovides a satiple eats o distitigiisnntg
hetweet real fuciear inumnens and other assemblies that are
rerucitan such as muciear-explinive Ghe test assenthiies
NELA: - and cenyentionai tunitions

Ihe jpresence v absence ot sigmificant tuiibers o
zeutrens and Characienistic plutonium canunia rass ate histie
suishiiy atnbuies tor plutonium menitions.  The presence
eneigenc yamma fays tna <320 daughters, 1t present m suf-
Noent swmber. o g distinguishing aitnbute toa loghly en-
tohell aranum mumions.  Some portable instruments are
berne Wdeveivped tor ventying that mnmtions are or are oot
uciedr, and othen are already commerciatly available. e
ommercial ves have heen evaltuated tor pre-thght non
Suclear venitication of NELAS in Aur Foree thight tests.

. INTRODUCTION

Ruadiation detectnm prinides g onvemient means L test
Aie oo e aitnibimes Sof aounelear mumtion o venty that
s cotsisient with expectations.  For example, the emission at
pereliatie, Jaacteristic dammia nass and  neuirons troim
Liedr dmnons contimng hw bumup plutbnium can be
vt e lstineushe thertr ot enthier vonsentional mumtinns
< ek muntions that aie mon maclear, nuclear explosive hike
asseinbbes «NELASG Siularly, nnntnans contanung tnehity
et hedd uranmung HEU Oy be distinguished trom NELAS
"SR pengiraling caimnma rays. pesaded that sutti-
Couloaneants ot the vtope U ae laughters are
jresent e the HEU Sue topm ot b yaground inas be
pvesent Loy ot these cidiationis, bt 1 e backgrouinds are
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wepieted wramane panis are o i
ald ramma tays o plune
e anatlable as g venBoatiar s2naan
witthled nuclear rnuniten,

Liva -hurpup plutvniunm contanes amet IR A
tatope and emis both penetratin
penetratiny, CIAracterisie gamimnn nes s e e
Yetween SHU ad S8 ReV HIEL
neninoyis, and iy i85-heV g rass e R
Yoo Dther uranium sotopes that sy e presess o L
ave Jecay chains that lead e cnsaon o centednnin,
samma rays, for example, 22U a0 st aml v NleV L
SISU at et and L0 eV, Howeser, ta TEU. 2w
vt these lugher cnergy gamma ravs iy be 1
Jid farge Ldetectons and long counting mimes ntay e e
nletect them.  Another tactar tor iese radiais
they are often present in natural backgrcumds, Sence. e
them tor non-nuclear sentication may 2ne jess vntnler ¢ n
the result than wauld other methinds
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HI. PORTABLE INSTRUMENTS

Ponable mistruments for distimeurding s | s e
Jds hasic as a sutiple alpha detector nsed weomeasue the - a
tace Ja'pha-cimssion rate of hare uinnunL e pats, -
they wan be as complex s a portable bt bunssiel aals ce:
MON and el purny germarnum JIPGe deisa o soand we
teasuie lugh energy uranmnn sknighter tadunons tong e a.
sewbleit mumiuon.  The muddle groand s chiss o poaaeie,
hiard held instrur ients that ofien aie sall, baitens peeail,
did have nmemnal adiation detectans tor epgrdness il
uncroprocessor control for versatilits Fhiese aistimmeans ..
he 1eadity specialized tor venitvig thae phimwnam
present or absent e a runtion.

The speciahizes. ustiminents use eitbicn st e, :f
Lolunon detecior o sdetect plunammn centae o e
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IV NEUTRON INSTRUMENTS
A, Thermal Noaevon Derecrors

Memual teainn Jketectors Lre used 10 dissimunnate he:
racen  eal amd other  Bonntans bevause  they  can
predonunantdy measure the neutrons 1in a mixed 1neutnon and
gummiiray « rdiation teld.  However, th? neutrons enntied
by plutemum .are fist eutiens s 3 polyeths lene Jdetectar
iederator is used to prrovide thermalizamn.

The o types ot thermal neutron detecton 1n use are
wintllagtion Jdetectors hased on ennched Lithium 0Ly, and
*He nopormtonal counters.  In these detectors, the pgamma-iay
1e.punse can be suppressed by using pulse-height disenmina-
uon, as s llustrated 15g. 1oby the pulse height specira fir
cnriched-lithiwm seinullaton. The moderated SLiltEu-win-
utlators 1esponse o 4 =*3CT fast-neutron vurce in tFig. La)
has o Jdisumt peah 12gion ot the nght from thermal and
epithermal neutron interactions and a low -energy continuum
reion At the kent from pamma-idy mteretons.  The two
tepiuns can be separated at the threshold of the neutron
egion by a pubserheight dienminator that will exclude
samma-ray pulwes from environmental sources and  other
maienals 1w .h ay depleted uraniumt that may he found n
NELAN.

The ~econd winullator in kbig. 1 s BC 702!, which com:
prises an ennched-lithium compound mixed with a ZnS(AR)
plenphor ind envased 1n transparent plastic. It pulse height
spectrum g, Thi s a fess intrusive one that does (el give
spectral imtormation in etther the gamma-my or neutron
iegions. The spectrum shows only @ pgamma-ray ke Jal
very low energy amd a Jiminslung canuinuum of neutron
pibes o e tunt o the inge A pulse height |limniminator
st st above the vannitna 1ay spike ettectivels separutes the
LT fay iespoite fiom the neutnon response.  The situa:
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B Hand-Held Newrom Vervitianon Inserument

Two manufacturers have connercially posluced a il
held neutron venfication wstrument onginally deseloped 2
at Los Alamos for non-nuelear venticatan of NELAY e
Jomar Systems? HHH-22 and the TSA Systenn® NNV 4701
both use a moderated "LiltLw) sciutlator amd pulbse heetu
dsnmination W detect fast neutrons.  The detector 1
moderited by sumoupding it with  Inuseshoeshiggwed
pulsethrlene and an acryhe hight pipe g, 21 Because
nunttions may proside some moderuton, the moderatar s
thin in the most Likely wwrce hirection, below  alwe
instrument’s base.

Bath the Jomar and TSA tinstuments were ongnally
develuped av protypes Tor last nunute sentication
NELAs Jdo not contwn plutomuni The NNV-3TD was
selected for further dey tlopment and now ncludes leatmes
that address the hutnan factors wivolved 1n prelaunch, mon
nuclear venfiwabion of NELAs camed by airciatt.  These tea:
tures include a large fokding handle, etnbrane witches, anl
«Jhisplay (llumination w tacilitate ustng the unirument w a
cold. dark environment by a pervor wearing toul weather
pear liigure ) shows the intrument being used. under less
NROoUs cicumatances, by an operator from Sandia Natital
Lahomtones, the lead laborntory fiw unplementing nunuwe
military use of the instrument. Beswdes the manmtion eas

ureniem tn progress in fig. Y hath sachgroum! weasne
ments and hefore and after radioactive source cliechs ol the
intrument are included tn the venticauon prwelure.

I, ' Ihe uxnleraton and hielnt pupe e nention
serthcation wiswentt sunoed 200 dilin somulbaton, whn b
bias ot e tive sorbonwe that i S o dianweter asd 10
tluek  The photommlupleen s o Hamanusn ivpe B b
S vam undaeter ek 7y o lone
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Pz ' Lastounute, prethghn ventication af NELAS uses
200 mteasaceinients and requires gust a few mimutes ovenall
Ahien carmied out with the hand-held neutrun senticatiun

JAislrainent

' Fied Experience with the Hand -Held Newtron
bistrionents

Dt vne yean ol hield use ef the neutron senticatinn
usinuems by Sandia operd-ys, three 20-s easureiznts
acie ased at each step i the ventiration prwedure.  Afrec
cacht 200 s mzasmemenn, the struments sound Ja beeper. dis
vhay the wesult, ol begin a 1w measurement.  Reterence 3
teviews the wedasmernient results ohtined durmg the sear, m
hashie eteremer measmement pesults tor eal mumtions
Uhe el nnmtion vesnlts with the NNV D e
proportionia oo smmbar measurement tesults o omene
venicas sarned ot with a tess pontable MOA il
duehled nemnan assay probe 1SN ALY detector |4 at the Tan
wn phon Hhe approvmnely taur mmes tugher mtninsie vt
Hureies of the SNA  detector, estunated at 1T e Ret 4,
iows the phat we sbwaten then measmement tmpes to 1) §
Ehe conespomtnm measmement esubts tor NFLAS shng
et b, oo e sentication: were bl close o ik
end ad o deaad gt ot B betow pesabts tor the eal
il

I iy Pstraments o Dreans Ventfioatian

B wboothe tnnhodd NNVOT0 o piedeas pe B ekt
et eaene e e o e ik somew bt less sens
e e e

S pescable appbieanaan o s connol senta g

il fave been prodhin ed an protons pes
l hewe
st et e e e ne e dete nen ethoenes s
e N 0 L e amees oy g Luper o8
Voeenep S e RO onnthamen e sve gt abwent twn e the
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Frg. 3 The NNV <70 field sesuits oy anas, M
meisurernents i tor real munations stiess gonnd juacportesatin
v ith the correspoding ey contiminatnns fesaats v,
IS measurements 1 e oury i open sy jpwaes e
LOr 1TRUHIIONS 0 SRR Gt o Gk i s el tes

T2 detector mirsie etticienes lon niedenated sentees s el
evpected ty be sornrewhat Lawer than thie orcalb detecnn

Oine of the pratatype wistrunients Jappeans slenncal o e
ol NNV-37D, but s shghtly heavier at 18 ke The
second proudype hias a much dhilferent appeanance becanse s
detector assenibly s nouert at the end of e extewbabie
pole. The extended detevtur proncdes nrasureinent aecess '
it that, for whatever reason, are not withun an '~
reach w.th the pngimal mstrument.

A mwch itferent pritotype ams contiol pistomnent S
deternng neutrons from nnnutions e e an anns len-th
awniay s a portable, self contained, "0 kg, betvase o
systenn that tses moderated Glle proportiomal vommers o s
detector. The S cnedian, 25 vin actiee fength, juopntnail
comters  Jare  mowmted . beun osvhidoeat pobverta beae
usnderztors amd have o gl conter gas preseae e A
Iliese desivn teatures, descuibed tuthier e Ret
pomd detertor respuanse to both bare qul nnsleraed uenneen
soulres. IMe bnetcase Matooba et Tt
nncroprocessor, & Lirge LOCD. amd a SE Rwie s shonase
RAM caud to perimt u o seineh tor pemion ssanees, ety
muimtions, o mamtan wi U display e lastones ol et
unensity
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A Hand Held Gamma Rav A e atnon
Instraments
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the oanntem cae e -
ot camtent i . he neaded.
PPreas h o stabibicanon arakes die
Starsportable than g radactive bizhi
During tests ar the st BHEER0G -
sz aten maianed a0 o ke
SABII LAy Paaee wuien 20 s mean paise heght oner a
wtiperature range o S weSn Con This o pe ot sssirument
Ao conepercraliv covathie tnan Joar auh the voadel
mnber JHIH 56
Ihe tHEEL-0o) aerd JEEEE 31 anstrunients ase a 330 o 450
heV shionum RO .aid 1w mamawer regroans centered on
Binoand 430 keV o for vertlication measarenieuls g S,
The 2er peak nensiy tor the central region s obinned by
aning e o adjacent wamaw redions to estimiary the ailiounm
of undenying Compton-scatered radiation shat must be sub-
tracied. e nisirument makes sunubaneous 20:s-hng meas-
aietnents m each regon, then caleulaies the uer mtensity 1n
ithe ceniral region and displays . The net intensny tur real
mutions and NELAS cat be uarkhedts  different: although.
the dinterences are it abwass s dreat as with neutron sletec-
. Hewce, when gammii-ray senfnation s used hor
plutcimanm mumnans, s not unusaal tor weutren ventici-
non 1o be useil as well.
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g 3 the Ul w450 keV peak region between the slided
wpnsis s acicersne af pletiiam. The shaded regis
A nsed o estunate thie wuderby g Conpton saattered
vititiss, i s Gise o g 108 o ek depleted mimmm
shie Jduehlune the pduonnmn

B anadde Comma Ray Viertfneation Instrument s

AMEAS and csbainn sdetecins e e onlby
bat assembled nncnnons
custant sy D beganmy 35 g luer gamni vass
e o e sl o b MU el g bnge Nab oo g
HE'Cw the miese 1 RG \eV
St iy ceandhy sepenates el vl B otler Ainien
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the average result s then avalaive o
tireshaids tor NELA vertiicanon. The ammis-canrei
ton s ol provide the sane depee ol assulaiwe i
SINNILE 1Ay s are present . real insutinons.

More  purtable. MCA based  inswruimenis
develeped  for venficanon appheanons. One comntercrd
prowiype s che TSA Syatems MCA-J0S, just uaw appe.risy
un the warket. As ver, the MCA-308 18 st being evaluaned
and any problems discovered will live e be correcied hetore
1t becomes a useful product. The concept behind ihe MO A-
465 v g hand-portable. baiteny -operiied MCA bt uses
citier an intemal or external Nah T decector far dennty g
snnma-ray eunting naterials,  Besides viewig cpecira on
an LCD, the operator can store ap 1w Y specna fa Laer
ainsitission 1w a PC. Cabibrinmg che Jetectin s Jdoae s
using a reference spurce and the calibrate mode o obaene
did tave a selected wanm-ray peak o desired lanned
wieans of hevboard input.  The nonnmat conversion gann s X
heVi'chiunel, ROl can be ser by the user. and the coatis
tithng within cach RO can be displayed.

Anather portable MCA nisiruiienn protonspe s beme
developed  fur areaty verficaton apphicanans where ihe
uperator needs veny hittle mtvmiation other thian a sunple ses
uwr up. The mnatrument 1s the NAVI ud s described else
whiere 1n these proceedings {7]. s mngue teatures mchade
Dy us abihity 1y adentity eanther of two ganmna- iy cabibraion
sunrces Jaiid use three peaks finm the spectrum 1o Lawina-
wally cahibriate the MCA, and (20 its abibitsy 10 niike us awn
determmmatunr of when it has sufficiemn a0
decision about whiether or mnt plutmun s present,
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VI CONCLUDING REMARKS

I'rtable adianon-detectinn nistrnents i e nsetul
and convenient ieans tor distoiguisinng berw e mclean asd
uon nuclear mwvnmmns.  Tbheir usetulness s best assured
when close approach o the it s atllowed 1o venihica
non ad an opportunity s provulteil betorehinnt w esiat hish
ecisian thresbohls from measurenents o representatnve 1eal
munitions  Fuithermore, easily amd ettecnvely nae the m
sirtnents rests on the user bemg wmned e then use and
heing given sutlicient sppartuinty 1o puniiin posthicnes
pracncu the venicanon procedices Sobeduled e
nEamtenee s abao necessary aid shvabd e bude ahlaaien,
mensuiemens ol semidard sources 1w i nonaal apena
non, amd Gaoevies

of acommbined senlicanon aesulis Lo
measaienient cannnl
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ventication.

\lII. REFERENCES

0 TOW Coane and ML P Baker, Neutron Derectors, 10
Passive Nondestructive Assay of Nuelear Maenal,” T D.
Ruitly, N. Ensalin, and H A Snuth, Eds., U.S. Nuclear
Reyulatory Cv nimission contractor report NUREG CR-5550
'Muarch 199, p. R4

.1 P E.Fehlau, Rugged. Lightwerght. and
Long-Operating Hand-Held Instruments tor Neutron and
tiamma-Ray Venficauon Measuremenis.” Prow 22nd

Vi ear Toproal Mectng o the Health Phssics Sociehy on
Inserumentarnon, San Antonin, Teaas, Decemnber 4-8, 19588,

L os Alamns Natonal document LA-UR-88: 2781 November
1IRN .

31 Paul E tehlau, “Freld-Trial Resulis for Pre-Flight

Non Nuclear Venficauon in Air Force NELA Flhight Tests,”
Los Alamos Nauonal Labaratury repart LA- 1 2006-MS
aman P9,

4] R.B. Walton and T. .. Amwell, "Pustable Neutrun
Probe, "SNAP'. " 1 "Nuclear Analysis Research and
Development Program Staws Report, January-Apnil 1973,
Lin Alamos Screntfic Laboraniry report 1LA-5291-PR 1 May
7

SV LK Fehlkm, W. S Murmy, K. B. Buterfield, and N F.
Atwater, Hand- tHeld Venhicaton Instruments tor litrinsie
R.ubation Detecuon,” Los Alamos National 1aboratary
docamenn LA CP 8D 32 tApgu-t 199]).

o] POE Feblan and i Wag, ‘Stabilized, Hand Held,
tiamng Ray Ventication lustrument for Special Nuclear
\aterials” TEEE Frans Nucl Si: NS-36, 1 L6l)-1 168
Jdeebiary 1891

1 KB Bietebd, WS Munav, Lo B Pasers, amd DR,
MGt Poaable Gannma Radition Analvzer ton Treaty
Venticainw,  pupet puesented i thie IFEF 1991 Nulevr
Sorenoe e, Santa e, NML Noveiber 89, 11



