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ABBTRACT

Special nuclear materials vehicle monitors. including
gateuide wvehicle monitora, hand-held personnal-—-vehicle
monitors, and n rew tunnel moni toc concept for ver s Large
vehielux, are discuased. The results of a cemparison of
elfectivenass of noniLors for donertic applicatiova are
precented, ‘The ccaults of cialculations and sapall acale
prototype measurcm-nts are given for a tunnel-like noeutron

wonitor for menitoring ol the perimater of an enrichmeak
p'l.':nL subjeclt Lo Tnternational Salapuards.

I. TINTRUDUCTION

Group Q-7 or Lhe lon Alaans Scieniific Laboratocy (LASL) has as its
primary fuuctica Uhe development and utilization of instrumeantation for the
diteckion o' identilfication of sprcinl nuclear metervials (S¥4) in applica-
tion Lo probhlims in domeatic and interanntional nucle:iiv fuel cycle safe-
guards. Tn conmection with our work ia inakrumentation for domestic pasi-
mel or nalonuaprds) ve vace asked by Lhie Doparcmenr of Enecgy (DOB) OfCice of
Safepguards; ond Scerrity (6S) to investigate the effectivenass of SNM vehicle
monitora. At the came time, a parallel eflort dealing with inabrumentation
that might be applicable to poerimeter safepuards applied by the Intuetna-
tional Alwaic Energy Agency (TAEA) at a centrifuge encichment plaul was
undertaien and the uzed foco monitoring vary large vehicles for undeclared
[ced waterial avose. As @ resull, we are 1“VﬁHtLL1rIH ’ rhrough c11(u1.;Lnn
el moergeyocrean b ug wnaaz g oand 11 oaeala awlelae yeslatel Fha GfFoet §e iy
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TI. MONLTOR TYI'ES

8NN vehicle moqi toring began at the DOE Rocky Flals Plant with a vehi-
cular pate meaitnel) char rescablons o puersonine] SN drorway monitor exeept
thot it was installad at a rvo lane vehiele gates The specilications for
Lthisa moniler have been uaed hy others teo procure veliiele monitors.

In our studios we have warmd tuo moailors in a golteside geometry,  One

is a syvilem sold hy Tom Srhnn - Annociat - w thﬂl folleics coue apeciflicalbions
mentioned abave wiing o % L08-cm Diam hy 2.5%-cw titict Nal weintillatores,
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tva on esch pida of the pate wrtlen"y ﬂammlqd by 1.5_ w.... The. pecopd . .
giicalda monitor was constructed troa componeats of a LASb-parsonnal dooruay
monitor2) that utilixed plaitic mcintillators. This unit had four 5.03-cm
.diaa by 91l~cm loug solid organic scintlllatocs .(ME-110),. with two on uach
alde of Lhe gate. Thess gatpaide monitors. wirce used to carry out static
conmt rate measuremants on A nnurce—conta1n1ng vnhicle at gate widtha.up to
7.3 o separatjon between detectora.

In order to minimizxe the separation batweon the detcctors and the
vehicle without obstructing traffle, we have constructed a roadbed ga:e
tonitor as nhown in Pig. 1. Thin roadbed monitor utilixzea a pit to hou -
ite array of cight Nal d:tectors that ara optimized for the dekectlon of
rhiclded ﬂlulun:um.3) Aluml g diamond plate and gratiag are unad for
vehicle sappork to mininize ahdorption of gimama radiation, and moisture
peoblems are minimized theconth 8 geavity draja in the plt and wateeproof
encapsulation of the deteetors.4) Bignal condiLinning eloctronles for the
monitoc loucated in the guard atakion, as wall 18 conlrollera For curront
loops locaked in Lhe rondbed, are uwsed [or occupancy :nd trafFic direetion
dita. A micvovave clectronic wihicle ideatifiention systen®) also has its
electronics houatd in the gnard stalion. The identiTication data, along
with all nf th" detoctor :uunti1; dita, ia cranswitted by ovorhead 1iueas to
m ad joining building and i jnput to a Data Geaeral HicrokOVA wiaicomputer
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Vig. 1. TASL Q-2 SIM Unhicly Roadlhed Honitor,



sarving all logle and control fuuctions for the maml:ur. Also on top .f
the odjoining building is a hackgrqund monitor-used to detect site-produced
baekgronnd conil€icans ‘that intecfer with moniznr operatlon. We used this
monitor for otatic measuremrnts on the smama noum.e—conl:nmmg vehicle, tle
ona~ton Furd van, as we used in the rateside monitor. The roadbaed monitor
detector pit also contalns aan array of 48 B¥3 proportional countara®

used to nallu- n-'.utton -eanurmenl:n Enr comparative purposes,

A third vehm'le ponitor that has bean in use at TLASL and other DOR
jnstallatlon: is the hand-held monitnc.8) This monitor was daveloped at
TASL Q-2 to provide an instcument capable of detecting small changes in
goanma radiation couab.rate without requicing 2 precut doal of operator
training unl oxperience, To thin cnd, the package containa logic clircuitcy
in addition to the usual battery-operitod powoer supplicn, signal condi-
tioning rlockronicy, aml Nal reintillarion detectora. Figura 2 nhows the
hand=le14 pumritoes 1a b Tores. The ecinisal unit, wiich we call a
personnel- vohiclie monitar ('VM), haa a4 Tazic citeuit that calculates an
alarm level that is n mran Lackz-ound count. plua a a2lectable fraction of
tha bm:l:;-mu.vl. For inalance, a cormmnuonly uawl smeloction fa to alaca when
the connt in a comnk int.ival oxcesda 1.4 times the wean backgroamd, The
nzcond inntrugest, tha delta rote aonitoe (DRA) Lhot ix juut now being
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procurad in qaantity, utilizes an alarm c¢ircult that adda a switch anlant-
able muber o the poam bacipeeand o ohtaln the alorm levzl. In uninn thin
inotcument 1! operalor J:ries the awiteh sertiux so as to obtain 2-6 alarms
per minube from atatiatical variation. Th~ esaential difFfcrence betwesn Lie
PVM and DRH is that, i aa lacreasiag background, the signal ragquired to
alarm the monite- iorceases directly with the backsround in the Wi, while
in tha DEM tho laceense is not am great. Tn practice, accaptable perforir
ance in achicved at Lon Alaanas at approximately 3 timna normal background
for tha VM aixl at approxiwately 10 timces normal bhackzround [nr the DitM.

Tha tusnal monito: for larpe vehiclea?) was desipaad to rweet the need
to deteck anderlared feed material entering a vrauizm epcichnent plant and
ik ia A noutron detector sy:item that lonks lor neutrona praduced in spon-
tansoun Eission of 7380 or 200py g (uyn) nrutronn in UF;. The buranl
approach shuwn in Fin. 3 wam wid to natinize the deteckor solid angle En
achiieye Lhe neceasary Lelal ofliciancy to dereet 2 rathar low source
strengkh waterial that could bhe heavily shielded in a large truck oc rail-
way freight rar. The ovorburdsn nhown rodncen coamic ray-produced neutron
backszeouwml and rhe runnel hma a polyethyl:ne lining that snarves to Ehes-
malixe pentrona origlonting iniide rhe moaitor, trappinz Lthen therce until
daleel-nd by File proportiontl cowaler, ronckad on Uhe wvalla, Uhile the
full seqrle railuay car ponilor nty be too evpanaive Tor iwielinte applica-
tion, the copccpt of Tiaiaa hizh neutron albodo uall.: wilh o Eaw propor-
tional crevrera Lo prodoce o Ligh total ciflicicuey reul:on deleclor hag
alrcady bo-g apnlied in ol personacel wesfree B) A 1ASL w0 have con-
stoucted 2 cwall velic!» Lwap Ltk baa beea usel [y measnscem=nls to
validate ealenlationn of eofficicrey awl ucaling laova.




TTT. EFVECTIVEHESS

Tn ord:c to make a ewmapacinon helweca dopeatie 1uailor types, oo
have mdle ptalic se-isursowaty using a1 paztienlar vehilele and soiires act.
1t ahould bn caphasixed that these are laburatery mescus~asnks made undar
a contralled cavironma.t nud the cquipaent la not in routine monitoring
usr, The acurces used for - comparinun werat 1) a 25-p weapens grads
pintonium campla la the forn of PuDg with Tmr 281 5 content; 2) a 1-kg
high euwrichad uranium (lKU) netallic wawple, Both sonrcen ware in the Enrm
of hoizht-cqual--to diametar cylimdecs and tha nlutonium was doubly cacapsy—
lated in rhin atainleuv srrel. The w~ae: gaents wara made with tha soucce
local-:d Ia the vohicle at a posaltion that mave miniswa raspona-: for that
parcticular monitur. Tie positions wees belueen the [roal seat hacka on the
flovos with Lhe door posln ia Iinw wiLlh Lhx delectors [or the gataai-l:
ot tor, Al near tha reoF dbwve an O3AT gaao'Tne molor enccalor il
valLase repulabne fur Lthe roadbed monitore,

To ik a cooparison, w have caleulaked the count ing tive neccasasey
to junt detesLl the nonrer ua'ng as an alarm level L m-an hackeronr! plaa
[oar atmlard Jdewvintion.. A comnlicaiing [actor & Ll the presonce of
th velhlinls pmypperysi s B boekmrownd e rale Lo & nispificant ontent.
Lut hese v asismw Ehal oo oaceapaney moei Fus fa uned sl o enrcecking in
wualn in the penltoriaz algoritha Lo coapsabe. T renalEs siven [ Table
I iedicds the for plaioaim nonitaciey theme are only sneas differeneaesy
ot g wn sanitors, vhile the praleoa ayabem in ¢1oarly Jaferior,

Tab!~ 1

Hinimm Ti = Required to D :teci®

Honi tor, 205 Valas Bep T Tk TR vl
HaT ertaaids 6.2 n 20.0 &
Plastic paLnnide 1.5 7.1
hoadhad = gt any ) 160.0
Rosihiesl = prufron 5.0 ——

#'inirum count tima ragelred to detest poeeifled woucrea in statioeary
vunicle mmltursn,

in gaeiion AU be esploced Tn cieer to see 06 i e lanian hoisla
For pore heavily mhinldidd uaterinl, The ceanlin For 0 200 pare dives g enk
becsnge Lhe trannginnion ol Liwe #olrer cadisotiag feee arandeg i Tow -
through Lhe vehicle matesialn,  Herny Lhe prjoraance of the roadbal noailor
clnarly sufferd Lrow ite ove=alded etoees A supplom: Cary deteclor acray
on a capupy; above Fler voliicle vould tnperove performoacs. Tn hoth eacon,
the plant le gatealde poniior nbosa hettee pocfornmnes o The reamw ix the
paleaide moaltors! dekectorn are deaipadd to pive mqqual porfo uanes [or
unshinlded nourcen, vhil+ fa vehiele mvmitoring. the colfte- radinrion 1w
attenuated Ly the vehicle watorialy rd vooare Tookiog 1t chictdoed
natariala, Tie eflficiency of fhe N0l detectons deereags uith moao—mgy
cnergy, while the planlic acknrlly fneveasea in e uppe s ead of the o s oy
region nued.



We have aot facludzd data on the hané-hald units hacause the offoc--
tivenar: ivcled -y the poclommanee of the hurian oparator in additiop to the
inslromenl. T do know that the aamolrs cac be detected frum outside the
velilele wikhet oponing dooza or hond in a walkavound thar takes approx-
imatnly 20 r--onds. We alan krow that vhen tho doors and hood ara opeaed
and the inntruaent in used to acan the iaterinr, much moaller samplea can be
dekectad. Howevar, we nesd Fo stwly the wean performance of the guard furce
to dekeramine a thr.oshold dzt~ctable aouree and mran scarch tima in ordur to
mihe an adeqrale compacison. We intend to do thin,

In ordec to includ2 a2 romparlaon of the tunn=l menitor, ve have studied
ity characterialica and hov they vary with monitor size through MHonk» Carlwy
colealations aml verifying neasuroments in a mockop wonitor that lacked oaly
Ehx overburden. The ealsulationa show the Jetrcloe respunse is relatively
inlaneadent 6f soures poaition and the eflisioucy of tin: debacLor scales
witiiv the raLia of proj.ctul propowliona® ecanter area to enclosure purfac:
area, ll-.c..,-_r-.m ada sz siply proportisnal to detecior projectal arza and
shieldiag jprorsided, snd une have found that the time to detact at an alara
Lev el an vard abouve is givea by Eha exprowsion:

T L :"', At?l(l:?-\p;f:)

The parmm=l.ors ara: At - ai < in w2, K = nautron ssurce ntecenath in n/s,
Ape = projacted conslec svea dawh, 8§ - a commie ray shiclding Iaclor,

sl T = the i o delocl in aecaada,  For a noaikor of this Lypa that
would conia’a ers aod mpall Eruchks up to iynical Tlait-bad truck aise, Etihe
perauetera are: At e @2 w2, 30 - 0.05 0 x LL.B2 w proportional conmataors,

S v 1.4 (0,25 o speeieln), K03 x 103 n/s Lor our plaionivm zrmple, and
ther reanlbant coaabt Bimes o LQ07 A Thoaw, thin monitn - I3 not only nupe-ioc
Lo e roadies? wamitor wenteon gysbea, 16 2130 gucpaases Ehe gomaa ayabem
p-o- Tormaaee. On Lhe oo haaed, L petiroa soazes aceeapth of the BET in
fa low, ait wiml 2 nfa Eor our 1=k aueple, Ehis wonitor i3 got copabla of
detoecting ik, For cospariamm, in its inteaded use Eor undecloaced feed
mitarial, 1 by of Wig foed vould roquire abnuat 40 seconds to dekect,

1V. OTHER COLUSTDERATIONS

A most impactant eonaiderration for neaitors is cont and e Fimd thai
L Teast expenaive monitor, the hand- h-ll typ: at au estimated coat of
ﬁ!ﬂﬂn ---l--h' =: n"l.n ol r u;!"-:"- "‘lt 1|l| TR i.l rilﬂ-! e |_-:|l-|inul yhan 1_'--‘]"_"_11'!-]
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he ro.-u.nr-rwl in alliLtion o training conts.

(‘-.'ll'l.-'ﬂi-l.' ronitora o oore expeanive, approxiwttaly $20,000 onch,
inimallad with occupaacy swiitor,  The readbidd moniioc wikh the vehicle
identificral ion packase in cabinated boetececn §50--80,000 cach. These wonilores
bhave an advantege in porforwing thelr tas” wiifocmly amd, for the most part,
walailingly withoat a agpereiner present, They alse do not requive opaaing
the vehicle sald caa meritor tell vehicles. The roadbed waniter, throush it
idanti Ficitios ayaboa el eecmlor, con do boutloeprng aaing wecumalated
resulta Lor vabiclea thet paan Frequently amd achiev: a higher seassitivily.
Tain Lechninge: haa been d- secibal in perammacl monitoring by C. K. Henry avi



J. €. Pratt?) and is eEluctive in detecting leas than singlo-paaa--
dukeetrdie quentitirs of material rumovnd dveing many pramages.  Thins
technique vill Alloew us Bo do a beftec Job of rouitoring the vehiclen
that make {zrquent una nf the =ate,

The tumacl monitor is tha most ar, -apive and ranzea from a cost
catimate nf $1 x 100 for a ralluay-szami truck rize to $2 x 105 for o.=
that might apply Eor trucka up to the ulxo wa have been conaidering. For
plutonim or underlared Fued weaitorig, its ens: is balancud by its effee-
tiverass. In demaatle sai~ruarda whare urmiuva ie asually of interesat, it
is mot appllicalile. .

V. SEMMASTE

Oue Ensy {s not corplera, bt the cnecsiopn eonclonslory inlicate that a
fiood job can he don= in vehicle monitaring for pluioalme with short couat
Lizsy. For uraniva, the bimea requirs] ara longir vheliuer they b count
Eimam or the Lime vaguised For opming vohisle accoasa pnints for wanual
acarch. Ta our enmakluning eflort we vill atwly the vaamal search ai voll
ac ohtain npecationil erpericase wilh Ll roadbd waites o riagle ac.
mylElple-pans monito-ing:.

ACKE R 1:GANNTS

The pefliors venld 1ike Lo expross thelr opneeeiation to wmbers of TASL
Croup B-4 1or el aad ot vse do idermrpes vehiele [0-akiTicatrion, ol
Ruger Payee of B=2 and the -2 sbafls Tar Lhair help in coditae and ae~hap
conatrutiel.

The vo-I* rrpocted W win prerfore-l unie the aaspices of the U. S,
Department of Eaocey.
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