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Abvract

e emission o and fast
Nue . CdF IMAIEMLs Provides g s,mple means o distiagisning
hetween real nudiedr muniions and other assemblies that are
wreruciiarn such as nuciedr-enplonive the test assemblies
NELA. - and conventionai munitions

The presenve of absence of simificant tumbers ot
meutrons and Jharacteristic plutonium zamma ravs are Jistin-
sutshing attnbutes tor plutonium menmons. The presence o
eneryetic wdmma rass trom =20 daugheers, 1t present in sut-
flcrent aumber, o~ a4 Jdistinguishing attribute fir highly en-
rohed urumum munmtions. Some portable instruments are
herne Jdeveioped tor ventuing that mumtions are or are not
uciear, and others are already commercially available. e
-ommercial ones have heen evaluated tor pre-thight non
Auclear ventication of NELAS in Aur Force thight tests.
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[. INTRODUCTION

Radiation Jetectton provides a4 onvement meians o test
ne o more atinbutes ot a1 nuclear mumition to verity that 1t
In comistent with expectations.  For example, the emission ot
jeretatine. Characteristic camma rass and newtrons  trom
Tadidr nuitons contunimg ow bumup plutomum can be
e o dntineush them tean erther conventional munitions
< test munitions that ate non nucledr, nuclear explosive hike
asemblies s NELAS L Smularhy . mumtions contaiming highly
enziched uranium - HEU B may he distiinguished trom NELAs
" measuring penetrating wamma rays, provided that sutfi-
centoamounts of the aotope SRU wy . daughters are
present in the HEU' Some torm of b oaground inay be
present top any of these tdiations, but ¢ e hackprounds are
val Ly iow

INUCTEFAR MATTRIALS RADIATION

Ve il ot matenals e radiow us e and emit one
©omae cyvpws ol wdiation, o luding neutron, alpha, and beta
v e herpecadrahlung, «ravs, anmd
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are avalable s g ventication snaloie el o
seitbled nuclear munition,

Loa-hurnup plutonium contains am™oat RN L
tsotope and emuits both penetrating fast e
penetrating. chardolernstic gamma fess i e
hetween 330 and <50 keV HEL,
neutrons, and ity iXS-heV ammua fass hase : .
tion. Other uramum 1sotopes that tay = prresens o HEE 5
have Jdecay chaimy that lead 1o emisson ot
samma rays, tor example. 22U o vshoand Te Meb L
<80 at Tht and 1001 ReV. However. o HEU. the ey
ol these higher energy gamma ravs may be reladive!s oa,
and farge Jdetectons and long countine tmes mas be needed
t detect them.  Another factor tor ese radianons . ¢
they are otten present in natural hacherunds, hence, a0z
them tor non-nuclear sentication may 2ine wess contndence n
the result than would other methods
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(II. PORTABLE INSTRUMENTS

Pontable instruments tor distimeushing smanitions . e
dy havie as 3 wmple alpha detector used o measure the . a
tace a'pha-cmission rate of hare urimum. munmtion pats,
they dn he as complex as a pontable multichaenel anals 2e:
MO and hiegh punity germanium GPGe. detector oaed to
measure high energy uranium danghter radiations tron ar as
sembled muniion.  The muddle ground v a clasy ot puananie,
hand held instrurients that often ate small, battens posaered,
amd have internal radiation detectors tor rumzedness anid
nucroprcessor control for versaulits These anstiuments . an
e readily specialized tor ventving that plutoniim o b
present or absent 1in a Munition.

The specializec instruments tse cither 4 acution e, e
tadunon detector to detect plutomum ceuttons or e
v detector and himsare wostnp a4 harac tensee platong
tton of ipterest fROD rom a broad varmma s

The wections that tollow wive examples of *he fojloos o
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IV NEUTRON INSTRU MENTS
A, Thermal Ncievo o Derecrors

Mermal sedinm Jdetecton dre used o disciiminate he-
tacen eal amd other wmtons because they  can
edominantly measure the neutrons 10 a mixed (xutron and
gammir-ray  Gudiation tield. However, th? neutrons emitied
by plutonium are List nedtrons s a4 polyethylene detector
iaederator is used  pros ke thermalization.

The two Bypes of thermal neutron detecton In use are
wintillation detectors based on ennched lithium L1, and
*He propormonal counters.  In these detectors, the gamma-tay
e ponse can be suppressed by using pulse-height discnmina-
ton, as s illustrated (Fig. 1 by the pulse height spectra for
cnnched-hithium swinnllaion.  The moderated L1k Eu-win-
ullators response 10 a =*2Cf fast-neutro vurce in (Fig. 1a)
has a disumt peak r2gion at the nght trom thermal and
epithermal neutron interactions and a low -energy conunuum
region Jat the len from gamma-iay mterwctions.  The two
regny van be separated 4l the threshold of the neutron
egion by a pubse-height divnminator that will exclude
camma-ray palses from environmentcl sources and other
matenals s .h as depleted uranmium) that may he found 1
NELAW.

The second seinullator in big. | n BC 7024, which com-
prises an ennched-lithium compound mixed with a ZnS{Ag)
phanphor ind encased 1n transparent plastic.  Tts pulse height
spectrum (Fig. Thy v a less intrusive one that does il give
spectral intiimation i etther the gamma-ray o neutron
tegions.  The spectrum shows only a4 gamma-ray spihe ot
very low energy and a Jdiminishing continuum ot neutron
pulses over nunt ol the range A pulse height disnminator
st Just above the canma v spike ellectively separates the
AT Fay responee lrom the neutron response. The witua-
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B Hund-Held Newrron Verificanon Instrunaenss

Tuwo manufacturers have commencialls prosduced a fand-
held neutron senfication imstrument vnginally Jdeseloped 2]
dt Los Allmon for mon-nuclear ventication of NELAY  The
Jomar Systemad 1HH-22 and the TSA Systens® NNV 370
huth use o moderated "LiltEuw) seintillator amd pulse herehit
discnmination w0 detect fust neutrons.  The Jdetecior s
nderdted by sumounding it with  horseshoe-shapwed
pulsethrlene and an acrylhic Lght pipe (kg 21 Because
mumtons may provide some moderation, the ausderator s
thin in the most likely wwree direction, below  (lw
nstrument’s base,

Buth the Jomar and TSA instrumenis were anginglly
developed av prototypes for list ounute senticanon that
NELAs Jdo not contun plutomum.  The NNV-3T0D wy
selected for further dev tlopment and now nwcludes teatures
that address the hutnan factors involved in prelaunch, mon
nuclear venficabion of NELAx camed by aireratt.  These tea-
tures include a large folding handle, membrane -witches, avl
«hisplay illumination w tacibitate using the unirument i a
caold, dark environment by a pervor weanng toul weather
pear Figure ) shows the intrument being used. under less

NROOUs Cicumatances, by an operator from Sandia Natinal
laboratones, the lead labormtory for umplementing rommmwe
military use oi the instrument. Bessdes the munition meas
urement in progress in Fig. V. hath oachground measure
ments and hefore and after radioactive source chechs ol the
imtrument are included 1n the ventication procedure.

In, ! ITe nusleraton and hieht pipe i the aeution

venthie aton msiument surtoumd 4 00 dlolin sonullato, whn b
has an & tive volume that is 2 S omondiametes sul 00 om
ek The photomulupleen s a Hamamatsa nope B2 tha
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1 ast smunure, prethghr venfication of NELAS uses
20~ mesaremients and regquires just a few minutes overall
« hen carmed out with the hand-held neutron venficdation

Jsfrument

C Fietd Experience with the Hand -Held Neatron
lieruments

Durnime one vear of tield use of the neutron yerntcation
instruments by Sandia opere s, three 20-v measurements
acte used at vah srep i the ventication prwedure.
cach 20§ mzisurement, the instruments sound a beepet, dis
prlay the result, and begin a new measurement.  Reterence 3
teviews the medasurernent results obtimed dunng the year, in

dadig reterence measarement sesalts for eal munitions
b & The real mumnion results with the NNV 'O e

proportiona o somilar measurement 1esults trom out'ne
venthications camed out with a less portable MOA ad
shiehled neution assay probe (SNAP) detector (4] at the Pan
wy plamt The appronmately four times higher intrinsic et
Huremos of the SNAP detector, estimated at 1(F7 1n Ret 4,
alivwas the plamt 1o shorten their measmement times 1o 10
The conespondme measutement tesults for NEFLAS dunng
jrelaan g non mucdear vendication were all close w ik
ot and ar deast 8 L ton of 10 below results tor the real
rpmtpen

D Postonye Fseramenes for Dreans Venfooation

B -l the tandand NNV 0 o protonpe hand held
Ctment oy e e mtneras e and somesw hat less saens
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Fig. 4 The NNV 270 field tesuits 1y avis, Mo
measurements) tor real munations shos gomd proportenalits
‘uith the corresponding Pantey contimmation fesuts v an. .,
10-s measurements) e outlyine open ssmibaog poaits aie
107 TUURIONS 10 ShPPINE ONLUnes of Lunan seindes

TO2-detector intrinsie eltiviency tor modenated seatees sl
expected to be simewhat Lwer than the onginal detector

One of the prototype instruments appeirs idecical o the
onginal NNV 370, but 1+ shghtly heasier ar 15 kg The
second prototy pe has a much ditferent appearance because its
detector assembly s mounted ar the end ot an extendabie
pole. The extended detector provides measurement Jaccess o
munitions that. for whatever reason. dare not within an anm’s
reach with the ongimal instrumennt.

A much ditferent prototype armis contiol mstrument o
detecnng neutrons from mumtions moae than an arms len-rh
away iy a portable, self comaned, 0 kg, boetoase ountise
ssatem tlat uses moderated fHe proportional coumer . for s
detector.  The S em-dham. 25 cm aetse lenstth, prope: tional
vounters  are mounted i hemu ovhindneal polvertis lene
menderitors amd have a high counter gas presaege 00 \-
These desivn teatures, described turther m Ret
poul detector response to both bare id mioderated neution
sauIces. Ihe bnetcise  uses  a Motorala o8]
microprocessor, ¢ large LOCD. amd g ST hbvte s stonaee
RAM cand 10 permit w10 seaich tor neution sources, senity
mumtions, ov montor s display tme histones of aeatien
mtensity
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A Hand Held Gamma Rav N enifwarien
Instruments

Chanmnia tavy senfoation instnenents e phatonmun m e
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By caagng e LED pae e Loter-

Tine e amount

it the .ostrument can
Coaiment that may be needed.
Ihis don-radicactive pproach o stabilizanon makes te -
rasportable than @t g radiowctive Lizhi
During tests ot the st THH-00 -
maintaned 4 h62-heV
200 o s mean pulse heght over 2
rempenature range of » o <0 Coajo This tpe ot instrument
~ now comimercialiy avaiiable trom Jomar aath the model
nomber JHH 30
The THH-01 and JHH-31 instruments ase 2 330 o 450-
heV plutenium RO and 1wo narrower regions centered on
30 and 230 ke for venficatton measurements Frp S
The net peak intensuy tor the central region i~ obluned by
dsing the twoe adjacent narrow regions to estimate the amount
ot underiving Compton-scattered radiation that must be sub-
racted.  The instrument makes simultaneous 20-s-long meas-
urements in each region, then calculates the net intensity 1in
the central region and displays 1. The net intensity tor real
muniions and NELAs can be markedly ditterent; althouygh.
the ditterences are not alwass o great as with neutron Jetec-
non.  Hence, when pamma-ray  venticaton s used tor
plutonum mumtions, ;s not unusual tor peotron venfica-
ton o be used s well.
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Fie 5 The V30 100450 heV peak region between the shidded
ieeions s hatacteristic of plitonium. The shaded regions
ate used o estimate the underlving Compton scattered
radiation, i this case trom a 05 cm thick depleted uramum
phate shieldioe the plutomum

B Portabie Gamma Rav Vertfication Instruments

Portable Mo NS only
Chowe, at present, tor ventving that assembled muiitions
ontam onhy HEU by mieasunny

and raduation detectors aie the
U daughier pamma ravs
O of thie sl commerns il MO A and o barge Nablt T or g
HI'C e The mtense 86 MeV

setima oy el penetates sell enongh 1o otter Jhortes

fetector e aped nuue

measiement tmes than b the o AleN vamma oy
Hhewer che mtencaty ot cither one depends on L beng
jreent nothe HEL For dometn apphoanons, arepre
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the averuge rosult iy then avalaive tor dete
threshoids tor NELA venticanon.
non may not provide the same e
WML 14N S are present .nreal munitions.

More  portable. MCA based instruments  are
Jeveloped for venficanon applications, One commerciad
prottspe iy the TSA Syatems MCA-J05, just now appe.arning
on the market.  As ver, the MCA-305 (v szl heing evaluated
and any problems discovered will have to be corrected herore
it becomes a useful product. The concept behind the M(CA-
405 v 4 hand-portable. batteny-operated MCA that uses
cither an intemal or extenal NaliTh detector tor denutying
samma-ray enutting materials.  Bestdes viewing <pectra on
an LCD, the operator can store up o 14 spectia tor later
transmisaion to a PC. Calibraung the Jetector s Jope Iy
using a reference source and the calibrate mode 1w obsenve
and move a selected vammuii-ray peak o a desired Channed by
means of hevboard input.  The nomunal conversion gaim s X
heV 'chunnel. ROIs can be set by the user, and the counts
talling within each ROl can be displayed.

Another portable MCA instrutnent prototy pe v beinyg
developed tor treaty vecficaton applications where  the
operator needs veny Little intormaton other than a simple ves
or no.  The instrument s the NAVI and 1y descnbed clse
where in these proceedings |[7]. [ts umique teatures include
t1h s abihaty 1o idenuity either ot two gamma-tay calibration
sources and use three peaks from the spectrum to automat -
wally calibrate the MCA, and (21 1ts ability 1o make i1y own
determunation ot when 1t has sutlicient data 10 make o
decision about whether or not plutonium s present,
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VI CONCLUDING REMARKS

Portable :adianon -detection mstruments can be a usetul
and convenient means tor distinguishig betw een nuclear aed
non nuclear memuons.  Ibeir usetulness s best assuared
when close approach to the mumtion 1» allowed tor ventica
ton and an opponunity s provided betorehand o estal hsh
decision thresholds from measurements ot representative ical
munifions  Fuithermwore, casily amd effecuvely using the n
struments rests on the user bemng tramed i thenr use and
heing given sutficient opportumty o mamtain proticiency
prancmg the venficanon procedures  Scheduled imstument
matntenance 18 alvo necessary and shoald i lude calibranen,
measurements of seadard sources o confum notmal open
ton, and a review
measdrement control

of accumulbited venhication resulin Lor

VIE ACKNOWT EDGMENTS

Many idividuals i the Advanced Niclewr Fechnolory
Ciroup at Tos Alamos and present aoud pist members ot the
Stow hpale Fvaluation ongamization at Sandiy have provided
saluable assistance i developing the istrments and prowe
The nanment
e

hures desonbwed here

b e o und

l\.llllll.l, Aned Il'|‘l|"-l'll|.lll\l'- have oo



provided valuabte senvcice toward achieving maey ! ne
goals nvolved . oLmpaeilienting @ program of i nudear
verifivanon.

\ [lI. REFERENCES

0 TOW Crane and M. P Baker. Neutron Detectors, ” in
Pawsive Nondestructive Assay of Nuclear Matenal.” T D.
Renlly. N, Ensslin, and H A Snuth, Eds.. U.S. Nuclear
Regulaton Cv mmission contrector report NUREG CR-5550
‘Muarch 1 [ p. 384,

.27 P E. Fehlau, Rupged. Liphiweight. and
Long-Operaning Hand-Held Instruments tor Neutron and
Gamma-Ray Venfication Measurements.” Prog 22nd
Viohvear Toproal Mecnng ot the Health Phaaics Sowiets on
Instrumentanion, San Antonio, Texas. Decemnber 4-8, 1988,

I os Alamos Natonal dovument LA-UR-88-2780 ( November
18X,

'3} Paul E Fehlau, "Field-Tral Results for Pre-Flight

Non Nuclear Venticanon in Air Force NELA Fhight Tests,”
Los Alumos Nanonal Laboratony report LA: 1 2006-MS
ddanuany (991,

4] R.B. Walton and T. L. Amwell, "Portable Neutron
Probe. "SNAP"." in "Nuclear Analysis Research and
Development Program Status Repont, January-Apnl 1973,
Loy Alamos Scienafic Laboratory report 1LA-5291-PR 1 May
V=4, p. 14,

S P E Vehlau, W. S Mumay, K. B. Butterfield, and H F.
Amwater. Hand-Held Ventication Instruments tor Intninsic
Radianon Detection,” Los Alamos National Laboratory
documem LA CP 8932 (Augut 1W91).

0] P E. Fehlau and G, Wag, ‘Stabilhized, Hand Held,
tiamma Ray Ventication Instrument for Special Nuclear
AMatenals,” JEFE Frans Ninl So: NS-36, 1160-1168
Febiiany 1198

| KB RButeitield, W S, Munay, L. E. Ussery, amd D, R,
Mill-ran, Portable Gamma Raudianion Analvzer fon Freaty
Ventioston,  paper presented i the IFEF 199] Nugleor
et S, Santa Feo NML November S 9, 1]



