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PRESENT AND FUTURE ASPECTS OF PROSA -
A COPTWTEE PROCRAMFOR NEAR REAL TIME ACCOUNTANCY

R. Beedgen*
Kernforschungszen trum Karlsruhe

Institut fuer Datenverarbeitung in der Technik
D-7500 Karlsruhe

Federal Republic of Germany

ABSTMCT

The methods of near real time accountancy
(NRTA) for safeguarding nuclear material received
a lot of attention in the last years. We devel-
oped PROSA 1.0 as a computer program to evaluste
a sequence of material balance duta based on three
statistical tests far a selected false alarm prob-
ability. A new NRTA test procedure will be in-
cluded and an option for the calculation of detec-
tion probabilities of hypothetical loss pattema
will be made available in future releases of
PRUSA. Under a non-los~ aeaumption, PROSA may
also be used for the analysis of facility meas-
urement models.

1, INTRODUCTION

The computer program PRC@A for statistical
anai sis of near

!.
rea ! time accountancy (fiRTA)

dats with the intention to detect a loss of mate-
rial in one or mor~ balance periods has been
applied co simulated data from model Facilities,
e.g., the DWK 50(1 t/y reprocessi,,g facility,z and
real data from exi$ting facilities. The expc4ri-
ence gained tn applying PROSA 1.0 to a number
of data sets suggects some new aspects and some
changec for the computer program.

2. SEORT DESCRIPTION OF PROSA 1,,0

The essential input of the current vers~on
PROSA 1.0 consists of

(1) the desired false alarm probability for
a given numb?r of balance periods,

(2)the measurement model of the considered
facility,

(3) the given series of mat~!rial balanc~ r@-
aults (MUFl,MUF7, . . . ..MFn) wliich iS
assumed to be multivariglte normally dis-
tributed with known d~tpsrslon matrix X.

~—Thaauthor in presently ● guedt scientist rt the
Los Alamos National Laboratory, Sufegusrds Systems
Group.

The matrix X is the condensed form of the
mea~urement model of the f.lcility under considera-
tion. It is an essential component for the sta-
tistical analysis of the KJF sequence. Based on
these data, PROSA cal~ulates the thresholds for
three statistical tests by a Monte Carlo simula-
tion. One of these tests uses the cumulative sum
of the original MUF series and is called Truncated
Sequential CUMUF Test. The other two tests use
the cumulative sum of the so-called stochastically
independent MUF residuals, which are the linear
transformed MUFs. The tests are named Page’s Test
and Power One Test. Statistical analyses show
that the combination of t:iese three tests is able
to detect u large number of different loss pat-
ternu with a relative high detection probability
compared to the detection probability of the
Neyman-Pearson Test.3*4 But this test cannot be
applied because the loss pattern will not be
known. The MUF-vector undergoes these three sta-
tistical tests to dacide if the situation of loss
or non-loss of material pertains. We assume two
statistical hypotheses which describe the non-loss
or loss situation.

fio (nOn-lOSS): E(~Fk) ● O for all periods

k-1,2, . . . ..n (2.1)

and

HI (loss): E(MUFk) = ~

with m + m + ,.. + m
12

n)o, (2,2)

Tha sequential tests in PROSA 1.0 are truncated
versions, i.e., they givs ● decision at the end
of tha nth balance period or earlier. PROSA 1.0
call b~ provided on di.skottos with ex~cutabla files
for an IBM PCIAT. A manual on how to use PROSA
is alao ●vailablo.l [n Fig. 2.1 a simulated MUF
sequenc~ of 23 valuea basad on th~ modstl reproc-
essing facility in Refs. 2 and 5 is shown, and in
Figs. 2.2-2.h the results obtalnad by PROSA are
gr~phically displayed whare ● S% false alarm prob-
ability 1s assumed. We sec that none of the
tests gives an alarm, i.e., no anomaly 1s detected
among the data.
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Fig. 2.1.
Simulated MUF sequence for the 500 t/y medel
reprocessing facility.
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Fig. 2.2.
Graphical display of the teat threshold- for
the- CUMUF Teet under a = 0.05 and measure-
ment model of model facility and atandarditsed
CUMUFstatistic of the data in Fig. 2.1.
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3* ~E ~ TEST

The application of PROSA 1.0 to various data
sata revealed that the fippllcatlon of the Power
One Tett does not provide a substantial increase
in detection capability of anomalies among tha
data compared to the Paga’s Teat, This is not
very surprising because tha statistics of both
toata are very similar, But there are casem whore
CUMUF Teat ass well Ma Page’a Teut do not perform
very WQ11.4 So at KfK we are looking for ● test
that 1s biiaed on the idea of the Neyman-Pear#on
Test that should close the gap. The idea la to
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Fig. 2.3.
Graphical display of the test thresholds for
Page’s Test under a = 0.05 and measurement
model of model facility and standardized Page
statistic of the data in Fig. 2.1.
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Fig, 2.4.
Graphical display of the test thresholds for
Power One Teat under a - 0.05 and metiuilrement
mo~el of model facility and standardized P~wer
One $tstistlc of the data in Fig. 2.1.
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replsce the Power One re8t by this newly developed
test, We know that :haro t%iatc exaccly ona best
test to teat HO n~ainst HI when in case of lUES
tiie loss pattarn will be known exactly. This is
the Neyman-P8arson Tent h which may be Cotmulated

aa

{

) k , reject Ho
z (l”k)

f k , rej~ct Jil



where

z.

Because

(nj,nj,...,mn) I
-1

(MUF1,MUF2, . . . ..mFn)t .

in the case of loss the exact pattern
will normally not be kncwn, this test cannot be
applied. The idea of the new test, which is
called GeMUF Test, is to estimate the loss mi
of period i, i=l,2, . . . ..n. by MUF , which is an
unbiased estimate.6 The statistics of this test
may now be written aa

GeMUFi = (MUF1,1WF2, . . ..~Fi) 1~1

(mF1,MUF2, . . ..mFi)t ,

‘1 iS the inverse of the dispersion matrixwhere Xi
for the random vector (MUFL,MlJF2, . . ..MUFi). The
test may now be formulated aa

for i=l,2, . ...1.-l:

{

< ti, no decision and go to the
next period

GeMUFi

> ti, reject HO, (3.2a)

for i=n:

{

c tn, reject HI

GeMUFn
> tn, reject HO .

(3.2b)

The thresholds ti have to be calculated by a
Monte Csrlo simulation to allow a total overall
false alarm probability a. Statistical prop-
erties of the test will not be addreased here
because this will be done by Seifert, but promis-
ing results in applying thin teat can be reported,
It haa to be reminded that in PROSA all the ata-
tiatica that are used are standardized to variance
tine. ThQ test will be illustrated by the follow-
ing example ishown in Fig. 3.1, where the same
data as in Fig. 2.1 have been used with 5% false
alarm probability, It is obvious that we do not
get an alarm.

4. CALCULATION OF DETECTION PROBABILITIES WI~
PR08A

The current version PROSA 1.0 ia daaigned to test
a given sequence of MUF valuea on the Laeis of
the aaaumed measurement modal and gives a yes-no
decision; i.e., it tells if th~ non-loaa aasump-
tlon hae to be rejected or not. In many sltua-
tiont, e.g., for model facilities in a dtalgn-
state, one would like tu have more information)
about tha NRTA teet procedures. Such information
might be the detection probabllitiea for several
kinds If loco patterna for a ,~umber of balance
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Fig. 3.1.
Graphical display of the test thresholds for
GeMUF Test under a = 0.05 and measurement
model of model facility and standardized GeMUF
statistic of the data in Fig. 2.1.

periuda. If, for a certain NRTA test procedure,
this loea pattern, which ie moat difficult to
detect, ia known, then it ia possible to calculate
guaranteed detection probabilities for a certain
amount of loaa no matter how this loaa ia distrib-
uted among the considered balance periods. The
foregoing considerations will be illustrated with
the help of the Truncated Sequential CUMUF Test.
Let ua ~esume that 1-Q (ml,m2, . . . ..~) ia the de-
tection probability for falae alarm probability
a of the Truncated Sequer.tial CUMUF Teat for a
facility with n balance periods and dispersion
matrix Z, where the total 10SS irn M = ml + m2 +
. . . + ~. We are now interested in the minimiza-
tion problem

min (1 - 0 (ml,m210. .,mn) :

‘1 + ‘2
+,..+m mm}.

n

It can be ah~wn that this minimization problem
can be solved’ and that the vector (0$0,, . ., M)
leada to the minimal detection probability. That
mean. that the case of total loss in the last
balance period ia for this teet meet hard to de-
tect. This ia now the situation where another
teat haa to b, used that baa, for this kind of
lorne pattern, a better detection capmbllity. Let
us, for example, aasume ● loaa of 30 kg of pluto-
nium in the 23rd balance period. It it very
unlikaly that the CUTIUFTeat would detect such a
Ioaa; i.e., the detection probability is about
11%* But in this ca?e the GeM’UF Test will detect
it, For illustrative purpoafta a MUF sequence
with ● 10ES of 30 kg in the Iaat balence period
is @valuated, The reaulta are shown in Figs.
4,1-4.3.
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Fig. 4.1.
Simulated MUF sequence for the 500 !/y mdel
reprocessing facility where a 10SS of 30 kg
in balance period 23 is introduced.
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5, ANALYSIS OF Kt?Asu’fmmrr PU3DEIA HITS PUOSA

PROSA WUM pr~rnarily designed to detect
posrnibie 1O-S in a ●eq~enca of balance pe?iodi.
But the application of PROSA to reiil facility
cl&ta ravealad an intarastin# feature of PROSA
tliat might ba of interest, aspecimlly for plant
optrators. It wam mentlon~d btttorc that the stm-
tim?tcal modal for maarnuring ● c9rtLin materiml
1s an asaential inpi~t fur PROSA. FO[ the fol~ow-
ing, let um acsuma that wo hmve the oltuatlon of

applied to the data in Fig. 4.1; alarm in balance
period 23 la clear!y indicated.

non-loan. If now, for a special sequence of baL-
ance pel!o~~, a cert~in error model for measuring
the .titerial of interett is assumed, then th;
refiults of PROSA appliad to the material balance
results may show whether the meaa~rement modal

MY be confirmed or not. That rneana anorrmliee
detected by PROSA may be caused by an error model,
where tha measxrememt uncertainties are assun?d
to be amller than they really are. By looking
closer a: the data, it IMY even be po~sible to
sea whero in tha measurement model the wrong
assumption ❑ight be. Ihene consideration can
be illustrated by tho following mmmpla, where we
assumg for the mdal faciiity ❑eature~nt model a
0.3% random and systenwti[ error for the input.
NOW we appiy PROSA L.O to data of a reprocessing
facility where the random and syatemtic error
for tho input ii 1%. Thesa dats are displayed in
Fig. 5.1. In Figs, 5.2 snd 5.3 the renults for
Pag-’a Test and CUMIJF Taat are shown, It la
obv~oum thct the statistics ● re way out of bounds
evan though no 10SS of material has taken place.
[f wc adjust our model assumptions from ().3% to

12 error for the input, we see in Figs, 5.4-5,5
that the dmta in Fig. 5.1 do not lead to an alarm

becauae now model ●nd data have the same measure-
ment uncertainties.

6. COMXI3S1ON

PROSA L.O is ● helpful tool for the evalua-
tion of NRTA data. It ia int~nded to replace the
Powar Ona Tett by a test called the GePIUF Teat to
lmprovo the dataction capability for a 10SS of
matarialm The inclusion OC datection probabil-
ltieo will ●now U-O of PROSA ●s ~ tool to astl-
mato th~ capabili~ Las of NRTA test procedures.
[n a non-loss case PROSA might al~o be used to
analyze facility measuramant nwdaln,
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Fig. 5.1.
Simulated MUF sequence for the 500 t/y model
reprocessing facility where 1% random and
systematic measurement error for the input is
assumed.

Results for CUkWF Test

Fig, 5,2.
Graphical display of CUMUF Test for MUF sequence
in Fig. 5.1 and thresholclo in Fig, 2.2.
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