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PRESENT AND FUTURE ASPECTS OF PROSA -
A COMPUTER PROGRAM FOR NEAR REAL TIME ACCOUNTANCY

R. Beedgen*
Kernforschungszentrum Karlsruhe
Institut fuer Datenverarbeitung in der Technik
D-7500 Karlsruhe
Federal Republic of Germany

ABSTRACT

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 evaluate
a sequence of material balance data bagsed on three
statigtical tests for 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 hypotnetical loss patterns
will be made available in future releases of
PROSA. Under a non-loss assumption, PROSA may
also be used for the anslysis of facility meas-
urement models.

1. INTRODUCTION

The computer program PRNSA for statistical
anai{sil of near real time accountancy (NRTA)
data‘’ with the intention to detect a louss of mate-
rial in one or more balance periodsc has been
applied vo simulated data from model tacili:iies,
e.g., the DWK 500 t/y reprocessi.g facility,? and
real data from existing facili:ies. The experi-
ence gained in applying PROSA 1.0 to a number
of data sets suggects some new aspects and some
changes for the compuyter program.

2. SHORT DESCRIPTION OF PROSA 1.0

The essential input of the current version
PROSA 1.0 consists of

(1) the desired false alarm probability for
a given number of balance periods,

{(2) the measurement model cof the considered
facility,

(3) the given series of material balance re-
aults  (MUF ,MUFp,....,MUF,) which is
assumed to be multivariate normally dis-
tributed with known digpersion matrix L.

*The author is presently a guest sclentist rt the
Los Alamos National Laboratory, Safeguards Systems
Group.

The matrix [ is the condensed form of the
measurement model of the facility under considera-
tion. It is an essential component for the sta-
tistical analysis of the MNJF sequence. Based on
these data, PROSA calzulates the thresholds for
three gtatistical 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:ese three teats is able
to detect a large number of different loss pat-
terns with a relative high detection probability
compared to the detection probability of the
Neyman-Pearson Test.3» 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 agsume two
statistical hypotheses which describe the non-loss
or loss situation.

B, (non-loss): E(MUFy) = 0 for all periods
kml,2,....,n (2.1)
and
H, (loss): E(MUF ) = m

withm, + m

N + oo +m >0 (2.2)

2 n

The sequential tests in PROSA 1.0 are truncated
versions, i.e., they give a decision at the end
of the nth balance period or earlier. PROSA 1.0
can be provided on diskettes with executable files
for an IBM PC/AT. A manual on how to use PROSA
is also available.l In Fig. 2.1 a simulated MUF
sequence of 23 values based on the model reproc-
essing facility in Refs. 2 and 5 is shown, and in
Fige. 2.2-2.4 the results cobtained by PROSA are
graphically displayed where a 5% false alarm prob-
ability is assumed. We gsee that none of the
tests gives an alarm, {,e., no anomalv is detected
among the data.
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Simulated MUF sequence for the 500 t/y medel
reprocessing facility.
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Fig. 2.2,
Graphical display of the test thresholds for
the CUMUF Test under a = 0.05 and measure-
ment model of model facility and standardized
CUMUF statistic of the data in Fig. 2.1.

3. THE GeMUF TEST

The application of PROSA 1.0 to various data
seta revealed that the application of the Power
One Test does not provide a substantial increase
in detection capability of anomalies among the
data compared to the Page's Test. This is not
very surprising because the statistics of both
tosts are very similar, But there ars casea where
CUMUF Test as well as Page's Test do not perform
very well.% So at KEK we are looking for a test
that {s bused on the idea of the Neyman-Pearson
Test that should close the gap. The idea is 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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Flg. 2.4.
Graphical display of the test thresholds for
Power One Test under a = 0.05 and messurement
model of model facility and standardized Puwer
One statistic of the data in Fig. 2.1,
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replace the Power One Test by this newly developed
test. We know that ihere c¢xists exaccly one best
test to test Hy against Hy when {n case of loas
the loss pattern will be known exactly. This {is
the Neyman-Pearson Teat® which may be [ormulated
as

> k , reject Hg
2z (3.1)
¢« k 4 rejact My



where

1

Z = (ml,m .,mn) I

210

t

(MUFI,MUF .,MUFn)

greee

Because in the case of loss the exact pattern
will normally not be known, this test cannot be
applied. The idea of the new test, which ig
called GeMUF Test, is to estimate the loss my
of period i, i=1,2,....,n, by MUF , which is an
unbiased estimate. The statistics of this test
may now be written as

-1
GeMUF, = (MUFl,MUFZ....,MUFi) 21

i

(MUF, \MUF, .. . ,rvrmri)t ,

vhere 211 is the inverse of the dispersion matrix
for the random vector (MUFy,MUF3,...,MUF{). The
test may now be formulated as

for i=sl,2,....,0=1:

¢ t,, no decision and go to the
i
next period

GeMUF{

» ty, reject Hy, (3.2a)
for i=n:

< tn' reject H1
GeMUF (3.2b)

‘ > tn. reject Ho

The thresholds tj{ have to be calculated by a
Monte Carlo simulation to allow a total overall
false alarm probability a. Statistical prop-
ertiegs of the test will not be addressed here
because this will be done by Seifert, but promis-
ing results in applying this test can be reported.
It has to be reminded that in PROSA all the sta-
tistica that are ugsed are standardized to variance
one. Tha tegt will be illustrated by the follow-
ing example shown in Fig. 3.1, where the same
data as in Fig. 2.1 have been used with S% false
alarm probability. It is obvious that we do not
get an alarm,

4. CALCULATION OF DETECTION PROBABILITIES WITH
PROSA

The current version PROSA 1.0 is designed to test
A given sequence of MUF values on the bLasis of
the assumed measurement model and gives a yes-no
decision: 1.,e., it tells {f tha non-loss assump-
tion has to be rejected or not. In many situa-
tions, e.g., for model facilities in a design-
state, one would like tu have more information
about the NRTA test procedures. Such information
might be the detection prohabilities for several
kinds of loss patterns for a aumber of halance
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Fig. 3.1.
Graphical display of the test thresholds for
GeMUF Test under a = 0.05 and measurement
model of mode! facility and standardized GeMUF
statistic of the data in Fig. 2.1.

periods. If, for a certain NRTA test procedure,
this loss pattern, which 1s most difficult to
detect, is known, then it is possible to calculate
guaranteed detection probabilities for a certain
amount of loss no matter how this lnss is distrib-
uted among the considered balance periods. The
foregoing considerations will be illustrated with
the help of the Truncated Sequential CUMUF Test.
Let us assume that 1-8 (mj,m3,....,mp) is the de-
tection probability for false alarm probability
a of the Truncated Sequertial CUMUF Test for a
facility with n balance periods and dispersion
matrix I, where the total loss ia M =m) + mp +
«ie + My. We are nov interested in the minimiza--
tion problem

min (1L - 8 (ml.mz.....mn) :

mo+my+ .. +moom M} .

n

It can be shown that this minimization problem
can be solved’ and that the vector (0,0,...,M)
leads to the minimal detection probability. That
means that the case of total loss in the last
balance period is for this test moet hard to de-
tect. This 1is now the situation where another
test has to be used that has, for this kind of
loss pattern, a better detsction capability. Let
us, for example, asaume a loss of 30 kg of pluto-~
aium in the 23rd balance period. It is very
unlikely that the CUMUF Test would detect such a
loss; i.e., the detection probability {s about
11%. But in this cate the CeMUF Teat will detect
it. For {llustraiive purposes a MUF sequence
with a loss of 30 kg in the last balance period
{s evaluated. The results are shown in Figs.
4,1-4.,3,
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Simulated MUF sequence for the 500 t/y model
reprocesalng facility where a loss of 30 kg
in balance period 23 1is introduced.
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Flg., 4.2.
Graphical display of tha CUIIUF Test for
7 = 0.05 applied to the data {in 4.l
lors of material !s not detected.

5. ANALYSIS OF MEASUREMENT MODELS WITH PROSA

PROSA wus primarily designed to detect a
posgibie loas In a sequence of balance pe-iods.
But the application of PROSA to real facility
data revealad an interesting feature of PROSA
that might be of Interest, especially for plant
operators. [t was mentioned betore that the sta-
tis-ical model for measuring a certcin material
is an wessential inpuc for PROSA. For the follow-
ing, let us assume that we have the gltuation of
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Fig. 4.3.
Graphical display of the GeMUF Test for a = 0.05
applied to the data in Fig. 4.1; alarm in balance
period 23 is clearly indicated.

non-loan. If now, for a special sequence of bal-
ance periods, a certain error model for measuring
the material of interest i{s assumed, then the
results of PROSA applied to the material balance
results may show whether the measurement model
may be confirmed or not. That means anomalies
detected Ly PROSA may be caused by an error model,
where the measurement uncertainties are assumed
to be smaller than they really are. By looking
closer a: the datsa, it may even be pousible to
sea where in the measurement model the wrong
assumptions might be. 1hege considerationa can
be illustrated by the following axample, where we
assune for the model fecility measuremant model a
0.3% random and systematic error for the input.
Now we apply PROSA 1.0 to data of a reprocessing
facility where the random and syastematic error
for the input is 1%. Thesa dats are displayed in
Fig. 5.1. In Figs. 5.2 and 5.3 the results for
Page's Test and CUMUF Test are shown. It fls
obvious thet the statistics are way out of bounds
even though no loas of material has taken place.
If we adjust our mode! assumptions from 0.3% to
1% error for the input, we see in Figs. 5.4-5.5
that the data in Fig. 5.1 do not lead to an alarm
because now model andi data have the same measure-
ment uncertainties.

6. CONCLUBION

PROSA 1.0 is a helpful tool for the evalua-
tion of NRTA data. It ls intendead to replace the
Power One Test by a test called the GeMUF Teast to
{mprove the detaction capabllity for a loss of
matarial. The ({nclusion ot detection probabll-
ities will allow use of PROSA as a tool to esti-
mate the capabilities of NRTA test procedures,
In a non-loss case PROSA might also be used to
analyze facility messurement models.
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Fig. 5.1,
Simulated MUF sequence for the 500 t/y model
reprocessing facility where 1% random and
systematic meagsurement error for the input is
assumed.,
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Graphical display of Page's Test for MUF sequence Craphical display of Page's Test for MUF sequence

in Fig. 5.1 and thresholds in Fig. 2.3. in Fig. 5.1 and thresholds based on 1% random and

systematic input measurement error.
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in Fig. 5.1 and thresholds based on 1% random and
systematic input measurement error.



