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(2) Short count Ctimes with a minimum of
sample preparation.

(3) Minimal cost for capital equipment and
the personnel to operate it.

(4) Confirmatory measurement difficult to
deceive with a bogquas item.

It the confirmatory measurement is also used co
deduce the sample mass, a nominal measurement
accuracy of 10%v (1l9) is reasonable. (Better ac-
curacy is not precluded.)

The primary objective of cthis inatrument
is to coafirm that SNM transferred hetween
facilities has not been lost ¢ diverted. It
was immediately obvious that to satisfy require-
ment (2) above, a confirmatory measurement on
the unopened shipping containers would be pref-
erable to measuring the two or three laoner con-
tainers that reside within each shipping con-
tainer.

IT. THE SAMPLES

These measurements will be performed on
sealed shipping containers. The preservation
of the original vamper indication will be use-
ful if measurement biases result when the mate-
rial is opened and analyized before being put
into rthe process. In addition, there is leas
chance of contaminatiom or spills if che out-
slde containers Are not opened. Finally., con-
siderably less manpower and facilities will be
required to safely handle the items.

The outer contalner (s usually a 208-1 bar -
rel. The inside geomectry of trhese harrels can
vary widely. But in general terms, criticality
safety nearly always raquires that these bairels
have a 5. or 6-in, dlam pipe in thelr centers.
The plpe is surrounded hy low &, low-dennity
packing material (which may be somewhat hydroge -
nous), and it holds two 2 ? or 4 & bottles con-
tained in plastic baqs=, The contents of the
hottlas are pure hiahily enriched uranium (HEU)
in the form of «aide, meatal., or uranyl nitsate
hezahydrite .IINH).

11I. THE FIOUR GAMMA TRCHNIQQIR

Derpite tha large quantities of dranium
involved, tha passive neuteon «lgnal s tno
vaak 1o provide 4 piecige aignal, The puotantial
active neutron technigques e costly and have

Aifficully pensetratang to the center of laigye
quantitian of pure HEU, And to compound the
idnue of cample penetrabilitly, some of the HEU

under  consbderat fon centains large quantatiens
of wAater ("'NH) that vary Aurlng storage ot ahip
mant . Consegquent vy, wa Jdaye opsd a0 aamna aay

baved approach.

The  four qamma Tedlinggue  consdty af
welght meannrsmant Al the Ietesct jan ot fonar

gamma rays of different energies. The 135.7.«eY
gamma ray Ooccurs when 235y decays. In many Hf
cthe irems considered here, the uranium-bearing
material is infinitely thick to the 1895.7 xeV
gamma ray. The 100l-keV gamma ray comes from a
daughter of the 238y, n freshly processed ura-
nium, this gamma ray may not be in equilibrium,
For most of the items considered here. the sam-
ples are not iafinitely thick (33 cm for oxides
UNH and 4.2 cm for metal). For nearly all of
the items under consideration, this signal ‘or-
relates with 238U mass. In addition, rhe A7 ye
quantities of HEU in these sampleg provide jood
precision in the 100l-keV gamma-ray measurement..
Combining the 185.7- and 1001-keV gamma-ray s19-
~als :an be useful in estimating rhe samp.e
enarichment or the sample self-absorption, ‘he
2614-k»V gqamma ray is the result of rhe lecay
of a 23y daughter. The 232y in enriched ra-
nium regults from inserting reacrtor vreturns
into the enrichment plant feed sctream. “he
2614-keV gamma cay is not ia equilibrium wirh
the 232y, In addition, various quantities f
reactor returns are in varioul batcnes of HEI.
Therefora, the 2614 does rnot correlate wikk the
amount of 235U or 238y, and its intensity --an

not be easily predicted. <(Consequen*ly, the chid
can be used as a tag or unique idenrifier (or
each sample.

The (o.r-gamma instrument will also look
for a peak in the 150.- to 450-keV region. [
peak is found. it suggests that the shippirng
container might contain plutonium, Fur nout
uranium facllities., the presence of plut . nian
in a shipping container is a problem that acrcurs
rarely, if at all, and that is best aldrassed hy
timely reaturn of the unopened shipping - in
tainer,

IV, THE PROTUTYPE INCTRUMENT

In this section we describha a srot a0 ype
systeam for In piant  use, Four  low 1mgay 0 tan
jaryra [ ay detactors aach  rontaining noom
amet icium seadad Nal(Tl) crystals wis T
stacusd vartically ro view the shappiag onr v
ar. Flgure 1 dthows the dete. tors 1tn 'he fore
tor shields viewling the pateptial ihipprng on
talner Jeomet jies, Thea vt ical apacing ber e
cantersy af 'the Nal(T1) crystals ax S vou
datwectar will count the f(our gqamma - vy -
tionad in rhe previous sation, ha o pael by
independent count cates FTor sach cample

The thrae potential shippine cont vpree | e
HLe o 29, and 410 9 tvums,. the fonp tern
e cpaced and coliimatad to ogite ot oo o
Wponse with 1espect o the wamp.e e gne Y
Ahipping contaimsrs will ha ot weg ey o
dAt A acquisEtion Yo minimize Che o e, '
At ey posit japing of the HETTY gnside e '

Coant sineern, The anstrumenr oo p e
Piond Ao oovnpls pasaetoaang um e oo
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; S F - ized normal distribution.
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< ; }4/" LN : ues of tne chi-square diatribution.
IS P
B b.r e E" The third comparison computes a reduced
(‘ r i ‘5 chi-square from the m peaks, which have a s.q-
: i ! L nificantly large net area. First, each A{i) 1is
! i o ¢ ; compared with s(i). If this ratio emceeds ).,
i I CE ) ga. : __ii Lhe peak is included in this analysis. The chi-
s L N square from the m peaks, x‘(m), is computed
ORUM AOTATON o -[
. [ - m
C '\T?! r ff:/"’ r| ' xz(m) | At v m o
! _\1 - '-_._ el .t ol 1l
! . - 5%—————4*L—————Jw
t { iy N . x2(m) is then compared with both a warning and

. . ] L . '.-_ - an action limit. The statistical procedures are
‘ o - ' ) taken from Morrison.? Beedgen et al.) detail

the required computations.
Fig. !. The prototype HEU confirmatory measure-

ment counter. Four snielded low-resolution vI. RESULTS

gyamma cay detectors view the three possible

shipping containers: 10-, 55-, and 1l10-gal. The reprocduciblllity obtained from repeated
drums. The inumr pipe rhat defines tne possible measurements on the same item is consistent with
locarion of the HEU is also shown. counting statistics. In some crses, the piec)

slon from counting statistice is as iamall as
0.5%. The detection sensitivicy of rhis instru
ment varies by abour 10% along its vertical

V. THE AMALTEIS amis (which is 152 em h-gh). This wvariation 1%
egpectad hecause four discrete darectors aie
Standard reachniques uiing peak  and bhack nsedd.  If the sample is moved vartically
qround  tegrains of  antetest Wil determine rhe small amount, «2 cm, the responsa vA iss . 2%,
net peak yreas, These data a1e notmalized hy A ranlial offset causes a nonlinear decrease 1 n
the ner oeak ares of rhe amaricium yeed pulds. the measuremean?! tespanae that vacies from 8 0N
Rewxulta from 8 hacegqround run are qubtracred; Aec1man® At S cm offset to a 9N decieasm  av
the havkground correc sl pormalizsd net  peak 1N em offser, Thesae large affects, caused hy
Arsas, Al1). wiil he the raported results in the the detactor collimation, are tedured sigqnif
mirs of counts e secand. lly using thiee 3t a cantly hy rovating the sample duiing thea measy
viwt el teara o Myttt ency, wa will compare niement .
1@ty A1, and oy abtained foem twa ansria
ment .. The count rate from rhe amerycium eed g
1an slaghtly fteom derector vy dete oy, Ty
The i ampArisan b pecfarmed anoan i addityon, there are <light Niffermneey in nnt
Abvidual hasis ) stwaen the |8 partis of teasalts, tng affiimnecy and detector collumat pan, Ahen
'he *wo et aintiss in mach pare will he  om ‘hexe affects arm avcounted for, tam raop na.n
v e MAKS e theay e aamtloae, It they foom o dafferant cdetectord s ardepeiien? .
are. the nrert vt ‘eg will he combined tog foam mtectag, et ly, thetm appeara ' ha v e
an sstamated digma. v}, Next, 'he Aifferencw Ciight Lifferenca in imiAtive afficren e g

hatwaen "he *wo ceng * % wiil he atandar-tiemd, *he (hour Amtectors; howawmr . *he il fee.. o \



too small to be reliably determined from the
present data. Table I 1lists the count rate
ratios for a particular gqamma-ray energy Letween
A pair of devectors. The five samples vary in
enrichment from 17 to 93%. The sigma values are
the s{(i) estimated from counting statistics.
All of the samples had a uigh-intensity 186-keVv
signal. but none of ths samples had both strong
.0C1l- and 2614-keV siynals. Sample oumber 2 had
only a 186-keV sigual.

This ipatrument cao sometimes distinguish
similar itoms oo the basis of different count
rates from the minor isotope (232U, giving rise
to the 26l4-keV gamma ray) or on the basis of
different couat rates from the major isotopes
(as a result of packaging differences). Other-
wise, the items must be sufficiently different
to fail one of tre compariaons described above.

VII. MEASUREMENT CONTROL

This instrumeant has several measurement
control fuactions built into it that are intend-
ed to nelp the user determine whether It ls
functioning correctly. The measurement control
functions test for measurement accuracy (bias),
preclsion, and randomne3s. Ino addition, the in-
strument stores the results of a bac.:ground (no
sample) run to be subtracted from each assay.
These Jata should be updated at least dalily or
«henever the user suspects the room background
may have changed. The results of the background
run are .hecked to ensure that the americium
seed peak net area is large enough to provide
adequate counting precision, cthat the other
peaks ace sufficiently small. and that the seed
peak has a reasonable centroid and full width
at half maximum (FWHm) value. All measurements
include Lh: check of at least one peai for an
appropriate centrold and FWHM, Most include the
check of twn peaks.

TABLE [

NORMALI ZED {YINT RATE RATIQS
FOR DIFFERENT DETECTORS

(Noimalizad to Dartsctor 1)

Sample ID Sigma Der. 2 Det. lNeat. 4
1 .020 .19 1.007 1.9190
7.9481 0,495 .91 AR

2 .62 1.1049 t.022 Ny

| a.021 0.1 1.047 I AL
D.0VA .40 1.01R8 L.uv?

4 .02n 1)) .94 L]
REOLY) DIRLL] .11 | EAN ]

bl .02 LY R RN R D
0N 0,024 }.oagn boaln

Another measurament control function is a
biag check. The user can compare meagsurements
on a koown standard and test for a significant
differenca. A weekly frequeancy for this check
is recommended. We are investigating the possi-
bility of using 133ga sources to pecform this
check without using SNM. The precision and
reproducioility of a barium source measurement
are adequatc for measurement control. A iong-
term evaluation is uander way to verify that a
change in the detectors' absolute or relative
elficiency can be detected in a timely maaner
with these sources.

Figures 2 and ] are control charts for the
standard deviation of the 356-keV 13)Ba peak.
The preliminary conclusion is that the scatter
might be larger than that predicted from count-
ing statistics. This scatter could be due to
samp)e repositioning errors.

A measurement coantrol function also used
in this instrument is a precision check. The
user can measure any sample 3 or 15 times. The
results for each peak are then indlvidually
averaged: a standard deviation is calculated
and compared with tha predicted standard devia-
tion estimated fron counting statistics. The
comparison ls a chj -square test. A mean-square
successive diffareace (MESD) iest® ls computec
to check for randomness of the data. Individual
peak atandard deviations are combined ro do a
chi-square test on the entire set. This meas-
urement control precision test shou 1 be done at
least monthly to check for unexpecte: sources of
uncertalaty cr trends in the data.

Table IJ liste the precislon che. k results
obtained over a 10-day period. Th+ lonqer
(1000-8) count time was chosen to evaiuate rthe
instruments’' behavior under operating conditions
more stringent than normal (200-s count time).
Both the reduced chi -uquare, xz, and the average
MSSD are behaving am eszpected.

VIII. COnCLUSIONs
The [four .qamma confirmatory measu:emant

technique will provide a cost affective alreina
rive to additional physical security measuwies in

the problem of S5/R differences. [t wil!l alde
help separate the issues of mararial control and
neasurement. control by the timaly measuremen?
of an Attt ibute unique to the 5SNM of intere.yr .
We hope 'hat this will eventuaily lead ' n
1mased atrention in the area in which mosy of
ne heliave S/R differances occur  measuiemen:
contiol,

Thera Are sevearal statistical resr foor
the meagsuremant contiol functions inherenr o
*his instyument  and for the 5/R SamMpar e
The usm f 90 many tasts can tesult 1tn o o:n
cimased false alarm cate, which squites t e
And agpense 'o regolve, fhus, v 14 clear nae

the falye alaim rate 51 '*his  jny?, qment LT
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Filg. 2(a)-(c). Controi charts for the standard
deviation of the Dbackqround-corrected net peak
area of the )56-kev !33ma peak during 200-s
runs for each of three Jetectors. Each poaint
is the standard deviation of five independent
counts. The solid line is che erpected value
based on coun..ug statistics; the dashed line
is the )o control limit,
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Flg. 3(a)-(c). Control charts for the standard
deviation of the background-corrected net peak
area of the 158-kev 11Ima pesk during 1000-s
cuns €or each of three detectors. Each point
is the averagqe of three independent counts.
The colid 1line is the value predicted from
counting statistice; the dashed line is the )Jo
cuntrol limit.



TABLE II

PRECISICN CHECK RESULTS

Count
Time Number
X mMssp® (s) Runs _
1.18 0.79 1000 5
0.9% -0.135 1000 5
0.83 0.91 1000 5
1.12 1.093 1000 5
1.02 0.27 1000 5
1.17 -0.23 1000 5
1.28 Q.99 1000 5
0.98 2.68 200 5
1.19 1.23 200 5
1.01 -0.08 200 15
1.11 -0.12 200 15
0.90 0.92 200 S

3MSSD = Average over 16 peaks of mean-square
successiva difference.

be very low if it is to be useful to plant oper-
ators., A few false alarms during a year will
rapidly cause most of the plant operators to re-
spond as if they expect a false alarm rather
than & true diversion. This instrument cannot
do much to correct mislabeled results or results
that are interchanged between two samples. (If
this trend is currsntly a problem, this instru-
mentation should direct attention to solving
this problem in a timely fashion.) The action
limits, however, can be chcsen (that is, raised)
to minimize the fal.e-alarm rate.

A8 an illustration of the possibilities of
a large false-alarm rate, consider n independent
tests with a 5% false-alarm probability. The
overall false-alarm probability for n = 5 tests
is 22%, for n = 10 tests is 40V, and for n = 20
is 648. Thus, the false-alarm probability can
increase quickly for multiple independent tests.
Consequently, the action limits for each test
must be kept very ronservative.

However, the conservative action limit does
not limit the effecriveness of this technique as
much ag a cursory overview might sugqgest. e
the four -gamma techaique is considered in the
context of the vest of tne system's safegvards,
it will bs used to Jdaetect |arge diversions in a
rapid manner. (f an individual penetiates the
system of barriers, seals, and orher protective
measures, that person will probably *smper with
a small oumber of items in some Jross lashion

(for axample, take 'the aeantire i1tem). 1hat type
of tampering does pot requice o high precision,
highly accurats measuremeant for Jetection, e
A trickle Adiversion seenario 15 chosen,  the
jengtn of time the system 14 penetpated 14 much
qreater . The greater iength of ' ime  gequired

for o suceessfal diversion will he Lorm qukcep

tibie to detection by other means., such as
input accountapility measurements or physical
security.

In addition., we must remember that the pre-
cision of this measurement is much better than
its accuracy. We are accustomed to thinking
about a comparison between two results in terms
of the accuracies of the two diffarent types of
measurement. In the case presenced here, the
measurement precision can often allow the user
to distinguish between two similar 1items in
terms of counts per second, while an attempt <o
calibrate in grams brings in other sources of
measurement uncertainty such that the user can
only determine that the two items are similar.
In fact, two measu-ements of the same generic
type are susceptible to identical calibration
errors, which cancel each other in the compari-
son proposed for this type of measurement.

IX. FPUTURE PLANS

The present plans for this instrument are
to install it at the Y-12 Plant at Qak Ridge
National Laboratory for an evaluation during
1988. The insctrument wili reside in a dedicated
counting room surrounded by 60-cm-thick con-
crete walls. 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
interchanging detectors, and of packaging. If
the evaluation is successful, a second iastru-
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 practical
problems such as calibration and settling of the
container contents during shipment.

REFERENCES

L. C. ALTON COULTER. "Shipper/Receiver Issues
in Transfers of (fategory I and [l Quantities »f
Plutonium in Desirable Forms," [Lus Alamos Na

tinnal Laboratory report LA 10682 MS (to be pub
lished).

2. D. F. IMORRISON. Multivariate Statisti-al
Methods, 2nd ed. (McGraw -Hill Book Co,, 97n6).
¥, R, BFEDGEN, A. GOLDMAN, and J. &SPRINKLF,
“Staristical Analysis of Data from a ‘onfirma
tory Measurement Technique for HEU," Los Alamos
National lLaboratory veport (to be published).

1. K. A, BROWNLEE, Statistical Thaory and Mern

odology in Science and Fngineering o olonn dyoo
and  Saons, New York 1965}, pp. APE B |
2B 05,



