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P : A Survey of Spe¢ial Mucleay Material .Vehicle Monitors-
meme ot T o for Bumeatic and Interuational Safeguards

Panl F. Felilau, “enfy F. Arwater, John T. Caldwell, Edward R. ‘Shunk
Los Alamos Scientific Laboratory, los Alamos; New Mexico, 87545

ABBTRACT

Special nuclear materials vehicle monitors, including
gatenide veliicle menitora, hand-held personnal--vehicle
monitars, and a rew Funnel meonitor concept for very Large
vehialex, are Jdiscuasend. The resultn of a cemparison of
elfectiveness of munilors for domesiic applicativa are
presented.  ‘Thr ceaults of calculatiious and small acale
prototype measurcm-nls are givaa for a tuniael-likn neutron
zonitor for memitoring at the poerimeter of an enrichesak
plast subjeet Lo Tulervnational Salapmards,

I. TINTRUDUCTION

Croup Q-2 or Lhe Lon Alauwns Scieaiific Labhoratocy (LASL) has as iLs
primary fuunctica the developsent and utilization of inutrnmeatation for the
d:teckinn o identification of spocial nuclear motervials (S¥#) in applica-
tion Lo probilems in doasatic and intarnational nucle:siv fuel cycle safe-
gnards.  Tn conuection with our work in inakrumentatinon for domeskic puasi-
meter naleaeensle, we waee ashed by Lhe Doparvnent of Enecgy (DOB) OfCice of
Safepuards oud Scevrity (3S) to investipgate the effcectivenass of SNM vehicla
moaitora. AL the came ting, a parallel ellort dealing with inakenmentation
that might he applicable to porimeter safeuards applicd hy the Interna-
tional Alwic Energy Agency (TAEA) at a centrifunge enciclment plant was
umlertaen and the wzed for monitoring vary large vehicles for undeclarcd
[ead wakerial arvse. An @ resull, we are investigating, throngh calculsiion
sl menierenant o owna vy oand fall oaeale vkl gealeTe ] s GfFaei e v

Sl prmincene ol W cerhes ar daiseites Syeitas Loe et vonsala waalraoann,

TI. MONLTOR TYI'HS

S8NM vehicle moni toring besan at the DOE Rocky Flals Plant with a vehi-
———]:—1 cular gate mea itoe?) that rescablon o personie] SNH drorway monitor cxrept
thot LF was insfallial at a rmea lane vehicele gabee Tl speci fications For
thin wmonitor have bhaen naed by othern Lo procure vehicle mwitors,

Tn one stmlios we have gaml tun meaitors in oa goleside geanetry,  One
s a gystem sold hy Tom Scever s Angocist- o that Tellets v apecilicabions:
mentioned abave weing Loee 5 08-cw diam by 2.5%cm tizielt Mal acintillators,

DISTRIBUTION OF TILIS DOCUMENT IS UNLIMITED



1va on each eida of the pate. wrtlen"y ﬂammlqd by 1.5_ Mo . Jhe. pegopd .. . .. =
giicalda monitor was econstructed troa componeats of a LASb-parsonnal dooruay
monitor2) that utilixed plaitie mcintillators. Thi: unit had four 5.03-cm

.diaa by 91-cm loug solid organic lcintlllntu:s.(HE-IIO),.with two on cach

alde of the gate. Thess gatpaide monitors. wire used to carry out static

connt rate measuremants on A nnurce—conta1n1ng vnhic]e at gate widtha.-up to

7.3 o separation between dekectora.

In order to uinimizxe the separation batweon the detectors and the
vehicle without obstructing traffle, we have constructed a roadbed ga:e
toniktor as nhown in Fig. 1. Thin roadbed monitor utilizea a pit to hona
it: array of cight Bal d:tecctors that aro aptimized for the dekeetlon of
thiclded p'lul:uuium.a) Aluml g diamond plate and gratiug are unad for
vehiels: snpport to mininize ahdorption of gaama radiation, and moistnre
probloms are minimized ticongh 8 greavity draia in the plt and waterprool
cncapsulation of the duteetocs.#) Bianal conditioming eloctronles for the
monitoc lucated in the guarl atakion, as wall 18 conlrollera For current
loops locaked in the ronthed, are used [ov ocenpancy mnd trafFic direetion
data. A wicrouave clectronie wihicls ideatificabion systea’d) alao has its
electronica houstd in tle: poard stalion. The identifTication data, along
with all af th~ detectar conating data, in tranmeittid by overhead linea to
m ad juining building and i input to a Data Grneral HizrokOVA aiaicomputer
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sarving all logle and control fuuctions for the moml:ur. Also on top .
the odjolning building in & hackgrqund monitor -used to detact ‘site-pruduced
baekgronnd conil€ions Ehat interfer with wonitnr operatlon. Wa used this
monitoir for otatic measuremmuts on the mama noun.e—conl:nmmg vehicle, the
ona~ton Furl van, as we used in the rateside monitor. "The roailbed monitor
detector pit also contnlnn na array of 4B B¥3 proportional countara®

unaed tu n:lu- néutron -easurmenn for comparative purposes,

A third vehm'le ponitor that has bean in use at TASL and other NOR
jnstallatlon: is the hand-held monitoc.8) This monitor was daveloped at
TASL Q-2 to provide an instcument capable of detecting small changes in
gowma radiation couat.rate without reqnicing o prcut doal of operator
training unl oxperience. To thin cnd, the package containa logic clreuitcy
in addition to the usual hattery-eperatod powoer suppli-n, aignal coadi-
tioning rlcctroiicu, mrd Kal reinktilliarion detectora. Figura 2 nhows the
hand=ie=14 neititoes ia b Tones. The ecinical uwadit, which we call a
prraannel- veniele monitor ('VM), haa a lozic civeuil that calculates an
alarm level that is 2 mean hackz=ouml count. plua a aslectable fraction af
the backpgrouad. For inaliance, a comnonly uaml selection in to alaca when
thz conmt in a commk int-i'val cxeeeda 1.4 times the wesm backsvanml.  Thre
necnnd inntaimest, they delta roto wonitoc (DRA) Lh=: ix just now being
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Fig. 2. The TVM aad DEM Lad--Bold mitora,



procurad in quanklity, utilizes an alarm circult that adda a switch anlant-
able muber o the poum bastpceand to vhitala the alarm levael. In uninn thie
inatrument 1l operalor J:ries the awiteh settin uo an to obtain 2-6 alarms
per minute from atatintical varlation. Th+ esaential diFEcrence betwesn Lise
PVM an:l DR is that, i. a1 fucreasiay Lackground, the signal roguired tu
alarm the monite, in-ceases directly with the backsround in the Wi, while
in thn DEM tho iaceenne is not as great. 1In practice, aceaptahle perfora-
ance in achicverd at Lou Alagna at approximately 3 timas normal background
for tha »WH amul at approxiwately 10 times normal backzround [nr tho DitM.

Tha tuunal monito: for larpe vehiclea?) was desigoad ta et the need
to detect umlerlared feed waterial enteorina a vravi:m encicliment plant and
it ia A nrutron detector sy:stem that lonks lor ncutrona pradued in spon-
tansoun Fission of 738y or 200py ug (,n) arutronn in UF;. The tuna-l
approach ahuwn in Fine 3 wan us «d to vacinize Ehi: deteckar golid angle En
achieye Lhe ncecisarvy tolal ofliciaacy ko defeet a rathisr 1ow source
strengkh waterial thak conlid be heavily shieliled in a larae truck o rail-
way freight rar. The ovorburdsn shown redicen cosmic ray-prodiuced neutron
hackconml aud the Fnunel hia A polyethyl-ne lining Ehat soeTver to Ehees
malixe wrutrona origlenking in:ide rhe woaitor, tecapping L therce until
debeel-a! by Tl propwrtionil couaters . roncted oo the walla,  Uhile the
full seale railvay car ponitor may he Loo evpomnive Tor iwwelinte applica-
tion, the concopt of liaiaa bhi:h wrutron alluda walle with o Exw propor-
tional czvetern Lo pradiee o high total cilicleuey eent-on deieclor hag
alrcady bt applied o ol persoiacl wedeor B) A 1A%, w0 have caa-
stencted o vwall velile! s weanp Lk baa beren uzzel Lo weassessnts Eo
validate calemlationn of elfficiorey awl nealing lawva,

Fiec. 3. Tha Taaned Beutron Deli claov,



1717, EFVECTIVEHESS

Tn onil:r to make a cwmapacinon helwen dopeatin zoailos Eypes, oo
have mle ptatic se:-muespnty using a pastienlar vehlele and soiren act.
1t ahould ba caphasixed that these are laburatory mesins~zentn made undar
a conkralled cavironma.k aud the cquipsenrt la not in routine monitoring
nsr.  The acurcen ased for compicinun wera: 1) a 25-p weapena grads
plutoninm camplz In the forn of PuQy with law 281 p cmtent; 2) a 1-kg
high ewrichad uranium (I£U) netallic waaple, Borh sonrcen ware in the Enrm
of hoisht-cqual--to diametar cylinders and the nlutonium was doubly cacapsu—
Inted in rhin atainleut nfrel. The whae: gaents wara made with tha soucce
local::d Ja the vohicle at a poalLion that zave miniswa raxpona [or that
piarcticular monitue.  Tine positiwa wees bitueen the Leoal seat backe on Ll
fivoe with the door postn La lina with Lhr dotietors [or the gataai-l2
ot For, aal penr Uha reof dbwve an OHAT gaso' o melar encaalor il
vallane repulatne for Lhe roxdhied ponilor,

To mak a cogparison, w lhave calealnked the count ing i necexssey
to junt detest the nonze: ua'ng as oan alacia level U roan backerowa! plaa
[oar arandard Jdevintina .. A comnlicaling [actor §is vial Ele presonc: ol
the vohiiela puppersa o1 the backrprowmn moand rate ta o wizxaifieant eutent,
Lut e e 122 arnmw Ehat gq oceapaney maos bus fn uned =il o enreeeting in
waln in th: ponltoryag alsoritha Lo coaprmate, Tae ol i pivea La Table
I indicis thee for plaioaim vnonitacieg thear ars only s ali flerenesy
hizdezson g e povibnrs, while the peuteoa ayatem in cleacly Taferior,

Tabh! 1
Hinimm Ti =~ Required Lo Dleci®
LoniLor, 2a: p 1M1_as 1ty ol Bl vebal
HaT erlenin 6.2 n 20.0 &
Plactic paLleside 1.5 1./
koadlbad = paier oy ) 100.0
Roenlliesl = natutrom: 5.0 ——

*infu commt ima cognlred to detest poeeifled soasrea in statipeary
vunicle mmltors,

Thin gueiion 21 be exploced te civer o s 03 e cemcelanian hoi-la
for pure heavily shinlded uaterinl. Tl cenalin for PEH 2 e pavee alivesenk
Dessuge the tranmginaivog of Lie #ofrec sl iag e genpdan ia Toew -
throngh Lhi- vehicle matesialn,  Mers, Uhe peclorames of the roadbad noaitor
clanrly suffera [row ite ee=alded silaees A mapplow: e ary deterbor array
on a capnpy; ahove Flee veliicle vanld inpeoave perfommoaee. Tn bath enses,
the plantle gatealds= pemiioe whosa lettee porforizme: o The oenaon s e
pabiaiie maaltnrs! debictorn are deaigad to pive equsl perfocanes [or
unshinlded nourcen, vhil= {a vehicle twmitoring. tlee cofbee- radinrion ia
attenuited Ly the vehicle wateriala sid v oare Tookiop 210 chiclded
natarlaln,  Tie efficivney ol flee N0 oletectors deereszgs il nees =cay
cnergy, while the plaalic acknelly fneesasas da e appee s epd af thee ep - ny
region nwel,



We hiave ool includzd data on the hand-hald units hacausr the of foc--
tivenrn: inclede the poacfotwance of the heman oparator in addition to the
insLroment:.  Te do know that the aamoilss car be detected frum outsidw the
veliicle wikhe: oponiag donza or homd in a walkavound thar takes approx—
imatnly 20 rn-—onda. We alan lirow that vhen tho doors and hood are aopeaed
and the inwtrvaent in used to acan the ioterin=, much moaller samples can be
defectad. llowevar, we nead Fo study the wean performance of the guard furee
to determine a thr.ahold (lat~ctahle aorree and pran scarch tima in ordur to
miake an adeqeate compacison. We interd to do thin,

In ordec to inclmla 2 rompariaon of thn tunus=l menitor, we have studicd
ils characterianlica md Hhuy they vary with monitor size through Mont: Carly
colealations aanl verifying neasuroments in a mockop wonitor that lacked oaly
Eh: ovetburden. The calzalaliona show the Jeteclor respunse is relatively
Indlenagulent of sowres poaition and tie efiisiency of ti: detsclor acales
with the ralis of projertad propowvlivna® emmter arca to anclasures aurfac:
area,  Baelprowads aqe siaply peoport iopal to detector project=al ar=a iuwl
alhiieldiag prorsided, and v have found that the time to detaet at an alara
level an warsd above jn givea by Ehn cxprowosion:

T v 3 A L0)

The param=l.rs are: AF - ai 4 in w2, K - matrun searee atcenxth in n/s,
Ape — Projezted coraler e da w?Z, 8 = a casmie ray shislding Cactos,

Al T = tha tiae o deleel in aeeoaada, Fore a noaitos of 1his Lypa that
would cona’a ears and meall Erucks ap to tyuical Tlat-bed track alwe, e
poriebera arer A o 2 w2, 0 - 0.05 a0 x 1.2 m proportional countnrs,

§ v 1.4 (0,25 = =eereta), K0 3 x 107 w/s Lor vur platonimm zemple, and
Elor reanibaoet eocnb Lime » 0.Q07 8. Thun, thia monign - i3 not only sape-ioc
L Bl roandiesl ponitor wenleon aystien, o F alan gucp.ataes the goamaa ayrabem
P Foemaaes. On Lhe of o had, Lhe metirrea sonzes aceeanth of the BT in
o Jow, Al wint 2 afa B oome 1=k ameple, Ehisd wonitee is pot copahla of
ibelLecting, it.  For cowpariamn, in ita inteoded use For wmleclaend Fead
natarial, 1 & of W¥g el vould rirquire amt 40 seconds ta debiect,

1V. OTHER CONLTDERATIONS

A mast iopoctanl ennaidacation for neaitors is cont and v» Find thai

Ll least exaenaivie monitar, the hand-bell typs at an extimated coat of
AN el 2 f:..:ln ClVspsiee Tt TIM 217 12 Flees e I.".I"'Ii"""_ vlan wveljdalng
Coe gt R O T 1 F-{CH SR I Y SUPRTIN [TONE I b

b cocubdoral jn adlditiosm o teaining couts.

FarY Y TR AT

Calvai.ls ranitors o2 aure expeanive, approxiwitely $20,000 ench,
insalled with occapaicy wworitor,  The readlxd monitoc wikh the vehicle
identifiralion pachase in eokivatod batte.cen §50:-80,000 cach. These wonilora
bave an advantepe in perfoswing their tas” unifocmly ad, for the mast part,
malailingly withoat a wopereinor preaent. They alse do not requive opaaing
the vehicle il enn meritor a1l vehicles., The roadbed wanitor, thraush its
idantiFleatie: nyaiea awl ecesotler, eon do houtlzepine aaing =ecumalatcd
reanlta Lor vehiclea thet paan frequently and achiew: a hlaher seassitivily.
Tain Leehniqe s haa been d- secibal in persoant]l monitorioyg by Co K. lenry amei



J. €. Pratt?) and is eEfuctive i detectiag leas bhaa singla-paas-
duteetrbie quentitiers of matwerial rumoved dveing many pramagus.  Thia
technique uill rllow wa ks do @ bettec Job of wonitoriag the vehiclen
that make {zejuent una nE the gate.

The tunacl monitor is tha most arn, -neive and ranzes from a cost
cstimate nf §1l x 106 for a ralluay-s2ami tenck rize to $2 x 105 for n.=
that might apply Eor trucka u» to the :lxo wa have beoen conaldering. For
plutonim or undaclarvd [ued woaitorisg, its ens: is balancod by its effee-
tiverass. JIa demaatle sai~ruarda vhore uramiuva ie nsually of intereat, it
is rot appllcztle. .

V. SEhMASY

Ouc tnsy {0 not capplery, It the caesaiag eonelualors inlicate thart a
fiood job can hn don= in vehicle monitoring for pluionlme with short couar
Lizy. For uranlvm, Ethn tinea rofquiesl ara longer whetlr they b: connt
Eimwm or the Lime vagnised P vpmiag vehicle acer:xa pninle for wanual
acrarch. Ta our enaklipting eflort we vill ntwly Ele caana?l seacch ai voll
ap ahtain npecationil erporicaze wilh L sondbd gaitos in riggle  acd
malbiple-pans ummitlo-in.

ACUI R bR

The meflicrs wvenlel 1ite Lo expross thelr opneeeialion to wwbeen of TASL
Croup K-4& 19 ("reir aaadob e dn niceme o velilele id-skilicarion, #ad
Ruger fayee of E=2 and the -2 wtafll’ Toe their uelp in coaftas and aeckap
conabtrutie,

The voi* repoctes] here wen prrfresl unie the aaapices of the U, S.
Departmend nf Eaeciy.
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