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(2) Short count times with a minimum of

sample preparation.

(3) Minimal cost for capital ●quipm~nt and

cha parsoanol to oporaca it.

(4) Confirmatory maaauromanc difficult to

doccive with a boqum icsm.

If the cnnflrmatory maasuromant is also usad to

doduco the sample mass, a nominal maasuromenc

accuracy OC 10% (la) is reasonable. (Bott*r ac-

curacy is not pracludod. )

Tho primary objoctlva of thin instrument

is to conCirm that SNM tranaforr~d hccwaon

Cacllltl@a has ❑ot b-on lost o diverted. It

wao insnadiatoly obvious chat to satisfy require-

ment (2) abovo, a confirmatory maasurgmont on

tho unoponad shippinq containers would b. prof-

erablo to measurinq the two or threa lnnor con-

tainorm that reside within each shipplnq con-

tainar.

11. m SU9WSS

Theso measurements will be performod on
sealed shippinq concairrorm. The presarvatlon

of chm oriqinal camper indication will b. usa-

Cul if mcasuremant biasoa result when tho mate-

rial is oponad and analyscd before being put

into the procass. [n addition, th~re 1s lens

chanco of contamination or spills if th~ out-

slda containori ara ❑ot oponod. rinally, con-

siderably 1sss manpower and facilities will be

required t.o safely handla tho it.ams.

Tho nrrt.ar contalnar 1s usually a 208-~ bar

rol. Tho irrslda qeomacry of thogo harrclrn can

vary wldoly. Hut in qcneral tmrms, trit.lcallt.y

safat.y nearly always rnquirss r.hat thamm balr@lm

hava a 5. ,)r b-in. dlam pip. In choir c~ntars.

Tha pipe ic surrounded by low 4, low.-d~rrrnit.y

packlnq maf.nrial (which may b. somowhar. hydrrrqe.

nouc), And it l,olds two i ~ rrr 4 Q bottlas con

tainad In pl~st,l(. haqm. Tho !.nntent.fi of t.ho

hrrtrlms arm IIUIe hll?!,ly ● IIIii,tlwiiur.!n iurn (HEII)

in thm f,)lm (If ,,aI,ia, mmfnl. or IiIAriyI ,Ii!,atm

honnhydt ito .IINHJ.

111. nlE r[mn (:AmA TS(”IJMIOJE

qamma rays of different enerl:ies. The 115. 7.{P’/

qamma ray occurs xhen 235LI decays. In mdny I(

che items considered here, the ur~ni~-he.a[ ~nq

material is infinitely thick to the lq5.7 Xl?v

qamma ray. Thw 1001-keV gamma ray comes fr>m a

dauqhcer of tho 2]8U. In freshly processed Jra-

nium, this qama ray may ❑ot be in equilibrl’m.

For most of tha items considered here. the =m-

plea are not infinitely thick (33 cm for aKide/

UNH and 4.2 cm for metal). For nearly ,111 If

tha items under consideration, this siqnal .,)r

Cmlates with 238u m,ssa. 1ss addition, rhe ;~r~e

quanticios of HEW in theso samplea provide ;God

proclalon in the 1001-koV qiursna-ray measurement..

Combininq tha 185.7- and 1001-keV qamma-r.ay siq.

-.ils :an b. umoful in estimating the scunp;e

enriclvnont or tho sa.nple self-absorption, :tle

2614-keV qama ray is tho rmsult at ~.he ,~e,:ay

of a 232U dau~hter. The 2]2U in enriched ,rd.

nium results from insertinq reactor vet. ,Arns

into che enrichmerrc plant feed scre;m. yhe

2614-kmV qama ray is not in equilibrl,im airh
r.he 2]ZU. In addition, various quancit.ie:; If

reactor returna ara in varioux batcnes If NEII.

Therefora, tht 2614 !Ioes hot correlate wI~.F. the
mount of 2]5U or ~]8U, and its intensl~y ..atn

noc be easily predictad. Consequently, t.hm Lb:.1

can bo used as a t.aq or unique ~~lant.Lfl~r r,)I

each sample.

The {odr-qarfsna instrument will ,Alsu I)ok

for a paak in the 150. to 450-keV reqi[]n, [r \

peak is found. it .uqgeat.s that tha %hippir.q

cunrainor miqht contain pluttlni,lm. Fur m,):;t

uranium facilities, the praamncm IIC plut ,rli.nn

in .+ shlppisrq cent.~iner ia a prrsbl-m *h.~! ,111111%

rarely, if ac all, and I.haf. is hmst .I,IIIIO%+*,I II:J

timaly rtturn of ?h* !Anupened ~hlprill,~ . ,,,

tainer,

Iv. 7WS PSUWWPR INGTMIJIaWf

,Ull,l,lue Wllh !e*llm,l 1,) III* .4.*inlr.0 ,,. , ,1, . , ,.

.,11 I,) I), IIIJ !.!),, ! ,11 1101 q will l,” ,,, ! ,,*, I 1.1,, , $0.

.1,1! .* ,,0 0,111*11 1.111 t., mltlllnlrm ,1,* ,.r r,,., , , .,

,*11,*1 1!,1%11 1,11)1,1,1 If PII* 11}.1, ,1, .,, ,:v ,. ,

,!ll?,llll” 11, :“)1? 111-1 1 ,110011! , :.9 ,,, ,,1, )- ,,

,1,$,14 i,, ,,,m\lin ,s., ,,1 I 9,1, ,1,, ,,” .1, ,, ,. ... ,. .

f’lle fSIIII ,1.nmm.~ 1*S I,, !l, 11,a 1,,,,..,,,1% ,f ,,

Wwlmlht l“e.l ml,, “Irlrl,, l .! 11,1 * l,- Ia,m, 1 1,3,, ,1 r. 111,
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Fly. !. 7’FIQ prototype HEW confirmatory moaaur@-

*ont (.uuntwr. Four shisldod Iow.resolution

qama r,~y dot. actorm view r.h~ three pomaiblo

~hippinq ,.nntainars: 10-, 55-, ant’ llo-qal.
dIums, ‘Tho !nl;mr pipo that rfofinos in. poosIbla

locarliJn of !hm HEII is also shown.

v. TUE AMAI,TSIS

z(i) ❑ [A(i) - B(i)]/s(i) ,

for i = 1, 2, . . . . and 16. Tha z(1) are :om-

pared with two thresholds: a warninq r.hresho;a

that indicate- the datA might bo ]nccnsistenc

snd an action threohold that indicaceg cho f.wo

reoulta strorrqly disaqreo. Tho threshold~ are

obtainod from tabulatad value- of the standard-

ized normal distribution.

The second comparison compuces a reduced
.2chi-squara from tlro 16 results, x :

[116

X2 = E zz(i) +16.

i=l

~. “aluo of X2 I, ;,lso comparad with warninq

and action limits obtainod from tabulacod ‘/al

UC- of tno chl-squaro dlatribution.

The third comparison computom a reduced

chi-squara from tho m peaks, which havo a siq-

nlficantly larqo not area. First, each A(i) is

comparod with a(l). If thirn ratio ●mcoadc 1.’),

Lho paak im included in this analysis. Ths ,:hl-

sql,are from tho m p-aks, Xz(m), ia computed

[1
m

x2(m) = E a2(i) +m .

i.1

~z(m) la thork compared with both a warninq and

an action limit. Tho otatlscical procedures are

taken from Morrison. z EJaadqan et al,J detali

t.ho requlrmd computatlona.

VI. Rzslmm



too smali to be reliably determined from the

present data. Tablo I l~. sts the count rata

ratio6 for a particular qamms- ray energy Lecween

a Pair Of d~tectors. Tho fivo samples vsry in

enrichment from 17 to 93\. Tho sigma values are

thm s(i) ●atimatad from coun~lng statiacics.

All of the samplon had s ,,igh.intenoity 186-keV

siqnal. but nona of tha samples had both strong

.C@l- and 2614-kcV signals. Sample number 2 had

only a 186-kaV aiqnal.

Thin inatrumant can sorsetimos distinguish

similar itoma on tho baais of diffmront count
ratea from tho minor iaocopo (2’2U. qlvlnq riso

to tha 2614-keV qarma ray) or on tho baslo of

differsnt count rates from tho major isotopoa

(aa a result of packaqinq difforencos). Otho r -

win., tho itoma must ba sufficiently different

to fall ona of th.acomparl~ons daacrlbed ahovo.

l?ris inatrumont has aevoral meaaursmont

control functions built into it that aro intend-

●d to nolp the user detofmlno uhother lc la

Cunctioninq correctly. Tho maamuremant control

functions tone for moasuramorrt accuracy (biaa),

precision, and raruiomno~s. In addition, the in-

atrunrent stores the rosultn of a bac.rqround (no

aampls) run to b. subtracted from ●ach aaaay.

Thosa data should b. updacod at leant dally or

#honover tho user sumpaccs tho room background

may havo chanqsd. Tho reaulta of t?so background

run are .!heckod to ●nouro that tho wmarlclum

seed p.ak noc araa la larqa ●nouqh to provids

adequate couotinq proc~aion, chat tn. othor

peaks aro sufficiently small. and that tht sood

psak haa a roasonablo controld and fuIl width
at half maylmum (WIDI) value. All measurements

include Lhs chack of at Ioamt ons pcai for an

apprOpriat.e controld and FWHN, Mo6t includa tho

<heck of twfl pOakd.

TAELE 1

NORMALIZED I:(YJMT RATE !!ATIOS

r(Xl DIFFERENT lIETCI:Tr)RS

(No,malimmd F.O Dnre(.lor 1)

Smnplm ID S i,~a net.. .? [let. 1 [,”, . ~

t (1.1;,!: 1.1OU !,0/2 )*$1

I 8,(121 1). JI’J III(I , !]!4

1).1)!.5 I). J40 1.1)1s l.l)~!

Another moasuramant control funccion is a

bide check. T’ho user can compare measurements
on a known standard and ceac for a significant

difference. A weekly frequency for this check

ia recomnanded. We ara invosciqatinq the possi-

bility of usioq 13]Ba so~rces to perform this

check without uainq SNM. Tho precision and

reproduciDillty of a barium source measurement

aro adequate for moasurament control. A ionq-

term ●valuation is under way to verify that .}

charrqe in tha dotoctors” absolute or relative

●fficiency can be datocted in a timely manner

with chaso sourcas.

~lquras 2 and 3 arm control charts Cor the

st~ndard dovlation of tho 156-koV 13]Ba peak.

The preliminary concluaiorr 1s that the scacter

miqht be larqor thao that predicted from count-

inq Statiatlcs. This scattar could be due to

6amplo roposltionlnq ●rrors.

A maasuromant control function alao used

in thin iostrumant in a procicion check. The

user can maasura any sample 5 or 15 times. The

reaulcs for sach peak aro then Individually

avaraqodl a standard doviatiorr is calculated

and compared with the prodlcted standard dsvia-

tion estimated fro,~ countlnq statistics. The

comparison La a chJ square tast. A mean-square

successive dlff=roaco (MY#)) iest4 la compucec

to chock for randommoas of the data. Individual

peak standard deviations aro combinod to do a

chi-aquaro teat on tho ●ntire sot. Thin meas-

ure~nt COntrOl prOCiSiOn test ahou”a b- done .+5

least monthly to check for unoxpecte, sourcas of

uncertalaty cr trends in thg data,

TaJJlo 11 lists tho procislorr the, k ra~ults

obtained over a 10.day porlorl. Tt, .. Ionqer

(LOOO-0) count cima was choson to ●valuar.a rhw

Irrmtrtuwnta’ behavior under oparatlnq condlf.ionm

mors strlnqent than normal (200.-s count time).

Both che reduced chi .wquare, X2, and r.he averaqn

MSSII are behsvlnq as ●mpected.

VIII. wmcLuskIsms

Tho Cour qarmnn [!rrnfirmar,,ry mmnnur •men~

twchnique will provldm a cvst. affm,.t,lvm alr~l,).~

, iv- t,n .tddit. ional physical .swcurlty me,!wuj ns lrl

rho problem of S/R ,ilffnronrnn. It Wl!! .!1 4,?

help -aparar.s the issusm ,~f marmrlal ,.,~ntl(~l !II,I

menqucmmanr. corrr.tol by the timely me,~sl,,r.,nvt:~

l)C An ~rt, Ibur.a ,iniqua to the !iNM of lllr*le%~

We llI)pm Ihmt. rhls will Ousntually Ieatl ~11 III

,[*Amad attant.i(~n in rho area in whi,.tl,n,,sI.If
,1- !Jn1in.#a S/R dlffmrancms (),,,.,,, mmalsbtlk.mrtl,
,,, ]llt Ir, l.
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Figm l(a)-(c). Control chart- for tho standard
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●rea GC tho 156-kdf 131 Da peak durlnq 1OOO-E
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countioq fitatlmtlca)tho dmahod lino is tho IU
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TABLE II

PRECISICN CHECK

2 MSSD
a

1.18 0.79
0.95 -0.35

0.83 0.91

1.12 1.093

1.02 0.27

1.17 -0.23

1.28 0.99

0.98 2.68

1.19 1.23

1.01 -0.08

1.1: -0.12
0.90 0.92

RESULTS

Count
Time

&

1000

1000

1000

1000
1000

1000
1000

200

200

200

200

200

Number

Runs—-

5
5
5
5

5

5

5

5
5

15

15
5

%ISSD . Average over 16 peaks of mean-square

Successiv- difference.

be very low if it is to be useful to plant opor-

ators. A few false alarms durinq a year will
rapidly cause most of the plant operators to re-
spond as if they expect a false alarm rather
than a true diversion. This instrument cannot

do much to correct mislabeled results or results
that are interchanged between two samples. (If
this trend is curr?ntly a problem, this instru-
mentation strouid direct attention to Solvlrlq

this problem in a timely fashion. ) The action
limits, however, can be chcsen (that is. Iaised)
to minimize the falie-alarm rate.

AS an illustration of the possibilities of
a larqo false-alarm rate, consider n independent

tests with a 5S fal~e-alarm probabi).ity. The
ovorall false-alarm probability for n = 5 tests
is 22s, for n = 10 rests LS 40%, and for n : 20

is 648. Thus, the false-alarm prohahility can

increasa quickly for multiple Independent tests.

Consequently, the action liml~s for each test.
must “be kept very ,-nrrse[,~ative.

tibie to detection by other means, such 3S

input account-lllty measurements ar physical

security.

In addition, we must remember that the pre-
cision of this measurement is much better than

its accuracy. W- are accustomed to thinklnq

about a comparison between two results in terms

of the accuracies of the two diffsrent types of
measurement . In the case presented here. the

measurement precision can often allow the user

to distinguish between two similar lcems in

terms of counts per second, while an attempt to
calibrate in grams brings in other s~urces of
measurement uncertainty such that the user can

only determine that the two items are similar.

In fact, two measu-.ements of the same qeneric
type are susceptible to identical calibration

errors, which canceL each other in the compari-
son proposed for this type of measurement.

1x. F’fnvaE PLANS

The present plans for this instrument are
to install it at the Y-12 Plant at Oak Ridge

National Laboratory for an evaluation durinq

1988. The instrument wil. reside in a dedicated
counting room surrounded by 60-cm-thick con-

crece w,\lls. The massive shielding is required
because the counting room is inside the receiver
area, which is physically contained in, but sep-

arated from, the storage vault. The receiver
area has the capacity to store approximately 100

shipping containers awaiting measurement. Dur-

ing the evaluation at Y-12, we plan to investi-
gate the effects of handling the barrels, of
interchanqi-xg detectors, and of packaginq. [f

the evaluation IS successful, a second l,lstru-
ment is planned for installation at a designated
shipper facility. Tw instruments at two facil-
ities will be needed to evaluate the actual

measurement scenario, complete with practir.iL

problems such as calibration and settlinq of the

container contents durinq shipment.
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