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Der vorliegende Bericht wurde im Rahmen eines Forschungsvertrages mit

der International Atomic Energy Agency (IAEA) in Wien angefertigt. In

enger Zusammenarbeit mit der einschligigen Industrie wurden darin MaB-
nahmen zur Uberwachung des Spaltstoffflusses in Schnellbriiter-Brennele-
mentherstellungs-Anlagen vom ALKEM=-Typ entwickelt. Dazu wurden zundchst

die Anlagenpléne analysiert und die fiir ein Kontrollsystem relevanten
strategischen Bereiche abgegrenzt. Besonderes Gewicht wurde auf das Stu-
dium der zu verwendernden MeRinstrumente gelegt. Ein wesentlicher Aspekt
war, daR die Spaltmaterialkontrolle ohne Beeintrichtigung des Betriebs-—
ablaufes erfolgen sollte. AuRerdem wurde ein Simulationsprogramm ent-
worfers, das Informationen liber den ProzeRasblauf liefern und so zur Kon-
trolle herangezogen werden kann. Auch ein Protokoll- und Berichterstattungs-—
system wurde entwickelt. Flir die Materialbilanz wurde der Unsicherheitsbe-
reich untersucht, um die Entdeckungswahrscheinlichkeit einer mdglichen Ent-
wendung abschétzen zu kdnnen. Der Bericht schlieBt mit einem Ausblick auf
Verbesserungen bei Instrumenten, Verfahren und Anlsgeauslegung, die die

Spaltstoffflulkontrolle weiter erleichtern kdénnten.

The present report was prepared in the framework of a research contract with
the International Atomic Energy Agency in Vienna. In close collaboration with
competent representatives of industry, safeguards procedures for ALKEM type
plants fabricating fast breeder reactor fuel have been developed. For this
aim first of all the plant layout was analysed and the strategic areas rele-
vant for safeguards control were established. Special stress was laid on the
study of instruments which can be applied. One main aspect in doing all this
was that safeguards control should not hamper the normal operating procedures.
In addition a simulation program was developed which can give information on
the process features and can be of help for the control. Also & system of re-
cords and reports was designed. For the material balance the variances of MUF
have been studied in order to give an estimate of the detection probability
for a possible diversion. The report ends with an outlook on improvements of

instruments, measures and plant layout which could facilitate safeguerds control.

Manuskript eingereicht am 12 ,8, T1
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1. Summary

The present report describes the work and the results obtained in the
framework of the IAEA contract No, T90/RB on "Development of Safeguards
Procedures for an ALKEM Type Plant Fabricating Plutonium Fuel Elements for
Fast Breeder Reactors" and constitutes the final report of the contract.
This work has been carried out at the Institut fiir Angewandte Reaktorphysik,
Kernforschungszentrum Karlsruhe, in close collaboration with the representa-

tives of the ALKEM plant, Hasnau, Federal Republic of Germany.,

After asn analysis of the layout of the ALKEM type plant, the operators’
material balance areas (MBA) and their accountability system, the MBAs
and‘the strategic points for safeguards purposes have been established,
Three MBAs,namely., the storage area; the process area and the analytical
laboratory have been found to be sufficient. The safeguards procedures have
then been developed based mainly on the lines laid down in the IAFA document
Gov/Com,22/164 ,containing the recommendations of the Safeguards Committee of

the Board of Governors. It has been shown that with the use of already avail-

able measuring instruments and sealing and identification tec
time of insepctions at the plant for a full coverage (maximum inspection time)

would be fairly low, i.e. in the range of about 3100 hrs.

A number of instruments, which are of interest for safeguarding an ALKEM
type fabrication plant, hawve been discussed in some detail, They are a) calori-
meter for Pu~assay in birdcages and finished unirradiated fuel pins; b) neutron-
counting unit for different types of wastes and ¢) a y-lock for the control
of Pu carried on a person, The time for development till the industrial appli-
cation of these instruments and the associated development costs have also
been estimated. The first two are expected to be available by the end of 1972;

the last one is available todsy,

A mathematical model has been developed to simulate roughly the operation
of the ALKEM type plant. Although some interesting conclusions can be drawn,
the actual use of such simulation can be properly assessed only after compar—

ing the results of the simulation with the actual operation of the plant,



Since the objective of the safeguards measures is to make a statement
with regard to MUF (material unaccounted for), the variance of the MUF
has been calculated for two different campaigns. It has been shown that
for all practical purposes the variance is determined almost entirely by
the relative standard deviation of the systematic error component of mea-
surement for the feed and the product streams. The relative thréshold vealue
above which a diversion can be detected with 0.95 probability (with an error
probability of 5 %) has been found to be approximately the same for all the

campaigns considered and is in the range of 0.9 % of the feed stream.

In the final part of the report, a number of possible improvements have
been discussed, in the context of which a sketch of the possible layout of
the same ALKEM type plant, which will be advantageous for safeguards activi-

ties, has been presented.




2. Introduction

The growth of nuclear power generation throughout the world has been
fairly rapid and the requirement for nuclear fuel has been increasing con-
tinuously.Since the amount of plutonium produced during the coming years
is also expected to be high, a significant part of the nuclear fuel fabri-
cated in the civil sector, particularly if expressed in eff, kg, is expect-
ed to be plutonium based.In & fabrication plant plutonium remains in an accessible
form through a large part of the process sfeps° It is therefcre, desirable
to analyse in detail the possibilities and implications of safeguards in

such a plant.

2.1 Basic considerations

The objective of safeguards is the timely detection of diversion of signi-
ficant quantities of nuclear material from peaceful nuclear activities to the
manufacturer of nuclear weapons or of other nuclear devices or for purposes

unknown, and deterrence of such diversion by the risk of early detection.

attain the above mentioned objective are material balance accountancy supple-
mented by containment and surveillance measures, Following steps are required

for the implementation of these measures:

a) Verification of design information from & nuclear facility mainly to select
the strategic points and the corresponding material balance areas (MBEA)

and to set up the safeguards procedures.

b) A record system at the facility in which information with regard to the
movements of the amounts of fissile material from and to a MBA will be kept,

The source data on a given amount of material are also registered in this

¢) Reporting system according to which the information on the movement of
nuclear material from or to a MBA will be sent to the safeguards organi-

sation,

d) Inspection system with which the safeguards organisation can verify mainly
the consistency of reports and records, and the location, identity, quanti-

ty and composition of all nuclear material subject to safeguards.

The safeguards procedures developed in this report correspond to the four

steps mentioned above.



3, Description of the plant

The development of safeguards procedures for a plutonium fuel fabrication
plant needs a realistic basis, i.e, a plant, the design and cperation of
which correspond to the present state of technology. Only in this way a
direct applicability of the procedures is ensured. The following investi-
gation is based on & plant design similar to that of the plant ALKEM, which
is under construction and is expected to go into operation in the course of
1971,

3.1 General identification and main facility data

3.1.1 Purpose and type of the facility

The productioﬁ program of the fairly automatized fabrication plant consider—
ed comprises of fuel pins both for thermal (0,5-4% Pu) and for fast reactors
(10-16% Pu). Besides, excess amounts of Pu0,, possibly scrap, and irrecover-

gble waste (<0,5% Pu) for final storage will be shipped from the plant,

3.1.2 Operating mode of the facility

The fabrication plant will be operated normally during one shift and is ex=
pected to have 200 working days per year, The daily throughput of plutonium
lies in the order of 10 kg of PuO,.

3.1.3 Layout of the plant

The complete production equipment is installed in one large hall, in which

the different working areas, namely

Conversion

Powder preparation
Pellet production

Pin production
Quality control
Analysis and

Scrap recovery

are subdivided by so called caissons. The sketch of a 1aybut of the plant
containing also the main routes followed by nuclear material is given in
Fig. 3~1, Because of the caisson type layout, the active part of the plant

can be considered to be within = double containment,



On one side an additional building is connected with the production hall
in which cloak and rest room, laundry and operational offices are provided.
The connection is formed as a bottle neck, Personnel entering and leaving
the production hall has to pass the bottle neck, in which a gamma-lock is
installed, This device controls plutonium containing material carried by a

person.

On the other side, another building is connected with the production hall
in which rooms for storages for uranium and plutonium, for fuel pins and waste

are provided.

3.2 Flow, handling, and location of nuclear materials

A general flowsheet of the fuel pin production is shown in Fig. 3-2,
The plant operator may like to divide the process into 15 MBAs , Although, ,
for safeguards purposes, the number of MBAs will be only three (see chapter 5),

the relevant information on the operator's MBAs are presented below,

3.2.1 Pu storage

At the Pu storage area the following items are stored:

a) Pu02 powder in 2,5 kg containers from the arrival at the facility up

to processing,

b) Pu.O2 powder in 2,5 kg containers from the production at the conversion

area up to further processing or shipment,
The Pu content of the powder is 88 %,
3.2,2 Conversion

A part of the fissile material to be processed at the fabrication plant
will be received as Pu-nitrate solution. The Pu content of the solution is
10~20 %.

Besides the Pu.O2 powder, the Pu nitrate solution arriving in 10 1 bottles
will also be stored in a 800 1 homogenization tank located at the conversion
area. This solution will be subsequently converted to plutonium oxide in LO 1
batches by the process of oxalate precipitation, filtration, and calcination,
35 % of the fissile material are transfered from the conversion area to the

waste storage,



Tab, 3~1 and 3-2 give information on flow, intermediate storages, produc-
tion steps and accountability procedures of the conversion area, The res-
pective numbers of the MBAs according to the plant operator's subdivision

are also indicated in the tebles,

3.2.3 Powder preparation

The Pu powder, coming from the storage area in 2,5 kg containers is cal=
cined in batches of 25 kg at 700-1000°C,in the powder preparation area. The
sinterable powder (BET surface 5 m?/g; density 1,7-2.3 g/cm3) is sereened and
homogenized in batches of 50 kg. The powder is then mixed with sinterable UO2
powder and the recycle scrap and homogenized in batches of 120 kg. This corres—

ponds to an accumulation of asbout one week.

The density of the pressed pellets is 4,8-5.8 g/cm3, the Pu content 2,5=16%,

In this area 4-8% of the feed is expected to be produced as waste,

Tab, 3=3 to 3=5 give further informations in the sequence of operations.

3.2.4 Pellet production

The sintering process carried out here at 1700°C needs about 24 hours.
The final demsity of the sintered pellets is 9,2-10,6 g/cm3° Grinding and
measurement of dimensions and surface of the pellets complete the pellet pro-
duction step. About 2-k % are expected to be produced as scrap during the

sintering step and a similar amount as waste during the grinding step.

Table 3~6 and 3=7 give further information,

3.2.5 Pin production

The columns of pellets are dried and introduced into the cladding. After
decontamination, the cladding is closed by welding. The amount of scrap

is expected to be 2-4 %,

Further information is given in Tab, 3-8 and 3-9.

3.,2.6 Quality control

Before storing and shipping the produced fuel pins are subjected to
several tests and measurements to ensure that they meet the specifications

of the customer,
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The tests are: pressure test, leak test and X-ray test. Besides, the
contamination and the total geometry are measured. 3-5% are expected as

scrap.

Further information is given in Tsb, 3-10,

3.2.7 Pin storage

The finally tested and measured fuel pins are stored at the pin storage

area until shipping.

30208 Angs:is

At the analysis area the samples coming from different areas are analysed
by different methods: Potentiometry, X-ray fluorescence, mass spectrometry
and weighing. The accumulated samples are filled after analysis into a

bottle and transfered periodically to the waste storage as a separate batch,

3.2.9 Scrap recovery

required before, The steps carried out at the scrap recovery area are: disso-
lution, reduction and ion exchange. The final product is Pu nitrate solution
which is transfered to the conversion area for further processing. Waste is

expected to be 10-25 % out of which 75 % can be processed again.
Further information is given in Tab, 3=11.

3.2.10 Waste storage

The wastes from different areas are stored here, Before final discharge
it has to be decided (for example by use of passive neutron and y-interrogation)

whether or not they are recoverable,

Further information is given in Tab, 3-12.

3.3 Nuclear materials accounting and measurement system

3+3.1 Accounting system

The fuel fabrication plant for accounting purposes has been subdivided by

the plant operator in 15 MBAs. With regard to the production, the plant is
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operated in such a way, that the fissile material passes successively through
one or more processing steps per day. After completion of the respective pro-
cessing steps of one day, the fissile material has to be controlled qualita-
tively and quantitatively to ensure that the material is qualified for the

subsequent processing steps (of the next day). This means that the respective

number of processing steps to be passed per day forms a MBA,

Informations on input, output and the book inventory of each MBE\ ere generat—

ed daily.

As long as no computer is installed (which is an option for the operator)
the data are filled into the records, a copy of which is given to the accoun-

tability section for hand—computéd evaluation,

3e3.2 Measurement system

In Tables 3-1 to 3-12 for the different MBAs, the last rows give information
on the measurement system in comnnection with the production and other steps

for that MBA. Additional information is given in the following sections,

363¢2.1 Control of input

An agent from the fabrication plant is present, when sample taking, filling
and sealing of the fissile materials is done at the shipper's facilities,

He receives there one of the three samples taken.

The incoming containers are only counted and the seals identified. The

results are compared with the records having been filled before shipping.

.2 Storage

At the storage, containment measures are applied. Only authorized staff
members can enter the storage areas in presence of the storage guard,
The numbers of containers are counted and identified daily, in~ and out-

going containers are checked immediately,
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3:3.2.3 Recovery

At the waste storage, the gross weight of the ingoing material is re~
gistered, The soclid waste is contained in welded PVC bags of about 1 kg, The
Pu content of these is determined by counting of spontaneous fission neutrons.
The liquid waste is transfered in 10 1 plastic bottles, The Pu content is

measured by counting the emitted y-rays.

At the exit of the recovery area, a random analysis of the concentrate is

possible,
3.3.2.4 Conversion

The volume and density of Pu nitrate solution of each bottle is determined
at the entrance of the conversion area. The Pu content and the isotopic compo-
sition are analysed randomly. The analytical results can be obtained 2 days

later.

By gross weighing of the shells with fissile material, before and after the

calcination step, possible losses due to calecination can be found out, Their

. . .
—— ——tare-weight -1s known, Random analyses can be ecerried ocut,

LPE- 1 a2 4 da W e SasANS VAR D wrweswLsail

343:245 Puoz-powder

The gross and tara weights of the containers with Pu0,-powder coring into the
powder preparation are registered. Random samples for the determination of the
Pu content can be taken there, This is done particularly if PuO2 is received
from the shipper. The calcination losses can be found out by the same method

as that under conversion.

After each homogenization a sample is taken for the determination of the

Pu concentration and the isotopic composition., The analytical results can be

.
oty o
btained 2 days

3.3.2.,6 Scrap

The gross and tara weights of containers with scrap, including those from
green pellets awe taken at the entrance of the dry recovery area, From the out=
going, recovered scrap a sample is taken, The X-ray fluorescence spectrometric
determination of the Pu/U ratio takes one hour, the isotopic analysis two days.

t

The containers with



13

3:3.2.T Green pellets

After mixing the Pu/U ratio is determined once more by X-ray fluorescence
spectrometry. The containers with the mixed powder are weighed before and

after the filling operstion.
3.3.2.8 Sintering area

The baskets with pellets are weighed before and after the sintering step

to find out losses in this step.
3.3.2.9 Grinding area

The sintering baskets after unloading are weighed tara, Before the grinding

step, weight and height of the pellets are determined randomly.

3¢3.2,10 PuO, pellet columns

2

At the entrance of the area involved, the weight and diameter of all pellets
are measured, so that the amount of grinding waste can be found out. Resides,

the Pu/U ratio and the isotopic composition is determined using the usual statis-

tical techniques., The length and the weight of the pellet columns is measured,
3.3.2,11 Cladding technique

The length of the pellet columns as pushed into the cladding tubes is measur—-

ed finslly. The finished fuel pins are counted when they leave the area,

303.2.12 Output control

pin storage containment measures are applied, the fuel pins are counted and

identified.

3.3.3 Other matters connected with nuclear materials accounting

3¢3.3.1 Physical inventory

Dependent on the type of campaigns physical inventories are carried out
2 to 10 times per year. With regard to the production line the fissile material
is pushed out of the various MBAs and measured as (if necessary temporary)

output.



14

3:3:3.2 Control of measurement accuracy

Controls of the measurement accuracy are performed daily to monthly by

use of self produced standards,

3.4 Instruments

In the framework of the activities of the project on fissile material
control at the Karlsruhe Research Center, a considerable amount of effort
is being devoted to the development of different types of measurement
instruments, During the course of the last three years a number of measure-
ment methods have been developed and further research work on these and other
methods will be carried out in the future. In developing safeguards procedures
for the plutonium fabrication plant, in this report a number of such methods
has been assumed to be used for measuring plutonium in different streams, Al-
though no development work was carried out in the framework of this contract,
‘some relevant data on the following methods have been summarized in this chap-

ter,

1, Calorimetry together with n—counting: This is considered for the measurement

of Pu in input (PuO, in birdcages),in products (fuel pins or subassemblies),

2
and in recoverable scraps.

2, Mass—-spectrometxy: A short description of the development work on this

method has been included here only because this method has to be used

to establish the isotopic vector required for calorimetry.

3. Neutron counting: Both passive and active methods of neutron counting

" e o vy o

o wl 3
1g PaULOIlii

L, r-lock: This is more & containment than a measuring method., It is used

to control small amounts of plutonium carried along by a person,

Standard physical and chemical methods for material control such as chemical
determination of plutonium in solutions, weighing, measurement of length of

Pu-columns etc., have not been discussed here,
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3.4,1 Calorimetry

The production of heat by plutonium is a function of the half life time
and the energy of the a-particles after the decay., Since these energies
are very near to each other for the different interesting nuclides, the
half life times are important in connection with the measurement errors.
Table 3-13 gives a survey on the heat release of the different components
of breeder reactor fuel, the related nuclear data are given in 173.1-3.3;7.
By the calorimetric method the total heat production by plutonium is measured,
so that the isotopic composition of the fuel material has to be known before,
The relative concentrations of a~decaying isotopes with short half life times
as Pu~238 and Am~2L1 must be known with better accuracy than normally needed
(e.g. with the isotopic composition of Table 3-13, a Pu-238 concentration of
0.1 % leads to 15 % of the total heat production, a concentration of 0.5 %
would bring U5 % of the total heat. The Am 2ki~amount can be evaluated if the
date of Americium separation is known exactly. An uncertainty of 50 days in
this time interval gives an error of 0.8 % in the total heat flux).The total
measuring error (coefficient of variation of 1 g-value) consists of 3 different

types of errors:

a) reproducibility (function of calorimeter set-up)
b) errors in the determination of Pu isotopes

¢) error in the determination of the age of Am-2L1

The overall error lies between 0.8 and 1.2 % / 3.6_/. For a) it can be re-
duced to about 0.12 % and for b) to 0.35 %, so that an overall error of 0.4 %
appears to be attainable. In these considerations systematic errors have not

been taken into account. They may lie in the same range.,

In Table 3-14 one can see the influence of the single isotope on the total
error of calorimetric measurement, which is due to isotope measurement errors,
and the error on account of reproducibility / 3.7_/. The determination of the
isotopic vector is done by the mass spectrometric method which is therefore
important in this connection, and some details are given under paragraph
3.4,2 below,

The concentration of Pu-238 can be determined by a—-spectrometry also - this
method seems to be better for breeder fuel (in general for Pu-238 concentra-
tions smaller than 0.1 %) under the condition that the Am=241 can be se

qexr

n
before 1.308;7, By the latter method the relative accuracy (10) of the Pu-238
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compared to Pu-239 and Pu-240 is sbout 1 %.

An improvement in the systematic error of calorimetry could be achieved
if more accurate values of the half life times and specific hest productions
of the different isotopes could be obtained, By this and by an improvement
of the determination of the isotopic composition of the material, the over-

all accuracy of the method could be improved,
The main advantages and disadvantages of this method are:

Advantages: The method is simple and can be adapted to different
geometries, It does not depend on self-shielding effects

(heterogenities), it can be applied for subassemblies also.

Disadvantage: The isotopic composition of plutonium must be known. The
V result is very sensitive to uncertainties in the Pu-238
and Am=-241 fractioms.

The method can not be used for U-235 and U~238,
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been developed. Some types (for SNEAK-platelets, for birdcages and pins) have
been tested and used, it is planned to construct calorimeters for pins and
subassemblies, which can be built on an industrial scale, and a combined device

for calorimetry and n-counting (see below),

Table 3-15 gives a survey of the existing calorimeters, the respective
number of measuring units, the normal Pu-content of one of these units, the
measuring times and the attained accuracies; the latter are the calorimeter
accuracies, it has to be kept in mind, that the accuracy is lowered about 0,5%
due to uncertainties about the isotopic composition of the material and the

errors in the specific heat values,

Table 3-16 gives two typical examples for calibration values of the calori-
meter for pins. They were obtained in a study of the parallelity of different
regression curves (straight lines) / 3.10 /. Each one of these curves is given

by yi = a + bxi.

The y, are given in thv;7; the x. in 17Watt;7, It was found by these
studies that the curves could be looked upon as parallel, which means that
the calorimeter has a good reprgducibility. Anyhow - for each new series of

measurements - new calibration curves have to be produced.
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It is planned to make the calorimetric method more tamperproof by a
combination with n-counting. Pu of fixed compesition has a defined heat
production 17W/g;7 and a defined decay rate th-decays/g secx;7° The quotient

of both can be used for checking the determined isotopic composition,

Some details about the studies on this method are given in paragraph 3.4,3

below,

3.4,2 Mass spectrometry

The method is being automized in order tc allow instrumental safeguards
control and to get better reproducibility of the results / 3.11_/. The auto-

matic analytical laboratory (AAL) is subdivided in four basic processes;

1. Sampling process
(Samples are diluted gravimetrically)

2. Chemical processing
(Mixing of samples with tracer for the isotopic dilution analysis,

U and Pu are separated on an ion exchanger)

3, Mass spectrometer

(Isotopic composition is determined)

i, Data processing
(The gravimetric, tracer and mass spectrometric data are evaluated)

As a consequence of the high activity of the samples and of the sensitivity
of the method (requiring 10-7g of U and 10_8 g of Pu) only small sample
quantities in sbout 1 ml samples can be admitted.

_ o

The mass~spectrometer, after automation, is expected to car

P, sk e

Y Oour w
measurements per hour or 48 measurements per day. Each sample is measured
four times in two parallel assays, each with and without a tracer, leading

to 12 analyses a day. All the other steps of the process are adapted to this

throughput.

3.4,3 Neutron counting

The basic idea of using the spontaneous fission for safeguards is to deter-
mine the amount of Pu-2L40 by this method. In fact it is not only the Pu-240
which is detected in this case but also other nuclides like Pu-238, Pu-2l2,
Am-242 and Cm-2hlh (see Table 3-17). The Pu~239 content can be deduced provided
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that the isotopic composition of the material is known, Since neutrons
from (a,n)~reactions can not be considered as a tamperproof signals,they

have to be suppressed by a coincidence technigue,

The coincidence counting rate is proportional to the square of the de-

tector efficiency which, therefore, should be high.,
Advantages and disadvantages of the method:

Advantages: The method is simple and cheap, the transparence of

the fission neutrons is good,

Disadvantages: By addition of a very small amount of Cm the result
can be falsified. For bigger amounts of fuel (sub-

assemblies) one has the problem of n-multiplication,

Some details about this method have been described in a report of ALKEM
1f3.13;7 in which the use of this method in connection with calorimetry has
been discussed. In this case, the counting is done by 20 BF3-elements which
are put in paraffin wax as moderating substance, The sensitivity of the

Ag,gggﬁfBEo:elementsgisgahout,Zﬂflmplinlcmf)#_Thegmeasuringgtimegisgaboutf204minu$esa———
2

The ALKEM is working on the electronic device which is needed for measuring
the coincidences, the first test measurements are planned for 1971, The de-
vice shall be part of the so—called kilo—-calorimeter, in which the Pu-content

in birdcages is measured.

Another high sensitivity n—counter was built at the "Institute for Neutron
Physics" of the GfK [f3.1k;7, High efficiency can be achieved best with
thermalized neutrons, However, in that case the relatively long neutron
lifetime requires wide coincidence gates which can lead to serious dead-time
losses, thus reducing the reliability of the measurement, Dead—time losses
can be avoided when the delayed coincidence technique of Rossi-a—measurements
is applied / 3.15 /. With adequate multi-channel analyzers every detector
signal opens the coincidence gate and for the counting rate in a gate of the
width At at delay time t / 3,16_/ this results in

2 —— =gt
n, {(t) = v jy.€58 v(v=1) 2
At 2 f°¢ =5 ce +(e fs f+ssns) At
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with
Sf = number of fissions per second
€p = detector efficiency
e, = detector efficiency for (a,n) neutrons
n_ = number of (a,n)=neutrons emitted per second
a = fundamental mode decay constant of the detector, higher modes

being neglected

YisY, = constants which are unity for dead-time free equipment and
smaller than unity in other cases

The amplitude of the exponential term is proportional to Sf and can be
2ko

used for the Pu~determination,

Preliminary test measurements were made with a number of test pins with -
varying plutonium concentration, inserted in a 120 em x 51 em x 51 cm block
of polyethylene which consisted of 3 cm x 3 cm and 1 cm x 1 em prisms of 120 em
length. Four 3He—counters were set around the pins. Measurements with different
pin-to-counter distances were made and a 32 channel analyzer based on the shift

register principle was used,

At the ALKEM=-plant s neutron counting method is used for wastes 1?3513;79
In collaboration with the GfK, investigations are carried out by ALKEM
to improve the performance of this method. The studies are concentrated on
different topics concerning the conditions under which the determination of

the amount of Pu should be possible:

Inside uranium or other shielding materisals,

)
ii) In waste-packages like those coming from glove boxes,
iii) In polyethylen bottles (4000 ml) for liquid wastes,
iv) For different arrangements and concentrations of fissile materials

and absorbers,
v) For different density and chemical form,
vi) Independent from geometrical order,

vii) With inexpensive devices with which quick and simple evaluation
can be made,

These requirements led to a measuring chamber covered by paraffin which is

located in the center of a group of BF3-elements°
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Proportional counters with 600 cm2 of active area each are installed
for external contamination control. The y-measuring instruments are located
in the upper part of the lock. Lamp panels indicate the following modes of
operation: Measurement on, end of measurement, repeat measurement, please
wait, a—-alarm, y-alarm, In addition to the a—- or y—alarms the electronic
system actuates another alarm upon failure of the measuring instruments or
when & door has been opened by force; this alarm is indicated in a control

room,

If an unduly high o-contamination is measured, a door facing the controlled
area opens., If plutonium carried along is detected, the doors are locked and

an alarm is actusated,

The limit for detection of a—-contamination is 50uCi/100 cmg and for Pu
cerried along it is 2 g shielded by 10 mm of lead (standard type) or
1 g shielded by 10 mm of lead (special type) or 100 mg in PVC,

It is planned / 3.13 / to study if the sensitivity for measurements on

- samples vhich are shielded by a greater amount of lead can be improved by

__ & combination with n-measurements. The problem which material is the best
for moderating the neutrons before entering the BF3-counters is under inve-

stigation.
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This device has been used in two safeguards experiments and its accuracy
has been found out to be about 10 %, It is planned to automatize and im-
prove the method with respect toitamper-proofnessg Some results about the

origins and values of errors have been published in 173013;70

The reproducibility of the method seems to be quite good, the standard de-
viation for a series of measurements was found to be 1-2 %, These results
are valid only for nearly the same amount of Pu under constant conditions,
The influence of a different spatial distribution has also been studied,
It came out that the measuring device should be modified in order to allow
a good determination of the Pu content of a sample independent from the
position of the Pu inside the sample, Until now in different tests, standard
deviations due to the different positions in the order of 5-10 % were found,

The influence of an addition of other materials will also be studied.

For the analysis of waste by n—counting, Table 3-18 gives a survey of the
attained coefficients of variation as a function of the Pu-amount under study.

The results are reproduced from / 3.6 /.

In another investigation / 3.17_/ the detection of fissile material in a

simulated scrap barrel was studied with a pulsed source of neutron and the
delayed n-technique. The sensitivity of the resuit with respect to the loca-
tion of the fissile material in the barrel and the density of the filling
material (iron and paraffin) was investigated, Moderated and unmoderated tar—

gets were used,
This active method looks promising for the future,
3.4.4 TI'-Lock

An effective control for small amounts of plutonium carried along by a
person is possible by means of a y-lock developed by ALKEM in collaboration
with the GfK /3.10, 3.13 /.

The lock can be installed at any place. It consists of a cell with two
pneumatically operated swivel doors opposite to each other, the required
pneumatic system and an electronic control unit, When set up in the entrance
and exit of a control area it can be used to control all the in— and out-
going personnel. The necessary measuring instruments are installed and con~

nected with the automatic system so that they cannot be evaded.
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MBA 2 Conversion (Interim storage)

Inventory : 160 kg Pu
Waste: = 5 %
Residence time: 30 - 58 d

Flow Interim storage Production Control
E: 5-1o0 b/d
lo-20 kg/d
Locking in

A: Samples _

18258 R{%a

M: Volume 3

lol + 1 ecm
Density

4
v

A: Bottles
Mixing tank Mixing
160 kg 2 d: 160 kg
A: Waste
0 - .5 %
A: 1-2 b/d
5.3-8 kg/d
E = Input
A = Output
b/d = batches per day
M = Measuremen
A = Analysis

Tab. 3 - 1 : Informations on the plant operator's MBA 2
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MBA 5 Conversion

Inventory :
Waste
Residence time:

9 kg Pu
3 -5%

0

8 - 16 h

Flow Interim Storage Production Control
E: 1-2 b/d
5.6-9.1 kg/d
Precipitation
1-2 b/d

R: Precipitatioj
5-1o0 %

v

- E:Containers——{-

5.6-9.1 kg/d

A: Sample

A: Waste
3-5 %

A: 1-2 b/d
5.4-8.6 kg/d

Calcination
1-2 b/d
5.6-901 kg/d
Empty containers
W: 2 kg + .1 8
We Full containers
* 3 kg + .1 g
A: Pu
Random samples
R = Recycling
= Weighing

Tab., 3 - 2: Informations on the plant operator's MBA 5
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MBA 6 PuO,.-powder (®Powder pre

2

paration)

Inventory: 45 kg Pu
Waste 1%

Residence time : 7 - 9 a4
Flow Interim storage Production Control
E: 1 b/6-8 d
22 kg/d
Locking in
5-1lo b/d
22 kg/d
Containers 22 kg
W:Full containers
kgt .18
. A: Pu,Isotopes
A: Sample Random samples
W:Empty containen
kg + .1g
A: Containers | = o -
W: Full shells
5 kg + .1 g
Calcination
1 b/d; 22 keg/d
W: Full shells
5 kg + .1 g
R: Calcination
Homogenizator Homogenization
4} kg 1 b/d: 44 kg/h
A: Sample A: Pu, Isotopes
Determinatio? of [W: Pu02-powder
doses; 2-5 b/d .1
5.4-8.5 kg/h 2kg+ -8
A: Waste
=1%
A: 1 b/d

Tab. 3 - 3:

Informations on the plant operator's MBA 6




MBA 7 Scrap ( Powder preparation)

Inventory :

: 8 kg Pu

Waste: 1 - 2 %
Residence time: 1 - H g
Flow TInterim storage Production Control
E: 5 - 20 b/d
6 - 1.6 kg/d
W. Full containerp
8 kg + :1g
Containers 8 kg
Milling
2-5 b/5 d
.6-1.6 kg /d
W:Empty containerg
8 kg + .1 g
A:Containers
Screening
R T S B o s s S e ——
.6-1.6 kg/h
R: Miliing
5-10%
Homogenization
1b/54d
.6 - 1.6 kg/nh
Containers 8 kg
[VA: Sample Az Pu /il
Determination of W: scrap
doses 2-5 b/d kg + .1 g
.6-1.6 kg/h N
A: Waste
1 -2 %
A: 1 b/d
.6-1.5 kg/d

Tab. 3 - 4

Tnformations on the plant operator's MBA 7
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MBA 8 Green pellets (Powder preparation)

4 kg

A: continuously

G

5.8-9.6 kg/d

Inventory: lo kg Pu
Waste 2 -4 %
Residence time : 8 h
Flow Interim storage Production Control
E: 1 b/d
6-1o kg/d
Storage lo kg
Mixing
4 p/d
6-lo kg/d
Mixing
1 b/d
6-1o kg/h
A: Sample A: Pu/U
W: Empty contai-
e ners 8kg + 1 g
W: Full contai-
ners 8 kg + 1 g
1
Pressing
4oo b/h
6-1o kg/d
A: Waste
scrap
2-L%
E: Baskets
Baskets

Tab. 3 - 5: Informations on the plant operator's MBA 8
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MBA 9 Sintering area (Pellet production)

Inventory :
Waste ¢ -

Residence time @

lo kg Pu

24 h

Flow Interim storage Production Control
E: continuously
5.8-9.6 kg/d
W: Full baskets
15 kg + .1 g
Storage 5 kg
Sintering
1 b/h
5.8-9.6 kg/d
W: Full baskets
15 kg + .1 g
A: 1 b/h
5.8-9.6 kg/d

Tab. 3 - 6: Informations on the plant operator's MBA 9
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MBA lo Grinding

area (Pellet production)

Inventory: lo kg Pu
Waste: 3 - 6%
Residence time ¢ 3 - 5 h
Flow Interim Storage Production Control
E: 1 b/h
5.8-9.6 keg/d
Storage
lo kg
W: Empty baskets
8 kg + 1 g
A: Basket
W: Pellets
50 g + .00l g
M: Height
2 cm + .00l cm
Random”samples
A: Waste
scrap
1-2%
Grinding
continuously
5.8-9.5 kg/d

A: Grinding
waste
2 -4 %

A: continuously
5.7-9.1 kg/d

Tab. 3 - 7: Information on the plant operator's MBA 1lo
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MBA 11

Pellet columns (Pin production)

Inventory: 9 kg Pu

Waste: 2 - 4 %

Residence time: 4 - 5 h

Flow Interim storage Production Control
E: continuously
5.7-9.1 kg/d
-Z: Pellets
M: Pellet-Geom.
2 cm + .00l cm
W: Pellets
50 g+ .00l g
. A: Pu, Isotopes
A: Sample Random samples
Composition of
columnsl-3 b/min
A4-1.5 kg/h
| Transfer device} =
- 1 kg
M: Length of co-
{ lumns3ocm +.olcm
Compensating pel-
lets 6 kg
W: Columns
5 kg + .05 g
E: Palette
Lifting device
2 kg
A: Scrap
2-4 %
A: 4 b/h ,
5.6-8.7 kg/d
Z = Counting

Tab. 3 - 8 : Information on the plant operator's MBA 11
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MBA 12 Cladding technique (Pin production)

Inventory: 5 kg Pu
Waste::2 - 4 %
Residence time: 5 - 6 h

Flow Interim Storage] Production Control

E: 4 b/h
5.6-8.7 kg/d

Drying
4 b/h
5.6-8.7 kg/d

E:Cladding

Filling
lo-15 b/h
5.6-8.7 kg/d

Length of column
4.5 m+ .3 cm

A: Palettes

‘M: Contamination]

Pecontamination
lo - 15 b/h
5.6 - 8.7 kg/d

E: End caps

Welding
lo - 15 b/h
5.6-8.7 kg/d
M: Contamination
Decontamination
lo - 15 b/h
5.6-8.7 kg/d
Locking out
lo - 15 b/h
5.6-8.7 kg/d
E: Palettes
Fuel pins
2 kg
A: Scrap
2 -4 %
A: 5-16 b/d

5.5-8.4 kg/d

Tab. 3 - §: Information on the plant operator's
MBA 12
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MBA 13 Quality control

Inventory: 5 kg Pu
Waste: 3 - 5 %
Residence time: 4 - 8 h

Flow Interim storage

Production

Control

E: 5-16 b/d
5.5-8.4 kg/d

M: Pressure

3-5 b/h

M: ieak
1-3 b/h
5.5=-8.4 kg/d

M: Splits
1 b/h
5.5-8.4 kg/d

Palette 2 kg

A: Scrap |
3-5 %

A: 4-10 b/d
5.3-7.9 kg/d

M:Contamination
2 b/h
5.5=-8.4 kg/d

M:Geometry
4-lo b/d

5.5-8.4 kg/d

Tab. 3 - lo : Information on the plant operator's MBA 13
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MBA 4 Recovery

Inventory: 8 kg Pu

Waste: lo-20 %

Residence time: 5 - 17 4

Flow Interim storage Production Control
E: 2-4 pb/a
3-1.1 kg/d
W: Waste
2kg+lg
Dissolving
2-4 b/4
3-1.1 kg/2 d
Tank 1 kg
Reduction
1 -2Db/d
.3-1.1 kg/d
Purification
1-2 b/4d
3-1.1 kg/d
Concentration
1-2 b/da
.3-1.1 kg/d
A:_Pu
A: Sample Random sampleq
R: Reduction
lo - 40 %
Tank 5 kg
A: Waste
lo-20 %

A: 1 b/5-17 4
5 kg/d

Tab. 3 - 1l: Information on the plant operator's MBA &4
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MBA 3 Waste storage

Inventory: lo kg Pu
Waste: 5 - 20 %

Residence time: 2 - 8 d

Flow Storage Production Control
E: 5-20 b/d
.3-1.2 kg/d
n-measurement
58+ .1sg
Identification
5-20 b/d
.3-1.2 kg/d
Storage lo kg
A: Loss
5-20 %

A: 2-% bp/d

****** — o=l kg/d

Tab., 3 - 12 : Information on the plant operatoy's

MBA 3
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Table 3 - 13: Heat release due to - decay

Nuclid Heat production Relative fraction Heat per g
of decay in Na-breeder fuel of fuel
/We 7 /"% of total fuel / Wg /
- - " weight/ - -
U-235 5.6'10-8 0.23 o.oooool-lo-4
U-238 8.5+1077 82.1 0.00007 » 1o~
Pu-238 5.,7.10-1 0.018 l.o’-Lflo"'4
Pu -239 1.9.107> 12.3 2341070
Pu -240 ’7.0'10-3 4.5 3.15.10:3
Pu -241 3.6 107" 0.7 0.25.10
Pu -242 1.2'10=4 0.14 0.002-10=4
Am-241 1.1+107} 4.8 1077 6.053 10"
Cm-242 ~l.2110°
Cm-244 ~2,9-10°
loo 6.84 10"4

The Pu isotopic vector of breeder material is:

Isotope %

Pu-238 o.1

Pu-239 69.6

Pu-240 25.5

Pu-241 4,

Pu-242 0.8

Am-241 24 4 1072

The fraction of Pu-238 was estimated according to 1-3,4_7énd
/3.5 7.

The U/Pu quotient in Na~breeder fuel is about 5 : 1,
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Table 3 - 14 : Heat production and overall error in the
measurement of calorimetry on account of
various sources of error

Isotope % error heat production watts

%

( 18- value)

Conc. w/g of isotope

Pu38 0.27099 1.3 0.569 0.001542
Pusg, 75.492 0.21 0.001923 0.0014517
Puy, 17.9703 0.56 0.00703 0.0012633
Puy 1 4 ,8261 0.97 0.0045 0.0002172
Puy, 1.0704 1.3% 0.00012 1.28 10-6
e Amy 03699 15 —0:l084——o.oookol

Total (on account of
Pu~-isotopes and Amqu) 0.45 0.00488 w/t

Error on account of
reproductibility 0.6 - 1.0

Total error ¥ 0.8 - 1.2

*’In this-value systematic errors are not taken into account




38

Table 3 - 15 Relevant data on existing calorimeterszf3.9_7

platelet
calorimeter

powder
calorimeter

pin
calorimeter

volume of

50.7x50.7 X

190 mm diameter

big enough for about

N 3 200 mm height 20 pins of 1,2 m
g?igmiiig 6.3 mm (equivalent to length and 15 mm dia-
one bird cage) meter

number of
measuring 5 1 1

units
amount of 32 g up to about 3 kg up to about 20 * loo g
Pu per unit = 2 kg
measuring

time 6 h 2 h 6 h
attained :
accuracy + 0.2% + 0.1 % + 0.3 %

& In estimating this value systematic errors were not taken into

account




Table 3 - 16

Calibration curve 1

Calibration values for the powder calorimeter

Hg?gnp;932€§ 1,004 2,001 2,499 | 2,800 3,000
Lu /mv_7 |318,00 |120,20 | 21,841 |-38,865 |- 77,398
318,22 |119,43 | 21,690 |-38,297 | - 77,601
317,20 |119,59 20,840 |-38,183 | - 77,848
v 317,81 |110,74 | 21,457 |-38,448 | -77,616
Calibration curve 2
Heat produc-
tion /Watt /| 1l,004| 2,00l | 2,500
Au / mv_7 317,95 |120,68 | 21,370
317,80 |[120,21 21,147
318,47 (120,62 21,216
Yi 318,07 [120,50 21,244
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[ >3.12_ 7

Table 3 - 17 Santaneous fission of different nueclids

Element | Spontaneous neut- | Relative compo - Relative composi-
ronrate with ref. | sition of Pu for| tion of the rate
to Pu 240 a typlcal breeder of spontaneous
Va n 7 reactor ~fission neutrons
~ g sec - for a typical brees

der reactor

Pu 238 2.46 0.2 1.9
Pu 24o 1.00") 25.5 93.1
Pu 242 1.66 0.8 5.0
Cm 242 2.00 . 1ot o ++) _p )

1.7 ° 1o
Cm 244 1.03 lo4 O++) 5 +++ )

1.37 + 1o |
+) absolute 1.38 10
++) fresh fuel m
+++)after a burn-up of 8o ooo—W_
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Table 3 -18 Coefficients of variation for the measurerne:
the waste stream as function of the Pu-amount£{75.6:7

Pu-amount 0.2 0.5 l.o lo.o
/8 _/

Waste /78_7 9.814 24,534  49.067  490.677
Coefficient of 14.6 7.51 4 .92 2.04

variation /~ %_/
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4, Simulation

4,1 General remarks

The simulation can be a tool to find out those parameters of the plant
operation which have the biggest influence on the accuracy of the calculated

inventory and the detection of an eventual diversion [fh.t;7.

In the framework of the simulation of a fabrication plant, it is desirable
to analyse the design and operation features of such a plant in some detail
and in close collaboration with the operators of an industrial plant so that
realistic conditions can be used as a basis for simulation, After that the
results may be extrspolated for a more genersl application to other plants

of the same type.,

4,2 The subdivision of the plant for the model

For the simulation model it appeared desirable to divide the plant

into the following MBAs (Fig., L4.1):

1 Conversion

2 Powder preparation

3 Pellet production

4 Pin production and quality contrcl
5 Analytic laboratories snd recovery

6 Product storage

The flows of the main storages were not included in the model studies as the
input and output of these can be described very easily and are subject to

special safeguards.

It is to be emphasized that the subdivision of the production line into

the remaining 5 MBAs would not necessarily lead to 5 MBAs for safeguards
purposes. But for the parameter studies it seemed promising to include all
information which is available when the plant is running and to decide later
which information is really necessary for safeguards. As described in chapter 5
the production units 1-4 can be put together as one material balance area if
one excludes 'interim storage parts' imside all these units, which contain the

greater part of the material. These 'interim storages' should be considered
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in the same way as the main storages, as they are safeguarded in the same
manner. In unit 5 only small amounts of fissionable material will be present.
It gives a third MBA,

The three material balance areas

I Storage area
II Production srea

III Analytical and recovery area
are indicated in Fig. 4.1,

The analytical laboratory is not taken into account in the simulation model

since it contains a very small amount of nuclear material,

4,3 The mathematical relations used in the model

For the simulation model the formulae from/ 4,2 / were taken as a basis

" for a first very rough spproximation., In this concept the different units
of a fabrication plant are considered to consist of a machine and a storsge
part as shown in Fig. L4.2a.This storage part is not identical with the 'interim
storages' mentioned before, The characteristics of these parts describe the
behaviour of the units., The 'storage part' has been introduced in this connec-
tion because most of the working units of the production line need a minimum
content (HMIN (I)) for the production step performed by the machines. This
can be a rather small quantity. For the press e.g. it is the amount of fuel
to form 11 pellets, for the sintering furnace it may be several hundreds

of pellets etc.

In contrast to these, the ‘in
considerations since the plant operator requires a certain amount of material
inside the working units as a sort of reservoir in order to avoid an interrup-
tion of the process in the case when one unit does not work regularly. Since
these 'interim-storages' contain a large quantity of material, they require

special safeguards procedures as discussed in chapter 5.

The working characteristics of the process units are shown in Fig, 4.2b,
Each unit has been assumed to start operation only after a certain minimum

hold-up has been reached.
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In the model the different units are connected sequentially in a flow

diagram where,at output ki of each unit, five possibilities are fore-

seen for the material flow, They are shown in Figs. 4,1and 4,3 and also
in Table kU=-1,

Tgble 4=1: Main streams in the production line of the model

Symbol in the text Symbol in the
program (Fig.k,3)

a) Output from unit I / kg/d_/ : OKMAX (I)
b) Recycling via recovery / % 7 x; RKAPPA (I)
¢) Recyecling to dry recovery in

unit 2 / %_/ rs RDRY (I)
d) Interim-storage of material

for a certain time / %_/ 83 zLs (I
e) Diversion / % _/ a, ABZW (I)

For all these flows one has:

k., = k.(s,+d,) + ki{x, +r, !
i i 1 1 i i 1 1

+
]

with:

f = gt -
ki ki {1 85 di)
k!'= k! (1=x.-r.)

b T i 1

In the simulation program ki is called OKMAX(I), k{ = OKMA(I), and k£'= OKRA(I),

L, 4 The main parameters used in the model

The amounts which were taken as possible realistic approximation of

the corresponding quantities are listed in Table 4-2,

Table 4=~2: Main parameters of the simulation model

Unit: k. X r. Z sg
i (kg PuO,/day) | (% of ki) | (% of ki) . (% of k;)
1 10,00 -k 0 § 40
2 10,00 3 0 % 50
3 10,00 0 5 | 60
L 9,00 T 3 | 60
5 0.30 20 0 g 20
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The meaning of the different quantities included in the table is indicated

in Fig. 4.3, where all the streams which occur between unit I and unit I+t

are given. It is to be noted that a diversion has been assumed to occur from

a flow and not from an inventory. Different values for di(ABZW(I)) were studied
in course of the programm and are discussed below. The program PUFAB is attach-
ed in Appendix I,

4,5 Simulated campaigns

For the campaigns of the simulation it was assumed that at the begin
of each campaign the whole plant was empty (HOLD = O) so that the interim-
storages had to be filled first, It is clear that the rather big amounts of
material which are set as limit values for the contents of the interim storages
(HHALB (I) in the program) correspond to a campaign longer than 25 days (this
period was chosen for convenience in the computer print-out only), On the
other hand, the attained values for the interim-storages show that it could be

useful to control these amounts in periods of about L weeks,

In the present first approximation of the model, the interim storages are

“handeled in & Very rough mannsr;they are filled at the beginning of & campaign

e 1
as reservoirs by introducing a fixed part of the stream into them (ZLS (I)-

o

OKMAX (I)) inside the concerned unit. In the program, a possibility of varying
this percentage of the stream is foreseen. These reservoirs are built up in
order to allow a more stable running of the plant. When the sum of the recycled
stream to the interim storage has reached or exceeded the prescribed value
(HHALB (I)) the stream into them is set = O (ZLS(I) = O). But when their con-
tent is consumed in course of the campaign they are not filled up again - intro-

ducing this operation would be one of the first steps in improving the model,

In running the program the condition of the whole plant is examined

in fixed time intervals of 0.5 days. This procedure gives a batch-wise des-
eription of the process., In order to give a better approximation of a conti-
nuous description, the time intervals could be decreased, At the end of each
time intexval a& decision is made for every unit of the plant on whether an
output is possible, i.e. whether the content of the unit has reached the pre-
scribed minimum value (HMIN (I)). According to the conditions at this step

the next "batch" is evaluated. For the next time interval the whole procedure
is repeated. According to the conditions of the interim storages the flows into

them are fixed,
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In the following two main possibilities of operating the plant are

studied:

1) Diversion free conditions

2) Diversion conditions,.

4,5.,1 Diversion free conditions

In order to simulate the measuring errors and normal operation variations
inside the production line, different flow rates were varied in a series of
simulated campaigns. All other parameters listed in Table L4-2 were kept con-

stant during this variation of the one parameter under study.
a) Variation of the input

Under the assumption that the normal input to the production line is a
measurable quantity the actual distribution of which can be described by a
normal distribution with mean value = a and sum of the variances =c for the
two variations mentioned above, normally distributed random numbers for

_ A,W,,,themquantity_undep,study,were,generated,}Z.ﬁTheseugenerated,numbersufornthew,”w,ﬁ,,ﬁ,ﬁ
input value were taken one after the other as input quantities for a series
of different campaigns. For each campaign the hold~up of the different units
and of the whole plant as well as the accumulated recycles to the single interim
storages inside the units were calculated and printed as a function of time (see
Appendix I). By this model one can study the distribution of the nuclear material
inside the plant at each time for a distinct set of parameters, and by a com-
parison of different campaigns one gets a survey of the influence of the

veriation of input on the various inventories.

Fig. 4.4 gives the frequencies of the random-generated values for the
input quantity XNULL = with b} events only, this distribution comes very near
to the GAUSS distribution with a = 10,0 and 0 = 0,05 vhich is meant to des-
cribe the actual distribution., Fig. 4.5 gives the values for the hold-up of
unit 1 as a function of time and the three cases XNULL = 9,128 kg/d, XNULL =
10,009 kg/d, and XNULL = 10,834 kg/d., These three values were chosen because
they lie at the lower end (9.125 kg/d), in the middle (10,009 kg/d) and at
the upper end (10,834 kg/d) of the simulated GAUSS distribution given in
Fig. .k,

1)‘I‘he subroutines RANDU and GAUSS used for this purpose are taken from 1?&-3;7°
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If XNULL has the highest value (10,834 kg/d) the content H (1) is a con-
tinuously growing function of time - only the slope becomes smaller at

time = 21,5 d when the interim storage in unit 1 has reached the prescribed
content and therefore no further stream to this storage is necessary so that

the output stream of unit 1 becomes greater (Fig. 4.3).

For the case XNULL k= 10,009 kg/d at the time = 21,5 d, a balance of
input and cutput is reached so that no further variation of H (1) can be

cbserved,

For XNULL = 9.128 kg/d after the filling of the interim storage ZL (1) the
output OKMA (1) becomes bigger than the input XNULL sc that H (1) begins to

decrease,

Since the output quantities for all the units have prescribed values and
the input flows to the interim storages in the units are fixed percentages of
these quantities, this is the only influence of a change in XNULL, Of course
the total content of the production line is & linear function of XNULL - at

least ih the model,

b) Variation of the output capacity of unit 3
In the same way as for XNULL the variation of any of the figures given in
Table 4=2 has an influence on the working of the whole production line, As
another example, the influence of a variation of the output capacity of unit 3
OKMAX (3) is studied. This unit was chosen since it was learned from the
operator that a variation in the running capacity of the sintering furnace
inside this unit is quite probable, The results of this study are given in

Figs. L.6a - 8.

It is obvious that a variation in unit 3 can influence unit

3
ng units only. Since no direct flow from unit 3 to unit 5 has been foreseen

e

x, = 0,00), one has no influence on the content of this unit.

—~
w

The content of unit 3 H(3) is a rather complicated function of time,
According to the running conditions prescribed by the model, the value of H (3)
oscillates between different values for times > 11,5 days, (In order to des-
cribe this function more accurately it would be necessary to choose smaller
time intervals.) The lines, between which the values are oscillating, have

different slopes for the three values of the parameter OKMAX (3), Fig. 4.6b

is a survey to give these features more clearly,
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From Fig. 4.6a one sees that the influence of the variation in the flow
inside unit 3 OKMAX3) is different for different times., To indicate this,
error bars have been drawn at the times 12 days (very large difference in
H(3) between the three studied cases), 20 days, 21.5 days (very small differen-
ce) and 22 days. Following such indications, a convenient day for an eventual

physical inventory taking could be choosen,

It is quite clear that the oscillations in the content of unit 3 are an
effect of the relation between the limit values for the interim storages of
this unit and the units before, In the program they were chosen as HHALB (1)
= 80 kg, HHALB (2) = 100 kg and HHALB (3) = 20 kg respectively. Since it
takes quite a long time until the interim storages ZL (1) and ZL (2) are filled,
it taskes the same time until a really steady state for the three units 1,2 and
3 is reached, Up to this time the outputs of units 1 and 2 (input to unit 3)
are much smaller than the normal output of unit 3 so that this unit cannot run

in a stable manner,

Fig. 4.8 shows that the interim storage of unit 3 ZL(3) is filled until a cer-
tain fixed accumulated input (HHALB (3) = 20 kg) is reached or exceeded. Since the
;éétigfméﬁé flow into the interim storages is done in fixed time intervals
(0.5 days in the model) the reached final values can be different, These values

are therefore a good indication for the actual value of OKMAX (3).

If one checks the values of ZL (3) and OKMA (3) (see the indicated 'measure=-
ment points' in Fig. 4.3) one can evaluate the actual value of OKMAX (3). In
some cases it could be possible to draw a conclusion sbout an irregularity

by making these considerations,
¢) Considerations on further parameter variations

It would be quite interesting and of course also necessary to study the
effect of a variation of all the figures given in Table k-1 and also the
effect of a combined variation of several parameters, Another important varia-
tion type which should be studied is a time dependent variation of one or
several parameters, But before doing so this first approximate simulation
model should be tested by a comparison of theoreticgl and actual results,

However, this can be done only after the production line goes into operation.

The model was constructed to give an outline for studies on the flow
characteristics, but it does not seem reasonable to make a sophisticated

analysis by a theoretical model without knowing if it is good enough for a
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real description of the production process.

4,5,2 Diversion case

On the background indicated by the results given in Fig, L4.,5-8 the varia-
tions according to supposed diversions can be tested. The results are given
in Figures 4,9-4.18 and Table 4-~ki, Table 4-3 gives a summary of the cases
without and with diversion which have been studied and the corresponding

figure numbers,

Table 4-3: Summary of studied cases

Varied influence see
parameter on figure
input XNULL hold=up H (1) 5
working capacity of
unit 3 hold~up H (3)
OKMAX (3) hold-up H (k)

interim storage

zL (3) 8

~diversionat — — ”"hold;up’ﬁu(1)“’ g § -

unit 1 hold-up H (2) 10
ABZW (1) hold-up H (5) 1
diversion at hold-up H (2) 12
unit 2 hold-up H (3) 13
ABZW (2) held-up H (5) 14
diversion at hold~up H (3) 15
unit 3
ABZW (3) hold-up H (k) 16
diversion at hold-up H (L) 17
unit L4 hold-up H (5) 18
ABZW (L)

It is important to keep in mind that the H (I) are the values which can be
computed from the measured OKMA (I) and OKRA (I-1), The theoretically expect-—
ed contents of the units are HSOLL (I). If there is a diversion between the
units I and I+1, one calculates H (I) higher and H (I+1) lower than for the
normel case. The actual contents under 'diversion conditions' are HSOLL for
unit I (the diversion does not influence the content of the unit before) and

H for unit I+1 (for unit I+1 the actual content is calculated because in
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the model the diversion is supposed to take place before the measurement
point for OKRA (I)). This effect can be seen in Fig. h,9, With ABZW (1)

= 0,00 one has the 'normal'case i,e.,no diversion. For ABZW (1) = 0,02 or
0.10 it seems that the content of unit 1 is growing faster than normal be-
cause at the measurement point in between unit 1 and 2 a smaller output of
unit 1 is measured. (OKRA (1) becomes smaller than in the 'normal' case
and so a bigger H (1) is calculated as difference between fixed input and

changed output.)

For a diversion of more than 10 % at this point (output of unit 1) the
input to unit 2 would not be big enough compared to the prescribed output
value of this unit; in this case an alarm would occur, which is simulated
by an interrupt and printed message in the normal course of the progranm,
cf, also Table L-L below.

In Fig, 4.10 the different values of the parsmeter ABZW (1) are shown
together with their influence on the content of unit 2, After 5.5 days the
output of this unit begins and so in all three considered cases of ABZW (1)

the rate of increase of H (2) changes, In the case ABZW (1) = 0,00 and ABZW

T T T T ey

(1) = 0.02, only the slopes of the curves are changed., In the third case,
vhere the input to unit 2 is the smallest, the output becomes greater than
the input so that H (2) decreases, In this special case H (2) falls down to

a value which is smaller than HMIN (2) i,e., the content which is fixed as
minimum working content (cf. Fig. 4.2), at this time the output stops and

the unit is filled up again so that a new output is possible at time = 13,5 d.
At time = 21,5 d the input becomes bigger, since ZL (1) is filled (see above),

and due to this fact the input of unit 2 becomes bigger.

Since the output functions of the units 3 and 4 are not changed by a

variation between units 1 and 2 (only one parameter of table 42 is changed
n

in each of the studied cases) one has no influence on the content of these

[
n
n

units by variation of ABZW (1), A timeshift of the filling of these units
could be the result of the cange in unit 2, But with the chosen time inter-
vals it could not be observed. For the aspects of this question table L-k

gives some results which are described below,

The influence of this variation of ABZW (1) on unit 5 is rather small,
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For Figs, 4.12-18 one can say in general that each of the studied
diversion strategies changes the hold-up functions for some units of the
plant. Specially the slope of the curves themselves or of the curves,bet-
ween which the hold~up is oscillating,is quite sensitive - see e.g, the
different slopes in Figs. 4.9, 4,10, 4,12, 4,13, 4,15, 4,16, 4,17, The
relation between different slopes in the curves themselves for the varia-
tion of one parameter is a direct measure for the different ratios of the

diverted streams, see e.g, Fig. 4.9,
4,6 Results

Apart from studying the single figures in which the influence of the
change of one parameter on one unit of the plant is shown, one can try to

compare the different figures under different aspects.,

4,6,1 Diversion cases only

It is interesting to see (a) on which unit a special diversion has the
biggest influence or (b) which strategy of diversion has the biggest in-

fluence on a special unit,.

For (a), it comes out that the influences (if there are influences on
the respective units) on units 1 and 2 are quite large; on units 3 and L
they are smaller but allow also at least the conclusion that there is an

irregularity. For unit 5 all the variations have rather a small influence,

On the other hand for (b) one can say that e.g. for the content of unit
2 H(2) a diversion at the output of unit (1) seems to have a greater in-

fluence than that at the output of unit 2, ef, Figs. 4.10 and 4,12,

For unit 5 the influence of diversions after units 1 and 2 have more
influence than a diversion at the output from unit 4; a diversion at the

output of unit 3 would have no influence on the content of unit 5,

For a diversion at unit 1 the influence on the content of unit 5 becomes
visible after sbout 3 days (s. Fig. 4.11), for a diversion at unit 2 after
about 7 days (s. Fig. 4.14) and for a diversion at unit L4 after about 14 days -
all these time intervals counted from the beginning of a campaign, The indi-
cation would be given by a difference between calculated and real inventory

at this time,
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4,6.2 Diversion free and diversion cases

For all the cases shown in Figs, 4.9-18 one can see a more or less
significant difference between the normal cases (ABZW (I) = 0) and those
cases in which a diversion has been simulated., In some special cases (see

above) one can even decide which kind of irregularity has been introduced,

One of the special aims of this study is to compare the irregularities
which originate in diversion with such 'irregularities' which come from the
normal variation of process parameters, As has been shown in Figs, 4.5~8 also
these variations change the hold~up functions of some units of the plant. In

this study only a few particular cases have been investigated.

It comes out that e.g. a diversion of 4 % of the output from 3 changes
the normal hold-up values of the unit 3 to the same extent as a normal varia-

tion of the output capacity of unit 3 (cf, Figs. 4.6 and 4,15),

This variation in ABZW (3) has a greater influence on the content of unit 4

H (4) than the normal variation in OKMAX (3) = c¢f, Figs. 4.7 and L,16,

Another indication for an irregularity can be given by the times at which
the different units of the plant begin to work, as indicated in Fig. L.2,

This time is a function of the content of the units.

Table L~k gives a review about the influence of supposed diversions on
these times for the different units and the influences of different input

XNULL as comparison,
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Table 4-4 : Influence of diversion (ABZW (I) ) on the
starting times for the units 1 - 4,

ABZW (1) T (1) T (2) T (3) T (4)
% (d) (a) (d) (d)
0 0.45 4,79 6.85 13.43
2 " 4,93 7.00 13.58
4 " 5.10 7.16 13.74
6 " 5.27 7.33 13.91
8 " 5.46 7.52 14.10
10 " 5.66 7.72 14.30

12 operating conditions instable
ABZW (2)
%
2 0.45 4,79 6.3%9 13,51
4 " " 7.03 13.61
6 " " 7.13 13.71
& vt T2k 13.82
10 _ " " T.57 13.95
12 operating conditions instable
ABZW (3)
%
2 0.45 4 .79 6.85 13.77
4 " " " 14,16
6 operating conditions instable

For comparison:

XNULL =
9.128 kg/d 0.49 4 .88 6.90 13.47
XNULL =
10.009 kg/d  0.45 4.79 6.85 13.43
XNULL =

1A O=h 1o /a ~
1UV.009 Kg/a U.4 <

=
—~J
(0))
(o))
o0
n
'_..I
A
Feg
O
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Apart form this the table gives the ratios of the diversion streams
at the different units for which the model plant cannot work in a steady
state, It is to be stressed that this indication of an instability is to
be taken to be valid only within the approximations of the model and for

the conditions given in Table L4-2,
4.7 Conclusion

As a conclusion one can say that a simulation model can give results about
the influence of different variations,which can be due to normal operation
changes as well as to diversions,on some characteristic variasbles of the plant,
as e.g., the hold-up of the single units or the content of interim storages.
Alsc the material flows at different points of the production line can be
calculated (see 'measurement point' in Fig, 4.3) and compared with actual
measurements., Of course the model results can give only indications for the
reasons of an irregularity. It is not possible to infer to the special condi-

tions vwhichhave led to an irregular state,
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Fig. L, h: TFrequency histogram of the LL values used as anut stream

obtained by a random choice for a Gauss dxstrnbutlon ‘with mean
value AM = 10 kg/d and standard deviation ¢ = O 5 kg/d
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5. Structure of a safegusrds system for the fabrication plant

5.1 Safeguards measures

5.1.1 Cantainment

As indicated in section 3 the building of the fabrication plant, in which

the production and storage parts are housed, forms a containment,

Besides several emergency doors, normally closed and equipped with alarm
devices, there are only one entrance and exit for personnel and another for

material.

The personnel passage is monitored by a gamma lock (see section 3,L4), the
material door by an alarm device also, The indicating parts of all devices for
monitoring the doors are installed at the safeguards office. These measures
therefore ensure that any uncontrolled fissile material leaving or entering

the building can be detected with a high probability.

Similar alarm devices as mentioned above are alsc installed at the main

storages within the plant.,

5.1.2 Material bslance

5.1.2.1 Determination of MBAs

It can be seen in section 3 that for economic and safety reasons 15 MBAs
have been provided by the operator in the ALKEM type plant. However, such a
large number of MBAs is not reguired for safeguards purposes. It will be
expensive and intrusive. On the other hand, only one MBA in view of the large
amounts of fissile material normally being within the plant, would not give

sufficient information,

An analysis of the plant layout and operation shows that there are three

different kinds of operational activities. These are:

The storage of fissile material,
the production process and

the service installations involved.

According to these activities three MBAs seem to be appropriate for safeguards

purposes :
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MBA 1 - the storage area (Fig. 5.1-1)
MBA 2 - the production area (Fig. 5.1=2)
MBA 3 - the area of analysis and recovery (Fig. 5,1-3)

50142.2 Flow of fissile material

The places, at which the flow of fissile material into and out of the
MBAs has to be safeguarded,are indicated in Figs., 5.1-1, to 5,1=3, A list

of these places is given in Tab,5-1,

Two additional measures are provided in this connection:

5.1.2.,2.1 Additional installations in the MBA production ares

Because of the large amounts of material kept as interim storage at
three places (1 in conversion and 2 in powder production), the amounts

in these interim storages are recorded st the safeguards office,

Moreover the flows of fissile material from two other places within this
- -MBA (namely green and sintered pellets) are recorded in the same way
(see Fig. 5.1=2 and Tab, 5-2). A comparison of this information with the

simulation data (section 4) may indicate possible irregularities,
5061.20:2,2 Random measurements

In accordance with the plant operator's usage for different streams of
fissile material, only random measurements asre required, e.g. for the input
stream of the plant in view of possible shipper receiver differences., The

number of random measurements can be calculated in the following way:

The probability of detection is

P (n,k,r) = 1-(1- %)r

where

total number of units considered

=~
]

nunber of units to be controlled

number of falsified units.
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Table 5-1: Places for Execution of Safeguards Activities

MBA Place Safeguards activities
(Figs.5.1=1
to  5.1-3)

<:) Accounting of input and output of the pin storage
STORAGE @ ] " " " 1 "1 Pu storage

@ 1 " 1 1" fnoon waste storage

(:) Accounting of input of the conversion area

" " " " 1 1"

propucrron] O output

(E) " " dnput " " dry production area

1"t 1" Output 13 1 A 12) "
ANALYSIS (:) Accounting of input and output of the analysis area
and (13 i1 11 [ (1 1" " e T -
RECOVERY @ recovery area

Table 5-2: Additional Installations of the MBA Production Ares

Place

. .
(Fig.5.1-2) Installetions

In the calibrated storage tank instruments for the measure-

E; ment of level and density of the Pu nitrate solution are
installed. These informations are continuously recorded

at the safeguards office.

i:, At the positions for 2.5 kg PuO,-containers of the interim
' storage rack installed micro switches indicate on a record
at the safeguards office, whether or not the positions are
enpty.

The homogenisator is equipped with a level (or weighing)
device, which indicates continuously on a record at the

safeguards office the level (or weight) of the fissile
material being in the homogenisator.

Counter for green pellets transfered from the powder prepara~
tion to the pellet production. The time dependent number of
pellets is recorded at the safeguards office.

&

Counter for sintered pellets transfered from the pellet
production to the pin production. The time dependent number
of pellets is recorded at the safeguards office.

&
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As criterion for k is assumed: With a probability of detection of 95 %
(PD = 0,95) a falsification of more than 5 % (r = 0,05 n) of the units
should be detected. In the following Tab. 5.3 for different values of n,the

corresponding values of k, calculated according to the equation

= 1-0,05 /T

SRE

are given

n k
Lo 31
80 1)

200 52
koo 56

Tab, 5-3: Different values for k dependent on n

5.1.2,3 Physical inventory

The frequency of physical inventories will be in the range of 2-10 per

year,

In the MBA storage area the physical inventory can be taken by checking

the seals of the various containers.

Since the normal inventory of the other MBAs corresponds to only one

- g | 1.

1T

o 3 e a oo, { e
st ughput, the inventory can be accounted for as output {produ

aay O
and waste),

However, the fissile material in the interim storages of MBA. production

has to be measured separately.
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501.2.4 Identification of strategic area

With the establishment of the MBAs, the strategic areas in the fabrica-
tion plant are fixed to a large extent, They are obtained by connecting all
the places at which safeguards activities, as developed later, are carried

out routinely, These areas are shown in Fig. 5.1-lL,
5.1.3 Surveillance

The different surveillance measures to be established within the ALKEM=-

type plant are given in the context of the safeguards procedures,

The extent of the surveillance measures is of course strongly influenced
by the degree of automatization and tamperresistance of the safeguards in-

struments and techniques used,

A special design feature of the plant which facilitates safeguards is
worth mentioning here: The storages, in which the major bulk of the fissile
material is located normally, are separated from the production part by a
v-lock., Both storages and the y—lock are directly adjacent to the safeguards

office; thus facilitating the safeguards activity,

5.2 Safeguards procedures

5.2,1 Initial procedures

Before a facility is subject routinely to safeguards,several initial ac-

tivities have to be undertaken,

At the beginning some design information has to be provided to the safe~
guards organisation., It should comprise only those data which are rele-
vant to the application of safeguards. The corresponding informetion for the

ATKEM +v

wel e e
Fes BI AT, que fau;-x\_au.l.vll p CAdi

A first initial procedure carried out by inspectors at the plant would be

the comparison of the design information with the actual plant,

The design information shall be used for the following purposes:
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To determine material balance areas (MBAs) for safeguards,
to select strategic aresas,
to establish the records and reports requirements,

to establish requirements and procedures for verification.

Furtheron an initial accounting report on all nuclear meterial subject to

safeguards should be provided and located in the plant,

The comparison of the initial accounting report with the actual situation

at the facility would be the second initial inspection procedure.

5.2.2 Procedures during routine operation

The detailed inspection procedures during routine operation of the plant

are given in the following for the different MBAs,

On the basis of the annual throughput of the fabrication plant and the

batchsize, the frequency of the execution of the procedures has been analysed.

Full coverage by inspection has been assumed, After assessing the time
réquiied pei unit activity,'a lower and an upper limit of the total time for
inspections at the boundary of each MBA could be obtained (Tabs. 5.2-1 to
5.2=7). The total inspection efforts are given in Tab, 5.,2-8, It is to be
noted that these efforts correspond to the net time required to carry out

a given activity at the plant, Actual inspection time will be more,

Finally a single form of record is proposed into which the plant operstor
can enter the informations obtained by qualitative and quantitative accounting
of fissile material, This form is designed according to the Agency's re-
quirements, Computerized data processing has been assumed (form no, 1),

It is to be noted that becasuse of similarity of procedures used in recording

P £ ———

 ane - i) A = memem o B P - P X
L QL A1 tU & il H,u ELIIg.LC 10X 107 accouns

3 e PP
ing Irecoras

ct

he inventory changes
can be used. Because of different types of measuring methods used in establish-
ing a material balance for the different MBAs, different types of operating
records have to be maintained. No attempt has been made in this report to

develop accounting records.

Form no. 1 can also be used for reporting purposes as it meets all the

requirements for a reporting system. The rows 15 and 16 need not be filled,
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5.2.2,1 MBA 1 - Storage area

For noting down the informations obtained at the MBA storage the plant
operator can use form no, 1. The safeguards procedures and efforts for
the MBA are given in Tabs. 5.2-1 to 5.2-3,

5.2.2,1,1 Pu storage
Procedure 1

All fissile material coming into or leaving the Pu storage is contained

in closed and marked units, either containers or bottles,

The units therefore, have to be counted and identified only by the in-
spector. He will be informed by the plant operator or the indication device
installed at the Pu storage, if a transfer is intended. The amounts contained
in these units are taken to be the same as the shipper's data at this point.
At MBA 2 a random sampling technique is used to determine the amount in these

containers,
Procedure 2

The taking of physical inventory implies counting and identification of
the units in the Pu storage.
5.2.2.1.2 Pin storage
Procedure 3

The closed and masrked units, tubular containers with one hundred fuel
pins each, coming into or leaving the pin storage have to be counted and
identified by the inspector. He will be informed by the plant operator or

the indication device installed at the pin storage, if a transfer is intended.

Procedure L

The taking of physical inventory implies counting and identification of

the units in the pin storage,
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5¢2+,2,1,3 Waste storage

Procedure 5

The closed and marked units, plastic bags and bottles to be stored,have
to be registered, correlated to the respective batch and measured, The bags
containing solid waste are measured by n-counting, the bottles containing
liquid waste by passive y-interrogation, If the fissile material content

is higher than a preset value, the waste will be recovered later on,

Procedure 6

After measurement the bags are put into separate barrels for recoverable
and not recoverable wastes, To prevent repeated measurements of the same

units, the marked barrels and the bottles have to be sealed.

Procedure T

At certain intervals the instruments for waste measurement have to be re-
calibrated with inspector's standards, so that the correctness of the infor-

_mation can be ensured.

Procedure 8

The closed and marked units, barrels and bottles leaving the waste storage
have to be registered by the inspector. He will be informed by the plant
operator or the indication device installed at the waste storage, if a trans-

fer is intended,

Procedure 9§

The taking of physical inventory implies counting and identification of
the units in the waste storage.

56202.2 MBA 2 = Production area

For recording the information obtained at the MBA 2 the plant operator
can use form no. 1. The safeguards efforts and procedures for this MBA are

given in Tabs. 5.2=4 and 5.2-5,

. £
n case of P‘O2 powder as raw mat

c
the powder preparation steps (Procedures 23 onwards).
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However, if the fissile material is received as Pu nitrate (Pu(NOB)h)solution,

conversion steps (Procedures 10 onwards) precede the powder preparation,

5e2.2.,2,1 Conversion ares

Procedure 10

The closed and marked units, bottles with Pu nitrate solution, coming into

the conversion area,have to be counted and identified by the inspector. He

will be informed by the plant operator if a transfer is intended.

Procedure 11

The level

solution and

and density measurement for the determination of the amount of

the sampling has to be observed by the inspector. He gets also

samples of every measured bottle, If PuN bottles are received, only random

measurements

are carried out. Only in case of significant shipper receiver

differences the bottles of the respective campaign are measured completely,

The bottles coming directly from the recovery area (recycled material) are

measured completely.

Procedure 12

At certain intervals the measuring tank for the determination of the

amount of Pu

inspector to

Procedure 13

From each
submitted to

he operstor

nitrate solution has to be recalibrated in presence of the

ensure the correctness of information obtained,

bottle the inspector gets also samples. A part of them is

the operator's analytic laboratory on a random basis., Since

samples have been submitted, & subsequent comparison of the analytic

results of the operator's and the inspector's samples would indicate any

intentional change. In this way the inspector does not have to observe the

actual analysis of the samples.




86

Procedure 1h

The gross—tara weighing of containers with Pu0, powder leaving the con—

2
version area has to be observed by the inspector. Besides, the containers

have to be counted and sealed.

Procedure 15

At certain intervals the balance for the determination of the amount
of PuO2 powder leaving the conversion area has to be recalibrated by use

of inspector's standard weights.

Procedure 16

Before transfer to the Pu storage area, samples are taken in the presence

of the inspector from each of the PuO2 containers, He gets samples also,

Procedure 17

From each container, from which samples are taken, the inspector gets
his own sample. He obtains the correct analytical results in the same way as

described in P-13,

Procedure 108

Twice a day the inspector compares the time dependent level of the homo-
genization tank (interim stdrage Fig. 5.1~2 of the conversion area)
which is recorded at the safeguards office with the simulation data, Thereby
the inspector gets some continuity of information on the large amount of

Pu nitrate solution between physical inventories,

Procedure 19

A physical inventory is normally taken after completion of each small
campaign (£ 200 kg Pu02) of for larger campaigns twice a year. A complete
material balance is established with the uncertainty ranges (chapter 6)

after the completion of a physical inventory.
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Besides the measurements of the 'pushed out' fissile material the con-
tents of the interim storage s, in vwhich the major bulk of fissile
material of the conversion area is stored, has to be measured, The inspec~—
tor has to observe the measurement of level and density and the sampling.

He gets his own sample.

Procedure 20

From the homogenization tank the inspector gets his own sample. Together
with a few samples of similar composition it is submitted to the operator's
analytic laboratory., The correctness of the result can be ensured according
‘tO P-13o

Procedure 21

The taking of a physical inventory comprises both the measurement of
fissile material content of the homogenization tank (P-19, P-20) and the
measurement of the rest of fissile material, being inside the conversion
area, as output after pushing out. With regard to the material already convert-
e€d, the required procedure is the same as P-ili and P-16, the other material is

measured according to P=5,

Procedure 22

The procedure to be carried out with inspector samples obtained according

to P-21 corresponds to P=17,

5¢2.2,2.2 Dry production area

Procedure 23

The closed and marked units, containers with Pu0, powder coming into the
dry production area, have to be counted and identified by the inspector,

He will be informed by the plant operator if a transfer is intended,

Procedure 2L

The gross—tara weighing of the containers for the determination of the
amount of PuO2 powder and the sampling has to be observed by the inspector,
He gets also samples of every weighed container, If Pu.O2 powder is received,

normally random measurements are carried out. Only in case of significant
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shipper receiver differences the containers of the respective campaign are
measured completely. No measurement of the incoming units is required if Pu(NO3)h
was received or in case of recycled material, because it is slready

measured as output of the conversion area (P-1T),

Procedure 25

At certain intervals,the balance for the determination of the respective
amounts of PuO2 powder trensfered has to be recalibrated by use of inspec-—

tor's standard weights.,

Procedure 26

From each container, from which samples are taken, the inspector gets
his own sample. He obtains the correct analytic results in the same way as

described in P-13.

Procedure 27

The calorimetric and h?cdﬁntihg measurements of tubular containers leav-
ing the production area have to be observed by the inspector. Besides, the

closed and marked containers have to be counted and sealed.

Procedure 28

At certain intervals the calorimeter with the n~counter has to be recali-

brated by use of inspector's standards,

Procedure 29

Twice a day the inspector compares the time dependent

1. content of the container storage (interim storage (:) Fig. 5.,1=2)

of the powder preparation area)

2, level (or weight) of the homogenization vessel (interim storage Ga Fig.5.1-2)

of the powder preparation area)

3. number of green pellets transfered from the powder preparation
to the pellet production ares( @ Fig. 5.1=2)
4, pnumber of sintered pellets transfered from the pellet production

to the pin production area (@ Fig. 5.1=2)

vhich are recorded at the safeguards office with the corresponding simulation

data,
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Thereby the inspector gets some continuity of information on the interim
storages and on the flows of fissile material inside the dry production

area between physical inventcries,

Procedure 30

If a smaller campaign ( € 200 kg Puog) is finished or in case of large
campaigns twice per year, a physical inventory has to be taken, Besides the
measurements of the 'pushed out' fissile material, the contents of interim
storages haveto be accounted for separately. On the one hand, the containers
with Puo, powder being at the interim storage have tc be counted and
identified by the inspector. On the other hand,the messurement of the amount
of fissile material being in the homogenization vessel t:) and the sampling

has to be observed by the inspector. He gets his own samples,

Procedure 31

The procedure to be carried ocut with inspector samples obtained according

to P-30 corresponds to P=20.

Procedure 32

For taking of a physical inventory not only the fissile material being in
the interim storages @ and @ has to be accounted for, but also the rest
of the fissile material being inside the dry production area has to be measured,
For this purpose the material will be pushed out. The final product involved
is treated as described in P-~27, other fissile material is measured correspond-

ing to P-S °
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5.2.2,3 MBA 3 = Analysis and recovery

For noting down the information obtained at the MBA analysis and recovery

the plant operator cen use form no. 1.

The safeguards procedures and efforts at the MBA analysis and recovery

are given in Tab. 5.2-6 and 5,2-T,
5.202:3.1 Analysis area

Procedure 33

The samples coming from different areass within the plant and the corres-
ponding analytic results of every sample are noted down by the operator into
the accounting record. At certain intervals these informations are made avail-

able to the inspector.

Procedure 3k4

If a certain amount of analysed samples has accumulated, they are filled
into a bottle. The closed and marked bottles leaving the analytic lsboratory

have to be registered by the inspector,

Procedure 35

The taking of physicsal inventory implies reception of information on
gsamples,being in the analysis area,by the inspector. They have to be analysed

before completely,

502:2+3.2 Recovery area

Procedure 36

The units coming into the recovery area have to be registered by the in-

spector.

Their contents of fissile material is already known from the foregoing

measurement at the waste storage area,
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Procedure 37

The closed and marked units, bottles with Pu nitrate solution leaving the

recovery area,have to be registered by the inspector,

The units are measured only as input of the conversion area.

Procedure 36

For taking a physical inventory the recoverable waste inside the recovery
area has to be recovered completely. The 'pushed out' fissile material is measur-

ed as Pu(NO3)h according to P~11 and P-13 and as waste according to P-5,
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Table 5.2-1: Safeguards Procedures and Efforts at the MBA 1-Storage Area (Pu Storage)

No. Activity Units Contents Origin Through= Nunber of &et time | Total net time
of put of stored |physical | activi-required |for_ inspector
pro= Pu-storage |units invento~ | ties |per acti~| / h/yr_/
cedure [units/yr/|(average)ries per vity Lower | Upper
per year | year /h/ limit | limit
Pu0,, | Container|2.5kg PuO, | Shipper 800 1600 10.025 e}
Counting ‘receiveg
and identi- " " ‘ "
] fication of |, Recov/Conv, ‘87 17k 4,35
units dur- |7 101 PuN
. e PulN Bottle A .
| * = g " -
ing transfer E received 1.5 kgPu | Shipper 1220 2440 61
e Container|2.5kg PuO, | Shipper/Conv] 800 1600 " - Lo
< 1
" " Recov/Conv, 87 17h " - 4.35
[
Counting 2 Puo,, Container|2.5kg Pu0, Lo 2&10 goskoo | " 210 -
o and identi~- |4
fication of |§ 101 PuN
stored units|8 POV |Bottle A ot opy | 59 2210 [1188590 " - 2.9214.75
2 | A
Subtotal / h/a_/: 46.35 120.1

€6




Table 5.2-2:

Safeguards Procedures and Efforts at the MBA 1-Storage Area (Pin Storage)

No.of Activity Units Contents Origin Through- Number of Time re- | Total time for
proce- put of stored [physical jactivitiesquired inspector
dure pin sto~ |units [inventorper year |per /[ n/a_/
rage (avera- per activity | Lower | Upper
/units/e/| ge) |year Lhn/ limit | limit
Counting and Tubular 100 fuel pins| Production 400 800 0.05 40 4o
3 identification of | containers with 4.87 kg | area
units during Pu0, in total
transfer
Counting and . .
L identification " " 20 2310 4Q=200 [0.05 2 10
of stored units
Subtotal / h/a_/: b2 50

%6




Table 5.2-3: Safeguards Procedures and Efforts at the MBA 1*+Storage Area (Waste Storage)

No.of Activity Units | Contents |Origin | Throughput Number of Time required|Total time for
pro- (average) of waste |units campaignﬁativitiesper activity |inspector / h_/
cedure| storage _ |stored |per year jper year L h/ Lower Upper
Junits/a/ |(average] limit limit
Registration and |Plastic | 68g Pu0,, [Product.| L4000 - - 4000 0.1 400 400
5 megsurement of bags area ~
incoming waste Analysis| = 2T73kg
units land re= Puoz/a
covery
area
Sealing of barrels |Barrels,
6 with plastic bags bottles - - 873 - - 873 0.05 L3.7 43,7
and of bottles
Recalibration of
T messuring instru- - - - - - - 200 0,5 100 100
ments
Counting and3iden-§Barrels,
8 tification of ‘bottles - - 873 o - 873 0.025% 21.8 21.8
outgoing waste :
units
Counting and j
9 identification of | " - - - Lk 210 88-4ko 0.025 2,2 11
stored waste units
i
Subtotal / h/a_/ 567.7 5765
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Table 5.2-4: Safeguards Efforts

at the MBA Production Area (Conversion Area)

a6

No.of Activity Units Contents| Origin Throughput Number of Time requir=—iTotal time for
proce- ‘ /units/a/ | stored physicalactivitiesed per scti-|inspector
dures | units invento-per year [vity _ [/ h/a_/
(average) ries per /[ h_/ Lower | Upper
year limit Limit
1 2 3 L 5 6 7 8 9 10 11 12
10 Counting and identifi-| Bottles | 101 Pul |Pu~storage:0%1220 - - ,133%1353 | 0.025 3.32 33,8
cation of incoming = 1.5kg |Recovery: | +133
units Pu
Measurement of Pu02 re—
incoming units and " " " " - - ceived: 0.5 67
11 sampling 133
Pull re~-
ceived,
SRD's
stated:
1353 0.5 677
12 Recalibration of
measuring instruments | - - - - - - 10 2 20 20
Submission of samples i PuO, re-
and comparison of ceived: 0.1 13.3
13 analytic results - - - - - P 133
-* PulN re-
ceived,
SRD's
stated: 0.1 135.3
1353




Table 5.2-4 (continued)

interim storage and
sampling

1 2 3 L 6 8 9 10 11 12
14 | Counting, sealing :
and measurement of containers|2.5kg Pu02 872887 - 87 - 887 0.2 17.4 177.b
outgoing units
15 | Recalibration of
measuring instrument - - - - L0¢200 0.25 10 50
16 | Sampling of ., |Throughput 8Tunits
outgoing units - - - 2=10 | 66287 0.1 6.6
Throughput 887 "
1128470 0.1 L7
Submission of samples - _ - 0410 " 0.1 6.6 N7
17T } snd comparison of
analytic results
Comparison of level
18 | records from interim - - - - 400 0.1 Lo 4o
storage with simula-
tion
Measurement of amount ,
o of solution in the - - - 2=10 2310 0.25 0.5 2.5

L6




Table 5.2-l (continued)

10

11

12

20

Submission of samples
and comparison of
analytic results

- - - - - 2210

6230

0.6

21

Counting, sealing,
measurement and
sampling of outgoing
units

i
%

22

Submission of samples
and comparison of
analytic results

is already contained in procedures 14,16,17 and 5

| |

g} The total time for inspectors required for procedures 21 and 22

Subtotal /h/a/

185.32

14233.00

26




Table 5.2-5:

Safeguards Efforts at the MBA 2 - Production Area (Dry Production area)

No.of Number of Time required| Total time_for
proce=| Activity Units Contents |Origin Throughput|Stored unit |physical inven-|activities|per sctivity | inspector/h/a/
dure J/units/a/ |(average) [tories per year|per year /L hn_/ Lower Upper
R limit limit
1 2 3 L 5 6 7 8 9 10 11 12
23 Counting and [Container 2.5kgPu0,, Pu-storage 887 - - - 887 0.025 22,17 | 22.17
identification
of incoming
units
2k Measurement PuNgece1ved: 0
. . (] " " " - -
Ziit:czﬁzng PuO,received
sempling SDRgs stated| , g 400
25 | Recalibration & _ 0 + 200 0.25 0 50
of measuring - - - -
instrument
Pullreceived:
26 Submission of ‘ 0 0
samples and - - - - - - Pqureceived
comparison of SDR's stated
analytic results 800 0,1 80
27 Counting,seal- Tubular | 100fuelpins 3 h
ing and mea- | contai- |with L.8Tkg - 400 - - 400 L unit 300 300
surement of ners Puo, in to-
outgoing units tal

66




Table 5.2-5 (continued)

10

11

28

Recalibration
of measuring
instrument

10

30

30

29

Comparison of
records of in-
terim storages
and pellet coun-,
ters with simula-
tion 1

1600

160

160

30

Counting and
identification of
containers at in—
terim storage

Measurement and
sampling of Pu0O2
powder atfénterim

storage (c/

2210

2=10

0.5

00t




Table 5.2-5 (continued)

11

12

31

Submission of
samples from
interim storage
and comparison of
analytic results

3]

- - - - 2510 6330 0.1

0.6

Counting, identi~-

surement of out-
going units

fication and mea~|

The total time for inspectors required for procedure 32 is already contained in
procedures 27 and §

Subtotal[ﬁ]é?

513.7T

1050, 17

1oL




Table 2.2—@: Safeguards Efforts at the MBA Analysis and Recovery (Analysis Area)

No.of Units Contents |Origin Throughput Number of ime required Total time for
proce- | Activity /[ units/a/|stored unitsphysical jactivitiesper_activity | inspector /h/a/
dure (average) |inventoriesper year /n/ Lower | Upper
‘ '~ lper year Limit | Limit
33 Reception of Different
analytic re- - - areas of - - - 100 0.25 25 25
sults the plant
3k Registration of] Bottles| PuN - 100 - - 100 0.05 5 5
outgoing bott-
les
35 Registration of] _ - - - e ). -
samples in the 25 ‘ 2*10 50+250 0.025 1.25 | 6.25
analysis area i
Subtotal /h/a/: 31.25 | 36.25

201




Table 5.2-7: Safeguards Efforts at the MBA Analysis and Recovery (Recovery Area)

No.of | Activity Units Contents |Origin | Throughput Number of Time required|Total time_for_
proce~ Junits/a/ |stored unitgphysicaljactivitiegper_activity |inspector /n/a/
dure (average) |invento=-|per year [ hn/ Lower Upper
ries limit limit
per year
36 Registration| Barrels,| Recoverab-Waste . 800
of incoming | bottles | le waste |storage |=250kg PuOda ‘ - 800 0.025 20 20
units ares
37 Registration| Bottles | Pu nitra=- . 133
of outgoing te solu- - - EOOkngu/d - 133 0.025 3.36 3.36
units tion
38 Messurement The total time for inspector required for procedure 38
of outgoing s . . ) :
| units is already contained in procedures 11,13 and 5
Subtotal/ h/a/ 23.36 | 23.36

€oL
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Table 5.2-8: Total Inspection Efforts of an ALKEM Type Fuel Fabrication
— Plant |

Total time for inspector / n/a /
Lower limit Upper limit
MBA Storage area
Pu Storage 46,35 120, 1
Pin Storage k2 : 50
Waste Storage 56T.T 576.5
Subtotal: 656.05 Th6.6
MBA Production area
Conversion area 185.32 1,233.0
Dry production area - 513,77 1,050,117
Subtotal: 699,09 2,283.17
MBA Analysis and
recovery
Analysis area 31.25 36.25
Recovery area 23.36 23.36
Subtotal: 54,61 59.61

TOTAL / h/a_/: 1409,75 3,089.38
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6. Independent material bslance and the probability of detection

The procedures developed in chapter 5 should enable a safeguards organi-
sation to make a statement, in respect of the plant, of the amount of material
unaccounted for (MUF) over a specific period, giving the limits of accuracy
of the amounts stated, For this purpose, a material balance has to be establish-
ed, i.e. a physical inventory has to be taken, It has been assumed for the
plant under study that material balance will be established 2-10 times a
year,depending on the size of the campaign., In this chapter, two examples for
two campaigns each with two different types of input forms (PuO2 and'Pu(NO3)h),
have been given with the associated variance of the MUF and the 0.95/0.,95 pro-
babilities of detection. These values have been calculated under the assumption
that the material balances have been established independently by the safe-

guards organisation,

6.1 Theoretical considerations

If one assumes that the plant inventory is zero at the beginning and the
énd of each campaign the MUF-value which is defined as the difference bet-

ween book inventory and physical inventory is given by

MUF = Minput-Moutput =

(1)

input-Mprod-Mwaste

Because of measurement errors MUF is a random variable; it can be assumed
as normal distributed as it consists of sums of random variables. If no
unmeasured losses exist,it can then be taken that the expectation value of
the MUF is the amount m of fissile material diverted in the course of the

campaign. In formulas
MUFa-n (m;c) (2)

where 02 is the variance of MUF:

2
= = .+ +
o var MUF = var Mln var Mprod varmwaste (3)
At the end of a campaign, i.e.completion of a material balance, the inspector
has to make a statement on whether the MUF value can be considered as signifi-
cant or not. For this purpose he fixes a threshold X, for the MUF value in
the sense that he considers the MUF as significant if the realized MUF value

is greater than X,o The threshold x, is connected with a probability of
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first kind error a by

X
1-q = ¢(;E) (%)

For a given threshold x, one can calculate the probability of detection p(m)

in the case the amount m will be diverted. One obtains

x
p(m) = prob(MUF>xc/m) = @(% - EE
or,with ()
p(m) = o7 - 8™ (1-0)) (5)

vhere ¢—1 is the inverse function of ¢,

One can calculate that amount m of fissionable material ,the diversion

of which leads to a probability of detection of 0.95, For a= 0,05 one obtains

0.95 = (3 - 0" 1(0.95))

or.

-1
=2 ¢ (0, g = 3,30 6
™ 0.95/0.95 (0.95)+0 = 3.3 (6)
As an example, two campaigns have been considered, the data of which are
given in Tab. 6-1. For each campaign, the possibilities of Pu0, input and

Pu(NO3)h input are considered separately.

In order to calculate the variance of the MUF one has to give the measure-
ment units, the standard deviations of the random errors of the single measure-
ment and the standard deviations of the systematic errors (calibration errors).

! a

These data are given in Table 6-2. According to (1) the variance of the MUF

for one campaign is given by

22 . 2
var (MUF) = (nICSrI + nI5sI)mI +
2 22 .2
8 8
+ (oS + opdop'my *
2 2 2 . 2
* gy fwt %1 Wt P

2 2.2 . 2
5
(oS * PuoleunIme *

+

+

+

pp ¥ Pplsp)mP
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where n is the number of measurements, Gr and Ss the relative standard
deviations of the random and the systematic errors of single measurements
and m the Pu-content of one measurement unit., The indices denote the differ—

ent streams according to Tab, 6-1,

In establishing the variance of the MUF a number of conditions has been

assumed, which should be mentioned,

i) Two campaigns one small for 200 kgs of Pu and one large for 980 kgs
of Pu (the values given in Table 6~1 correspond to Pu~oxide and Pu~-
nitrate), have been assumed, as they more or less correspond to the
low and high throughputs of the plant. The campaigns are for the pro-

duction of Pu-containing fuel pins for fast breeder subassemblies.

ii) The 'hold-ups' correspond to the excess amounts which remain unused
after the completion of a campaign., They are normally available as
PuO2 and can be measured along with the input birdcages, with the help
of a calorimeterThe 'wastes' leaving the plant as measured discards,
correspond to 1 % of the input stream and are assumed to be distribut-
ed equally between barrels and bottles containing wastes. The products
are in the form of fuel pins each containing 42.6 gms of Pu; 100 of

. such pins correspond to one safeguards unitss;they have been assumed

to be calorimetried at a time,

iii) A relative standard deviation for the systematic error component per
measurement for all the measuring methods has been assumed in addition
to the random part. Although in the chapter on instruments (3,L), this
component has not been discussed, it appears tc be present in all the
methods assumed to be used for measurement, Although only limited data
are available on the actual values of this part of the deviation, the
assumed values (last column, Tab, 6~2) appear to be the ones which can

be attained with the present day state of the art,

6.2 Analysis of the results

The results of the calculations are presented in Table 6-3. A number of

points are of interest.,




™Y

[

i) There is practically no difference in the values of m

[

[
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0.95/0,95 T
Puo2 and Pu(N03)h.

For the smaller campaign of 200 kgs Pu, any diversion greater than
1.88 kgs of Pu can be detected with a probability of 95 %; this means
that 1,88 kgs Pu is the threshhold value of MUF above which the MUF
value is considered to be significant. For the larger campaign of

980 kgs, this value is greather then 9.1 kgs Pu.

In all the cases the relative values of m appear to be constant

and correspond to ~ 0,93 % of the input. gggz/ggggecause of the fact that
these values are controlled almost entirely by the relative standard
deviations of the systematic error assumed in the examples, for the

feed and the product streams, Because of the large number of measure=-
ments carried out in these streams for the establishment of the corres=-
ponding material balances, the influence of the random error on the

threshold values of MUF becomes negligible.




Table 6-I: Data of the Campaigns Considered

Small campaign (1)

Large campaign (2)

Input
(o) [ke Pu0, 7 228 1120
- - 408 2000
Holdup /[ kg Pu0, / 1.4 22.8
Waste
W,; barrels / kg Pu0, / 1.14 5.6
W, bottles [ kg Pu(NfO3)h__7 2.0k 10
Product /“kg Pu0, 7 214 1086

cit




Table 6-II: Relevant Data for Establishing the Variance of MUF

No.of measurement unité Content of one

Rel.St.dev.of

Rel.St.dev.of

=10 g Pu

in diff.campaigns unit random error syst.error of
of single measure-| single_measure-
la | 1) 2a |20 ment / %_/ ment / % /
Input 80 392 1 birdcage € 2.8 kg Pu0, 0.5 Bb.2
birdcages 2.5 kg Pu
1 bottle € 3,06 kg Pu(NO )h
bottles 133 653 £ 1.5 kg Pu 0.3 0.25
Product Wy | 44 | 223|223 100 pins € 4,86 kg Pu0,, 0.5 0.2
& 4,26 kg Pu
ha[oldup L L 8 8 1 birdcage = 2.8 kg Pu0, 0.5 0.2
® 2,5 kg Pu
Vaste 1 bottle £ 10.2 g Pu(NO )h
bottles 800 | 200 | 980 { 980 £5 g Pu
10 2
barrels 100 { 100 | 490 | 490 1 barrel 1.k g Pu0,

gLt




Table 6-III: Standard Deviations of MUF and Amounts m of Diverted Material to be detected with
a Probability of 0.95, for different Campaigns

Standard dev ™0.95;0.95 = _ _ 0,955 0.95
Cempaign | Ivar MUF / kg Pu_/ 3.3 Yvar MUF / kg Pu_/ [ % of input_/
1a : ©0.57 1.88" 0.94
1 | 0.55 1.82 0.91
2a 2.76 | 9,14 0.93
2b 2,73 9.02 0.92

it
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7. Possibilities of improvements

Safeguards measures to be carried out according to the procedures of
chapter 5, should be subject to constant,review with regard to possible
improvements. Such improvements may be among others, to increase the objectivi-
ty and non-intrusiveness of the measures and the credibility of the information
or to'reduce the cost. Four types of possibilities have been touched shortly

in this chapter. They are:

1. Instruments

2, Shipper-Receiver Correlastions
3. Random Sampling

4, Plant Layout

T.1 Instruments

Three types of instruments are of importance for an ALKEM-type plant,
They are, a) calorimeter for the determination of plutonium amounts in bird-
ceges, pins, subassemblies or other containers; b) neutron counting setup for
Pu~assay in different types of wastes; and ¢) y-lock for controlling the per=-
sonnel movements in and out of the active areas, All these instruments and
the problems associated with them, have been discussed in some detail in

chapter 3.k,

It is estimated that for the calorimeter, the problems on obtaining .accurate
half-life data, estimation of systematic errors, construction of the calorime-
ter and automatic data processing, can be solved by the end of 1972, The time

scale and the estimated costs may be as follows:

Complete setup of a large pin-calorimeter with n-coincidence counting

and an automatic data processing unit
end of 1972

Estimated costs (1971-72) M 6000103

The time scale for the neutron counting setup for waste measurements is also

estimated to be the same as that for the calorimeter:

Complete setup for an automated n-counting unit for Pu-assay

end of 1972

3
Estimated costs DM 300910
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The y-lock for personnel control is already available for industrial

application,

T.2 Shipper-receiver correlations

Any plutonium,used for fabrication in an ALKEM type plant, has to come
from & reprocessing plant. Therefore, if the representatives of the fabrica-
tion plant operator and the inspectors of the safeguards organisation are
both present during the sampling of plutonium at the reprocessing plant, and
the analyses of the samples are carried out by an unpire laboratory (which
masy be the laboratory of the reprocessing plant itself) under suitable obser=—
vation by the same representatives, any further analysis of the same material
for safeguards purposes can be reduced considerably or even eliminsted at the

input of the febrication plant. The whole safeguards activity could then be

restricted at this point to the checking and identification of container seals,

i.e, to containment measures. This possibility has already been taken into
account partially in developing the procedures of chapter 5. This causes a
very significant reduction in safeguards efforts without reducing in any way
the quality of the information obtained at the input of the plant. This is
because of the fact that the information on material balance measurements at
the product end of the reprocessing plant can be taken over fully at the in-
put of the fabrication plant,without carrying out any measurement., The contain-

ment measure of sealing the containers so to say freezes the material balance

information during transit of the containers from the reprocessing to the fabri-

cation plant and ensbles the safeguards organisation to use it again, The efforts

for executing containment measures in this connection are considerably less

than those required for carrying out measurements,

A similar reduction in safeguards efforts at the input can be obtained if
the shipper and the receiver plants are completely independent of each other
and both of them measure the same amount of Pu independently and submit the
measurement data to the safeguards organisation. If the values of the shipper
receiver measurements are found to be within the uncertainties of measurement

errors alone (the values of which must be known to the safeguards orgsnisation

beforehand), the safeguards organisation need not in that case carry out any addi-

tional measurements and can use the data supplied by the two plant operators

for safeguards purposes.
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Te3 Use of random sampling method

Random sampling is a standard practice in quality control, In chapter 5.1
it was shown that the relative number of samples to be analysed for a 0.95/0.95
probability of detection, decreases very rapidly with increasing nunber of
the total items to be safeguarded., It is to be noted that these numbers are
only valid for an assumed value of the Tirst kind error of 5 % and the corres—
ponding value of the probability of detection of 95 %. Both these values are
based on a judgement and not on any objective standards. However, under prac-
tical conditions, they appear to be reasonable when considered within the re-
strictions imposed by these practical conditions (costs, threshold values
given by attainable measurement errors etc,), It was shown in a recent study
177.1;7 that the total safeguards efforts in a reference fuel cycle can be
reduced by more than a factor of 2 if instead of a full coverage a safeguards

coverage, to ensure 0,95/0.95 probability of detection, is given,

7.4 Plant layout

The information metwork system, which generates, processes and distributes
the information relevant to safeguards in a nuclear facility, may influence
the safeguards efforts, If such information is generated throughout the plant
and the distribution system is such that the safeguards inspectors have to
receive them at various places, a large amount of safeguards efforts may have

to be spent to ensure the credibility of the information received,

In the ALKEM type plant used as a base for the present report, the measur—
ing equipment and intermediate storages for fissile material are arranged
to a large extent inside the caissons. Instead of this, a better arrangement
from the point of view of safeguards appears to be,to have a centralized in-
formation network system which is accessible for safeguards, transparent and
easily verifiable, Such a system should have properly incorporated containment

measures. The information system should not only supply information on the flow

of fissile material but also on the amounts of intermediaste storage in different

caissons,which may exceed certain limitsSome rough estimates indicate that
the safeguards efforts for the feed and product streams could be reduced by

about 30 % by this arrangement.
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A preliminary sketch of a plant is shown in Fig. 7=1 in which this re-
quirement is fulfilled, The figure is self-explanatory. However, further
detailed discussions with the operators of the plant are required to
ensure that such a layout would also meet the requirements of the plant

operation., This sketch is therefore to be considered as only very prelimi-

nary.
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APPENDIX I

Simulation Program PUFAB with Subroutines GAUSS
and RANDU (for generating normally distributed
random numbers )and print-out for one simulated

fabrication campaign.




FCRTRAN IV G LEVEL 18 MAIN DATE = 71035 19758716
c PROGRAMM PUFABS
0001 CALL FSPIE
CCCC THIS ROUTINE IS SPECIFIC FOR THE KARLSRUHE COMPUTER
0002 OIMENSION RKAPPA(20),HMIN(20) ,HMAX(20),0KMAX{20),T(20),H(20),
1 ZLS(20),ABZW(20),0KMA(20) ,TREAL(20),2R5(20),MARK(20)},HHALB(20),
2 HSOLL{20), OKSOLL(20),ZLSOR{20},CKRA(20),0KSOR(20},2L{20),
3ZLOR{20),RORY (20}
C
0003 1000 FORMAT (15)
00n4 1001 FORMATY (F10,.2)
oons 1002 FORMAT (8Fl0.3)
0006 1003 FORMAT (' XNULL= °®,F10.3}
ano7 1004 FORMAT (1H o' THE INPUT IS NOT SUFFICIENT®)
0008 1005 FORMAT (1HO'T=?,F10.39%,H="3F9.3,% AND DIVERTED QUANTITY DIVERS
1= *,F10,3,' JACCUMULATED PRODUCT =?,F10,3)
once 1006 FORMAT(1H »*OVERFLOW UNIT 1,H(1)=',F10,3)
0010 1007 FORMAT{1H o 'OVERFLOW - UNIT 29H(2)="yF1N.3)
0011l 1008 FORMAT(1H ,'AFTER STATEMENT 19 IS H{1l)=',F10.25*AND H(2)=",F1",2)
0012 1009 FORMAT{1H ,'AFTER STATEMENT 12 1S H{1)=",F10,2,'AND H(2)=",F19,2}
0013 1010 FORMAT('1 AFTER STATEMENT 14 IS IST H{1)=',F10.24* AND H(2)="?,y
1F1042y /9* WHEREAS?,10X,* HSOLL(L)=*,F10,2,' AND HSOLL{2}=",F19.2)
0014 1011 FORMAT (! T{ll= *,F10.4," TL2)= *3F10.4y °
1 T(3)= *:F10.45° AND T{4)= "yF10.44/4° WHEREAS TREAL(1
21%3F10.49* TREAL{2)= *,F10,44* TREAL(3)= *,F1N.4,' AND TREAL{4)
4= 9,F10.4,7)
0015 1612 FORMAT (* XNULL = 0.0,THEREFCORE T({l)= 0.0}
ao0lé6 1012 FORMAT{/p3hokkkgekydp b hkhg ity
o017 1714 FORMAT (///s% NEW CAMPAIGN WITH INCREASED ZLS(I=®,12,'3')
0018 1015 FORMAT (' RKAPPA{I) HMIN(I) HMAX(I} OKMAX(IY ZLS(1) ABIW(
11 HHALB{ 1) RDRY(I1} ")
0019 1016 FORMAT (' AT OKMA(I=%,12,°)%% ,F 6,351 AND OKMA(I-1=29,12,%)=",
1 F6.34% ONE GETS AN UNSTABLE STATE'}
ng20 1017 FORMAT(?® HI{LI=8¢F10:5,° H{2)= 9,F10.5, * H(3)= *4Fl0.5
1,° H{&)s *4F10.5," H{S)= *,F10.5}
0021 1018 FORMAT{? ICHANGE OF ZLS(J=?512,°)',7) .
06022 1019 FORMAT (* HSOLL(1i=' ,F10.5,° HSOLL{2)= $,F10.5,% HSOLL(3)= f,FiN,
150 HSOLL(4)= 93F10.5,' HSOLLISI= *,F10.55/y * HOSOLL=®,F10.3,°
- - 25UM OF INTERIM STORES . SUMZL=9,F10,3,° - PLANNED PRODUCT =',F10.3)
0023 1020 FORMAT { ¢ MARK(1l) WAS SET =1*)
0024 1021 FORMAT ( ° MARK(2} WAS SET =1°)
0525 1022 FORMAT (' OVERFLOW UNIT 3,H(3)=7,F10.,3)
N026 1123 FORMAT(* MARK{3} HAS SET =1¢}
0027 1024 FORMAT (¢ OVERFLOW UNIT &,H{4)=",F10.3)
0028 1025 FORMAT(® MARK{4) WAS SET =1¢i}
0029 1026 FORMAT (* ZL{1)=?,F10.5,° -~ Zi(2)= *yF10,5,°* ZL(3})= *4F10.5
1,° IL(4)= ?4F10.5," ZL(S)= ¢,F10.5)
0030 1027 FORMAT (' THE THEORETICAL (T(I)) AND REAL (TREAL(I)) TIMES,
IUNTIL A MINIMAL CONTENT OF THE CORRESPCNDING UNITS IS REACHED,ARE
2%)
0031 1028 FORMAT (* CONTENT OF INPUT STORAGE =!,F10.3}
0032 1029 FORMAT (F10.3)
0033 1030 FORMAT(' OKRA{1)=',F10.5,"' OKRA{2)= ',F10.5,' OKRA(3)= *yFl0.5,
I' OKRA{4)= ¥ ,F10,5,' OKRA(5)= 1,F10,5)
0034 1031 PORMAT (' DKSOR{11}=';F10.5,! OKSOR{2}= '3F10.5,' OKSOR{3}= *,F10.5
1y' CKSOR(4)= ',F10.5,° OKSOR{5)= ¢,F10,5)
0035 1032 FORMAT (' NEW CAMPAIGN WITH INCREASED ABIW(K~-1=',12,')*}
0036 1033 FORMAT (' NOW AT TIME =9,F10.3,' 1 KG PU-02 IS DIVERTED FROM UNIT

123

1 4,13}
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18 MAIN DATE = 71035 15/58/716 PAGHE 012

FORMAT (* SNAP.TIME=',G2C.8)
TTIT=ZEIT(D)
PREPARATINN OF THE COMPUTER

TIME =0,
HOLD=9,
HOSOLL=0.
SUMZIL = ¢,
PROD=0.
SCLL =0,
CIVERS =0.0
R2REAL =0,
R2SCLL=N,

READING OF PROCESS PARAMETERS

READ (5,102%) HMAIN

PRINT 1028, HMAIN

HMAIN=CONTENT OF INPUT STORAGE (KG)

READ (5410000 N

PRINT LOCORN

N=NUMBER OF FABRICATICN UNITS

READ(S5,1001) DTD

PRINT. 1001,07D

DTD= TIME INTERVAL FOR SUMMATION (DAYS)

READ (5,1702) (RKAPPA(T ), HMIN(T ) oHMAXIT ) s CKMAX(I) g ZLS (1) ABZWIL),
1HHALB(I)sRDRY(T)41=14N}

RKAPPA=FRACTION OF RLCYCLE FROM UNIT I

HMIN=MINIMAL CONTENT OF THE UNITS (KG)

HMAX=MAXIMAL CONTENT OF THZ UNITS (KG)

OKMAX=MAXIMAL CAPACITY OF THE UNITS (KG/DAY)

OKMAX{L)} IS NOT ALLOWEC TO BE GREATER THAN CKMAX(1-1)
ZLS=FRACTION OF TNE OUTPUT STREAM WHICH IS USED TO BYILD UP THF
INTERIM STORAGE OF THE UNIT

ABZW=FRACTION OF DIVLRSICN FROM THE OUTPUT STREAM FROM UNIT I

IT IS MEANT THAT THIS DIVERSION IS MADE BEFCORE THE OUTPUT STREAM IS
MEASURED

MARK=MARKER WHICH INDICATES IF THt INTERIM STORAGF SHALL RE USED
{MARK=1) CR NOT (MARK=D)

HHALB(I)=MAXIMUM ALLCOWED CONTENT CF THt INTERIM STORAGF IN UNIT I
RDRY{1)=FRACTION OF OUTPUT GOING TO THt DRY RECOVERY IN UNIT 2
READ (5,1029) XNULL

PRINT 1003 , XNULL

XNULL= CONSTANT INPUT (KG/DAY)

ILSOR ARE THE ORIGINAL VALUtS FOR THE FRACTICAS GCING TO INTERIM STORES
DG 10 [=1,N

L (1) =0,

ZLSOR{IY = ZLS(I)

iNPUT DATA FOR SUBROUTINE GAUSS

IX=333323333

$= 0.5

AM=10,

BIGGEST DC LOOP FOR USING GAUSS

00 80 KI=1,100

CALL GAUSS(IXeS,AM,V)

AT CNE GF THE FOLLOWING CARNS THE € IN COLUMN 1 CAN BE LEXTINGUISHED
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FORTRAN IV G LEVEL 18 MAIN DATE = 71035 169/58/716
C AT REQUEST
CCCCCC DUMMY,ONLY FOR THE MOMENT TO SPARE TIME
C XNULL = V
C CKMAX{(3) = V
[ VERY BIG DO LOOP FOR VARIATION OF THE ABZW(I)
0065 LG 70 K=1,5
0066 14 IF (K.EQ.1} GO TO 1
067 ABZW(K~1) = ABZW(K-1} #+ Q.02
[
C BIG DO LOOP FOR VARIATION OF THE ZLS(I)
C
C THE DO~INDEX WAS SET =1 IN ORDER TO SPARE QUTPUT FOR THE MOMENT
0068 1 00 63 J = 1,1
0069 PRINT 1018,J
n70 ILS(J) = ZLS(J) + 0.01
0071 PRINT 1003, XNULL
n072 PRINT 1015
0073 PRINT 1002, (RKAPPAUT )y HMIN(I) yHMAX (1) 4CKMAX(IV,ZLS (1}, ABZWLID,
1HHALB(I)4RORY( 1), I=14N)
C
C AT TIME=0 ALL H(I} ARE SET =0
C H= INVENTORY OF THE UNITS
c IF ZLS{}} OR ABZW(I) NOT EQUAL 0,THE ORIGINAL CKMAX{I} ARE SET TO OKMA(I})
2074 2 DO 3 1 = 1N
c OKRAUI} MEANS YHE REAL INPUT TO THE UNIT I+l
[ OKSOR MEANS THE THECRETICAL INPUT TO THE UNIT I+1
0075 OKMA{I) = OKMAX(I) *(1.,-ZLS(I) = ABZN(I})
0076 CKRA(TI)=OKMA(1)%(1.,—RKAPPA(T)=~RDRY(I})
0077 CKSOLL{I) = OKMAX(I) *{1l.=ZLS(IN)
0078 CKSOR(I) = OKSCLL{TIDI*{1.~RKAPPA(I}-=RDRY(I})
0079 32 If (1.EQ.1} GO 7O 33
2080 IfF (1.EQ.5) GC TG 33
008l IF (OKMA{IVY.GT. OKMA(I-1)} GO TG 75
0082 33 H(I) =C.
0083 INST = O
0084 PROD = 0O,
00gs SCLL = T.
0086 R2REAL =0,
0087 R2SCLL=0.
0088 HSTCRE = HMAIN
0089 3 HSOLL(I) =0,
C EVALUATION OF TIME INTERVALS
C T(l) = THEORETICAL FILLING TIMES
C TREAL{I) = REAL FILLING TIMES
L1 IF UANULLWLLE.O.0) GO 70 991
0091 TCLI=HMIN{L1}/XNULL
€0%2 TREAL(1) = T{1}
GC%3 IF (XNULL.LT.OKMA (1)) GO TO 900
0094 GO TO 4
G095 900 PRINT 1004
€036 GO TO 999
0097 901 T(1) = 0.
0098 PRINT 1012
0099 4 TL2)=TI1)+4HMIN(2)/(0OKSOR (1})
0100 TREAL(2)=TREAL{1)I*HMIN(2)/0KRA(1}
0101 T(3)=T(21+HMIN(3)/0OKSOR{ 2}
0102 TREAL{3)=TREAL(2)+HMIN(3)/0KRA{2)
0103 T{4) = T{3) ¢+ HMIN(4)/OKSOR(3)
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18 MAIN DATE = 71035 19/58/16

TREAL{4) = TREAL(3) + HMIN(4)/0OKRA{3)
PRINT 1027
PRINT 1011oT(1)9V(2),T(3)yT(4) TREAL(L),TREAL(2),TREAL(3),TREAL(4)

FOR THE DIFFERENTIAL EQUATIONS SEE KFK-REPORT 903,PAGE 19
DO 18 1I=1,N

IF (H{I).GE.HMIN(I}) GO TO 16

OKMA(I}=0.

CKRA(I) =0.

OKSOLL{I) =0.

CKSOR(I) =0.

GO 70 18

IF{MARK(I}.NE.1) GO TO 17

OKMA(T) = OKMAX{I}*(1.-ABZW(I))
CKRA(T)=0KMACI}*(1.~RKAPPA(TF)-RDRY(I})
OKSOLL(I) = OKMAX{I)

GKSOR{ 1) = OKSOLL(IY*{]1.~RKAPPA(I}-RDRY(1})
IF (1.EQ.1) GO TO 18

IF (I.EQ.5) GO 70 18

IF (OKMA(I).GT.OKMA(I-1)) GO TO 75

GO 70O 18

CONTINUE

OKMA(T) = OKMAX(I) *{1.~ZLS(I) = ABZW(I))
OKRA(T)}=OKMA(T)*{ 1, ~RKAPPA(TI-RDRY{I})
OKSOLL{T) = OKMAX{TI) *(1.-ZLS(I))

CKSOR(I}) = OKSCLL(I)*{1.-RKAPPA{I}~RDRY{(I))
IF (1.EQ.1) GO 70 18

IF (1.€Q.5) GO 70 18

IF (OKMA{I}.GT.OKMA(I-1)) GO TO 75

CONT INUE

NOW PRODUCTION CAN BEGIN
FOR THE FORMULAE SEE KFK-REPORT 9n3,PAGE 20

IF (TIME.LE.O0.) GO 10 52

THE H(I} ARE EVALUATED USING THE ®MEASURED"™ VALUES OKRA AND COKMA
HSOLL (1) DESICNS THE PLANNED INVENTGRY QF EACH UNIT
BOTH VALUES INCLUDE THE INTERIM STORAGES.

EMPTYING OF INPUT STCRF

HSTCRE = HSTORE - XNULL*DTD

IF {HSTORE.LE.D.) GC TO 999
H{L1)=H{1)+XNULL*DTD-OKMA (1)*DTD

HSOLL (1) =HSOLL(1}+XNULL*DTD -OKSOLL{1}*DTD
RECYCLE TO DRY RECOVERY IN UNIT 2

DO 48 I=1,N

R2RFAL=0KMA {IM%RDRY{I} *DTD
R2SOLL=CKSOLL{I)*RDRY{1)*DTD}

CONTINUF

B(2)=(O0KRA (1) - OKMA (2)} * DTD+H(2)}+R2REAL

HSOLL (2)=(0KSOR (1)}-0OKSOLL(2})*DTD+HSOLL(2)}+R2S0LL
H{3)=H{3)+{OKRA(2}~0KMA (3)}%DTD
HSOLL{3)=HSOLL(3}+(OKSOR(2)}-0OKSCLL(3)1%D¥D
H{4)=H{4)+(OKRA(3)~0KMA (4))*DTD
HSOLL{4)=HSOLL {4} +{CKSOR(3)-NKSOLL{4}}*DTD

PROD= PRUD+0OKRA(4)I*DTD

SOLL = SOLL + CKSGR (4)*DTD

NN=N~1

DO 49 I=14NN
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18 MAIN DATE =
H{5)=H(S ) +RKAPPA{ I }*CKMA( 1) *DTD
HSOLL{3)=HSOLL (5)+RKAPPA(1}+0KSOLL(I}*DTD
THE OUTPUT OF UNIT 5 MUST Bt CONSIDERED LATER
DO S1 I=1,N

IF(OKMA (1).EQ.0.) GO 7O 511

DIVERS = DIVERS +ABZW{I) * OKMAX(I)*DTD
HOSOLL=HOSOLL+HSOLL (1)

IF(MARK(I}.EQ.1} GO 70 51

IF(OKMA(I).EQ.C.) GO TO 51

ZL(I) = ZLS{T)*OKMAX(I)*DTD + ZLI(I)

SUMZL = SUMZL + ZIL{I)

HOLD=HCOLD+H(1I)

HOLD = TOTAL INVENTORY OF THE PLANT,EVALUATED

71035 19758716

FROM *MiEASUREDY

OKRA(I} AND KNOWN OKMAX{I) AND ZLS{I},INTERIM STORAGES ARE INCLUDED

HOSOLL= PLANNED TOTAL INVENTORY

PRINT 1005, TIME,HCLD,DIVERS,,PROD

PRINT 1017, (H(I)sI=1yN)

PRINT 1019, {HSOLL{I),1=1,N},HOSOLL»SUMZL,SOLL
PRINT 10304 {OKRA{T)yI=14N}

PRINT 10314{0KSOR(I)},I=14N)

PRINT 1026+{ZL{1),1I=1,N)

CCONTINUE

TIME=TIME+DTD

HOLD=0,

HOSOLL=0,

SuMzIL = 0.

IF {H (1) .GT.HMAX(L)) GO TO 54
TF(ZL{1).LT.HHALB(1}) GO TQ 55
IF {MARK(1).EQ.1} GO TO 55
MARK(1) = 1

PRINT 1020

G0 70 55

PRINT 1006sH(1}

GO TO 993

IF (H (2).GT.HMAX(2)) GO T0O 57
TF(ZL(2) . LT.HHALB(2)) GO TOQ 56
IF (MARK(2).EQ.1) GO TO 56
MARK(2) =1

PRINT 1021

GO0 TO 56

PRINT 1007.H(2}

GO TO 999

IF (H{3}.GT.HMAX(3}) GO TO 58

SIR(ZL(3).LT JHHALB(3)) - GC -TO 59

IF (MARK(3).FQ.1)
MARK(3}=1

PRINT 1023

GO T0 5¢

PRINT 1022,H(3)
GO 70 S99

IFf {H{4).GT.HMAX{4])) GO TO 60
1F{ZL(4) L T.HHALB{4)}) GO TO 61
1IF (MARK{4).EQ.1) GO TO 61
MARK(4)=1

PRINT 1025

GO TO 61

GO TO 59

PAGE nnng
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FCRTRAN 1V G LEVEL 18 MAIN DATE = 71035 19/58716é
0197 60 PRINT 1024,H(4)
0198 GO TO 999
0199 61 IF(TIME.GT.25.) GO 1O 999
THIS TIME LIMIT SHOULD BE INCREASED FOR REAL CAMPAIGNS
0200 G0 TO S
0201 96S CONTINUE
0202 IF { ZLS(J).CE.0.2) GO TO 62
0203 PRINT 1013
0204 PRINT 1014,J
AT THE BEGINNING OF A NEW CAMPAIGN TIME IS SET =0
0205 TIME = 0.
0206 DIVERS = 0.
0207 ZLS(J) = ZLS(J) + 0,01
o208 DO 74 I=1,N
0209 IL(T) =0.
0210 74 MARK(1} =0
8211 PRINT 1015
0212 PRINT 1002, (RKAPPA(T)yHMINCI} oHMAX{ 1) yOKMAX{I) 4ZLS(I)ABZW(TI D,
1HHALB(I),RORY{ 1), I=1,N)}
€213 6e 10 2
0214 75 11= I-1
0215 INST = 1
0216 PRINT 1016y1,0KMALT),I1I,CKMALIT)
0217 62 ILS{J) = ZLSOR(Y)
0218 TIME = 0.
0219 CIVERS=0.
0220 SUMZL = 0.
0221 DC 76 I=1,N
0222 ZL(I) =0,
0223 76 MARK{I1) =0
0224 63 CONTINUE
0225 TITI=ZEITITT S
0226 PRINT 6001, TTT1
0227 IF (INST .EQ.1) GO TO 64
0228 IfF [K.EQ.1) GO TC 70
0229 KK = K-1
0230 IF (ABIW(KK).GE.0.5) GG TO 64
n231 ABZW(KK) = ABIW(KK) +0.02
0232 PRINT 1013
0233 PRINT 1032,KK
0234 0 T0 1
0235 64 ABIW{K~1) = 0.
023¢ 70 CONTINUE
- 0237 80- CONTINUE
C
0238 9999 CONTINUE
0235 sTOP
0240 END
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18 GAUSS DATE = 71035 19758/16

SUBROUT INE GAUSS(IX,S,AMsV)

PURPOSE

CCMPUTES A NORMALLY NISTRIBUTED RANDOM NUMBER WITH A GIVEN
MEAN VALUE AND STANDARD DEVIATION

USE

CALL GAUSSIIXySsAMyV)

DESCRIPTION OF PARAMETERS

IX—==MUST CONTAIN AN ODD INTEGER NUMBER WITH NINE OR
LESS DIGITS ON THE FIRST ENTRY TO GAUSS.THEREAFTER

IT WILL CONTAIN A UNIFORMLY DISTRIBUTED INTEGER RANDOM
NUMBER GENERATED BY THE SUBROUTINE FOR USE ON THE NEXT
ENTRY TO THE SUBROUTINE

S=-~THE DESIRED STANDARD DEVIATION OF THE NORMAL OISTRIBUTION
AS ABSOLUTE VALUE

AM==~THE ODESIRED MEAN OF THE NORMAL OISTRIBUTION
V===THE VALUE OF THE COMPUTED NORMAL RANDOM VARIABLE
REMARKS

THIS SUBROUTINE USES RANDU WHICH IS IBM/360 SPECIFIC
SUBROUTINES AND FUNCTION SUBPROGRANMS REQUIRED

RANDU

METHOD
USES 12 UNIFORM RANDOM NUMBERS TO COMPUTE NCRMAL RANDCM
NUMBERS BY CENTRAL LIMIT THEOREM
THE RESULT IS THEN ADJUSTED TO MATCH THE GIVEN MEAN VALUE AND
STANDARD DEVIATION,
THE UNIFORM RANDOM NUMBERS COMPUTED WITHIN THE SUBROUTINE
ARE FOUND BY THE POWER RESIDUE METHCD
=0.
00 50 I=1,12
CALL RANDU(IXs1Y,Y)
Ix=1Y
A=A#Y
V=(A-6. }XS+AM
RETURN
END
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18 RANDU DATE = 71035 19/58/16

SUBROUT INE RANDULIX, 1Y, YFL)

PURPOSE

CCMPUTES UNIFORMLY DISTRIBUTED RANDOM REAL NUMBERS BETWEEN

0. AND 1. AND RANDOM INTEGERS BETWEEN ZERC AND 2%%31,

EACH ENTRY USES AS INPUT AN INTEGER RANDOM WUMBER AND PRODUCES
A NEW INTEGER AND REAL RANDOM NUMBER

USE
CALL RANDU(IX,1Y,YFL)

DESCRIPTION OF PARAMETERS

IX==~FOR THE FIRST ENTRY THIS MUST CONTAIN ANY OND INTEGER
NUMBER WITH NINE OR LESS DIGITS.AFTER THE FIRST ENTRY

IX SHOULD BE THE THE PREVIOUS VALUE CF 1Y CCMPUTED BY THIS
SUBROUTINE ¢

IY-~-A RESULTANT INTEGER RANDOM NUMBER REQUIRED FOR THE NEXT
ENTRY TO THIS SUBROUTINL.THE RANGE OF THIS NUMBER IS

BETHWEEN ZERO AND 2%%3]

YFL-==THE RESULTANT UNIFORMLY DISTRIBUTED,FLCATING POINT,RANDCM
NUMBER IN THE RANGE C. TO 1,

REMARKS

THIS SUBROUTINE IS SPECIFIC TO SYSTEM IBM 360

THIS SURROUTINE WILL PRODUCE 2#%%29 TERMS BEFORE REPEATING
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED:

NCNE

METHOD

POWER RESTDUE METHOD DISCUSSED IN IBM MANUEAL C20-8011,
RANDUM NUMBER GENERATING AND TESTING

IV=IX%£5536

IF(1IY) 54696
1Y=1Y¢214174836417+1
YFL=1Y

YFL=YFL* ,4656613E~G
RETURN

END

PAGE 0001}
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CCNTENT OF INPUT STORAGE = 10000.000
5

0.50
XNULL= 10.000




CHANGE CF ZLS(J= 1)

XKULL= 10.000
RKAPPA(I} HMIN(I) HMAX(I) OKMAX{I) ZLS(T) ABZW{1} HHALSB(I) RDRY (1)
C.040 4.500 160,000 10.000 0.400 0.0 80.000 0.0
0,030 25.000 110.000 10.000 0.500 0.0 100,000 0.0
0.0 10.000 30.000C 10.000 0.609 0.0 20.000 0.050
0.070 25.00C 100.0CC $.000 0.600 0.0 30.000 0.030
€. 200 0.050 6.000 0.300 0.200 0.0 0,600 2.0
THE THECRETICAL (T{I)) AND REAL (TREAL(I)) TIMES, UNTIL A MINIMAL CONTENT OF THE CORRFSPONNING UNITS 1S REACHE NyARF
T(l)= 0.4500 T(21= 4.7903 T{3)= 648521 AND Ti{&)= 13.4311
WRERESS TREAL(1) 0.45C0  TREAL(2}= 4.7903 TREAL(3)}= 6.8521 AND TREAL(4)= 13.4311
T= Ce500H= 5.900 ANC CIVERTED QUANTITY DIVERS = 2.0 « ACCUMUL ATED PRODUCT = 0.0
H{l)= 5.00000 H{2)= 0.0 H(3)= 0.0 H{4&)= 0.0 H{5)= 0.0
HSCLL{l)= 5.00000 +SCLL(2)= 0.cC HSCLL(3)= 0.0 HSCLL(4 )= 0.0 HSOLL(5)= 0.0
HCSCLL= 5,000 SUM OF INTERIM STORES suMzt = 0.0 « PLANNED PRODUCT = [ 2%]
OKRA(1)= 0.6 OKRA(2)= 0.C OKRA{3)= 0.0 CKRA{4)= 0.0 CKRA(S)= 0.0
CKSOR(1}= D,0 OKSOR({2})= 0.0 OKSOR(3)= 0.0 OKSCR(4)= Q0 OKSOR(5)= N.N
L= 2.0 L(2)= C.C ZL(3i= 0.0 (4= 0.0 IL{S)= D.0
T= 1.0004H= 10.000 ANC CIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT = [
H(l)= 7.00000 H{2)= 2.88000 H{3)= 0.0 H(4)= 0.0 H(51)= 0.12060C
HSCLL(1)= 7.00000 HSOLL{Z2)= 2.880C0 HSCLL(3)= N.0 HSCLL (&)= 0.9 HSOLL(5)= N.12000
HCSCLL= 10.060 SUM OF INTERIM STORES SUMIL= 2.000 .PLANNED PRODUCT = 0.0
CKRA(1)= 5.76000 CKRA(2)= c.C GKRA{3)= 0.0 CKRA(4 )= 0.0 OXRA(S)= G.0
CKSCR(1)= 5.76000 OKSOR({2)= 2.0 OKSCR{3)= 0.0 CKSOR {4 )= 2.9 OKSQOR(5 )= n.,n
()= 2.00000 Zi(2)= 0.C IL(3= 0.0 L {4)= 0.0 L(5)= N.n
T= 1.5004H= 15,900 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PROUDUCT = NN
H(l}= 9.00000 H{2)= 5.7600C H{3)= C.0 H(4)= 0.0 H(5)= N, 24000
HSCLLIL) = 9.00000 HSOLL(2)= 5. 760CC HSOLL(3)= 0.0 HSCLL{4)= D0 HSOLL(S5)= 04240006
HCSOLL= 15,000 SUM OF INTERIM STORES SUMZL= 44030 PLANNED PRODUCT = .0
CKRA{1)= 5.76000 CKRA{2)= C.C CKRA{3)= 2.C CKRA(4)= N.0 OKRA(S5 )= Na1520N0
CKSCR(1)= 5.76000 CKSCR{2)= C.0 OKSOR(3)= C.0 CKSCR(4)= 0.0 OKSOR{5)= 0.1920n
ZL{l)= 4,00000 IL(2y= 0.0 IL(3)= 0.0 IL{4)= 0.n L(s)= V.N3000
1= 2.00N H= 20,000 AND DIVERTED QUANTITY DIVERS = 2.0 «ACCUMULATID PRONDUCT = D7
H{1l)= 11.00000 H{2}= 8.64C00 H{3}1= 0.0 H(4)= 0.0 H(S)= a3y
HSCLL{1)= 11.00000 HSOLL(2}= 8464000 HSCLL{3)= 0.0 HSCLL(4)= 0.0 HSOLL{5)= Ne360NL
HOSCLL= 20,000 SUM CF INTERIM STORES SUMZL= 6,060 JPLANNED PRODUCT = 1N
CKRA(1) = 5.76000 CKRA(2)= 0.0 OKRA(3)= C.0 OKRA(4) = 0.0 OKRA{S5)= del19200
CKSOR({1)= 576000 OKSOR{2)= 0.C GKSOR(3)= 0.0 CKSCR{4)= [<X%) CKSCR{51)= f1,19220
L(l)= 6.00000 ZL(2)= 0.0 Ii(3)= G0 ILi{4)= 0.0 L(5)= AL 0Lnne
I= 24500 4H= 25.000 AND DIVERTED QUANTITY DIVERS = C.0 + ACCUMULATED PRODUCT = SARSA
o HUli= 13.00000 H{2)= 11.5200C H(3)= 0.0 H{&4)= 0.7 H(5}= D4BONN
HSCLL{ii= 13.00000 HSCLLi{Zi= 11.32000 HSTLL{3i= 0.0 HSCLiL{4)= 0 HSOLL{S )= fe48n0ce
HOSOLL= 25,909 SUM QF INTERIM STORES SuMZL= 8.090 «PLANNED PRODUCT = N0
CKRA(L)}= 5.76000 CKRA(Z2])= g.C OKRA(3) = 0.0 CKRA(&)= 0.2 OKRA(5)= nL1G200;
CKSCR(1}= 5.76000N CKSOR{2)= G.0 OKSOR{3)= 0,0 CKSCR{4 )= 0.0 CKSCR(S)= Ae19200
L= 8,00000 L2y = 0.2 ZL(3)= 0.0 2L(4)= 0.0 L{S)= N,N9NeHn
T= 3.000,H= 30.000 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT = nL.0
H(l}= 15.00070 Hi2)= 14.40000 H{3)= 0.0 Hi4)= 0.0 H{5 )= 0,60000
HSCLL(1)= 15,00000 HSOLLI2)= 14.46000 HSOLL{3}= 0.0 HSCLL(4)= 0.9 HSOLL(5)= Q. 60000
HCSOLL= 30,000 SUM OF INTERIM STORES SUMZL= 1C.120 LPLANNED PRODUCT = QN
CKRA(1)= 5.76000 OKRA(2})= 0.0 CKRA{3)= 0.0 CKRA(4 )= 6.9 CKRA(S)= N.192r2
CKSCRI(1)= 5,76000 OKSOR(2)= 0.0 OKSCR{3)= 0.0 CKSCR(&)= 0.0 OKSOR(S )= f.162C72
ZL(l)= 10.00000 ILe2)= 0.0 ZLi3)= 0.0 ILta)= 0.9 ZLt5)= Ne1200M:
T= 3.500,H= 35.000 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT = Ne"
H(l)= 17.00000 H(2)= 17.28C0C H(3)= 0.0 Hl4)= Q.0 H(5)= a,72000
HSCLL{l}= 17.00000 HSCLL(2)= 17.2800C HSCLL(3)= 0.0 HSCLL(4)= 0.0 HSOLL(S )= O,12000
HOSCLL= 35,000 SUM OF INTERIM STORES SUMZL= 12,159 PLANNEDN PRODUCT = DD
CKRA(1)= 5.76000 0NKRA(2)= C.C OKRA(3)= f.C CKRA(4) = N.0 CKRA(S)= N,16200
CKSOR{1)= 5.76000 CKSOR(2)= 0.0 CKSOR(31= 0.6 CKSCR(4)= 0.0 OKSOR(S)= 0,1820"
ZL{ll=s 11.99999 (2= 0.C ZL(3)= 0.0 ILi4)= 0.0 LLiS)= falbn0r
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T= 4,000y H= 40,000 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRODUCT =
H{l)= '19.00000 H(2)= 26.1599% H{3)= 0.0 H{4)= 0.0 ~ H{5)=
HSCLL{1}= 19.00000 HSOLL{2)= 20.15999 HSCLL{3)= 0.0 HSOLL(4 )= 0.0 HSOLL(5)=
HCSCLL= 40,000 SUK OF INTERIM STORES SuUMZL= 14,180 ,PLANNED PRODUCT = 0.0
OKRA(1)= 5.76000 OKRA(2)= e.C OKRA(3)= 0.0 OKRA{4) = 0.0 OKRA(S)=
CKSCR(1)= 5.76000 OKSOR(2)= 0.0 OKSOR(3)= 0.0 CKSCR{4 )= 0.0 GCKSOR{5)=
ZL(1)= 13.99999 Le2)= 0.0 IL(3)= 0.0 2Li{4)= 0.0 ZLis)=
T= 4,500 H= 45,000 AND DIVERTED QUANTITY DIVERS = N0 «ACCUMULATED PRODUCT =
H{1l}= 21.00000 H{2)= 23.039%8 H{3)= 0.0 H{4) = 0.0 H(S)=
HSCLLE{1)= 21.00000 HSOLL(2)= 23.03968 HSCLL(3)= ¢.0 HSCLL(4)= 0.0 HSOLL(5)=
HOSCLL= 45.000 SUM OF INTERIM STORES SUMZL= 16.210 .PLANNED PRODUCT = R RN
CKRA(1)= 5.76000 CKRA(2)= c.c OKRA(3)= 0.0 GKRA(4) = 0.9 OKRA(S)=
OKSCR(1)= 5.76000 OKSOR(2})= 0.0 OKSOR{3})= 3.0 CKSCR(4) = 0.0 OKSGR(5)=
ZL(1)= 15.%9999 L(2)= 0.0 3= 0.0 ILt4)= G.0 L(s)=
T= 5.000¢H= 59,000 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRONUCT =
Hi{l)= 23.00000 H(2)= 25.61967 H{3)= 0.0 H{4)= 0.0 H(5)=
HSCLL{1)= 23,00000 HSOLL(2}= 25.61957 HSOLL(3)= 0.0 HSQLL(4)= 0.0 HSOLL{S)=
HOSCLL= 50,000 SUM OF INTERIM STORES SUMZIL= 18.240 PLANNED PRODUCT = Q.0
OKRA{1)= 5.76000 OKRA{2}= 0.0 OKRA(3)= 0.0 OKRA{&)= C.9 OKRA(S)=
OKSCR{1l)= 5.76000 OKSOR(2)= 0,0 CKSOR{3)= 6.0 CKSOR(&)= 0.0 OKSOR(S5)=
Z1{1d= 17.9%598 IL(2)= 0.C L 3= 0.0 ZL4)= 0.0 (5=
T= 5.500H= 55,000 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRODUCT =
H{l)= 25.00000 H{2})= 26,299%96 H{3)= 2.42500 Hi4)= 0.0 H(5)=
HSOLL{l)= 25.00000 HSOLL(2)= 26029596 HSOLL(3})= 2.,42500 HSCLL{4)= Ge? HSOLL(3)=
HGSOLL= 55,000 SUM OF INTERIM STORES SUMZL= 22.770 JPLANNED PRODUCT = 0.0
CKRA(1)= 5.76000 OKRA{2)= 4.,85000 OKRA{(3)}= 0.0 CKRA(4)= 0.0 OKRA(S )=
CKSCR{1})= 5+76000 CKSORt2}= 4,85000 CKSOR(3}= 0.0 CKSCRI4)= 0.0 CKSCR(5)=
ZL{l)= 19.99997 IL(2)= 2.50700 (3= C.0 IL{4) = 0.9 IL(5)=
T= 6.C00yH= 60.000 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT =
H{1)= 27.,00000 H{2)= 2667995 H(3)= 4,85000 H{&)= 0.9 H{S)=
HSCLL{l)= 27.00000 HSOLL(2)= 26,67955 HSOLLI3)= 4.85000 HSCLL(4)= 0.0 HSOLL(S)=
HCSOLL= 60,000 SUK DF INTERIM STORES SumzL= 27.300 (PLANNED PRODUCT = 0.0
CKRA({1)= 576000 OKRA{2)= 4,85)0C OKRA{3)= 0.0 CKRACLY = 8.0 CKRA(SY=
CKSCR(1}= 5,76000 OKSOR(2)= 4085000 OKSOR(3)= 0.0 CKSCR{4) = 0.0 DKSOR(S)=
IL(1)= 21.999%5 w(2)= 5.0C000 L(3)= 0.0 IL(4) = [eRY] ZL(5)=
1= 6,500, H= 65,000 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATEN PRODUCT =
H{l)= 29.,00000 H{2}= 27405994 H{3)= 7.271500 Hi{4) = 0.0 H(5)=
HSOLL(1)= 29.00000 HSOLL{2)= 27.,05554 HSOLL(3)= 7.27500 HSCLL(&4)= 0.0 HSOLL(b )=
HOSCLL= 65,000 SUM OF INTERIM STORES SUMZL= 31.830 JPLANNED PRODUCTY = [
QKRA(1)= 5,76000 OKRA(2)= 4,85000 CKRA{3)= c.C CKRA(4) = 0.0 CKRA(S )=
- OKSOR(1)= 5076000 OKSOR{2)= 4485000 OKSOR(3})= 0.0 CKSOR(4)= 069 OKSCR(S)=
Zi(ll= 23.,99994% ILt2)= 7.50000 L 3= 0.0 IL{4)= 0.0 IL(s)=
T= T7.000,H= 70.00" AND DIVFRTED QUANTITY DIVERS = 0.0 « ACCUMULATEN PRODUCT =
Hi{lli= 31.00000 Hizi= 27043993 H{3)= 9, 70000 H(4) = 0.0 H(5)=
HSCLL(1)= 31.00000 HSOLL{2)= 27.43993 HSOLLI3 = 9. 70000 HSOLL{&)= 0.7 HSOLL{5}=
HCSCLL= 70.007 SUM OF INTERIM STORES SUMZIL= 364360 ,PLANNED PRODUCT = Ne0
OKRA(1)= 5.,76000 COKRA{2)= 4.85000 OKRA(3)= 0.0 OKRA(&) = 00 CKRA(B)=
CKSCR{1}= 5.76000 OKSOR{2)= 4,85000 OKSOR{3}= 0.0 CKSCR(4 )= 0.0 OKSCR{5 )=
ZL({1d= 25.99992 IL{2}= 1£.00200 IL{3}= 0.0 ILi4)= [ARS) ILiSi=
T= 7500 H= 75.000 AND DIVERTED QUANTITY DIVERS = 0.0 sACCUMULATED PRODUCT =
H{l)= 33,00000 H{2}= 27.81992 H{3)= 12.12500 H{4)= 0.0 H{5)=
HSOLL{1}= 33,00000 HSOLL(2)= 27.81592 HSCLLI3)= 12.12570 HSCLL(4)= 0D HSOLL{5)=
HCSCLL= 75.000 SuUM OF INTERIM STORES SUMZL= 40,890 JPLANNED PRODUCT = [
OKRA{1}= 5.,76000 CKRA(2)= 4085000 OCKRA(3)= 0.0 CKRA(4}= Q.0 CKRA{S )=
CKSOR{1)= 5.76000 CKSOR(2)= 4,85000 COKSCR{3)= 0.0 CKSOR(4)= [ U] CKSCR(S5)=
IL(1¥= 27.99991 (2)= 12,50000 IL(3)= 0.0 L4l = 0.9 L(s5)=
T= 8,000 yH= 79.900 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT =
H{1)= 35.,00000 H(2)= 28,19591 H(3})= 12.55000 Hi4 )= Ll.90000 H{5)=
HSCLL(1)= 35.,00000 KSOLL{2)= 28, 15991 HSOLL(3)= 12.55000 HSOLL{4)= 190000 HSOLL(5)=
HCSOLL= 79.900 SUM OF INTERIM STCGRES SUMZL= 48.420 JPLANNED PRODUCT = 0.0
OKRA(1)= 5,76000 OKRA(2)= 4,8500C CKRA(3)= 3,80000 CKRA(4)= N.0 CKRA(5)=
CKSOR{1}= 5.T76000 OKSOR(2)= 4.85000 OKSOR(3)= 3.80000 GKSOR{4)= 0.0 OKSOR(5)=
L{1)= 29.99989 L(2)= 15.00000 IL(3)= 3.00000 It{4)= 0.0 ZL{5})=

a.0
0,82908
0,84000

0.13200
0,19200
Q.18000

a,n
0.96000
0,96000

0.1820¢
N,192¢0
n,21000

D.0
1. 08000
1.08n0"0

f.1920¢
9.18200
Ny 24000

0.0
1.27500
1.27500

0,152
n.1%2nn
027000

0L
1.470Cn
1.470C0C

Q.1920¢
9.1920¢
030060

A
1. 66500
L.6e500

0,19200
0.1627¢C
0,33,00

0.0
1.85070
1.8¢200

0.16200
N,1220¢
De3eN0D

fraf2
2.05500C
2.0E50n0

0.19200
N, 1e206
0,30en00

el
2425000
2025001

n.1e200
Ng192600
Ga42000
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T= 8.500sH= 84.800 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT = n.0
H{1l)= 37.00000 H(2)= 28.57990 H{3)= 12.97499 H{4}= 3.80000 H{5)= 2,44500
HSOLL{1)= 37.00000 HSOLL{2}= 28.,57990 HSOLL(3}= 12.97499 HSOLL{4)= 3,80000 HSOLL(S5}= 2. 44500
HOSOLL= 84.800 SUM OF INTERIM STORES SUMIL= 55,950 oPLANNED PRODUCT = 0.0
CKRALL) = 5.76000 CKRA(2)= 4.85000 OKRA(3)= 3,80000 OKRA{4)}= 0.0 CKRA{5)= 0.19200
OKSOR(1}= 5.76000 OKSOR(2)= 4.85000 GKSOR(3)= 3.,80000 CKSOR{4)= 0.0 CKSCR( 5= 0419200
ZL(li= 31.99988 Li2)= 17.50000 IL(3)= 6.00000 Iil4)= 0.0 ILisy= 0.,45000
T= %.000yH= 89.700 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT = 0.0
H{1)= 39.00000 H(2}= 28.95988 H{3)}= 13.39999 H{4}= 5.70000 H{5)= 2, 64000
HSCLL(1)= 39.00000 HSOLL{2})= 28,95588 HSCLL{3)= 13,39999 HSCLL(4}= 5.70000 HSOLL(S)= 2064900
HCOSOLL= 89,700 SUM OF INTERIM STORES SUMZL= 63.480 PLANNED PRODUCT = 0.0
OKRA(1) = 5.76000 OKRA{2)= 4.85000 OKRA(3)= 3.80000 CKRA{4)= 0.0 CKRA(S )= 0.19200
OKSCOR(1}= 5.76000 OKSOR{2)= 4,85000 OKSCR(3)= 3,80000 OKSOR(&4)= 0.0 OKSCR(5 )= 0.19200
ZL{1)= 33.99986 L{2)= 20.00000 L(3)= 9, 00000 IL(4)= 0.0 It(sy= 0.,48000
T= 9.5009H= 94,600 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT = 0.0
H{l)= 41.,00000 H{2}= 29.33987 H{3)= 13.82499 Hi4 )= 7.60000 H{5)= 2.83500
HSOLL{1)= 41.00000 HSOLL(2)= 29.33987 HSOLL(3)= 13,82499 HSOLL(4}= T7.6N000 HSOLL(S)= 2.83500
HCSOLL= 94.600 SUM OF INTERIM STORES SUMZL= 71.010 .PLANNED PRODUCT = 0.0
CKRA{1})= 5.76000 0OKRA{2)= 4.85000 CKRA(3)= 3,8000C CKRA{4)= 0.0 CKRA(S )= 0.19200
CKSOR{1)= 5.76000 CKSOR(2}= %4.85000 OKSOR(3)= 3.80000 GKSOR{&4)= 0.0 OKSOR{S)= 0.19200
ZL{1)= 35.95985 L 2)= 22.50000 IL(3)= 12.00000 It(4)= 0.0 IL(5)= 0,51000
T= 10000, H= 99.500 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRODUCT = n.0
H{l)= 43.00000 . H{2)= 29.71986 H{3}= 14.24999 H{4}= 9.50000 HiS)= 3,03000
HSOLL{(1)= 43.00000 HSOLL(2)= 29.71986 HSOLL(3)= 14.24999 HSOLL(4)= 9.50000 HSOLL(5])= 3.,03000
HCSOLL= 99.500 SUM OF INTERIM STORES SUMZL= 784540 +PLANNED PRODUCT = 0.0
CKRA{1)= 5.76000 OKRA(2})= 4.8500C OKRA(3})= 3,80000 CKRA(4})= 0.0 OKRA(S )= 0.19200
CKSOR{1)= 5476000 OKSOR(2)= 4,85000 CKSOR(3)= 3.80000 CKSCR(4)= 0.0 OKSOR{ 5 }= 0.19200
ZLill= 37.99983 L(2)= 25.00000 IL(3)= 15.00000 ZLt4)= 0.0 IL(5)= N.54000
T= 10.500¢H= 1C4,400 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRODUCT = 0.0
H{l)= 45,00000 H(2)= 30.09985 H{3)= 14.67499 Hi4)= 11.40000 H{5}= 3,22500
HSOLLIL)= 45.,00000 HSOLL(2)= 30.09985 HSCLL(3)= 14.67499 HSCLL(4)= 11.40000. HSOLL{S )= 3.22500
HOSGLL= 104,400 SUM OF INTERIM STORES SUMZL= 86,070 -PLANNED PRODUCT = 0.0
OKRA(1)= 5.76000 OKRA(2)= 4,85000 OKRA(3)= 3,80000 OKRA(4)= 0.0 CKRA(S )= r. 19200
CKSOR{1})= 5.76000 OKSOR(2)= 4.85000 OKSOR(3)= 3,80000 CKSCR{4)= 0.0 CKSCR{S )= 1,19200
IL{lr= 329,99982 L(2)= 27.5CC00 (3= 17.99998 IL(4) = 0.0 (5= 0.57000
T= 11.000,H= 109.300 AND DIVERTED QUANTITY DIVERS = 0.0 <ACCUMULATED PRODUCT = 0,0
H(1}= 47.00000 H{2)= 30.47%84 H{3)= 15.09999 Hi{4)= 13,30000 H{5)= 3. 42000
HSOLL(1)= 47.00000 HSOLL{2}= 30447984 HSOLL{3}= 15.09999 HSCOLL{4)= 13.30000 HSOLL(5)= 3.42000
HOSOLL= 109.300 SUM OF INTERIM STORES SUMZL= 93,600 oPLANNED PRODUCT = 0.0
CKRA(1}= 5.76000 OKRA(2)= 4.,8500C OKRA{(3)= 3,80000 CKRA(4)= 0.0 CKRA{S )= 0.19200
CKSOR(1)= 5.76000 OKSQR{2)= 4.85000 OKSOR(3}= 3,80000 OKSCR{4)= 0.0 OKSCR{5)= 2.19200
IL{1)= 41.99980 ILL2)= 30.C00030 IL(3)= 20,99997 IL{4)= 0.0 ZL(s)= 2. 60009
MARK(3} WAS SET =1
T= 11.500,H= 114,050 AND DIVERTED QUANTITY DIVERS = c.0 ~ACCUMULATED PRODUCT = 0.0
H{l)= 49.00000 H(2}= 30.85983 H{3}= 12.52499 H{4)= 18,04999 H({5)= 3:.61500
HSCLLI{1)= 49.,00000 HSOLL{2}= 30.85983 HSOLL{3)= 12052499 HSCLL{4)= 18.04999 HSOLL{5)= 3:£1500
HGSOLL= 114.050 SUM OF INTERIM STORES SUMZIL= 77.130 .PLANNED PRODUCT = 0.3
CKRA(1}= 5.76000 OKRA{2}= 4,85000 CKRA(3)= 9.,50000 OKRA{4)= 0.0 OKRALS b= 0.19200
OKSOR({1)= 5.76000 CKSOR(2}= 4085000 OKSOR(3)= 9.50000 CKSGR{4)= 0.0 OKSCR{S5 )= 0.19200
IL(21d= 43.99979 L(2)= 32,50000 IL(3)= 20,99997 IL{4)= 0.9 IL{5y= 0. 63000
T= 12.000,H= 118.800 AND OIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT = G0
H{lj= 51.00000 H(2}= 31.23982 H{3)= 9.94999 H{&)= 22479999 H(5}= 3.80999
HSOLL{1l)= 51.00000 HSOLL{2}= 31.23982 HSOLL(3)= 9. 94999 HSOLL{%)= 22.79999 HSOLL(S)= 3.,80999
HCSOLL= 118.800 SU¥ OF INTERIM STORES SUMZL= 81.660 .PLANNED PRODUCT = a.0
CKRA{1lj= 5,76000 OKRA(2])= 4.8500C CKRA(3)= 9.50001) CKRA(4)= 0.0 OKRA(S5}s 0,19200
CKSCR(1)= 5.76000 OKSCR(2}= 4085000 OKSOR{3)= 9.50000 CKSCR{G)= .0 OKSOR{S )= Ne.19200
IL{1)= 4&45.99977 Zt(2)= 35.00000 ZL(3)= 20.99997 Lis)= 0.0 IL(S )= 0,66000
T= 12.500,H= 123,800 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT = 0.0
H{l)= 53.00000 H(21= 3l.61981 H(3)= 12.37499 Hi4)= 22.79999 H(5)= 4.00495
HSOLL{1)= 53.0C000 HSOLL(2})= 31.61981 HSOLL{3)= 12.37499 HSOLL{4)= 22.79999 HSOLL(5)= 4.00499
HOSCLL= 123.800 SUM OF INTERIM STORES SUMZL= 86.190 .PLANNED PRODUCT = 0.0
OKRA(1) = 5.76000 CKRA{2)= 4,85000 OKRA{3}= 0.0 OKRA{&) = 0.0 OKRA{S51= 0.19200
0.19260

CKSOR{1)= 5.76000 CKSOR(2)= 485000 OKSOR{3}= 0.0 CKSCR(&)= 0.0 OKSCR(5}=
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LLILI= 4 1eIIVIT Lrier= ERRT-IT Y [SSE-¥ L ZUTIVYI L= Vv L=
T= 13.000,H= 128.550 AND DIVERTED QUANTETY DIVERS = 0.0 « ACCUMULATED PRODUCT =
H{l)= 55.00000 H(2}= 31.99980 H{3)}= 9.79999 H{42= 2754999 H{5)=
HSCLL(1)= 55.N0C000 HSOLL(2)= 31.99980 HSOLL(3)= $.79999 HSCLL(4)= 27.,54999 HSOLL(S)=
HOSOLL= 128,550 SUM OF INTERIM STORES SUMZL = 90.720 .PLANNED PRODUCT = 0.0
CKRA(1}= 5.76000 CKRA(2)= 4.8500C CKRA(3)= 9.50000 CKRA{4)= 0.0 OKRA[S)=
CKSOR(1)= 576000 OKSOR(2)= 4,85000 OKSOR(3)= 9,50000 CKSOR(4)= 0.0 CKSOR{5)=
IL{l)= 49,.99974 IL(2)= 4C.0C000 Ii(3)= 20.99997 ILi4)= 0.0 (5=
T= 13,500,H= 131.876 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT =
H{l)= 57.00000 H{2)= 32.37979 H{3}= 12,2249% Hi4)= 25474998 H(S}=
HSOLL(1)= 57.00000 HSOLL{2)= 32.3797% HSOLL(3)= 12.22499 HSCLL(4)= 25.74998 HSOLL(S)=
HOSOLL= 131.876 SUM OF INTERIM STORES SUMZL= 97.950 PLANNED PRODUCT = 1.620
OKRA(l)= 5.76000 CKRA{(2)= 4485000 OKRA{3)= 0.0 CKRA(4)= 3.24000 CKRA(S)=
CKSCR{1)= 5.76000 OKSOR(2)= 4.85CCC OKSOR(3)= C.0 CKSCR{4)= 3024000 OKSOR{S)=
ZE{l)= 51.99973 L(2)= 42.50000 IL(3)= 20.99997 IL(4)= 2,70000 ZLis)=
T= 14.000,H= 134,952 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT =
H{l})= 59.00000 H(2)= 32.78678 R(3)= G. 64999 Hi4) = 28.,69998 HE{S)=
HSOLL(1)= 59.00000 HSOLL{2)= 32.75978 HSOLL(3)= . 64999 HSOLLI4)= 28,69998 HSOLL(5)=
HCSCLL= 134.952 SUM OF INTERIM STORES SUMZIL= 105,180 PLANNED PRODUCT = 34240
CKRA(1)}= 5.76000 OKRA(2)= 4,8500C OKRA(3)= 9.50000 CKRA(4)= 3.24000 GCKRA{5)=
OKSOR(1)= 5.760080 OKSOR{2}= 4285000 OKSGR({3)= 9.50000 CKSOR(4)= 3.24000 OKSCR(5)=
ZL{l1)= 53.99971 ZLt2)= 45 .00000 IL(3)= 20.99997 JANCS B 5,40000 ILiS)=
T1= 14.500,H= 138,278 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT =
H{1)= 61.00000 H{2)= 33.13977 H{3)= 12.07499 Hi4)= 26.89998 H{5}=
HSCLL{Ll)= 61.00000 HSOLL(2)= 33.13%77 HSOLL(3)= 12,07499 HSOLL(4)= 26.89998 HSOLL{S)=
HCSOLL= 138,278 SU¥ OF INTERIM STORES SUMZL= 112,410 ,PLANNED PRODUCT = 40860
OKRA{1)= 5.76000 OKRA{2)= 4485000 OKRA({3)= 0.0 CKRA(&4) = 3.24000 CKRA(S5)}=
CKSOR(1) = 5.7T6000 OKSOR(2)= 4,85000 CKSCR(3)= 0.0 GKSCR(%)= 3,24000 COKSCR{5)=
IL{1l)= 55.99969 IL(2)= 47.50000 IL(3)= 20.99997 IL(4)= 8.10000 ZLis)=
T= 15.000,H= 141.354 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT =
H(l)= 63.00000 H(2)= 33.51976 H(3)= 9.4999% H{4)= 29.84998 H{5)=
HSOLL(1)= 63.00000 HSCLL(2}= 33.51976 HSOLL(3)= 9,49999 HSCLL{4)= 29.84998 HSOLL(5)=
HOSCLL= 141.354 SuM OF INTERIM STORES SUMZL= 119.640 ,PLANNED PRODUCT = 60480
CKRA(1)= 5.76000 OKRA(2)= 4.85000 OKRA(3)= 9.,50000 CKRA{4)= 3,24000 CKRA(5)=
OKSOR(1)= 5.76000 OKSOR(2}= 4,85000 OKSOR(3)= $.50000 CKSCR{4)= 3,2400n OKSCR(S5)=
IL{l)= 57.99968 IL(2)= 50,60000 IL(3}= 20.999%7 Li{4)= 10.80000 ZL{S)=
T= 15.500,H= 144,680 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRODUCT =
H{l)= 65.00000 H{2}= 33,89575 H{3)= 11,92499 Hi&)= 28,04997 H{5)=
HSCLL{1}= 65.00000 HSOLL(2)= 33,89975 HSOLL(3)= 11,92499 HSOLL(4)= 28404997 HSOLL(5)=
HCSOLL= 144.680 SUM OF INTERIM STORES SumMzL= 126,870 .PLANNED PRODUCLT = 8,100
OKRA{1)= 5.76000 CKRA(2)= 4,85000 OCKRA{3}= 0.0 OKRA{4)= 3424090 CKRA(S5)=
OKSCR{1)= 5.76000 OKSOR{(2}= 4,85000 OKSOR(3)= 0.0 CKSOR{& )= 3.24000 OKSOR{S}=
ZL{l}= 59.99966 L{2d= 52.50000 IL{3)= 20,99997 Zil4)= 13.50059 IL{S}=
I= 16.N00,H= 147,756 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT =
H{l)= £7.00000 H{2)= 34,27574 H{3)= 9.3499% Hl4)= 30,99997 H{5)=
HSOLL(1l)= ©&7.00000 HSOLL(2}= 34.27974 HSOLL(3)= 9634999 HSCLL{&4)= 30.99997 HSOLL{S)=
HOSOLL= 147,756 SUM OF INTERIM STORES SUMZIL= 134,100 oPLARNED PRCODUCT = 9.7290
GKRA{l)= 5.76000 OKRA(2}= 4.85000 OKRA{3}= 9.50000 OKRA(4}= 3,24000 OKRA(S5)=
CKSCR(1)= 5.76000 CKSOR(2)= 4,85000 OKSOR(3})= 9.50000 OKSCR{&)= 3,24000 CKSOR(5)=
ZL{1}= 61.99965 (2= 55,00000 ZL{3)= 20.99997 2t (4= 16.20000 ZLi{s5)=
T= 16.5004H= 151,082 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT =
H{1}= 69.00000" H(2)= 34,65973 H{3)= 11.77499 Hi{4)= 29.19997 H(S)=
HSCLL{t)= 69.00000 HSOLL(2)= 3465973 HSOLL(3)= 11.77499 HSCLL(%4)= 29.19997 HSOLL(5}=
HCSOLL= 151.082 SUM OF INTERIM STORES SuMZL= 141,330 PLANNED PRODUCT = 11.340
OKRA(1)}= 5.76000 OKRA(2)= 4.85006 OKRA(3)= 0.0 CKRA{4)= 3,2400n OKRA(5)=
CKSCOR(1)= 5.76000 CKSOR{2}= 4.85000 OKSOR(3)= 0.0 CKSCR(4}= 3,24000 OKSCR(S5)=
IL(l)= 63.99963 ZL(2}= 57.50000 ZL{3}= 20.99997 2L (4= 18.89999 ZLi5)=
T= 17.000,H= 154,158 AND DIVERTED QUANTITY DIVERS = 0.0 + ACCUMULATED PRODUCT =
H{l}= 71.00000 H{2}= 35,03972 H{3}= 9.19999 Hi4)= 32,14996 H{5)=
HSCLL{1)= 71.00000 HSCLL(2)= 35.03972 HSOLL(3)= 9.19999 HSOLL{4)= 32.14996 HSOLL(5)=
HOSOLL= 154.158 SUM OF INTERIM STORES SUMZL= 148,560 +PLANNED PRODUCT = 12.969
OKRA(1)= 5,76000 CKRA(2}= 4,85000 OKRA(3)= 9.50000 CKRA(4)= 3,24000 C(KRA(S5)=

OKSOR(1})= 5.76000 OKSOR(2)= 4.85000 OKSOR{3)= 9,50000 CKSCR(4)= 3,24000 OKSOR(S5)=

vetyouy

0.0
4419999
4419999

0,19200
0.19200
0. 72000

1.620
4452099
4.52099

0,19200
N.1920C
0.75000

3.24N
4.84199
4.8419%

0.19200
0.19200
0.78060

44860
5.16299
5.16299

De19200
0.19200
0.81000

6,480
5.48399
5.48395

n,16200
0.19200
0,84000

8,100
5.80499
5.80499

N,19205
0.19200
N.87000

@.720
6.12599
6.1259

n,.15200
¢o19200
n,90aN0

11340
6.44699
6044699

0,16201
N.19200
0.93000

12.960
6.76799
6.76799

Q.19200
G.1920"
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LLEL?T ©DevyYYOL LLver= oUsLOULY Lt or= EUIYITI [ARY ¥ L) ZLe2937Y LUVDH=
T= 17.500,H= 157.484 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT =
H{1)= 73.,00000 H(2}= 35.41971 H(3)= 11.62499 H{4)= 30,34996 H{S5)=
HSOLL(1)= 73.00000 HSOLL(2)= 35.41971 HSOLL(3)= 11.62499 HSCOLL(4)= 30,34996 HSOLL(S)=
HOSOLL= 157.484 SUM OF INTERIM STORES SUMZL= 155,790 PLANNED PRODUCT = 14.580
CKRA(1)}= 5.76000 CKRA{2)= 4085000 QKRA(3)= 0.0 CKRA(4} = 3,24000 OKRA(S)=
OKSOR(1}= 5.76000 OKSOR(2)= 4,85000 DKSOR(3)= 0.0 CKSCR(4}= 3,24000 OKSCR(S5)=
ZL(l)= 67,99960 IL(2}= 62.50000 ZL(3)= 20.99997 IL{&)= 24 .,29999 L(s5)=
T= 18.000,H= 160,560 AND DIVERTED QUANTITY DIVERS = 0.0 + ACCUMULATED PRODULT =
Hi{l)= 75.00000 H{2)= 35.79970 H{3}= 9. 04999 Hi4)= 33,29996 H(5)}=
HSOLLI1)= T75.,00000 HSOLL(2)= 35,75970 HSOLL(3)= 9.04999 HSCLL(4)= 33,29996 HSOLL(5)=
HCSCLL= 160,560 SUM OF INTERIM STORES SUMZL= 163,020 PLANNED PRODUCT = 16,200
OKRA{L}= 5.76000 OKRA{2)= 4.85900 OKRA{3)= 9.50000 CKRA(4)= 3.24000 CKRA{S)=
OKSCR{1l)= 5.76000 CKSOR(2)= 4485000 OKSOR(3)= 9.50000 CKSCR(4)= 3,24000 CKSOR(S5)=
ZL{lY= 69.99959 L(2)= 65.C0000 IL(35= 20.99597 L {4 = 26.99998 L (S5)=
T= 18.500,H= 163,886 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT =
H{1)= 77.00000 H(2)= 36417968 H{3)= 11.47499 H{4)= 31.46995 H{S)=
HSOLE(1}= T77.00000 HSOLL(Z2}= 36017966 HSOLL{3)= 11.47499 HSCLL(4}= 31.49995 HSOQLL(5)=
HCOSCLL= 163.886 SUM OF INTERIM STORES SUMZL= 170.250 JPLANNED PRODUCT = 17.820

CKRA(L)= 5.76000 CKRA{2)= 4,85000 OKRA(3)= 0.0 CKRA(4)= 3.24000 OKRA(S5)=
CKSQR(1)= 576000 CKSCR{2)= 4+8500C GKSOR({3)= G.0 CKSCR{4)= 3.24000 OKSOR(S)=
TL(l)= T71.99957 Li2)= 67.50000 L(3)= 20.99997 ILi4)= 29.69998 IL{5)=
T= 19.000,H= 166,962 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT =
H{ll= 79.00000 H(2)= 36.55568 H{3}= 8.89999 Hi4)= 34.44995 H{S)=
HSOLL{1l)= 79.00000 HSOLL(2)= 36.55968 HSOLL(3)= 8. 89999 HSOLL{4)= 34,44995 HSOLL(5)=
HOSOLL= 166,962 SUM OF INTERIM STORES SyMiL= 177.480 .PLANNED PRODUCT = 19.440
CKRA{1)= 5.76000 OKRA{(2}= 4,85000 OKRA(3)= 9.50000 CKRA(4)= 3,24000  CKRA(S)=
CKSCR{lj)= 5.76000 OKSOR(2)= 408500C OKSOR{3}= 9.50000 OKSCR(4})= 3.24000 OKSOR(S)=
Ittll=  73.,99956 IL(2)= 70.00000 Li{3y= 20.99997 It (4= 32,39998 IL(5)=
MARK(4) WAS SET =1
T= 19.5009H= 167,777 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT =
H{l)= 81.00000 H{2}= 36493967 H(3)= 11.32499 H{4)= 2994995 H{S5)=
HSOLL{1)=s 81.00000 HSOLL{2)}= 36.93667 HSCLL(3]= 11.32499 HSCLL{G )= 29,94995 HSOLL{S)=
HOSOLL= 167.777 SUM OF INTERIM STORES SUMZIL= 149.610 +PLANNED PRODUCT = 23,490
CKkRA(1)= 5.76000 OKRA(2)= 4.85000 OKRA{3})= n.0 OKRA(4)= 8.,10000 CKRA(S)=
GKSCRI1)= 5.76000 OKSOR{(2)= 4485000 GKSOR(3)= 0.0 CKSCR(4)= 8,1M000 OKSCR(S )=
IL{l)=  75.99954 (2= 12.50000 L(3)= 20.59997 IL(4)= 32.39998 ZL(5)=
T= 20,000,H= 168.342 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRONUCT =
H{ll= 83.00000 Hi2j)= 37.31966 H{3)= 8074999 Hi4)= 30,19995 H{5)=
HSOLL{1)= 83.00000 HSGLL(2)= 37.31666 HSOLL(3)= 8.74999 HSOLL{4)=- 30,19995 HSOLL(5}=
HCSOLL= 168.342 SUM OF INTERIM STORES SumMZL= 154,140 ,PLANNED PRODUCT = 27,540
CKRA(1)= 5.76000 OKRA(2)= 4,85C00 CKRA(3)= 9.50000 CKRA(4)= 8.10300 CKRA(S5)=
CKSOGR (1= 5.76000 COKSOR(2}= 4.,85000 OKSOR(3}= 9,50000 OKSOR(4)= 8.10000 OKSOR(5)=
()= 77.99953 ILi{2)= 75.00000 ILt(3)= 2099997 IL{4)= 32.39998 (s5)=
T= 20,500,H= 169,157 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRODUCT =
H{l)= 85.,00000 H(2)= 37.69965 H(3)= 11.17499 H(4)= 25,69995 H(5})=
HSOLL(1l)= 85.00000 HSOLL(2)= 37.65%965 HSOLL(3)= 11.17499 HSOLL{a4}= 25.,69995 HSOLL(S)=
HOSOLL= 169.157 SUM OF INTERIM STORES SUMZIL= 158,669 PLANNED PRCDUCT = 31,599
CKRA{L}= 5.76000 OKRA{2i= 4.85000 OKRA{3}= 6.0 OKRA(4)= 8.10000 COKRA{S)=
CKSOR(1}= 5.76000 CKSOR{2)= 4.85000 OKSOR({3}= 0.0 CKSCR{&)= 8.10000 OKSCR{35)=
IL(l)= 79.99951 IL(2)= 77.50000 L(3)= 20.99997 L4 = 32.39998 IL{5}=
T= 21.000,H= 169,722 AND DIVERTEC QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT =
H{l)= 87.00000 H{Z}= 38,07964 H{3)= 8.59999 H{a)= 25.94995 H{5)=
HSOLL{l)= 87.00000 HSOLL{2)= 38.C7964 HSCLL(3)= 8459999 HSCLL(4)= 25.,94995 HSOLL(5)=
HOSCOLL= 169.722 SUM OF INTERIM STORES SUMZL= 163.199 .PLANNED PRODUCT = 35.640

CKRA(1)= 5.76000 OKRA(2)= 4.85000 GOKRA{3)= 9.50000 GKRA(4)=

OKSOR(1)= 5.,76000 OKSCOR{2)= 4.85%00 CKSOR{3)= 9.50000 CKSCR(4}=

IL(1)= 81,99950 L(2)= 80.00000 ZL{3)= 20099997 L (4} =
MARKE1) WAS SET =1
T= 21.500,H= 170,537 AND DIVERTED QUANTITY DIVERS = 0.0

H{l)= 87.00000 H{2)= 40437962 H(3)= 11,02499 H{4)=
HSOLL(1)= 87.00000 HSOLL{2)= 40.37962 HSOLL{3)= 11.,02499 HSGLL{&4)=
HCSCLL= 170.537 SUM OF INTERIM STORES SUMZL= 83,730 JPLANNED PRODULT =

8,10000 OKRA(5)=.

8.10000 CKSCR(5)=
32.39998 IL{S)=

«ACCUMULATED PRODUCT =

21.44995 H{5)=
21444995 HSOLL(5)=
39,690

s yoUvY

1¢,.58¢C
7.08899
7.08899

0.19200
0.19200
0.95000

16.200
7.40999
7.40999

0.19200
9,19200
1.02000

17.820
T.73098
T.73098

0.19200
0.192060
1.05000

19.440
8.05198
B.05198

0.19200
n,1920C
1.,08000

23.490
8,56198
8.556198

0.19200
0,19200
l.11000

27.540
9.77198
9.07198

n.19200
n.19200
1.14000

31.590
9.58198
9.58198

0.19200
7.19200
1.17000

35,640
10,09198
1n.09198

n.19200
019270
1.201C0

3%9.£90
1n.68198
in.68158
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LRKA{LY= YoOoUUUY URKALZIT WH,BIUUU URKAL3F= Ge v URKAT$F= Fe LUUUU  URKRALID =
CKSCR(1}= 9.60000 OKSOR({2)}= 4,85000 CKSOR{(3)= 0.0 CKSGR{4 1= 8.10000 OKSOR{5)=
IL(li= B81.99950 It(2i= 82,50000 ZL(3}= 2099997 ZL(4)= 32.39998 Itis)=
T= 22,000,H= 175,287 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRODUCT =
H{1}= B87.00000 H{2)= 42.67961 H{3)= 8044999 Hi4)= 26419995 H{5}=
HSCTLL{1)= 8T7.00000 HSOLL(2)= 42.67961 HSOLL(3)= 844999 HSOLL{%)= 26.19995 HSOLLIS)Y=
HOSOLL= 175.287 SUM OF INTERIM STGRES SUMZL= 86,260 PLANNED PRODUCT = 39,690
CKRA{1)= 9.60000 OKRA{2)= 4.85000 QKRA(3)}= 3.50000 CKRA(4)= 0.0 CKRA(S5)=
CKSOR(1)= 9.60000 OKSOR(2)= 4,85000 CKSOR(3)= 9.50000 CKSOR(4)= 0.0 OKSCR(5)=
ZL{1)= 81.,99959 IL(2)= 85.00C00 IL(3)= 20.95997 W i{4)= 32.39998 IL(5)=
T= 22.5009H= 176.102 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRODUCT =
H{ll= 87.00000 H{2)= 44497660 H{3}= 10.87498 Hi4)= 21.69995 H{5}=
HSCLL{1)= 87,00000 HSCLL(2)= %4,97560 HSOLL(3)= 10.87498 HSCLL{4)= 21.69995 HSOLL(S5)=
HOSOLL= 176.1C2 SuM OF INTERIM STORES SUMZL= B88.790 PLANNED PRODUCT = 430740
CKRA(1)= 9.60000 OKRA(2)= 4.8500C OCKRA(3)= 0.0 CKRA{4)= 8.10000 CKRA(S5}=
CKSCR(1)= 9.60000 CKSGR(2)= 4+8500C OKSOR{3}= 3.0 CKSCR{4)= 810000 OKSCR(S)=
IL{1)= 81.99950 It(2)= 87.50000 ZL{3)= 2099997 IL{4)= 32.39998 LL(5)=
T= 23.000,H= 180,851 AND DIVERTED QUANTITY DIVERS = N.2 +ACCUMULATED PRODULY =
H{l)= 87.00000 H(21= 47.27959 H{3}= 8.29998 H{&)= 26444995 H(5)=
HSOLL{1}= 87.00000 HSOLL(2)= 47.27959 HSOLL{(3)}= 8.,29998 HSOLL{4)= 26.44995 HSOLL(S)=
HCSOLL= 180.851 SUM OF INTERIM STORES SUMIL= 91.320 .PLANNED PRODUCT = 43,740
CKRA(1)= 9.60000 OKRA{2)= 4.85GCC CKRA(3)= 9.50000 CKRA{4)= 0.0 CKRA(S)=
CKSCR(1)= 9.60000 OKSOR{2}= 4.85000 CKSOR{(3)= 9.50000 OKSECR{&41= 0.0 OKSOR(5)=
Zt(1)= 81.99950 IL(2)= $0,00000 IL{3)= 20,99997 It 4= 32.39998 IL(s)=
T= 23.500,H= 181,666 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT =
H{1)= 87.00000 H{2})= 45,5795 H{3)= 10.72498 H{4)= 21.94995 H{5}=
HSCLL(1)= B87.00000 HSOLL(2)= 49.57957 HSOLL{3)= 10,72498 HSOLL(4 )= 21.94995 HSOLL(5)=
HCSCLL= 181.666 SUM OF INTERIM STORES SUMZL= 93.850 JPLANNED PRODUCT = 47 .790
CKRA(L)= 9.60000 OKRA(2)= 4.85000 OKRA(3)= 0.0 CKRA(4)= 8.10000 OKRA(5)=
OKSOR{(1)= 360000 OKSOR(2)= 4.,85000 OKSOR(3)= 0.0 CKSCR{4)})= 8.10000 CKSOR{5)=
21:(1)= 81.99950 IL(2)= 92.50000 IL(3}= 20.99997 2t (4) = 32.39998 (s)=
T= 24.000yH= 186.416 AND DIVERTED QUANTITY DIVERS = 0.0 «ACCUMULATED PRDDUCT =
Hiill= B87.,00000 Hizi= 51487956 H{3)= 8.14998 Hi4)= 26.69995 H{5)=
HSCLL{1)= 87.00000 HSOLL(2)= 51,87556 HSOLL{3)= 8.14998 HSCLL{4)= 26469995 HSNLL{S5)=
HCSCLL= 186.416 SUM OF INTERIM STORES SUMZL= 96,380 .PLANNED PRODUCT = 47,7590
CKRA(1)= 9.60000 - OKRA(2)= 4,85000 CKRA(3)= 9.50000 CKRA(4)= 3.0 CKRA(S)=
CKSCR(1)= 9.60000 OKSCR({2}= 4,8500C OKSOR(31}= 9.50000 CKSCR{4}= n.0 CKSCR(5)=
ZL(1)= B8l.99950 IL(2)= $5.00000 ZL{3}= 20.93997 IL{4d= 32.39998 (5=
T= 24.5005H= 187,231 AND DIVERTED QUANTITY DIVERS = 0.0 <ACCUMULATED PRODUCT =
H{1l)= 87.00000 H(2)= 54,17955 H{3)= 10.57458 H(4)= 22.19995 H{5)=
HSOLL{1)= 87.0C000 HSCLL(2)}= 54,17555 HSOLL(3)= 10.57498 HSOLL{4)= 22.19995 HSOLL(5)=
HCSOLL= 187.231 SUM OF INTERIM STORES SUMZIL= 98.910 +PLANNED PRODUCT = 51.840
CKRA{1l}= 9.50000 OKRA{2!}= 4,85000 CKRA{3}= 0.0 CKRA(4)= 8.10000 CKRA{SI)=
OKSOR(1) = 9.60000 OKSOR{(2})= 4285000 OKSOR(3)= 0.0 CKSOR(4) = 8.10000 CKSOR(S5)=
ZL{1)= 81.99950 Lf2)= 97.50000 IL(3)= 20.,99997 It(4)= 32.39998 IL(5Y=
T= 25,000,H= 191,981 AND DIVERTED QUANTITY DIVERS = 0.0 « ACCUMULATED PRODUCT =
- H{li= 87.00000 H{2}= 56.47954 H{3i= 7.99998 Hi4)= 26.94995 H{S)=
HSCLL{l)= 87.00000 HSOLL(2)= 56047554 HSOLL{3}= 7099998 HSOLL(&)= 26494995 HSOLL(B}=
HCSCLL= 191.981 SUM OF INTERIM STORES SUMZL= 101.440 . PLANNED PRODUCT = 51.840
CKRA(1)= 9.60000 OKRA{2)= 4.85000 OKRA{3}= 9.50000 CKRA{4}= 0.0 OKRA(S )=
CKSER(L1)= 9.60000 OKSOR{2)= 4,8500C CKSOR(3)= 9.50000 OKSCR{4)= 0.9 OKSOR(5)=
ZL(1)= 81.99950 Zt{2¥= 100.00000 ZL{3}= 20.99997 ZL(4)= 32,39998 L(s5i=
MARK(2) WAS SET =1
SNAP.TINE= 0.25558377

U LY LU
0.19200
1.23000

39.69D
10.95698
10.95698

0.19200
0.15200
1.26000

43,740
11.54698
11.54698

0,.,19200
0.19220
1.29000

43,740
11.82198
11.82198

N.15200
0.19200
1.320C0

47.790
12.41168
12,41198

G. 19200
0.19200
1.3500¢C

47.750
12.66698
12.65698

0,19200
n.16200
1.3800C

51.840
13.27698
13.27698

0, 15200
Me19200
1.41000

51.840
13.55198
13.5516¢

C.19200
n.19200¢
1.432999




138

CHANGE CF ILS(J= 1)

XNULL= 10.000
RKAPPA(I} HMIN(I) HMAXLT) OKMAX{I) ZLS(I) ABZW(I) HHALB(I) RDRY{1)
0.040 4.500 160.000 10.000 0.400 0.020 80.000 0.0
0.030 25.000 110.000 10.000 0.500 0.0 100.000 0.0
0.0 10.000 30.00¢C 1C.0CC 0.600 C.0 20,000 0,059
0.070 25.000 100.000 9.000 C.600 0.0 30,000 0.030
0.200 0.050 6,000 0.300 0.200 0.0 0.600 0.0
THE THECRETICAL (T(I}) AND REAL (TREAL(I}) TIMES, UNTIL A MINIMAL CONTENT OF THE CORRESPONDING UNITS IS REACHED,ART
T(1)= 0.4500 T(2)= 4.7903 T(3)= 6.8521 AND T(4)= 13.4311
WHEREAS TREAL(1} 0.4500 TREALI2)= 449399 TREAL(3)= 7.0018 AND TREAL(4)= 13,5807
1= C.500,H= 5.000 AND DIVERTED QUANTITY DIVERS = 0.0 +ACCUMULATED PRODUCT = Q.0
H{l}= 5.00000 H{2)= 0.0 H(3}= 0.0 H{4)= 0.0 H(S)= 0.0
HSCLL{1)= 5.00000 HSCLL(2}= 0.0 HSCLL(3)= 0.0 HSCLL(4)= 0.0 HSOLL(5)= n.0
HOSOLL= 5.0C0 SUM OF INTERIM STORES SUMIL= 0.0 «PLANNED PRODUCT = 0.0
CKRA(1}= 0.0 CKRA(2)= 0.C GKRA(3}= 0.0 CKRA(4) = 0.0 OKRA{5)= 0.0
GKSCR{1l)= 0.0 OKSOR{2)= 0.0 OKSCOR(3)= 0.0 CKSCR(4)= (s34} OKSOR(S5)= 0.0
L= 0.0 IL(2)= C.C (3= 0.0 ILt4)= 0.0 IL(5)= 0.0
T= 1.000,H= 10.000 AND DIVERTED QUANTITY DIVERS = 0,100 ACCUMULATED PRODUCT = C.0
H{1})= 7.10000 H{2)= 2.78400 H(3)= 0.0 H{4)= 0.0 H{5})= N.11600
HSCLL(1)= 7.00000 HSOLL(2)= 2.88000 HSOLL{3)= 0.0 HSCLL(4)= 0.0 HSOLL(5)= ¢.12000
HOSCLL= 10.000 SUM OF INTERIM STORES SUMZL= 2,000 PLANNED PRODUCT = N.0
CKRA(L)= 5.56800 CKRA(2)= 0.0 OKRA(3)= 0.0 CKRA(4)= 0.0 CKRA(S5)= N.0
CKSCR(1)= 5.76000 CKSOR{2)= 0.0 OKSCR(3)= 0.0 CKSCR(4)= 0.0 OKSOR(5)= G.0
L(1)= 2.00000 Le2)= 0.0 IL(3)= 0.0 IL(4)= 0.0 Lis5)= 0.0
T= 1500, H= 15.000 AND DIVERTED QUANTITY DIVERS = 0.200 .ACCUMULATED PRODUCT = 0N
H{l)= 9.20000 H(2)= 5.5680C H{3)= 0.0 H{4) = 0.0 H({5)= 0.23200
HSOLL(L) = 9.00000 HSOLL{2)= 5.76000 HSCLL{3)= 0.0 HSCLL(4)= 0.0 HSOLL(S}= 3.24000
HOSCLL= 15,000 SUM OF INTERIM STORES SUMZL= 4,030 PLANNED PRODUCT = 0.0
CKRA(L) = 5.56800 OKRA{2)= 0.C OKRA(3})= 3.0 CKRA(4) = 0.0 OKRA(S)= 0.19200
GCKSOR(1}= 5.76000 CKSOR(2)= 0.0 CKSOR(3)= 0.0 CKSOR(4)= 0.0 OKSCR(S)= 0.19200
()= 4.00000 L(2)= 0.0 IL(3)= 0.0 IL{4) = 0.0 IL(s)= 0.0300¢
T= 2.000,4H= 20,000 AND DIVERTED QUANTITY DIVERS = 0.300 +ACCUMULATED PRODUCT = 0.0
H{l)= 11.30000 H(2})= 8.35200 H{3)}= 0.0 H{4)= 0.0 H(S)= 0.34800
HSCLL(1)= 11,00000 HSCLL(2)= 8464000 HSCLL(3)= 0.0 HSCLL(4)= 0.0 HSOLL(S)= 0.360C0
HCSOLL= 20,000 SUM OF INTERIM STORES SUMZL= 6,060 oPLANNED PRODUCT = 0.0
CKRA(1) = 5.56800 OKRA(2)= 0.0 CKRA{3)= 0.0 OKRA(4)= 0.0 CKRA(5)= 0419200
CKSCRI{L1)= 5.76000 OKSOR(2)= 0.0 OKSOR(3)= 0.0 CKSCR(4)= 0.0 OKSCR(51)= Ne.192CH
It(l)= 6,00000 IL{2)= 0.0 IL(3}= 2.0 IL(4) = 0.0 ZL(S)= 0,06000
T= 2.5004H= 25.000 AND DIVERTED QUANTITY DIVERS = 0.400 ACCUMULATED PRODUCT = 0.0
H{IY=  13.39999 H{2)= 11.13600 H{3)= 0.0 Hi4 )= 0.0 H{5)= D.4640N0
HSCLL{1)= 13.,00070 HSCLL{2)= 11.5290C HSOLL(3}= 0.0 HSCLL(4}= 0.0 HSOLL(51= 0.48nC0
HOSOLL= 25.000 SUM OF INTERIM STORES SUMZL= 8.090 JPLANNED PRODUCT = 0.0
CKRA{1l)= 5.56800 CKRA(2)= 0.0 CKRA{3)= 0.0 OKRA{4) = 0.0 OKRA(S )= N.19200
CKSCR(1)= 5.76000 CKSOR(2)= C.C CKSCR(3}= c.0 CKSCR{4)= 0.0 OKSOR(5)= N.19200
(1= 8.00000 (2= C.C Li3)y= 0.0 wi4)= 0.0 2L(S)= Q. 09000
T= 3.000,H= 30,000 AND DIVERTED QUANTITY DIVERS = 0.500 JACCUMULATED PRODUCT = QN
H{l}= 15,49998 H(2)= 13.922C0 H(3)= 0.0 Hi&) = 0.0 H{5}= 0,58000
HSOLL(1)= 15.00000 HSOLL(2}= 14.40000 HSOLL{3)= 0.0 HSCLL{4) = 0.0 HSOLL(5)= . 60000
HCSCLL= 30,000 SUM OF INTERIM STORES SuMZL= 10.120 .PLANNED PRODULT = 0.9
CKRA(1)= 5.56800 OKRA{2}= 0,0 OKRA(3)= 0.0 CKRA(4)= 0.0 CKRA(S5}= 0.19200
CKSCR(1})= 5.,76000 OKSOR{2})= 0.0 OKSOR(3)= 0.0 CKSOR{4)= 0.0 OKSCR(5)= 0.192072
Zt{l}l= 10.00000 Li2)= 0.0 L(3)= 0.0 (4= 0.0 Ww(s)= 0,12000 -
T= 3.500,H= 35,000 AND DIVERTED QUANTITY DIVERS = 0,600 JACCUMULATED PRODUCT = n.n
H{1l}= 17.59996 H(2)= 16.70399 H(3)= 0.0 H{4)= 0.0 H{5)= 0.69600
HSOLL(1)= 17.00000 HSCLL{2)= 17.28000 HSCLL(3}= 0.0 HSCLL{4)= 0.0 HSOLL(S5)= n.720n0
HCSCLL= 35,000 SUM OF INTERIM STORES SUMIL= 12,150 .PLANNED PRODUCT = 0.0
CKRA(1})= 5.56800 CKRA{2)}= 0.0 CKRA(3)= ¢.0 OKRA(4) = 0.0 OKRA(5)= 0019200
CKSOR(1)= 5.76000 OKSOR{2}= 0.0 CKSOR(3}= 0.0 CKSOR(4)= 0.0 CKSOR{51)= 0.19200
2L(ld= 11.99999 L 2)= 0.C IL(3)= 0.0 IL{4)= 0.0 L(5)= 0.15000




