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Zusammenfassung

Mehr als 200 in der Literatur verdffentlichte Werte {iber MUF (bei der
Bilanzierung unerfafte Mengen an spaltbarem Material) in verschiedenen
Kernanlagen wurden darauf untersucht, ob sie a) allein durch systema-
tische MeRfehler erkldrbar sind, b) einer statistischen Verteilung zuge-
ordnet werden kdnnen und c¢) ob die normalisierten oder absoluten Werte

des MUF fiir Uberwvachungszwecke besser geeignet sind.

Die Analyse zeigt, daB unter Beriicksichtigung der zugrunde gelegten Be-
dingungen ein groler Teil der MUF-Daten durch systematische MeBfehler
erkldrbar ist, jedoch kann such eine Vielzahl anderer Faktoren zufdlliger
sovie systematischer Natur zu den MUF-Daten beitragen. Anlagenspezifische
Daten k8nnen einer Normalverteilung gehorchen. Im Hinblick auf die Gesamt-—
eingangsmenge normalisierte MUF-Werte scheinen besser als absclute Werte
fiir die Uberwvachung geeignet zu sein. Eine stindige Analyse der unter wohl-
definierten Bedingungen gewonnenen MUF-Werte ist notwendig, um diese Daten

in geeigneter Weise verwenden zu k3nnen,

Abstract

More then 200 values for material unaccounted for (MUF) in different nuclear
facilities, published in the literature, have been analysed with a view to
determine whether a) they can be explained by systematic errors of measure-
ments alone b) they follow any known statistical distribution and c) the

absolute or the normalized values of MUF are better safeguards indicators.

The analysis shows that within the restrains stipulated in the peper, a major
part of the MUF data can be explained by systematic errors of measurements

but a large number of other random and non-random factors contribute also

to the MUF values. Facility specific MUF values may showv a normal distributioen.
Normalized MUF values with respect to the total input appear to be & better
safeguards indicator than the absolute values. Continuous analysis of MUF
values obtained under controlled conditions is essential for the proper use

of these values,
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Analysis of Some Available Data on
Material Unaccounted For (MUF)

H. Singn ¥

Institut fiir Angewvandte Reaktorphysik
Kernforschungszentrum Karlsxruhe

1. Introduction

It is now & well established fact that material balance accountancy complement=—

ed by containment and surveillance will be the three besic measures for any
safeguards system. They are also of importance for establishing an internal
material accountancy system for a facility. Of thése thrée basic measures,

the material balance accountancy permits quantitative safeguards statements

in case of a probable diversion. In this comnection the most important factor
which influences such a statement is the MUF (Material Unaccounted For) defined

as the difference betwwen book and the physical inyentary 2733;7, after a material
balance for a material balance area over a given period of time has been estab-
lished.

In those cases vhere no measurement errors and no process losses occur in
esttblishing a material balance (e.g. digital accountancy for fuel elements
in a light water type reactor), the value of the MUF is zero under diversion
free conditions. However, in those nuclear facilities in which fissionable
materials are measured by chemical or other methods, the measured amounts are
associated with measurement errors so that the difference between the book
inventory and the physical inventory is seldom zero. Basides, unknown process
losses or hidden inventory in the plant may also cause the MUF to have a
different value than zero. Evidently, on top of all these possibilities a
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diversion will make the value of MUF different from zerc as well. Théreforeg
the material balance accountancy provides no doubt the only mesns of meking
a quantitative statement in the event of e diversion, for those nuclear
facilities in which measurements are directly made on fissionable materials,
the 1nspectz.on orgam.satlon ha.s to have an idea on the che.re.cter:.st:.cs of the

MUF under d:.versmn free conditions.

As indicated sbovegthe components of the MUF may be regarded to be composed
of two factors one being the unmeasured guantities and the others being the
measurement errors. The ummeasured quantities may consist of the unmeasured
process losses which leave the facility and the hidden process inventories
remaining in the facility. Both these guantities may have a systematic and

s random component. The measurement errors abe also composed of a random part
and a systematic part. Therefore the values of MUF are expected to have a mean
value and a variance, The variance is expected to be caused meinly by the ran-
dom fluctuations of the process losses and the systematic errors of measure=
ment as the random part of the measurement errors may be reduced significantly
over a large number of measurements.

In the present psper published velues on MUF from different facilities have
been analysed with regerd to the following areas of interest:

a) Can the MUF values be explained by the known spstematic exrors
of meesurement methods alone which are normally used in those

faczhnes in which the MUF values are generated.

b) Do the MUF values follow any definite distribution e.yg. normal

distribution.

e) Are the sbsolute or the normalized values of MUF better safe-
guards indicators. ’

Input Date
" Measurenent errors

Many published values are aveilsble on systematic errors. It is beyond
the scope of this report to list all of them, For the purpose of the
present investigations two representative sets of values for systematlc
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errors _/__2, 3_7 for uranium and plutonium meesurement methods in a re-
processing plant have been used and reproduced in Table 1. For facili-
ties other than chemical reprocessing, systematic errors corresponding

to the product stream of chemical reprocessing plants have been used

for the feed and the product strea.ms,’ Although this assumption may not
alwvays be justified, it eppears to be quite correct for the purpose of
the present study. Whenever isotopic compositions are involved an addi-
tionel systematic error of 0.3 % / 1_/ has been considered. The values in
‘[_—3__7 have been used for analysis in this report as they appeer to be re-
presentative of actual present-day plant operating conditions. The values
in /2 7] were obtained in the course of an interlabtest and particularly
the values for the input stream of a reprocessing plant may change whén
large amounts of dats become available. The sum of the total systematic
errors (Table 1) for a given facility and material is calculated by teking
the square root of the sum of the squares of the individual relative stand-
ard deviations for the feed and the product streams. Thus the systematic
errors are assumed to be independent of each other and are described by

verience and not as a bias,

MUF values

A total of 241 MUF values (Mi) could be obtained from nine different sources
L—l,k,5,6,7,8.9,10.11_7. They are listed in Table 2. For the purpose of
analyses these values were grouped in the following manmer:

2,2.1 Values of MUF (M ), normalized with respect to the feed or imput
(veginning mventory + receipts or one half of the total flow )
for four specific facilities [ 5,5,6,T,10.7,

They are presented in Tebles 34,3B,3C and 3D, The numbers of M,
values vary between 20 = 30, The absolute amounts and the time
sequence of the MUF values are not known.

2,2,2 Values of MUF (M;) normslized to imput for a group of facilities
(total number 126), The types of facilities as well as the absolute
values and the time sequence of the M,  are not known. The values

are summarized in Table 4 /5,11 7.

2,2.3 Values of MUF (Mié) normalized to both the input and the systematic
measurement error component. They include all the values from Table 3
except those from / 5 / end some additional values from Table 2, for
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which the type of facility in vhich the MUF values generated

ves known. The M; values, 89 in number are listed in Table 5.
These values were obtained by dividing the Mi values by the
corresponding systematic errors (US values) of Table 1, In case of
M, values for isotopes an additional systematic error of 0.3 %

was assumed.

2.,2.4 30 absolute values of MUF in srbitrary units for a reprocessing
facility. The time and feed sequence of thesé . values are known
/4 /. The relevant data are presented in Tables T, 8 and 9,

3. Influence of the Systematic Part of the Measurement Eerors on MUF

Since the random part of any measurement errors reduces rapidly with in-
creésing number of measmrements, it is justifiable to analyse the influence
of the systemstic part of the measurement errors slone on the MUF Values,
The systematic part may consist of & bias and a random part which is described
by a pelative standard deviation 6. The calibration error in a meesurement
method £ a typical example of the latter. The standard deviations for the
systematic errors are normally caused by a fairly large number of complex fac-
~ tors which may have different types of statistical distributioms. The result-
ing distribution of the relative systematié error msy therefore, be assumed
to be normal. In cese sbout 95 % of the M; values (i.e. individusl MUF values
normalized with respect to the input) were to lie within the + 1.96 & range
of the corresponding relative standard deviations of the Bystematic error,
they could then be assumed to be explained entirely by the systematic errors
only, with the error fimst kind (o error) of 5 %. For this analysis the re-
sults of Table 5 are of interest. Here only those normalized MUF values (M, )
which were hmown to be generated in a definite type of facility (so that the
corresponding values of systematic errorz could be sllocated to them) could
be considered, Each of these values were divided by the cbrrcsgpndégg relative s
standard deviation value § for systematic errors as given in / 3 /. These
values are expected to correspoud'more closely to the plant operating condi-
tions, If the result of the double nmormalization (i.e. LI values) is found to
be greater than + 1.96, it can be considered to be an outlier. The resulting
values are arranged in the decreasing order of their magnitude. It is to be
noted that out of s total of 89 values 19 values, i.e. 21 % of the total are
outliers. Besides, the mean valuefpf tﬁege Mis is positive and not zero.
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a)

b)

e)

se results indicate a number of interesting points:

Although about 80 % of the MUF values can be explained by the syste-

matic errors alone - and this is & very large number - the relatively
large number of outliers seems to indicate that some other components
ere also contributing to these values,

A positive value of the mean of the double normallzed.M.‘ values show
that there is either & bias in the systematlc error component or an
unknown process loss, or both.

Since the unknown process losses may alsc vary randomly and the variations
may be caused by eamplex comtributions of a number of factors having
different distributions . ‘ ' | These unknown
process losses may also have a normal distribution, as has been assumed
to be the case'with the systematic errors. In that case, the Mi values
may be extected to be normally distributed with a standard deviation which
may be equal to or larger than that for the systematic errors.

k., Test for Normal Distribution of Normalized MUF (M.) Values

An

enalysis of the results of Table 5 shows, as indieated above, that further

investigations of the MUF values on vhether they are normally distributed

or
to
in

L1

not, ere worthwhile. The K-statistics 1712;7 has been used in this report
test the normality of the values. The basic structure of the test is given
Annex 1,

Restrictions

It is to berpdted that statistically significant amount of data

(i.e. at least 50 for a given sample) is required to carry out a test
for normality with k-statistics. Since the numbers of MUF velues particu-
larly for single facilities (Tables 3A, 3B, 3C and 3D) are fairly small,
the results of the test should only be considered as indicating trends
instead of definite prooés. |

Another point to note in this commection is that the g, and ga.values
for the test (see Annex 1) ere availsble in the literature / 12 / for
“down to a total number of ‘gample- values n of 50--and 100 regpectlvexy.

Therefore, for the normality test in the present report, because of
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smaller sample muwibers, two other ratiocs namely

k3f6k3 and khjgk;

have been used. The first ratio is the measure of the skewness (asym~
metry) and the second one, the measure of kurtosis. The distribution
of & random population of numbers may be considered to be gpproximately

normel if the value of each of these two ratios is found to be less than 2.

Test resulis

All the different categories of normelized MUF values as listed under
2.2.1, 2,2,2 and 2,2,3, and presented in Tebles 2, 3A-3D, 4 and 5 were
tested for normality. The results of the test are summarized in Table 6,
A pnumber of points are worth memtioning:

a) All the Mi values (Table 2) when tested together, do not show normali=-
ty. However, the normelity improves significantly if the highéet two
positive values of MUF (5.86,5.7hk) are rejected., This rejection may be
Jjustified as the values lie beyond the + 2 ¢ range of the resulting
distribution. By the rejection of orly these two velues the distribu-

- tion becomes completely symmetrical (the skewness factor is reduced
from 9.2% to + 0.03) and the kurtosis is reduced by a factor of about 3
(from 30,41 to 11,.hh). However, the distribution cannot be comsidered
as normal because of the high value of the kurtosis. The results are
illustrated by the histogram of Fig. 1. |

b) The M; values for all the four individual facilities (Tsbles 3A, 3B,
3C and 3D) are normal distributed (with the restriction of 4,1),

' However, vhen the values are combined together, the resulting distri-
bution cen no longer be considersd as normal. Here also only the
kurtosis causes the abnormality. Fig. 2 gives the histrograms of the
results of these four tebles as well as the histogram of the cambined
MUF values. -

¢) The MUF velues for the group of facilities (small number per facility)
; listed in Table 4 do not show & mormal distribution. The date in this
téble differ from thosé/in Tgble 2 mainly by the absence of the faci-
iity specific M, #alues.,The distribution shows the same type of
~trends as for the Table 2 data, The skewness is reduced slmost to zero
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by the elimination of the highest two values,the kurtosis remains.

d) The double normalized His values in Table 5 (normslized both with
respect to input and to the relative standard deviations for the
corresponding facilities) do not show s normsl distribution., The
difference between the valﬁes in this table and the sum of the
values in Tables 3A, B, C, and D lies mainly in the absence of the
26 values of Tablé 3B / 5/ for which the type of facility is not
known. A comparison of the test results for these two groups of
values (columns T and 8 in Table 6) indicates that sn additional
normalization with respect to systematic errors causes an improvement
in the normality of the distribution (skewness improved from -.0.2
to + 0.05 and kurtosis improved from 6.46 to 4.57) for MUF values
for groups of facilities.

5. Absolute vs Normalized MUF values

Although most of the MUF values (211 out of 241) considered in this study
vere available as normelized values i.e. as percentage of feed or inmput,

some 30 values from / 4 / were also availsble in sbsolute units. They
provided an oppertunity to test the suitsbility of the absolute MUF values

for safeguards purposes. Here again & world of caution is necessary. The
number of MUF values available is small. Therefore the results of the analyses
can be regarded as indicating some trends only,

The absolute and the normslized (with respect to feed) values of MUF for
this facility vwere tested for normality. The results are summarized in
Table TA. The histograms of the distributions with absolute and normalized
MUF values are given in Fig. 3, Since the time sequence of the reprocessing
campaigns, for which the MUF values were available, was also known, the mean
values and the corresponding standard deviations for the absolute MUF values
for a number of sequentially overlapping accounting periods were estimated
and are presented in Table 8, For comparison, the mean value and the stand-
ard deviations for the corresponding normalized MUF values (Mi) vere also
calculated and are presented in Table 8A. A similar set of data for the
sbsolute and the relative MUF values for the same sequentially overlapping
accounting periods for increasing values of feed, was also calculated and

and those of 9 and 9A are presented graphically in Fig. L.

are presented in Tables 9 and 9A respectively. The results of Tables 8 and 8A
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An analysis of these results tends to indicate the following:

a) Both the absolute and the normallzed values for the reproce831ng
facility appear to be normally dlstrlbuted chever, the normallzed

values seem to be 51gn1f1cant1y more normal than the absoluxe values
(see Fig. 3). The distribution for these values show a much better

symmetry (g1 = 0,019 against 0 5& Table TA)

b) The mean and the standard deviations show a much wider spread for the
absolute MUF values for both the time and the feed sequences. Those
for the relative values are more stable and show 2 fairly narrow band
of scatter. - | |

¢) The numbers of outliers for sbsclute MUF values for the time and the feed
sequences are faikly large. They are reduced for relative MUF values,
and are almost independent of the sequential periods chosen.

6. Discussion of Results

At the beginning it should again be emphasized that because of the limited
smount of data évailable, the results may only show some‘trends:in the behavior
. of the MUF data. Some i;scusslons of the results are attampted in the framevork
of thls llmltatlen.

6.1 Systematic errors and normalized MUF

An analysis of the results in Table 5 showed that about 80 % of the 89
normalized MUF (relative to feed or input) values could be expleained by
‘the systematic errors for the corresponding facility. The systematic error
- has been assumed to vgry randomly for the MUF value generated in different
-campaigns. This appears to be quite.oftén the case. Use of consumable
measuring equipment, calibration of measurement unites from campaign to
campaign, use of different messurement standards, may all cause the syste-
matic error associated with these events to vary randomly from campaign
to cempaign. The fact that such a large fraction of the analysed relative
- MUF data can be explained by such systematic errors alone,‘is‘in itself
—feirly -important. This would mean firstly, that the systematic errors
maeke & major contribution to the components of MUF and secondly, that
the relative MUF values will be a more suitsble safeguards indicator than

the absolute wvalues of MUF,
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Another highly significant fact is that sbout 80 % of the 241 relative

MUF values analysed are positive and the mean value is positive and not
zero., This would tend to indicate that there is a continuous unknown loss
of material (or hidden inventory) in the facilities in which the MUF dats
were generated. Although such a bias may alsc be caused by an unknown bias
in the measurement methods, this appears to be less probable since it would
mean that all the measurement methods in all these different types of faci-
lities would have a bias in the same direction. The positive mean bias in
the MUF values becomes difficult to detect separately as in most of the
cages it is considersbly smaller than the standard deviation.

It is also important to note that the mean values of the relative MUF tend
to remein stable over a wide range of normalized values, This would mean
that the bias (caused probably by process losses) is also dependent on feed.
This is another reason for using the normalized MUF values for safeguards

purposes.,

6.2 Digtribution and components of normalized MUF values

6.2.1 Distribution

The results of Teble 6 indicate that all facility specific normalized
MUF values are normally distributed with a positive mean value and a
standard deviation which is larger than the mean and than that for the
systematic error alone (excepting one case for U-235 facility, Table 3C).
For combined values fwom different groups of facilities, the same trend
can be noted i.e. the mean values ere less than the standard deviation,
but the normality of the distribution is destroyed. The omly reason

for the non-normal distribution may be the insignificant amount of

the data analysed and real presence of contamination. In order to
illustrate the semnsitivity of the test, the values of k3, k) and their
veriance are also included in Table 6. At this point some further
discussion on the different components of MUF appears to be relevant.

6.2.,2 Components of MUF

It was postulated at the beginning that the MUF may consist of

two basic components namely, the unknown losses and the neasurement
errors. The unknown losses have to be specific of the process i.e,
of the type of the facility, whereass, the messurement errors should
depend on the measurement methods used. Both these components may

have a systematic and & random part and may or may not be dependent
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on the feed or the input. Some typical examples of these possi-
bilities msy be considered.

b)

&) The reproducibility of any measurement method is the random

part of the measurement exrror for this method. In a recent inter-
labtest _[‘_2__7 the reproducibility of the meesurement method for
uranium concentration in the product stresm of a réprocessing
plant was found to have a relative ssandard deviation of 0,11 %
By n repetitioneof measurements by the same method, the contﬁ-
bution of this part of the error is reduced by 0,11 %/Vm. Since
in a normal campaign, fairly large number of messurements by
the same method are expected to be made, the contribution of the
random part of the measuring method to the MUF values becomes
small, However, for those small campaigns, this contribution may
not be negl:.g:.ble.

The calibration errors for a measurement method used in a parti-
cular facility is an example of the systematic part of the mea=

surement error. So long as the same calibration curves are used,

the error propagetion for this. type of error follows a linear
rule, However, the values of the calibration curves for the same

method varies from facility to facility and from campaign to

campaign.in a random fashion., The variance for such systematic
errors may be estimated with the help of results obtained from & -
suitably constructed interlabtest. They are expected to be normally

distributed with & mean value of zero. The variance for the syste-

matic part of the nieasurement method for uranium concentration
mentzoned before, was found to be # 0.2 - -4 during the same inter—
labtest [2 7. Contribution of this part of the error to the MUF
values 1s not reduced by repeated measurements as it propagates
llnea.rly. This pa.rt of the error: is dependent on the smount . of
feed,

The systematic component of the errors may also have a bias (e.g.

. the measurement errors associated with an analytical standard).

This cen be determined only with difficulty. However, the influence
of such errors can be eliminated by using the same measurement me-
thods (with the same instruments) for the input and the output

“‘streams, A bias can be independent of the measured amounts esg.

‘the absolute valuesof bias in a weighing balance,which remsins

constant over a wide range of weighed amounts.



c) A part of process losses or hidden inventories mey be independent
of the feed or input amount, for example, those losses caused
by the deposition of fissile materials on the surface of process
equipment because of corrosion or unaveidable reactions. The amounts
remaining in filters, centrifuges etc. may also be independent of
the input. Any accidental losses, retentions of process material
in one campaign and reworking and the production of the same
material in some other subéequent campaigns, are also examples
of process losses which may be independent of the imput. Depend-
ing on the process conditions, such losses may have a small or

a large random compenent,

Some other types of process ldsses may depend.on the amounts

of feed treated in a campaign. Examples:of this type are un-
measured process losses which leave the facility during a campaign,
write offs which may be made of the amounts estimated only by
difference and so on. Since the féed itself may be randomly di-
stributed (e.g. batch-to-batch variations) or the measured values
are generated randomly, the. feed depéndent process losses have
also a random component. Besides, the losses themselves may also

vary in a random manner.

6.2.3 Relation between distribution and components of MUF

Coming back once more to the distribution it mey be remembered

that the mean of the normalized MUF values were found to be fairly
_stable and varied in the range of 0.15-0.5 or in the range of
10.15-0.k  ynen thé,highest two values in Tables 2 and k were rejected.

It is evident that such stability could not be caused by process losses

vhich were independent of feed, since the feed for different campaigns

in dif€erent facilities considered in this report, varied over a very

wide range. Therefore, the contribution must have been from the

process losses which are feéd dependent andnmwior may not leave the
facility during or after the campaign. It was mentioned earlier under

6.1 that the bias in measurement error could in all probability not
contribute to the positive mean values of the normalized MUF,

It is however; difficult to determine the components from vhich
the additional relative standard deviations farthe normal distribu~
tions have been contributed. The absolute values of these relative

standard deviations are in the range of 0.2=1,25 %, It may either be



from the throughput—-dependent or throughput-independent process
losses. A remote possibility of this contri‘bﬁtion may be from the
random component ofthe measuremeﬁt errors élso. If the total inte-
gral amounts of feed during the campaigns considered here were large,
the relative standard devistions caused bjr the feed-independent
process losses would be small in comparison and would be completely
masked by the relative stand@i;ﬁ deviations caused by the feed-depend-
ent process losses., The influence of the former would also be reduced
over a longer period of plant operations. Both the larger amounts of
feed and the longer period of opefation would tend teo vreduce the
influence of the random part of the measurement mrrors also. Only
for small emounts &f feed over short periods of time can the relative
standard deviations of fééd4indjépéﬁdeﬁf process losses meke an impor~
tant contribution to the steanderd deviation of the MUF values.

6.3 Absolute vs mormalized MUF values

The distribution of the absolute and the normalized MUF values for &
reprocessing plant / 4 _/, as well as the means (u) and relative standard
deviations (6) of these values for e number of sequentially overlapping
accounting periods were analysed in chapter 5. There was a clear indication
that for the set of data considered, the nermalized values of MUF (Mi) axre
better suited for safeguards purposes. Since both the p and the ¢ values
are much more stable for H:L values, they can be used for predicting the Mi
values for future campaigns with different amounts of feed, than the ones
for which the Mi values are available. The Mi values sre much more normally
distributed than the sbsolute MUF values. As discussed earlier, this is
explainable because of the fact that both the u and the ¢ of the distribu-
tions are determined mainly by the feed (or input). This doces not mean
however, that the actual MUF and the feed values should be correlated in

a statistical sense (linear correlationm). Because of the randommess of the
MUF values no linear correlations cam normally be established.

T. Conclusions

The present report is an effort to analyse the published data on MUF for
different nuclear facilities. From the point of view of safeguards, a knowledge

statement on the MUF values can be msde,



241 published values of MUF normalized with respect tc feed or to input
and 30 sbsolute MUF values were analysed in respect of three areas of

interest namely, a) the influence of systematic errorz, b) the probable
distribution of the MUF values and ¢) the suitability of the absolute or
the normalized values of MUF for safeguards purposes.

Although in most of the cases the amountz of data analysed were relatively

small, a number of generalized conclusions subject to the reéstrictions indi-

cated in the report appears to be possible. They are summarized below:

Tl

T.2

T.3

About 80 % of the available MUF data from different facilities could
be explained by the corresponding systematic errors of measurement
alone which were assumed to be normally distributed. Although this is
not the only component contributing to thé MUF values, in the absence
of any other data, and vhen the systematic components of errors for
measurement methods are known, they can be used as’ a starting basis
for predicting the behavior of MUF values for similar facilities using
the same type of material and the same measurement methods. They can

also be used as a quantifiable basis for meking statements on MUF values.

The normalized MUF valuesfor s given facility may be expected to have

e normal distribution with a positive mesn value and e relstive standard
deviation which may be larger than that assumed for the systematic

error. Such a normal distribution may therefore, form a quantifisble
basis for the preparation of decision models with the help of which state-
ments on the MUF valuestmay be made by a safeguards authority.

The distribution of MUF values from groups of facilities was- not found
to be normal.

The mean values of all the different categories of MUF data were found
to be positive varying within a fairly narrow range of 0,15=0.k4, They
indicate to an unknown feed dependent process loss. The broadening of
the relative standard deviation (which in most cases was much larger
than the mean) of the resulting normal distribution of MUF may alsc be
caused by the veriance of this feed-dependent process loss.
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T.4 The normalized valuesof MUF appear to be better suited for safeguards
purposes than the sbsolute values. For a reprocessing facility, the
mean and the welative standard deviations for these values for a
number of sequentially overlapping accounting periods, showed a much
more stable trend than those for the absolute velues,

7.5 It is absolutely essential to collect and analyse MUF values for differ=—
ent nuclear facilities inka systematic manner continuously and on a
world wide basis. The data analysed in this report indicate that the
knormalized values of MUF may be expected to behave in a predictable

mnanner,
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Table 1: Systematic Errors for a Chemical Reprocessing Plant

Error Relative standard deviation 6+) in %
description S il
Values from an interlsbtest US values /3/
/2/
Plutonium Uranium Plutonium Uganium
Total systematic
error for feed 2.7 1.b 0.kh 0.b1
Total systematic
error for
products 0.25 0.2 0.37 0.2h
+)

//

the component of systematic error for isctopic

snslysis is taken as 0.3 %
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Table 2: A List of All the Normalized MUF+)Vhlues (Mi) Used in this Paper

Seriall Mi Materia% Ref.| Serial Mi Material| Ref, (Serial] M. Materisl! Ref,
No, No. No. 1
1 -0,17 - 5 4¢ 0.07 - 5 91 0.11 - 5
2 0.18{ - 5 k7 | o.11 - 5 92 | 2.kk - 5
3 1718 = 5 L3 | 0.13) - 5 93 | 0.05 - 5
b -0, b1 - 5 ko 0.21 - 5 ol 0.06 - 5
5 0.22| = 5 50 | 0.31 - 5 95 | 0.53 - 5
6 0.10 - 5 51 0.78 - 5 96 | =0.06 - 5
T |=0.09] = 5 52 | 1.00] -~ 5 97 | 0.35 - 5
8 0.12 - 5 53 0.64 - 5 98 |=0,02 - 5
9 -0,02 - 5 54 0.94 - 5 99 2.1k - 5
10 0.09 - 5 55 1.23 - 5 100 0.92 - 5
1 1.16 - 5 56 1.1k - 5 101 {=0,03 - 5
12 -0.13 - 5 57 0.07 - 5 102 0.06 - 5
13 0.k2 - 5 58 | 2.kk| - 5 103 | 0.19 - 5
14 1.62 - 5 59 1.24 - 5 1ok 8.15 - 5
15 1.35 - 5 6o 1.18 - 5 105 0,02 - 5
16 0.07 - 5 61 0,01 - 5 106 0.10 - 5
17 0.3k - 5 62 1.78 - 5 107 0.36 - 5
18 0.69 - 5 63 | =-0.03 - 5 108 | ~=0,62 - 5
19 0.5k - 5 6L 0.07 - 5 109 0.23 - 5
20 1.20 - 5 €5 0.63 - 5 110 0.08 - 5
21 0.17 - 5 66 0.11 - 5 111 0.08 - 5
22 0.21 - 5 67 0,01 - 1 s 112 0.08 - 5
23 0.01 - 5 68 0.15 - 5 113 |=-0.80 - 5
2h 0.29 - 5 69 0,52 - 5 11k 0.11 - 5
25 0.30 - 5 To 0.67 - 5 115 |=0.19 - 5
26 -0, 10 - 5 Tt 0,60 - 5 116 0.12 - 5
27 0,09 - 5 72 | =3,22 - 5 117 0,02 - 5
28 0.82| = 5 | [13]| 5.74] =~ 5 | 118 | 0.27 - 5
29 0.30 - 5 Th 0.01 - 5 119  |[=0.15 - 5
“30 0.43 - 5 75 0.12 - 5 120 0.17 - 5
31 2,96 - 5 76 0.10 - 5 121 0.0k - 5
32 1,06 = 5 77T | 0.09| = 5 122 | 0.09 - >
33 2,22 - 5 78 0.09 - 5 | 123 0.06 - 5
3k 0.08 - 5 19 0.31 - 5 124 |=0.06 - 5
35 0.39 - 5 8o 0.61 - 5 125 [=1.12 - 5
36 0.19 - 5 81 0.ko - 5 126 1,00 - 5
37 0,04} = 5 82 0,11 - 5 127 1.94 - 5
38 -0,06 - 5 83 0.03 - 5 128 0.65 - 5
39 0.13 = 5 | [(Bu]| 5.86f = 5 [ 129 | 1,30 - 5
ke 0.13 - 5 85 1,62 - 5 130 1.38 - 5
L1 -0,32 - 5 86 2.05 - 5 131 0.33 - 5
L2 =0,36 - 5 87 0.12 - 5 132 0.46 - 5
43 0.35 - S 886 |-0.07 - 5 133 |=1.23 - 5
hi -1,96 - 5 89 1,43 - 5 134 0.85 - 5
Lg 0,21 - 5 90 0.05 - 5 135 1.00 CR L




Table 2 contd.
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Serial Materieal |[Ref.| Serial M, |Material R Serial| M. |Material - _|Ref.

No. No. : Ko, : ’
136 CR L 1186 0.39|Pu~239 T |236 1.40{Pu CR 8
137 CR L |87 1.11|Pu=239 T (237 1. 48| Pu-239+2L41 CR| 8
138 CR L }188 2,87 Pu-239 T 1238 1.00|U CR 9
139 CR L 1189 0. 19 {Pu=~239 7 1239 1.40|/Pu CR 9
1ho CR b 190 0.23|Pu=230 T {2ko 1,36|Pu-239+241 CR| 9
141 CR L 1191 0.51|Pu=239 | 7 |2k O.bu|U=235 1
1h2 CR L {192 -0,18|Pu=239 CH T
143 CR L | 193 0.41{Pu=239 CR T
14k CR L |194 0.07|U=235 +)
145 cR |4 | 195 | 0.09|U=235 Numbers fpom ref 5,7,10 and 11
146 CR 4 196 0.27{U=235 are no;ma}lze§.w1th respect
1&7 CR h 197 1.80 U__23S to b?glnnlng lnventory Plus
148 CR 4 | 198 0.04|U=-235 receipts, from reﬁerenc? L
149 CR N 199 0.49|U=-235 the normalizing factor is feed
150 CR L 200 0.49|U-235 and frog rest of the referen-
151 CR L 201 0.94|U-235 ces 1t 1s half of the total
152 CR 4 {202 |=-0.05|{U~235 flow.
153 CR L j203 0.k0|U-235
154 CR ' | 20k =0,01{U=235
155 CR L | 205 0.05{U=235
156 CR L | 206 0.06|U~235 'CR represents a chemical
157 CR L | 207 0.85|U~235 reprocessing plant,
158 CR L | 208 | 0.90|U~23
159 CR Y 1209 |=0,38{Pu -3 The two values in bracket are
160 CR b | 210 0.11{Pu the highest ones.
161 CR L 211 0.62|Pu ,
e B B X
164 CR L | 21k -1,28{Pu 6 Standard
165 U=-235 | 7 | 215 0.06|Pu 6 deviation (o): + 0.95
166 U=235|7 | 216 =0, 14|Pu 6 o
167 U=235 {7 | 217 =0, 10{Pu 6
168 U=235 |7 | 218 0.10{Pu 6
169 U=235 17 | 219 -=1.36|Pu 6
170 U=235 |7 | 220 0.06|Pu 6
171 U=235|7 | 221 1.64{Pu 6
172 U~235 | 7 | 222 0.18|Pu 6
173 U=235 1|7 | 223 0.08|Pu 6
174 U=235 | T | 224 1.38{Pu CR 6
175 U=235 |7 | 225 -1,34{Pu CR -6
176 U=235 | 7 | 226 1.34{Pu CR 6
177 U=235 | T | 227 0.06{Pu CR 6
178 U-235 | T | 228 0.16|U=235 16
179 U=-235 |7 | 229 0.,09{U=235 10
180 U=235 |7 | 230 0.07{U=235 10
181 U=235 | T | 231 0,06{U=-235 10
182 U-235 CR T | 232 0.07|U=235 10
183 U-235 CR T | 233 0.25{U=235 10
18k Pus239 [T | 23k 0.24|U-235 10

Pu=239 | T | 235 0.12/U CR 8




Table 3A: Normalized MUF '(Mi) Values for a Reprocessing

= (=

Facility / 4 /. (Normalized with Respect to Feed)

Serial M, Serial M, | seria1 M,
Yo, (% of feea)| Yo ( (% of reed)| TO° | (% of feed)
1 33 |11 0.83 21 - 0.59
2 215 12 0.78 | 22 - 0.62
3 141 13 0.62 23 - 0.73
4 1.30 | 1k 0.45 2k - 0.78
5 1.27 15 0.32 25 - 0.84
6 1.08 16 0.31 26 - 1.0k
7 1,00 1T 0,22 27 - 1.0k
8 0.95 | 18 0.06 28 - 1,08
9 0.93 19 7| = o0.k46 29 - 2,31
10 0.90 20 - 0.49 30 - 2,63

Mean value (u): + 0,18
Standard ;
deviation (g): + 1,25




Table 3B: Normalized MUF (Mi) Values for a Single Facility'[_i;7.
(Normalized with Respect to Beginning Inventory and Receipts.)

Serial M, ‘ Serial | M, | Serial M,
No, No. C No.

' (% of Input) (% of Input) (% of Input)
1 1.9% | w0 0.23 | 19 0.0k
2 - 1.38 L 0.17 20 0.02
3 .30 | 12 0.12 21 - 0.06
4 S 1.00 13 0.11 22 - 0.15
5 0.85 R 'O - 0.09 23 - 0.19
6 0.65 15 0.08 2k - 0.80
7 0.46 16 .t . o0.08 25 - 1,12

8 0.33 17 0.08 26 - 1.23

9 0.27 18 | - 0.06

Mean value (u): + 0.22
B8tandard f
deviation (0): + 0.TO
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Table 3C: Normalized MUF (Mi) Values for Facilities Handling U-235,
other than Reprocessing Plants /1,7,10 7,
(Normalized with Respect to Input)

Serial M, | serial M, Serial M,
No. (% of Impdt) No. (% of tepet) Fo. (% of Imput)
1 0.73. 10 - 0.24 19 0.06
2 0.67 1 0.21 20 0.06
3 0.65 12, 0.18 21 0.06
L 0.55 13 0.17 22 0.0k
5 0.4k 14 9.16 23 0.02
6 0.4k 15 0.16 2k 0.01
7 0.30 16 0.09 25 - 0,05
8. 0.25 17 0.07
9 0.25 18 - 0.07

Mean value (u):+ 0.23

Standard

. deviation (o):+ 0.22




e
Table 3D: Normalized MUF (M;) Values for Fscilities handling Pu
and Pu-239, other than Reprocessing Plants [6,7 7.
(Normalized with Respect to Inptt,) -

il RO R (el P S
’ , (% of Imput) (2 of Imput)
1 1,64 1 0.18 R
- 1.36 12 - 0.10
3 | 1.1 13 ‘ 0.10°
4 ' 0.51 1k - 0,08
5 0,47 ‘ 15 0.06
6 0.39 1 6 0.06
7 | 0.29 17 = 0,10
8 0.23 18 | - =o0.14
9 0,22 19 - 1,28
10 0.19

Mean value (u): + O.1k
Stendard ' o
deviation (9): % 0.67
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Table 4: Normalized Velues of MUF (M.) for Gromps of Facilities. Types of
Facilities snd Material Used Unknown. (Small Number of Data/Facility)

| Ref, Serial M, Ref,

Serial M. Ref. | Serial M.
No. b - 1 ,14 1
1 5.86 5 L6 0.ko 11 91 0.07 5
2 5.Th 5 b 0.39 5 92 0.07 11
3 2.96 5 48 0.36 ‘5 93 0.06 11
L 2. 4L 5 Lo 0.35 5 9k | 0.06 5
5 2.4k 5 | 5o 0.35 5 95 | 0.06 5
6 2,22 5 51 0.34 5 96 0.05 5
T 2,14 5 52 0.31 5 97 0.05 5
8 2.05 5 1 53 0.30 5 98 0.05 11
9 1.80 11 5L 0.30 5 99 0.0k 1
1o 1.78 5 55 0.29 5 Too 0.0k 5
1 1.62 5 . 56 0.27 11 101 0.03 5
12 1.52 5 57 0.22% 5 102 0.02 5
13 1,43 5 58 0.21 5 103 0.01 5
14 1.35 5 59 | 0.21 5 1ok 0.01 5
15 1.2k 5 6o 0.21 5 105 0.01 5
16 1.23 5 61 0.21 5 106 0,01 5
17 1.2@ 5 62 0.19 5 107 ~0,01 11
18 1.18 5 63 0.19 5 108 =0,02 5
19 1.18 5 6L 0,18 5 1 109 =0,02 5
20 1,16 5 65 0.17 5 1to. | =0.03 5
21 1.1k 5 66 0,15 5 11 -0,03 5
22 1,06 5 67 0.13 .5 112 | =0.05 11
23 1.00 5 - 68 0.13 5 113 =0,06 5
2k 0.94 5 69 0.13 5 114 | =-0,06 5
25 0.9k 17 To 0.13 5 115 =0,07 5
26 0.92 5 T1 Q.12 5 116 | =0,09 5
27 - 0.90 11 72 0.12 .5 117 =0,10 5
28 0.85 11 13 0.12 5 118 | =0,13 5
29 0.82 5 Th 0.11 5 119 | =-0.17 5
30 0.78 5 T5 0.11 5 120 =-0.32 5
31 0.69 5 76 0411 "5 121 -0,36 5
32 0.67 5 7 0.11 5 122 -0.38 11
33 0.6k 5 78 0,11 11 123 | =0. k1 5
34 0.63 5 9 0.10 5 12k =0,62 5
35 | 0.62 11 8 | 0,10 5 125 =1,96 5
36 0.61 5 81 0.10 .5 126 =3,22 5
37 0.60 5 82 " 0,09 5
38 0.5k 5 83 [ 0.09 5
39 0.53 5 8L 0.09 5
bo 0.52 5 85 0.09 5
k1 0.h49 5 86 0.09 5
Lo 0.k49 1 87 0.08 5
43 | 0.9 1 88 | 0,07 5
Lk 0.h3 5 8 | 0.07 5
hs 0.k2 5 90 0.07 5

 Mean value {u): 0,48

deviation (o): #+ 1.0

- Stmdﬁa - R I N T T e e
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Table 5: Normalized MUF Values (Mis) from a Known Type of Facility and
Material. ' C ‘
(Normalized with Respect to Input/Feed and Systematic Errors,)

Serial M. Reference | Serial M, Reference .
No. 18 No. 18
1 5.86 k L6 0.ko T
2 4,78 7 L7 0.39 k
3 3.77 b L8 0.38 T
I 3.15 6 Lo 0.38 T
5 2.47 L S50 0.36 7
6 2,46 8 51 0.35 6
T 2,k6 9 52 0.32 T
8 2.kh2 6 53 0.26 1o
9 2.35 6 54 0.25 8
1o 2.28 h 55 0.21 1o
11 2.28 8 56 0.21 1o
12 2.23 b 57 0.19 6
13 2,09 9 58 0.19 6
b 2,08 9 59 0.18 1o
15 1,89 4 60 0.15 6
16 1.85 7 61 0.13 7
17 1.75 it 62 0.13 7
18 1.67 h 63 0.12 6
19 1.63 L 64 0.12 6
pole) 1.62 7 65 0.11 6
21 1.58 L - 66 0.91% 7
22 1.k49 7 67 - 0,09 .
23 1.46 L 68 0.0h 7
24 1.hh T 69 0,02 7
25 1.30 h To -0.11 T
26 1.22 7 T =0,16 T
27 1.09 L T2 -0,19 6
28 0.98 T .13 =0,27 6
29 0.98 1 Th -0.28 7
30 0.85 T 75 -0.81 4
31 0.79 b 76 -0,86 h
32 0.78 7 17 -1.0b L
33 0.7h4 10 - ¢8 -1.09 L
3k 0.71 10 79 -1.28 L
35 0.67 7 8o -1,37 L
36 0.66 7 81 =1,47 L
37 0.65 T 82 -1.82 L
38 0.63 T 83 -1.82 4
39 0.56 i 8L -1,89 k4
ke 0.56 T 85 =2.35 6
i1 0.5k L 86 -2,46 6
42 0.48 T 87 -2,62 6
43 0. b7 7 88 -%.05 L
ik 0.b7 18 89 -k, 61 b
g 0,42 6

Mean value (u): + 0,29

Standard
deviation (g): =+ 0.91
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Tgble 6: Resmlts of Test of Normaslity for Different Categories of
.~ Normalized MUF Data

Statisti Relevant Values for different categories of data in table
tatistics Z ‘
2 - 3a 3B 3C 3D | 3A+3B b 5
R#3C+3D |
k, = u = mean 0.38 _ |0.18 0.22 0.23 0.14 0.20 0.29 1 0,48
(0.34)" ' (0.k0)
k, = 0% = variance] 0.90 | 1.57 0.49 0.050 0.4 | 0.68 | 0.83] 1.01
(0.66) , , , (0.56)
Standard .95 1.25 0.70 0,22 0.67 0.82 0.91 1,01
devistion ¢ (0.81) . (0.75)
kg 1,25 | 0,037 0.089 0.011 =0.12 |=0,027 |0.010 | 2,29
(=0.,0026 )| (~0,0062)
k) T.79 1,68 0.27 | =0,00002% | o.k8 | 1.h9 | 1.69| 13,0k
(1.57) ‘ (1.82)
ok 0.018 0.86 | 0,031 | .0,00003% | 0,032 | 0.019 | 0,043 0,051
3 (0.0071) (0.0089
oki 0.066 | 5.81 0.065 | 0.0000073| 0,06k | 0.053 | 0.14 ]| o.21
(0.019) : (0.020)
k3/ok3 9.2k 0.0ko 0.51 | 1.9k =0,69 | =0.20 0.050 10.15
measuré of (=0,03) (=0.066)
skewness
k) /ok, 30,41 0.70 1.04 | =0,0090 1,88 | 6.46 | bL.5T |28,k
measuré of . :
kurtosis C11.Lk) (12.75)
g 1,47 0.019 0.26 1,01 -0, 42 }t=0.0k9 | 0,013 2,24
! (=0.005) (=0.015)
&, 9.70 0.68 1,11 |=0,0098 2lk | 3.25 | 2.bb | 12,66
(3.66) . (5.73)
a 2kt 30 26 25 19 100 89 126
(239) {12h)
IDistribution Not  |Normal | TNormel| Normal “Normal| Not | Not ot |
Hormal Normel| Norma}] Formal

+ . ® 9 @
‘The pumbers in brackets are obtained when the highest two values of MUF are

rejected.
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Teble T: MUF and the Corresponding Feed Values for & Reprocessing
Facility in Absolute Units /4/

Serial No. Feed MUF
(Time sequence) (arbitrary units) (arbitrary units)
i 173.5 : ' 1.73
2 18k4,9 1.99
3 159.8 2,07
4 161.0 , 0.73
5 bh4,s5 -1,17
6 103.6 -1,12
7 165, 4 -1,21
8 213.8 0.48
9 5009 '0.’43
10 169.7 0.52
11 182,4 1.51
12 153.7 ° 2.16
13 93.7 =2.16
1k 233.3 -2,k42
15 204,5 1.51
16 271,k - =1,68
17 306.6 . 0.17
18 510.5 =3,02
19 299.5 =3.11
20 ok, 7 -2 ,07
21 400,2 1.30
22 T6k4.6 4.75
23 536.1 L, 8L
oL 585.5 : 5.4k4
25 95.9 3.20
26 736.7T =-3.37
27 392,9 3.72
28 226,0 =1.77
29 332,5 4,23
30 373.8 8.04
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Teble TA: Comparison of Test of Normality on Absolﬁterand_Normalized
MUF Values for a Reprocessing Facility /4/.
(Normalized with respect to feed)

Statistics , Vélues for :
~.- Absolute MUF Normalized MUF
k, = u = mean 0.83 0.18
k2 = 02= verisnce 8.28 1.57
kg 12,75 - 0.037
a2 125,64 0.86
kg V T T
a2 467,06 5.8
k), ‘
k3/ck3 j , 1.1k - . 0.,0LkO
ku/okh °0f21 v 0.70
g, 0.54 0.019
g 7 -0,20 0.68
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Teble 8: Results of Time Sequence Analysis of Absolute MUF Values from s

Reprocessing Facility /u/

Serial! Accounting Mesn - Standard Outliers Outliers outside
No. period : deviation| outaide: +)
(both numbers y o . w20 M E 20
inclusive) (accounting (accounting period)
period)
1 1 %o 15 0.279 1.58k 18,19,22,23, 22,23,24,30
2k ,26,27,29,
30 '
2 6 to 20 -0.725 1.716 22,23,24,25, 22,23,24,29,30
27,29,30
3 11 to 25 0.695 2.999 - 30 -
L 16 to 30 1,378 3.740 - -
5 overall ©0.829 2.877 30 30
1 to 30
+)

dc = corrected standard deviation

= _/__0’2 + 20’2 7 ""‘—n f 1_7 1/2

Zdh

- being the variance of variance
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Table 8A: Results of Time Sequence Analysis of Normalized MUF Values

Serial| Accounting Mean Standard Outliers Outliers
No. period " deviation| outside u + 20 outside py + 2°c
(both numbers . . . .
inclusive) o (accounting per;.od) (accounting period)
1 1 to 35 -0,086 | 1.283 25 -
2 6 to 20 -0.3k5 0,9hk4 5413,25,30 5,13,25
3 11 to 25 0.26k |  1.320 '5,13,25 5,13,25
4 16 to 30 0,437 1,209 5,13,25,30 5525
5 overall 0.176 1,254 5,25 25

1 to0 30
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Table 9: Results of Feed Seciuen’ce+ Analysis of Absolute MUF Values from

Reprocessing Plant /4/

Serial| Feed Sequence| Mean Standard Outliers Outliers
No. (both numbers deviation| outside u + 20 outside u + 20
inclusive) H ;
o (feed sequence Nos)| (feed sequence
Nos)
1 1 to 15 0.65k4 1,56 | . 19,21,22,26 22,27,28
: 27,28,29,30
2 6 to 20 0.179 1.773 21,22,27,28, 22,28
29,30
3 11 to 25 0.909 2.967. 22 -
L 16 to 30 1,003 3.825 - -
5 overall 0.829 2.877 22 22
1 to 30 '
+) MUF data was arranged in order of increasing feed and then the sequence vas

analysed.
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Table 9A: Results of Feed Sequence Analysis ¢f Normalized MUF Values

Serial| Feed sequence Mean Standard Outliers OQutliers
No. (both numbers deviation | outside u + 20 | outside u * 20,
inclusive) ¥ i : ‘
g. (feed sequence | Tfeed sequence
Nos) Nos )
1 1 to 15 0.206 1.526 L -
2 6 to 20 0.213 | 0.86k4 1,3,4,22 1,3,4
3 11 to 25 0.310 | 0.951 1,3,k 1,34
i 16 to 30 0.145 | 0,961 1,3,4,22 1,k
5 overall 0.176 1.254 1,k 4

1 to 30
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ANNEX 1

The statistical method for testing the nbrmalitz of a given sample

The statistical method for answering the question if the random variable under-
lying a given sample is normally distributed or not ('k-statistics') 1712;7
is described in the following: ‘ ‘

Let Sr be defined as

r
Sr= .z Xi r= 1,2’..'
i=1

where the X., i=1,...,0, are the n values of the given sample. Then the quanfities

k., ve1l,...4, are defined in the following way

v
S
=
k1 =4
nsg—S?
k-

2 " nln=1)

2
. n S§‘3n5281+25
3 ni{n=1) (n=2)

3
1

(n3n°)5,-4(a°+n)5 8 ~3(c°~n)65+1205 57 ~65

n(n~1) (n=2) (n-3)

kh =
As one sees immediately, k, and k2 are the sample mean and the sample variance,
Since k3 depends on the cube of the deviations from the expectation value

E(k;) = ¥, the expectation values of k, will be zero only if the distribution
is symmetric. Instead of the value of k3, vhich is in units which are the cube
of those of the original measurements, the value

vhich is independent of the original units, is usually used as a measure
of skewness. The quantity k, is particularly sensitive as a measure of 'contami-
nation' in a distribution, i.e. in the presence of a small percentage of widely

scattered observations in an otherwise mormal distribution. The characteristic



=lile=
of a distribution which is measured by ky, is called kurtosis. In the case of
the normal distribution the expectation value:of k, is zero. Instead of Ky,
normally the dimemsionless quantity
Ky

2
-

¢ 32.-

is used,

As in practice even in the case of a normal distribution neither k_ nor kh

3
are zero, it is important to know the possible variations of these quentities.

For this reason one determines their variances:

ohn(n=1) 8
var(k,) = T=TYtazs)(a3] °

However, since they depend on the unknown variance ozof the distribution, they

are not directly useful except when n is sufficiently large to assume oa% Kye

For very large samples, g, and g, can be considered as beingsapproggmately
normally distributed with expectation value O and variances z and =

Hence, t, = glvr%gand t, =~g2¢’§i are approximately standard normal deviates,
and one can determine the significance thresholds for a test on normality for
a given error probability a. For smaller samples, corrected tables for the
distributions of g, and g, are aviilable and used here.







