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Abstract

The capability and limitations of the NRTA method (Near-Real-Time Accountancy
method) in reprocessing facilities with different throughputs and inventories
and measurement uncertainties, were investigated with a detailed computer
simulated data base. These investigations have confirmed the earlier findings
that the NRTA method could permit under certain operating conditions and

for a number of realistic diversion scenarios, a perceptible improvement

in the detection capability. Depending on the conditions prevailing, such
improvements could be by a factor of 10-20, both for the detectable amounts
and the detection time, over the conventional material balance method with

annual inventories.,

The reasons for and the conditions which would permit such improvements have

been discussed in detail with numerical examples in the report.

Untersuchungen {iber Entdeckungen von Verlustmengen durch die Methode der

Echtzeitbilanzierung fiir Wiederaufarbeitungsanlagen unterschiedlicher GrdRe

Zusammenfassung

An Hand einer detaillierten parametrischen Untersuchung mit computer-
simulierten Datensitzen wurde die Empfindlichkeit der Echtzeitbilanzierungs-
methode (Near Real Time Accountancy Method) in Wiederaufarbeitungsanlagen
mit verschiedenen Durchsitzen und Pu-Inventaren im ProzeBbereich untersucht.
Die Untersuchung bestdtigt die friihere Feststellung, daf diese Methode unter
gewissen Betriebsbedingungen und bei einer Anzahl von realistischen Abzweig-
szenarien eine merkliche Verbesserung bei der Entdeckung abgezweigter
Mengen und der Entdeckungszeit ermdglichen kann. Die Verbesserungen kdnnen,
je nach den vorliegenden Bedingungen, gegeniiber der konventionellen Bilanzie-
rungsmethcde mit jdhrlicher Inventur bei einem Faktor zwischen 10 und 20

liegen.

Die mSglichen Griinde fiir diese Verbesserungen, sowie die Bedingungen, unter
denen solche Verbesserungen erwartet werden kdnnen, werden an Hand konkreter

Beispiele in dem Bericht ausfiihrlich diskutiert.
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AM fraction of M assumed to be diverted per balancing period
for a given diversion scenario, in kg

MBA material balance area

Py detection probability in % with a false alarm rate a of 5 7

0.5 0 measurement uncertainties at the input of a reprocessing facility,
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Content Table No.

Figure No. Comments
FT, I, 0.'s for reprocessing facilities 1 Input data no corresponding figures are given
investigated
var, LMUF, LT, LI for ¢. = 0,5, 1, 2 Z LMUF is linear with I-LR, curved with I-C;
FT = 1000, 500, 240, 100 for I-LR 2A 14, 1B IMUF values converge to LI values for 100 t/a and
Same as in 2A but for I-C. 2B to LT values for 1000 t/a.
Diversion strategies (DS) and AM/DS Input data no corresponding figures.
forDS—],2345,6,7 3, 4 -
AM/IMUF for o, = 0.5, 1, 2 7% Figures 2A and 2B are only examples for 1 % o, = Op-
FT = 1000, 506 240, 100 for I-LR 5A 24 (0. 1 %) For I-LR, AM/LMUF values increase continuously sinCe
Same as in 5A but :or I-C. . LMUF + O for low FT.
Both tables for DS - 1 5B 2B (ai 1 7) For I-C they tend to converge to a constant value for smaller
facility sizes since IMUF - LI - constant.
AM/IMOF for ¢ = 0.5, 1, 2 % for FT = 1000 " DS2 -~ Tab.6 no corresponding Figs. 2A and 3A are 1llustrative figures for these tables
and for o = 1 % for ¥T = 500, 240, 100; DS3 - Tab.7 figures also. No special comments.
only for I-LR DS4 - Tab.8 B
for DS - 2, 3, 4, 5, 6 DS5 - Tab.9
DS6 ~ Tab.10
AM/IMUF for ¢ = 0.5, 1, 2 % 114 3A (0 T%) Figs. 3A and 3B are only given as examples for 1 7 = og
FT = 1000, 500, 240, 100; I-LR Same trend is seen as for DS | in Figs. 2A and 2B. For a gl&n
Same as in Table 11A but for I-C. 11B 3B (o 1 %) DS same values of AM/LMUF are obteined for different FT and
for DS - 7 fnventory values. This opens up the possibility of
—_— simplifying the use of NRTA methods.
P_ vs. M and FT converted to AM/LMUF values 12A (M, FT) LA, 4B (converted to P_ vs. AM/IMUF presentation makes it possible to determine
for different 0. = 0.5, 1, 2 Z for I-LR AM/IMUF values from the sensitivity of NRTA in a simple fashion for different
Same as in 124 But for I-C. Tables 54, 5B) FT F's and 038
for DS - 1 12B (M, FT) i) L1MUF/BP to be calculated for a facility, the AM which
is assumed to be diverted abruptly fixed, then the PD
is read for the corresponding AM/LMUF value or
ii) for a given P_ the corresponding AM/IMUF value read from
the curve for a given DS and M determined for different
MUF/BP for a facility. Examples given in the report.
P_ vs. AM/LMUF for 0 = 1 % DS2 — Tab.13 Fig. 5A, 5B (presented Same comments as for Tables 12A, 12B and Figs. 4A, 4B.
F]B 1000, 500, 240, 100 and I-LR DS3 - Tab.l4 on normal and probabi-
for DS - 2, 3, 4, 5, 6 DS4 - Tab.15 lity paper respective-
DS5 -~ Tab.16 1y)
DS6 - Tab.l1l7
P vs. AM/IMOF for o = 0.5, 1, 2 % for I-LR 184 (M, FT) 6A, 6B Same comments as for Tables 12A, I2B and Figs. 4A, 4B.
Same as in Table 18A but for I-C. ’ 183 (M, FI) 7A, 7B
for DS - 7 (presentations are made
- for AM/IMUF values from
Tables 114, 11B )
P vs. BP for ¢ = 0.5, 1, 2 % for FT = 1000, 19, 20, 21 17 I. The tables contain only the data for 1000 t/a facility.
SBO 240, 100 for I-LR Data for the rest of the facilities are directly taken
for DS - 1 _ for the figures from computer printouts.
P vs. BP for o = 0.5, 1, 2 % for FT = 1000, 22, 23, 24 18 2. Only the values for 5 kg have been presented in the
SBO, 240, 100 for I—-LR figures to illustrate the gemeral trend.
for DS ~ 7
LT limits of error in throughput measurements in kg
s . LMUF limits of error of Material Unaccounted For in kg
Abbreviations frequently used: M total amount of Pu assumed to be diverted for a given
] ) diversion scenario, in kg
BP balancing period . . . B
c-1, 1-C constantgigventory in the process MBA in kg AM iractlor‘x of M_assurfned to be c‘hvel:ted per balancing period
DS diversion scenarios or a given diversion scenario, in kg
Dy detection time expressed as the number of BPs after which the ;’BA t;aterla.ll balance area .
diversion of a given amount M can be detected with a given P D etection probability in 7 with a false alarm rate o of 5 z
FT facility throughput in t/a 9, 0 measurement uncertainties at the input oif a reprocessing facility,
LR-I, I-LR linearly reduced inventories in the process MB4 with decreasing in %, rest of the measurement uncertainties being the same as
FT in kg Pu given in Table | )
LI limits of error in inventory measurements in kg a false alarm rate, fixed at 5 7 throughout the investigations
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Table III (ctd.)

Content

Table No.

Figure No. Comments
P vs. BP foro =17 1. The tables contain only the data for 1000 t/a facility.
rh = 1000,500, 240, 100 for I-LR Data for the rest of the facilities are directly taken
for DS - 7 22, 23, 24 19 for the figures from computer printouts.
2. Only the values for M = 5 kg (Fig. 194), 10 kg (19B) and
20 kg (19C) are presented in the figures to indicate the
general trend.
P_.vs. BP for o = 1 DS] - Tab.25-28 17 for DS - 1 T. The data in the tables indicate that similar P_ values
v? 1000, 500, 240, 100 for I-LR DS2 -~ Tab.29-32 18, 19 DS - 7 are obtained by the test procedure used in the investiga—
for DS -1, 2, 3, 4, 5, 6, 7 DS3 -~ Tab.33-36 tion, for the first five DS; these DS can be considered
DS& - Tab.37-40 to be as abrupt diversion and DS b and 7 as protracted
DS5 -~ Tab.4l-44 diversion.
DS6 - Tab.45-48 2. Above certain values of M for a given facility, same PD
DS7 - Tab.49-52 for all DS is obtained.
3. The larger the value of M or smaller the facility, the
shorter is the detection time.
P vs. M with FT as parameters for 1. The P_ improves with reduced o, ;8 and/or smaller size
different o.s and I-LR 8 facilities.
Szme as in Fig. 8 but with I-C. 53A 9 2. The improvements in P are slightly dampened for smaller
for DS - 1 facilities with I-C since Lls for small facilities
are increased.
PD vs. M with FT as parameters for 1. With low values of o's (0.5, 1 %Z) 100 Z PD for all values
= 0.5, 1y 2 % for I-LR 10 of M and both I-LR and I-C in a 100 t/a facility.
Sime as in Fig. 10 but for I-C 53B 11 2. For I-C P = 100 for 100 t/a facility for all values
for DS - 7 of M and ¢'s investigated.
3. P_ vs. M values are about same for all small facilities
because LMUF + LI - constant for all these facilities.
P vs., M for I-LR and I-C 12 1. The values for 1000 t/a are same for all the parameters,
for o.'s = 1, 2 Z for FT = 500 the 100 t/a facility shows insignificant differences,
Same 3s in Fig. 12 but for 538 therefore, values only for FT = 500, 240 shown in
= 240 13 Figs. 12 and 13. All the values for DS - 1 differ
for DS - 7 insignificantly. Therefore, only those for DS - 7 have
been shown.
2. The difference between I-LR/I-C is smaller for 500 t/a
than 240 t/a.
M which can be detected with By =95 % for 1. M for 95 %7 P is Iinear in FT. % for I-LR
different FT, 9 's and I-LR 54 2. M for a facxglty is lipear in 95 :
Same as Table 54 but for I-C 55 16A 3. M for 95 % P is slightly concave for I-C.
for DS - 1
M which can be detected with PD = 95 7 for 1. In general M in which can be detected w1th 95 7 P
different FT and o's with I-LR 56 168 increases for all the FTs < 500 for all o¢’s.
Same as in Table 56 but for I-C. 57 2. In general M is larger for I-C than I-LR for all smaller
for DS - 7 facilities.
DT expressed as number of BP at which With increasing M or decreasing FI D, improves, l.e.
>795 Z P 1is obtained for different FT, 58 58A 204, B >957 PD is obtained at an earlier BP.
1 %20, (58 0,5 %, 1 %, 2 7% (584), I-LR ’ ZIA, B
for DS ~ 1 and DS - 7 ’
Same as in Tabs. 53, 58A but for I-C for 59, 5%A
DS — 1 and DS ~ 7
P as a function of DS 60 no figs. The values for P_ for DS - 1-5 appear similar and, therefore,
b these DS can be considered to be abrupt diversion,
DT as a funcrion of DS 61 no Figs. particularly for smaller amounts.

With larger amounts M P

D values for DS - 1, 7 tend to

converge.
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Investigations on Detection Sensitivity of the NRTA Method

for Different Size Reprocessing Facilities
Part I: Input Data and Analysis of Results

D. Gupta, U. Bicking, G. Koutsouvelis1

Entwicklungsabteilung Kernmaterialsicherung

Kernforschungszentrum Karlsruhe

Executive Summary

1. Introduction

In an international workshop on the Near—-Real-Time Accountancy (NRTA)
method /1/, it was recognized and confirmed that sequentially generated
material balance data in the process MBA of a reprocessing facility could
provide under certain operating conditions, a more sensitive detection
capability for a possible diversion than that obtained in a conventional
material balance method, in which a material balance is struck normally

every vyear,

In the present report (part I and part II) detailed investigations
with computer simulated data with different relevant parameters for a
reprocessing facility have been carried out to analyze the influence of these

parameters on the sensitivity of the NRTA method.

2. Parameters Investigated

The main sets of parameters investigated in this report are the facility
throughputs (FT) and inventories (I-LR, I-C), measurement uncertainties at

the input accountability tank oi's, amounts assumed to be diverted M and

1 . . .
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diversion scenarios DS (for explanation of the abbreviations see
pageA-3 and Tables I, II, III). These parameters are listed in

chapter 2, part I of the report.
3. Input Data

The 1000 t/a reprocessing facility as described in /5/ has been used as
the reference facility, working 200 days/a. A material balance has been
assumed to be made every 10 working days so that, 20 balancing periods,
BP, are obtained per year, with 20 separate MUF values. In the case

of linearly reduced inventories, I-LR, thebother facility throughputs
(500, 240, 100 t/a) and inventories are linearly scaled down from

the reference case. For the cases with constant inventories, I-C, the
facility throughputs are . scaled down for the other facilities, but

the process inventories for all the facilities are kept constant at

the level of the reference facility i.e. 450 kg of Pu. Only the measurement
uncertainties o, at the input of the reprocessing facility are varied
in the range of 0.5 %, 1 Z and 2 %, the other measurement uncertainties

are kept the same as in the case of the reference facility.

The same seven diversion scenarios (DS-1 to DS-7) which were first used

in /2/, have been chosen for this series of investigations as well. DS-1 in
which a given amount M is assumed to be diverted during a single balancing
period 1is defined as the abrupt mode of diversion. DS-7 1is on the other
hand, defined as the protracted mode of diversion. In this mode, the same
given amount 1s assumed to be diverted in equal portions over 20 successive
balancing periods. The DS-2 to DS~6 fall in between these two extreme
diversion scenarios. For each of the diversion scenarios, 20 diversion free
BPs are assumed to exist after which a particular mode of diversion begins,

For each of the parameters a complete run length for 40 BPs has been made.

The two sided Page's test /2, 3, 4/ has been chosen for analyzing the sensitivity

of the NRTA method. The reasons for this particular choice have been discussed

in detail in para. 1 of part I of this report.




4. Analysis of Results

The results of the present series of investigations have been presented
in two parts., Part I contains the input data and the analysis of the
results, In part II all the results of computer simulation have been

Presented,

These results can broadly be categorized into two groups, one dealing
with the amounts which can be detected with a probability of detection
PD > 95 7 under a given set of conditions and the other, dealing with

the detection time D,, i.e. the time which elapses after the amount, assumed

T
to be diverted under a given set of conditions, can be detected with a

probability of detection Py of > 95 7%,

In all these investigations, the PD with the false alarm rate o of 5 7%
at the end of the 40th BP (or at the end of 20th BP when counted from the

starting point of a diversion at the 20st BP) has been used as the main indicator

for the sensitivity analysis.

4.1 General Findings

The investigations have in general confirmed the earlier findings /2/ that
the NRTA method can improve the sensitivity of the capability of detection

of a diversion over the conventional balancing method.

i) With the same measurement systems and operating conditions as in the
reference 1000 t/a facility, it may be possible to detect about 28 kg

of Pu if diverted according to the protracted mode of diversion and

~

about 17 kg of Pu if diverted abruptly - both with a PD = 95 7. This
corresponds to an improvement by a factor of =10-20(depending on the
mode of diversion) over that possible in a conventional material

balancing method.

ii) New is the finding that not only the detectable amounts for a given

P but the detection time D,, also, improves with the NRTA method.

D’ T
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In the same reference facility of 1000 t/a, an abrupt diversion
of 25 kg Pu for example, could be detected within 3 weeks of the
diversion with over 99 % PD i.e. almost with certainty.

iii) In general, both the PD and D, improves with increasing values

T
of the ratio AM/LMUF (AM: amounts assumed to be diverted per BP;
LMUF: measurement uncertainty of material unaccounted for). This

happens:

- in a facility with improved values of measurement uncertainties
at the input a; and with increasing amounts assumed to be diverted

per BP

- for a given measurement uncertainty ay and process inventory,

with decreasing size of the facility
~ when one proceeds from protracted to abrupt mode of diversion.

iv) For a given facility, the sensitivity of the NRTA method decreases
with increasing amounts of process inventory. However, the reduction
in the sensitivity is somewhat dampened by the fact that, the systematic
component of the measurement uncertainty for process inventory, cancels
out and therefore, does not contribute to the total uncertainty of

the MUF per balancing period.

4.2 Simplified Method of Sensitivity Method Evaluation

An interesting side effect of these investigations is the recognition
of the fact, that the ratio AM/LMUF (AM: amount assumed to be diverted per
balancing period; LMUF: the limit of uncertainty of MUF per balancing
period), could provide a simplified basis for an a priori analysis of the

sensitivity of the NRTA method in different size reprocessing facilities.
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The main reason for this simplification lies in the fact that for a given
assumed diversion scenario, the same values of AM/LMUF are obtained for
different facility throughputs, inventories and measurement uncertainties.

If the AM/LMUF values are plotted against the corresponding PD values

on a probability graph paper for a given DS, a straight line is obtained.

The possibilities of using this simplified method is illustrated in para. 4.2

of part I of this report.

4.3 Sensitivity of the NRTA Method for Detectable Amounts M

The sensitivity has been investigated for different facility throughputs
and inventories (FT, I-LR, I-C), measurement uncertainties (ci's) and
diversion scenarios DS. The PD has been determined for all these parameters
for different values of M in the range of 5-40 kg of Pu at intervals

of 5 kg. Out of a large number of specific findings discussed in detail

in paras.4.3-4,3.3 of part I of this report some are worth repeating in

the summary.

i) In all the cases with linarly reduced inventories (I-LR), the
detectable amount M for PD = 95 7 decreases linearly with decreasing
size of the facility and decreasing value of 0. This M is somewhat
smaller for abrupt diversion DS-1 than for protracted diversion DS-7.
For example
M/PD 95 is 17 kg for 1000 t/a reducing to 1.7 kg in 100 t/a for DS-1
and is 28 kg for 1000 t/a reducing to 2.8 kg in 100 t/a for DS-7,
In the final analysis, this linearity is caused mainly by the

systematic component of the measurement uncertainty at the input

which is linear in the total amount measured,

ii) In the cases with constant inventories, M/PD 95 for some smaller
facilities increases, the rate of increase being larger for the
smaller size facilities, since for these facilities, the uncertainty
in the inventory measurements (LI)dominates the total uncertainty

of the MUF (LMUF). For the same reason, the influence of Gi's on
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the sensitivity of the NRTA method in smaller size facilities
(for I-C) gets reduced, In a 100 t/a facility for example, the
M/PD 95 remains around 8 kg for DS-1 and 10 kg for DS-7 for

all the values of Oi's considered.,

iii) Remarkable improvements in the sensitivity of the NRTA method are
observed with 0.5 7% o, at the input. For a 1000 t/a facility with
a detection capability of 11-18 kg Pu (M/PD 95) for DS-1 to DS~7
respectively, for about 20,900 kg of Pu measured per year, the
sensitivity corresponds to about 1 per 1000. With constant
inventories in smaller facilities, the M/PD 95 ranging between

8-10 kg, the sensitivity remains around 3 per 1000,

iv) The difference in the sensitivity of detection between abrupt and
protracted diversion vanishes above a certain value of M, i.e
above this amount, the sensitivity becomes independent of the
diversion strategies considered here., This amount depends on the
facility size, measurement uncertainty at the input and the amount
of inventory in the process MBA. For a | % o, at the input, this
value of M is about 30 kg (PD > 95 %) for a 1000 t/a and 10 kg for
a 100 t/a facility for all inventory conditions and diversion scenarios

considered.

4.4 Sensitivity of the NRTA Method with Regard to Detection Time DT

New in this series of investigations 1s the analysis of sensitivity of the

NRTA method with regard to detection time D,,. The DT<iS defined here as the

T
time interval which elapses after the diversion of the amount M is assumed
to start, until the detection of this amount takes place with a probability
of detection of > 95 7. The detection time is expressed as the number

of BPs after which a detection with the given PD takes place. Since all

the diversion scenarios DS in this series have been assumed to start at
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‘the 21st BP (i.e. after 20 diversion free BPs), the counting of the
elapsed number of BPs starts from the 2lst BP so that 21. BP = 1. BP.

As in the case of the detectable amounts M, the detection time D,
improves in general with larger values of AM/LMUF. The detailed
analysis of this part of the results, is given in paras. 4.4-4.4.3

of part I of this report. A number of interesting trends however, has

been presented here:

1) In a given facility, there is always a minimum amount MO for a
PD > 95 %, below which the DT cannot be shortened to a value
which is less than 20 BP i.e. one year, after a diversion has
been assumed to begin. However, with increasing amounts, the DT

in the same facility improves in general.

In the 1000 t/a reference facility, the minimum amount M

which can be detected for DS-7 with PD > 95 7% at the end of the

20th BP is 28.3 kg. With M = 30 kg, a detection with PD > 95 %

can be made already after the 18th BP. Such improvements are much more
pronounced in smaller facilities with I-LR.

ii) 1In the cases with constant inventories I-C, the D_ is lengthened

T
or the PD reduced for a given value of M and Oi' However, with

increasing values of M for smaller facilities, the DT and PD values

tend to cluster around a single value, which is independent of the
Gi's. For example, for M = 15 kg , in both 240 t/a and 100 t/a

facilities, the D, remains around 3 BP with PD = 99 7 for DS-1

T
and around 15 BP with PD = 97 7 for DS-7 for all the values of o.'s

considered. This particular effect can directly be traced back to

the dominating influence of LI in the LMUF for the smaller size
facilities with constant inventories. With still larger values of

M the differences amongst the cases with different process inventories
and diversion scenarios also tend to disappear. For example, for

M = 30 kg a D, = 1| BP is obtained for a PD > 99.9 % for all the

T
three small facilities, for all the 9;s DS and inventory cases considered,
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iii) Whenever the diversion of an amount M is detected within 3 BPs
after it has been assumed to begin, this detection is associated
with a very high value of nearly 100 Z., This is independent of the
diversion scenarios considered. The high values of PD associated
with very short detection times, is mainly caused by the fact
that the ratios AM/LMUF in such cases are always so large that

they force the P_ to shoot up almost immediately to very high values.

D
As a result a PD > 99.9 Z is obtained within the first few balancing

periods after a diversion has been assumed to begin,

iv) Of the seven diversion scenarios considered in this series, the first
five scenarios may be considered to belong to the category of abrupt
diversion and the 6th and 7th to the protracted diversion. Considered
from the point of view of the sensitivity, this means that the
sensitivity of the NRTA method remains virtually the same for the
first five diversion scenarios and then may get reduced somewhat
(depending on the facility size and inventory and oi's at the input)

in the cases for DS-6 and DS-7.

5. Concluding Remarks

The main purpose of the present series of detailed investigations with
computer simulated data, had been to understand and recognize the factors
which influence the sensitivity of the detection capability of the NRTA
method in a reprocessing facility, and not so much to generate absolute
numbers. These numbers are important mainly as indicator for recognizing

some general trends.

5.1 Sensitivity

The most important conclusion to be drawn from these investigations is
the confirmation of the fact that the NRTA method provides a significant
improvement in the sensitivity of the detection capability and detection
time over the conventional material balance method in a reprocessing
facility. The improvement may be in the range of a factor of 10-20,
depending on the facility size, amounts of process inventory, accuracy

of measurement system and the possible mode of diversion,




5.2 Test Procedure Used

The statistical test procedure i.e. the two sided Page's test used

in these investigations, appears to maintain its sensitivity over a

wide range of abrupt and protracted diversion scenarios considered.

The only important boundary condition which needs to be fulfilled is the
existence of a number of diversion free balancing periods., This is the

situation encountered routinely by the IAEA.

The sensitivity of this test procedure may, however, be reduced for the
so-called alternating diversion scenarios in which a certain amount is
assumed to be withdrawn from the process MBA during a balancing period
and a smaller amount introduced in the MBA at a later balancing period.
Other test procedures /6, 7/ may provide better sensitivity for such
scenarios. It would, therefore, always be advantageous for the Agency
to apply a number of test procedures for the same set of NRTA data from
a reprocessing facility, to ensure a broad coverage for different

possibilities of diversions, without loosing the sensitivity.

5.3 Computer Simulated and Realistic Data Base

The results discussed in this report are obtained through computer simulation.
Under actual operating conditions in a reprocessing facility, because of
deviations from the simulated situations which may exist in the facility,
the sensitivity may suffer. This would mean only an upward revision of the

absolute numbers for M, PD and D,, obtained through simulation. The fundamental

T
advantages of the NRTA method are, however, not expected to disappear.

Some research activities are under way to use actual operation data from

reprocessing facilities for testing the sensitivity of the NRTA method.
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1. Introduction

In an international workshop on the near real time accountancy (NRTA) /1/,
it was recognized and confirmed that sequentially generated material
balance data in a reprocessing facility could provide, under certain
operating condition, a more sensitive detection capability with regard to
the amount and the detection time compared to those obtained under the
conditions of a conventional material balance system in which a balance is
struck only after a given period of about one year. Some of the statistical
test methods considered particularly in connection with the NRTA measure,
were investigated in some detail in /3/. The main conclusion of this
investigation has been that a number of test methods may have to be
considered to cover a large spectrum of loss patterns and boundary
conditions. No single test pattern provides the same detection sensitivity

for all conceivable loss patterns of diversion scenarios.

However, one particular statistical test method, i.e. the two-sided

Page's test for MUF residuals (MUFR), increases the detection sensitivity
significantly, specially for such cases in which the diversion scenario
begins after a number of diversion free balancing periods /4/. For example,
it was shown with simulated data for a 1000 t/a reprocessing facility that
about 30 Kg of Pu could be detected with a probability of detection (PD) of
95 Z and a false alarm rate (o) for 5 % using this type of test methods.
The detection capability reduces to over 350 Kg of Pu for the same PD and o
and the detection time increases to one year if one carries out the

material balance according to the conventional system every year /2/.

Under normal Agency safeguards practice, diversion free balancing periods
are encountered very frequently. In fact, since 1977 the Agency has always
stated that it has no indication to believe that a diversion has taken
place for all the cases in which it has been exercising its safeguards
activities. For these cases, therefore, the sequential test of MUFR could
be applied. Also, whenever the Agency issues a no-diversion statement at
the end of a year, all the data generated in that year in the respective

bulk handling facilities including reprocessing, could be assumed to have




been generated under no diversion conditions. If, for example, under such
conditions, MUF data in a reprocessing facility were to be generated at
every ten day interval, and the facility operated for 200 days per year,

20 data sets for 20 balacing periods would have been generated under
diversion free conditions. Since such conditions are expected to be present
the normal case in the future, as was in the past, the two-sided sequential
test could be used for these facilities and could provide a fairly useful
and powerful tool in finding out a deviation from a diversion free condi-

tion in a facility.

The present series of parametric investigations were carried out to
establish the sensitivity of this method under a given set ofvoperating
conditions, as well as, to recognize any simplification possibility for
using this method under routine conditions. The investigations have been
restricted to the seven diversion scenarios considered in /2/. Subsequent
investigations indicate that the two-sided sequential test procedure

"alternating diversion

may loose some of its sensitivity for the so-called
strategies'" i.e. strategies in which a certain amount of material is
assumed to be withdrawn from the process during a balancing period and a
part of it added to the process during a subsequent balancing period.
Other test procedures appear to have better semsitivities for such

strategies /6, 7/.

These investigations were based on computer simulated data. The input
data for the simulation and the analysis of the results are presented
in part I of this report. The results of the computer simulation are

compiled in part II of this report.




2. Parameters Considered

The following parameters were considered:

No. Parameters Variations considered
1. Facility Throughput, FT t/a 1000, 500, 240, 100
1.1 Inventory linearly reduced, I-LR kgPu 450, 225, 108, 45
1.2 Inventory kept constant, I-C kgPu 450, 450, 450, 450
2. Measurement uncertainties
at the input accountability, o, A 0,5 1 2
3. Amounts assumed to be diverted, M kgPu 5 10 15 20 25 30 35 40
b4, Diversion Scenarios, DS 1 2 3 4 5 6 7
(see Table 3 for
clarification)

for all the parameters
under 1,1.1,1.2,2 and 3

The MUF values were assumed to be generated every 10 days, so that one
Balancing Period (BP) corresponds to 10 days of operation. For each of the
parameters, 40 BPs were considered out of which the first 20 BPs (1 year

of operation) were assumed to be diversion free, so that all the diversion
scenarios begin at the 2lst BP. Therefore, in a number of tables containing
the results of investigations, whenever relevant, the 2lst BP was considered
to be the first BP for counting the number of BPs after which a diversion

with a given probability of detection was calculated.

The same MUF generation model as in /2/ has been used for the parametric
investigations with, however, the two-sided Page's test instead of the
power-one test used in /2/. The threshold values for the false alarm rate o
for each of the balancing periods has been so chosen that a value of

& = 0.05 at the end of the 40th balance period is attained.

A Monte Carlo simulation was used and 10,000 runs were made for each set of
parameters. In all these investigations the material balance of only Pu

in the process MBA was considered.







3. Comments on Input Data

3.1 Throughputs, Inventories, Measurement Uncertainties (Table 1)

For the present series of parametric investigations, reprocessing

facilities with the annual inputs of heavy material of 1000 t, 500 t,

240 t and 100 t were considered. In the main series, the process inventory
of Pu was reduced linearly with decreasing throughputs (abbr. I-LR or LR-I).
The values for 1000 t/a facility was taken as the reference data base and

reproduced from /5/.

In a second series of investigations, the process inventory of 450.6 Kg Pu
for the 1000 t/a facility, was kept constant for all the other facilities
(abbr. I-C or C~I), mainly to find out the influence of variations in

inventories on the sensitivity of the NRTA method.

Whereas the measurement uncertainties Gi'S for the input in the reprocessing
facility (i.e. input accountability tank) were varried from 0.5 %Z, 1 % to 2 %
(both the random and the systematic error components), those for the process
inventories, product and waste streams were assumed to remain unchanged and
kept the same as those for the 1000 t/a facility /5/. In all the cases, the
random and the systematic error components for a given measurement were

considered to be equal.

3.2 Variance and MUF Values for Different Size Facilities (Tables 2A, 2B)

The variances and limits of error for the material unaccounted for (LMUF)
for each of the facilities are calculated for a single balancing period with
10 operating days. There are 20 such balancing periods (BP) in a calendar

year.

For facilities with linearly reduced inventories (I-LR), the corresponding
LMUF values per balancing period get reduced linearly with

decreasing throughputs (Table 2A, Fig. 1A). The LMUF/BP for the 1000 t/a
facility with 0.5 % measurement uncertainty at the input, is for example,

4.09 kg of Pu reducing linearly to 0.409 kg Pu for the 100 t/a facility
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(Fig. 1A). The LMUF values are however, not exactly linear in measurement
uncertainty at the input. An increase by a factor of 4 from 0.5 % to 2 7,
causes for a given facility, an increase in the LMUF values by a factor of
2.61. The contribution of the variances of the input measurement to the
total variance of MUF in a facility increases with increasing measurement
uncertainty. With 0.5 % it amounts to about 47 7 increasing to about 93 7
for 2 7 measurement uncertainty at the input. With values around | % and
above (considered to be the normal case), the input measurement uncertainty

dominates the LMUF for facilities with linearly reduced inventories.

In the cases where the inventories in a pfocess MBA are assumed to be
constant at 405.6 kg Pu for all the facilities (Table 2B, Fig. 1B), the
LMUF values tend to converge to the limits of errors of the inventory
measurement (LI) values for the small facilities to around 3-4 kg Pu

(240 t/a, 100 t/a). This is almost independent of the values of the
measurement uncertainties at the input. In larger facilities (500 t/a)
the LI has still a relatively high influence for lower measurement
uncertainties (82 7 for 0.5 % in a 500 t/a facility) which gets reduced
with increasing values of measurement uncertainties at the input (= 25 %
for 2 Z). The absolute values of LMUF with constant inventory increase (as
is to be expected) considerably for the small size facilities over those
with linearly reduced inventories. For a 100 t/a facility, LMUF for 0.5 7%
is higher by a factor of about 7 (3 kg to 0.4 kg Pu). For 2 Z measurement
uncertainty, the LMUF with constant inventory remains at about 3 kg Pu
for the 100 t/a facility but reducing to about 1 kg with linearly reduced
inventory so that the factor reduces from 7 to 3. This indicates that the
advantage expected out of a facility with linearly reduced inventories is

partially reduced with increasing measurement uncertainties at the input.

3.3 Diversion Scenarios (Tables 3, 4)

The diversion scenarios investigated in this report are summarized in

Tables 3 and 4.




Diversion scenario 1 (DS - 1) means that the total amount M is assumed to

be diverted from the process MBA, during the first balancing period

(after 20 diversion free balancing periods). Since the material balancing
takes place after every 10 days of operation, this particular diversion can
become visible to the Agency for the first time through the analysis of the

MOF values only after the first balancing period in which a diversion of

the whole amount M takes place. This diversion scenario is defined as

abrupt diversion.

In diversion scenario 7 (DS - 7) the total amount M is assumed to be
diverted in equal portions over 20 successive BPs (also after 20 diversion
free BPs). This diversion scenario is defined as the protracted diversion.
In this case, parts of the total diversions become visible only after a

material balance is struck in the process MBA for a balancing period.

The diversion scenarios DS 2-6 fall in between the two extremes of abrupt

and protracted diversion.

Table 4 shows the diversion rates for different amounts M for a given
diversion scenario. A diversion of 10 kg for DS - 1, abrupt diversion,
means for example, that the whole amount is assumed to be diverted during
the first BP (after 20 diversion free BPs). The diversion of the same
amount of 10 kg in the DS - 7 mode (protracted diversion) would mean that
0.5 kg Pu/BP (started after 20 diversion free BPs), would be assumed to be
diverted and continued sucessively up to the next 20 BPs. For DS - 2, the
diversion rate for 10 kg of M would be 5 kg/BP distributed over the first
two BPs (again after 20 diversion free periods). For DS 3-6 the corresponding
amounts for 10 kg of M are assumed to be diverted over 3, 4, 5 or 10
balancing periods, always starting with the first BP after 20 diversion

free periods (table 4).



I-20

3.4 AM/LMUF Values for Different Diversion Scenarios and Facility Sizes

(Tables 5A, 5B, 6-10, 11A, 11 B; Figs. 2A, 2B; 3A, 3B)

Since the abrupt and protracted diversions (DS 1, 7) correspond to the
two extreme cases of scenarios considered here, the complete sets of

the AM/LMUF values for all the parameters investigated, are included for
these two cases in Tables 5A, 5B for DS - 1 and 11A, 11B for DS - 7.

For the rest of the diversion scenarios (DS 2-6), values for only one set
of parameters, i.e. | 7 measurement uncertainty and linearly reduced
inventories (I-LR), have been presented in Tables 6-10. In these tables,
values for 0.5 and 2 7 measurement uncertainties for a 1000 t/a facility

have also been included for ready reference.
Two definite trends in these values can be recognized:

l. The same values of AM/ILMUF are obtained for different size facilities
considered (Figs. 2-3), Particularly this fact permits a simplification
in the use of the NRTA method on a routine basis. This possibility is

analyzed in some detail later on (see Chapter 4: Analysis of Results).

2. AM/LMUF values for facilities with linearly reduced inventories increase
continuously with decreasing facility size or increasing values of M
(Figs. 2A, 3A). On the other hand, those with constant inventories,
do not increase that rapidly (Figs. 2B, 3B), since the LMUF values for
a facility with constant inventories tend to converge to a constant
value, approximately corresponding to the limits of error of the
inventory measurements in that facility. This may have the consequence
that larger inventories in the process area would tend to reduce the

sensitivity of an NRTA method (Chapter 4: Analysis of Results).
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4. Analysis of Results

The results of the present series of investigations can be broadly
categorized into two groups, one dealing with the amounts which can be
detected under a given set of conditions and the other, dealing with the
detection time i.e. the time which elapses after the amount, assumed to be
diverted under a given set of conditions, can be detected with a probability
of detection of > 95 7. In all these investigations, the probability of
detection PD with the false alarm rate o of 5 7, has been taken to be the
main indicator for assessing the sensitivity of the NRTA method under the

different sets of conditions investigated.

Throughout the analysis some abbreviations have been used to avoid the
repetition of the same word. These abbreviations are explained below as
well as at the beginning of the report (page A-3 ) and in the tables I, II,
III.

Abbreviations frequently used:

BP balancing period

C-I, 1-C constant inventory in the process MBA in kg

DS diversion scenarios

Dp detection time expressed as the number of BPs after which the
diversion of a given amount M can be detected with a given PD

FT facility throughput in t/a

LR-I, I-LR linearly reduced inventories in the process MBA with decreasing
FT in kg Pu

LT limits of error in inventory measurements in kg

LT limits of error in throughput measurements in kg

LMUF limits of error of Material Unaccounted For in kg

M total amount of Pu assumed to be diverted for a given
diversion scenario, in kg

AM fraction of M assumed to be diverted per balancing period
for a given diversion scenario, in kg

MBA material balance area

Py detection probability in % with a false alarm rate o of 5 %

G;5 0 measurement uncertainties at the input of a reprocessing facility,

in 7, rest of the measurement uncertainties being the same as
given in Table 1
o false alarm rate, fixed at 5 % throughout the investigations
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Before, however, the detailed analysis of the sensitivity of the NRTA
method is presented, some general comments are made on this method and on
some simplification possibilities which can be used in assessing the

sensitivity of this method.

4.1 General Remarks

The present series of investigations has confirmed the main findings in /2/
i.e. the NRTA method provides, under the boundary conditions considered and
with the test procedure used, a significant improvement both in the amount
which can be detected with > 95 % PD and in the detection time Dp, over the
classical material balance method (in which a material balance in a
facility is struck once a year, on the basis of which a safeguards relevant

statement is made).

For example in the 1000 t/a reference facility, an abrupt diversion of
about 16 kg of Pu could be detected with a 95 7% Py within less than 4 weeks
of the diversion. A protracted diversion of about 28 kg Pu could be
detected with 95 7 PD immediately after the last balance period (i.e. the
20th balance period) at which the last portion of this amount had been

assumed to be diverted.

Compared to the classical method of annual material balancing, in which
approximately 330 kg of Pu if diverted, could be detected with 95 7 PD’

a year after the diversion had taken place, the NRTA method provides both
for the abrupt and for the protracted diversion an improvement of over a
factor 10 (a factor 20 for the abrupt diversion) and an improvement of a
factor of 12 (one month instead of 12 months) in detection time DT for the

abrupt diversion.

It is to be recognized, however, that these improvements can be expected
only if a number of boundary conditions are met, the most important being

the following two:
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- A number of diversion free balancing periods should exist, since only
then can the test procedure used in these investigations provide the
maximum detection probability.

- The diversion scenarios or loss patterns which the facility operator

might use, should be known generally.

It was indicated earlier (see introduction) that the Agency has up to now,
encountered on a routine basis, the conditions of diversion free balancing
periods in almost all the facilities in which it has been safeguarding
nuclear materials. The test procedure considered here, in combination with
other measures, may cover a large number of cases which are encountered on
a routine basis and, therefore, may form an important part of the Agency

activities.

The second condition i.e., that the loss patterns should be known to the
Agency, has to be takén more seriously, since the Agency in principle,
would not know the type of diversion strategies which a State might like to
follow. However, the results of the present investigations show, that the
difference in the sensitivity of the NRTA method between the two extreme
diversion possibilities considered i.e. the abrupt and the protracted, with
regard to the amount M, is relatively small. For example it is less than a
factor of two i.e. 16-28 kg of Pu for a 1000 t/a facility with 1 % . The
sensitivity of the test procedure for all the intermediate diversion
scenarios remains in this range which is still better by a factor of 10
Or more over the conventional balancing method for a wide spectrum of
feasible diversion scenarios. Besides, the results of these investigations
indicate also that above a certain amount for a given facility, the
probability of detection for all the diversion scenarios considered
converge to a value of about 100 %. The smaller the facility the smaller is
this amount (for a 1000 t/a facility this high probability of detection is
obtained for about 50 kg of Pu and 5 kg for a 100 t/a facility with

1 7 o, and linearly reduced inventory)sPast experience has repeatedly shown
that it is more useful to have a number of practicable measures, each of
which is sensitive for a limited spectrum of feasible diversion strategies

than one single measure which is less sensitive but can cover all



conceivable diversion patterns i.e. completely independent of the diversion

scenario.

It is, therefore, the considered opinion of the authors that the NRTA
method with the test procedure used in combination with some other test
procedures /6, 7/ may provide a powerful safeguards tool for detecting
the loss of relevant amounts of nuclear materials in the process MBA of a
reprocessing facility. However, because of its somewhat restrictive
coverage of diversion possibilities, it may have to be supplemented by

a number of other measures.

4.2 Simplified Possibilities of Sensitivity Analysis for NRTA Method
(Figs. 4A, 4B, 5A, 5B, 6A, 6B, 7A, 7B)

One of the important side effects of the present series of investigation is
the finding that an a priori analysis of the sensitivity of the NRTA method
can be significantly simplified for the different sets of parameters con-
sidered in these investigations, by using the ratio of AM/LMUF for deter-
mining the probability of detection of an amount assumed to be diverted in
a facility (AM = amount assumed to be diverted per balancing period,

LMUF = limit of uncertainty of MUF in a facility in that balancing period).

The ratio of AM/LMUF can be considered to be the diversion rate per LMUF.
Since the LMUF is a function of the measurement system used in a facility,
LMUF is a unique characteristic of that facility. This unique characteristic
determines, in the final analysis, the capability or the limitations, i.e.
the sensitivity of the NRTA method for detecting a diversion (for that
matter any other material balance method). The smaller the LMUF per
balancing period, the higher is the probability of detection for a given M

in a facility.

AM is the amount assumed to be diverted per balancing period and is a
function of the assumed diversion strategy. For an abrupt diversion
strategy (DS -~ 1) AM = M i.e. the total amount is assumed to be diverted

during the first balancing period (after 20 diversion free periods). In the




protracted diversion strategy DS - 7, AM = M/20 is assumed to be diverted
in equal portions in each of the successive 20 balancing periods so that,
after the 20th balancing period (i.e. after onme year of operation), the
total amount M would have been diverted. The larger the AM per balancing
period, the higher is the probability of detection for a given LMUF for

that balancing period.

The main reason for the improvement in the sensitivity of the NRTA method
over the conventional balancing method could lie in the fact that, the
reference values of the LMUF against which the probability of detection for
a given amount is estimated, is much smaller in the case of the test
procedure used for the NRTA method (than the conventional balancing method),
since the LMUF value per balancing period is used instead of the annual value
of the LMUF as in the case of the conventional balancing method (i.e. for a
1000 t/a facility, LMUF/BP = 6.02 kg whereas the annual LMUF is = 100 kg).
The deviation from the normally expected LMUF value is sequentially
registered and tested in the NRTA method after each balancing period. The
test procedure can therefore, detect the diversion of a relatively smaller
amount (which appears as a deviation from the normal LMUF values) and also
much earlier than in a conventional annual balancing method, since the test
for a diversion is carried out every 10 days (in the present series of

investigations)‘after a material balance is struck.

For the test procedure used in these investigations, PD is a monotonously
increasing function of AM/LMUF for all the diversion strategies considered.
The values of PD plotted against AM/LMUF on a linear graph paper give the
well known S-formed curve for probability functions with the Gausian
distribution (Figs. 4A for DS 1, 5A for DS 2, 3, 4, 5, 6, and 6A, 7A for

DS 7).

If plotted on a probability paper (linear in abscissa), the same values can
be fitted approximately to a straight line (Fig. 4B for DS 1, 5B for DS 2,
3, 4, 5, 6 and 6B and 7B for DS 7). The values obtained from the straight
lines lie, compared to the actual values obtained through computer calcu-

lations, on the conservative side.
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Each of the curves for a given diversion strategy incorporates all the
values of PD for different facility sizes, and different o, values,

and in the curve for DS - 1, also the different values of inventories
(I-LR, I-C). Rest of the curves incorporate values of the linearly

reduced inventories only. For DS - 7 an additional curve, Fig. 7B, with
values for constant inventories has been included since for this particular
strategy, the values for the I-C were somewhat higher than for I-~LR above

the 90-99 7 range of PD.

4.2.1 Possibilities of Using the Curves

The possibilities of using these curves are illustrated with the help of a
number of numerical examples for DS - | and DS - 7. The detailed analysis

of the results is provided in subsequent chapters.

Fig. 4B provides the PD values (in the ordinate) for different values of

AM/LMUF for DS - 1| i.e. for abrupt diversion.
Question l: What is the amount of Pu (in kg) which can be detected with a

PD of 95 7 in the reference facility with 1000 t/a throughput and a process
inventory of 450 kg of Pu with the measurement uncertainty of 1 7 at the

input for a diversion strategy DS - 1?

Answer to Q 1: In obtaining the -answer to Q 1 following steps are necessary.

Step 1: The corresponding value of AM/LMUF for PD = 95 7 is obtained from

Fig. 4B which is: 2.75

Step 2: From Fig. 1A (or Table 2A) the LMUF value/BP for the 1000 t/a

facility with 1 % o is obtained which is: 6.02 kg
Answer to Q |: The amount which can be detected with PD = 95 7 is
2.75¢6.02 = 16.56 kg Pu
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gggifigg_%; What is the amount which can be detected with a PD = 95 7 in
the same facility but with measurement uncertainties at the input of 0.5 %

and 2 7 respectively for DS-1?

Answer to Q 2

Step 1: The LMUF values in a 1000 t/a facility (Table 2A) are 4.096 kg Pu
for 0.5 % and 10.69 kg for 2 % respectively. The corresponding values of M

for PD = 95 7 are, therefore, 2,754,096 = 11.26 kg Pu
for 0.5 % or : 2.75210.69 = 29.4 kg Pu

for 2 7 ..
i

It is to be noted that the values of M's actually calculated for these
two measurement uncertainties are 11.58 and 27.0 kg of Pu respectively

(Table 54),

Question 3: What are the amounts which could be detected with the same

PD = 95 7 in different size facilities with I~LR all for | 7% Oi?

answer to Q3 (DS - 1) FT - 1200 t/a 500 t/a 100 t/a

1. The corresponding LMUF per BP
values for these facilities
(Table 2A, for 1200 t/a
facility extrapolated from
the 1000 t/a facility since
LMUF is linear in oy for all
facilities) kgPu 7.2 3.01 0.602

2. M which could be detected
with Py = 95 % (2.75°LMUF,)
kg Pu 19.86 8.77 1.65
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It is to be seen that the sensitivity of the NRTA method increases rapidly
with decreasing size of the facility or decreasing values of Oi's at the

input (which is equivalent).

The sensitivy increases also if two independent process lines, each having
half the throughput and inventory of a single line is used in a facility.
For example, in a 1000 t/a facility having two independent process lines
each of 500 t/a, the amount which could be detected in such a facility with
a PD =95 Z and 1 7 o, at the input, would not be 16,53 kg Pu as calculated
for a 1000 t/a facility but /?3.772+8.772 = 12.4 kg Pu. However, to ensure
this lower value, the two independent . process lines must have two truly

independent measurement systems.

The procedure illustrated above can be used for other diversion strategies

and other LMUF or PD values as well.

Sometimes it would be useful to establish the sensitivity of the NRTA

method for a given amount in different size facilities.

Question 4: a) What is the P_ for 8 kg Pu assumed to be diverted abruptly

D
(DS ~ 1) in different size facilities (500, 240 and 100 t/a)
with 1 7 o, at the input either for linearly reduced (I-LR)

or constant (I-C) inventories?

b) How are the PD values altered for the same mode of diversion
of 8 kg if in the same facilities, the Gi's are changed from

1 Z to 0.5 or to 2 Z?

Answer to Q 4a for I-LR

FT ~ t/a 500 240 100

Step 1: LMUF for | % Oi and I-LR
(Fig. 11) kg Pu 3.01 1.44 0.602
AM/LMUF for 8 kg - 2.66 5.56 13.29

Step 2: PD for the corresponding

AM/LMUF (Fig. 4B) 7 94.5 >99.99 | >99.99




It is to be noted that for abrupt diversion DS - 1, a PD>99 %Z is obtained

for all values of AM/LMUF which are > 3.2,

Answer to Q 4a for I-C

Step 2: Corresponding P
(Fig. 2B)

D

FT ~»

Step 1: Values of LMUF with
1 Z o, and I-C (Tab. 2B)
AM/LMUF values for 8 kg

values

500

3.9
2.05

74

240

91.5

100

3.037
2.64

94.2

The accurately calculated values (Table 55) show that

facility with constant inventory, 7.76 kg Pu could be detected with 95 7 P

for the 100 t/a

Further it is to be noted that approximately the same values of AM/LMUF ’
(2.64 kg and 2.66 kg respectively) are obtained for 100 t/a facility with
I-C and 500 t/a facility with I-LR both for a g, =1 %
Answer to Q 4b for I-LR FT -~ | t/a 500 240 100
o A 0.5 2 0.5 2 0.5 2

Step l: LMUF for the three

facilities (Tab. 2A) kgPu 2,0 5.3 |0.98 2.6 |0.41 1.07

AM/LMUF for 8 kg - 4.0 1.51{8.16 3.08!19.51 7.48
Step 2: Corresponding PD values

from Fig. 4B 7% >99.9 41.0(>99.9 99.0|>99.9 >99.9

For a 500 t/a faciliy, the Py values for 8

99.9 7 when the measurement uncertainty at

kg Pu improves from 94 7 to

the input goes down from 1| 7%

to

0.5 7% and the PD goes down to 41 7 when the measurement uncertainty goes up

from I to 2 7. For the rest of the facilities the P

g¥Xeater than 99 Z.

D

values are always
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This series of examples is closed with

Question 5: What is the minimum amount which could be detected with a

"

= 95 in the facilities 500, 240 and 100 t/a for 1 % o, and I-C for
protracted diversion DS - 7? (Table 57, Fig. 7B)

Answer to Q 5:

Step I:

Step 2:

Step 3:

Step 4:

The AM/LMUF value for a PD = 95 7 for DS - 7 is read

from Fig. 7B to be = 0,202

FT -

LMUF for these facilities for
1 7 o; and I-C (Tab. 2B)

Corresponding values of
AM/BP to obtain the value of
AM/LMUF = 0, 202

Total amount M which can be
detected with PD 95 7%

AM/BP<20 (since AM/BP is
assumed to be diverted
successively over 20 balancing
periods)

The values of M actually
calculated (Tab. 57)

t/a

kg

AM/BP
kgPu

kg

kgPu

500

3.9

0.80

16.1

16.57

240

100

3.037

9.89
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It can be seen that for smaller facilities, the straight line drawn
in Fig. 7B provides somewhat conservative values (i.e. 15-25 % higher

than the amounts of Pu found by actual calculations). However, the

curves have been purposely drawn in a way that fairly conservative
values are obtained. This appears to be particularly desirable in view
of the fact that the results which are obtained in these investigations
through a simulation of facility data may not cover all the restrictions
prevalent in a facility. Under actual operating conditions, therefore,

the sensitivity of the NRTA method is bound to be reduced.

It is expected that the series of numerical examples presented above,
would suffice to illustrate the different ways in which the sensitivity
of the NRTA method can be investigated in a simplified manner with the
help of the linearized probability curves generated as examples for these

investigations.

4.3  Sensitivity with regard to Detectable Amounts M

The sensitivity of the NRTA method with regard to the amounts M in kg Pu
which could be detected with different probabilities of detections PD’
was analyzed for the following sets of parameters (for clarification of the

abbreviations see page A~l or Tables I, II, III):

—
°

Plant throughputs and inventories (FT, I-LR, I-C)
- Amounts assumed to be diverted (AM, M)

Measurement uncertainties at the input (ci's)

JE S SV |V

Diversion scenarios (DS)

The different sets of parameters influence each other directly or indirectly.
Therefore, in considering the influence of the different sets of parameters,

the following restrictions have been observed:

= For analyzing the influences of facility throughputs and inventories

only the results for 1 % o5 and DS - 1, 7 have been considered.
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- For analyzing the influence of measurement uncertainties the results

for DS - 1 and 7 have been considered.
- For analyzing the influence of DS only, the results for a, = 1 7 have been
considered.

Wherever appropriate, besides the detailed analysis for these parameters
some general trends involving all the parameters when considered

simultaneously, have been indicated.

4.3.1 Facility Throughputs and Inventories (Tables 54, 55, 56, 57)

a) Facility Throughput with I-LR (Figs. 16A, 16B)

For any given probability of detection, P and measurement uncertainty, 0y

s
the amount assumed to be diverted or losthecreases with decreasing size

of the facility with linearly reduced inventories (I-LR). For‘PD = 95 %
this reduction is linear with facility throughput. In the case of an abrupt
diversion (DS - 1) and o, =1 %, this amount is about 17 kg of Pu in the
1000 t/a facility reducing linearly to about 1.7 kg Pu in the 100 t/a

facility.

For protracted diversion (DS - 7) the same general trend is observed only
with the difference that the absolute values of the amounts which can be
detected with the same PD = 95 7 are higher. For the 1000 t/a facility
the corresponding amount is about 28 kg reducing to 2.8 kg in a 100 t/a

facility for this strategy.

The reason for linearity in the case of I-LR is the fdct that the LMUF/BP

is also linear in FT for I-LR (Table 2A). In the final analysis, the
linearity of LMUF is mainly caused by the systematic part of the measurement
uncertainty at the input of a reprocessing facility, which increases

linearly with increasing amounts measured at the input.
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b) Facility Throughput with I-C (Figs. 16A, 16B)

It was indicated earlier that two different amounts of process inventories
were considered. In one case the process inventory were reduced linearly
with the throughput. In the other case, the process inventory in the
reference case of 1000 t/a facility of 450.6 kg Pu was kept the same for
all the other three facilities. For a 100 t/a facility a 450.6 kg Pu of
process inventory is an extreme case and is not expected to be encountered
in reality, since this inventory amounts to about 45 % of the annual
input of 1000 kg of Pu. However, these extreme values can indicate the
maximum possible deviations in the sensitivities of the NRTA method

which could be expected if the process inventories in the facilities

were to be larger than those assumed in the case of linearly reduced

inventories,

The amounts which can be detected for the cases with I-C are generally
higher than those for the I-LR for both DS - 1| and 7. Surprisingly enough
though, they are not as high as would have been expected if only the absolute
amounts and the associated measurement uncertainties for different classes

of inventory materials were taken into account (Table 2B). The following
table illustrates this point for different M (kg Pu) with PD = 95 7 and

0. = 1 7 for I-LR and I-C in facilities with different throughputs

1
(Tables 54, 55, 56, 57).

t/a DS - 1 DS - 7
I-LR 1-C I-LR 1-C
M M M M
1000 16.53 16.53 28.3 28.3
500 8.27 10.97 14.1 : 16.57
240 3.93 8.6 6.8 11.50
100 1.66 7.76 2.8 9.89
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For the 1000 t/a facility the M values for I-LR and I-C are same for

a given diversion strategy since the process inventory is the same in
both the cases. In a 500 t/a facility the value of M increases from
8.27 kg to a merely 10.97 kg when one goes from the I-LR to a I-C
situation for DS - 1. In the case of DS - 7 this increase is from

14,1 to 16.57 kg for the same facility. The increase in the smaller size

facilities is more significant.

It is to be noted that the reduction of M for a given P, for I-C is not
exactly linear in facility size but slightly concave against the ordinate.
This is because of the increasingly larger influence of LI (limits of
uncertainty of the inventory measurement) on the total LMUF for smaller

size facilities.

Also the rate of increase in the value of the ratio M I-C/M I-LR (see
Table 54/55 for DS = 1 and 56/57 for DS - 7) increases with decreasing

facility size as shown below (for o, = 1 %)

Ratio FT
t/a DS = 1 DS = 7
500 1.33 1.18
M /Mg 240 ‘ 2.17 1.69
100 4,67 3.53

This increase is also caused by the increasing influence of LI (in the
constant inventory case) on the total LMUF with decreasing facility size.
It is to be noted that with higher P_ values this ratio increases for the

D
same facility as shown in the following chapter.

In the sequential test procedure used in these investigations, the
systematic part of the measurement component for the inventory cancels
out /4/, during the balancing period. This fact i.e. the elimination of
the systematic part of the measurement component of the inventory from
the LMUF dampens somewhat the reduction in the sensitivity of the NRTA

method with increasing amounts of process inventory.
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4,3,2 Different Values of M Assumed to be Diverted
(Tables 12A, 12B, 18A, 18B, 53A, 53B)

For any facility size and diversion strategy, P_ is a monotonously

increasing function of M assumed to be divertedDor lost (Figs. 8, 9, 10, 11),
The slope of the probability curves is steeper for smaller size facilities
or for smaller values of Gi'S. For all these facilities and diversion
strategies considered, it is allways possible to obtain a P of = 100 A
for an amount of M which is considerably less than that obtainable under
the conventional balancing method. This is illustrated for DS - 1| and 7
in the following table for the cases of o, = 1 Z, I-LR and I-C (excerpts

from Tables 53A, 53B and Figs. 8, 9, 10, 11).

FT t/a 1000 500 240 100
I-LR I-¢ | I-LR I-¢ | I-LR I-C
DS - 1; M > kg (P,=100 %) 21 110.5 15.5 | 5.1 12.5 | 2.1 10.5
DS -~ 7; M > kg (P,=100 %) 35 | 17.5 20 8.5 15.3 | 3.5 12.5
M
Ratio — 1.67 | 1.67 1.29 | 1.67 1.22 | 1.67 1.19
7

It is worthwhile to note that the sensitivity of the NRTA method is reduced
in general if one goes from I-LR to I-C situation although not as strongly
as the change in the inventory amount would suggest. The detection
capability reduces (as expressed by the amounts which can be detected for a
PD2100 %) for example for the 500 t/a facility, from 10.5 to 15.5 kg Pu,
i.e. by a factor of 1.5 only, although the amount of process inventory in
this facility while going from I-LR to I-C increases by a factor of two
(from 225 to 450 kg Pu). This factor is however larger for the smaller
facilities (2.45 for 240 t/a and 5 for 100 t/a). The reason appears to lie
in the fact that the percentage contribution of LI to the total LMUF/BP in
a facility increases with decreasing throughput of the facility (Tables 2A

and 2B).
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Two additional points are worth mentioning in this connection:

-~ When one goes from the abrupt to the protracted diversion mode (D | to D 7),
the sensitivity of the NRTA method is reduced also, but not drastically.
In all the facilities for I~LR, the reduction is by a factor of 1.67,
although in the case of protracted diversion (DS - 7), the rate of
diversion per balancing period is reduced (against the abrupt diversion
DS - 1) by a factor of 20. As mentioned earlier, the reason appears to
lie in the fact that the actual value of LMUF/BP against which the
deviation is tested, is relatively low (about 6 kg of Pu/BP for DS = 7

against 100 kg for an annual balance).

—~ In the cases of I-C, the reduction factor improves for smaller facilities
(1000 t: 1.67; 500 t: 1.29; 240 t: 1.22; 100 t: 1.19) while going from
the abrupt to the protracted mode of diversion. An improvement in the
reduction factor means that relatively speaking smaller amounts can be
detected in a smaller facility with large inventory amounts compared to
larger facilities with the same inventory amounts with a given PD.

The reason is also as mentioned earlier, the relative reduction in the LI
because of the elimination of the systematic part of the error for the

measurement of inventory.

4.3.3 Measurement Uncertainties (Tables 53A, 53B, 54, 55, 56, 57)

Different categories of limits of uncertainties (LT - Limits of uncertainties
for throughput measurements consisting of those for input, product and waste
streams and LI - Limits of uncertainties for the different classes of
inventory materials measurements in the process inventory), contribute to

the total LMUF per balancing period. Out of these, the contribution from
the measurement uncertainties at the input of a reprocessing facility is
normally the highest. The influence of this particular measurement
uncertainty on the sensitivity of the NRTA method was therefore, analyzed

in the frame of the present series of investigations. The values of the




uncertainties chosen for this parametric variations are 0.5 %, 1 %Z and 2 7
(both for the systematic and the random components which are assumed to be
equal). Higher or lower values for this measurement uncertainty are not
considered to be realistic. In Tables 2A and 2B the LMUF, LT and LI values
for all the four facilities and for the two alternative inventory situations

(I-LR and I-C) considered, have been included for the 3 o, values,

a) Facility Throughputs with I-LR (Tables 54, 56)

For a given facility and a diversion strategy, the sensitivity of NRTA method
improves with decreasing measurement uncertainties, the rate of increase
is however different for different facility throughputs and inventories, measure-

ment uncertainties and diversion strategies.

The amounts M which can be detected with a PD = 95 7 (Tables 54/55) are
all linear in o,s for all the facilities with I-LR and for all diversion
strategies, The main reasons being the dominance of the systematic
component of the measurement system used for throughput and inventory,
which is linearly proportional to the amount measured, and also the
fact that throughput and inventories of the four facilities considered,

are linearly proportional in the cases for I-LR,

The following table shows the relation between 0.8 and M's with PD =95 %
for DS - | and 7 in different facilities with I-LR (excerpts from

Tables 54, 56),

DS - 1 DS - 7
) A
/a M50.5 Mool M2™s0.50 Yo.5 | M2.0 | Mo2s0.5
1000 11.58 27 2.33 17.9 51.7 2.88
500 5.8 13.5 2.33 8.9 25.6 2.88
240 2.78 6.5 2.33 4.3 12.4 2.88
100 1.16 2.7 2.33 1.8 5.17 2.88
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This table indicates that for DS | and DS 7 respectively, ratios

My0.5"M52. 0
DS 7 = 2.88), An increase of a factor 4 in the Oi's (0.5 % to 2 Z) at the

are same for all the four facilities (for DS | = 2.33 and for

input accountability tank causes an increase in the detectable amount for
PD = 95 Z of 2.33 for DS - 1 for all the facilities and 2.88 for DS - 7 for all
the facilities. Three points are worth noting (all relevant only to the I-LR

cases):

- An increase of a factor 4 in the oi's at the input causes a decrease in
the sensitivity of the NRTA method by a factor between 2.3 to 2.8
depending on the diversion strategy assumed. This means that the reduction
in the sensitivity is not that severe with increasing o, values.

The reason being again the dampening effect caused by the constant

contribution of the LI to the total LMUF values.,

~ The amounts detectable with 0.5 7 o, and PD = 95 7 are remarkably low,
about 12 kg for DS - 1 and 18 kg for DS - 7 for a 1000 t/a facility.

Since more than 20,000 kg of Pu are measured for the throughput (about
the same amount at the input and the output) and 2x450 kg Pu for the
inventory during one full year, 12-18 kg of Pu correspond to less than
| per 1000 sensitivity for the NRTA method. This sensitivity is also

obtained in other size facilities as well for the I-LR case.

=~ The NRTA method is more sensitive for abrupt than for protracted diversions,
both with regard to the absolute amounts and to the rate, when one proceeds

from a measurement uncertainty of 0.5 % to 2 % at the input accountability.
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b) Facility Throughputs with I-C (Tables 56, 57)

The following table illustrates the relation between oi's and M's with
PD = 95 7 for DS - 1 and DS - 7 in different facilities with I-C
(excerpts from Tables 56, 57).

DS - 1 DS = 7
t
/a MoO.S MoZ.O MGZ/MOO.S MGO.S MOZ.O MOZ/MOO.S
1000 11.58 27 2.33 17.9 51.7 2.88
500 8.89 16.2 1.82 12.2 27 .65 2.26
240 7.94 10.6 1.33 10.2 15.8 1.54
100 7.47 8.27 1.10 9.5 10.9 1.14

Compared to the I-LR cases, the M values for a given PD for I-C situation
are higher in the cases of 500 t/a, 240 t/a and 100 t/a facilities. After
taking into consideration the values in the above table, the following

points are worth noting:

- An increase of factor 4 in oi's at the input accountability tank for
the cases with I-C, causes an increase in the detectable amounts by
a factor of only 2.33 for DS - 1 and 2.88 for DS — 7 for the 1000 t/a
facility, which is the same as in the case of I-LR. These factors however,
get reduced with decreasing size of the facility. For a 500 t/a facility
the factor gets reduced from 2.33 to 1.82 for DS - | and from 2.88 to
2.26 for DS - 7. In a 100/a facility this reduction is much higher from
2.33 to 1,10 for DS - | and from 2.88 to 1.14 for DS = 7. This reduction
in practical terms means that in the case with constant inventories (I-C)
as considered here, a worsening of measurement uncertainties at the input
by a factor of 4, would not cause a significant reduction in the sensitivity
of the NRTA method for small size facilities in the range of 500-100 t/a.
The same trend is seen if one goes from an abrupt to a protracted mode of
diversion. The reason for this stability in the sensitivity of the NRTA
method in the cases with I-C may be traced back as already mentioned

to the following factors:
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i) The decreasing contribution of LT (or increasing contribution of LI)

to LMUF with decreasing facility size (Table 2B).

ii) The elimination of the contribution of the systematic error component
in the inventory measurements to the LMUF/BP. This factor becomes
more important for smaller size facilities because the ratio of

inventory to throughput increases.

- Although the values of M for PD = 95 7 increases with I-C, the sensitivity
of the NRTA method still remains high, and in the smaller size facilities,
the detectable amounts tend to cluster around the same range. For example,
in a 500 t/a facility, the amounts which can be detected with PD = 95 7
and 0.5 7 95 varies between 9 and 12 kg for DS | and 7 respectively,

With a total amount of about 1900 kg of Pu measured in the facility in a
year, these amounts correspond still to a sensitivity of about 1 in 1000,
i.e. same as in all the cases with I-LR. The sensitivity reduces, however,
as one goes to smaller size facilities. For a 240 t/a the detectable
amounts varying between 8 and 10 kg Pu, correspond to a sensitivity

of about 2 per 1000 and for the 100 t/a facility this is about 3 per 1000
(detectable amounts varying between 7.5 and 9.5 kg Pu for DS 1 and 7

respectively).

c) Comparison Between the Cases I-LR and I-C (Figs. 12, 13, 14, 15)

- The trends in the development of the probability of detection versus
amounts (PD vs M) for the two inventory situations considered (I-LR
and I-C) are shown as examples for the two facilities 500 t/a and
240 t/a in Figs. 12 and 13 for the cases of o, - I and 2 % with DS - 7.
Values of M for the 100 t per year facility reach so rapidly
a PD = 100 % that they cannot be shown on the same scale on a
comparative basis with the other facility sizes. For a 500 t/a
facility the PD values are relatively close to each other for the
I-LR and I-C situations. These values become closer for the two inventory
situations either with increasing values of ci’s or increasing values
of M. For example, in this facility for 1 % Ty all the values of
M > 15 kg for both I-LR and I-C situations have PD = 100 Z. For 2 7 o,
this is the case for M > 20.kg.
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— Another example for PD values as a function of detectable amounts M
for different oi's is shown in Figs. 14 and 15 for 1000 t/a and
500 t/a facilities respectively for DS — 7, For the smaller facility,
both the cases of I-LR and I-C have been shown. In all the cases,

PD improves for a given M with smaller values of o, .

In a 240 t/a facility (see data in the table above) about 16 kg of Pu
could be detected with PD > 95 7% for all the measurement uncertainties,
all the inventory situations and all diversion strategies considered
in the present series of investigation. In a 500 t/a facility, this

is the case for about 28 kg of Pu and in a 1000 t/a facility for

about 52 kg of Pu.

4.3.4 Diversion Scenarios

The seven diversion scenarios DS - 1 to DS — 7 considered in the present
series of investigations, were first discussed in /2/ for checking the
statistical sequential test procedure used in that report. The seven
strategies are presented in Tables 3 and 4 and explained in chapter 3.

The main purpose for using particularly this series of diversion scenarios

is to test the sensitivity of the NRTA method with the particular test
Procedure, for é number of abrupt and protracted diversion scenarios as
defined in the report. Investigations on other and more versatile sequential
test procedures /6,7/ initiated subsequent to these series of investigations,
tend to indicate that the type of Page's test considered here, may not respond
in a sensitive manner to the so-called "alternating diversion scenarios',
i.e. scenarios in which a certain amount of material is assumed to be
withdrawn during a balancing period, with a part of it added at a

subsequent balancing period. To cover such diversion scenarios, the present
test procedure will have to be cqmplemented by other ones capable of
Providing adequate probability of detections for amounts relevant for
international safeguards. The test procedures being investigated /6,7/

appear to possess such capabilities.

The Page's test, however, still remains a powerful testing tool for the
conditions considred and precisely defined in the introduction of this

report,




1-42

Most of the relevant results for the two diversion strategies DS - 1 and

DS - 7 have been discussed under the chapters 4.1 to 4.3. These two
strategies are also the most relevant ones from the point of view of the
sensitivity of the NRTA method for the abrupt and protracted diversion
scenarios, In the subsequent discussions, therefore, only those parts of

the results, which have a bearing on the diversion strategies as a whole
have been touched upon. Allthe discussions in this chapter are restricted to
those cases with linearly reduced inventories (I-LR) in the facilities only,

and with a o, = 1 Z at the input,

a) Facility Throughputs with I-LR (Tables 25-52, 60)

In general, the P_ decreases for a given amount M when one proceeds from

D
DS - I to DS - 7. The absolute values of PD and M depend, however, on the
throughput and the measurement uncertainty at the input of a reprocessing

facility:

= The PD remains approximately at the same level of about 40 7Z for the
first five diversion scenarios DS - | to DS - 5 for 10 kg in a 1000 t/a
facility (or for 5 kg for 500 t/a and for | kg for 100 t/a facility)
then dropping down to 30 % for the DS = 6 and finally to 20 % for DS = 7.
A similar trend is observed for 20 and 30 kg of Pu for the 1000 t/a
facility (and for the proportionally reduced values for 500 t/a, 240 t/a
and 100 t/a facility respectively). From the general trends of these
curves, it may be concluded that the first 5 diversion strategies
considered here belong approximately to the abrupt diversion category and

only the DS - 6 and DS - 7 may be considered to belong to the category of

protracted diversion. This particular finding would mean in practical
terms, that the NRTA method with the test procedure used, would maintain

its sensitivity approximately at the same level for all the diversion
scenarios in which a diversion is assumed to occur during the 1-5 successive’

BPs.
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b) Different Values of M (Tables 12A, 29, 33, 37, 41, 45, 18A)

= With increasing values of M, the rate of decrease in the P_ values as one

D

proceeds from DS - | to DS - 7 goes through a maximum and then approaches
a value = 1 as shown in the following table for 1000 t/a; o, = I Z; I-LR.

DS - ! 2 3 4 5 6 7 | B!

P (%) | P P P P P P P_ 7

M kgPu ¢ D D D D D D D D

5 11.7 11 12 11 11 10 8.7 1.34

10 41.5 40 40 39 39 33 20,4 | 2,03

20 99.8 99 99 98 98 93 69.1 1.44

25 100 100 100 99 99 99 88 1.14

30 100 100 100 100 100 99 97.1 1.03

40 100 100 100 100 100 100 100 1.00

The maximum value of the PD l/PD 7 of 2,06 at around 15 kg Pu is mainly
caused by the nature of the probability function in which, the lowest
value of P for all diversion strategies is set at 5 % = false alarm rate

D
and the highest value of P

D's that can be obtained for all strategies
is = 100 %. At these two extreme ends the ratio of PDI/PD7 has the value
of 1. In between these two values the PDI/PD7 goes through a maximum for
some values of M for a facility, which is mainly governed by the o, at the

input.

It is to be noted that the difference between the PDI and PD7 value
(in the case of I-LR) vanishes for fairly low values of M as one

goes to smaller facilities or in the same facility as one improves on
the measurement uncertainties. For 1 % o5 for example, a PDﬂlOO % is

obtained for all diversion strategies in a 1000 t/a facility for an

amount of M = 40 kg. This amount is 20 kg for 500 t/a and 4 kg for a

)0 t/a facility. For 0.5 % o this is the case for M = 25 in a

(]
1000 t/a reducing to 2.5 kg in a 100 t/a facility.

w




4.4 Sensitivity with regard to Detection Time (D,) (Tables 58, 59)

The detection time defined in the frame of these investigations, is the
time interval which elapses after the diversion of an amount M, starts,
until the detection of this amount takes place with a given probability

of detection. A PD value of > 95 7 was chosen for this analysis. Since

in all the parametric variations considered here, a diversion scenario

has been assumed to begin at the 2Ist balancing period (after 20 diversion
free balancing periods), the counting of the elapsed number of balancing
periods in this chapter (as shown in Tables 58, 59, 60, 61 and the
corresponding figures) after a diversion begins, starts from the 2lst

balancing period so that 21 BP = | BP,

As in the cases for detectable amounts, the sensitivity of the NRTA method
with regard to the detection time was analyzed for different facility
throughputs and inventories, measurement uncertainties at the input and

diversion scenarios.

In general, the detection times improve:

~ with decreasing size of the facility and decreasing amounts of process
inventory

- with improved values of Oi's at the input

- when one goes from the protracted (DS = 7) to abrupt (DS - 1) mode of

diversions.,

It is to be noted that in the frame of the present test procedure, the
corresponding value of false alarm rate o for a given probability of
detection PD has been designed to develop in time in such a way that
it attains the value of about 5 % at the end of the 40th BP (or 20th BP

when counted as in Tables 58, 59, 60, 6! and Figs. 20, 21).




This development is shown in the following table as an example for

21000 t/a facility; 9, = 1 Z; DS - 7 for M = 30 kg. .
No. of BP o % PD A
(for 30 kg Pu)
1-20 =0 =0
21(1)" 0.90 0.91
22(2) 1.01 1.31
25(5) 1.47 7.57
30(10) 2.54 55.27
35(15) 3.63 88.29
36(16) 3.84 91.16
37(17) 4,13 93.30
38(18) 4.47 95.15
39(19) 4.72 96,27
40(20) 4.93 97.14
+Numbers in brackets ( ) are the number of BP's counted from
the beginning of a diversion.

This particular relation between o and PD for a given BP means that

a PD value for any BP before the 40th balancing period, will always have

a corresponding o value which is less than 5 Z. Therefore, such PD values
would not be strictly comparable with those for the 40th BP. Since, however,
for a given set of conditions, any PD values for an amount M with a given
value of a will always be higher for a higher value of this o, one could
consider the PD values for earlier BP's to be the miqimum probability

of detection PD which could be- attained in any case for o = 5 7. After

these general remarks, some detailed discussions on the sensitivity of

the NRTA method with regard to the detection time DT follow.




I-46

4.4.1 Facility Throughputs and Inventories

a) Facility Throughputs with I-LR (Table 58)

Figs. 17 and 18 show as examples, the manner in which the probability of
detection PD develops as a function of the number of balancing periods
for different facility throughputs with I-LR under a given set of
conditions. Fig. 17 depicts the development in different facilities

for DS -~ 1, Fig. 18 for DS - 7. Both sets of curves are for an amount
of M of 5 kg Pu and Oi values of 0.5 (17A, 18A), 1 (17B, 18B) and 2 7%
(17C, 18C). The curves for M = 5 kg were chosen as examples since

with bhigher values of M, the smaller facilities reach fairly rapidly

the 100 7% PD values, so that the trends can not be traced properly.

In these cases a particular curve for a given facility will be valid for
another facility with the same boundary conditions for the corresponding
values of M, For example in Fig. 17C, the curve for 500 t/a facility

(DS - 1; o, = 2 % and M = 5 kg) will be the same for a 1000 t/a facility
for M = 10 kg, a 240 t/a facility for M = 2.4 kg and a 100 t/a facility
for M = 1 kg Pu.

With increasing amounts of M in a given facility or decreasing size
of the facility for the same amount, not only does the PD increase
but the detection time improves also. This is illustrated in the

following table:
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9, = 1 %73 DS - 7, I-LR (excerpts from Table 58)
t/a M(kgPu) P % BP
1000 25 88.02 20
30 95.15 18
40 96.20 12
500 10 69.10 20
15 95.15 18
25 98.62 10
100 5 95.98 9
10 99.39 5
25 100 3

Interesting points to note (as examples):

- In a 1000 t/a facility, 25 kg of Pu could be detected with a P = 88 7
at the end of the 20th BP after the diversion has been assumed to begin
according to the protracted mode of diversion (DS - 7). For a 30 kg of
diversion, according to the same diversion mode in the same facility,

a detection probability of 95 % is obtained already at the end of the

18th balancing period, i.e. for this amount not only has the PD improved

from 88 to 95 % against the previous case (25 kg diversion) but the
detection time has also improved by above 10 7 (DT shortened from
20th to 18th BP). A 40 7Z improvement over a 30 kg diversion in the D,

is obtained in the same facility for a diversion of 40 kg Pu.

- In a 500 t/a or a 100 t/a facility, the same trend in the improvement

of PD and DT is observed but for much smaller amounts and much shorter

detection times.




1-48

b) Facility Throughputs with I-C (Table 59)

The main effect of constant inventories on the detection time for a facility
is to reduce the probability of detection or to lengthen the detection time
for a given amount M (the 1000 t/a facility remains unaffected in this
case, since for this facility I-LR = I-C). The extent of increase in the

DT depends on the facility size and the amount considered as seen from

the following table (excerpt from Table 59) and Figs. 20 and 21:

g, =17Z; DS -7, I-C:

t/a M(kgPu) PD 7% BP
500 10 53.8 20
15 89.7 20
20 96,26 16
25 98.29 13
100 5 37.34 20
10 95.41 20
15 97.05 14
20 97.27 11
25 99.39 10

- In a 500 t/a facility the PD goes down to 53.8 Z (from 69.1 % for the
I~-LR case) for 10 kg, at the end of the 20 BP, For a 25 kg diversion
the detection time increases for a PD = 98 7 to 13 BP (from 10 BP
for the I-LR case).

- In a 100 t/a facility, the PD for 5 kg goes down to 37.34 7 at the
end of the 20th BP (95.98 PD at the end of 9 BP in the case of I-LR).
For 25 kg, the DT increases to 9 BP (from 3 BP for I-LR) for a

PD = 100 Z.
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4.4.2 Measurement Uncertainties at the Input and Detection Time DT—

(Tables 58A, 59A)

The results of this series of investigations are summarized in Tables 58A
and 59A. The general trend is approximately the same as in the case of the
detectable amounts, i.e. the detection time improves with increasing value
of the ratio AM/LMUF. This is the case with decreasing values of Oi’s

or increasing amounts of M in a given facility or for a given a5 with
decreasing size of the facility. It is to be noted also that the value

of AM/LMUF increases when one proceeds from protracted to abrupt diversion
mode, However, besides this general comments some specific conclusions can

also be drawn from the results obtained:

- In a given facility, there is always a minimum amount M for a given PD,
below which the detection time cannot be shortened to a value which is
less than 20 BP i.e. one year, after a diversion has been assumed to
begin, However, with increasing amounts, the DT in the same facility
improves in general., The rate of improvement depends mainly on the
ci's at the input, but also on the diversion scenarios assumed. This

is illustrated below in the two following tables for DS - | and DS - 7.

FT: 1000 t/a; DS - |

G, > 0.5 % 1% 2 7%
m( (] ‘o (]

g P % BP | Mkg P% BP | Mkg P % BP
11.6 95.0 20 | 16.5 95.0 20 | 27 95 20
12 95.46 71 17 95.45 6 | 30 95.77 2
13.5 96,37 4| 18.5 95,04 3 | 35 99.92 2
30 97.97 1] 25 99,92 2 | 40 97.84 1

35 99.64 !
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FT: 1000 t/a; DS - 7

Gi > 0.5 7% 1 % ‘ 2 Z

Mkg PDZ BP | Mkg PDZ BP | Mkg PDZ BP
17.9 95 20 28.3 95 20 51.7 95 20
20 95.32 17 30 95.01 18 60 96,26 16
25 96.07 12 40 96.2 12 70 95.88 12
70 97.04 5 100 99.39 5 150 98.91 5

A number of points are worth noting from these two tables:

- The rate of improvement in the absolute amount M and in the detection

time DT is higher for DS - | than for DS - 7. In the case of DS - |
for example, the DT improves in the 1000 t/a facility from
20 BP to | BP, when one increases the amount M from 11.6 kg Pu to 30 kg

for o, = 0.5 %Z. The same improvement in DT is obtained for g, = 2 7,

if one increases the M from 27 kg to 40 kg. For DS - 7, these improve-

ments are much more sluggish, as shown in the second table above.

= For a given amount M in a facility with I-LR, D or PD improves with

T
increasing accuracy at the input tank, for both DS - 1 and DS - 7,

as 1s shown below:

1000 t/a; I-LR; DS - 1 1000 t/a; I-LR} DS - 7
for 15 kg for 25 kg
/o A A A BP
0% PD7 BP 0% PD7
2 30 20 2 36 20
1 87 20 1 88 20
0.5 96 3 0.5 96 13

The rate of the improvement in D,, is higher for DS - 1 than for

DS - 7.

T
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=~ In the cases with constant inventories I-C, for smaller facilities,
a somewhat similar trend as in the I-LR cases is seen for the 500 t/a
facility for relatively small detectable amounts M, However, for
larger M's as well as for the other smaller facilities (240 t/a,

100 t/a), By

This is illustrated below.

and DT tend to cluster around about the same value.

DS - | DS - 7
BP
01 PD BP PD

2% 98 3 92 20

15 kg 17 99 3 97 16
2

40 t/a 0.5 % 99 3 96 14

2 7 99 3 9 15

15 kg 17 99 3 97 14
]

00 t/a 0.5 % 99 3 98 14

This phenomenon of clustering around approximately the same values
of PD and BP for a given M indicates that for the small facilities

with I-C, above a certain value of M, the PD's and D_'s are independent

T
of the measurement uncertainty Gi's at the input accountability tank.

For these cases, the uncertainty in the inventory measurement (LI),

and not the throughput measurements, determine the LMUF values, which

and D, values for a given

as was discussed earlier, determines the PD T

M in a facility.

— The rate of improvements in DT with increasing amounts of M for
facilities with I-LR, is higher for larger oy values. For example
with 2 Z Oi's in a 1000 t/a facility for DS - 1, an increase of M
from 27 to 30 kg i.e. a factor of 1.11 brings about an improvement
in DT from 20 to 2 BP i.e. a factor of 10. With 0.5 7% g, an increase
in M from 11.6 to 13.5 kg i.e. an increase by a factor 1.16 improves
the D in the same facility by a factor of 5 only (20 BP to 4 BP).

T
This result is somewhat unexpected since the larger g, values have




I-52

in general smaller slopes for the corresponding probability curves.
However, this improvement could be caused by the fact that within
a certain range of M values, the probability of detection increases
more rapidly for larger than for smaller 9y values, with smaller
increments in M. This rapid increase in PD values causes at the
same time a shortening of DT'
- Whenever a diversion of a given amount M is detected within 3 BP's
(about 4 weeks), it is associated with a fairly high probability
of detection. This is independent of the diversion scenarios considered

as is shown below (for cases with I-LR only):

M:kg Facility: t/a 0. % DS P, /BP
35 1000 2 1 99.92/2
25 100 7 100/2
15 100 0.5 7 99.61/3
10 240 2 1 100/1

The high valuye of PD associated with very short detection times, is
mainly caused by the fact that the ratio AM/LMUF in such cases is
always so high that it forces the PD to shoot up almost immediately
to very high values (see for example Figs. 4B and 6B). As a result
a PD > 99 7 is obtained within the first few balancing periods after

a diversion has been assumed to begin.

4.4.3 Diversion Strategies DS and Detection Time DT_(Table 61, Figs. 20, 21)

The influence of the seven diversion strategies considered here on the
detection time was analyzed in the frame of these investigations for
I-LR and g, = 1 %2 and is summarized in Table 61. The question of how
the amounts of process inventories in a facility would influence the
detection time was also investigated for the two extreme diversion
scenarios DS - 1 and DS - 7. The nature of influence is indicated as

examples in Figs. 20 and 21.
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In all these investigations the D_, has been expressed as the number of

balancing periods BP (after whichTa diversion has been assumed to start)
at which a detection of the amount M is possible with a Py > 95 Z%.

Since 1 BP = 10 working days, the number of BP's multiplied by 10 gives
the number of working days after which the detection with the given PD
takes place, For example a BP = 3 for M = 10 kg in a 500 t/a facility
with the abrupt diversion mode of DS - | in Table 61 would mean that

in this facility, if 10 kgs of Pu were to be removed abruptly at one
time from the process MBA at the 2)lst BP (after 20 diversion free
periods), this diversion would be detected through the NRTA method,

within 30 days with a probability of detection of 98.57 %.
A number of interesting points can be discerned out of these results:

— The results presented in Table 61 confirm the earlier conclusion that
out of the 7 diversion scenarios considered here, the first 5 belong
to the category of abrupt diversion and the scenarios 6 and 7 to

that of protracted diversiom.

~ The DT (expressed in BP's) for a given M and PD improves in
general gradually from DS - 7 to 6, shows a downward jump in
going to 5 and remains within a relatively short range while
going from DS - 5 to DS - 1, This general trend is illustrated
below with M = 10 and M = 40 kg of Pu for the 4 facilities considered

(excerpts from Table 61),

g, =17; I-IR
DS~ 1 2 3 4 5 7 6 7
Mkg> 110 40 | 10 40 j10 40 (10 40 |10 40 |10 40 |10 40
FT t/a
M * * * * * *® *®
1000 BP + |20 1120 120 2 {20 3 {20 3120 6|20 12
* *
500 BP ~» | 3 1 4 1 4 215 21 6 2120 3120 6
240 BP ~ 1 1 2 1 2 1 3 1 3 1 6 21 11 3
100 BP ~ 1 1 1 1 1 1 2 1 2 1 3 1 5 2

*Whenever 20 BP has been intered in the tables, P > 95 7 cannot be

. I3 D
obtained in these cases.
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= For a 1000 t/a facility with M = 40 kg for example, D, drops from
12 to 6 BP if one proceeds from DS - 7 to DS - 6 and then remains in

the range of 3 - 1 BP if one proceeds further from DS - 5 to DS - 1.

- The difference 1in DT between DS - 7 and DS ~ 1 for a given amount M,

decreases as one proceeds from larger to smaller size facilities.

For example in a 1000 t/a facility with M = 40 kg, D,, drops from

T
12 BP for DS - 7 to 1 BP for DS - 1, i.e. by a factor of 12. This

factor is 6 in a 500 t/a, 3 in a 240 t/a and 2 in a 100 t/a facility.

a) Different values of M (Table 61)

If a given amount M can be detected in a facility at the end of the
20th BP with a P, = 95 7 (Tables 54, 55, 56, 57), then for all other
M > Mo’ the same MO (or a larger amount) will be detected with at least

95 % PD but with a shorter detection time. This is shwon below for a

500 t/a facility for all the diversion strategies considered (excerpts

from Table 61),

FT = 500 t/a; I-LR; o, = 1 %, total amount M assumed to be diverted = 15 kg
DS - 1 2 3 4 5 6 7

MZ with

PD = 95 7 kg 8.27 8.25 8.31 8.55 8.6 10.2 14.1

No. of BP with

PD > 95 7% and M = 15 2 2 3 4 4 8 19

corresponding PDZ 100 99,8 99.3 100 100 98.55 96.27

amount diverted

up to this BP kg 15 15 15 15 12 12 14.25

+
The values for M_ are reproduced from Tables 54 for DS - 1 and 56 for

o
D and from Figs. 5B for the rest of the DS,

w

- 7
/
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Points to be noted are:

- The MO values (i.e., the amount of Pu which can be detected with 95 % PD
at the end of the 20th BP) under the conditions specified for this

table, are shown in the first line of the above table for all the

diversion scenarios considered. For DS - 1, the M = 15 kg is assumed

to be diverted abruptly and completely during the first BP (after 20
diversion free periods). This diversion will be detected with PD =100 %
already in the 2nd BP. In DS - 6, the same 15 kg have been assumed to

be diverted in equal portions (i.e. 1.5 kg/BP) during 10 successive

BP's starting with the lst BP. For this strategy witﬁ 15 kg, a PD = 98,55 %
is attained after the 8th BP, Up to the 8th BP 1.5+8 = 12 kg of Pu would
have been diverted. In the examples cited in the table, the amounts

which can be detected with these high PD's are always larger than the

corresponding M values.

The results in the table above indicate also in an unequivocal way,
that the first 5 DS considered here, belong to the same category

of diversion scenarios i.e. that of abrupt diversion. All the M
values for these 5 strategies are around 8 kg: of Pu.

= In a given facility and DS, the D,, improves with imcreasing amounts

T
of M assumed to be diverted. This fact is illustrated below for a

500 t/a facility with DS - 7.

FT = 500 t/aj I-LR; o, =17%; DS - 7

Total M

assumed to be diverted

kg 20 30 . 40
No. of BP 16 10 8
with PDZ 96,26 98.65 98.06

corresponding amounts

diverted up to this BP 16 15 16




It is to be noted that the amounts which could be detected with the
given PD's are around 16 kg of Pu for all the three cases. However,
for a total amount of 20 kg assumed to be diverted, this high PD
value of 96.26 7 is obtained at the 16th BP. For an amount of 30 kg
the number of BP's improves to 10 and for a 40 kg diversion to a BP
value of 8, This improvement can be traced back directly to the large
AM/LMUF values which increase monotonously with increasing M in a

given facility.

b) Comparison Between the Cases with I~LR and I-C (Figs. 20, 21)

Figs. 20 and 21 show the influence of process inventories or detection
times for the two extreme diversion scenarios DS - 1 and DS - 7

(Tables 58, 59).

It is to be noted that for DS - 1 (Figs. 20A, 20B), the main difference

in DT for the two inventory situations LR-I and C-I, lies in a

significant increase in the D,, (or a worsening of P_ at the end of the

T D
20th BP when relevant) for the latter case, in the range of 5-10 kg

of M, as shown below.

DS‘_ l; o, = | Z (excerpt from Tables 58, 59)
FT(t/a) 500 240 100
M(kg) 5 10 5 10 5 10
LR-1 (BP/P,)| 20/41 3/98| 3/99 1/100 1/100 1/100
C-1 (BP/PD) 20/25 20/88 | 20/44 5/97 20/54 5/99

The difference in DT between the two inventory cases reduces rapidly with
increasing values of M and disappears completely for all values of

M > 30 kg - the DT being equal to | BP for all these cases.
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= With DS ~ 7 (Figs. 21A, 21B) all the D., values for the two inventory

T
situations I-LR and I-C are relatively high compared to those for

DS - 1. Seen graphically, these D,, values for DS - 7 appear to

T
stretch more against the amounts M than those for DS - 1.

= For the cases with constant inventories for DS - 7, all the DT values
appear to cluster around the same range with increasing amounts
assumed to be diverted. This i1s illustrated below for the three

small facilities 500 t/a, 240 t/a and 100 t/a:

I-C; o, = 1 %3 DS - 7
y

Mkg -~ 25 30 35 40

FT(t/a)
¥

500 (DT expressed in BP) 12 10 9 8
240 (DT) > 10 9 8 7
100 (DT) > 9 8 7 7

This particular behaviour for DT in the cases with constant inventories,
can be explained mainly by the fact, that in all these cases the
LMUF/BP for the 3 facilities with constant inventory, ranges around
approximately the same value of 3-4 kg of Pu., Since the contribution

of measurement uncertainties from throughput measurements are relatively
small, the LMUF in these cases is mainly determined by the inventory
measurement uncertainty. It may be recalled that practically the same
behaviour was observed for different oi's and D_ for constant inventory

T
cases in these facilities (see para. 4.4.2).







5. Concluding Remarks

The main purpose of the present series of detailed investigations with
computer simulated data, had been to understand and recognize the factors
which influence the sensitivity of the detection capability of the NRTA
method in a reprocessing facility, and not so much to generate absolute
numbers. These numbers are important mainly as indicator for recognizing

some general trends,

5.1 Sensitivitz

The most important conclusion to be drawn from these investigations is
the confirmation of the fact that the NRTA method provides a significant
improvement in the sensitivity of the detection capability and detection
time over the conventional material balance method.in a reprocessing
facility. The improvement may be in the range of a factor of 10-20,
depending on the facility size, amounts of process inventory, accuracy

of measurement system and the possible mode of diversion.

5.2 Test Procedure Used

The statistical test procedure i.e. the two sided Page's test used

in these investigations, appears to maintain its sensitivity over a

wide range of abrupt and protracted diversion sqenarios considered.

The only important boundary condition which needs to be fulfilled is the
existence of a number of diversion free balancing periods. This is the

situation encountered routinely by the IAEA.

The sensitivity of this test procedure may, however, be reduced for the
so-called alternating diversion scenarios in which a certain amount is
assumed to be withdrawn from the process MBA during a balancing period
and a smaller amount introduced in the MBA at a later balancing period.
Other test procedures /6, 7/ may provide better sensitivity for such
scenarios. It would, therefore, always be advantageous for the Agency
to apply a number of test procedures for the same set of NRTA data from
a reprocessing facility, to ensure a broad coverage for different

possibilities of diversions, without loosing the sensitivity.
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5.3 Computer Simulated and Realistic Data Base

The results discussed in this report are obtained through computer simulation,
Under actual operating conditions in a reprocessing facility, because of
deviations from the simulated situations which may exist in the facility,
the sensitivity may suffer. This would mean only an upward revision of the
absolute numbers for M, PD and DT obtained through simulation. The fundamental

advantages of the NRTA method are, however, not expected to disappear.

Some research activities are under way to use actual operation data from

reprocessing facilities for testing the sensitivity of the NRTA method.
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Table 1: Throughputs, Inventories and Measurement Uncertainties (¢'s)
for Reprocessing Facilities Considered for Investigations

F&hroughput
tHM/a 1000 500 240 100
tPu/a 10 5 2.4 1.0
kgPu/Batch Batch/d | kgPu/B B/d | kgPu/B B/d | kgPu/B B/d
Input 16.73 3 8.365 3 4.015 3 1.673 3
Product 25.0 2 12.5 2 6.0 2 2.50 2
Waste 0.2 1 0.1 1 0.048 1 0.02 1
Process
Inventory
lkgPul
Head-End 196.5 98.25 47.16 19.65
l. Pu-Cycle 7.6 3.80 1.82 0.76
2. Pu-Cycle 50.0 25.00 12.00 5.00
3. Pu-Cycle 134.0 67.00 32,16 13.40
Pu-Concn. 62.5 31.25 15.0 6.25
Total 450.6 225,25 108. 14 45.06
Measurement Uncertaintiesz; gg = 0p
Throughput Inventory
Input Ac.Tank 1.0 Head-End 1.0
Product 0.20 1. Pu-Cycle 1.0
Waste 25.0 2. Pu-Cycle 0.5
3. Pu-Cycle 0.5
Pu-Concn. 0.5

l. In the main series of investigations the process inventory of Pu was

reduced linearly with decreasing throughput. (abbreviation LR-I or I-LR). The

value for 1000 t/a facility was taken as the reference value and
reproduced from Ref. /5/.
In a second series of investigations, the process inventories of Pu

were kept constant at 450.6 kg Pu for all the facilities (abbreviation I-C or

C-I) to find out the influence of variations in inventories on the

sensitivity of the NRTA method.

unchanged for these investigations.

Whereas the measurement uncertainties for the input in the reprocessing
facility (i.e. input accountability tank) were varied from 0.5 Z, 1 %, to 2 %,
those for the process inventories and product and waste streams were kept
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Table 2A: Variances and LMUFs for Different Size Facilities with Linearly
Reduced Inventories (LR-I) and Different Measurement Uncertainties

at Input Accountability Tank

Measurement 1000 t/a 500 t/a 240 t/a 100 t/a
Uncertainties

% = 9R

0.5 %

Var.MUF |kgPu|? | 16.78 4.19 0.97 0.17
LMUF |kgPu] - 4.0969 2.0485 0.9832 0.4097
L-Thrpt. |kgPul 2.8 1.4 0.67 0.28
L-Inventory |kgPul| 3.0 1,50 0.72 0.3
1%

Var.MUF |kgPu|? | 36.30 9.08 2.10 0.36
LMUF |kgPu| 6.0255 3.0128 1.4461 0.6026
L-Thrpt. |kgPu] 5.2 2.61 1.26 0.52
L-Inventory |kgPul| 3.0 1.50 0.72 0.3

2 %

var.MUF |kgPu 2| | 114.39 28.60 6.59 L. 14
LMUF |kgPu| 10.6957 5.3478 2.5668 1.0696
L-Thrpt. |kgPu] 10.3 5.13 2.46 1.03
L-Inventory |kgPul] 3.0 1.50 0.72 0.3

L = Yvariance
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Table 2B: Variances and LMUFs for Different Size Facilities with Constant
Inventories (C~I) and Different Measurement Uncertainties
at Input Accountability Tank

Measurement 1000 t/a 500 t/a 240 t/a 100 t/a
Uncertainties

GS=O'R

0.5 %

Var.MUF |kgPu|® | 16.78 10.91 9.40 9.03
LMUF | kgPu] 4.0969 3.3031 3.0665 3.005
L-Thrpt. |kgPu] 2.8 1.40 0.67 0.28
L-Inventory |kgPul||l . 3.0 3.0 3.0 3.0
17

Var.MUF lkgPuIz 36.30 15.79 10.52 9.23
LMUF |kgPu| 6.0255 3.9737 3.2446 3.0374
L-Thrpt. |kgPu] 5.2 2.61 1.26 0.52
L-Inventory TkgPu‘ 3.0 3.0 3.0 .0

2 %

Var.MUF |kgPu 2| |114.40 35.31 15.02 10.0
LMUF |kgPu| 10.6957 5.9425 3.876 3.1633
L-Thrpt. |kgPu] 10.3 5.13 2.46 1.03
L-Inventory |kgPu|| 3.0 3.0 3.0 3.0

S

L = vvariance




Table 3: Diversion Scenarios (DS) Considered for Investigations

Diversion Scenarios 1 2 3 4 5 6 7
No. of working days D{
over which a given 10 20 30 40 50 100 200
amount of Pu (M) is
assumed to be uniformly
diverted
No. of Balancing
Periods (BP) 1 2 3 4 5 10 20
Table 4: Amounts (AM) Assumed to be Diverted per Balancing Period
for the Different Diversion Scenarios
— -
Diversion ! 1 2 3 4 5 6 7
Tota Scenarios
Amount -
) (1 BP) {(2BP) | (3 BP) { (4 BP) | (5 BP) |(l0 BP) {(20 BP)
assumed to be"
diverted lkqu’
+
5 [kgPu| 5 2.5 1.67 1.25 1.0 0.5 0.25
10 10 5.0 3.34 2.5 2.0 1.0 0.5
15 15 7.5 5 3.75 3.0 1.5 0.75
20 20 10.0 6.67 5.0 4.0 2.0 1.0
25 25 12.5 8.33 6.25 5.0 2.5 1.25
30 30 15.0 10 7.5 6.0 3.0 I.
40 40 20.0 13.33 10 . 8.0 4.0 2.0

I. Since the first 20 Balancing Periods (BP) are assumed to be diversion free,

the counting of BP in the tables starts from the 21st BP, i.e. 21.BP

1. BP.
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Table 5A: AM/LMUF for Different Facility Throughputs with Linearly Reduced
Inventories (LR-1) and Different o's and DS -~ 1

Facilj\\ M
ity
Size 4| |kgPu] 5 10 15 20 25 30 40
|tu/al| -
o |%|*
1.0 0.83 1.66 2.49 3.32 4.15 4.98 6.64
1000 0.5 1.22 2.44 3.66 4,88 6.10 7.32 9.76
0 0.47 0.93 1.40 1.87 2,34 2.80 3.74
1.0 1.66 3.32 4,98 6.64 8.30 9.95 13.28
500 0.5 2.44 4,88 7.32 9.76 12,20 14.65 19.53
2.0 0.93 1.87 2.8 3.74 4,67 5.61 7.48
1.0 3.45 6.90 10.37 13.79 17.29 20.74 27.66
240 0.5 5.10 10.20 15.26 20.34 25.42 30.51 40.68
2.0 1.95 3.89 5.84 7.79 9.74 11.69 15.58
1.0 8.30 16.59 24,89 33.19 41,48 49.78 | 66.38
100 0.5 12.20 24,39 36.59 48.82 61.02 73.22 97.60
0 4,67 9.35 14.02 18.69 23.37 28.04 37.39

*;n Tables 5A, 5B for DS - | and Tables 11A, 11B for DS = 7, three sets of values,
L.e. for 1 7, 0.5 %7 and 2 7 measurement uncertainties at the input are included
for linearly reduced inventories (Tables 5A and 11A) and constant inventories
(Tables 5B and 11B) for different facility throughputs. In the rest of the
tgbles (6-10) three sets of values for | %, 0.5 7 and 2 7 measurement uncertain-
ties have been included only for the 1000 t/a facility. Rest of the values for
the different facilities are for | % measurement uncertainty at the input, All
the values in Tables 6-10 are for linearly reduced inventories only.

Ve
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Table 5B: AM/LMUF for Different Facility Throughputs with Constant
Inventories (C~I) and Different o's and DS - 1

Facil- M
ity
Size ¥ | |kgPul 5 10 15 20 25 30 40
| cu/al . -
o |%Z|*
1.0 0.83 1.66 2.49 3.32 4.15 4.98 6.64
1000 0.5 1.22 2.44 3.66 4,88 6.10 7.32 9.76
2.0 0.47 0.93 1.40 1.87 2.34 2.80 3.74
1.0 1.26 2.52 3.77 5.03 6.29 7.55 10.07
500 0.5 1.51 3.03 4,54 6.06 7.57 9.08 12.10
0 0.84 1.68 2.52 3.37 4,21 5.05 6.73
1.0 1.54 3.08 4.62 6.16 7.71 9.25 12.33
240 0.5 1.63 3.26 4,89 6.52 8.15 9.78 13.04
2.0 1.29 2.58 3.87 5.15 6.44" 7.73 16.31
1.0 1.64 3.29 93 6.58 8.23 9.87 13.16
100 0.5 1.67 3.33 4.99 6.66 8.31 9.98 13.31
0 1.58 3.16 4,74 6.32 7.90 9.48 12.65

*;n Tables 5A, 5B for DS - | and Tables 11A, 11B for DS - 7, three sets of values,
l.e. for 1 7, 0.5 7 and 2 % measurement uncertainties at the input are included
for linearly reduced inventories (Tables 5A and 11A) and constant inventories
(Tables 5B and 11B) for different facility throughputs. In the rest of the
tgbles (6-10) three sets of values for 1 %, 0.5 % and 2 % measurement uncertain-
ties have been included only for the 1000 t/a facility. Rest of the values for
the different facilities are for | % measurement uncertainty at the input. All
the values in Tables 6-10 are for linearly reduced inventories only.
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lTable 6: AM/LMUF for Different Size Facilities and DS - 2

1000* 0.42 0.83 1.25 1.67 2.08 2.5 3.33

0.60 1.22 1.83 2. 44 3.05 3.66 4.88

0.23 0.47 0.70 0.93 1.17 1.40 1.87

500 0.83 1.67 2.5 3.33 4.17 5.0 6.67

240 1.72 3.45 5.17 6.9 8.62 10.34 | 13.79

100 4,17 8.33 12.5 16.67 20.8 25.0 33.3
Table 7: AM/LMUF for Different Size Facilities and DS - 3

1000* 0.28 0.56 0.83 1.11 1.39 1.67 2.22

0.41 0.81 1.22 1.63 2.03 2.44 3.25

0.16 0.31 0.47 0.62 0.78 0.93 1.25

500 0.56 1.11 1.67 2.22 2.78 3.33 4. 44

240 1.15 2.30 3.45 4.60 5.74 6.90 9.19

100 2.78 5.57 8.33 11,12 13.88 16.67 | 22.22

*;n Tables 5A, 5B for DS - | and Tables 11A, 11B for DS - 7, three sets of values,
l.e. ?or 1 %2, 0.5 % and 2 7 measurement uncertainties at the input are included
for linearly reduced inventories (Tables 5A and 11A) and constant inventories
(Tables 5B and 11B) for different facility throughputs. In the rest of the
tgbles (6-10) three sets of values for | %, 0.5 % and 2 % measurement uncertain-
Cies bave been included only for the 1000 t/a facility. Rest of the values for
the different facilities are for | % measurement uncertainty at the input. All
the values in Tables 6-10 are for linearly reduced inventories only.
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Table 8: AM/LMUF for Different Size Facilities and DS - 4

Facil-~ M M_T
ity _
Size |kgPu | 5 10 15 20 25 30 40
[tU/a] ¥ >
1000% 0.21 0.42 0.63 0.83 1,04 1,25 1.67 |
0.30 0.60 0.91 1,22 1.52 1.83 2. 44
0.12 0.23 0.35 0.47 0.58 0.7 0.93
500 0. 42 0.83 1.25 1.67 2.08 2.5 3.33
240 0.86 1.72 2.59 3.45 4. 31 5.17 6.9
100 2.08 4. 17 6.25 8.33 10,42 12.5 16.67
Table 9: AM/LMUF for Different Size Facilities and DS - 5
1000% 0.17 0.33 0.5 0.67 0.83 1.0 1.33
0.24 0.49 0.73 0.98 1,22 1.46 1.95
0.09 0.19 0.28 0.37 0.47 0.56 0.75
500 0.33 0.67 1.0 1.33 1.67 2.0 2.67
240 0.69 1.38 2.07 2.76 3.45 4,14 5.52
100 1.67 3.33 5.0 6.67 8.33 10 13.33
Table 10: AM/LMUF for Different Size Facilities and DS - 6
1000%* 0.08 0.17 0.25 0.33 0.42 0.5 0.67
0.12 0.24 0.37 0.49 0.60 0.73 0.98
0.05 0.09 0.14 0.19 0.23 0.28 0.37
500 0.17 0.33 0.5 0.67 0.83 1.0 1.33
240 0.34 0.69 1.03 1.38 1.72 2.07 2.76
100 0.83 1.67 2.5 3.33 4,17 5.0 6.67

*In Tables 5A, 5B for DS — 1 and Tables 11A, 11B for DS - 7, three sets of values,
i.e. for 1 %, 0.5 % and 2 7 measurement uncertainties at the input are included
for linearly reduced inventories (Tables 5A and 11A) and constant inventories
(Tables 5B and 11B) for different facility throughputs. In the rest of the
tables (6-10) three sets of values for | %, 0.5 % and 2 % measurement uncertain-
ties have been included only for the 1000 t/a facility. Rest of the values for
the different facilities are for | 7 measurement uncertainty at the input. All
the values in Tables 6-10 are for linearly reduced inventories only.
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Table 11A: AM/LMUF for Different Facility Throughputs with Linearly Reduced
Inventories (LR-I) and Different o's and DS - 7

?acilj\\ M|kgPul| 5 10 15 20 25 30 40
1ty ‘ .
size V| lkgPu/BP|| 0.25 0.5 0.75 1.0 1.25 1.5 2.0
| tu/al >
o |Z|*
1.0 0.04 0.08 0.13 0.17 0.21] 0.25 0.33
1000 0.5 0.06 0.12 0.18 0.24 0.30 0.37 0.49
.0 0.02 0.05 0.07 0.09 0.12 0.14 0.19
1.0 08 17 25 .33 42 5 0.67
500 0.5 0.12 0.24 0.37 0.49 0.61 0.73 0.98
0 05 09 14 .19 23 28 37
1.0 0.17 0.34 0.52 0.69 0.86 1.03 1.38
200 0.5 0.26 0.51 0.76 1.02 1.27 1.53 2.04
2.0 0.10 0.19 0.29 0.39 0.49 0.58 0.78
1.0 42 0.83 1.25 1.67 2.08 2.5 3.33
100 0.5 0.61 1.22 1.83 2.44 3.05 3.66 4.88
0] 23 0.47 0.70 0.93 1.17 1.40 1.89
*In Tables 5A, 5B for DS -~ 1 and Tables 11A, 11B for DS —~ 7, three sets of values,

i.e. for 1 %, 0.5 % and 2 % measurement uncertainties at the input are included
for linearly reduced inventories (Tables 5A and 11A) and constant inventories
(Tables 5B and 11B) for different facility throughputs. In the rest of the
t?bles (6-10) three sets of values for 1 %, 0.5 Z and 2 % measurement uncertain-
ties have been included only for the 1000 t/a facility. Rest of the values for
the different facilities are for | % measurement uncertainty at the input. ALL
the values in Tables 6-10 are for linearly reduced inventories only.




Table 11B: AM/LMUF for Different Facility Throughputs with Constant
Inventories (C-I) and Different ¢'s and DS - 7

Facifi\ M|kgPu| 5 10 15 20 25 30 40
ity . ‘
Sive ¥ |lkgPu/BP[| 0.25 0.5 0.75 1.0 1.25 1.5 2.0
ItU/aI +
o |3]*
1.0 0.04 0.08 0.13 0.17 0.21 0.25 0.33
1000 0.5 0.06 0.12 0.18 0.24 0.30 0.37 0.49
2.0 0.02 0.05 0.07 0.09 0.12 0.14 0.19
1.0 06 13 19 .25 32 38 50
500 0.5 0.07 0.15 0.23 0.30 0.38 0.45 0.60
0 04 08 12 17 21 25 34
1.0 0.08 0.15 0.23 0.31 0.37 0.46 0.62
240 0.5 0.08 0.16 0.24 0.32 0.40 0.49 0.65
2.0 0.06 0.13 0.19 0.26 0.32 0.39 0.52
1.0 08 0.16 25 .33 41 49 0.66
100 0.5 0.08 0.17 0.25 0.33 0.42 0.50 0.67
0 08 16 24 .32 40 47 63
*In Tables 5A, 5B for DS - 1 and Tables 11A, 11B for DS - 7, three sets of values,

i.e, for I Z, 0.5 % and 2 7 measurement uncertainties at the input are included
for linearly reduced inventories (Tables 5A and 11A) and constant inventories
(Tables 5B and 11B) for different facility throughputs. In the rest of the
tgbles (6-10) three sets of values for I %2, 0.5 7 and 2 7 measurement uncertain-
ties bave been included only for the 1000 t/a facility. Rest of the values for
the different facilities are for | % measurement uncertainty at the input. All
the values in Tables 6-10 are for linearly reduced inventories only.
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.Z) after the 40th BP for Different
1ty Throughputs with Linearly

1ty
Thrpt., |kgPu| 5 10 15 20 25 30 40
|tUu/al - Py Py P Py Py P, P
o %
1.0 11.71 41,54 87.89 99.83 100 100 100
1000 0.5 22.94 84.02 99.89 100 100 100 100
.0 6.86 14,13 30.42 59.20 88.36 98.93 100
1.0 41,54 99.83 100 100 100 100 100
500 0. 84.02 100 100 100 100 100 100
.0 14.12 59.19 98.93 100 100 100 100
1.0 99.91 100 100 100 100 100 100
240 0. 100 100 100 100 100 100 100
.0 65.01 100 100 100 100 100 100
1.0
100 0. All values 100
| 2.0

*
The measurement uncertainties
uncertainties are as in Table

+

The corresponding values of
Table 5A for generating the

are for the input. Rest of the measurement

1.

AM/IMUF for different values of M are taken from

values in Figs. 4A and 4B.
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Table 12B: Detection Probabilities (P_ %) after the 40th BP for Different

Values of M(kgPu) and Faci

?ity Throughputs with Constant

Inventories (C-I) for DS - 1
Facil- M
ity
Thrpt. | kgPu]| 5 10 15 20 25 30 40
€U/ i Fp Pp Pp p Fp "D Pp
o |4
1.0 11.71 41,54 87.89 99.83 100 100 100
1000 0.5 22.94 84.02 99,89 100 100 100 100
.0 6.86 14,13 30.42 59.20 88.36 98.93 100
1.0 25.78 88.73 99.96 100 100 100 100
500 0. 41.00 98.76 100 100 100 100 100
.0 12. 10 43.46 89.92 99.87 100 100 100.
1.0 44.27 99.22 100 100 100 100 100
240 0. 52.58 99.77 100 100 100 100 100
2,0 27.68 91.37 99.98 100 100 100 100
1.0 54.87 99.85 100 100 100 100 100
100 0. 59.35 99.89 100 100 100 100 100
.0 47.93 99,57 100 100 100 100 100

*The measurement uncertainties

are for the input. Rest of the measurement
uncertainties are as in Table 1.

+
The corresponding values of AM/LMUF for different values of M are taken from

Table 5B for generating the values in Figs. 4A and 4B.
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Table 13: Detection Probabilities (P_.) for Different Values of AM/LMUF
and Facility Throughputs with LR-I's for DS - 2

No.

O YW 00 ~N O WD

—

Probability { Facility Total
AM
/LMUF of Throughput | LMUF |Diverted Remarks
Detection Amount (M)
PD(Z) tU/a kgPu kgPu
0.42 11.71 1000 6.0 5
0.83 40.76 1000 6.0 10
0.83 40,76 500 3.0 5
1.25 86.28 1000 6.0 15 All the values
1.67 99.63 500 3.0 10 are for
Measurement
1.67 99.63 1000 6.0 20 Uncertainties
ag in ‘Table 1,
1.72 99.82 240 1.45 3 with those for
2.08 100 1000 6.0 25 the Input:
2.5 100 500 3.0 15 og=og=17%
3.45 100 240 1.45 10

All other values of AM/LMUF 2 2.08 have PD =

100

Table 14: Detection Probabilities (P.) for Different Values of AM/LMUF
and Facility Throughputs with LR-I's for DS - 3

Note:

1 0.28 11.62 1000 6.0 5
2 0.56 40,10 1000 6.0 10

3 0.56 40510 500 3.0 5 All the wvalues

4 | o0.83 84.38 1000 6.0 15 are for
Measurement

5 1.11 99, 37 500 3.0 10 Uncertainties

6 | 1.11 99,37 1000 6.0 20 as in Table 1,

- with those for

7 1.15 99. 66 240 1.45 5 the Input:

8 1.39 100 1000 6.0 25 og = op =117
9 1.67 100 500 3.0 15
10 2.30 100 240 1.45 10

S
All other values of AM/LMUF 3, 1.39 have PD = 100

In Tables 13-17 values for the different facilities
have been included for linearly reduced inventories only.




Table 15: Detection Probabilities (P,) for Different Values of AM/LMUF

and Facility Throughputs with LR-I's for DS - 4

No. Probability | Facility Total
AM/LMUF .
/ of Throughput| LMUF Diverted Remarks
* Detection Amount (M)
PD(%) tU/a kgPu kgPu
1 0.21 11.49 1000 6.0 5
2 0.42 39.14 1000 6.0 10
3 0.42 39.14 500 3.0 5. All the values
4 | 0.63 82.35 1000 6.0 15 are for
Measurement
5 0.83 98,97 1000 6.0 20 Uncertainties
6 . . ags in Table 1,
0.83 98.97 500 3.0 10 with thosa for
7 0.86 99.45 240 1.45 5 the Input:
8 | 1.04 99.98 1000 |6 25 Og =g = 1%
9 1.25 100 1000 6.0 30
10 1.25 100 500 3 15
All other values of AM/LMUF » 1,25 have PD = 100

Table 16: Detection Probabilities (P.) for Different Values of AM/LMUF

and Facility Throughputs with LR-I's for DS - 5

—

D

1 0.17 11.30 1000 6.0 5

2 0.33 38.27 1000 6.0 10

3 0.33 38,27 500 3.0 5 All the wvalues
are for

4 0.50 79.99 1000 6.0 15 Measurement

5 0.67 98.46 500 3.0 10 Uncertainties
as in Table 1,

6 0.67 98.46 1000 6.0 20 with those for

7 0.69 99.09 240 1.45 5 the Input:

8 |o.83 99.98 1000 6 25 og =g = 1 %

9 1.0 100 1000 6.0 30

0 1.0 100 500 3 15

All other values of AM/LMUF 3 1.0 have P_ = 100

Note: In Tables 13-17 values for the different facilities

have been included for linearly reduced inventories only.
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Table 17: Detection Probabilities (P_) for Different Values of AM/LMUF

and Facility Throughputs with LR-I's for DS - 6

No. Probability | Facility Total :
AM .
/LMUFv of Throughput{ LMUF | Diverted Remarks
Detection Amount (M)
PD(Z) tu/a kgPu kgPu
1 0.08 10.60 1000 6.0 5
2 0.17 32.72 1000 6.0 10
3 0.17 32.72 500 3.0 5
4 0.25 67.45 1000 6.0 15 All the values
: are for
5 | 0.33 92.77 1000 6.0 20 Measurement
6 0.33 92.77 500 3.0 10 Uncertainties
as in Table 1,
7 | 0.34 94,87 240 1.45 5 with those for
8 0.42 99.37 1000 6.0 25 the Input:
o, =0, =11%
9 | 0.5 99.96 1000 6.0 30 s R
10 0.5 99.96 500 3.0 15
11 0.67 100 1000 6.0 40
12 0.67 100 500 3.0 20
13 | 0.69 100 240 1.45 10
All other values of AM/LMUF » 0.67 have PD = 100
Note: 1In Tables 13=17 values for the different facilities have been

inc

luded for linearly reduced inventories only.
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%) at the End of the 40th BP for
Different Values of M(kgPug and Facility Throughputs with
LR-I's for DS - 7

?acil- M
ity
Thrpt. ¥| |kgPu| 10 15 20 25 30 40
|tU/a| > Py Py Py N P, P, Py
o |%|*
1.0 8.76 20.45 | 42.69 | 69.10 | 88.02 97.14 | 99.98
1000 0.5 14,24 47.26 84.20 | 98.34 99.97 100 100
.0 6.08 9.47 15.27 24,08 36.54 50. 86 77.45
1.0 20.45 69.10 97. 14 99.98 100 100 100
500 0. 47.25 98.33 100 100 100 100 100
.0 9.47 24,08 | 50.86 77.45 93.64 98. 86 100
1.0 73.05 100 100 100 100 100 100
240 0. 99.03 100 100 100 100 100 100
2.0 26 .04 80.70 | 99.32 100 100 100 100
1.0 All values = 100
100 0.5 All values = 100
2.0 93.64 Rest = 100

*The measurement uncertainties are for the input. Rest of the measurement
uncertainties are as in Table 1.

+ . .
The corresponding values of AM/LMUF for different values of M are taken
from 11A for generating the values in Figs. 6A and 6B.
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Table 18B: Detection Probabilities (P_ %) at the End of the 40th BP for
Different Values of M(kgPuP and Facility Throughputs with
C-1's for DS - 7

Facil— M
ity
Thrpt. 4| |kgPu] 5 10 15 20 25 30 40
|tu/al - Py Py Py Py Py Py Py
o |Z|* :
1.0 8.76 20.45 | 42.69 | 69.10 88.02 97. 14 99.98
1000 0.5 14,24 47.26 84.20 98.34 99.97 100 100
0 6.08 9.47 15.27 | 24.08 36.54 | 50.86 77.45
1.0 15.71 53.80 | 86.77 | 99.35 100 100 100
500 0.5 25.59 82.00 | 99.52 100 100 100 100
2.0 8.96 21.45 | 45,04 | 71.66 89.90 | 97.77 100
1.0 28.25 86.05 99. 82 100 100 100 100
240 0.5 35.52 94.10 100 100 100 100 100
2.0 16.85 57.99 | 92.44 | 99.68 100 100 100
1.0 37.34 95.41 Rest = 100
100 0.5 40.27 96.90 | Rest = 100
2.0 31.14 90.28 99.96 Rest = 100

*The measurement uncertainties are for the input. Rest of the measurement
uncertainties are as in Table 1.

+ . .
The corresponding values of AM/LMUF for different values of M are taken from
Table 11B for generating the values in Figs. 7A and 7B.
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Table 19 FT = 1000 t/a DS - 1 Og = 0p =0.5 % for Input
kgﬁPu

e 7> 5 10 15 20 25 30 40
21 0.01 0.04 0.12 0.31 0.69 0.98 1.0
25 0.11 0.71 1.0 1.0 1.0 1.0 1.0
30 0.19 0.82 1.0 1.0 1.0 1.0 1.0
35 0.21 0.83 1.0 1.0 1.0 1.0 1.0
40 0.23 0.84 1.0 1.0 1.0 1.0 1.0

Table 20 FT = 1000 t/a DS - 1 og = 0p = 1 % for Input
M kg Py

N 3

e TP 5 10 15 20 | 25 30 40
21 "0.01 0.03 0.09 0.22 0.49 0.87 T 0
25 0.05 0.31 0.83 0.99 1.0 1.0 1.0
30 0.09 0.38 0.86 1.0 1.0 1.0 1.0
35 0.10 0.39 0.86 1.0 1.0 1.0 1.0
40 0.11 0.41 0.88 1.0 1.0 1.0 1.0

Table 21 FT = 1000 t/a DS - 1 o = o, = 2% for Input

W, B, T 5 ! 1 2 5 3 4

e [P 0 5 0 2 0 0
21 0,01 0.02 0.05 0.11 0.24 0.46 0.98
25 0.03 0.08 0.2% 0.53 0.86 0.98 1.0
30 0.04 0.10 0.27 0.56 0.86 0.98 1.0
35 0.05 0.12 0.28 0.57 0.87 0.98 1.0
40 0.07 0.14 0.30 0.60 0.88 0.99 1.0

Note: All values in Tables 19-21 are for process inventories linearly
reduced with decreasing facility throughputs (LR-I).

Tables 19-21:

Probability of detection (P_) for a 1000 t/a facility as a
function of the number of balancing periods (BP) for different
amounts of Pu (M), assumed to be diverted and different
measurement uncertainties (GS, o,) for the input, with the
rest of the uncertainties being §he same as in Table 1;

FT = Facility Throughput (tU/a);

for DS - 1. See Table 3 for explanation of the number.
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Table 22

¥T =

1000 t/a

DS -

Q
]

Op = 0.5 % foxr Input

S
kgé?u

P 2 > 5 10 15 20 25 30 40
21 0.009 0.009 0.009 0.009 0.009 0.009 0.009
25 0.017 0.022 0.033 0.054 0.091 0.14 0.33
30 0.04 0.10 0.26 0.51 0.77 0.93 0.99
35 0.08 0.28 0.63 0.90 0.98 1.0 1.0
40 0.14 0.47 0.84 0.98 1.0 1.0 1.0

Table 23 FT = 1000 t/a DS - 7 og = Op = 1 % for Input

Mol BT 5 10 15 2

vBp P> 0 25 30 40
21 0.009 0.009 0.009 0.009 0.009 0.009 0.009
25 0.016 0.019 0.024 0.035 0.052 0.076 0.16
30 0.032 0.058 0.11 0.22 0.37 0.55 0.87
35 0.056 0.12 0.27 0.49 0.72 0.88 1.0
40 0.09 0.2 0.43 0.69 0.88 0.98 1.0

Table 24 FT = 1000 t/a ps - 7 OS = OR = 2 % for Input

RUCET ! !

+BP PD+ 0 5 20 25 30 40
21 0.009 0.009 0.009 [ 0.009 0.009 0.009 0.009
25 0.016 0.017 0.018 0.022 0.026 0.034 0.055
30 0.027 0.035 0.049 0.072 0.11 0.16 0.31
35 0.044 0.063 0.096 0.15 0.23 0.34 0.60
40 0.06 0.09 0.15 0.24 0.36 0.50 0.77

Note: All values in Tables 22-24 are for LR-I's.

Tables 22-24:

Probability of detection (P_) for a 1000 t/a facility as a
function of the number of balancing periods (BP) for different

amounts of Pu (M), assumed to be diverted and different
measurement uncertainties (0., o_,) for the input, with the

. S
rest of the uncertainties being

FT = Facility Throughput (tU/a);

%he same as in Table 1;

for DS - 7. See Table 3 for explanation of the number.
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FT =

1000 t/a

Table 25/23 ps - ! oy = I 72 for Input
kg*Pu
" 5 10 15 20 25 30 40
21 0.01 0.03 0.09 0.22 0.49 0.87 1.0
25 0.05 0.31 0.83 0.99 1.0 1.0 1.0
30 0.09 0.38 0.86 1.0 1.0 1.0 1.0
35 0.10 0.39 0.86 1.0 1.0 1.0 1.0
40 0.11 0.41 0.88 1.0 1.0 1.0 1.0
Table 26 FT =500 t/a DS — 1 og = 1 7 for Input
NoM kg+Pu
wp TP 5 10 15 20 25 30 40
21 0.03 0.22 0.87 1.0 1.0 .0 .0
25 0.31 0.99 1.0 1.0 1.0 1.0 1.0
30 0.38 0.99 1.0 1.0 1.0 1.0 1.0
35 0.39 0.99 1.0 1.0 1.0 1.0 1.0
40 0.42 0.99 1.0 1.0 1.0 1.0 1.0
Table 27 FT = 240 t/a ps - | OS = 1 2 for Input
N M kg+P1 5
¢BP [P > 10 15 20 25 30 40
21 0.25 1.0 1.0 T.0 70 50 0
25 0.99 1.0 1.0 1.0 1.0 1.0 1.0
30 0.99 1.0 1.0 1.0 1.0 1.0 1.0
35 1.0 1.0 1.0 1.0 1.0 1.0 1.0
40 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Table 28 FT =100 t/a ps - 1 oy = 1 % for Input
N kg+Pu
O
21
25
30 All valu e s of P 1
35 ! D
40
| |

Note: All the values in Tables 25-28 are for LR-I's.

Tables 25-28: Probability of detection (P.) for different facility throughputs

(FT) as a function of the number of balancing periods (BP)
for different amounts of Pu (M), assumed to be diverted
for DS - 1. See Table 3 for explanation of the number.

o, =0
al the®

the input, rest being the same as in Table 1.

= systematic and random measurement uncertainties
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Table 29 FT = 1000 t/a DS - 2 o4 = 0p = 1% for Input
kgé?u
JRP PD* 5 10 15 20 25 30 40
21 0.01 0.01 0.02 0.03 U.05 0. 09 0. 22
25 0.05 0.29 0.79 0.99 1.0 1.0 1.0
30 0.09 0.38 0.85 0.99 1.0 1.0 1.0
35 0.10 0.39 0.85 0.99 1.0 1.0 1.0
40 0.11 0.40 0.86 0.99 1.0 1.0 1.0
Table 30 FT = 500 t/a DS - 2 og = OR - 1Z for Input
5 10 15 20 25 30 40
0.01 0.03 0.09 0.22 0.49 0.87 1.0
0.29 0.99 1.0 1.0 1.0 1.0 1.0
0.38 0.99 1.0 1.0 1.0 1.0 1.0
0.39 0.99 1.0 1.0 1.0 1.0 1.0
0.41 0.99 1.0 1.0 1.0 1.0 1.0
Table 31 T = 240 DS - 2 o = 0op = 1%2 for Input
M kg Pu
N >
BP PD* 5 10 15 20 25 30 40
21 0.04 0.25 0.93 i.o 1.0 .0 1.0
25 0.99 1.0 1.0 1.0 1.0 1.0 1.0
30 0.99 1.0 1.0 1.0 1.0 1.0 1.0
35 0.99 1.0 1.0 1.0 1.0 1.0 1.0
40 0.99 1.0 1.0 1.0 1.0 1.0 1.0
Table 32 T = 100 t/a Ds - 2 Og = Op = 1 7 for Input
kg Pu
Now 5 10 5 20 25 30 40
+YBP PD—>
21 0.49
25
gg All othertd vialues £ P D = 1 D
40

Note: All the values in Tables 29-532 are for LR-I's.

Tables 29-32: Probability of detection (P_) for different facility throughputs

(FT) as a function of the number of balancing periods (BP)
for different amounts of Pu (M), assumed to be diverted
for DS - 2. See Table 3 for explanation of the number.

0O, = O
at the®

the input, rest being the same as in Table 1.

= gystematic and random measurement uncertainties
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Table 33 FT = 1000 t/a D - 3 0y = 0p = 1%Z for Input
S kg Py )
5
e 7 10 15 20 25 30 40
21 0.009 0.01 0.01 0.02 0.03 0.03 0.06
25 0.05 0.25 0.74 0.98 0.99 1.0 1.0
30 0.08 0.36 0.83 0.99 1.0 1.0 1.0
35 0.10 0.39 0.83 0.99 1.0 1.0 1.0
40 0.12 0.40 0.84 0.99 1.0 1.0 1.0
Table 34 FT = 500 t/a DS - 3 o4 = 0p =1 % for Input
M kg P : Tﬁ
No >
VEP 7> 5 10 15 20 25 30 40
21 0.01 0.02 0.03 0.06 0.12 0.27 0.62
25 0.25 0.98 1.0 1.0 1.0 1.0 1.0
30 0.37 0.99 1.0 1.0 1.0 1.0 1.0
35 0.39 0.99 1.0 1.0 1.0 1.0 1.0
40 0.40 0.99 1.0 1.0 1.0 1.0 1.0
Table 35 FT = 240 t/a ps - 3 0y = Op = 17 for Input
N M kg+P4 5 |
i | P> 0 15 20 25 30 40
21 0.02 0.07 0.25 0.72 0.99 1.0 1.0
25 0.99 1.0 1.0 1.0 1.0 1.0 1.0
30 0.99 1.0 1.0 1.0 1.0 1.0 1.0
35 0.99 1.0 1.0 1.0 1.0 1.0 1.0
40 0.99 1.0 1.0 1.0 1.0 1.0 1.0
Table 36 FT = 100 t/a Ds - 3 oy = op = 1% for Input
F\Qkfg Py
VEp IP — 5 10 15 20 25 30 40
21
12 0.98
25 0 9
30 All b ther| values for P = 1 .]0
35 ‘ D
40
|

Note: All the values in Tables 33-36 are for LR-I's

Tables 33-36: Probability of detection (P_) for different facility throughputs
(FT) as a function of the number of balancing periods (BP)
for different amounts of Pu (M), assumed to be diverted
for DS - 3. See Table 3 for explanation of the number.
= gystematic and random measurement uncertainties
a§ the input, rest being the same as in Table 1.
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Table 37 FT = 1000 t/a DS - 4 o4 = = 17 for Input
kgﬁPu
A 5 10 15 20 25 30 40
21 0.009 0.01 0.0l 0.01 0.02 0.02 0.03
25 0.04 0.21 0.65 0.96 0.99 1.0 1.0
30 0.08 0.36 0.80 0.98 0.99 1.0 1.0
35 0.1 0.38 0.81 0.98 0.99 1.0 1.0
40 0.11 0.39 0.82 0.98 0.99 1.0 1.0
Table 38 FT = 500 t/a DS - 4 oy = = 1% for Input
M kg Pu
NoO -
+BP e 5 10 15 20 25 30 40
21 0.01" 0.01 0.02 0.03 0.05 0.09 0.22
25 0.21 0.96 1.0 1.0 1.0 1.0 1.0
30 0.37 0.99 1.0 1.0 1.0 1.0 1.0
35 0.38 0.99 1.0 1.0 1.0 1.0 1.0
40 0.39 0.99 1.0 1.0 1.0 1.0 1.0
Table 39 FT = 240 t/a DS =~ 4 og = = 1% for Input
N M kg+P
e [T 5 10 15 20 25 30 40
21 0.01 0.03 0.10 0.25 0.57 0.93 1.0
25 0.97 1.0 1.0 1.0 1.0 1.0 1.0
30 0.99 1.0 1.0 1.0 1.0 1.0 1.0
35 0.99 1.0 1.0 1.0 1.0 1.0 1.0
40 0.99" 1.0 1.0 1.0 1.0 1.0 1.0
Table 40 FT = 100 t/a DS ~ 4 oy = = 1Z for Input
kg Pu
NOw 40
+BP P> 5 10 15 20 25 30
21 0.05 0.49
25
30 All o¢other| valules r P =
35
40
Note: All the values in Tables 37-40 are for LR-I's.

Tables 37-40: Probability of detection (P_.) for different facility throughputs

(FT) as a function of the number of balancing periods (BP)
for different amounts of Pu (M), assumed to be diverted
for DS - 4. See Table 3 for explanation of the number.

On = 0
al tne®

the input, rest being the same as in Table 1.

= systematic and random measurement uncertainties




Table 41 T = 1000 t/a DS - 5 o4 = oy = 1Z for Input
kgﬁPu
e |7 > 5 10 15 20 25 30 40
21 0.009 0,009 0.01 0.01 0,01 0707 0707
25 0.06 0.15 0.50 0.88 0.99 1.0 1.0
30 0.08 0.35 0.78 0.98 0.99 1.0 1.0
35 0.10 0.37 0.79 0.98 0.99 1.0 1.0
40 0.11 0.38 0.80 0.98 0.99 1.0 1.0
Table 42 FT = 500 t/a DS -5 oy = op = 17 for Input
N 8, 5 10 5 20 25 30 40
VBP [ P>
21 0.009 0.0l 0.02 0.02 0.03 0.05 0.10
25 0.16 0.88 1.0 1.0 1.0 1.0 1.0
30 0.35 0.98 1.0 1.0 1.0 1.0 1.0
35 0.38 0.98 1.0 1.0 1.0 1.0 1.0
40 0.38 JVO.98 1.0 1.0 1.0 1.0 1.0
Table 43 FT = 240 t/a DS - 5 Oy = Op = 1% for Input
N M kg+P1
e [P 5 10 15 20 25 30 40
3; 0.0l 0.03 0.05 0.12 0.26 0.49 0.98
; 0.59 1.0 1.0 1.0 1.0 1.0 1.0
30 0.99 1.0 1.0 1.0 1.0 1.0 1.0
5 0.99 1.0 1.0 1.0 1.0 1.0 1.0
40 0.99 1.0 1.0 1.0 1.0 1.0 1.0
Table 44 FT = 100 t/A DS - 5 og = Op = 1Z  for Input
kg+Pu
5 [0 15 20 25 30 40
21 0.03 0.22 0.87
25
30 All t h Y values fpr P = 1 0
35 O e D »
40 |
|

Note: All the values in Tables 41-44 are for LR-I's.

Tables 41-44: Probability of detection (P_.) for different facility throughputs
(FT) as a function of the number of balancing periods (BP)
for different amounts of Pu (M), assumed to be diverted
for DS ~ 5. See Table 3 for explanation of the number.

og = 0p = systematic and random measurement uncertainties
at the input, rest being the same as in Table 1.
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Table 45 FT = 1000 DS - 6 Oy = 0y = 1% for Ipput
VB PD+ 5 10 15 20 25 30 40
T 05.009  |0.009 0.009 5,009 0.0 0701 07O
25 0.02 0.03 0.07 0.16 0.30 0.50 0.88
30 0.05 0.22 0.55 0.87 0.98 0.99 1.0
35 0.09 0.31 0.66 0.92 0.99 0.99 1.0
40 0.10 0.33 0.67 0.93 0.99 0.99 1.0
Table 46 FT = 500 t/a pg - 6 og = op = 172 for Input
Noll 8.7 5 10 s 2
e TP 0 25 30 40
B 21 0.009 0.009 0.01 0.01 0.01 - 0.02 0.02
25 0.03 0.15 0.50 0. 88 0.99 1.0 1.0
30 0.22 0.87 0.99 1.0 1.0 1.0 1.0
35 0.31 0.92 0.99 1.0 1.0 1.0 1.0
40 0.33 0.93 0.99 1.0 1.0 1.0 1.0
Igglg_ﬁz> FT = 240 t/a DS - 6 OS = OR = 1% for Input
N kag+PJ
YBP PD+ 5 10 15 20 25 30 40
21 0.01 0.01 0.02 0.03 0.04 0.05 0.1Z
25 0.18 0.92 1.0 1.0 1.0 1.0 1.0
30 0.90 1.0 1.0 1.0 1.0 1.0 1.0
35 0.95 1.0 1.0 1.0 1.0 1.0 1.0
40 0.95 1.0 1.0 1.0 1.0 4L 1.0 1.0
Table 48 FT = 100 t/a DS - 6 og = O = 1% for Input
N kg Pu
Fﬁiﬁ[PD+ 5 10 15 20 25 30 40
21 0.01 0.03 0.09 0.22 0.49 0.87
25 0.99
30 All other, values o P = 1 0
35 : D
40 L

Note: All the values in Tables 45-48 are for LR-I's.

Tables 45-48: Probability of detection (P,.) for different facility throughputs

(FT) as a function of the number of balancing periods (BP)
for different amounts of Pu (M), assumed to be diverted
for DS - 6. See Table 3 for explanation of the number,

o
R

g =
a% the input, rest being the same as in Table 1.

= gystematic and random measurement uncertainties
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Table 49/20 T = 1000 t/a ps - 7 oy = Oﬁ - 1% for Input
N kg+Pu
JBP PD+’ 5 10 15 20 25 30 40 B
21 0.009 0.009 0.009 0.009 0.009 0.009 0.009
25 0.016 0.02 0.02 0.04 0.05 0.08 0.16
30 0.03 0.06 0.11 0.22 0.37 0.55 0,87
35 0.056 0.12 0.27 0.49 0.72 0.88 1.0
40 0.09 0.2 0.43 0.69 0.88 0.97 1.0
Table 50 - FT = 500 t/a DS ~ 7 Oy = Op = 1Z for Input
5 10 15 20 25 30 40
0.009 0.009 0.009 0.009 0.0T 0.01 0.01
0.02 0.04 0.08 0.15 0.29 0.50 0.89
0.06 0.22 0.55 0.87 0.98 0.99 1.0
0.12 0.49 0.88 0.99 1.0 1.0 1.0
0.20 0.69 0.97 0.99 1.0 1.0 1.0
Table 51 FT = 240 t/a DS ~ 7 Oy = Op = 1% for Input
Row 16 5 10 5 2 25 30 4
wp [P 0 0
21 0.009 0.01 0.01 0.01 0.01 0.02 0.03
25 0.04 0.18 0.56 1 0.92 0.99 1.0 1.0
30 0.24 0.90 0.99 1.0 1.0 1.0 1.0
35 0.53 0.99 1.0 1.0 1.0 1.0 1.0
40 0.73 1.0 1.0 1.0 1.0 1.0 1.0
Table 52 FT = 100 t/a Ds - 7 o4 = op = 1Z for Input
) kg Pu
NOw_~ 5 10 15 20 25 30 40
YBP iPD+
71 0.01 0.01 0.07 0.03 0.05 U.0Y 0.22
25 0.30 0.99
30 0.98 L
15 All b ther values o f P D = 1
40

Note: All the values in Tables 49-52 are for LR-1's.

Tables 49-52: Probability of detection (P_) for different facility throughputs

(FT) as a function of the number of balancing periods (BP)
for different amounts of Pu (M), assumed to be diverted
for DS - 7. See Table 3 for explanation of the number.

o8

= Op = systematic and random measurement uncertainties
the input, rest being the same as in Table 1.
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Table 53A: Detection probabilities (P_. 7%) at the end of the 40th balancing
period (BP) for different amounts of Pu (M in kg) and different
facility throughputs (FT) with different measurement uncertain-
ties (o's in %) at the input and different inventory amounts
(LR-I inventory linearly reduced; C-I for constant inventories)

for DS - 1
M o 1000 t/a 500 t/a 240 t/a 100 t/a
|kgPul|| % LR-I | C-T LR-T | C-T IR-T | C-I | LR-I | C-I
Py Py Py Py Py Py P 128
0.5 22.94 | 22.94 || 84.02 | 41.00 100 52.58 || 100 59,35
5 1.0 11.70 1 11,71 || 41.54 | 25.78 || 99.91 | 44.27{ 100 54,87
2.0 6.86| 6.86 || 14.12 | 12.10 || 65.01 | 27.68| 100 47.93
0.5 84.02 | 84.02 100 98.76 100 99.77 (| 100 99,89
10 1.0 41.54 | 41.54 || 99.83 | 88.73 100 99.22 [ 100 99.85
2.0 14,131 14,13 1 59,19 | 43.46 100 91.37{ 100 99.57
0.5 99.89 | 99.89 100 | 100 100 100 100 100
15 1.0 87.89 | 87.89 100 99.96 100 100 100 100
2.0 30.42 | 30.42 |{ 98.93 | 89.92 100 99.98| 100 100
0.5 100 100 100 100 100 100 100 100
20 1.0 99.83 | 99.83 100 100 100 100 100 100
2.0 59,20 | 59.20 100 99,87 100 100 100 100
0.5 100 100 100 100 100 100 100 100
25 1.0 100 100 100 100 100 100 100 100
2.0 88.36 | 88.36 100 100 100 100 100 100
0.5 100 100 100 100 100 100 100 100
30 1.0 100 100 100 100 100 100 100 100
2.0 98,36 | 98.36 100 100 100 100 100 100
0.5 100 100 100 100 100 100 100 100
40 1.0 100 100 100 100 100 100 100 100
2.0 100 100 100 100 100 100 100 100
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Table 53B: Detection probabilities (P. %) at the end of the 40th balancing
period (BP) for different amounts of Pu (M in kg) and different
facility throughputs (FT) with different measurement uncertain-
ties (o's in %) at the input and different inventory amounts
(LR-I inventory linearly reduced; C~I for constant inventories)

for DS = 7
M o 1000 t/a 500 t/a 240 t/a 100 t/a
|kgPul|| % LR-I c-1 LR-T c-1 LR-T c-1 LR-I c-1
Pp p Fp Py Fp Pp Py Fp

0.5 14.24 14.24 )| 47.25 25.59 | 99.03 | 35.52 100 40,27
5 1.0 8.73 8.76 20.45 15.71 73.05 28.25 100 37.34
2.0 6.08 6.08 9.47 8.96 || 26.04 16.85 [} 93.64 31.14

0.5 47.26 | 47.26 98.33 82.00 100 94.10 100 96.90
10 1.0 | 20.45 | 20.45 69.10 | 53.80 100 86.03 100 95.41
2.0 9.47 9.47 24.08 21.45 {} 80.70 | 57.99 100 90.28

0.5 84.20 | 84.20 100 99.52 100 100 100 100
15 1.0 | 42.69 | 42.69 97.14 89.77 100 99.82 100 100
2.0 15.27 15.27 50.86 45.04 99.32 92.44 100 99.96

0.5 98.34 98.34 100 100 100 100 100 100
20 1.0 69.10 | 69.10 99.98 99.35 100 100 100 100
2.0 24,08 24.08 77.45 71.66 100 99.68 100 100
0.5 99.97 99.97 100 100 100 100 100 100
25 1.0 88.02 88.02 100 100 100 100 100 100
2.0 36.54 36.54 93.64 | 89.90 100 100 100 100
0.5 100 100 100 100 100 100 100 100
30 1.0 97. 14 97.14 100 100 100 100 100 100
2.0 50.86 50. 86 98. 86 97.77 100 | 100 100 100
0.5 100 100 100 100 100 100 100 100
40 1.0 99.98 99.98 100 100 100 100 100 100

2.0 77.45 77.45 100 100 100 100 100 100
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M (kgPu) which could be detected with P

95 %

for different FT with LR-I's and dlfferent G s

for DS - 1
Facil- o 0.5 % 1 7 2 7
ity -+ M AM/LMUF M AM/LMUF M AM/LMUF
It/al (kgPu) per BP (kgPu) per BP (kgPu)  per BP
1000 11.58 2.83 16.53 2.75 27.0 2.52
500 5.8 2.83 8.27 2,75 13.5 2.52
240 2.78 2.83 3.97 2.75 6.50 2.53
100 1.16 2.83 1.66 2.75 2.70 2.52
Table 55: M (kgPu) which could be detected with P 95 Z
for different FT with C-I's and different 0 S
for DS - 1|
Facil~ g 0.5 % 1 7 2 7
ity > M AM/LMUF M AM/LMUF M AM/T.MUF
lt/al (kgPu) per BP (kgPu)  per BP (kgPu) per BP
1000 11.58 2.83 16.53 2.75 27.0 2.52
500 8. 89 2.70 10.97 2.76 16.2 2.73
240 7.936 2.58 8.6 2.65 10.6 2,73
100 7.47 2.48 7.76 2.55 8.27 2.61
Note: Abbreviations
C-I constant inventory in kg M  amount of Pu in kg assumed to be
DS diversion scenarios (s.Table 3) diverted for a given diversion

FT
LR~I

LT

LT

LMUF

facility throughput in t/a
linearly reduced inventories

with decreasing FT in kg

limits of error in inventory

measurement in kg

limits of error in throughput

measurement in kg

limits of error of Material
Unaccounted For in kg

Scenario

detection probability in % with a false
alarm rate of 5 7%

0, = O_ = measurement upncertainties

at the input, rest being the same

as given in Table |

false alarm rate set at 5 7
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Table 56: M (kgPu) which could be detected with P_ = 95 %
for different FT with LR-I's and different o's
for DS - 7 L

Facil- 0.5 % 1 7 A
ity M AM/LMUF M AM/LMUF M AM/LMUF
|t/a] 4 (kgPu) per BP (kgPu) per BP (kgPu) per BP
1000 17.9 0.218 28.3 0.235 51.7 0.241
500 8.9 0.217 14.1 0.234 25.6 0.239
240 4.3 0.218 6.8 0.235 12.4 0.243
100 1.8 0.218 2.8 0.235 5.17 0.241
Table 57: M (kgPu) which could be detected with P_ = 95 %
for different FT with C-I's and different o's
for DS - 7 .
Facil- 0.5 7 1 7 A
ity M AM/IMUF M AM/LMUF M AM/LMUF
]t/al 4 (kgPu) per BP (kgPu) per BP (kgPu)  per BP
1000 17.9 0.218 28.3 0.235 51.7 0.241
500 12.2 0.185 16.57 0.209 27.65 0.232
240 10.2 0.170 11.50 0.177 15.8 0.204
100 9.50 0.158 9.89 0.162 10.9 0.172
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Table 58: Detection times (D,), expressed as the number of balancing
periods (BP) at which a P_ > 95 7 is attained, as a function
of FT with LR-I's and M for two extreme diversion scenarios
DS - 1 (abrupt diversion) and DS - 7 (protracted diversion)

for o, =1 %
1
R
Facil-: M
ity 5 10 15 20 25 30 35 40
: Thrpt, ikg}?ull
(FT) i
1000 t/a
DS - 1 11.71% | 41.54% ] 87.89% 3 BP 2 BP 2 BP 1 BP 1 BP
DS - 7 8.76% | 20.45% | 42.69% | 69.10%| 88.02%* 18 BP 14 BP 12 BP
500 t/a
DS - 1 41.54% 3 BP 2 BP 1 BP 1 BP 1 BP 1 BP 1 BP
DS -~ 7 20.45% | 69.10% | 18 BP 12 BP 9 BP 8 BP 7 BP 6 BP
240 t/a
DS - 1 3 BP 1 BP 1 BP 1 8p| 1 BP 1 BP 1 BP 1 BP
DS - 7 | 73.05% | 11 BP 7 BP 6 BP | 5 BP 4 BP 4 BP 3 BP
100 t/a
DS - 1 1 BP 1 BP 1 BP 1 B | 1 BP 1 BP 1 BP 1 BP
DS - 7 9 BP 5 BP 4 BP 3BP| 3 BP 2 BP 2 BP 2 BP

*Maximum attainable P

at the end of the 20th balancing period after a
diversion is assumed to begin. Since the first 20 balancing periods are
assumed to be diversion free, the counting of BP in these tables starts
from the 21st BP, so that 2]1. BP = 1. BP.
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Table 58A: Detection times (D), expressed as the number of balancing

periods (BP) at which a P_ > 95 % is attained, as a function

of FT with LR~I's and M for two extreme diversion scenarios

DS - | (abrupt diversion) and DS = 7 (protracted diversion)

for 0. = 0,5 %, 1 Z, 2 2 (numbers for o, = 1 7Z have been taken

over from Table 58)

kgPu 5 15 25 35
FT(I-LR) 0.% 0.5 | ! 2 0.5 1 P2 0.5 1 2 0.5 1 2
1000 t/a % % * * * *
DS - 1(22.94(11.71| 6.86 3BP |87.89|30.42 2BP| 2BP |88.36]| 1BP| IBP| 2BP
* * * * * * * * *
DS - 7|14.24) 8.76] 6.08} 84.20142.69 {15.27 || 13BP{88.02|36.54 | 9BP [14BP|65.25
500 t/a * * *
DS _.1 84.02141.54114.12 1BP 2BP 2BP I1BP| IBP 1BP IBP | IBP| IBP
* * * *
DS ~ 7147.25120.45| 9.47 || 11BP |18BP {50.85 7BP| 9BP 193.64 || 5BP | 7BP|12BP
240 t/a N _
DS — 14§ 2BP 3BP [65.01 IBP |BP IBP 1BP| IBP 1BP IBP | IBP| IBP
* *
DS - 7{16BP |73.05{26.04 6BP 7BP {14BP 4BP| 5BP 7BP 3BP | 4BP| 5BP
100 t/a
DS - 1 1BP 1BP I1BP 1BP IBP 1BP 1RP}| IBP 1BP IBP | IBP§{ IBP
*
DS - 71 7BP 9BP |93.64 3BP 4LBP 5BP 2BP| 3BP 3BP 2BP | 2BP| 2BP

*Maximum attainable P

at the end of the 20th balancing period after a

diversion is assumed to begin. Since the first 20 balancing periods are
assumed to be diversion free, the counting of BP in these tables starts

from the 21st BP, so that 21. BP = 1.

BP.
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Table 59: Detection times (D), expressed as the number of balancing

periods (BP) at which a P

> 95 7Z 1s attained, as a function

of FT with C-I's and M for two extreme diversion scenarios

DS - ! (abrupt diversion) and DS - 7 (protracted diversion)
for o. =1 %
i
Facil- M
ity 5 10 15 20 25 30 35 40
Thrpt. lkgPu\
(FT)
1000 t/a
DS -1 11.71%} 41.54%) 87,89% 3 BP 2 BP 2 BP 1 BP 1 BP.
DS - 7 8.76%] 20.45*%] 42,69%) 69.10%| 88.02% 18 BP 14 BP | 12 BP
500 t/a
DS - 1 25,.78%} 88.73% 3 BP 2 BP 2 BP 1 BP 1 BP 1 BP
DS -~ 7 15,71%| 53,80*| 89,77 16 BP 12 BP 10 BP 9 BP 8 BP
240 t/a
DS =1 G4, 27%* 5 BP 3 BP 2 BP 2 BP 1 BP 1 BP 1 BP
DS - 7 28.25%| 86.03 16 BP 12 BP 10 BP 9 BP 8 BP 7 BP
100 t/a :
DS - 1 54,87% 5 BP 3 BP 1 BP 1 BP 1 BP 1 BP 1 BP
DS - 7 37.34%| 20 BP 14 BP 11 BP 9 BP 8 BP 7 BP 7 BP

*Maximum attainable P

at the end of the 20th balancing period after a

diversion is assumed to begin. Since the first 20 balancing periods are
assumed to be diversion free, the counting of BP in these tables starts

from the 21st BP, so that 21. BP = 1. BP.
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Table 59A: Detection times (D,), expressed as the number of balancing

periods (BP) at which a P_ > 95 % is attained, as a function
of FT with C~I's and M fof two extreme diversion scenarios

DS - | (abrupt diversion) and DS - 7 (protracted diversion)
for o, = 0.5 %, 1| Z, 2 % (numbers for o, = | 7 have been taken
over from Table 59) *

kgPu 5 15 25 35
FT(I- Oiz 0.5 1 2 0.5 1 2 0.5 1 2 0.5 1 2
1000 t/a * " x * * »
DS — 1122.94111.,71| 6.86 3BP [87.89[30.42 2BP | 2BP [88.36|{ IBP | 1BP| 2BP
k3 *) kS * * % ® * *
DS - 714,24 8.76| 6.08 |{84,20142.69|15.27{|13BP |88.02|36.54 ]| 9BP |{14BP|65.25
500 t/a N sl N
DS ~ 1]41.0 [25.78112.10 3BP 3BP [89.92 2BP | 2BP 2BP 1BP | IBP| IBP
* kS 2 * * *
DS - 7125.59|15.71 8.92 16BP {89.77|45.04 || 10BP |12BP {89.90]|] 8BP | 9BP |14BP
240 t/a " * *
DS - 1152.58(44.27(27.68 || 3BP | 3BP | 3BP 2BP | 2BP | 2BP || 1BP | IBP| 1BP
* * % )
DS - 7135.521{28.25116.85 {i14BP |16BP (92.44 9BP {10BP |12BP 7BP | 8BP| 9BP
100 t/a % * "
DS - 1]59.35154.87147.93 3BP 3BP 3BP 2BP | 2BP 2BP [BP| 1BP| 1BP
% X
DS - 71040.27137.34 [31.14 |{148p |14BP |15BP 9BP | 9BP |[10BP || 7BP | 7BP| 8BP

*Maximum attainable P_ at the end of the 20th balancing period after a
diversion is assumed to begin. Since the first 20 balancing periods are
assumed to be diversion free, the counting of BP in these tables starts
from the 21st BP, so that 21. BP = | BP,
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Table 60: Detection Probability (Pp %) as a Function of Diversion
Scenarios (DS) for a Given Amount (M) for Different

Facility Throughputs (FT) with I-LR and 1% o .

=~ 1 | | |
DS - 1 2 3 P4 ! 5 6 7
FT ]
) P P ! P P P
t/a M D D D D D D D
koY —
1000 11 11 12 11 11 10 9
500 5 42 41 40 39 38 33 20
240 100 99 99 99 99 95 73
100 100 100 100 100 100 100 100
1000 41 40 40 39 38 33 20
500 99 99 99 99 98 93 69
240 10 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
1000 100 99 99 98 98 93 69
500 100 100 100 100 100 100 99
240 20 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
1000 100 100 100 100 100 99 97
500 100 100 100 100 100 100 100
240 30 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
1000 100 100 100 100 100 100 100
500 4o 100 100 100 100 100 100 100
240 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100
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Detection times (D,,), expressed as the number of BP's with

Table 61:
corresponding P_'s, as a function of diversion scenarios DS,
for a given amount M and different facility throughputs FT
with I-LR and o, = 1 7
M PT DS - 1 2 3 4 5 6 7
kgPu| t/a BP/PD BP/PD BP/PD BP/PD BP/PD BP/PD BP/PD
10 1000 | 20/41.54 | 20/40.76 | 20/40.10 | 20/39.14 | 20/38.27 | 20/32.72} 20/20.45
500 3/98.57 | 4/98.60 | 4/95.77 | 5/95.97 | 6/95.73 | 20/92.77| 20/69.10
240 1/100 2/100 1/98.59 | 3/100 3/97.96 | 6/99.47| 11/95.14
100 1/100 1/100 1/98.55 | 2/100 2/100 3/99.99| 5/99.39
15 1000 | 20/87.89 | 20/86.28 | 20/84.38 | 20/82.35 {20/79.99 | 20/67.45| 20/40.69
500 2/100 2/99.80 | 3/99.99 | 4/100 4/98.19 | 8/98.55| 18/95.15
240 1/100 2/100 2/100 2/99.6 3/100 4/99.14} 7/95.87
100 1/100 1/100 1/100 1/100 2/100 2/99.80| 4/100
25 1000 2/99.92 | 3/99.96 | 3/97.96 | 4/99.14 | 5/99.39 | 9/95.98| 20/88.02
500 1/100 2/100 2/100 3/100 3/99.99 | 5/99.39| 9/95.98
240 1/100 1/100 1/99.49 | 2/100 2/100 3/100 5/99.72
100 1/100 1/100 1/100 1/100 1/100 2/100 3/100
30 1000 2/100 2/99.80 | 3/99.99 | 4/100 4/98.19 | 8/98.55 | 18/95.15
' 500 | 1/100 2/100 2/100 2/99.80 | 3/100 4/98.19 | 8/98.55
240 1/100 1/100 1/100 2/100 2/100 3/100 4/99.14
100 1/100 1/100 1/100 1/100 1/100 2/100 2/99.80
40 1000 1/100 1/100 2/96.84 | 3/99.99 | 3/96.26 | 6/98.90 | 12/96.20
500 1/100 1/100 2/100 2/100 2/100 3/96.26 | 6/98.90
240 1/100 1/100 1/100 1/100 1/98.55 | 2/100 3/97.96
100 1/100 1/100 1/100 1/100 1/100 1/100 2/100

*For clarification of DS-numbers see Table 3. Whenever

.a value of BP

20

has been entered in the table, the corresponding P_ value indicates that for
the given M, a 95 % PD cannot be obtained at the end of the balancing period.
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1. Introduction

The results of computer simulation, which have formed the basis for analysis
in Part I of the Report: "Investigations on Detection Sensitivity of the
NRTA Method for Different Size Reprocessing Facilities" are compiled in
this volume, The graphical presentations, some of which were also generated

directly in computers and used in Part I of the report, have not been repro-

duced in this part.

2. Block Model Used

The block model for the reprocessing facility which was developed earlier /2/

and used in the present simulation, is based on a 1000 t/a reference facility /5/.
In its simplified form, for the generation of the simulated data base, the
process MBA of the reference reprocessing facility is assumed to be subdivided

into 5 inventory areas as shown below:

re Process Material Balance Area —
Input Head- 1. 2. 3. Pu Product
—n >
end Plutonium Cycle Concentration
Waste

Block Diagram of a Reprocessing Facility

The facility is assumed to operate on a 200 d/a basis with the same
amount of inventory in the process MBA for the whole period. A material
balance across the process MBA is struck every 10 operating days so that
there are 20 balancing periods (BP) per year. Recalibration of the
measurement system takes place every two years (i.e. every 40, BP). For

the computer simulation, only the Pu-cycle has been considered.
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Parameters Considered

3.1 Facility Parameters

Two groups of parameters were considered:

a) Constant Inventory (I-C)

b)

Facility throughput t/a 1000 500 240 100
Process inventory kgPu 450.6 450,6 . 450.6 450,6
Measurement uncertainty

at the input (Os = OR) 0.5 7 17 2 7

(all the other measurement uncertainties are assumed to be the

same as in the reference case /5/)

In this case, the input to the facility is reduced from the reference
1000 t/a to 500 t/a, 240 t/a and 100 t/a. The process inventory of Pu
in all the four facilities on the other hand, are kept constant at

450.6 kg Pu, i.e. that for the reference facility.

Linearly Reduced Inventory (I-LR)
Facility throughput t/a 1000 500 240 100
Process inventory kgPu 450.6 225.3 108,14 45,06

Measurement uncertainty
at the input (GS = OR) 0.5 Z 1 7% 2 7
(all the other measurement uncertainties are assumed to be the

same as in the reference case /5/)

In the second group of paramters with I-LR, both the facility input
and the process inventory are reduced linearly from the 1000 t/a
reference facility to the three smaller facilities, i.e. 500 t/a,

240 t/a, 100 t/a respectively.
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3.2 Diversion Scenarios and Amounts Assumed to be Diverted

a)

b)

Diversion Scenarios (Loss Scenarios Length)

Seven diversion scenarios, DS (in the computer print-outs expressed

as. loss scenario length) as developed in /2/ have been considered.

They differ from each other by the number of balancing periods BP,

over which a given amount M is assumed to be diverted in equal
portions. DS - | for example means that a given amount M is assumed to
be diverted over a single BP (loss scenario length — 1). This mode of
diversion has been defined as "abrupt mode of diversion". DS - 7 on the
other hand, means that the given amount M is assumed to be diverted in
equal portions over 20 successive balancing periods (loss scenario
length - 20). This mode is defined as the "protracted mode of diversion'.
The DS 2 - 6 fall in between these two extreme modes of diversions. The

diversion scenarios and the corresponding loss scenarios lengths are shown

below:
Diversion Scenario 1 2 3 4 5 6 7
Loss Scenario Length (BP) 1 2 3 4 5 10 20

In the simulation work carried out in the frame of these investigations,

it has been assumed that all the diversion scenarios begin after 20 diversion
free balancing periods. This means that the first act of diversion begins

at the 2lst BP, and in the case of DS - 7, ends at the 40th BP. For this
reason, for each of the parameters considered a total run length of

40 BPs has been made.

Total Amount M Assumed to be Diverted

The range of M = 5 = 40 kg of Pu with an interval of 5 kg has been

chosen for these investigations,




1I-4

4, Statistical Test Procedure Used

Although a number of test procedures have been discussed in connection
with the near~real-time accountancy measure /1, 2, 3, 4, 6, 7/, the

two sided Page's test has been chosen for analyzing the sensitivity of the
NRTA measure in this study. The reason for choosing this particular method

has been discussed in detail in Part I of this report.

The probability of detection of an amount, in case it has been diverted from
the process MBA, has been chosen to be the main indicator for analyzing the
sensitivity of the test procedure in connection with the NRTA measure. The
boundary conditions for the fals alarm rate (o) for a given probability of
detection has been chosen in such a way that it reaches a value of 5 7 at
the end of the 40th balancing period. 10,000 Monte Carlo simulation runs

were made for each of PD values determined,
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INPUT DATA FOR PARAMETRIC VARIATIONS

PARAMETER INPUT FOR A BLOCK-MODEL OF A REPROCESSING FACILITY

THROUGHPUT (TONNES/YEAR)
NUMBER OF WORKING DAYS
BALANCE INTERVAL IN DAYS
INTERVAL OF RECALIBRATIONS

PU~INVENTORY

1000.00
400
10
40

RELATIVE STANDARD DEVIATION

( XG ) (RANDOM) (SYSTEMATIC)
HEAD-END | 196.500 0.010 0.010
1.PU-CYCLE | 7.600 0.010 - 0.010
2.PU-CYCLE | 50.000 0.005 0.005
3.PU-CYCLE | 134.000 0.005 0.005
PU-CONCENTRATION | 62.500 0.005 0.005
PU/BATCH BATCHES RELATIVE STANDARD DEVIATION
(KG) DAY (RANDOM) (SYSTEMATIC)
INPUT A | 16.730 3 0.005 0.005
INPUT B | 16.730 3 0.010 0.010
INPUT C | 16.730 3 0.020 0.020
PRODUCT | 25.000 2 0.002 0.002
WASTE | 0.200 1 0.250 0.250
MEASUREMENT-ERROR OF INPUT A :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4.476054
‘ VARIANCE OF SYSTEMATIC ERROR ( " ) = 4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.284919
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) =  7.547577
VARIANCE OF MUF (") = 16.784592
MEASUREMENT-ERROR OF MUF (KG) = 4.096900
MEASUREMENT-ERROR OF INPUT B :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG*¥%2) =  4.476054
VARIANCE OF SYSTEMATIC ERROR ( " ) =  4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.914678
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 26.440308
VARIANCE OF MUF (" )= 36.307083
MEASUREMENT-ERROR OF MUF (KG) = 6.025536
MEASUREMENT-ERROR OF INPUT C :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4.476054
VARIANCE OF SYSTEMATIC ERROR ( " ) =  4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 3.433708
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 102.011230
VARIANCE OF MUF (") = 114.397034
MEASUREMENT-ERROR OF MUF (KG) = 10.695655
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INPUT DATA FOR PARAMETRIC VARIATIONS

PARAMETER INPUT FOR A BLOCK-MODEL OF A REPROCESSING FACILITY

THROUGHPUT (TONNES/YEAR)

NUMBER OF WORKING DAYS

BALANCE INTERVAL IN DAYS

INTERVAL OF RECALIBRATIONS

PU-INVENTORY

500.00
400

10

40

RELATIVE STANDARD DEVIATION

( KG ) (RANDOM) (SYSTEMATIC)
HEAD-END | 196.500 0.010 0.010
1.PU-CYCLE | 7.600 0.010 0.010
2.PU-CYCLE [ 50.000 0.005 0.005
3.PU-CYCLE | 134,000 0.005 0.005
PU-CONCENTRATION | 62.500 0.005 0.005
PU/BATCH BATCHES RELATIVE STANDARD DEVIATION
(KG) DAY (RANDOM) (SYSTEMATIC)
INPUT A | 8.365 3 0.005 0.005
INPUT B | 8.365 3 0.010 0.010
INPUT C | 8.365 3 0.020 0.020
PRODUCT | 12.500 2 0.002 0.002
WASTE | 0.100 1 0.250 0.250
MEASUREMENT-ERROR OF INPUT A :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4.476054
VARIANCE OF SYSTEMATIC ERROR ( " ) = 4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.071230
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 1.886896
VARIANCE OF MUF (" )= 10.910233
MEASUREMENT-ERROR OF MUF (KG) = 3.303064
MEASUREMENT-ERROR OF INPUT B :
INVENTORY: VARTANCE OF RANDOM ERROR  (KG**2) =  4,476054
VARIANCE OF SYSTEMATIC ERROR ( " ) =  4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.228670
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 6.610085
VARIANCE OF MUF (") = 15.790862
MEASUREMENT-ERROR OF MUF (KG) = 3.973772
MEASUREMENT-ERROR OF INPUT C :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4.476054
VARIANCE OF SYSTEMATIC ERROR ( " ) = 4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.858428
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 25.502838
VARIANCE OF MUF (" )= 35.313370
MEASUREMENT-ERROR OF MUF (KG) = 5.942505
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INPUT DATA FOR PARAMETRIC VARIATIONS

PARAMETER INPUT FOR A BLOCK-MODEL OF A REPROCESSING FACILITY

THROUGHPUT (TONNES/YEAR)

NUMBER OF WORKING DAYS

BALANCE INTERVAL IN DAYS

INTERVAL OF RECALIBRATIONS

PU-INVENTORY

240.00
400

10

40

RELATIVE STANDARD DEVIATION

( KG ) (RANDOM) (SYSTEMATIC)
HEAD-END | 196.500 0.010 0.010
1.PU-CYCLE | 7.600 0.010 0.010
2.PU-CYCLE | 50.000 0.005 0.005
3.PU-CYCLE | 134.000 0.005 0.005
PU-CONCENTRATION | 62.500 0.005 0.005
PU/BATCH BATCHES RELATIVE STANDARD DEVIATION
(KG) DAY (RANDOM) (SYSTEMATIC)
INPUT A | 4,015 3 0.005 0.005
INPUT B | 4,015 3 0.010 0.010
INPUT C | 4,015 3 0.020 0.020
PRODUCT | 6.000 2 0.002 0.002
WASTE | 0.048 1 0.250 0.250
MEASUREMENT-ERROR OF INPUT A :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4,476054
VARIANCE OF SYSTEMATIC ERROR ( " ) =  4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.016410
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) =  0.434705
VARIANCE OF MUF (") = 9.403222
MEASUREMENT-ERROR OF MUF (KG) = 3.066467
MEASUREMENT-ERROR OF INPUT B :
INVENTORY:, VARIANCE OF RANDOM ERROR  (KG**2) =  4.476054
VARIANCE OF SYSTEMATIC ERROR ( " ) = 4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.052681
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( ") = 1.522819
VARIANCE OF MUF (") = 10.527606
MEASUREMENT-ERROR OF MUF (KG) = 3.244627
MEASUREMENT-ERROR OF INPUT C :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4,476054
VARIANCE OF SYSTEMATIC ERROR ( " ) =  4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (") = 0.197762
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 5.875275
VARIANCE OF MUF (") = 15.025146
MEASUREMENT-ERROR OF MUF (KG) = 3.876228
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INPUT DATA FOR PARAMETRIC VARIATIONS

PARAMETER INPUT FOR A BLOCK-MODEL OF A REPROCESSING FACILITY

THROUGHPUT (TONNES/YEAR)

NUMBER OF WORKING DAYS

BALANCE INTERVAL IN DAYS

INTERVAL OF RECALIBRATIONS

PU-INVENTORY

100.00
400

10

40

RELATIVE STANDARD DEVIATION

( KG ) (RANDOM) (SYSTEMATIC)
HEAD-END | 196.500 0.010 0.010
1.PU-CYCLE | 7.600 0.010 0.010
2.PU-CYCLE | 50.000 0.005 0.005
3.PU-CYCLE | 134.000 0.005 0.005
PU-CONCENTRATION | 62.500 0.005 0.005
PU/BATCH BATCHES RELATIVE STANDARD DEVIATION
(KG) DAY (RANDOM) (SYSTEMATIC)
INPUT A | 1.673 3 0.005 0.005
INPUT B | 1.673 3 0.010 0.010
INPUT C | 1.673 3 0.020 0.020
PRODUCT | 2.500 2 0.002 0.002
WASTE | 0.020 1 0.250 0.250
MEASUREMENT-ERROR OF INPUT A :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4.476054
VARIANCE OF SYSTEMATIC ERROR ( " ) =  4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.002849
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 0.075476
VARIANCE OF MUF (" )= 9.030433
MEASUREMENT-ERROR OF MUF (KG) = 3.005068
MEASUREMENT-ERROR OF INPUT B :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4.476054
VARIANCE OF SYSTEMATIC ERROR ( " ) = 4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.009147
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 0.264403
VARIANCE OF MUF (") = 9.225657
MEASUREMENT-ERROR OF MUF (KG) = 3.037377
MEASUREMENT-ERROR OF INPUT C :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  4.476054
VARIANCE OF SYSTEMATIC ERROR ( " ) =  4.476054
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.034337
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 1.020114
VARIANCE OF MUF (") = 10.006558
MEASUREMENT-ERROR OF MUF (KG) = 3.163314




CHAPTER 5.1

II-11-

INPUT DATA FOR PARAMETRIC VARIATIONS

PARAMETER INPUT FOR A BLOCK-MODEL OF A REPROCESSING FACILITY

THROUGHPUT (TONNES/YEAR) 500.00
NUMBER OF WORKING DAYS 400
BALANCE INTERVAL IN DAYS 10
INTERVAL OF RECALIBRATIONS 40
PU-INVENTORY RELATIVE STANDARD DEVIATION
( KG) (RANDOM) (SYSTEMATIC)
HEAD~END | 98.250 0.010 0.010
1.PU-CYCLE | 3.800 0.010 0.010
2.PU-CYCLE | 25.000 0.005 0.005
3.PU-CYCLE | 67.000 0.005 0.005
PU-CONCENTRATION | 31.250 0.005 0.005
PU/BATCH BATCHES RELATIVE STANDARD DEVIATION
(KG) DAY (RANDOM) (SYSTEMATIC)
INPUT A | 8.365 3 0.005 0.005
INPUT B | 8.365 3 0.010 0.010
INPUT C | 8.365 3 0.020 0.010
PRODUCT | 12.500 2 0.002 0.002
WASTE | 0.100 1 0.250 0.250
MEASUREMENT-ERROR OF INPUT A :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG*¥2) = 1.119013
VARIANCE OF SYSTEMATIC ERROR ( " ) = 1.119013
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.071230
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 1.886896
VARIANCE OF MUF (") = 4.196151
MEASUREMENT-ERROR OF MUF (KG) = 2.048451
MEASUREMENT-ERROR OF INPUT B :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG*¥*2) = 1.119013
VARIANCE OF SYSTEMATIC ERROR ( " ) = 1.119013
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.228670
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 6.610085
VARIANCE OF MUF (" )= 9.076779
MEASUREMENT-ERROR OF MUF (K6) = 3.012769
MEASUREMENT-ERROR OF INPUT C :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG*+%2) = 1.119013
VARIANCE OF SYSTEMATIC ERROR ( " ) = 1.119013
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.858428
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 25.502838
VARIANCE OF MUF (") = 28.599289
MEASUREMENT-ERROR OF MUF (KG) = 5.347830




CHAPTER 5.1 I1-12-

INPUT DATA FOR PARAMETRIC VARIATIONS

PARAMETER INPUT FOR A BLOCK-MODEL OF A REPROCESSING FACILITY

THROUGHPUT (TONNES/YEAR) : 240.00
NUMBER OF WORKING DAYS ¢ 400
BALANCE INTERVAL IN DAYS : 10
INTERVAL OF RECALIBRATIONS : 40
PU-INVENTORY RELATIVE STANDARD DEVIATION
( KG ) (RANDOM) (SYSTEMATIC)
HEAD-END | 49.125 0.010 0.010
1.PU-CYCLE 1 1.900 0.010 0.010
2.PU-CYCLE | 12.500 0.005 0.005
3.PU-CYCLE | 33.500 0.005 0.005
PU-CONCENTRATION | 15.625 0.005 0.005
PU/BATCH BATCHES RELATIVE STANDARD DEVIATION
(KG) DAY (RANDOM) (SYSTEMATIC)
INPUT A | 4,015 3 0.005 0.005
INPUT B | 4.015 3 0.010 0.010
INPUT C | 4.015 3 0.020 0.020
PRODUCT | 6.000 2 0.002 0.002
WASTE | 0.048 1 0.250 0.250
MEASUREMENT-ERROR OF INPUT A :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) = 0.257821
VARIANCE OF SYSTEMATIC ERROR ( " ) = 0.257821
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.016410
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) =  0.434705
VARIANCE OF MUF (" )= 0.966756
MEASUREMENT-ERROR OF MUF (KG) = 0.983238
MEASUREMENT-ERROR OF INPUT B :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) = 0.257821
VARIANCE OF SYSTEMATIC ERROR ( " ) = 0.257821
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.052681
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( "-) = 1.522819
VARIANCE OF MUF (" )= 2.091140
MEASUREMENT-ERROR OF MUF (KG) = 1.446077
MEASUREMENT-ERROR OF INPUT C :
INVENTORY¢ VARIANCE OF RANDOM ERROR  (KG**2) = 0.257821
VARIANCE OF SYSTEMATIC ERROR ( " ) = 0.257821
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.197762
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 5.875275
VARIANCE OF MUF (" )= 6.588678
MEASUREMENT-ERROR OF MUF (K6) = 2.566842




CHAPTER 5.1

IT-13-

INPUT DATA FOR PARAMETRIC VARIATIONS

PARAMETER INPUT FOR A BLOCK-MODEL OF A REPROCESSING FACILITY

THROUGHPUT (TONNES/YEAR)

NUMBER OF WORKING DAYS

BALANCE INTERVAL IN DAYS

INTERVAL OF RECALIBRATIONS

PU~INVENTORY

100.00
400

10

40

RELATIVE STANDARD DEVIATION

( KG ) (RANDOM) (SYSTEMATIC)
HEAD-END | 19.650 0.010 0.010
1.PU-CYCLE | 0.760 0.010 0.010
2.PU-CYCLE | 5.000 0.005 0.005
3.PU-CYCLE | 13.400 0.005 0.005
PU-CONCENTRATION | 6.250 0.005 0.005
PU/BATCH BATCHES RELATIVE STANDARD DEVIATION
(KG) DAY (RANDOM) (SYSTEMATIC)
INPUT A | 1.673 3 0.005 0.005
INPUT B | 1.673 3 0.010 0.010
INPUT C | 1.673 3 0.020 0.020
PRODUCT | 2.500 2 0.002 0.002
WASTE | 0.020 1 0.250 0.250
MEASUREMENT-ERROR OF INPUT A :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG*#2) =  0.044761
VARIANCE OF SYSTEMATIC ERROR ( " ) = 0.044761
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.002849
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 0.075476
VARIANCE OF MUF (" )= 0.167846
MEASUREMENT-ERROR OF MUF (KG) =  0.409690
MEASUREMENT-ERROR OF INPUT B :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  0.044761
VARIANCE OF SYSTEMATIC ERROR ( " ) =  0.044761
TRANSFER : VARIANCE OF RANDOM ERROR (" )Y= 0.009147
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( ") = 0.264403
VARIANCE OF MUF (" )y = 0.363071
MEASUREMENT-ERROR OF MUF (KG) = 0.602554
MEASUREMENT-ERROR OF INPUT C :
INVENTORY: VARIANCE OF RANDOM ERROR  (KG**2) =  0.044761
VARIANCE OF SYSTEMATIC ERROR ( " ) = 0.044761
TRANSFER : VARIANCE OF RANDOM ERROR (" )= 0.034337
(PER DAY) VARIANCE OF SYSTEMATIC ERROR ( " ) = 1.020114
VARIANCE OF MUF (") = 1.143971
MEASUREMENT-ERROR OF MUF (KG) = 1.069566







CHAPTER 5.2 IT-15-

PROBABILITY OF DETECTION AS A FUNCTION OF
BALANCING PERIOD FOR

DIVERSION SCENARIO -1
(LOS3-SCENARIO-LENGTH - 1)

PARAMETERS CONSIDERED :

FACILITY THROUGHPUT T/A 1000 500 240 100
PROCESS INVENTORY KG PU
' - CONSTANT
- LINEAR REDUCED
MEASUREMENT UNCERTAINTY 0.05 % 0.1 % 0.2 %
AT THE INPUT (4) (B) (C)

AMOUNT ASSUMED TO BE
DIVERDED KG PU 5 10 15 20 25 30 35 40
(LOSS PATTERN) 1 2 3 4 5 6 7 8
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CHAPTER 5.2

SUMMARY OF RESULTS

LOSS-SCENARIO-LENGTH: 1
INVENTORY CONSTANT

THROUGHPUT (TONNES/YEAR)
INVENTORY (XG PU)
TOTAL~-LOSS (KG PU)

II-

17~

1000.00
450,60

5.00 10.
INPUT A: 22.94 84
INPUT B: 11.71 41
INPUT C: 6.86 14,

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 41.00 98.
INPUT B: 25.78 88.
INPUT C: 12.10 43,

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 52.58 99.
INPUT B: 44,27 99
INPUT C: 27.68 91.

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 59.35 99.
INPUT B: 54.87 99
INPUT C: 47.93 99

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 84.02 100.
INPUT B: 41.54 99
INPUT C: 14.12 59,

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 100.00 100.
INPUT B: 99.91 100.
INPUT C: 65.01 100.

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 100.00 100.
INPUT B: 100.00 100.
INPUT C: 100.00 100.

76
73
46

717

.22

37

89

.85
.57

00

.83

19

00
00
00

00
00
00

100.

99
89

100

100.

99

100.
100.
100.

100.
100.
98.

100.
100.
100.

100.
100.
100.

00
.96
.92

.00
00
.98

6o
00
00

00
00
93

00
00
00

00
00
00

500.00

225.30
100.00
100.00
100.00

240.00

108.14
100.00
100.00
100.00

100.00
45.06
100.00
100.00
100.00

100.
100.
100.

100.
100.
100.

100.
100.
100.

100.
100.
100.

100

100.
100.
100.

00
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6o
00
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00
00
00
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00
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00
00
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100.
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100.

100.
100.
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100.
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00
00
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00
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00
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00
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100.
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100.
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100.
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100.
100.
100.

100.
100.
100.

00
00
00

00
00
00

00
00
00

00
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00

60
00
00

00
00
00




IT-18-

CHAPTER 5.2

LOSS SCENARIO 1

15 20 25 30 35 40

10

TOTAL LOSS (KGPU) 5
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CHAPTER 5.2 I1-19-

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) 1 450.60
MEASUREMENT -ERROR : 0.5 %
BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 4 4 4 4 4 4 4 4
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 46 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 143 390 1176 3069 6924 9797 10000 10000
22 101 321 1844 6976 9942 10000 10000 10000 10000
23 114 566 4205 9652 10000 10000 10000 10000 10000
24 130 862 6126 9933 10000 10000 10000 10000 10000
25 147 1161 7182 9978 10000 10000 10000 10000 10000
26 166 1391 7708 9984 10000 10000 10000 10000 10000
27 184 1567 7976 9987 10000 10000 10000 10000 10000
28 204 1729 8129 9987 10000 10000 10000 10000 10000
29 232 1834 8216 9987 10000 10000 10000 10000 10000
30 254 1925 8250 9987 10000 10000 10000 10000 10000
31 275 2002 8267 9987 10000 10000 10000 10000 10000
32 295 2060 8273 9987 10000 10000 10000 10000 10000
33 306 2083 8279 9987 10000 10000 10000 10000 10000
34 330 2111 8289 9987 10000 10000 10000 10000 10000
35 363 2133 8294 9987 10000 10000 10000 10000 10000
36 384 2156 8306 9987 10000 10000 10000 10000 10000
37 413 2181 8325 9988 10000 10000 10000 10000 10000
38 447 2202 8343 9988 10000 10000 10000 10000 10000
39 472 2254 8365 9988 10000 10000 10000 10000 10000

40 493 2294 8402 9989 10000 10000 10000 10000 10000




CHAPTER 5.2 IT-20~-

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) : 450.60
MEASUREMENT-ERROR : 1.0 %
BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 4 4 4 4 4 4 4 4
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 46 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 134 316 894 2237 4946 8751 9964 10000
22 101 246 1096 4117 8877 9992 10000 10000 10000
23 114 354 2028 6853 9857 10000 10000 10000 10000
24 130 483 2738 7916 9942 10000 10000 10000 10000
25 147 578 3161 8332 9966 10000 10000 10000 10000
26 166 655 3413 8480 9970 10000 100060 10000 10000
27 184 726 3602 8558 9970 10000 10000 10000 10000
28 204 776 3724 8606 9970 10000 10000 10000 10000
29 232 821 3792 8625 9972 10000 10000 10000 10000
30 254 861 3830 8638 9972 10000 10000 10000 10000
31 275 898 3864 8645 9972 10000 10000 10000 10000
32 295 932 3887 8650 9973 10000 10000 10000 10000
33 306 956 3909 8655 9973 10000 10000 10000 10000
34 330 985 3933 8660 9974 10000 10000 10000 10000
35 363 1014 3950 8674 9975 10000 10000 10000 10000
36 384 1037 3974 8688 9975 10000 10000 10000 10000
37 413 1072 4016 8709 9976 10000 10000 10000 10000
38 447 1100 4065 8725 9978 10000 10000 10000 10000
39 472 1132 4109 8753 9980 10000 10000 10000 10000

40 493 1171 4154 8789 9983 10000 10000 10000 10000




CHAPTER 5.2 I1-21-

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) : 450.60
MEASUREMENT -ERROR : 2.0 %
BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.000 20.00 25.00 30.00 35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 4 4 4 4 4 4 4 4
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 46 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 124 245 502 1175 2446 L4667 7950 9784
22 101 174 450 1351 3428 7077 9577 9992 10000
23 114 216 619 1906 4651 8213 9814 9998 10000
24 130 250 746 2211 5142 8475 9852 9998 10000
25 147 277 844 2374 5344 8589 9858 9998 10000
26 166 297 908 2478 5451 8624 9861 9998 10000
27 184 325 966 2546 5514 8641 9862 9998 10000
28 204 363 1004 2606 5560 8653 9862 9998 10000
29 232 386 1041 2643 5581 8659 9862 9998 10000
30 254 412 1074 2684 5598 8662 9862 9998 10000
31 275 435 1108 2719 5619 8665 9864 9998 10000
32 295 469 1138 2746 5631 8670 9868 9998 10000
33 306 495 1165 2774 5647 8682 9871 9998 10000
34 330 518 1195 2803 5668 8689 9871 9998 10000
35 363 544 1229 2825 5694 8704 9874 9998 10000
36 384 570 1257 2867 5728 8724 9878 9998 10000
37 413 604 1299 2906 5768 8748 9884 9999 16000
38 447 633 1330 2950 5814 8770 9890 9999 10000
39 472 659 1369 2998 5857 8801 9892 9999 10000




CHAPTER 5.2 IT-22-

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) : 450,60

MEASUREMENT =-ERROR : 0.5 %

BALANCE FALSE TOTAL-LOSS (KG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00  30.00 35.00 40.00

RATE

21 90 152 432 1390 3639 7972 9939 10000 10000
22 101 375 2464 8517 9999 10000 10000 10000 10000
23 114 778 6265 9976 10000 10000 10000 10000 10000
24 130 1365 8525 10000 10000 10000 10000 10000 10000
25 147 1948 9350 10000 10000 10000 10000 10000 10000
26 166 2470 9640 10000 10000 10000 10000 10000 10000
27 184 2941 9779 10000 10000 10000 10000 10000 10000
28 204 3270 9828 10000 10000 10000 10000 10000 10000
29 232 3499 9849 10000 10000 10000 10000 10000 10000
30 254 3655 9860 10000 10000 10000 10000 10000 10000
31 275 3770 9864 10000 10000 10000 10000 10000 10000
32 295 3849 9865 10000 10000 10000 10000 10000 10000
33 306 3911 9866 10000 10000 10000 10000 10000 10000
34 330 3952 9866 10000 10000 10000 10000 10000 10000
35 363 3973 9867 10000 10000 10000 10000 10000 10000
36 384 3997 9867 10000 10000 10000 10000 10000 100060
37 413 4011 9867 10000 10000 10000 10000 10000 10000
38 447 4033 9868 10000 10000 10000 10000 10000 10000
39 472 4066 9870 10000 10000 10000 10000 10000 10000
40 493 4100 9876 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (XG PU) i 225.30
21 90 390 3069 9797 10000 10000 10000 10000 10000
22 101 1844 9942 10000 10000 10000 10000 10000 10000
23 114 4205 10000 10000 10000 10000 10000 10000 10000
24 130 6126 10000 10000 10000 100600 10000 10000 10000
25 147 7182 10000 10000 10000 10000 10000 10000 10000
26 166 7708 10000 10000 10000 10000 10000 10000 10000
27 184 7976 10000 10000 10000 10000 10000 10000 10000
28 204 8129 10000 10000 10000 10000 10000 10000 10000
29 232 8216 10000 10000 10000 10000 10000 10000 10000
30 254 8250 10000 10000 10000 10000 100600 10000 10000
31 275 8266 10000 10000 10000 10000 10000 10000 10000
32 295 8273 10000 10000 10000 10000 10000 10000 10000
33 306 8279 10000 10000 10000 10000 10000 10000 10000
34 330 8289 10000 10000 10000 10000 10000 10000 10000
35 263 8294 10000 10000 10000 10000 10000 10000 10000
36 284 8306 10000 10000 10000 10000 10000 10000 10000
37 413 8325 10000 10000 10000 10000 10000 10000 10000
38 447 8343 10000 10000 10000 10000 10000 10000 10000
39 472 8365 10000 10000 10000 10000 10000 10000 10000

40 493 8402 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.2 I1-23-

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) . 450.60

MEASUREMENT-ERROR : 1.0 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE ‘

21 90 147 399 1218 3204 7166 9843 10000 10000
22 101 331 1951 7347 9967 10000 10000 10000 10000
23 114 596 4643 9781 10000 10000 10000 10000 10000
24 130 944 6718 9971 10000 10000 10000 10000 10000
25 147 1311 7785 9989 10000 10000 10000 10000 10000
26 166 1563 8281 9994 10000 10000 10000 10000 10000
27 184 1786 8537 9995 10000 10000 10000 10000 10000
28 204 1965 8676 9995 10000 10000 10000 10000 10000
29 232 2101 8743 9995 10000 10000 10000 10000 10000
30 254 2203 8763 9995 10000 10000 10000 10000 10000
31 275 2295 8769 9995 10000 10000 10000 10000 10000
32 295 2343 8779 9995 10000 10000 10000 10000 10000
33 306 2370 8786 9995 10000 10000 10000 10000 10000
34 330 2399 8792 9995 10000 10000 10000 10000 10000
35 363 2417 8793 9995 10000 10000 10000 10000 10000
36 384 2435 8799 9995 10000 10000 10000 10000 10000
37 413 2464 8812 9996 10000 10000 10000 10000 10000
38 447 2492 8823 9996 10000 10000 10000 10000 10000
39 472 2539 8843 9996 10000 10000 10000 10000 10000
40 493 2578 8873 9996 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) : 225.30
21 90 316 2237 8751 10000 10000 10000 10000 10000
22 101 1096 8877 10000 10000 10000 10000 10000 10000
23 114 2028 9857 10000 10000 10000 10000 10000 10000
24 130 2738 9942 10000 10000 10000 10000 10000 10000
25 147 3161 9966 10000 10000 10000 10000 10000 10000
26 166 3413 9970 10000 10000 10000 10000 10000 10000
27 184 3602 9970 10000 10000 10000 10000 10000 10000
28 204 3722 9970 10000 10000 10000 10000 10000 10000
29 232 3790 9972 10000 10000 10000 10000 10000 10000
30 254 3829 9972 10000 10000 10000 10000 10000 10000
31 275 3863 9972 10000 10000 10000 10000 10000 10000
32 295 3886 9973 10000 10000 10000 10000 10000 10000
33 306 3908 9973 10000 10000 10000 10000 10000 10000
34 330 3932 9974 10000 10000 10000 10000 10000 10000
35 363 3949 9975 10000 10000 10000 10000 10000 10000
36 384 3973 9975 10000 10000 10000 10000 10000 10000
37 413 4016 9976 10000 10000 10000 10000 10000 10000
38 447 4065 9978 10000 10000 10000 10000 10000 10000
39 472 4109 9980 10000 10000 10000 10000 10000 10000

40 493 4154 9983 10000 10000 10000 10000 10000 10000




CHAPTER 5.2 I1-24-

THROUGHPUT (TONNES/YEAR) ¢ 500.00

INVENTORY (KG PU) : 450.60

MEASUREMENT -ERROR : 2.0 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25,00 30.00 35.00 40.00
RATE

21 90 134 320 912 2286 5078 8857 9970 10000
22 101 248 1140 4289 9032 9996 10000 10000 10000
23 114 365 2142 7160 9892 10000 10000 10000 10000
24 130 502 2899 8180 9959 10000 10000 10000 10000
25 147 607 3342 8573 9971 10000 10000 10000 10000
26 166 687 3626 8712 9974 10000 10000 10000 10000
27 184 760 3812 8779 9976 10000 10000 10000 10000
28 204 812 3926 8831 9977 10000 10000 10000 10000
29 232 856 3990 8849 9977 10000 10000 10000 10000
30 254 898 4030 8859 9977 10000 10000 10000 10000
31 275 936 4060 8863 9977 10000 10000 10000 10000
32 295 969 4081 8866 9978 10000 10000 10000 10000
33 306 991 4104 8872 9978 10000 10000 10000 10000
34 330 1019 4127 8875 9979 10000 10000 10000 10000
35 363 1049 4144 8887 9979 10000 10000 10000 10000
36 384 1071 4172 8902 9979 10000 10000 10000 10000
37 413 1105 4211 8918 9981 10000 10000 10000 10000
38 447 1133 4258 8937 9983 10000 10000 10000 10000
39 472 1168 4300 8960 9986 10000 10000 10000 10000
40 493 1210 4346 8992 9987 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) :225.30
21 90 245 1175 4667 9784 10000 10000 10000 10000
22 101 450 3428 9577 10000 10000 10000 10000 10000
23 114 619 4647 9813 10000 10000 10000 10000 10000
24 130 746 5140 9851 10000 10000 10000 10000 10000
25 147 844 5342 9858 10000 10000 10000 10000 10000
26 166 908 5450 9861 10000 10000 10000 10000 10000
27 184 966 5513 9862 10000 10000 10000 10000 10000
28 204 1004 5559 9862 10000 10000 10000 10000 10000
29 232 1041 5580 9862 10000 10000 10000 10000 10000
30 254 1074 5597 9862 10000 10000 10000 10000 10000
31 275 1108 5618 9864 10000 10000 10000 10000 10000
32 295 1138 5630 9868 10000 10000 10000 10000 10000
33 306 1165 5646 9871 10000 10000 10000 10000 10000
34 330 1195 5667 9871 10000 10000 10000 10000 10000
35 363 1228 5693 9874 10000 10000 10000 10000 10000
36 384 1256 5727 9878 10000 10000 10000 10000 10000
37 413 1298 5767 9885 10000 10000 10000 10000 10000
38 447 1329 5813 9890 10000 10000 10000 10000 10000
39 472 1368 5856 9892 10000 10000 10000 10000 10000

40 493 1412 5919 9893 10000 10000 10000 10000 10000




CHAPTER 5.2 I1-25~

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (KG PU) : 450.60

MEASUREMENT -ERROR : 0.5 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 158 450 1455 3854 8274 9966 10000 10000
22 101 400 2751 8942 10000 10000 10000 10000 10000
23 114 869 7052 9995 10000 10000 10000 10000 10000
24 130 1613 9174 10000 10000 10000 10000 10000 10000
25 147 2369 9759 10000 10000 10000 10000 10000 10000
26 166 3072 9900 10000 10000 10000 10000 10000 10000
27 184 3702 9948 10000 10000 10000 10000 10000 10000
28 204 4141 9961 10000 10000 10000 10000 10000 10000
29 232 4468 9968 10000 10000 10000 10000 10000 10000
30 254 4712 9972 10000 10000 10000 10000 10000 10000
31 275 4882 9975 10000 10000 10000 10000 10000 10000
32 295 4997 9976 10000 10000 10000 10000 10000 10000
33 306 5075 9976 10000 10000 10000 10000 10000 10000
34 330 5122 9976 10000 10000 10000 10000 10000 10000
35 363 5160 9976 10000 10000 10000 10000 10000 10000
36 384 5179 9976 10000 10000 10000 10000 10000 10000
37 413 5199 9976 10000 10000 10000 10000 10000 10000
38 447 5217 9976 10000 10000 10000 10000 10000 10000
39 472 5233 9977 10000 10000 10000 10000 10000 10000
40 493 5258 9977 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (KG PU) : 108.14
21 90 3540 10000 10000 10000 10000 10000 10000 10000
22 101 9984 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.2 I1-26-

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (XG PU) i 450.60

MEASUREMENT -ERROR : 1.0 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 153 438 1412 3708 8072 9947 10000 10000
22 101 381 2548 8657 10000 10000 10000 10000 10000
23 114 801 6513 9985 10000 10000 10000 10000 10000
24 130 1432 8766 10000 10000 10000 10000 10000 10000
25 147 2074 9499 10000 10000 10000 10000 16000 10000
26 166 2633 9739 10000 10000 10000 10000 10000 10000
27 184 3151 9848 10000 10000 10000 10000 10000 10000
28 204 3519 9886 10000 10000 10000 10000 10000 10000
29 232 3787 9901 10000 10000 10000 10000 10000 10000
30 254 3975 9912 10000 10000 10000 10000 10000 10000
31 275 4108 9916 10000 10000 10000 10000 10000 10000
32 295 4199 9917 10000 10000 10000 10000 10000 10000
33 306 4247 9917 10000 10000 10000 10000 10000 10000
34 330 4284 9917 10000 10000 10000 10000 10000 10000
35 363 4310 9917 10000 10000 10000 10000 10000 10000
36 384 4331 9917 10000 10000 10000 10000 10000 10000
37 413 4345 9917 10000 10000 10000 10000 10000 10000
38 447 4365 9917 10000 10000 10000 10000 10000 10000
39 472 4396 9918 10000 10000 10000 10000 10000 10000
40 493 4427 9922 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (KG PU) : 108.14
21 90 2563 10000 10000 10000 10000 10000 10000 10000
22 101 9353 10000 10000 10000 10000 10000 10000 10000
23 114 9937 10000 10000 10000 10000 10000 10000 10000
24 130 9975 10000 10000 10000 10000 10000 10000 10000
25 147 9985 10000 10000 10000 10000 10000 10000 10000
26 166 9986 10000 10000 10000 10000 10000 10000 10000
27 184 9986 10000 10000 10000 10000 10000 10000 10000
28 204 9986 10000 10000 10000 10000 10000 10000 10000
29 232 9986 10000 10000 10000 10000 10000 10000 10000
30 254 9986 10000 10000 10000 10000 10000 10000 10000
31 275 9986 10000 10000 10000 10000 10000 10000 106000
32 295 9987 10000 10000 10000 10000 10000 10000 10000
33 306 9987 10000 10000 10000 10000 10000 10000 10000
34 330 9988 10000 10000 10000 10000 10000 10000 10000
35 363 9988 10000 10000 10000 10000 10000 10000 10000
36 384 9988 10000 10000 10000 10000 10000 10000 10000
37 413 9988 10000 10000 10000 10000 10000 10000 10000
38 447 9989 10000 10000 10000 10000 10000 10000 10000
39 472 9990 10000 10000 10000 10000 10000 10000 10000

40 493 9991 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.2 I1-27-

THROUGHPUT (TONNES/YEAR) ¢ 240,00

INVENTORY (KG PU) : 450.60

MEASUREMENT -ERROR : 2.0 %

BALANCE FALSE TOTAL-LOSS (XKG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 150 403 1246 3278 7319 9869 10000 10000
22 101 340 2021 7592 9980 10000 10000 10000 10000
23 114 626 4907 9842 10000 10000 10000 10000 10000
24 130 998 7034 9986 10000 10000 10000 10000 10000
25 147 1391 8150 9992 10000 10000 10000 10000 10000
26 166 1675 8602 9996 10000 10000 10000 10000 10000
27 184 1922 8844 9997 10000 10000 10000 10000 10000
28 204 2125 8959 9997 10000 10000 10000 10000 10000
29 232 2283 9018 9998 10000 10000 10000 10000 10000
30 254 2379 9045 9998 10000 10000 10000 10000 10000
31 275 2464 9056 9998 10000 10000 10000 10000 10000
32 295 2516 9067 9998 10000 10000 10000 10000 10000
33 306 2549 9070 9998 10000 10000 10000 10000 10000
34 330 2589 9075 9998 10000 10000 10000 10000 10000
35 363 2608 9076 9998 10000 10000 10000 10000 10000
36 384 2627 9079 9998 10000 10000 10000 10000 10000
37 413 2657 9088 9998 10000 10000 10000 10000 10000
38 447 2687 9098 9998 10000 10000 10000 10000 10000
39 472 2731 9115 9998 10000 10000 10000 10000 10000
40 493 2768 9137 9998 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) t 240.00

INVENTORY (KG PU) ;108,14
21 90 1344 9926 10000 10000 10000 10000 10000 10000
22 101 4002 10000 10000 10000 10000 10000 10000 10000
23 114 5289 10000 10000 10000 10000 10000 10000 10000
24 130 5778 10000 10000 10000 10000 10000 10000 10000
25 147 5955 10000 10000 10000 10000 10000 10000 10000
26 166 6063 10000 10000 10000 10000 10000 10000 10000
27 184 6119 10000 10000 10000 10000 10000 10000 10000
28 204 6157 10000 10000 10000 10000 10000 10000 10000
29 232 6182 10000 10000 10000 10000 10000 10000 10000
30 254 6196 10000 10000 10000 10000 10000 10000 10000
31 275 6210 10000 10000 10000 10000 10000 10000 10000
32 295 6219 10000 10000 10000 10000 10000 10000 10000
33 306 6234 10000 10000 10000 10000 10000 10000 10000
34 330 6253 10000 10000 10000 10000 10000 10000 10000
35 363 6280 10000 10000 10000 10000 10000 10000 10000
36 384 6318 10000 10000 10000 10000 10000 10000 10000
37 413 6360 10000 10000 10000 10000 10000 10000 10000
38 447 6399 10000 10000 10000 10000 10000 10000 10000
39 472 6442 10000 10000 10000 10000 10000 10000 10000

40 493 6501 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.2 I11-28~-

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 450,60

MEASUREMENT-ERROR : 0.5 %

BALANCE FALSE TOTAL-LOSS (KG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

RATE

21 90 159 458 1491 3980 8425 9970 10000 10000
22 101 408 2929 9129 10000 10000 10000 10000 10000
23 114 933 7447 9998 10000 10000 10000 10000 10000
24 130 1743 9400 10000 10000 10000 10000 10000 10000
25 147 2596 9856 10000 10000 10000 10000 10000 10000
26 166 3465 9955 10000 10000 10000 10000 10000 10000
27 184 4190 9973 10000 10000 10000 10000 10000 10000
28 204 4708 9984 10000 10000 10000 10000 10000 10000
29 232 5085 9987 10000 10000 10000 10000 10000 10000
30 254 5372 9989 10000 10000 10000 10000 10000 10000
31 275 5564 9989 10000 10000 10000 10000 10000 10000
32 295 5690 9989 10000 10000 10000 10000 10000 10000
33 306 5776 9989 10000 10000 10000 10000 10000 10000
34 330 5820 9989 10000 10000 10000 10000 10000 10000
35 363 5852 9989 10000 10000 10000 10000 10000 10000
36 384 5882 9989 10000 10000 10000 10000 10000 10000
37 413 5898 9989 10000 10000 10000 10000 10000 10000
38 447 5913 9989 10000 10000 10000 10000 10000 10000
39 472 5924 9989 10000 10000 10000 10000 10000 10000
40 493 5935 9989 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) . 100.00

INVENTORY (KG PU) : 45.06
21 90 10000 10000 10000 10000 10000 10000 10000 10000
22 101 10000 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.2 I1-29-

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 450.60

MEASUREMENT-ERROR : 1.0 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 158 453 1471 3889 8332 9967 10000 10000
22 101 403 2825 9017 10000 10000 10000 10000 10000
23 114 890 7195 9996 10000 10000 10000 10000 10000
24 130 1661 9261 10000 10000 10000 10000 10000 10000
25 147 2451 9794 10000 10000 10000 10000 10000 10000
26 166 3219 9919 10000 10000 10000 10000 10000 10000
27 184 3865 9962 10000 10000 10000 10000 10000 10000
28 204 4339 9971 10000 10000 10000 10000 10000 10000
29 232 4675 9976 10000 10000 10000 10000 10000 10000
30 254 4936 9983 10000 10000 10000 10000 10000 10000
31 275 5115 9984 10000 10000 10000 10000 10000 10000
32 295 5238 9984 10000 10000 10000 10000 10000 10000
33 306 5312 9984 10000 10000 10000 10000 10000 10000
34 330 5360 9984 10000 10000 10000 10000 10000 10000
35 363 5399 9984 10000 10000 10000 10000 10000 10000
36 384 5422 9984 10000 10000 10000 10000 10000 10000
37 413 5441 9984 10000 10000 10000 10000 10000 10000
38 447 5458 9984 10000 10000 10000 10000 10000 10000
39 472 5466 9985 10000 10000 10000 10000 10000 10000
40 493 5487 9985 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 45,06
21 90 10000 10000 10000 10000 10000 10000 10000 10000
22 101 10000 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.2 II-30-

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) ¢ 450.60

MEASUREMENT-ERROR : 2.0 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 155 443 1435 3766 8169 9957 10000 10000
22 101 388 2636 8797 10000 10000 10000 10000 10000
23 114 824 6744 9993 10000 10000 10000 10000 10000
24 130 1517 8974 10000 10000 10000 10000 10000 10000
25 147 2212 9629 10000 10000 10000 10000 10000 10000
26 166 2838 9819 10000 10000 10000 10000 10000 10000
27 184 3400 9910 10000 10000 10000 10000 10000 10000
28 204 3785 9930 10000 10000 10000 10000 10000 10000
29 232 4083 9942 10000 10000 10000 10000 10000 10000
30 254 4296 9953 10000 10000 10000 10000 10000 10000
31 275 4443 9953 10000 10000 10000 10000 10000 10000
32 295 4541 9954 10000 10000 10000 10000 10000 10000
33 306 4607 9955 10000 10000 10000 10000 10000 10000
34 330 4650 9955 10000 10000 10000 10000 10000 10000
35 363 4686 9955 10000 10000 10000 10000 10000 10000
36 384 4706 9955 10000 10000 10000 10000 10000 10000
37 413 4724 9955 10000 10000 10000 10000 10000 10000
38 447 4742 9955 10000 10000 10000 10000 10000 10000
39 472 4768 9956 10000 10000 10000 10000 10000 10000
40 493 4793 9957 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 45,06
21 90 10000 10000 10000 10000 10000 10000 10000 10000
22 101 10000 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.3

I1~-31-

PROBABILITY OF DETECTION AS A FUNCTION OF
BALANCING PERIOD FOR

DIVERSION SCENARIO “ 2
(LOSS-SCENARIO-LENGTH - 2)

PARAMETERS CONSIDERED :

FACILITY THROUGHPUT T/A 1000 500 240 100
PROCESS INVENTORY KG PU

= CONSTANT

- LINEAR REDUCED
MEASUREMENT UNCERTAINTY 0.05 % 0.1 % 0.2 %
AT THE INPUT (4) (B) (G
AMOUNT ASSUMED TO BE
DIVERDED KG PU 5 10 15 20 25 30 35 40

(LOSS PATTERN) 1 2 3 4 5

6

7

8




CHAPTER 5.3 I1-32-




CHAPTER 5.3

SUMMARY OF RESULTS

LOSS-SCENARIO-LENGTH: 2
INVENTORY CONSTANT

THROUGHPUT (TONNES/YEAR)
INVENTORY (KG PU)
TOTAL-L0OSS (KG PU):

5.00 10.
INPUT A: 22.97 82
INPUT B: 11.71 40.
INPUT C: 6.88 14,

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 41.37 98.
INPUT B: 25.79 88.
INPUT C: 12.13 42.

THROUGHPUT (TONNES/YEAR)

INVENTORY (XG PU)
INPUT A: 53.62 99
INPUT B: 45.06 99.
INPUT C: 27.72 90.

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 60.33 99
INPUT B: 55.74 99
INPUT C: 48.97 99

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 82.71 100.
INPUT B: 40.76 99
INPUT C: 14.03 56

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 100.00 100,
INPUT B: 99.82 100
INPUT C: 62.60 100.

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 100.00 100.
INPUT B: 100.00 100.
INPUT C: 100.00 100.
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I1-34-

CHAPTER 5.3

LOSS SCENARIO 2

25 30 35 40

20

15
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TOTAL LOSS (KGPU) 5
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CHAPTER 5.3 II-35-

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) ¢ 450.60
MEASUREMENT-ERROR : 0.5 %
BALANCE FALSE TOTAL-L0SS (XG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 4 4 4 4 4 4 4 4
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 46 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 101 143 245 390 684 1176 1935 3069
22 101 219 403 3280 7960 9935 10000 10000 10000
23 114 436 2901 8662 9994 10000 10000 10000 10000
24 130 732 5124 3790 10000 10000 10000 10000 10000
25 147 1042 6584 9946 10000 10000 16000 10000 10000
26 166 1302 7362 9973 10000 10000 10000 10000 10000
27 184 1502 7747 9979 10000 10000 10000 10000 10000
28 204 1691 7962 9981 10000 10000 10000 10000 10000
29 232 1815 8074 9981 10000 10000 10000 10000 10000
30 254 1922 8121 9983 10000 10000 10000 10000 10000
31 275 2020 8140 9984 10000 10000 10000 10000 10000
32 295 2075 8152 9984 10000 10000 10000 10000 10000
33 306 2103 8167 9984 10000 10000 10000 10000 10000
34 330 2132 8180 9984 10000 10000 10000 10000 10000
35 363 2151 8184 9984 10000 10000 10000 10000 10000
36 384 2169 8192 9984 10000 10000 10000 10000 10000
37 413 2198 8202 9984 10000 10000 10000 10000 10000
38 447 2224 8216 9985 10000 10000 10000 10000 10000
39 472 2265 8238 9985 10000 10000 10000 10000 10000




CHAPTER 5.3 I1-36~

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) : 450.60
MEASUREMENT-ERROR : 1.0 %
BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 4 4 4 4 4 4 4 4
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 46 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 100 134 210 316 521 894 1447 2237
22 101 185 614 2025 5440 9123 9980 10000 10000
23 114 301 1534 5437 9437 9996 10000 10000 10000
24 130 434 2388 7222 9860 10000 10000 10000 10000
25 147 545 2926 7972 9932 10000 10000 10000 10000
26 166 634 3259 8248 9946 10000 10000 10000 10000
27 184 716 3506 8371 9949 10000 10000 10000 10000
28 204 770 3649 8446 9951 10000 10000 10000 10000
29 232 819 3733 8475 9952 10000 10000 10000 10000
30 254 862 3778 8490 9952 10000 10000 10000 10000
31 275 902 3811 8497 9952 10000 10000 10000 10000
32 295 938 3833 8503 9952 10000 10000 10000 10000
33 306 960 3854 8509 9952 10000 10000 10000 10000
34 330 990 3877 8512 9953 10000 10000 10000 10000
35 363 1014 3896 8522 9955 10000 10000 10000 10000
36 384 1037 3922 8534 9957 10000 10000 10000 10000
37 413 1070 3954 8554 9957 10000 10000 10000 10000
38 447 1094 3989 8572 9958 10000 10000 10000 10000
39 472 1131 4037 8601 9960 10000 10000 10000 10000




CHAPTER 5.3 I1-37-

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) : 450.60
MEASUREMENT -ERROR : 2.0 %
BALANCE FALSE TOTAL-LOSS (XG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 4 4 4 4 4 4 4 4
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 46 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 96 124 163 245 342 502 784 1175
22 101 152 342 869 2071 4516 7726 9622 9984
23 114 199 539 1611 3957 7418 9519 9978 10000
24 130 236 695 2050 4743 8049 9693 9988 10000
25 147 265 813 2275 5064 8257 9733 9991 10000
26 166 288 893 2419 5217 8332 9747 9992 10000
27 184 321 954 2502 5296 8366 9752 9992 10000
28 204 359 990 2576 5348 8385 9756 9992 10000
29 232 384 1035 2621 5385 8398 9756 9992 10000
30 254 413 1068 2670 5403 8405 9756 9992 10000
31 275 435 1104 2706 5426 8410 9758 9992 10000
32 295 466 1136 2732 5439 8414 9759 9992 10000
33 306 494 1160 2756 5458 8422 9763 9993 10000
34 330 515 1187 2784 5475 8435 9763 9993 10000
35 363 540 1223 2811 5500 8453 9765 9993 10000
36 384 566 1248 2849 5537 8476 9769 9993 10000
37 413 603 1283 2886 5568 8497 9777 9993 10000
38 447 634 1314 2929 5611 8518 9785 9994 10000
39 472 661 1359 2969 5641 8549 9791 9994 10000

40 493 688 1404 3014 5693 8580 3800 9995 10000




CHAPTER 5.3 II-38-

THROUGHPUT (TONNES/YEAR) . 500.00

INVENTORY (KG PU) : 450.60

MEASUREMENT -ERROR : 0.5 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 102 152 262 432 786 1390 2280 3639
22 101 246 1144 4310 9045 9996 10000 10000 10000
23 114 560 4197 9651 10000 10000 10000 10000 10000
24 130 1064 7429 9992 10000 10000 10000 10000 10000
25 147 1659 8923 10000 10000 10000 10000 10000 10000
26 166 2222 9446 10000 10000 10000 10000 10000 10000
27 184 2756 9680 10000 10000 10000 10000 10000 10000
28 204 3141 9779 10000 10000 10000 10000 10000 10000
29 232 3420 9816 10000 10000 10000 10000 10000 10000
30 254 3626 9841 10000 10000 10000 10000 10000 10000
31 275 3773 9851 10000 10000 10000 10000 10000 10000
32 295 3882 9853 10000 10000 10000 10000 10000 10000
33 306 3950 9857 10000 10000 10000 10000 10000 10000
34 330 3995 9858 10000 10000 10000 10000 10000 10000
35 363 4027 9858 10000 10000 10000 10000 10000 10000
36 384 4052 9858 10000 10000 10000 10000 10000 10000
37 413 4067 9858 10000 10000 10000 10000 10000 10000
38 447 4091 9858 10000 10000 10000 10000 10000 10000
39 472 4111 9859 10000 10000 10000 10000 10000 10000
40 493 4137 9863 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) . 500.00

INVENTORY (KG PU) : 225.30
21 90 143 390 1176 3069 6924 9797 10000 10000
22 101 903 7960 10000 10000 10000 10000 10000 10000
23 114 2901 9994 10000 10000 10000 10000 10000 10000
24 130 5125 10000 10000 10000 10000 10000 10000 10000
25 147 6585 10000 10000 10000 10000 10000 10000 10000
26 166 7362 10000 10000 10000 10000 10000 10000 10000
27 184 7746 10000 10000 10000 10000 10000 10000 10000
28 204 7962 10000 10000 10000 10000 10000 10000 10000
29 232 8074 10000 10000 10000 10000 10000 10000 10000
30 254 8121 10000 10000 10000 10000 10000 10000 10000
31 275 8140 10000 10000 10000 10000 10000 10000 10000
32 295 8152 10000 10000 10000 10000 10000 10000 10000
33 306 8167 10000 10000 10000 10000 10000 10000 10000
34 330 8180 10000 10000 10000 10000 10000 10000 10000
35 363 8184 10000 10000 10000 10000 10000 10000 10000
36 384 8192 10000 10000 10000 10000 10000 10000 10000
37 413 8202 10000 10000 10000 10000 10000 10000 10000
38 447 8216 10000 10000 10000 10000 10000 10000 10000
39 472 8238 10000 10000 10000 10000 10000 10000 10000

40 493 8271 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.3 II-39-

THROUGHPUT (TONNES/YEAR) :  500.00

INVENTORY (KG PU) : 450.60

MEASUREMENT-ERROR : 1.0 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 101 147 250 399 708 1218 2007 3204
22 101 223 952 3483 8265 9957 10000 10000 10000
23 114 458 3165 8984 9997 10000 10000 10000 10000
24 130 788 5648 9885 10000 10000 10000 10000 10000
25 147 1152 7182 9979 10000 10000 10000 10000 10000
26 166 1438 7938 9989 10000 10000 10000 10000 10000
27 184 1695 8326 9991 10000 10000 10000 10000 10000
28 204 1896 8542 9991 10000 10000 10000 10000 10000
29 232 2063 8640 9991 10000 10000 10000 10000 10000
30 254 2178 8679 9992 10000 10000 10000 10000 10000
31 275 2274 8693 9992 10000 10000 10000 10000 10000
32 295 2334 8711 9992 10000 10000 10000 10000 10000
33 306 2373 8722 9992 10000 10000 10000 10000 10000
34 330 2414 8729 9992 10000 10000 10000 10000 10000
35 363 2435 8732 9992 10000 10000 10000 10000 10000
36 384 2455 8735 9992 10000 10000 10000 10000 10000
37 413 2487 8744 9992 10000 10000 10000 10000 10000
38 447 2515 8754 9992 10000 10000 10000 10000 10000
39 472 2547 8777 9992 10000 10000 10000 10000 10000
40 493 2579 8800 9993 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) : 225.30
21 90 134 316 894 2237 4946 8751 9964 10000
22 101 614 5440 9980 10000 10000 10000 10000 10000
23 114 1534 9437 10000 10000 10000 10000 10000 10000
24 130 2388 9860 10000 10000 10000 10000 10000 10000
25 147 2926 9932 10000 10000 10000 10000 10000 10000
26 166 3259 9946 10000 10000 10000 10000 10000 10000
27 184 3506 9949 10000 10000 10000 10000 10000 10000
28 204 3649 9951 10000 10000 10000 10000 10000 10000
29 232 3733 9952 10000 10000 10000 10000 10000 10000
30 254 3778 9952 10000 10000 10000 10000 10000 10000
31 275 3811 9952 10000 10000 10000 10000 10000 10000
32 295 3833 9952 10000 10000 10000 10000 10000 10000
33 306 3854 9952 10000 10000 10000 10000 10000 10000
34 330 3877 9953 10000 10000 10000 10000 10000 10000
35 363 3896 9955 10000 10000 10000 10000 10000 10000
36 384 3922 9957 10000 10000 10000 10000 10000 10000
37 413 3954 9957 10000 10000 10000 10000 10000 10000
38 447 3989 9958 10000 10000 10000 10000 10000 10000
39 472 4037 9960 10000 10000 10000 10000 10000 10000

40 493 4076 9963 10000 10000 10000 10000 10000 10000




CHAPTER 5.3 I11-40-

THROUGHPUT (TONNES/YEAR) ¢ 500.00

INVENTORY (KG PU) : 450.60

MEASUREMENT -ERROR : 2.0 %

BALANCE FALSE TOTAL-LOSS (XG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

RATE

21 90 100 134 214 320 531 912 1477 2286
22 101 187 628 2098 5614 9241 9985 10000 10000
23 114 309 1601 5671 9516 9998 10000 10000 10000
24 130 445 2524 7498 9894 10000 10000 10000 10000
25 147 561 3102 8247 9951 10000 10000 10000 10000
26 166 661 3473 8484 9961 10000 10000 10000 10000
27 184 744 3726 8598 9966 10000 10000 10000 10000
28 204 800 3862 8667 9966 10000 10000 10000 10000
29 232 853 3945 8701 9966 10000 10000 10000 10000
30 254 897 3995 8710 9966 10000 10000 10000 10000
31 275 934 4035 8716 9966 10000 10000 10000 10000
32 295 972 4063 8720 9966 10000 10000 10000 10000
33 306 1002 4081 8726 9966 10000 10000 10000 10000
34 330 1030 4102 8728 9967 10000 10000 10000 10000
35 363 1056 4122 8741 9968 10000 10000 10000 10000
36 384 1080 4146 8749 9969 10000 10000 10000 10000
37 413 1113 4178 8765 9969 10000 10000 10000 10000
38 447 1136 4214 8780 9970 10000 10000 16000 10000
39 472 1174 4264 8803 9971 10000 10000 10000 10000
40 493 1213 4298 8834 9974 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (XG PU) : 225.30
21 90 124 245 502 1175 2446 4667 7950 9784
22 101 342 2071 7726 9984 10000 10000 10000 10060
23 114 539 3957 9519 10000 10000 10000 10000 10000
24 130 694 4743 9693 10000 10000 10000 10000 10000
25 147 812 5064 9733 10000 10000 10000 10000 10000
26 166 892 5216 9747 10000 10000 10000 10000 10000
27 184 953 5296 9752 10000 10000 10000 10000 10000
28 204 989 5348 9756 10000 10000 10000 10000 10000
29 232 1034 5384 9756 10000 10000 10000 10000 10000
30 254 1067 5403 9756 10000 10000 10000 10000 10000
31 275 1103 5426 9758 10000 10000 10000 10000 10000
32 295 1135 5439 9759 10000 10000 10000 10000 10000
33 306 1159 5458 9763 10000 10000 10000 10000 10000
34 330 1186 5475 9763 10000 10000 10000 10000 10000
35 363 1222 5500 9765 10000 10000 10000 10000 10000
36 384 1247 5537 9769 10000 10000 10000 10000 10000
37 413 1282 5568 9777 10000 10000 10000 10000 10000
38 447 1313 5611 9785 10000 10000 10000 10000 10000
39 472 1358 5641 9791 10000 10000 10000 10000 10000

40 493 1403 5693 9800 10000 10000 10000 10000 10000




CHAPTER 5.3 I1-41-

THROUGHPUT (TONNES/YEAR) ¢ 240.00

INVENTORY (KG PU) : 450.60

MEASUREMENT-ERROR : 0.5 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 102 158 265 450 825 1455 2416 3854
22 101 256 1225 4716 9347 9999 10000 10000 10000
23 114 609 4782 9816 10000 10000 10000 10000 10000
24 130 1222 8214 10000 10000 10000 10000 10000 10000
25 147 1990 9464 10000 10000 10000 10000 10000 10000
26 166 2758 9801 10000 10000 10000 10000 10000 10000
27 184 3482 9922 10000 10000 10000 10000 10000 10000
28 204 3999 9949 10000 10000 10000 10000 10000 10000
29 232 4406 9963 10000 10000 10000 10000 10000 10000
30 254 4719 9970 10000 10000 10000 10000 10000 10000
31 275 4929 9971 10000 10000 10000 10000 10000 10000
32 295 5075 9973 10000 10000 10000 10000 10000 10000
33 306 5171 9974 10000 10000 10000 10000 10000 10000
34 330 5230 9975 10000 10000 10000 10000 10000 10000
35 363 5272 9975 10000 10000 10000 10000 10000 10000
36 384 5303 9975 10000 10000 10000 10000 10000 10000
37 413 5323 9975 10000 10000 10000 10000 10000 10000
38 447 5341 9975 10000 10000 10000 10000 10000 10000
39 472 5352 9975 10000 10000 10000 10000 10000 10000
40 493 5362 9975 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) ¢ 240.00

INVENTORY (KG PU) : 108.14
21 90 425 3540 9928 10000 10000 10000 10000 10000
22 101 8589 10000 10000 10000 10000 10000 10000 10000
23 114 9999 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10060 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.3 I1-42~

THROUGHPUT (TONNES/YEAR) 1 240.00

INVENTORY (KG PU) : 450.60

MEASUREMENT-ERROR : 1.0 %

BALANCE FALSE TOTAL-LOSS (XG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 102 153 263 438 797 1412 2320 3708
22 101 250 1170 4448 9147 9996 10000 10000 10000
23 114 574 4381 9711 10000 10000 10000 10000 10000
24 130 1111 7699 5996 10000 10000 10000 10000 10000
25 147 1760 9109 10000 10000 10000 10000 10000 10000
26 166 2386 9586 10000 10000 10000 10000 10000 10000
27 184 2972 9784 10000 10000 10000 10000 10000 10000
28 204 3396 9853 10000 10000 10000 10000 10000 10000
29 232 3724 9883 10000 10000 10000 10000 10000 10000
30 254 3945 9902 10000 10000 10000 10000 10000 10000
31 275 4119 9908 10000 10000 10000 10000 10000 10000
32 295 4226 9912 10000 10000 10000 10000 10000 10000
33 306 4308 9914 10000 10000 10000 10000 10000 10000
34 330 4357 9914 10000 10000 10000 10000 10000 10000
35 363 4397 9914 10000 10000 10000 10000 10000 10000
36 384 4426 9914 10000 10000 10000 10000 10000 10000
37 413 4447 9914 10000 10000 10000 10000 10000 10000
38 447 4467 9914 10000 10000 10000 10000 10000 10000
39 472 4481 8915 10000 10000 10000 10000 10000 10000
40 493 4506 9917 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) i 240.00

INVENTORY (KG PU) : 108.14
21 90 354 2563 9346 10000 10000 10000 10000 10000
22 101 6182 10000 10000 10000 10000 10000 10000 10000
23 114 9679 10000 10000 10000 10000 10000 10000 10000
24 130 9929 10000 10000 10000 10000 10000 10000 10000
25 147 9965 10000 10000 10000 10000 10000 10000 10000
26 166 9971 10000 10000 10000 10000 10000 10000 10000
27 184 9974 10000 10000 10000 10000 10000 10000 10000
28 204 9975 10000 10000 10000 10000 10000 10000 10000
29 232 9975 10000 10000 10000 10000 10000 10000 10000
30 254 9975 10000 10000 10000 10000 10000 10000 10000
31 275 9975 10000 10000 10000 10000 10000 10000 10000
32 295 9975 10000 10000 10000 10000 10000 10000 10000
33 306 9975 10000 10000 10000 10000 10000 10000 10000
34 330 9975 10000 10000 10000 10000 100060 10000 10000
35 363 9976 10000 10000 10000 10000 10000 10000 10000
36 384 9976 10000 10000 10000 10000 10000 10000 10000
37 413 9976 10000 10000 10000 10000 10000 10000 10000
38 447 9977 10000 10000 10000 10000 10000 10000 10000
39 472 9978 10000 10000 10000 10000 10000 10000 10000

40 493 9982 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.3 IT-43-

THROUGHPUT (TONNES/YEAR) : 240,00

INVENTORY (KG PU) : 450.60

MEASUREMENT -ERROR : 2.0 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 101 150 253 403 714 1246 2050 3278
22 101 226 987 3618 8412 9967 10000 10000 10000
23 114 474 3328 9121 9999 10000 10000 10000 10000
24 130 823 5945 9919 10000 10000 10000 10000 10000
25 147 1229 7534 9985 10000 10000 10000 10000 10000
26 166 1535 8279 9994 10000 10000 10000 10000 10000
27 184 1823 8640 9995 10000 10000 10000 10000 10000
28 204 2063 8827 9997 10000 10000 10000 10000 10000
29 232 2258 8927 9997 10000 10000 10000 10000 10000
30 254 2372 8963 9997 10000 10000 10000 10000 10000
31 275 2468 8984 9997 10000 10000 10000 10000 10000
32 295 2521 8991 9997 10000 10000 10000 10000 10000
33 306 2563 8999 9997 10000 10000 10000 10000 10000
34 330 2606 9006 9997 10000 10000 10000 10000 10000
35 363 2636 9009 9997 10000 10000 10000 10000 10000
36 384 2665 9010 9997 10000 10000 10000 10000 10000
37 413 2689 9016 9997 10000 10000 10000 10000 10000
38 447 2711 9022 9997 10000 10000 10000 10000 10000
39 472 2740 9037 9997 10000 10000 10000 10000 10000
40 493 2772 9052 9998 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (KG PU) : 108.14
21 90 261 1344 5416 9926 10000 10000 10000 10000
22 101 2375 9998 10000 10000 10000 10000 10000 10000
23 114 4477 10000 10000 10000 10000 10000 10000 10000
24 130 5337 10000 10000 10000 10000 10000 10000 10000
25 147 5644 10000 10000 10000 10000 10000 10000 10000
26 166 5797 10000 10000 10000 10000 10000 10000 10000
27 184 5884 10000 10000 10000 10000 10000 10000 10000
28 204 5940 10000 10000 10000 10000 10000 10000 10000
29 232 5968 10000 10000 10000 10000 10000 10000 10000
30 254 5983 10000 10000 10000 10000 10000 10000 10000
31 275 6000 10000 10000 10000 10000 10000 10000 10000
32 295 6012 10000 10000 10000 10000 10000 10000 10000
33 306 6033 10000 10000 10000 10000 10000 10000 10000
34 330 6053 10000 10000 10000 10000 10000 10000 10000
35 363 6070 10000 10000 10000 10000 10000 10000 10000
36 384 6106 10000 10000 10000 10000 10000 10000 10000
37 413 6142 10000 10000 10000 10000 10000 10000 10000
38 447 6176 10000 10000 10000 10000 10000 10000 10000
39 472 6209 10000 10000 10000 10000 10000 10000 10000

40 493 6260 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.3 I1I-44~

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 450.60

MEASUREMENT-ERROR : 0.5 %

'BALANCE FALSE TOTAL-LOSS (KG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

RATE

21 90 102 159 267 458 838 1491 2487 3980
22 101 262 1288 4941 9451 10000 10000 10000 10000
23 114 639 5096 9875 10000 10000 10000 10000 10000
24 130 1337 8535 10000 10000 10000 10000 10000 10000
25 147 2192 9642 10000 10000 10000 10000 10000 10000
26 166 3085 9893 10000 10000 10000 10000 10000 10000
27 184 3880 9961 10000 10000 10000 10000 10000 10000
28 204 4495 9978 10000 10000 10000 10000 10000 10000
29 232 4953 9986 10000 10000 10000 10000 10000 10000
30 254 5309 9988 10000 10000 10000 10000 10000 10000
31 275 5557 9989 10000 10000 10000 10000 10000 10000
32 295 5710 9989 10000 10000 10000 10000 10000 10000
33 306 5818 9989 10000 10000 10000 10000 10000 10000
34 330 5896 9989 10000 10000 10000 10000 10000 10000
35 363 5939 9990 10000 10000 10000 10000 10000 10000
36 384 5977 9990 10000 10000 10000 10000 10000 10000
37 413 5997 9990 10000 10000 10000 10000 10000 10000
38 447 6012 9990 10000 10000 10000 10000 10000 10000
39 472 6025 9990 10000 10000 10000 10000 10000 10000
40 493 6033 9990 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) :  100.00

INVENTORY (KG PU) © 45.06
21 90 6926 10000 10000 10000 10000 10000 10000 10000
22 101 10000 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10060 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.3 II-45-

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 450.60

MEASUREMENT-ERROR : 1.0 %

BALANCE FALSE TOTAL-LOSS (KG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

RATE

21 90 102 158 265 453 829 1471 2446 3889
22 101 257 1245 4795 9384 10000 10000 10000 10000
23 114 621 4904 9842 10000 10000 10000 10000 10000
24 130 1263 8339 10000 10000 10000 10000 10000 10000
25 147 2073 9522 10000 10000 10000 10000 10000 10000
26 166 2870 9843 10000 10000 10000 10000 10000 10000
27 184 3617 9940 10000 10000 10000 10000 10000 10000
28 204 4170 9963 10000 10000 10000 10000 10000 10000
29 232 4582 9973 10000 10000 10000 10000 10000 10000
30 254 4897 9980 10000 10000 10000 10000 10000 10000
31 275 5127 9982 10000 10000 10000 10000 10000 10000
32 295 5275 9982 10000 10000 10000 10000 10000 10000
33 306 5378 9982 10000 10000 10000 10000 10000 10000
34 330 5445 9982 10000 10000 10000 10000 10000 10000
35 363 5486 9982 10000 10000 10000 10000 10000 10000
36 384 5522 9982 10000 10000 10000 10000 10000 10000
37 413 5542 9982 10000 10000 10000 10000 10000 10000
38 447 5556 9982 10000 10000 10000 10000 10000 10000
39 472 5565 9982 10000 10000 10000 10000 10000 10000
40 493 5574 9982 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 100.00
INVENTORY (KG PU) : 45.06
21 90 4946 10000 10000 10000 10000 10000 10000 10000
22 101 10000 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 100600 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.3 II-46-

THROUGHPUT (TONNES/YEAR) ¢ 100.00

INVENTORY (KG PU) : 450.60

MEASUREMENT-ERROR : 2.0 %

BALANCE FALSE TOTAL-LOSS (KG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

RATE

21 90 102 155 264 443 813 1435 2360 3766
22 101 255 1202 4559 9243 9999 10000 10000 10000
23 114 586 4564 9764 10000 10000 10000 10000 10000
24 130 1160 7949 9997 10000 10000 10000 10000 10000
25 147 1872 9294 10000 10000 10000 10000 10000 10000
26 166 2554 9705 10000 10000 10000 10000 10000 10000
27 184 3198 9856 10000 10000 10000 10000 10000 10000
28 204 3660 9902 10000 10000 10000 10000 10000 10000
29 232 4019 9926 10000 10000 10000 10000 10000 10000
30 254 4294 9942 10000 10000 10000 10000 10000 10000
31 275 4485 9945 10000 10000 10000 10000 10000 10000
32 295 4597 9947 10000 10000 10000 10000 10000 10000
33 306 4693 9948 10000 10000 10000 10000 10000 10000
34 330 4752 9948 10000 10000 10000 10000 10000 10000
35 363 4793 9948 10000 10000 10000 10000 10000 10000
36 384 4817 9948 10000 10000 10000 10000 10000 10000
37 413 4840 9948 10000 10000 10000 10000 10000 10000
38 447 4861 9948 10000 10000 10000 10000 10000 10000
39 472 4875 9948 10000 10000 10000 10000 10000 10000
40 493 4897 9948 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 45.06
21 90 2446 10000 10000 10000 10000 10000 10000 10000
22 101 10000 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.4 IT-47-

PROBABILITY OF DETECTION AS A FUNCTION OF
BALANCING PERIOD FOR

| |
| DIVERSION SCENARIO - 3 |
| (LOSS-SCENARIO-LENGTH - 3) |
I I

PARAMETERS CONSIDERED :

FACILITY THROUGHPUT T/A 1000 500 240 100
PROCESS INVENTORY KG PU

- CONSTANT

- LINEAR REDUCED
MEASUREMENT UNCERTAINTY 0.05 % 0.1 9% 0.2 %
AT THE INPUT ) (B) ©)

AMOUNT ASSUMED TO BE

DIVERDED KG PU 5 10 15 20 25 30 35 40
(LOSS PATTERN) 1 2 3 4 5 6 7 8




CHAPTER 5.4 II-48-




CHAPTER 5.4

SUMMARY OF RESULTS

LOSS~SCENARIO-LENGTH: 3
INVENTORY CONSTANT

THROUGHPUT
INVENTORY
TOTAL-LOSS

INPUT A:
INPUT B:
INPUT C:

THROUGHPUT

INVENTORY
INPUT A:
INPUT B:
INPUT C:

THROUGHPUT
INVENTORY
INPUT A:

INPUT B:

INPUT C:

THROUGHPUT
INVENTORY
INPUT A:

INPUT B:

INPUT C:

(TONNES/YEAR)
(KG PU)
(KG PU):
5.00 10.
22.89 81
11.62  40.
6.79  13.
(TONNES/YEAR)
(KG PU)
41.93  98.
25.91  86.
12.02  42.
(TONNES/YEAR)
(KG PU)
54.37 99,
45.47 99,
27.81  89.
(TONNES/YEAR)
(KG PU)
61.04 99
56.83 99
49.67 99

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR)

INVENTORY (KG PU)
INPUT A: 81.60 100.
INPUT B: 40.11 99
INPUT C: 13.72 54,

THROUGHPUT (TONNES/YEAR)

INVENTORY (XG PU)
INPUT A: 100.00 100.
INPUT B: 99.66 100.
INPUT C: 59.62 100.
THROUGHPUT (TONNES/YEAR)
INVENTORY (KG PU)
INPUT A: 100.00 100.
INPUT B: 100.00 100.
INPUT C: 100.00 100.

53
99
14

78
21
79

.90
.81
.45

00

.38

66

00
00
00

00
00
00

100.

99
86

100.
100.

99

100.
100.
100.

100

100.
96.

100.
100.
100.

100

100.
100.

I1-49-
1000.00
450.60
00 20.00
77 100.00
38 99,37
24 54.66
500.00
: 450.60
00 100.00
.91 100.00
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II-50-

CHAPTER 5.4

LOSS SCENARIO 3
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CHAPTER 5.4 IT-51-

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) i 450.60
MEASUREMENT -ERROR : 0.5 %
BALANGCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 6
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 4 4 4 4 4 4 4 4
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 L6 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 93 113 143 204 278 330 553 825
22 101 153 347 903 2176 4759 7560 9721 9992
23 114 302 1677 5904 9626 9999 10000 10000 10000
24 130 578 3859 9277 9997 10000 106000 10000 10000
25 147 879 5749 9855 10000 10000 10000 10000 10000
26 166 1176 6828 9939 10000 10000 10000 10000 10000
27 184 1406 7425 9966 10000 10000 10000 10000 10000
28 204 1618 7755 9972 10000 10000 10000 10000 10000
29 232 1763 7919 9972 10000 10000 10000 10000 10000
30 254 1896 7990 9975 10000 10000 10000 10000 10000
31 275 2007 8022 9975 10000 10000 10000 10000 10000
32 295 2065 8042 9975 10000 10000 10000 10000 10000
33 306 2095 8065 9975 10000 . 10000 10000 10000 10000
34 330 2133 8078 9975 10000 10000 10000 10000 10000
35 363 2156 8085 9975 10000 10000 10000 10000 10000
36 384 2182 8092 9975 10000 10000 10000 10000 10000
37 413 2208 8102 9976 10000 10000 10000 10000 10000
38 447 2238 8111 9976 10000 10000 10000 10000 10000
39 472 2270 8130 9976 10000 10000 10000 10000 10000

40 493 2289 8160 9977 10000 10000 10000 10000 10000




CHAPTER 5.4 IT-52-

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) : 450.60
MEASUREMENT-ERROR : 1.0 %
BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 ~35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 4 4 4 4 4 4 4 4
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 46 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 94 108 134 181 251 316 449 636
22 101 138 276 614 1418 2924 5440 8218 9684
23 114 243 968 3365 7676 9796 9999 10000 10000
24 130 373 1883 6109 9576 9996 10000 10000 10000
25 147 494 2572 7406 9848 9998 10000 10000 10000
26 166 597 3017 7912 9889 9999 10000 10000 10000
27 184 686 3339 8116 9916 10000 10000 10000 10000
28 204 745 3517 8221 9920 10000 10000 10000 10000
29 232 803 3631 8275 9924 10000 10000 10000 10000
30 254 848 3696 8294 9925 10000 10000 10000 10000
31 275 891 3753 8303 9925 10000 10000 10000 10000
32 295 929 3785 8311 9925 10000 10000 10000 10000
33 306 959 3807 8319 9925 10000 10000 10000 10000
34 330 987 3833 8327 9926 10000 10000 10000 10000
35 363 1014 3856 8335 9926 10000 10000 10000 10000
36 384 1036 3872 8346 9926 10000 10000 10000 10000
37 413 1070 3901 8366 9931 10000 10000 10000 10000
38 447 1090 3927 8384 9931 10000 10000 10000 10000
39 472 1126 3972 8405 9935 10000 10000 10000 10000




CHAPTER 5.4 IT-53-

THROUGHPUT (TONNES/YEAR) : 1000.00
INVENTORY (KG PU) : 450.60
MEASUREMENT-ERROR : 2.0 %
BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
11 2 2 2 2 2 2 2 2 2
12 4 A 4 4 A A A 4 A
13 9 9 9 9 9 9 9 9 9
14 16 16 16 16 16 16 16 16 16
15 24 24 24 24 24 24 24 24 24
16 33 33 33 33 33 33 33 33 33
17 46 46 46 46 46 46 46 46 46
18 57 57 57 57 57 57 57 57 57
19 66 66 66 66 66 66 66 66 66
20 75 75 75 75 75 75 75 75 75
21 90 90 101 124 143 184 245 292 388
22 101 129 186 342 623 1189 2071 3534 5561
23 114 176 414 1145 2780 5618 8500 9757 9991
24 130 219 618 1775 4122 7309 9433 9945 10000
25 147 250 755 2102 4671 7785 9564 9968 10000
26 166 277 852 2285 4927 7939 9599 9970 10000
27 184 310 925 2397 5048 8002 9620 9970 10000
28 204 351 959 2481 5118 8055 9628 9970 10000
29 232 377 1013 2540 5170 8079 9631 9971 10000
30 254 407 1048 2597 5196 8090 9631 9971 10000
31 275 429 1086 2637 5217 8098 9631 9972 10000
32 295 461 1119 2665 5231 8101 9632 9972 10000
33 306 489 1145 2685 5251 8111 9632 9974 10000
34 330 513 1172 2709 5270 8119 9634 9975 10000
35 363 535 1206 2737 5288 8133 9635 9975 10000
36 384 565 1229 2767 5315 8152 9644 9975 10000
37 413 598 1261 2801 5349 8176 9651 9976 10000
38 447 628 1287 2835 5388 8199 9657 9978 10000
39 472 657 1328 2886 5419 8229 9665 9980 10000

40 493 679 1372 2924 5466 8262 9672 9980 10000




CHAPTER 5.4 I1-54-

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) 450,60

MEASUREMENT-ERROR : 0.5 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 94 119 152 220 292 432 645 956
22 101 163 402 1144 2861 6061 9045 9941 10000
23 114 368 2301 7661 9942 10000 10000 10000 10000
24 130 789 5760 9907 10000 10000 10000 10000 10000
25 147 1361 8199 9994 10000 10000 10000 10000 10000
26 166 1926 9168 9999 10000 10000 10000 10000 10000
27 184 2513 9553 9999 10000 10000 10000 10000 10000
28 204 2975 9724 10000 10000 10000 10000 10000 10000
29 232 3309 9787 10000 10000 10000 10000 10000 10000
30 254 3563 9825 10000 10000 10000 10000 10000 10000
31 275 3749 9836 10000 10000 10000 10000 10000 10000
32 295 3892 9845 10000 10000 10000 10000 10000 10000
33 306 3983 9850 10000 10000 10000 10000 10000 10000
34 330 4037 9851 10000 10000 10000 10000 10000 10000
35 363 4078 9851 10000 10000 10000 10000 10000 10000
36 384 4112 9852 10000 10000 10000 10000 10000 10000
37 413 4138 9852 10000 10000 10000 10000 10000 10000
38 447 4157 9852 10000 10000 10000 10000 10000 10000
39 472 4172 9852 10000 10000 10000 10000 10000 10000
40 493 4193 9853 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) : 225.30
21 90 113 204 390 825 1668 3069 5371 8274
22 101 347 2176 7960 9992 10000 10000 10000 10000
23 114 1677 9626 10000 10000 10000 10000 10000 10000
24 130 3859 9997 10000 10000 10000 10000 10000 10000
25 147 5749 10000 10000 10000 10000 10000 10000 10000
26 166 6828 10000 10000 10000 10000 10000 10000 10000
27 184 7425 10000 10000 10000 10000 10000 10000 10000
28 204 7755 10000 10000 10000 10000 10000 10000 10000
29 232 7919 10000 10000 10000 10000 10000 10000 10000
30 254 7990 10000 10000 10000 10000 10000 10000 10000
31 275 8022 10000 10000 10000 10000 10000 10000 10000
32 295 8042 10000 10000 10000 10000 10000 10000 10000
33 306 8065 10000 10000 10000 10000 10000 10000 10000
34 330 8078 10000 10000 10000 10000 10000 10000 10000
35 363 8085 10000 10000 10000 10000 10000 10000 10000
36 384 8092 10000 10000 10000 10000 10000 10000 10000
37 413 8102 10000 10000 10000 10000 10000 10000 10000
38 447 8111 10000 10000 10000 10000 10000 10000 10000
39 472 8130 10000 10000 10000 10000 10000 10000 10000

40 493 8160 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.4 II-55~

THROUGHPUT (TONNES/YEAR) ¢ 500.00

INVENTORY (KG PU) : 450,60

MEASUREMENT -ERROR : 1.0 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 94 116 147 207 279 399 569 844
22 101 155 363 952 2323 5041 8265 9793 9996
23 114 316 1796 6305 9737 10000 10000 10000 10000
24 130 618 4246 9487 10000 10000 10000 10000 10000
25 147 985 6274 9919 10000 10000 10000 10000 10000
26 166 1312 7447 9974 10000 10000 10000 10000 10000
27 184 1591 8007 9985 10000 10000 10000 10000 10000
28 204 1822 8322 9987 10000 10000 10000 10000 10000
29 232 2016 8480 9990 10000 10000 10000 10000 10000
30 254 2149 8541 9991 10000 10000 10000 10000 10000
31 275 2261 8580 9991 10000 10000 10000 10000 10000
32 295 2326 8611 9991 10000 10000 10000 10000 10000
33 306 2370 8623 9991 10000 10000 10000 10000 10000
34 330 2418 8639 9991 10000 10000 10000 10000 10000
35 363 2456 8642 9991 10000 10000 10000 10000 10000
36 384 2486 8645 9991 10000 10000 10000 10000 10000
37 413 2512 8652 9991 10000 . 10000 10000 10000 10000
38 447 2536 8658 9991 10000 10000 10000 10000 10000
39 472 2566 8673 9991 10000 10000 10000 10000 10000
40 493 2591 8699 9991 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) : 225.30
21 90 108 181 316 636 1230 2237 3816 6275
22 101 276 1418 5440 9684 10000 10000 10000 10000
23 114 968 7676 9999 10000 10000 10000 10000 10000
24 130 1884 9577 10000 10000 10000 10000 10000 10000
25 147 2572 9848 10000 10000 10000 10000 10000 10000
26 166 3018 9890 10000 10000 10000 10000 10000 10000
27 184 3340 9917 10000 10000 10000 10000 10000 10000
28 204 3518 9921 10000 10000 10000 10000 10000 10000
29 232 3632 9925 10000 10000 10000 10000 10000 10000
30 254 3697 9926 10000 10000 10000 10000 10000 10000
31 275 3754 9926 10000 10000 10000 10000 10000 10000
32 295 3786 9926 10000 10000 10000 10000 10000 10000
33 306 3808 9926 10000 10000 10000 10000 10000 10000
34 330 3834 9927 10000 10000 10000 10000 10000 10000
35 363 3857 9927 10000 10000 10000 10000 10000 10000
36 384 3873 9927 10000 10000 10000 10000 10000 10000
37 413 3902 9932 10000 10000 10000 10000 10000 10000
38 447 3928 9932 10000 10000 10000 10000 10000 10000
39 472 3973 9936 10000 10000 10000 10000 10000 10000

40 493 4011 9938 10000 10000 10000 10000 10000 10000




CHAPTER 5.4 I1-56-

THROUGHPUT (TONNES/YEAR) : 500.00

INVENTORY (KG PU) i 450.60

MEASUREMENT-ERROR : 2.0 %

BALANCE FALSE TOTAL-LOSS (KG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 94 108 134 183 254 320 456 645
22 101 139 278 628 1460 3024 5614 8371 9735
23 114 247 1002 3495 7876 9841 10000 10000 10000
24 130 378 1977 6366 9660 9997 10000 10000 10000
25 147 510 2712 7669 9877 9999 10000 10000 10000
26 166 624 3199 8152 9921 10000 10000 10000 10000
27 184 714 3527 8343 9939 10000 10000 10000 10000
28 204 780 3721 8455 9944 10000 10000 10000 10000
29 232 841 3839 8516 9946 10000 100600 10000 10000
30 254 888 3896 8534 9946 10000 10000 10000 10000
31 275 933 3953 8542 9946 10000 10000 10000 10000
32 295 973 3983 8542 9946 10000 10000 10000 10000
33 306 1002 4010 8547 9946 10000 10000 10000 10000
34 330 1033 4035 8550 9947 10000 10000 10000 10000
35 363 1063 4054 8556 9947 10000 10000 10000 10000
36 384 1081 4069 8565 9947 10000 10000 10000 10000
37 413 1111 4096 8581 9951 10000 10000 10000 10000
38 447 1130 4124 8597 9951 10000 10000 10000 10000
39 472 1167 4170 8615 9952 10600 10000 10000 10000
40 493 1202 4214 8645 9953 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) _ : 500.00

INVENTORY (KG PU) : 225.30
21 90 101 143 245 388 680 1175 1925 3051
22 101 186 623 2071 5561 9214 9984 10000 10000
23 114 414 2780 8498 9991 10000 10000 10000 10000
24 130 618 4122 9433 10000 10000 10000 10000 10000
25 147 755 4670 9564 10000 10000 10000 10000 10000
26 166 852 4927 9599 10000 10000 10000 10000 10000
27 184 925 5048 9620 10000 10000 10000 10000 10000
28 204 959 5118 9628 10000 10000 10000 10000 10000
29 232 1013 5170 9631 10000 10000 10000 10000 10000
30 254 1048 5196 9631 10000 10000 10000 10000 10000
31 275 1086 5217 9631 10000 10000 10000 10000 10000
32 295 1119 5231 9632 10000 10000 10000 10000 10000
33 306 1145 5251 9632 10000 10000 10000 10000 10000
34 330 1172 5270 9634 10000 10000 10000 10000 10000
35 363 1206 5288 9635 10000 10000 10000 10000 10000
36 384 1229 5315 9644 10000 10000 10000 10000 10000
37 413 1261 5349 9651 10000 10000 10000 10000 10000
38 447 1287 5388 9657 10000 10000 10000 10000 10000
39 472 1328 5419 9665 10000 10000 10000 10000 10000

40 493 1372 5466 9672 10000 10000 10000 10000 10000




CHAPTER 5.4 I1-57-

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (XG PU) : 450.60

MEASUREMENT -ERROR : 0.5 %

BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 94 120 158 226 303 450 675 999
22 101 164 415 1225 3121 6548 9347 9970 10000
23 114 386 2582 8170 9977 106000 10000 10000 10000
24 130 896 6524 9967 10000 10000 10000 10000 10000
25 147 1606 8888 10000 10000 10000 16000 10000 10000
26 166 2384 9632 10000 10600 10000 10000 10000 10000
27 184 3176 9863 10000 10000 10000 10000 10000 10000
28 204 3777 9919 10000 10000 10000 100060 10000 10000
29 232 4263 9957 10000 10000 10000 10000 10000 10000
30 254 4637 9971 10000 10000 10000 10000 10000 10000
31 275 4898 9975 10000 10000 10000 10000 10000 10000
32 295 5078 9977 10000 10000 10000 10000 10000 10000
33 306 5199 9978 10000 10000 10000 10000 10000 10000
34 330 5280 9978 10000 10000 10000 100600 10000 10000
35 363 5329 9978 10000 10000 10000 10000 10000 10000
36 384 5371 9978 10000 10000 10000 10000 10000 10000
37 413 5395 9978 10000 10000 10000 10000 10000 10000
38 447 5409 9978 10000 10000 10000 10000 10000 10000
39 472 5422 9978 10000 10000 10000 10000 10000 10000
40 493 5437 9978 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (XG PU) : 108.14
21 90 216 936 3540 8975 10000 10000 10000 10000
22 101 2501 10000 10000 10000 10000 10000 10000 10000
23 114 9797 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 100600 10000 100060
35 363 10600 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 100600 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.4 I1-58-

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (KG PU) : 450,60

MEASUREMENT -ERROR : 1.0 %

BALANCE FALSE TOTAL-LOSS (KG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

RATE

21 90 94 119 153 220 294 438 654 979
22 101 163 407 1170 2937 6205 9147 9956 10000
23 114 372 2384 7815 9955 10000 10000 10000 10000
24 130 812 5981 9930 10000 10000 10000 10000 10000
25 147 1421 8424 9996 10000 10000 10000 10000 10000
26 166 2053 9312 9999 10000 10000 10000 10000 10000
27 184 2708 9679 10000 10000 10000 10000 10000 10000
28 204 3199 9813 10000 10000 10000 10000 10000 10000
29 232 3590 9867 10000 10000 10000 10000 10000 10000
30 254 3864 9902 10000 10000 10000 10000 10000 10000
31 275 4075 9909 10000 10000 10000 10000 10000 10000
32 295 4212 9913 10000 10000 10000 10000 10000 10000
33 306 4307 9917 10000 10000 10000 10000 10000 10000
34 330 4379 9917 10000 10000 10000 10000 10000 10000
35 363 4431 9917 10000 10000 10000 10000 10000 10000
36 384 Lb6h 9917 10000 10000 10000 10000 10000 10000
37 413 4492 9917 10000 10000 10000 10000 10000 10000
38 447 4514 9919 10000 10000 10000 10000 10000 10000
39 472 4529 9919 10000 10000 10000 10000 10000 10000
40 493 4547 9921 10000 10000 10000 10000 10000 10000

INVENTORY LINEAK REDUCED

THROUGHPUT (TONNES/YEAR) : 240,00

INVENTORY (KG PU) , : 108.14
21 90 188 709 2563 7222 9949 10000 10000 10000
22 101 1628 9859 10000 10000 10000 10000 10000 10000
23 114 8261 10000 10000 10000 10000 10000 10000 10000
24 130 9764 10000 10000 10000 10000 10000 10000 10000
25 147 9919 10000 10000 10000 10000 10000 10000 10000
26 166 9946 10000 10000 10000 10000 10000 10000 10000
27 184 9954 10000 10000 10000 10000 10000 10000 10000
28 204 9958 10000 10000 10000 10000 10000 10000 10000
29 232 9960 10000 10000 10000 10000 10000 10000 10000
30 254 9960 10000 10000 10000 10000 10000 10000 10000
31 275 9960 10000 10000 10000 10000 10000 10000 10000
32 295 9960 10000 10000 10000 10000 10000 10000 10000
33 306 9960 10000 10000 10000 10000 10000 10000 10000
34 330 9961 10000 10000 10000 10000 10000 10000 10000
35 363 9961 10000 10000 10000 10000 10000 10000 10000
36 384 9962 10000 10000 10000 10000 10000 10000 10000
37 413 9965 10000 10000 10000 10000 10000 10000 10000
38 447 9966 10000 10000 10000 10000 10000 10000 10000
39 472 9966 10000 10000 10000 10000 10000 10000 10000

40 493 9966 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.4 II-59-

THROUGHPUT (TONNES/YEAR) : 240,00

INVENTORY (KG PU) : 450.60

MEASUREMENT-ERROR : 2.0 %

BALANCE TFALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE

21 90 94 117 150 208 280 403 582 862
22 101 155 367 987 2392 5205 8412 9835 9999
23 114 323 1875 6529 9787 10000 10000 10000 10000
24 130 650 4473 9601 10000 10000 10000 10000 10000
25 147 1042 6597 9944 10000 10000 10000 10000 10000
26 166 1392 7786 9985 10000 = 10000 10000 10000 10000
27 184 1703 8368 9990 10000 10000 10000 10000 10000
28 204 1967 8643 9994 10000 10000 10000 10000 10000
29 232 2199 8789 9996 10000 10000 10000 10000 10000
30 254 2340 8857 9996 10000 10000 10000 10000 10000
31 275 2453 8899 9996 10000 10000 10000 10000 10000
32 295 2512 8913 9996 10000 10000 10000 10000 10000
33 306 2565 8928 9996 10000 10000 10000 10000 10000
34 330 2617 8932 9996 10000 10000 10000 10000 10000
35 363 2654 8938 9996 10000 10000 10000 10000 10000
36 384 2682 8941 9996 10000 10000 10000 10000 10000
37 413 2705 8946 9996 10000 10000 10000 10000 10000
38 447 2728 8948 9996 10000 10000 10000 10000 10000
39 472 2756 8961 9996 10000 10000 10000 10000 10000
40 493 2781 8979 9996 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 240.00

INVENTORY (XG PU) : 108.14
21 90 151 424 1344 3513 7786 9926 10000 10000
22 101 699 6303 9998 10000 10000 10000 10000 10000
23 114 3181 9998 10000 10000 10000 10000 10000 10000
24 130 4636 10000 10000 10000 10000 10000 10000 10000
25 147 5209 10000 10000 10000 10000 10000 10000 10000
26 166 5443 10000 10000 10000 10000 10000 10000 10000
27 184 5571 10000 10000 10000 10000 10000 10000 10000
28 204 5643 10000 10000 10000 10000 10000 10000 10000
29 232 5680 10000 10000 10000 10000 10000 10000 10000
30 254 5707 10000 10000 10000 10000 10000 10000 10000
31 275 5724 10000 10000 10000 10000 10000 10000 10000
32 295 5739 10000 10000 10000 10000 10000 10000 10000
33 306 5758 10000 10000 10000 10000 10000 10000 10000
34 330 5773 10000 10000 10000 10000 10000 10000 10000
35 363 5792 10000 10000 10000 10000 10000 10000 10000
36 384 5816 10000 10000 10000 10000 10000 10000 10000
37 413 5849 10000 10000 10000 10000 10000 10000 10000
38 447 5878 10000 10000 10000 10000 10000 10000 10000
39 472 5910 10000 10000 10000 10000 10000 10000 10000

40 493 5962 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.4 I1-60-

THROUGHPUT (TONNES/YEAR) : 100.00
INVENTORY (KG PU) : 450,60
MEASUREMENT -ERROR : 0.5 %
BALANCE FALSE TOTAL-L0OSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
21 90 94 121 159 230 307 458 692 1015
22 101 165 426 1288 3261 6780 9451 9983 10000
23 114 399 2715 8406 9987 10000 10000 10000 10000
24 130 948 6861 9981 10000 10000 10000 10000 10000
25 147 1738 9133 10000 10000 10000 10000 10000 10000
26 166 2624 9762 10000 10000 10000 10000 10000 10000
27 184 3517 9927 10000 10000 10000 10000 10000 10000
28 204 4227 9966 10000 10000 10000 10000 10000 10000
29 232 4767 9983 10000 10000 10000 10000 10000 10000
30 254 5203 9986 10000 10000 10000 10000 10000 10000
31 275 5501 9988 10000 10000 10000 10000 10000 10000
32 295 5702 9988 10000 10000 10000 10000 10000 10000
33 306 5835 9988 10000 10000 10000 10000 10000 10000
34 330 5924 9989 10000 10000 10000 10000 10000 10000
35 363 5984 9990 10000 10000 10000 10000 10000 10000
36 384 6027 9990 10000 10000 10000 10000 10000 10000
37 413 6054 9990 10000 10000 10000 10000 10000 10000
38 447 6075 9990 10000 10000 10000 10000 10000 10000
39 472 6090 9990 10000 10000 10000 10000 10000 10000
40 493 6104 9990 10000 10000 10000 10000 10060 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 100.00
INVENTORY (KG PU) : 45.06
21 90 1668 9994 10000 10000 10000 10000 10000 10000
22 101 10000 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 100060 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.4 I1-61-

THROUGHPUT (TONNES/YEAR) ¢ 100.00
INVENTORY (KG PU) : 450.60
MEASUREMENT-ERROR : 1.0 %
BALANCE FALSE TOTAL-LOSS (KG)
PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
RATE
21 90 9% 121 158 227 306 453 680 1002
22 101 165 420 1245 3167 6624 9384 9977 10000
23 114 392 2616 8260 9979 10000 10000 10000 10000
24 130 911 6669 9973 10000 10000 10000 10000 10000
25 147 1650 8990 10000 10000 10000 10000 10000 10000
26 166 2470 9686 10000 10000 10000 10000 10000 10000
27 184 3316 9894 10000 10000 10000 10000 10000 10000
28 204 3946 9940 10000 10000 10000 10000 10000 10000
29 232 4465 9966 10000 10000 10000 10000 10000 10000
30 254 4841 9977 10000 10000 10000 10000 10000 10000
31 275 5117 9979 10000 10000 10000 10000 10000 10000
32 295 5302 9980 10000 10000 10000 10000 10000 10000
33 306 5438 9981 10000 10000 10000 10000 10000 10000
34 330 5516 9981 10000 10000 10000 10000 10000 10000
35 363 5570 9981 10000 10000 10000 10000 10000 10000
36 384 5618 9981 10000 10000 10000 10000 10000 10000
37 413 5644 9981 10000 10000 10000 10000 10000 10000
38 447 5659 9981 10000 10000 10000 10000 10000 10000
39 472 5673 9981 10000 10000 10000 10000 10000 10000
40 493 5683 9981 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) ¢ 100.00
INVENTORY (KG PU) : 45.06
21 90 1230 9855 100060 10000 10000 10000 10000 10000
22 101 10000 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10060 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 100060 10000 10600 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.4 I1-62-

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 450.60

MEASUREMENT -ERROR : 2.0 %

BALANCE FALSE TOTAL-LOSS (KG)

PERIODS ALARM 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

RATE

21 90 94 119 155 221 299 443 659 989
22 101 164 409 1202 3025 6372 9243 9963 10000
23 114 375 2487 7988 9969 10000 10000 10000 10000
24 130 849 6236 9952 10000 10000 10000 10000 10000
25 147 1511 8651 9998 10000 10000 10000 10000 10000
26 166 2209 9484 9999 10000 10000 10000 10000 10000
27 184 2924 9783 10000 10000 10000 10000 10000 10000
28 204 3476 9871 10000 10000 10000 10000 10000 10000
29 232 3901 9910 10000 10000 10000 10000 10000 10000
30 254 4235 9933 10000 10000 10000 10000 10000 10000
31 275 4465 9937 10000 10000 10000 10000 10000 10000
32 295 4612 9942 10000 10000 10000 10000 10000 10000
33 306 4735 9943 10000 10000 10000 10000 10000 10000
34 330 4805 9945 10000 10000 10000 10000 10000 10000
35 363 4858 9945 10000 10000 10000 10000 10000 10000
36 384 4890 9945 10000 10000 10000 10000 10000 10000
37 413 4916 9945 10000 10000 10000 10000 10000 10000
38 AN 4937 9945 10000 10000 10000 10000 10000 10000
39 472 4954 9945 10000 10000 10000 10000 10000 10000
40 493 4967 9945 10000 10000 10000 10000 10000 10000

INVENTORY LINEAR REDUCED

THROUGHPUT (TONNES/YEAR) : 100.00

INVENTORY (KG PU) : 45.06
21 90 680 6894 10000 10000 10000 10000 10000 10000
22 101 9214 10000 10000 10000 10000 10000 10000 10000
23 114 10000 10000 10000 10000 10000 10000 10000 10000
24 130 10000 10000 10000 10000 10000 10000 10000 10000
25 147 10000 10000 10000 10000 10000 10000 10000 10000
26 166 10000 10000 10000 10000 10000 10000 10000 10000
27 184 10000 10000 10000 10000 10000 10000 10000 10000
28 204 10000 10000 10000 10000 10000 10000 10000 10000
29 232 10000 10000 10000 10000 10000 10000 10000 10000
30 254 10000 10000 10000 10000 10000 10000 10000 10000
31 275 10000 10000 10000 10000 10000 10000 10000 10000
32 295 10000 10000 10000 10000 10000 10000 10000 10000
33 306 10000 10000 10000 10000 10000 10000 10000 10000
34 330 10000 10000 10000 10000 10000 10000 10000 10000
35 363 10000 10000 10000 10000 10000 10000 10000 10000
36 384 10000 10000 10000 10000 10000 10000 10000 10000
37 413 10000 10000 10000 10000 10000 10000 10000 10000
38 447 10000 10000 10000 10000 10000 10000 10000 10000
39 472 10000 10000 10000 10000 10000 10000 10000 10000

40 493 10000 10000 10000 10000 10000 10000 10000 10000




CHAPTER 5.5 I11-63-

PROBABILITY OF DETECTION AS A FUNCTION OF
BALANCING PERIOD FOR

DIVERSION SCENARIO - 4
(LOSS5=-SCENARIO-LENGTH - 4)

PARAMETERS CONSIDERED :

FACILITY THROUGHPUT T/A 1000 500 240 100
PROCESS INVENTORY KG PU

- CONSTANT

- LINEAR REDUCED
MEASUREMENT UNCERTAINTY 0.05 % 0.1 % 0.2 %
AT THE INPUT (A) (B) (©)

AMOUNT ASSUMED TO BE
DIVERDED KG PU 5 10 15 20 25 30 35 40
(LOSS PATTERN) 1 2 3 & 5 6 7 8



CHAPTER 5.5 II-64-






