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ABSTRACT

This report describes the appiication of methodology for planning an
inspection according to the procedures of the International Atomic Energy Agency
(IAEA}, and an example evaluation of data representative of Tow-enriched uranium
fuel fabrication facilities. Included are the inspection plan test criteria,
the inspection sampling plans, the sample data collected during the inspection,
acceptance testing of physical inventories with test equipment, material unac-
counted for (MUF)} evaluation, and quantitative statements of the results and
conclusions that could be derived from the inspecticn. The analysis in this
report demonstrates the application of inspection strategies which produce
quantitative results. A facility model was used that is representative of
large low-enriched uranium fuel fabrication plants with material flows, inven-
tory sizes, and compositions of material representative of operating commercial
facilities. The principal objective was to determine and illustrate the degree
of assurance against a diversion of Qpecial nuclear materials {SNM} that can
be achieved by an inspection and the verification of material flows and inven-
tories. This work was performed as part of the USA program for technical
assistance to the IAEA.
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INDEPENDENT YERIFICATION OF A MATERIAL
BALANCE AT A LEU FUEL FABRICATION PLANT

INTRODUCTION

This report develops a data base for planning an integrated safeguards
exercise for the Internaticnal Atomic Energy Agency {IAEA) at typical operating
low-enriched uranium (LEU) fuel fabrication facilities. Specifically, it pro-
vides information needed to design an inspection strategy, including the sampling
plan for verifying the correctness ¢f the material balance by inspecting for the
presence of special nuclear material {SNM).

The overall study is a joint effort by the Technical Support Organization
(TSO) at Brookhaven National Laboratories (BNL), and Battelle, Pacific Northwest
Laboratories (PNL). A Design Information Questionnaire (DIQ),(7) which will
initiate an inspection was prepared by TSO. This information explains the
process, the material flows, and the accounting practices used at the facil-
ity to be inspected. The analysis of the inspection data is given in this
report. These studies are currently a part of the U.S. program for providing
technical assistance to the IAEA on safeguarding nuclear material. The U.S.
program is managed by the International Safeqguards Project Qffice (ISPQ) at
BNL. The overall objective of the program is to help strengthen international

safequards by providing technical assistance to the IAEA.

The inspection approaches and technique5(1'6) developed for the IAEA have
not been evaiuated for newer and larger facilities. The implementation of this
methodoloegy at such typical facilities is addressed in this report. Thus, this
analysis of a iarger facility provides a basis for testing the effectiveness of
the inspection plan and ultimately provides a basis for its implementation.
Studies such as these provide both information for determining the limitations
and the difficulties in the application of the techniques and valuable guid-
ance and direction for attaining both near and long-term goals.



The structure needed for evaluating safeguards inspection activities related
to materials flow, inventory, and accounting has been developed by research
studies in recent years.(1'6) The following aspects of this structure have
been defined:

® inspection activities fall under three levels: capability, performance,
and independent assurance

e diversion activities fall under two general classes: biasing and diver-

(a)

sion into MUF

e assurance that material does not leave the system by the examination of
the key or primary and secondary measurement points

e statistics that test for material loss under honest accounting ability
and an intentionally biased MUF

o statistics that test for operator bias.

In addition, specific inspection sampling plans and statistical techniques for
analysis have been developed that provide, when the results are satisfactory,

an overali assurance at a specified probabiiity level that a loss of a substantia-
tion goal quantity of material has noi occurred. Sampling design and statistical
analysis techniques(}) have been illustrated using a small-scale fuel element
fabrication facility. Specific subjects described in this report are:

1. structure of the inspection strategies,

2. development of the sampling plans,

3. testing of statistical techniques, and

4, providing assurance statements

using operating data cbtained from the DIQ for a large production facility.
The ultimate goal is to develop a basis for future improvements in the effec-
tiveness of IAEA inspection strategies.

a. See the glossary for the definitions of terms and abbreviations used in this
report.



SUMMARY

The objectives and principles of IAEA inspection activities, outiined in
the TAEA's Safeguards Technical Manuals {(STM)} have been applied to material
accounting data typical for LEU fuel fabrication facilities. This report describes
the development of the inspection plan for attributes and variables testing based
on IAEA goals and objectives, and then demcnstrates the practical feasibility of
implementing various phases of the plan,

The inspection strategy could be designed to look at just the inventory
items or it could look at inventory plus shipments to and from the facility.
The latter is more complete and therefore more desirable, but logistics some-
times prohibit inspection on the required fraction of the receipts and shipments.

If the inspector only considers inventory items, the inspection plan is
based on the inventories of new, ending, and static materials. Static inven-
‘tory is that material carried over from the previcus inventory as sealed items.
For the compliete inspection it is assumed that the previous inspection included
the beginning inventory and the current inspection just considers shipments to
and from the facility and new ending inventory items. A tag inventory and seal
check would be performed on the static inventory. This approach is empioyed in
this report and the inspection of the inventory terms for these two cases will
be considered in detail.

Table 1 shows the number of items subject to inspection based on the data
provided in the DIQ for this analysis. Table 2 summarizes the results for the
inspection of only inventory terms and Table 3 summarizes the results for inspec-
ting the entire material balance. The entire material balance includes new
ending inventory, shipments to, and shipments from the facility during the last
six months. In both Table 2 and Table 3 the technical feasibility was evaluated.

The order of items presented in Table 2 and Table 3 is based on a hierarchy
of inspection activities. In the Inspection Requirement column, a range of
numbers of items which must be evaluated is given. The Towest value corresponds
to a 50% probability of detecting the absence of 10,000 kg of uranium from the
facility. The highest value corresponds to a 95% probability of detecting the



TABLE 1. Typical Number of Items in an Inventory
Category During a Recent Inventory Period

Inventory Category Number of Items
New Ending Inventory 74,304
Static Inventory 43,255
Process Holdup 99
Additions to Facility 1,216
Removals from Facility 125,949(a)
MUF 201, 5682

a. Assures rods are removable from assemblies for
inspection.

b. Total of items contributing to MUF does not inciude
static inventory.

absence of 1000 kg of uranium. In this report the analysis is presented for
goal quantities ranging from 300 to 70,000 kg for detection probabilities
ranging from 5C to 95%. If the broader range of goal quantities had been used
in Table 2, the correspending span of detection prebabilities would have
increased by a factor of about four. The number of inspections increases as
the goal gquantity is reduced and increases as the detection probability increases.

The number of items on inventory at the facility is very large. This
is caused by the inclusion of individual rods as discrete items rather than
as assemblies. Approximateiy 50,000 of the 74,000 items indicated as new
inventory in Table 1 are rods present in assemblies. These 50,000 rods
represent approximately 800 assembiies. If there is concern about concealment
of diversion by using dummy rods, then rods should be inspected. However, if
the diversion strategy is assemblies, then assemblies should be inspected. The
effect on the number of items to be inspected is essentially unchanged for goal
quantities above 1000 kg. If the attributes inspection plan specified that 150
rods in assemblies shouid be inspected, the alternative plan would call for
inspecting approximately 150 assemblies.



TABLE 2.

Inspection
CActivity

Records accuracy
Static inventory
New inventory
Process holdup

[tem check
Static inventory
Noew inventory
Process holdup

HWeight check
Static inventory
New inventory

NDA check
Static inventory
New inventory
Process holdup

Destructive analysis

Static inventory
Mew inventary
Process holdup

Technical Feasibility of Carrying Out Specific Components of an Integrated
Inspection Plan for the Entire Inventory {new and static items)

.. Inspection Yechnique

Yerify agreement between inven-
tory records and source data

Yerify existence of items
listed on records and vice

Versd

Weigh selected items

HDA selected itens

HDA selected equipment

Weigh, sanple, analyze selected

items

Sample, analyze holdup

" GoaTl Quantity 1000 kg,
Detection Probability 951

Number
of_ Items

400
1096
2

400
10496

400
10946

440
1046

44
360
14

Inspection Requirement

Man-days

-- 17
-- 49
-- 1
-- 17
-- 49
- 1
- V7
- 49
1600 17
4400 49
10 1
9000 a5
72,000 360
2800 14

Man-days

Goal Quantity 10,000 kg;
Detection Probability 50%
Number
Cost $ of Ttems

Cost §
a -
1 .
1 -
A -
a1 .
<1 -a
< _
1 -
i 70
1 200
] _
1 3000
3 72,000
<1 2800

. Technical Feasibility

yes
yes
yes

yES
yes
yes

Speciai scales required to
weigh assemblies, would have
to use facility scales

Special equipment needed to

NDA rods, assemblies, UFg feed
cylinders, holdup. Newed repre-
sentative standards

Since destructive analysis of
assenblies is not permitted,
refiance nust be placed on reten-
tion samples and records. Tech-
nically feasihle for most cther
systems

a. Ap item check does nat protect against understating or overstating the number of items in an inventory stratum.



Inspection

___Activity

Records accuracy
New inventory
Additions
Renavals
Process holdup
MU

Item check(a)
Hew inventory
Additions
Reeniovals

Prucess holdup

Weinht chack
Hew inventory
Additions
Removals

HA check
Hew Toventory
Additions
Removals
Process holdup

Destructive analysis

New inventory
Additions
Renovals
Frocess holidup

a. An ttein check

TABLE 3.

Technical Feasibility of Carrying Cut Specific Components of an

Integrated Inspection Plan for Additions, Removals and New
Ending Inventory for a Six-Month Verification Period

__Inspection Technique

VYerify ayreement between
inventory records and
source data.

Yurify existence of items
listed on records or vice
¥ersd

Weight selected itews

NOA selected items
HOA selected equipment

Weigh, sample. and enalyze
setected items. Sanple,
analyze hotdup

dnas

""Good Quantity 1,000 ko3
Detection Probability 95%
Mumber  Inspection

of ltems

1096
20
1596
2
sima !l

1596
201
1496
2

1096
201
15896

1096
201
1590

320
39
210
i3

_Inspection Requirenent

Time

12 days
13 visits
26 visits
-1 day

<1 day
13 visits
26 visits
<1 day

& days
13 visits
26 visits

15 days
13 vinits
26 yisits
-1 day

7 days

w12 wisits

26 yisits
<1 day

Good Quantity 10,000 ky;

Cost

4,400
B0
6,400
10

64,000
7,800
42,000
2,600

_Detection Probability 50t
Hermber
of [tems

49
20
i7
1
sHiall

a9
20
37

1

49
20
37

44
20
37

320
23
210
13

Inspection

- Tir"e_ e

1
1
<
-1
]

—_ ——

!
LY
S0
|

_Lost

day
day
day
day
day

day
day
day
day

day
day
day

day 200
tay 108
day 150

day --

days 64,000
visils 4,600
visits 42,000
day 2,600

. Technical Feasibility

£y tracing data through records,
can verify correct values used
for inventory statements, oaddi-
tions and removal calculations.
MUF check is possible using
facility records.

New inventory - yes; for balance,
st roly on shipping docunents,
Onty 1 UP) cylinder in ending
tnventory and only 107 of assem-
bBlies are prosent.  Process holdup
ilen can Le verified.

Special scales required,  Most
removals fur process not present
in inventory, most additions to
next period asl present in inven-
tory.

Specialized equipment needed Lo
NOA g cylinders, rods, holdup
not availabrle; need representative
standards .

Specialized sampiing equipment 38
required for UFp cylinders. Since
desiructive analysis of assembhies
not permittod, reliance nust be
placed on retention samples.  Tech-
nically feasible for most other
systems.

not protect against understating or overstating the number of items in an inventory stratum.



The column titled Technical Feasibility states whether the inspection activ-
ity is possible at the present time. In several cases, special pieces of equip-
ment would be required before the activity could be included in the inspection
plan.

In Table 2 no credit is taken for the presence of IAEA seals on static
inventory items when inspecting the entire inventory. For static inventory
strata, a reduced inspection plan giving ¢redit for these seals could be used.
Tabie 2 also separates the item check, the weight check, and the nondestructive
analysis (NDA) check into separate activities; they could be done simultaneously.
Where the NDA check is performed, the weight check need not be performed since
the NDA check is more inclusive. The NDA check could also supplant the item
check requirement. Since the item check is a dual check of accuracy and complete-
ness of the records, substitution of the NDA check is not proposed. One possible
inspection strategy is to perform a 100% item check. This strategy would easily
uncover a diversion due to an inaccurate records system.

The results shown in Table 3 are for a companion case where both additions
and removals from the plant are added to the inspection plan. Static inventory
is excluded. This inspection plan enables the inspector to investigate all the
terms in the material balance. The most notable difference between the two plans
is the requirement for the inspector to be present whenever a shipment takes
piace; his presence is required because sources of supply and receivers of
finished assembliies and scrap are not part of the inspection effort.

The evaluation of Technical Feasibility of various Inspection Techniques in
Tables 2 and 3 shows that the inspector presently does not have NDA instruments
or standards to do the attributes testing. Since destructive analysis techniques
(weighing, sampling, and chemical analysis) can be used to detect all classes of
falsification and also evaluate the measurement program, reiiance on destructive
analysis techniques would be suggested for the near term.

A comparison of the Technical Feasibility columns in Tables 2 and 3 shows
that it is presently more technically feasible to inspect inventory strata. The
inability of the inspector to verify shipments and receipts makes the material
balance inspection plan shown in Table 3 less feasible. When the sample sizes
and detection probabilities for the two inspection strategies are compared the



results appear similar. This is really a fallacy. If receipts or removals are
not inspected, as is the case when just inventory is inspected, the probability
of detecting a falsification in such strata is zero. Thus when the probability
of detecting a falsificaticn in inventory strata is high, conclusions relative
to the entire facility cannot be made. The ultimate goal of the inspection plan
should be to include all components of the facility's material balance as shown
in Table 3.



THE INSPECTION VERIFICATION METHCDOLOGY

The International Atomic Energy Agency (IAEA) conducts safequard inspections
aimed at meeting the provisions of agreements concluded under the terms of
INFCIRC-66 and INFCIRC—153.(8) These agreements are developed for both specific
facilities and states. These IAEA inspections are thus the cornerstone of the
international system of safeguards which implements the verification effort. The
Safequards Technical Manual (STM)(Q) delineates the objectives, criteria, require-
ments, and procedures for the inspection and verification effort.

Part A of the STM describes the structure of the inspection and verification
activities. Specific inspection details are a function of the state agreements
and also "the category and quantity of material, the combination of the other
measures available to the state, and the manner in which accounting and control
responsibilities are distributed among the organizations concerned.” Based on
these criteria, it is difficult to develop a plan which could apply to a generic
class of facilities. The approach incorporated in this report was to develop
alternate inspection plans which provide varying degrees of assurance. The IAEA
is then able to derive the desired degree of assurance based on such factors as
resources, state agreements, personnel, and other factors relevant to a particu-
lar inspection.

FACILITY DESIGN AND OPERATING INFORMATION REQUIRED

The development of an inspection plan depends on the collection and veri-
fication of a large quantity of facility design and operating information and
data. Included in this data are detailed descriptions of the facility, the
process, the details of the material accounting system, and the results of any
prior state and agency inspections.

The flowsheets, flow rates, quantities of material on inventory, equipment,
measurement points, measurement methods, sampling plans, operating procedures, and
other process knowledge that form this data base were obtained from the Design

(7)

Information Questionnaire {DIQ) 7 prepared by TSO. The information contained

in the DIQ is as follows:



e the identification of the facility by stating its purpose, nominal capacity,
geographic¢ location, and the name and address to be used for routine busi-
ness purposes

® 3 description of the general arrangement of the facility including, to
the extent feasible, the form, location, and flow of nuclear material and
the general layout of important items of equipment which use, produce, or
process nuclear material

@ a description of features of the facility relating to material accounta-
bility containment, and surveiilance

e a description of the existing and proposed procedures at the facility for
nuclear material accountancy and control, with special reference to mate-
rial balance areas established by the licensee, procedures for measurements
of flow, and procedures for taking physical inventory.

Initially the data is accepted as being an accurate representation of
facility operations. The inspection pian is developed from the data obtained.
Then, based on the inspection resuilts, the IAEA is in a position te indepen-
dently judce the adequacy and correctness of the facility data. Through such
an iterative process the IAEA develops confidence in the data base. The desired
degree of assurance for a facility is attained from the inspection, and the
quality and robustness of assurance about later verifications thus strongly
depend upen the data contained in the DIQ.

DESIGNING THE INSPECTOR'S SAMPLING PLAN

Since it is not practical to duplicate the material accounting procedures
and measurements of the facility, the inspection plan consists of stratifying
the flow and inventory items and then applying a sampiing procedure that ailows
the inspector to test the validity of the licensees’ accounts and to detect a
specified discrepancy of SNM. With regard tc the operator's stated MUF, the
inspector desires to know:

1. Does the operator’'s MUF exceed the limit of error of MUF {LEMUF)?
2. If the operator's MUF is below LEMUF, is there any indication that the MUF
has been understated?

10
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3. If the MUF has been understated, how can an unbiased MUF be formed using
the operator's and inspector's data, and how can this bias-adjusted MUF
be assessed?

4. In addition, the inspector desires to know if and where biases exist.

The inspection procedures are designed to protect against many classes of
concealment. Some of the ways in which concealment may be attempted are:

e concealment by falsification
® removal of an item or whole container

e removal of the contents of a container or removal of an item and replace-
ment by a dummy

e removal of part of the contents of one or more containers with replacement
by other material

e removal of material in amounts below the detection limits of the available
NDA methods.

An important part of the inspection is to detect falsification for the
purpose of concealment. For example, the records and reports may be falsified
for the purposes of:

o understating or overstating the number of items in an inventory stratum
e introducing gross defects, partial defects, and/or bias
e diversion into MUF.

The sample plan in this report does not protect against the first and third
items; understating or overstating the number of jtems in an inventory stratum
or diversion into MUF. Only a 100% item-count and identification {tag inventory)
will provide the necessary protection.

To combat the various strategies that the diverter might use for removing
material, the inspector employs two types of measurement methods. The first
is a simple go/no-go measurement to check individual items or groups of items
for medium-sized to gross discrepancies. This type of test will be called an
attributes test for gross defects. Such tests include visual and weight checks.
A highly automated NDA system could also be designed to perform as a go/no-qo
measurement. The second method is used to detect the removal of part of the

11



contents of one or more containers followed by replacement by inert material.

It is assumed that the quantity removed cannot be detected by any simple go/no-go
test available to the inspector. In this case, weighing and sampling, followed

by destructive analysis of the sample is frequently the only measurement technique
which meets the inspector's requirement. This type of test will be called a
variables test. An important function of the variables test is to detect bias in
measurement methods., A summary of the diversion strategies and inspection plans
is shown in Table 4.

Because of the very large number of items in the inventory of a manufactur-
ing and/or processing facility, it is practicable for an inspector to sample
only a small percentage of the items. If the sample plan is properly designed,
it can be inferred by statistical techniques from the results of sample measure-
ments and tests whether the material balance calculated for the whole facility
is correct within some specified limits. If defects are found in a sample set,
additional testing is expected to be requiged. An occasional defective sample

TABLE 4. Adversary and Inspectorate Strategies

Adversary Strategy(a) Inspectorate Strategy
Item(C) Container Technique Frequency
1. Removal No replacement [tem check 100%
2. Removal Replace with empty Weight check Attributes pian
Attributes test
3. Removal Replace with dummy Attributes test Attributes pian

(inert material)

4. Partial removal Replace with inert Variables instru- Attributes pilan
(<30%) material ment

5. Shaving item. No replacement Weight check Attributes plan
Both all and
some (< 30%)

6. Shaving item. Replace with inert Chemica1(b) Variables plan
Both all and material analysis
some (<30%)

a. Listed in order of increasing sophistication of diverter and inspector
strategies.

b. Lacking in NDA instruments, except for relative change {require absolute

- standards).

¢. Removal may include either falsifying the records to conceal the absence of
material or the fact that material is absent.

12



dces not necessarily imply diversion because defects can occur from random error
in measurements. The significance of a defect that is not a gross defect becomes
an administrative problem that wili have to be evaluated based on information
specific to each defect.

The first step in preparing an inspection plan to detect the above forms of
diversion is to stratify the flow and inventory components of the material bal-
ance. The criteria which should be applied to stratify the material balance com-
ponents and the actual inspection plans for the strata are developed in the
following sections.

Stratification of Inventories for Inspection Sampling

A listing of a licensee's inventory of record ("book" inventory) will norm-
ally be by groups that are logical from the standpoint of taking a physical
inventory. The groups may be by material location, such as a material balance
area (MBA) or inventory control area (ICA}, and subgrouped by type of material.
Such a listing will be useful to inspectors for making item checks, i.e., verify-
ing that all items on the book inventory are present and that the bogck inventory
is complete. However, a stratification of the inventory is needed to prepare
a sampling plan for an inventory verification. Inventory listings are typically
long and may be grouped in ways that add complexity to the sampling plan. They
will be available for both inventory reporting periods and material balance
accounting periods. Often the inventory is stratified by a contract number.
Grouping by MBA/ICA is not useful because the same kinds of material will often
reside in two or more MBAs and ICAs. The licensee's material type code may be
a suitable basis for stratification, but considerable economy in sampling can
be achieved by reducing the number of sampling strata as much as possible. Often,
licensees' material type codes differentiate materials by such parameters as
orocess variations, material quality or purity, additives, physical form, and
even job or contract. Some of the parameters may not significantly affect
SN accounting measurement capabilities and, therefore, some material types can
be combined into one sampling stratum.

Stratification Criteria

The specific stratification requirements for designing and applying the
TAEA program for an independent verification of license material accounting

13



data may be summarized by saying that variables sampling plans require strati-
fication by the standard deviation of measurement and the attributes sampling
plans require stratification by the amount of material per item. This is
discussed in greater detail in the following sections.

Gross Defects Inspection

The items in a stratum should have about the same amounts of material per
jtem for the element or element isotope of interest in order to design the gross
defects and partial defects sampling plans. A conservative way of planning the
experiment when the item amounts are not all the same is to assume that the lar-
gest values in the stratum are typical of the strata. Since this assumption
implies fewer defects to attain a goal quantity of the size M, more samples are
then required in order to be 100{(1 - 3}% sure of detecting at least one gross
defect in the sample. Another possibility, if the range of the quantity of
material is large, is to reconstitute the overall strata into a number of sub-
strata where amount values of relatively the same size are found within one sub-
strata. Within a particular substratum the percentage of items to be randomly
sampied is 100{(1 - 61/2)% where 2z is the largest integer in M/x and x is the
largest amount value in the substratum. The process of making substrata in this
manner will require fewer sampies than assuming all items to be at the maximum
size for the overall class and will assure an adequate probability of detecting

at least one defect.

Partial Defects

Similar considerations pertain to the partial defects {or crossover) samp-
1ing situation, i.e., assuming that the maximum partial amount is taken per item
implies a smaller number of defects. This in turn requires a larger size for
the random sample to be able to detect at least one partial defect with the
desired probability.

It is natural to classify according to material type even when the variable

235

controlled is the amount of sgme ingredient, such as U. The material type

makes no difference to these sampling pians if

e for the variables test, the absolute standard deviations are the same

e for the defects sampling, the total 235U amounts are the same.

14



The preceding ideas are explained in the following examples. These con-
siderations apply when inspection is for a variable not normally considered in
classifying materials.

Variables Inspection

The items in a stratum should all have the same random error measurement
standard deviation. For planning a verification by variables inspection and
evaluation, either the standard deviation or the relative standard deviation is
of constant magnitude. Generally the stratification is based on relative stan-
dard deviations, as in the analysis in this report. This is needed for planning,
data analysis, and the making of assurance statements. If the magnitudes of the
amounts per item have a small range, it 1s not important which standard deviation
criterion is used. Otherwise, the decision should be based on whether the
measurement standard deviation or the relative standard deviation is constant for
the different items in the stratum.

Variables Testing

Consider that the 235U amounts are being verified. If there are Ni and

Nj items in classes i and j, and if the estimates of 235U in the classes have
the same percent standard deviations, the sample sizes in the classes should be
proportional to the product of the number of items and the random error measure-
ment standard deviation, thus

n; = Nic and nj = Njc
sa that,

n; + n; o (Ni + Nj)c

and for the variables sampling purposes the strata may be combined or treated
separately. This may make no difference to the inspector but the ability to
separate the classes may make it easier for the licensee.

15



Attributes Testing

Suppose there ara twe classes of material that are dissimilar except for
the amount of 23°U per item, and this is the SNM to be verified. Then in the
ith class the number needed is

- 1/u
n; =N, (1 -877)

where u = [M/x] and x is the amount of 235

needed is

U per item. 1In class J the number

- _ql/u
ns Nj (1 -8"7)

235

since the amount of U per item is the same as in class i. Then the total

number reguired is the same as if the two classes were combined, i.e.,
_ - 1/u
n=n,+ ng = (Ni + Nj)(1 - 87T

This implies that if control is based on an amount, different kinds of items
having equal amounts of material per item may be combined into a stratum.

These results aon variables and attributes sampling indicate that some flexibility
is possible in defining strata as long as certain underlying criteria are met.

As a simple but extreme example in the attributes case, suppose that the
overall population contains 100 items with tag value amounts S = 1,2,...,100.
Let 8 = 0.10, M = 200. Then the most conservative approach is to test
100 (1 - B]/Z) = 68 items, where z = 200/100. If there are two substrata
S. = 1,2,...,50:5, = 51,52,...,100, then randomly sample 50 (1 - 0.10'/(200/50)y _

] 2 17(2007100)
22 from S] and 50 (1 - 0.10 ) = 34 from S2 for a total of 56 items.
For three substrata one has

3 (1-0.3077) +33 (1 -0.10"3) + 33 (1-0.107 -

10 + 18 + 23 = 51 items.
By selecting more substrata in the sampling plan the number of samples required
can be reduced.

Attributes Sampling for Gross Defects

A gross defect has occurred when enough material has been removed to
allow detection by an attributes test. The falsification of SNM may have been

16



concealed by replacement with degraded or inert material. The detection of the
removal depends upon the probability that the defective item will be in the
sample and not upon the probability of detection once the item is in the sample.
Let M denote a substantial goal quantity and X the average amount per item in

a relatively homogeneous stratum. Then it takes M/X items to accrue to the

goal quantity. Let z = [M/X] items where the symbol [ ] denotes that z is the
largest integer less than [M/X] but always 1 or greater. It is shown(]) that

a random sample of size

n, = N{T - B1KZ)

will provide a 100{1 - 3)% assurance or higher of containing one or more defec-
tive items in the sample. When this plan is used, one gross defect calls for
rejection of the population and for investigation into the possible cause. As
an example, let

M =5 kg of SNM, the goal quantity

X = 1 kg of SNM/container or item

z =5

8 = 0.05, the nondetectijon probability
N = 100 items or containers of SNM

Then n = 100(1 - 0.05]/5) = 45 sampies. This means that if 45 containers out of
a total of 100 were checked, there is a 95% {or better) chance of detecting at
least one defective container among the 45 tested when the number of defectives
(empties) in the stratum of 100 is 5.

Partial Defects Sample Sizes - Variables Measurements

A second set of samples is needed to combat a strategy of falsifying part
of the contents {(a range of 5% to 50%) of a container rather than the entire
contents. A measurement called a variables measurement will be used that can
identify partial falsifications.

For example, acsume a variables measuremeni method is used which is more
precise than the attributes method, and which will detect the removal of the
amount yX {y < 1) with essentially 100% assurance. First, select the largest
partial defect (crossover point) where the testing device will not detect the

17



removal with 100% assurance. If M is obtained by accruing amounts vX, it will
take M/vX such amounts to accrue a goal quantity. The number of samples required
here is

n,. = N(1 - g'Y),

]

where U is the greatest integer in M/vX. This gives a 100(1 - R)% assurance
or higher of including at least one intermediate (crossover) partial defect in
the random sample. As in the gross defect case, one defect {depending on signi-
ficance) may be engugh to reject the population and to require investigation.
Measurements by the variables instrument will, of course, also detect gross

defects. The crossover point should be sufficiently high to require enough
samples and to avoid cases due simply to measurement errors.

The following results can also be shown:(])

1. If amounts between yX and ¥ are used to accrue to M, more item removals
will be required than if the amounts X are taken and, as a result, the
samp]ing probabilities wil] exceed the 100{1 - 3)% probability required.

2. If M s partitioned among gross and partial defects such that the total
accrues to M, the probability is 100(1 - R)% or higher of detecting at
teast one of these two types of defects.

3. If né =n, -n, attributes samples are taken, the probability of detec-
tion is about 160(1 - R)% if the M is partitioned among gross and partial

defects.

An example of the calculation of a crossover sample size follows: using
the data in the examplie given previously for detecting gross defects, let
v = 0.2, i.e., the operator can remove up to 20% of the SNM in a container
without detection under the assumed test procedure. Then,

n = 10001 - 0.0501-0/(870.2)1y L 47 3 qampies.

The number of samples is less than in the previcus case because the diverter
now removes only 0.2 kg from each container (5/0.2 = 25 containers versus

5 before). Therefore inspecting 11 containers allows a 95% probability of
detecting one defective container from a group of 100 containers that includes
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25 that are defective {only 80% full). These partial defects measurements there-
fore protect against concealment by removal of part of one or more containers.

The Overall MUF Bias Test - Sample Sizes Required

There are also other possibilities for a diverter to take amounts in the
0 to yX range and/or to bias results by amounts in this range in order to dis-
guise diversion elsewhere by overstating amount?ihgge. An inspection for these
the whole material balance can be detected in the presence of systematic error
with the use of a term called the D statistic (6). The 5 is an estimate of
theAinspector MUF bias minus the operator MUF bias. The inspector component

kinds of defects is performed with a bias test. A bias of size M over

of D is usually based on a random, fractional sample of all possible item _
amount measurements in the MUF. The result is extrapclated to include all items.
The creaticn of this statistic is possible since 6 is based on the amount dif-
ferences of individual items. The process variation in item amounts is thus
eliminated.

First it is determined whether 1 - 3, the desired power {probability) of
detecting a bias of the amount M, a substantiation goal quantity, can be
attained without making the random error standard deviaticn of D under the

alternative hypothesis, 06 |H , less than 1/2 GB vhere oza is the D
ri S 5
variance component due to systematic errors. For the case where o = g = 0.05,

M,/ca > 3.53,(1) the equation
S

rers P * oD +\/°25 + %
) S rlt rl_l

5
)
is solved for 02“ where 02“ will be larger than 02“ 4. IfM/op > 3.53;
2 Dr[H1 2 Dr|H] Ds/ - Ds o
T 6 H is set equal to o B /4. Then n, the total number of measurements is
ril S

determined from
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and apportioned according to the formula

Nicdri
n =ENY 55—
Y- LN'iO'd'r‘_i

vhere F is the error variance inflation factor that may be introduced by the
operation and which is guarded against. See Reference 1, pp. 82-92 for a
thoroughly explained example of this procedure.
The value of n, calculated above is called D, - These samples are some-
i 2.
1
times allocated in a slightly different proportion by incorporating terms for

effort or costs.(1])

The diverter may also be able to inflate the standard deviation (decrease

the stated measurement precision) to enhance the possibility for diversion.

This can be checked by outlier tests or XZ tests.(])

The number of variables measurements to be taken in the ith stratum is the

maximum of ny and n, where these variables sample numbers originated from

measurements to detect partial removals and measurements to detect bias,

respectively.

Alternative Approaches

If the facility is flow-dominated, many of the items in MUF may not be
readily available for population sampling and measurement. In that case, the
inspector may audit the records of the receiver of the facility's material for
the data used in the estimate of 6 and MUF. This technique may not be very
useful to the IAEA if the independence of shipper-receiver measurements can-
not be demonstrated.

The statistics may prove useful even when the items for population sampling
and measurement are no longer available. The isotopic corre]ation(12) techniques
may be used to form part of an independent MUF statistic in a separations facil-
ity but their application is limited in a LEU fabrication plant.

20



It is possible that the substantiation goal quantity requires more samp-
1ling and measurement to achieve the desired Type I and Il error levels than
is possible. Some ways to reduce the number of samples are:

e The substantiation goal quantity can be increased. This reduces the
power of the test.

e The critical value for acceptance can be increased. This increases the
frequency of Type I errors when no diversion has occurred.

e larger B values may be used. The effect is pretty much tantamount to
increasing the substantiation goal quantity.

e A hierarchy of diversion possibilities can be structured and the power of
the test graded accordingly. The most likely possibilities are then matched
by specific detection activities and tests of lower power used for more
unlikely diversion strategies. The lessened effort in the least credible
diversion areas are based on the judgment that these diversion activities
require more access time and greater technical, removal, and camouflage
capabilities than a diverter would attempt.
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DESCRIPTION OF THE UQ, FUEL FABRICATION FACILITY

The facility as described in the DIQ(7) manufactures low-enriched uranium
(LEU) fuel cores for light water reactors. Material accounting data for a
six-month interval were provided in the DIQ for use in this analysis and are
summarized in Table 5. A simplified flowsheet for the process is shown in
Figure 1. All of the processes shown in the figure make up one material balance
area (MBA). A more detailed diagram of the key manufacturing steps is shown
in Figure 2.

Both fuel-grade UO2 and UF6 are received as major process feeds. UO2
powder is received in 2-1/2 gal metal containers or fiber packs, each holding
about 15 kg of UO2 powder. The UF6 is received in c¢ylinders containing about

235U enrichment. Uranium in the form of

1500 kg of uranium with a specified
uranyl nitrate (UNH) is also received as feed to the scrap recovery process.
The completed fuel rods, each containing about 3.3 kg of UO2 pellets, are
assemblied inte fuel bundles (elements) before shipment to customers. At any
particular time, the inventory of product quality material will exist in the
form of finished UO2 pellets, rods, and fuel bundles in addition to some UO2
powder. UO2 pellets, both green and sintered, are stored on travs containing
about 15 kg of pellets each. The total number of Toaded trays in the plant

can approach 15,000.

Intermediate high-grade material in process and on inventory consists of
batches of broken pellets, Towly contaminated UO2 powder, ammonium diuranate,
various sludges, and incinerator ash. These materials are generally stored in
five-gallon buckets with uranium content varying downward from about 31 kg
depending on the net weight and uranium percentage of the compound. An inventory
will usualiy contain approximately 5000 to 8000 buckets of such material.

This facility has a material recycle system for high-grade, moderately
contaminated discrepant materials. The recycle process operates daily and may
contain up to a maximum of approximately 1000 kg of uranium. The process con-
sists of the fellowing steps:

e dissolution in acid
e centrifugation to remove particulate matter
¢ precipitation of uranium as UO4 with hydrogen peroxide
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TABLE 5. Typical Six-Month Material Balance

s Number(a) (b)
tratum kg U of Items » TP
Beginning Inventory 647,203.4 120,165 196.2
Additions to Plant 260,832.3 1,216 79.1
Full UF6 cylinders 246,992.1 170 74.9
Fuel rods 621.5 194 0.2
UNH products 12,710.4 488 3.9
Samples 15.1 257 0.0
Other 493.2 107 0.1
Removals from Plant 537,752.1 125,949 163.0
UF6 cylinder heels 519.9 224 0.2
Vendor UO2 194,128.1 9,609 5.9
Fuel rods 19.8 11 0.0
Assemblies 329,902.8 111,970 100.0
Scrap for shipment 9,789.0 890 3.0
Samples 9.7 149 0.0
Liquid discards 2,155.9 363 0.6
Solid discards 1,226.9 2,633 0.4
Ending Inventory 372,505.9 74,403 112.9
Static Inventory 134,318.5 43,255 40.7

Inventory MUF
MUF = BT + A - R - EI = -2222.3 kg U

a. For assemblies (in Beginning and Ending Inventories and Removals
from Plant), item counts of the individual fuel rods are given.
The actual number of items will depend on the number of fuel rods
assembled into fuel hundies.

b. Percent of throughput based on shipments of Assemblies (329,903 kg
of uranium). See Section E of the appendix for a detailed listing
of the uranium in each strata.
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e centrifugation to collect UO4
o reduction of UO4 to UO2

Lower concentration and/or highly contaminated materiais are held and
processed through recycle processes (solvent extraction, fluorination) at other
sites. Shipments are made approximately quarterly and the quantities are
generally less than 2% of throughput.
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APPLICATION OF INSPECTION CONCEPTS TG A URANIUM FABRICATION PLANT

Inspection plans are designed to detect diversions of a goal guantity, M,
kilograms of special nuclear material with a selected high degree of confidence.
Development of the sampling plan will be based not only on the facility's inven-
tory scheduling, but alsc on the selecticn of a goal quantity of material. The
goal quantity of material can be chosen tc be of any size, but the impact of
this quantity on the inspection requirements will be determined by and related
to the quality of the measurements and the statistical parameters described
earlier.

ESTIMATION OF THE OPERATOR'S MUF AND LEMUF

Material balance accounting is done to assure that adequate control of
SNM has been accomplished over some time frame. It involves either the item
accounting of material or the measurement of material in inventory as receipts
or as removals from a defined area or process. Algebraically, the Materiai
Unaccounted For (MUF) can be expressed as

MUF = I, +A -R -1,

where

In~1 is the measured ending inventory for the (g:l)th accounting period
A, is the sum of all additions (feeds) made during the nth period
Rn is the sum of all removals made during the nth period
In is the measured ending inventory for the nth accounting period.

Each term in the preceding equation has an associated measurement uncertainty.
The total uncertainty in MUF formulated as a standard deviation (OHUF) is a
measure of whether the difference in MUF {from zero) is statistically signifi-
cant. The value of OMUE is calculated by adding the systematic and random
error components of all feed, removal, and inventory terms. Unchanged material
present on both the beginning and ending inventories and which is not remeasured

does not contribute to OMUF *

The measurement errors used in the calculations are based on typical data
based on industry capability. The summary of these data are shawn in
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Appendix Section C. The discussion at the beginning of Section C explains how
the data was reduced to form the strata described in the tables of the Section.
Based on these data the MUF and LEMUF calculations are shown in Table 6. A
LEMUF estimate may differ slightly from that reported by a facility because of
the effects of the stratification on the measurement error assignments. In

the calculation shown here, if two strata of similar materials had different
systematic error estimates the larger was used for each stratum.

Based upon the total feed for the period, the relative standard deviation
of MUF was found to be 0.269%. Based upon the sum of feed and the beginning
inventory, the relative standard deviation was 0.077%. The fact that MUF
exceeded LEMUF for this case is considered atypical.

SELECTION OF AN ATTAINABLE VERIFICATION GOAL QUANTITY

Before a sampling plan can be prepared, a detection goal must be seiected.
The goal quantity is the guantity of material loss that should be detected with-
in some stated probability limits. Several criteria can be used to select the
goal gquantity. For enriched uranium or plutonium, the goal quantity is often
set in relation to the amount of material needed for a crude nuclear explosive.
The approach chosen herein is to set a verification goal quantity based on the
1imits of the inspector's ability to estimate material quantities. By the latter
approach, an attainable goal quantity can be written as follows:

M=z (21_0 * Ty ) wr

In this equation, M is the estimated goal quantity, OMUF is the facilities stan-
dard deviation of the material balance, and 21_a and ZT-B are the 100{1-a) and
100{1-8) percentile points in the normal distribution with zero mean and unit
variance. For o =8 = 0.05, Z1-a and Z]_B = 1,645, the equation becomes

M= 4,633 OMUF

which for this study amounts to
M = {4.653) (703.02) = 3271 kg of uranium,
where both the beginning and ending inventory measurement errors are included

m GMUF
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TABLE 6. Summary of MUF and LEMUF Calculations for Six-Month Material Balance Period

Material Balance

Category Weight
Additions to Plant 260832. 264
Removals from Plant 537752.135
New Ending Inventory 372505.877

Beginning Inventory(?) 647203.471
TOTALS ~2222.277

MUF Based on Data Provided = -2222.28
LEMUF Based on Data Provided = 1406.03

Operator Error Variance

Number
of Items Random Systematic TOTAL
1216 833.1349 12.7365 845.8714
125949 372700, 6670 454197.1420 826897.8090
74403 42047.6947 100280.7710 142328, 4657
120165 188572, 0000 287269.0100 475841.0100
321733 227009, 4966 267221.6395 494231.1361

(a) Beginning Inventory Variances are removed from totals for the continuous

inspection plan



The 95% detection goal for an international standard of accountabiTity(])
is:

M= (2) (1.645) (0.3%) (Feed) = 2574 kg of uranium.

Any goal quantity is somewhat arbitrary. It should be realized that smal-
ler goal quantities lead to larger inspection efforts or to a decreased probabil-
ity of detection. Inspection strategies based on too large a goal quantity
allow the diversion of a part of that goal quantity with a decreased probability
of detection.

In this report, calculations were made using goal gquantities of 300, 500,
1000, 2000, 3000, 4000, 6500, and 10,000 kg. The results permitted a quantita-
tive study of the effects produced by changing this variable. The results of
these calculations are given in the tables in the Appendix; however, to reduce
the bulk of the tables, the results for 500, 2000, and 3000 kg were not included.
The results of the calculations for these intermediate quantities were inc¢luded
in the analysis described later.

DEVELOFMENT OF SAMPLING PLANS

Sampling plans were developed for the two model cases. A statistical

(10) The first case

analysis was then performed with the computer code QUEST.
provides for inspection of the facility inventory and the second case assumes
the beginning inventory had been inspected previcusiy, and the inspection team
is to inspect the ehding inventory and all flow that occurred in the interim

(a)

because these items were present when the previous inspection

six-month period. In the second case the static inventory need not be

1nspected(b)
occurred. In addition the variance of D + MUF for the beginning inventory is
added to the calculated D + MUF for additions, removals, and ending inventory

to take credit for inspecting the entire material balance.

Both cases, have been evaluated, thereby providing data on two types of
inspections which the IAEA could carry out. The tables in Sections A and B of

a. The period was set at 6 months because detailed data was provided for that
period.

b. Inspection of selected items to insure that no IAEA seals had been broken
could be required.
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the Appendix provide detailed results for the variables inspection plan for the
first and the second cases, respectively. Table F provides the detailed results
for the attributes inspection plan for various inventories used in the two cases.

The facility data were divided into five strata categories: Beginning
Inventory, Additions to Facility, Removals from Facility, New Ending Inven-
tory, and Static Inventory. The measurement error data used in the calculations
are based on data provided by the facility. These data are shown in the tables
in Section C. 1In order to reduce the number of types of material {stratum} in
each category, various items with similar material types were combined. Section
contains the error variance tables for each of the categories used in Section C.
Section E contains the LEMUF calcuiation tables for each of the categories. The
tables in Section F provide the results of the calculation of the number of
attributes tests for each of the five categories at the three nondetection
probabilities considered. The tables in Sections A and B provide the results
of the calculation of the number of variables tests for the two cases evaluated
in this report. The calculations are described in the various sections in the
Appendix.

Prior to developing a pTan for an independent safeguards verification of
a facility, it is necessary to collect and verify a large quantity of back-
ground data. The coliection and verification ¢f such data were discussed in
the previous section entitled the Inspection Verification Methodology.

The formulation of a sampling schedule follows the completion of:

e collection and eventual verification of the background data previously
discussed under Levels I and II

e calculation or a check of plant calculations related to MUF and LEMUF
e the establishment of a goal quantity.

As a first step, it is essential to check all the items in the inventory
against the written records (bock inventory) for those items and vice versa.
This serves to identify clierical errors and falsifications in the records and
reports and to determine that there are no missing containers.
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A check also can be made of the records pertaining to "flow" material,
i.e., receipts, shipments, etc. Such records in isolation are, however,
probably impossible to vaiidate simply because the material is no longer present
in its original form. When both shipper and receiver records are available and
when they can be considered to be independent of each other, most of the "flow"
material can be accounted for. But there is almost always a small percentage
of the total material that has been discarded as waste and, therefore MUF can-
not be entirely validated using only shipper/receiver and inventory values.
Thus, when a sampling schedule is developed that includes “"flow" material, it
is assumed that an inspector is present during the material balance period to
observe and verify receipts and removals. Some form of independent verification
is needed and this would be one method possible. Depending upon the specific
facility involved, an inspector may have to be present on a continuous basis.

The item checks of nuclear material, including checking flow components
against the bgok inventory, should detect the removal of complete items.
Further checks, including a calculation of MUF, are required to validate the
quantity values appearing in the book inventory.

The first test is a check for substituted containers that are present hut
the SNM has been removed. In this use the SNM may or may not have heen replaced
with another material. The number of samples required for this test for whole
items s given by the equation

n, = N (1 - BX/M)

where

= number of samples required for attributes inspection plan

= number of items in a stratum or Tot

= probability of nondetection (set equal to 0.05, 0.25, and 0.5
in these calculations to illustrate three levels)

= average item weight

= goal gquantity, the amount of material assumed diverted, set equal to
300, 1000, 4000, 6500, and 10,000 kg in these calculations to illus-
trate five levels of falsification.
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This equation defines the number of samples required for an attributes test
{present or not present) of an inventory for selected goal quantities, M, and
non-detection probability, 8. Further discussion of this appreach is given
in References 1,2. The tables in Section F of the Appendix show the results
of the computer calculations for the attributes inspection plan for the five
strata categories and each of the three non-detection probabiiities aiven above.
By summing the number of the attributes tests from Section F for the strata of
interest for a particular inspection plan, the number of measurements to detect
total removals reported on the second page of each table in Secticns A and B
can be generated.

By examining the number of samples calculated from the equation, an inspec-
tor can detect the substitution of an empty container at stated detection proba-
bility Vimits {1 - g). Consider the absence of the goal quantity of material
brought about by a sufficient number of full containers to sum the total. It
is assumed that the inspector can distinguish between a falsified and a full
container by a simple test. Generally a minimal weight check should suffice.
Following an examination for empty containers, the next test is a check to
detect partially filled containers, i.e., containers from which part of the
contents has been diverted. If the diverter replaces weight equal to that
absent, then an additional check for the identity of the contents of each
container in the sample is needed. An NDA method is frequently used for detec-
tion of the absent material and it is considered sufficient to confirm SNM
content. This detector, an NDA instrument, is used as a go/no-go device.

Such a device determines that material is either missing or not missing. In
the first computer calculation it was arbitrarily assumed that the method has
a standard deviation of 7.5% and that a 4o significance 1imit is used.

The cutoff point for the detection of partial defects and bias, X, in the
computer analysis was set to 0.3. This is also referred to as the nonacceptance
iimit or a performance coefficient, in this case for the NDA equipment. The
number of samples required for this test for partial removals is given by the

equation
- _ YX/M
N N (1 B )
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where N1 is the number of sampies regquired for the first part of the variables
inspection plan, v is defined above, and the other parameters are as defined
for the equation for the attributes inspection plan, n,s which was discussed
earlier.

The main reason for the wide limits, i.e., 4o, for the partial removals
detection alarm point is that the standard samples used for calibration by the
inspector in many cases will not duplicate samples taken in the faciiity.
Narrow 1imits will trigger too many false alarms. In an actual inspection, the
standard deviation and 1imits will vary depending upon the instrument used and
the items being inspected. Thus, for these calculations it is assumed that if
70% or more of the nuclear material is present, the instrument will indicate
an acceptance; if less than 70% is present, the instrument will register a
rejection. Since there can only be a discrepance of 30% of each container with-
out detection, there must be 3.33 times more contajner substitutions than in
the previous, full/empty situation. The same formula is used as previously
except that X is replaced by 0.3X, i.e., the maximum amount concealed per
container. The number of samples required to achieve the same probability
of detection is roughly 1/3 of the previous case.

For comparison, sample sizes were also calculated for a nonacceptance limit
for NDA equipment of 10%, i.e., X is replaced by 0.1X. The change had little
effect on the total number of samples required.

Some ambiguity may occur when the equation is applied to strata that
contain Tess than the goal quantity. When the calculated number of samples is
less than one (say 0.4 to D.9), a conservative approach is to take one sample.
If the calculated number of samples is even smaller (<0.5), it is suggested
that a sample be randomly taken from a combination of such small strata.

The final test is a check for bias detection. The first step in the pro-
cedure is to calcuiate the random error standard deviation of an individual dif-
ference {operator and inspector's values) for the amount of element in an
individual item. These individual standard deviations, designated by T4pi (dri
signifies difference, random, ith class), are multiplied by the number of items
in each stratum to obtain Nigdri' The values are summed over all strata to give
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a total E:Nigdri for the facility. In the simplest case, where both the operator
and inspector take single measurements, their measurements have the same random
error variance,

2
2 _ a7 2 2 2
Odri = 2X1 (Gw + e + Ga)

2 2
5, Teo and Oy are the random error

variance terms for weighing, sampling, and analysis. The factor of two accounts

where i? is the average item weight and o

for the sum of operator and inspector errors.

Many of the individual error standard deviations calculated for a facility
are more complex. Where, as an example, the plant operator withdraws five
samples from a lot, composites them, and then performs duplicate chemical
ganalysis, the random error standard deviation for sampling (operator's) is
reduced by the square root of 5 and the analytical term by the square root of 2.
The inspector's random errors are not reduced since it is assumed that a single

sample is taken. Thus an exact calculation of the o requires knowledge of the

sampling procedure used in a facility, Fortunate1y,d2;e range in T gps is only
from {v2) (constant) to (1) (constant), i.e., the inspector's random error only.

A probable source of error in the calculation of Tdpi arises where the inspector's
measurement accuracy is different {less than) than that of the faciiity operator.
The measurement capabilities of the facility and the inspection team were

assumed to be identical for the calculations made in this report. The number

of samples required for this test for bias is given by the equation

n (N; ogp4)

n S e——
ve E:Ni “dri

where nyo 15 the number of samples for the second part of the variables inspec-
tion plan and n is the computed sample size for the whole material balance using
the minimum variance formu1a.(1) The sample size, n, is calculated for a given
strata and Ny2 distributes the number of samples for inspection over the indivi-
dual stratum.
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The final sampiing schedule to be calculated is designed to detect, over
the whole material balance, a bias of size M in the material balance in the
presence of systematic error variance. The calculation is a three-step process.
First, a goal is established for the random error standard deviation of B,
where 6 is an estimate of the inspector's MUF minus the operator's MUF. The goal
random error variance 026 is then used in a minimum variance formula to deter-
mine a necessary sample sfze for the facility material balance. The total num-

ber of samples is then divided into sample sizes for each strata.

~

D
of the variance of the estimated systematic errors in the measurements. If M is

The estimation of the desired vaiue for o is complicated by the effects
small relative to plant through-put, it is often not possible to reach the
desired probability of detection because of the dominance of the effects of the
systematic error term. In the first calculation the random error variance
under the alternate hypothesis was set equal to one-half of the systematic
error variance components of 6. Two additional calculations are provided

for comparison. In the second calculation the ratio is 1.0 and in the third
calculation the ratio is 2.0.

Numerical Input and Calculations

The input data for the computer calculations using the QUEST(]O) code are

listed in Section C. Included with the DIQ(?) was a table of data that was
already a summation of items for a batch, contract, or some other relating factor.
Due to the large number of entries in this summary, the data was reduced based

on similar composition and form. The stratification formed is the stratum line
of each entry in Table C. These lines make up the strata for each strata cate-

(10) far

gory of interest. The five strata categories group the input to QUEST
the following:

¢ Beginning Inventory

o Additions to Facility

® Removals from Facility

e New Ending Inventory

e Static Inventory.
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Besides this input data there are varigus parameters that are input to
(1.2) of these
parameters is assumed understood; therefore only their values are given here.

QUEST to control the program calculations. The significance

The calculations were performed for goal quantities of 300, 500, 1000, 2000,
3000, 4000, 6500, and 10,000 kilograms of material. The tables in this section
show the results for all goal quantities. The tables in the Appendix were
1imited to five goal quantities, so the results of the calculations at 500,

1000, and 2000 were not included. Three levels of the non-detection probability,
B, were evaluated; 0.05, 0.25, and 0.50. They correspond to goal detection
probabilities or confidence 1imits, 100(1-3)%, of 95%, 75%, and 50%, respectively.
This information is sufficient to calculate the number of samples, Ny required
for either of the inspection plans discussed earlier to detect gross defects
{attributes sampling plan}. The results are shown in the tables in Section F;
each table describes one strata and one of the non-detection probabilities.

Two cutoff points were used for the detection of partial defects and bias,
v in the computer analysis; 0.1 and 0.3 as discussed in the previous section.
The number of samples required for detecting partial removals, n,1e wWere then
calculated.

Additional input parameters were needed for the remaining calculations.
The probability of a Type I error was set at 0.050. The 100(1-a) percentile
point of the N(0,1) distribution, 21_3, and ZI—B were both set at 1.645. The
ratio of the variance of the random error under the alternative hypothesis to
the variance of random error under the null hypothesis was set to 4.0. Three
ratios of the variance of the random error under the alternate hypothesis to

~

systematic error of the D (statistics), cz“ 1H //ZD , were used to estimate D

sampling requirements for detection of bias as d15cussed in the previous section.
The factor by which the variance of the inspector's and operator's random error
for moving inventory is multiplied to estimate the variance of 6 was set to 1.0.
The estimate of long-term systematic error as applied to the determination of

the SNM in any stratum was set to 1.0. The number of samples required for bias
detection, Nyo» Was then calculated. The number of samples required for the
detection of bias and partial removals, n,» is the maximum value of the samples
"1 and n,2 and these are the number of samples required in the variables inspec-
tion pian.
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Sections D and E of the Appendix contain the results of the error variance
calculations and the LEMUF calculations, respectively. The output for the vari-
ables inspection plan is presented in a different format than for the attributes
inspection plan. The results for the strata of interest in the two inspection
pians discussed earlier are presented together in the tables in Sections A and B.
The 18 tables in each section show the results of the calculations for the three
ratios of 025 |H1//625 , the three non-detection probabilities, 3, and the two

r S

cutoff points, vy, as discussed above. On the second {continued) page of each
of these tables, a summary table is presented for each of the calculations.

A selected part of Tables Al through A18, showing total sample measurement
requirements and the probabilities of detection, are shown in Tables 7-9 for
the total inventory inspection. Similarly, selected parts of Tables B
through B18 are shown in Tables 10-12 for the consecutive inspection plan.

Note that the total number of samples shown in Tables 10-12 Tisted above
does not include a beginning or static inventory. This is the situation when
inspections cover consecutive periods. The samples in the inventory taken at
the end of one time period become the samples for the beginning inventory in
the next period. The elimination of the beginning inventory samples may
amount to roughly a 25% reduction in the total number of cases studied. The
total sample load shown in Tables 10-12 represents the incremental sampling
load for each six-month interval with continuous inspection.

In Tables 10-12, the numbers of measurements to detect total removais
and also bias and partial removals are tabulated for the continuous inspection
plan by not including the beginning and static inventories. It should be
noted that data from both the beginning and ending inventories are needed to cal-
culate MUF and the 5 statistic and that is why both inventories are included in
the tzbles forming the Appendix Sections D, E, and F.

A summary of the numbers of variables measurements is given in Table 13
for both inspection of the new ending plus static inventories and also the
continuous inspection plan {inspection of the entire material balance). Some
additional results of calculations are shown which were not included in the
Appendix but will be explained.
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TABLE 7.

Inspector's Measurement Requirements to Achieye S
of Detection at Model Fuel Fabrication Facilityld

Goal
Juantity
~kgd
;o= 0,45,

Lyl
500
1,000
2,060

3,000
4,000
6,500
10,000

i= 0,08,
00
500

1,500
2,000
3,20
4,000
5,500

10,000

D= 0025,
300
500
1,300
2,000

3,300
4,200
£,500
10,000

I=0.25,

300
503
1.080
2,500
3,000
4,000
6,500
10,000

:o= 050,

en
500
1,000
2,500

3,000
4,300
6,500
a,000

L= 0.5"3,

30
3ga
1,000
2,000

3,000
4,000
6,5C0
10,900

4. Measurements for the new ending inventory ofus static inventory,

.= 3.4

R P o4

= 3.0

= 0.30

= 5,10

= 0.30

3. of
Measurements
to Detect
Total Remouvais

4,303
2,961
1,408
745
502
376
231
149

4,302
2,961
1,498
785
302
376
2
143

2,334
1,391
£93
348

233
173
105

2]

2,334
1,391
693
348
233
172
105
66

1,782
700
349
173

115

2 2
(ch = 1/20%
ﬁr B

41

5

Hg. of
Meagurements
to Jetect
Bias ang
Partial Aemovals

223
823
824
826

223
222
a2
322

829
229
aaz
a4z

g27
224
-
822

423
321
824
822

g22
322
322
322

g23
829
832
826

822
g22
822
gz22

a23
223
824
BZ2
8z2
322
322
822

329
829
831
822
822
822
822
822

)

Eated Probability

Probabf ity

of

Detection 3

.
17,
4z,
Bl
32.
EER
94.
35

17.
42,

£l

32.
93.
3.
95,

N

17.
aE.

.

74,
75,
76.
76.

.
17.
47
0.
74,
75.
18.
76.

I 03 M — G 10 La

PP B kg 4D G

L i w00 4 LD L
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TABLE 8, Inspector's Measurement Requirements to Achieve (gsated Probability
of Detection at Model Fuel Fabrication Facility
(R = o )
b, 7D,
He. of
He. of Mpasuremencs
Goal Measurements to Detect Probability
Quantity o Detect Sias and nf
kg Tztal Removals “artial Removais Jetection
=008, o= 201)
300 4,303 421 5.2
500 2,507 i 18,5
1.300 1,258 322 i3
2,300 735 EYE! 73.9
3,000 202 422 29,7
4,300 174 420 53.2
5,500 N g 3.7
10,000 T43 ] 95.1
L= 0,95, + = 0.3
0% 3,503 427 13.2
500 2,981 425 25.8
1,000 1,498 3 34.9
2,000 755 233 7107
3,000 502 433 23,3
2,000 37 423 3.2
6,500 e2l 20 9.7
10,300 14% a13 ES
o= 0028, o= 7000
300 2,30 a2 0.2
500 1,391 421 5.8
1,000 598 122 LN
2,000 343 421 £8.3
3,000 233 499 i 73.4
4,000 173 415 7.3
6,500 1535 415 0.2
10,054 54 275 5.2
S= 028, v = 0230
300 2,334 427 14.2
a0 1,391 4245 15.5
1,000 528 423 34.9
2,000 333 178 i 58.9
3,000 233 121 73.4
4,000 173 419 3.9
6,500 105 1% 76.2
13,000 £6 419 76.2
2= 0,50, «=0.12
300 1,182 4 10.2
S04 0 427 15.5
1,000 343 422 389
2,000 173 L 497
1,000 15 415 32.3
4,500 86 413 32.5
6,300 52 ity 52.5
10,400 3 413 32.5
# = 0,50, v = 8.30
300 1,132 227 12.2
530 70 425 15.5
1,000 149 324 3e.3
2,900 173 21 43.7
1,300 175 418 £2.1
3,300 26 413 52.5
5,530 52 413 52.%
10,000 3 419 52.5

a. Measuremenss for the new anding fnventory plus staric inventory.
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TABLE 9. Inspector's Measurement Requirements toc Achieve Ssated Probability
of Detection at Model Fuel Fabrication Facility (

(0§ = 205 )
r 5
Ka. of
No. of Measursments

Goal Measuremanis te Uetect Probability
Quantity to Jetect 3ia5 anc of

ko U Total Remavals Partial Removals Jetection ©
- o= 0.0%, . = 0,10

30 2,903 a2z 2.1

540 2,581 221 12.%
1,300 1,598 222 26.5
2,200 755 224 9.3
3,000 502 224 79.8
4,000 a7 222 80.3
5,540 211 225 54.7
10,049 145 225 34.9
so= 0,05, = 230

309 4,903 231 3.1

504G 2,387 227 12.3
1,006 1,493 23] 7
2,300 735 247 80.3
3,000 502 256 81.3
4,000 EH 2 235 0.3
6,500 237 22z a7
12,300 143 220 94,9
p=0.25, . = 0.0

300 2,336 222 a

500 1,391 221 12.9
+, 000 £98 222 25.9
z,000 348 224 53.5
3,000 233 221 73.3
4,000 173 220 P
6,500 105 225 ;5.8
10,900 66 225 76.2
10,25, . 0,30

300 2,334 237 .1

a0 1,39 227 2.9
1,000 698 231 7.
2,000 348 247 80,2
3,000 233 225 73.3
4,500 173 221 731
5,500 103 220 75.8
10,400 66 220 76.2
£ = 9,50, « = Q.12

300 1,182 222 3.1

200 700 221 12.9
1,300 345 222 25.9
2,400 173 221 35.2
3,300 115 220 31.2
2,300 86 220 32.5
5,330 52 220 3.5
10,400 k1 220 52.2
2= 0,50, v = 3.30

0 1,182 2N 2.1

500 700 227 2.8
1,060 J49 231 27
2,000 173 224 43.3
3,000 115 220 51.2
4,050 46 220 32.3
6,500 52 220 52.&
10,560 N 270 32.3

i. Measurements for the new arcing inventory plus static inventory.
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TABLE 10. Inspector's Measurement Requirements to Achieve SSated Probability
of Detection at Model Fuel Fabrication Facﬂity(

£ = 17208
(f, = 17295 )

hg. of
Mo, of Medsurements
Gzl Measurements ta [etect Probability
Tuantity ta Detect Bias and af
kg U Total Pemovals Partial Removels Cetection
S =0.05, = 0.0
300 3,128 61 3.6
500 5,580 353 11.%
1,000 2,855 540 23.€
2,000 1,541 356 £5.3
3,000 1,051 R 73.8
4,000 821 562 39.0
5,500 313 334 94.2
10,005 142 554 94 .8
2= 205, . = 0.30
300 9,128 585 3.6
500 5,380 537 1.8
1,300 2,895 Lag 23.7
2,000 1,341 A1 554
3,000 1,051 624 76.3
4,000 221 593 89.0
5,500 £13 S61 24.2
10,000 342 324 4.8
L= 328, ¢ = 010
360 4,401 a6 3.6
500 2,878 558 1.3
1,000 1,304 £64 23.6
2,600 N EBA 85.3
3.000 = 537 1.2
4,000 402 554 73.3
5,500 244 354 75.5
10,000 160 244 6.2
D= 0.25, ¢ = 0,31
330 4,401 585 3.5
230 2,57¢ 287 1.9
1,060 1,354 559 23.7
2,000 767 615 55.4
3,000 a1 587 .2
4,005 402 g3 73.3
5,500 244 £54 75.5
10,000 160 3EL 76.2
L= 0,83, - = 0,14
324 2,251 961 3.8
500 1.3 558 1.9
1,000 728 563 23.6
2,400 403 356 46.5
3,000 262 854 30.5
4,000 203 554 32.2
6,500 12 254 82.5
13,900 20 554 52.%
S 0.5, =030
300 2,250 8.5
500 1,270 il.3
1,000 725 23.7
2,000 403 36.5
3,000 282 50.5
4,000 ng 52.2
5,500 124 52.5
10,240 20 P

a, Measureronts for the entire material balscce.
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TABLE 31, Inspector’s Measurement Regquirements to Achieve

S‘fated Probability
of Detection at Model Fuel Fabrication Facility (2

(U%r = G% )

5
Ho. of
Ho. of Measurements
Goal Measurerents ts Cetect Frobagility
Quantity to Cetect Bizs and a€
_kq U Tatal Remova’s Partial Remgyals betection
- =005, =010
300 3,128 252 7.8
500 5,580 230 0.2
1,000 2,895 289 18.2
2,000 1,541 294 45.3
3,000 1,05 296 £4.7
4,000 321 299 9.6
5,500 513 246 3.3
10,000 34z 282 3.9
2= 0,05, = .30
300 3,128 35 7.9
5o 5.580 34 0.3
1,530 2,395 313 13.9
2,230 1,541 36 46.0
3,500 1,051 353 65.7
£,000 521 162 30.7
&,500 513 kI 33.0
16,300 iaz 285 4.7
i=0.25, 4 = 0.10
300 §,401 292 7.8
son 2,676 290 10.3
1,000 1,404 289 18.3
2,006 767 294 £.3
3,500 51% 29€ &7
4,300 402 287 3
6,350 244 282 74.8
19,660 168 282 76.2
P=0.25, 4 = 0.3
300 4,431 g 7.9
500 2,675 34 10.2
1,300 1,4C4 a3 18.6
2,000 767 325 350
3,000 &N 338 65.5
4,300 402 kK 73.1
£,500 244 283 71.8
10,000 160 282 75.2
S= 050, =010
300 2,251 292 7.8
500 1,371 290 10.3
1,000 725 28% 12.3
2,008 403 234 5.3
3,000 262 283 45.3
4,000 208 282 511
5,500 124 282 2.5
10,946 B0 282 52.5
A= 3.50, v o= 0,30
300 2,251 g 7.9
530 1,31 114 10.3
1,300 725 113 i3.3
2,200 423 334 5.0
3,000 262 29 49.0
4,000 208 283 .
£,500 124 282 £2.%
15,000 80 28z 52.3

a. Measurements for the 2nlire nmaterial balence.
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TABLE 12, 1Inspector's Measurement Reguirements to Achieve Sﬁ:ated Probability
of Detection at Model Fuel Fabrication Facility (2

2 2
(U'ﬁ = 20% )
r S
g, of
Mo, of Measurerents
Goal Measuremants tn Detact Probability
Guantity to Cetect gias ana af
kg L Total %emovals Partiai %emovals Cetection .
- = 0.05, 0 =000
300 2,128 123 7.0
300 7,530 157 &.3
1,530 2,835 128 13.7
2,300 1,547 134 32.3
3,000 1,051 159 53.1
4,000 22! 150 65.7
£.,500 513 P58 88.3
14,000 Jaz 151 4.2
2= 2.05, - 7 030
300 3,128 230 7.2
300 5,330 184 3.0
i,000 2,893 173 4.9
2,000 T,a4 150 3.4
3,300 1,351 278 54.3
4,000 321 219 a87.3
£,500 FHEE 206 851
19,000 k2 139 9.2
= 4,28, . = 130
103 4,221 155 7.
Y 2,878 157 8.9
HGY 1,403 155 14.7
2,230 757 T2 325
3,00 5N 169 531
4,330 302 153 55.7
£,570 248 150 74.3
12,300 150 133 75.5
= 0.23, 4 = 230
300 4,431 (v 7.2
500 2,675 186 3.9
1,005 1,454 178 14.9
2,000 767 190 33.4
3,000 an 238 543
4,050 402 217 57,1
5,520 234 156 742
10,5¢0 160 148 73.5
2= 3.50, ¢ = 0.0
300 2,251 153 7
500 1,37 157 8.9
1,000 725 154 4.7
2,000 403 136 2.5
3,000 262 36 18.5
4,000 208 149 49,3
5,500 124 148 5Z.32
10,000 a0 Y48 52.3
=055, = 0.3
00 2,251 200 7.2
50 1,37 18k 9.0
1,500 Fie) 173 4.9
2,006 403 lag 3.4
3,500 262 182 48.4
4,060 208 i35 43,3
5,500 124 H-¥) 52.3
13,580 ] 143 52.%

S ———

a. Measurerents for the entire material balange,
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The summary shown in Table 13 is for a 300 kg goal quantity. A small geal
quantity was chosen because the number of measurements required for detection of
partial removals, ny1» is greatly reduced for large goal quantities. Additional
calculations are shown for higher ratios of the random arror Eariance under the

alternate hypothésis to the systematic error variance of the D statistics, i.e.,

026 IH //626 = 4 and 8, The Appendix contains all of the results for ratiocs
rt 5

of 1/2, 1, and 2.

An analysis of the results shown in Table 13 and in the Appendix indicate
that at higher goal quantities the number of measurements required to detect
partial removals is reduced. Further, the number of measurements required to
detect bias as shown in Table 132 is the same for all goal quantities as would
be expected from the calculations. The number of measurements to detect partial
removals and bias, however, only decreases slightly with lower goal quantities.

TABLE 13, HNumber of Variables Measurements
for a 300 kg Goal Quantity

Minimum Gamma'®) = 0.1 Gamma = 0.3
Allowed {c) (d} (e)
Ratiola) M Ny2 Ny vy Ny2 Ny

Inspection of the New Ending'P1us Static Inventory

1/2 28 822 823 73 822 829
1 25 419 421 66 419 427
2 23 220 222 59 220 231
4 20 122 123 53 122 141
8 18 76 78 48 76 89

Inspection of the Entire Material Balance

1/2 43 554 561 109 554 585
1 39 282 292 99 282 319
2 37 148 159 9 148 200
4 35 86 99 83 86 141
8 31 h4 70 77 54 108

Ratio of random to systematic error variance of D (026//;2B 1.
. Cutoff point for detection of partial defects and biasf Y. S
. Total number of measurements to detect partial removals, -

. Total number of measurements to detect bias, nyo-

o A O o

. Total number of measurements to detect partial removals and

bi .
as, n,
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An analysis of the results shown in Table 13 and in the Appendix can also
be done for the two cutoff points Tor detection of partial defects and bias, v,
which were used, i.e. 0.1 and 0.3. The number of N measurements more than
double for the larger value of gamma. The number of n,, measurements again
are the same in Table 13 and at the higher goal quantities as expected. And,
the number of n, measurements increase slightly for the larger value of gamma.

It was indicated above that additional calculations, not inciuded in the
Appendix, were included in Table 13 for larger ratios of the random to system-
ation error variance. It is significant to compare the results of the n,o
calculations at different ratios. For both inspection plans the required
number of Nyo measurements are almost inversely proportional to this ratio.
These results indicate the sensitivity of Nyo in these calculations and the
importance of a knowledge and understanding of the systematic error in the
selection of the ratic of the random to systematic error variance for an inspec-
tion plan. The error variance ratio controls the dominance of the systematic
error when the goal quantity is small. As it is discussed in the Appendix
Section C, the systematic errors for the data contained in this study may be
sufficiently low to justify use of larger values of this ratio than applied
in the calculations shown in the Appendix. These systematic errors are also
smaller than those discussed in Reference 1. For this report, the values of
the ratio were chosen because they were close to the point of diminishing
return(l). At this point this ratio is 0.25.

In addition, Nyt and n,, were calculated at the same probability levels
in each of the individual variable measurement tables; here it is likely that
the N inspections represent a minimal practical probability level. Thus
differences in the Ny and corresponding Ny, inspection levels are greater
than it would normally be expected.

The total measurementis needed to detect total removals are shown as a
function of goal quantity in Figures 3 and 4. Figure 3 is for the new ending
plus static inventories and Figure 4 is for the continuous inspection plan.
Both figures show dependency on E, the non-detection probability for gross
defects. The probability of detection is shown as a function of goal quantity
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~2

2
o) random-i

172 I systematic
Obv' usiy, if the acceptable random error is allowed to increase, fewer measure-
ments will be needed. For this reason, two additional calculations were made

ysing the criteria that

GAZ N U,~2
D random — D systematic
and
°D  random = <°D systematic,

as summarized in Tables &, 9, 11, and 12.

The number of measurements required un:t r these assumptions from Appendix
Tables A and B is shown in Tables 7 through 12. The costs of the bias measure-
ments shown in Table 14 are independent of g, v, and the goal guantity.

The costs shown in Table 14 are reasonable estimates based on the techni-
cal knowledge and data that is available. Differences in analytical cost are
to be expected among facilities. They are, however, internally consistent and
they do provide a basis for developing and selecting a sampiing plan for the
facility. An optimum sampling plan will depend upon the imposed constr ints.
Major factors include the availability of funds, the pr¢ 2ability chosen for
detecting a falsification, and the gcal quantity selected. As may be expected,
lTower costs can be traded for lower detection 1imits or for Targer goal quantities.
Finally, advantages that act e in domestic inspections such as the use of
independent shipper/receiver measurements or improved operator measurements have
not been applied in this renort. If these items become applicable under an IAEA
inspection program, they should be factored into the selected s. oling plan.
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TABLE 14. Approximate Cost of Inspection Measurements

(a)

Probability
Random/Systematic of 1977 Doliars
Yariance Cutoff Detection Goal Quantities, Kg
for Inspection(b g 1,000 6,500 10,000
95 -- 114,000 112,000
0.5 75 113,000 112,000 111,000
50 112,000 111,000 111,000
95 -- 63,000 58,000
1.0 75 62,000 58,000 57,000
50 57,000 57,000 57,000
95 -- -- 32,000
2.0 75 -- 32,000 30,000
50 32,000 30,000 30,000

measurement (sz, bias).

is small.
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GLOSSARY

The meaning of the following 1ist of symbols was generally defined in
the text when first used. They are repeated here for the convenience of
the reader. Scme of the symbols may have additional subscripts when used,

but this will be understood in the context of use.

Symbol Meaning

SNM Special nuclear material. Generally refers
to the isotopes U-233, U-235, and Pu-239.
In this report, it denotes low-enriched
uranium.

MUF The gperator's estimate of the amount of
material missing in a material balance area
during an accountability period.

LEMUF Limit of error of MUF. Specifically, twice
the standard deviation of MUF. .

M The quantity used by the inspector in
designing attributes and variables sample
sizes so that a diversicn of the amount M
will be detected at a preassigned prabability

Tevel.
MBA Material balance area.
ICA [tem control area.
N, : The number of items in the ith class.
Class The terms class and stratum are used
interchangeably.

>t

i The nominal amount per item in the ith
stratum where the amounts per item over the
different items are relatively constant.
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Symbol Meaning

¥ y (gamma) is the proportion of the total
removal of X from an item such that re-
movals below yX would not be detected by
the attribute instrument. X is treated
as a point on a continuum for design pur-
poses but in fact there is a range of values
where the attribute instrument does not give
an unequivocal signal. The crossover point
vX is chosen, however, so that the sample
size indicated will be in the direction of
requiring at least enough samples.

B The cutoff point for detection of partial
defects and bias. Commonly referred to as
the nonacceptance 1imit or a performance
coefficient.

dij The difference between the inspector's
amount value and the operator's stated
amount in the jth item within the ith class.

9y The standard deviation of the difference in
r . : \
the operator's and inspector's amount values
for an individual item due to random errors
of measurement.

| B ]

An estimate of the inspector's MUF minus the
operator's MUF, where the inspector's
estimate is generally based on fractional
sampling.

(D + MUF) The statistic formed by adding the operator's
MUF statistic to the D statistic. It is
essentially a MUF statistic adjusted for
operator bias since -0 estimates the bias
in MUF when the inspector's bias is zero or
negligible. If the inspector's bias is not
negligible, {0 + MUF) replaces operator bias
with inspector bias.

2n

a{D + MUF) These symbols ail denote the same parameter,

Var (6 + MUF) the variance in the statistic (D + MUF)

: ~ inciuding both the systematic and random

Variance (D + MUF) error variance components.
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Symbol

Meaning

an or NV

Ny OF MNY?

NTL

The variance of D under the null hypothe-
sis of material control. Written in this
form, the variance in D is the sum of the
random and systematic variance components.

The variance of D under the alternative
hypothesis of material diversion of the
goal quantity M. The random variance
component in this situation may include
the induced process variance in addition
to the natural sources of variation. The
variance in D under H is the sum of the
random and systematic variance components.

The random vaiance component in the D sta-
tistic under the null hypothesis that the
material is in control.

The random variance compoﬁent in D under
the alternative hypothesis.

The number of samples required by the
variable measurement in order to be
100(1-8) percent sure of detecting the
removal of at least one defect if ry =
M/ (vX) removals of the amount v¥ are
taken,

The number of jtems needed to detect a
significant bias, where A is the bias and
N =M, where it is also assumed that an
induced process variance by the operator
exists.

The number of samples to be taken in a
stratum for the attributes test. {Compu-
ter printout - Appendix uses NA)

The number of samples to be taken in a
stratum by the variables instrument.
(Computer printout - Appendix uses NV)

Estimated number of measurements to (1)
detect bias as specified in BNWL-1852.
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Symbo]l

NVITL
NV2TL
NYTL
CERROR

Subroutine PROX

VARDRHO, VARDR20, and
VARDR30

VARDSTL

VARDHO, VARDH1
YDMUFHO, VDMUFHI

SOMUFHO, SDMUFH1

VARMUF

Meaning

Sum of ail the Nv1i samples.
Sum of all the szi samples.
Sum of all the Nvi samples.
An indicator of the level of random
error used in a test to call subroutine
PROX if CERROR 1is greater than the opera-
tor's variance of random error moving
inventory {random part of the MUF).
Computes the value of cg

B, 1He

Estimates of the variance of D random
under the null hypothesis.

Total variance of systematic error;
operator plus inspector,

Total variance (random + systematic)
under the HO and HI hypothesis.

Yariance of (ﬁ + MUF) under the null
and alternate hypothesis.

Standard Deviation of (ﬁ + MUF) under the
null and alternate hypothesis.

. o2
Variance of MUF; CMUF .
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AFPPENDIX

FORMULATION OF INPUT INVENTORY DATA AND CALCULATED RESULTS FOR THE INSPECTION

The data supporting the analyses in this report are presented here in seven
sections. Each section contains tabies for each of the following strata categories:
e Beginning Inventory
e Additions to Facility
¢ Removals from Facility
e New Ending Inventory
e Static Inventory

The DIQ(?) amassed the data and supplied PML with item summaries. At PNL
the data was further reduced. The 1isting of the inventory broke the items
into 120 strata, using 59 measurement classifications. This number of strata
and measurement classes was felt to be too large to be manageabie. By com-
bining similar materials, the number of strata in the inventory was reduced
to Tess than 40. The reduction required combining some strata having unequal
measurement errors. When such a situation occurred, the largest reported
measurement error was used in order to always be conservative. Such a proce-
dure does not severely affect the inspection planning but it could affect LEMUF.
Accordingly, estimates from the DIQ of the random error standard deviations
were used in the LEMUF calculation and the results incorporated in the estimates
of the variance of D+MUF. However, the largest systematic error standard devia-
tion of the individual items (summary items) that was combined to make a single
stratum was used in each case because the standard deviatiens in the DIQ were
considered to be unrealistically low in many cases (for many measurement pro-
cedures the given systematic error standard deviation was zero).

Following the development of the inspection strategy, the LEMUF estimate
using maximum error combinations was compared with the estimate using standard
techniques. The random error variance components differed by less than 10%.
The systematic error variance component was a factor of two to three times
larger when the maximum errors were used. However the maximum error case was
thought to be more realistic and was therefore used in the final calculations.



Further details and description of the data in the Appendix are given with
each section. The following description will detail the flow of information
from the raw data through the calculated results. The raw data summary items
were combined to form a stratum representing similar materials. A Tisting
of these stratum, formed from combined items, is given in Section { for each
strata category. Sections D and E show the results of the error variance and
LEMUF caiculations, respectively. The required numbers of tests for goal
quantities of 300, 1000, 4000, 6500, and 10,000 kilograms of material are given
in Section F for the attributes inspection plan and in Sections A and B for the
variables inspection plan. 1In all sections, except A and B where the results of
the variables inspection plan are given, results are reported by one of the par-
ticular strata categories mentioned earlier. This is done because the calculations
are not a function of the inspection program {i.e., which inventories are to be
included in the inspection program). The Tables in Sections A and B show the
effect of varying the detection of partial defects and bias, while the Tables
in Sections A, B, and F show the effec¢t of varying the nondetection probability.
All calculations are based on a six-month (two inspections per year) accounting
period.
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SECTION A

RESULTS OF THE VARIABLES INSPECTION PLAN FOR INVENTORY TERMS

This section shows the estimates of the number of required variable measure-
ments in the inspection plan. These calculations and those of Section B are
affected by the inspection program. Two inspection programs are considered in
the report. The calculations reported in this section are for the inspection of
the inventory terms only; this includes the new ending inventory and the static
inventory. Section B presents results for inspection of the entire material bal-
ance. The caiculations are given for the ratio 9f the random error variance

under the alternate hypothesis component of the D statistic, 025 , to the syste-
r

matic error variance component of the B statistic, 026 , eqgual to 1/2, 1, and 2.
S

For each of these ratios the calculations are further given for non-detection

probabilities for gross defects of 0.05, 0.25, and 0.50. And, for each of the

nondetection probabilities the calculations are finally broken down for the

detection of partial defects and bias with gamma of 0.3 and 0.1. Definitions

of variables used in the output are given in the Glossary.
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TABLE A-1 {continued)
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TABLE A-2
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TABLE A-2 {continued)
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TABLE A-3 {continued)
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TABLE A-4 {continued}
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TABLE A-6 (continued)
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TABLE A-7 {continued)
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TABLE A-8 {continued)
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TABLE A-10 {continued)
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NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES

OF URANIUM FOR A SIX MONTH INVENTORY PERI0D
NEW ENDING PLUS STATIC INVENTORY
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TABLE A-11 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD
NEW ENDING PLUS STATIC INVENTORY
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TABLE A-12 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVERTORY PERIOD
NEW ENDING PLUS STATIC INVENTORY
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TABLE A-13 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH tNVENTORY PERIQD
NEW ENDING PLUS STATIC INVENTORY
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TABLE A-14
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TABLE A-14 {continued}

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS{ON OF GOAL QUANTITIES
OF URANIUM FOR A SITX MONTH INVENTORY PERIOD
NEW ENDi{NG PLUS STATIC INVENTORY
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NUMBER OF VERIFLCATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A 51X MONTH INVENTORY PERIOD
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TABLE A-15 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A 51X MONTH INVENTORY PERIOD
NEW ENDING PLUS STATIC INVENTORY
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TABLE A -16 {(continued)

NUMBER OF VERIFICATEONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
NEW ENDING PLUS STATIC INVENTORY
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TABLE A-17

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A 51X MONTH INVENTORY PERIOD
NEW ENDING PLUS STATIC INVENTORY
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UO2 FUEL FABRICATION FACILITY MATERTAL ACCOUNTING DATA FOR | AEA VERIF{CATION 1977-1

TABLE A-17 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SiX MONTH INVENTORY PER{OD
NEW ENDING PLUS STATIC INVENTORY
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TABLE A-13

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES

OF URANIUM FOR A 51X MONTH INVENTORY PERIOD
NEW ENDING PLUS STATIC INVENTORY
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TABLE A-18 icontinued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANtUM FOR A SI1X MONTH INVENTORY PERIOD
NEW ENDING PLUS STATIC tNVENTORY
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SECTION B

RESULTS OF THE VARIABLES INSFECTION PLAN FOR THE ENTIRE MATERIAL BALANCE

This section shows the estimates of the number of required variable measure-
ments in the inspecticn plan. These estimates and the results in Section A
encompas§ the inspecticn variablesprogram discussed in this report. The cal-
culations reported in this section are for the inspection of the entire material
balance, which includes the new ending inventory, shipments to, and shipments
from the facility during the last six-month inventory period. The beginning
inventory was inspected as the ending inventory of the previcus inspections.

The calculations are given for the ratio of the random error variance component

under the alternate hypothesis of the D statistic, 025 , to the systematic error
r

~

variance component of the D statistic, 020 , equal to 1/2, 1, and 2. For each of
S _

these ratios the calculations are further given for non-detection probabilities
for gross defects of 0.09, 0.25, and 0.50. For each of the non-detection proba-
bilities the calculations are finally broken down for the detection of partial
defects and bias with gamma of 0.3 and 0.1. Definitions of the variables used in
the output are included in the Gleossary.

A-4]
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TABLE B-1

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES

OF URANIUM FOR A SIX MONTH {NVENTORY PERIOD
CONTINUOUS INSPECTION PLAN
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ASGEMBLIES v 1] S0 H E1 ] 50 34 50 50 i
SCRAP FOR SHIPHMENY 1 109 109 i ;o? 169 1 10§ 108 1
SAMPLES ¢ 1 1 8 | 1 5 1 1 4
LIgUID GISCARUS 1 16 3% 1 kL] A 1 ET -1 e
$0.10 0IsSCARDS i F 2 (] 4 2 i 2 2 ¢
MHEW ENDING INV;NTUH'
FUuLL UFb CYLIMDERS ] 1 1 1 1 1 1 1 ]
UFg CYLIROER NEELS 0 1 ] [ 1 ] 1 ] 4
ADy CONYERSTON ) b2 4z 4 6 62 5 2 62 E
UP§ RECYCLE 2 17 by 2 i 1r 2 Ir 17
ADY/URS CROSS 1 S . ] 4 N 1 4 4
BGEpe CONVEASION 4 14 ls 1 1a 1Y 1 is 14
YEnDoR UO2 ) 7 1 ] T 1 7 H
U0z FoR SHIPMNT i 1 ¥ & & a 1 8 k]
POWOER/PELLETS [ i 1 b ! o i 1 ¢
INTERWED, PROV, 1 1% 1i9 i 14 114 1 119 119
PELLETS 2 3 3 2 3 2 3 3
FugL RODS k] 2 1 3 3 & 2 &
POTSON RODS ) 1 ] 1 1 1 1 H
ASSEMBLIES 1* D) F 13 H 24 ) 24 24
PRESS SCRAP 1 5 . 1 5 1 L L ] ]
GRINGER RES [pUE b 1 1 4 1 ¢ 1 1 4
DINTY POWDER 1 zl 21 1 2 21 ] 21 2l
NEsIDUF /SLUDOL i 23 2% 1 F 25 1 25 HH
0L I0 wASIE [ 4 + [] & [ ) % []
SAuPLES " 1 A [ 1 '} 1 i [
PRECESS HOLDUP b 13 13 8 1 13 s 123 13 (1
STANDARDS ¢ 1 1 ) 1 ] 1 1 b
NVITL = 109 loT 12% 43
NVRTL ® 54 s34 (110
Nt = (118 E]1] 111}
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— i e O U B At D Ak D it e B e TN e

S54

10070.¢
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K] ] 13
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2 a 2
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1 0 1
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62 1 [T
17 1 17
L] L] 4+
14 1] Ia
T L] T
3 ] 1
1 L] 1
119 a 119
} 1 3
F 1 2
] ] 1
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1 ] 1
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TABLE B-1 (continued}

NUMBER OF VERIFICAT{ONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PER1OD
CONTINUOUS INSPECTION PLAN

ci z lﬁ!ci
D¢ Dg

UO2 FUEL FABRECATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

BASED ON vERIFICATION 2.0 TIMES PER YEAR
THE NON-BETECTION PACBABILITY FOR GROSS DEFECTS IS SET AT 060

SUMMARY OF CALCULATIONS FOR THE DETECTION OF PARTIAL DEFECT5 AND BIAS {(GAMMA = ,30)

GOAL AMOUNT TAKEM NON-QETECTIOM HON-DETECTIONM TOTal PROBABILITY TOTaL MEASURENENTS WEASUREMENTS
QUANTITY AS PROAAHILITY PROBABILITY  NON=DETECTIGN ‘OF MEASUREMENTS Y0 PETECT TO DETECT
ORNSS DEFECTS Fou FoR PARBABILITY DETECTION To DETECT BIAS AND TOTal
TOTAL HEMOVALS psMUF STRATEGY (PERCENT) 3155 PARTIAL REMOYALS AEMOVALS
300,0 0,0 t.000 e 2314 8.6 54 585 V28
lo00,0 0,0 1,000 L7163 143 23,7 254 589 2895
$000,0 1142 2 L425 L258 1l 8%,0 o4 598 82)
6500 .0 4788 4 illo W524 058 a4 .2 294 561 513
100000 9079,5 1066 786 052 94,8 244 554 342
CERROR = 554440,650 THE RANDOM COMPONENT OF VARMUF »  ,227E+(Dé&
THE ESTIMATE OF RANDOM ERROH VARIANCE 15  ,554E+06
FpP A GO-L AUANTITY OF 3g0.0 NT{ = 543
FpR & GOAL QYUANTITY OF 1000e0 NTL = b4 3
FOR A GOAL QUANTEITY NF  4000.0 HTL = K]
For & GOAL - ANTITY OF 650040 NTL = LX)
FOR & GOAL AVANTITY OF 1000049 NfL = b4 3
vaRrRURT) VARDSTL YARDHD VOMUFHG SOMUFHYD SDMUFH] YarmUF  GOAL GQUANTIyy
Sa6685.8961 1108941, 3001 16556b7,1962 116143b6,060] (077 ,6994 1673,7663 494231,1361 3000000
S45994.T94% 1108981} ,3q00) 1656976, 0946 11607 84,9545 107Y,3787 juta, %4gd 9423} j36) 100040000
54574n0,2574 1108981, 3001 1654221 ,5579 1155990,4218 1¢17,0285 16712,0380 494231 1361 4000,a000
5507T66.5T0b 110R981,300] 1659747 8707 1165516,7340 1079,5%1¢0 1078,56353 4942311381 5500sn000
554167.616> 110R9A1, 3001 1663]1%4,9186 1168%11,7825 1081, 1650 16826826 $94231,1381 10000, 000
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TABLE B -2

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES

OF URAN{UM FOR A 51X MONTH INVENTORY PERIOD
CONTINUGUS §NSPECTION PLAN

02 = lﬂai
B, Dg

UO2 FUEL FABR{CATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIF{CATION 1977-1

BaSED on vERIFICATION 2,9 Tiuts pER yEAR
THE NOM-DETECTION PROBAGILITY FOR GROSS DEFECTS 1S SET AT (050
NUMHER OF VERIFPTILATIONS FoR DETECYION OF 8l4S AND PARIABLE SAMPLING PLAMN FOR gAMMAR ,1p

STRATUM BOAL QUaANTITY
00,0 iann.0 4000,0 8500,
HY1 Ny 2 HY LT} L1t NV NVL NYE NV WY1
ADDITIUNS TG PLANT

FuLL UFe CYL INDERS d [ L] B .} 9 & 9 3
FugL RODS ] 1 1 [ 1 [ 1 1 [
UNK PRODUCTS i 11 i3 i 1 i3 i 13 i3 i
ShuPLES b ! 1 [ 1 & 1 1 &
OTHER ] 2 2 [ 2 [ 2 2 ¢

REMGVALE FROM PLANT
UFp CYLINDER HEELS v 1 1 0 1 0 1 1 Q
VENDOR ULO2 o 3 6 6 b T 3 ¥ 2
FUEL RODS 0 1 1 ] 1 ] 1 | ]
ASSEMBLIES 10 S0 50 # H 50 12 89 54 *
SCRAP FOR SHIPHENT i 10% 109 ] 10 108 1 109 1069 [
SAMPLES v H 1 [} i [ 1 1 [
Liguit DISCARVS [ k13 16 ] 3 1 [ 3% 1% o
SOLID pISCarDS ] 2 [ ? 0 H 2 0

HEW ENVING INVENTORY
FULL UFB Cy INDERS '] 1 ] ¢ 1 [ 3 1 1 '}
UF§ CYLINDER MEELS o 1 i L] { 0 1 i [
Ay CONYERS QN F 62 62 2 ¥ 62 2 42 &2 1
UPs RECYCLE 1 17 [} i it T 1 1t 1r i
ADp/UPS CROSS ! . 4 [ 4 . 1 . . ¢
8ECo ConvERgliOn 1 1% s 1 H 14 1 14 14 0
YENDOR U2 v 1 T 8 1 ? T 1 ¢
UGz FOR SHIPMNY 1 1 3 2 2 3 1 3 i
POWDER/PELLETS L] 1 1 [] 1 ] 1 1 ]
INYERMED, PRDD, i Tk} 119 1 11 119 1 3L 119 [
PELLETS 1 3 3 i | 1 3 3 i
FUEL RODS i 2 2 1 2 1 ? 2 1
POrSOW RODS 3 1 1 1 1 1 ] ] [
ASSEMBLIES > 2+ 24 4 1 24 6 24 24 H
PRESS SCRAP 0 5 5 0 '3 s 0 s 5 b
ARINOER RESIDYE v 1 1 ] 1 ] 1 1 L]
DINTY POMDER i 21 21 0 z zl ] 21 21 [
RESIDUE /SLUDGE ] 25 HY 1 H ] 25 0 H 28 ¢
S0L1D whstE 2 * + [} [ [ * [ [}
SAMPLES ¢ 1 i [ 1 1 1 1 [}
FROCESS HOLOUP ¢ 13 13 L] 1 13 ] 1 13 ]
STANGARDS [ 1 1 [ 1 [ 1 1 [}
NYITL w 43 49 ) 1T

NYRTL n 554 L1 854
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TABLE B-2 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUQOUS INSPECTION PLAN

o, = 120

I.IO2 FUEL FABRICATION FACILITY MATERTAL ACCOUNTING DATA FOR 1AEA VERLIFI CATION 1977-1

BASED on vERIFICAYION 2.0 timkg pEp vEap
THE NON=DXTECTION PROUBRABILITY FOR GROSS VEFECYS IS SET AT 050

SUMMARY OF CALCULATIONS FOR THE DETECTION OF PARTIAL DEFECTS AND BIAS (GAMMA » ,10)

9F-v

60at AMOUNT TAKEN NON=DETECTION HON~DETECTION ToTaL PROBABILITY TOTAL MEASUREMENTS WUEASUREMENTS
QUaHTLTY F1 PROBANTLYTY PROBABILITY  NOneOETECTION oF MEASUREHENTS 10 PETECY YO DETECT
GROSS DEFECTS Fox FOR PROBABICITY QETECTION To DETECT BIAS ANO ToTal
TOTAL REMOVALS DeMUF STRATEGY (PERCENT) 814§ PARTYAL REMDVALS  REMOYALS
0,0 0.0 1;000 914 P4 8.4 54 56] 9128
1600.0 0.0 13000 Téa iThe 234 D54 560 2895
4000,0 1125%,1 iedy 236 10 89,0 LT 563 821
6500 ¢ «T81 .0 illo 522 w058 L TAY 354 554 513
10000,0 9079, 1066 , 188 L0952 94,68 854 554 342
VARDR IO YARDSTL VARDHE YDMUFHO SOMUFHO SOMUFH] VARMUF  GOA[ QUANTITY
550766,5796  1108%81,300] 1459747 ,B707  1185516,T3sb 1079,5910 1678,61%3 494231,1385) 300,5000
550936 ,4p83 1108981 ,390] 155991? Ipbe 1165685 ,1%33 1079,6695 1678,8372 494231, idsi 1000,p000
55pn%0.R992 1108981 ,300] 1859572,1992 1164841, 0&32 1079, 276p 1677, ,81¢1 494231 1361 4000,0000
554167,6185  110898]1,300] 1663149,9186  1168917,7825 1081,1650 16B2,6826 494231, 1381 6500,5000
5541676185 1108981.3001 1663148,9}8¢ 115691? 1825 108],1650 1382.6526 *9#231.1361 1000045000
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TABLE B-3

NUMBER OF VEREFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH {NVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

ui = lﬁ?uf
¢ Dg

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION

BASED ON ERIFICATION 2.8 TiMts pER yEAR
THE WON=RETECTION PROBABILITY FOR GROSS DEFECTS IS S$tT AT 250
NUMBER OF VERIFICAYIONS FOR DETECTION OF HIAS AKD VARTARLE $AMPLING PLAN FOR gdwmas 30

STRATUM BO&L QUANTTITY

80,0 1000,0 400U,0 €509.0

Ny NVZ NY LT NV E Ny N¥1 (L] NY NV NVZ
TIDONS TO PLANT

FULL UFé Cy_ INDERS
FUEL RGDS

UNK PRRODUCYS
SauPLES

OTHER

UFs CYLINDER HEELS
VENDOR Li02

FUFlL RoOS

ASgEMBL IES

SCRAP FOR $HIPMENT
SAMPLES

LiguID DISCARUS
50L1p DISCanDS

FULL UF& CY INDERS
UFs CYLINDER MEFLS
AD COWVERSION
UPs RECYCLE
ADP/UPS CROSS
GECO CoNYLRSION
VENDOR 402

U0z FOR SHIPHNNT
POMDER/PELLETS
INTERMED, PrROY.
PELLETS

FUEL RaDS
POISUN RODS
ASSEMBLIES
PRESS SCRAP
GRINDER RESIDUE
GInTY POWDER

RE 5 IDUF 751 unot
$0.10 wWhsTE
ShMPLES

PRQCESS HOLDUP
STANDARDS

1
AbDIT)
19
0
£
1]
Q

REMOVALS FROM PLANT
o

[}
6
3d
1
o
i

[

o -

I

3

1
<0
108
i

a6
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13
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.TABLE B -3 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

Z 2
a, = 12 0,
Dy D
UO2 FUEL FABRICATION FACLLITY MATERTAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

BASED oN yERIFICATION 2,0 vIMEs pER yEAR
THE NONSDFTECTION PROBABILITY FOR GROSS QEFECTS IS SLT AT 250

SUMHARY OF CALCULATIONS FOR THE DETECTION OF PARTIAL DEFECTS AND BIAS (GAMMA = ,30)

GOal AMOUNT TANKEN MON=DEYECTION MOW-DETECTION TOTaAL PROBABTILITY TOTAL MEASUREMENTS MEASUREMENTS
QUANTTTY as PROGABILITY PROBARILLITY  NOReDETECTION of HEASUREMENTS YO PEVECY TO DETECY
GROS5S OEFECTS Fow FOR PRPBABILITY DETECTLON To DEtECT BIAS AND TOTaL
TOTaL REMOVALS DeMUF STRATEGY (PEHCENT) BIAS PARTIAL REMOVALS  REMOVALS
300,0 4,0 1,900 91 V914 846 554 585 480}
100040 0,0 1{0o0 163 Lk 21,7 854 589 1804
40000 2832.6 2375 14 2267 7343 254 558 402
b500, 0 ®1p01,9% 1272 L899 2245 75.5 254 554 244
100000 14000,0 125 950 238 T2 554 554 160
VARDR30 VARDSTL VARDHO VOMUF HO S5pMUFHO S5DMUFH1 VAAMUF  GOAL QUANTITY
546685 ,p961 1108981,3001 1655667 1962 1161436 060l 1077 6954 1673, 7663 dp423),1361 00,7000
545994.794%  1108901.,3001  1654976.0946  1160744,9585 1077.3787 1072.,9493 494231.1306) 1000+4000
551824.6207  11089B1,3001  1860805,9208 1186574, T84T 1680,0809 1079.8954 494231, 136} 4000.p000
554167,6185  1108981,3001 1463148,9186  1168917,782 1081,1650 1082,6826 49423i,1361 6500,4000
554167.,6185  1308981.300] 16633148,9186  11689(T,78¢S 1081,1650 1682,6826 494231,1381 10000.7000
i - » ..
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TABLE B-4

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A 51X MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

& - 12
Dy s
10, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR {AEA VERIFICATION 1977-]

2

BASED oM vERlIrFlCAtion 2.9 TIMES PER YEAR
THE NOW-DETECTION PROB4BILITY FOR BR0SS DEFELTS IS SLT AT ,d8¢
NUMBER OF VERIFICATi04S FOR DETECTION OF BIAS AND VaRlagLE saMPLING PLAN FOR gAwMrs 19

STRATUM BOAL QUANTITY
100,0 108040 40000 45000
Nyl Wi 2 NY Nv] Ny 2 Ny V] N¥Z 1 NV L1F] Ny
AGDTTIONS TO PLANT ) i
FULL UF& CYLINDERS 8 6 a a [ 3 5 s 1 & [}
FUFL AODS v 1 1 0 1 t 1 1 ¢ 1 1
UNH PROOUCTS i 33 13 1 | 13 1 13 13 [ 13 13
SAMPLES ; 0 1 1 0 1 0 1 1 [ 1 1
CTHER ¢ H ? a 2 ] 2 H ] ? H
REMOWALS FROM PLANTY
UFs CYLINDER MEELS ] ! 1 ] 1 0 1 1 [ 1 1
VENDOR o2 6 3 [ [ ] 3 2 1 3 i 3 3
FUEL RNDS 0 1 1 ] 1 ] 1 1 b i 1
ASSEMBLIES 19 59 50 9 H) 50 3 50 50 1 50 50
SCRAP FOR SHIPMENT & las 109 i 10 199 0 108 10% 9 109 109
SiMPLES i o 1 [} ] ] ! 1
LigUID DISCARYS 3 36 38 (] T 36 0 36 k1) 0 3 6
So_1p plsCanps 9 2 [ ) 2 0 2 z 0 ‘2 t
NEW ENDING INVENTORY
FULL RS CYLINDERS 0 1 1 0 1 0 1 1 9 1 1
UFs CYLINDER MEELS 0 1 1 0 1 ] 1 1 [ 1 1
AD{} CONVERSION < 62 82 2 s 62 1 &2 62 b 82 &2
UPS RECYCLE i 1? 1t 1 1 17 1 ir 17 [ ir 7
ADU/URS CROSS 1 . . | ) & ] [ [ [ + +
SECO CONVERSION i 14 Ia i 14 14 [] 14 1s 0 I 14
VENDOR UD2 i ? T ] T 0 T T [ T T
U0z FOR SHIPMNT 3 1 ] 2 2 1 1 1 i 1 1
POWDER/PELLETS 0 1 1 [] 1 (] 1 1 L4 1 i
INTERHED, FaOl, ) ne 119 i 1t 119 ] 119 119 0 119 119
PELLETS 1 1 3 } 3 t 3 3 [ 3 3
FUEL AODS i 2 2 i ? 1 2 2 [ 2 H
POJSON RODS 1 1 1 1 1 6 ] 1 0 1 1
ASgFMBLIES L 24 2 - ] 2h F4 1] 24 1 24 24
PRESS SCRAP 4 5 L 0 } 3 ] 5 L 4 5 5
GRINOER RESIDUE b 1 1 [ 1 [] 1 1 (] 1 1
DINTY POWNER [ H| 21 [ Fl 21 ¢ 21 zl ] él 21
RE ¢ T DUF /54.UNGE 1 25 2 [ 2 28 ¢ 25 13 (] 23 23
SOLID wASTE v ) » @ 4 » [] [ ) 4 ) *
SAMPLES @ 1 1 ¢ 1 ] i 1 b ] 1
PROCESS HOLOUP ¢ 13 13 [ 1 13 [ 13 13 ¢ 13 13
STANDARDS L] 1 1 ] 1 ] 1 1 ] 1 1
HYLTL » [¥) A0 18 5
NYZTL » 5% 554 554 854

Wytl » L1 S69 594 154

1000849
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TABLE B -4 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS1ON OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

02 = 12 UE

Fal

Dy B

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR LAEA VERIFICATION 1977-1

BASED gy VvERIFICATION 2,0 7vIMEg pEg vEAp
THE NON-DETECTION PROBABILITY FOR GROSS OEFECTS [S SET AT ,25¢
SUMMERY OF CALCULATIONS FGR THE DETECYION OF PARTIAL DEFECTS AND BIAS (GAMMA » ,]0)

oAl AMOUNT TAKEN NON~DETECTION NON=DETECTION TOTaL

PROBABILITY TOTAL MEASUREMENTS  WEASUREMENTS
QUANTLTY AS PROBAWILITY PROBARILITY  n~ON=DEYECTION oF MEASURELMENTS T0 DETELY 10 DETECY
6RpSS DEFECTS Foa FOR PROBABILTTY CETECTION To oelecr BIAS AND ToTalL
TOTAL REMOVALS DeMUF STRATEGY (PERCENT) arad PARTIAL REMOVALS  REMOVALS
06,0 ¢.0 1;200 LPl4 1914 8.6 254 561 401
1000+0 0.0 1,000 «Tha e1h4 236 ph4 560 1404
400040 2828,9 #4715 113 287 T3:3 554 554 s02
€500.0 6101,% 2Tz ,999 245 75,5 954 554 FIT)
100000 10000640 +259 2950 izde T6.2 294 554 160
VvARDRID VARDSTL VARDHO YDMUFHD SOMUFHO SDMUFHY VARMUF GOAL QUANTITY
550766,5Tpb 1108968] 3001 1659747 8707 1165516, 73146 1019 ,591¢ 1674 ,63%] 494231 1361 300,000
550936,0063 11085981 15801 1659917 3064 1i65686,1703 1079,6695 1t78,08372 +2423] {361 100040000
55416T7.6785 1108981,3p81 1663148,918¢ 1160917, 7925 168),165%0 1t82,6824 494231,136] 4000#5000
554167.6185  1108981.3001 166314848,9186 116891 7,7825 108141650 1082,8826 494231,138) 660009000
554567.8185  1108981,3501 1661148,918s  11689]7,782S 1081.1650 1982,6826 434231 ,138§ 1000045000
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HUMBER GF VERTFICATIONS FOR OETECTION OF BTAS iND VARIABLE SAMPLING PLAM FOR GAuYMAs 39

STRATUM

FULL UFS CyL INDERS
FuglL AnDS

Uky PRODUCTYS
SAMPLES

GTHER

UFs CYLINDER HEELS
VENDOR UQ2

FUEL RODS
ASSEMBLIES

SCRAF FOR SHIPMENT
SANPLES

LIQUID DISCARLS
50L1D plsCanps

FULL UF® CYLINDERS
UF$ CYLINDER PEELS
ADy COWVERSTON
UPs RECYCLE
ADY/YPS CROSS
SECD CONVERSION
YENDOR UG2

U032 FOR SHIEMNT
POWDER/PELLETS
INTERKED, PROP,
PELLETS

FUEL RDDS
POISON RODS
ASSEMBL IES
PRESS SCRAP
BRINDER RESTDVE
RIRTY POwWDER

RE s IDUF /SLUNGE
501D whgTE
SAMPLES

PROCESS WOLDUP
STANDARDS

TABLE B

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PER{ OD
CONTINUOUS INSPECTION PLAN

ui = 12 ai
Dr Dg

U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

2

NVITL w

HVRTL &

NyTL =

BASED ON VERIFICATION

2.0 TIntS PER yEAR

THE NOM=BETECTION PROBABILIYY FOR GROSS DEFECTS 15 SET AT 509

90AL QUANIITY
300,0 1000.9 00U
Nyl LLF Hy LLE L17 3 Ny NV ] NY¥ g
AODITIONS TO FLANT

1% s 15 22 . 22 2 6

¥ 1 o | 1 0 1

£ 13 13 1 13 13 0 13

v i 1 ! i 1 ] 1

2 2 2 0 $ ? b 2
REHOVALS FROM PLANT

9 1 1 [ ] 1 [ 1

19 3 18 16 16 1 3

¢ 1 3 [ z 1 0 !

3 L1 50 2t L 50 2 50

4 109 109 1 oy 109 ] 10%

4 1 i [ i i [ 1

1 34 36 1 36 34 o 34

{ 2 2 8 T2 2 9 2
HEW ENUING IRVENTORY

o 1 1 1 § 1 9 1

] 1 1 [ i 1 ¢ 1

5 62 62 4 ad 62 1 62

2 17 1t 2 it 17 0 ir

1 * IS 1 ] . [] .

1 N ls 1 s 14 o 1y

i T T 1 t 7 [ T

I ] T 4 & i 1

o 1 1 (1 1 8 1

i ¥ 119 | n e o 11¢

€ 3 3 2 3 0 3

3 ] 3 3 3 1 2

f 1 1 1 1 1 1

1* 24 24 13 H H i H)

i 5 5 [ 5 ] s

v 1 1 4 1 [} t

I 2l 21 1 2 21 ] 21

£ 25 25 1 H 25 0 2s

] 4 * 8 4 (] 4

v 1 i o | [ 1
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TABLE B -5 (continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANEUM FOR A SIX MONTH INVENTORY PERLOD
CONTINUOUS INSPECTION PLAN

UE =12 UE
Dy D

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR [AEA VERIFICATION 1977-1

BASED on vERIFICATION 2,0 tiMts pEg yEap
THE NON-DETECTION PROBABILITY FOR GHOSS DEFECTS 1S SET AT ;500

SUMMARY OF CALCULATIONS FOR THE OETECTION OF "PARTIAL DEFECTS AND BIAS  (GAMMA = ,3()

WEASUREMENTS

Yo DETECY
TOTal
L5  REMOVALS

225]
725
208
124

300,4009
1000.5000
400042000
6500 ,45000

10000.0000

GOLL aMOUNT TAKEHW NON=OETECTION NON=-DEYECTIONM TOTaL PROBABILITY TOTAL MEASUREMENTS
QUaANYITY AS PRORAMILITY PROBABILITY HDN-DEiECTlﬂN OF MEASUREMENTS T BETELY
6ROSS DEFECTS Fow FOR PRE#LBICITY DETECTION 1o oelECT BIAS AND
TOTAL REMOVALS DeMUF STRAYEGY {PERCENT) BIAS PARTIAL REMOVA
300.0 ¢,0 1ina0 LPLe L4 a,8 554 585
1600,0 0.0 1,000 .163 Té3 23,7 554 589
4000,0 38R6 ) 19l L3938 L 52,2 554 554
6530,0 6500, 0 1800 1959 L] 52,5 354 554
10000«0 1000040 300 .950 wais 5245 bhé 554
VARDRID VaRDSTL VARDHO VOMUFHD ShMUFHD SDMUFH1 VARMUF  GOAL QUANTIpY
S546685,8961 1106981 3001 1655667 1962 11618306, ,06¢) 1077 6994 T3, 7661 49423) 1381
58594 . T944 1108981 ,3001 16545976, 5748 11607 4a,9585 1077,3787 1072,9403 494231,038]
554167,6185  1108981.3p0) 1663148,9186  1168%i7,%8d5 paet,.165p 1082,5826 494231, 1361
554167.6385  1)0898] 3501  1663148,9186 1168917 Tues 1681,1650 1582 ,6026 94233, 136)
55416T.6]68% 1108981 ,3001 1663148,9186  1188917,78d5 1081 ,1650 1982,6B826 49agdi, 1361

Bp
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TABLE B-6

NUMBER OF VER1FICATIONS FOR DETECTING THE DIVERSION OF GOAL QGUANTITIES
OF URANIUM FOR A 51X MONTH INVENTORY PERIOD
CONTINUOUS {NSPECTION PLAN

02 = 12 ui
r g
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

BASEC OM VERIFICATION 2,9 TIMES PER YEAR
THE HON=DETECTION PROBABEILITY FOA GROSS DEFECTS IS SET AT (50p
NUMBER OF VERIFICATIONS FOR DETECTICN OF BIAS AND VARTABLE SAMPLING PLAM FOR GAuMAe 10

STRATUM O9AL QUANTITY
00,0 1000.0 LT 6500,0
Nyl 'THS NY Y| LTT- N¥ NY1 N¥2 NV K1 LT
ADDITIONS 1O PLANT i

FULL UF& Gy INDERS o 5 A B s s 1 o & 1 "
FUEL RODS Q 1 1 ] l 1 a 1 1 ) 1
Uhy PRDDUCTS i 13 13 t 13 13 L] 13 13 ] 13
S4uPLES v 1 1 6 [ 1 0 1 1 b 1
OTHER ¥ 2 2 ¢ 2 F [ 2 2 [ S

REHQVRLS FROM PLANT
UFy CYLINDER HEELS 1 1 o 1 [ 1 1 0 ]
VENDOR UDZ 3 1 s 6 s 1 3 3 1 3
FUEL RaDS ] 1 1 [} 1 0 i 1 b i
ASSEMBLIES 10 50 50 9 5 59 i 50 " i st
SCRAP FOR SHIPMENT 1 1n9 109 1 109 Y]] ] L] 169 [] 104
SauPLES . v 1 1 [ 1 0 ] i
LIgUI0 DISCARDS H 36 36 M 38 28 e 16 16 a 38
$0.10 D1SCaARDS 0 2 2 0 3 H $ 4 2 %

NEW EMCE™G TNVENTORY
FUuLL Uré Cy| INDERS [ 1 1 0 1 1 1 1 0 i
UFg CYLINDER FEELS ] 1 1 0 [ 1 N 1 i 0 1
ADY CONVERSTON 2 LY LY 2 e [¥] ] 62 82 a 62
UPS RELYOLE 1 17 [} ] 17 17 9 17 17 [ ir
ADY/UPS CROSS } . . ] 4 ] + 4 b 4
GEC) CONVERSTON 1 14 14 1 14 14 ] 14 14 [ L
VENDOR UOZ v 1 N H M p ? : o N
UGz FOR SHIPMNT k] 1 3 2 2 1 i H h 1
POWOER /PELLETS 0 1 1 [ 1 H \ 1 0 1
INYERMED, PRCD, 1 1% 119 1 il 119 o 118 119 & 119
PELLETYS ) 3 3 i b ] [ 3 3 b 3
HigL RoDs i 2 2 1 ] 2 0 2 2 P 2
POISON RODS 1 1 1 1 1 [ 1 1 o 1
ASSEMBLTES H] 24 24 5 2 24 1 24 24 1 24
PRESS SCRAP o 5 s o 3 5 0 L 5 o s
GRINOER RESTOVE b 1 1 0 1 2 1 i o ;
DIRTY POWDER [ 21 21 Pt 2 21 0 21 2i M 2l
RESIDUE./5LUOGE @ 25 25 0 2 25 (] 2% 28 [ ’s
30| 1D whAsTE ] & & ¢ + 0 . + 9 A
SaMPLES ] 1 1 o 1 M 1 1 h 1
PROCESS HOLDUP v 13 13 ] ] i} ] 13 13 [ 13
STANDARDS u i 1 [ ¥ o 1 L ﬂ 1

NYITL » 43 13 5 4

HY2TL = LLTY 558 554 854

HyTL » 581 ELT ] 554
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TABLE 8-6 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PERLOD
CONTINUOUS INSPECTION PLAN

2 2
0, = UZGA
Dy DS

UOZ FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

BagED pw vERIFICATION 2.9 71iwks pEg vEAR
THE NON~UETECTION PROBABILITY FOR ﬂnuss DEFECTS 15 SLT AT 4Spp

SUMMARY OF CALCULATIONS FOR THE DETECYTION OF PaRTiaL DEFECTS AND BIAS (GAMMA = ,]p)

G0al. AMOUNT TAWKEN NONpETECTION NOM=pETECYLION TOTVAL PROBABILITY TOYAL HEASUAEMENTS wEASUA
QUANTITY AS PRODADILITY PROBABILITY  NON«DETECTIDN DF MEASUREMENTS TD DETECT To DE
GROSS NEFECTS FoR FOR PROBABILITY DETECTION To DEYECT BIAS AND ToT
TOTAL REMOVALS DeMUF STRATEGY {PEHCENT) prad PARTIAL REMOVALS  REMD
00,0 0,0 1,300 L914 2914 B.b 554 561 2
1000.0 0.0 1,000 V164 .Téa 2348 554 560
4p00+0 886,1 #5210 .935 :tIB S2s2 : 554 564
6500,0 n500,0 »500 750 W#75 5245 594 554
10600,0 10000,0 ;300 950 Wh15 52,5 554 554
VAROR3D VARDST| VARDHO YOMUFHD SDMUFHO SOMUFH] VARMUF  GOAL QUANTITY
5%0T66.5706 1108981 ,3901 1659747 8707  1165516,7346 1079,5%10 1678 4353 494231 1381 30¢,a000
55¢936,0063 1108981 ,3p001 1659917 3064 1165686,1793 1079,6695 1678,8372 49423],136] 1000,4000
S54167,6985  13198%8) app) 1663148 9186 118897 1625 1081,1850 168z, ‘o826 49423] lsbl 4000,p000
554167,638% 110898} ,3p0) 1683146,9186  11689i1,74ps 14081.1650 1682,6826 494231, (3861 500,000
554147,63B5 110898} .39 16631#3 9186 115891r rses 16B1,.1650 1b83,saa§ $9$a31 13&1 100004000
[ ] L 3

EHMEMTS

TECT
il
vaLS

251
T2%
208
124

89
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TABLE B-7

HUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

o -0

B B

U02 FUEL FABRICATION FACILITY MATER|AL ACCOUNTING DATA FOR {AEA VERIFICATION 1977-1

HASED ON VERIFICATION 2.8 TIHES PER YEAR
THE NoN-BETECTION PROBABILITY FOR GROSS DEFECTS IS SET AT 050
NUMBER OF VERIFJCAYIONS FOR DETECTION OF BIAS AND VARIABLE SAMPLING PLAN FOR ghuman L3¢
STRATUM GoAL ouaNTTITY

LT 1900.9 400U.0 650040
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Nyl NV Z WV 121 NV Z T NV 1 NY? NV NY} NY 2
ADDITIGNS TG PLANT

FULL UFE Cy TNDERS 14 3 1
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TABLE B-7 (continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS |ON OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PEREOD
CONTINUQUS TNSPECTION PLAN

02 = GE
B, B,
UO,, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

2

BasED oM VERIFICATION 2,9 71iMES pEp vEAR
THE NON-DETECTION PROBABILITY FOR GROSS DEFECYS IS StT AT ,050

SUMMARY OF CALCULATIONS FOR THE DETECTION OF PARTIAL DEFECTS Anp BIAS (GAMMA = ,3p}

[(LTYH AMOUNT TAKEN WONwQRTECTION NWOH=HETECTION TOTAL PRORABILITY TOTAL MEASUREMENTS WEA
QUANTITY as PRORAHILITY PROBABILITY  HOwepETECTION " OF MEASUREMENTS 10 DETECT To
GROSS OEFECTS Fom FOR PROBABICITY DETECTION To DEVECT 8IAS AND

TOYAL REHMOVALS DeWUF STRATEGY {PEHCENT) Byad’ PARTIAL REMOVALS R

00,0 0,0 1,000 2921 »921 7.9 i H 39
190040 040 1i000 $81) 2811 18.9 «62 313
4000,0 0,0 15000 .193 192 80,7 F{H k'Y
6500.0 3578, i192 65 W0l 23,0 2Bz 104
1000040 8301,2 a083 537 LE! 4.7 282 285

THE RANDOM COHPONENT OF VARMUF = ,227E+06

THE ESTTMATE OF REaNOOM ERROR VARIANCE IS J111E+0T7
FOR & GORL QUANTITY OF  J0240 RTL = Terl
FOR & GO3{ QYANTITY OF 1085-8 NTL = ary
FOR A GOOL QUANTITY OF 4000.0 NTL = 2t
FpR & GOAL QUANTITY OF 650040 NIL a 21
FOR & GO QUANTITY OF 100000 NTL = 21!

YARDI3g VARDSTL YARDH{ VOHUFHD S0MUFHY S50MUFH] VARMUF  GOAL QUANTITY
1077397,6552 1108981,3p01  2186378,9553  14%#147,8192 13pp,8258 2219,0858 494231 ,1361 300,000
1093380.9914 1108981,3n01 -2202362,2916 1708131,1555 13p6,954% 2433, 4445 494231 ,138] 10004000
1031821,4397  1108981,300%  2140802,7398  lesb571,6037 1283,1881 2i77.6216 494231 lapl 4000,,000
10%4485,7129  1108981,3001  2203467,0131  17o9235,8710 1307,3775 2¢34,4335 494231,1361 6500, 7000
1105677,2097  1108931,3p01 2214898,5101  1720627,4749 1311,726% 2244 ,6060 494231,1386] 1000040600

SUREMENTS

DETECY
ToTal
EMOVALS

9128
2895
g2l
S13
342
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TABLE B-8

NUMBER OF VERIFLCATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUOUS |NSPECTION PLAN
Uz = UE
6 Dy

U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

2

BASED ON VERIFICATION 2.9 TIMLS PER YEAR
THE NONSDETECTION PROBABILITY FOR GQ0%S DEFECTS J5 S&T AT ,use
NUMEER OF VERIFICATIONS FOR DETECTION OF Blas AND VARIABLE sAMPLING PLAN FOR aaMHAs g

sTRaTUM GO0AL QGUANTTITY
¥, 0 1000,0 400V, 0 6500.0
™ NYZ WY Nyl NVE Ny LT2] N¥2 NY L NYZ2
ADDITIONS TG PLANT -

FULL UF® Cy_ INDERS I 1 T & ] [ 1% 3 10 & 3
FUEL RoD% ¢ 1 H [ i [ 1 1 ] 1
UNH PRODLCTS 1 [ & 1 b 1 b [ 1 []
SARPLES u 1 ) [} 1 [ 1 1 [ 1
CTHER [ 1 i 9 1 [] 1 1 [ 1

REMOVRLS FROM PLANT
UFg CYLINDER HEELS v 1 H a 1 [ 1 1 ¢ 1
VENDOR U2 é i 6 3 4 8 1 8 3 1
FUEL RDDS ¢ 1 i ¢ 1 o 1 1 b 1
ASSEMBLTES ¥ 25 25 1 2 25 14 25 25 6 28
SCRAP FOR SWIFMENT ] 54 54 1 54 LT 1 54 54 i 54
SAMPLES ] 1 1 & 1 o 1 1 ] 1
L1guUID DISCARUS [] 18 18 4 1 18 8 18 18 [} 18
SOLID DISCaRDS [ 1 [ : 1 2 R i [ 1

WEW ENUL“G IWYENTQRY
FULL UFé Cy| IMDERS [ ] i 0 1 [ 1 1 ¢ 1
UF S CYLINDER MEELS [ 1 i ¢ 1 [ 1 1 ] 1
ADU CONVERS QW F4 3] n i 3 3 - 11 3l 1 3
UPg RECYELE i 9 9 i 3 1 ] 1] 1 9
ADL/UPS CHOSS o 2 2 ] 2 i 2 2 ¢ 2
GELH CONVERSION 1 7 T [ ? T 1 T ' [ T
VEWDOR LOZ [ N . 1] 4 [l 4 % b 3
UO2 FOR SHIPHNNT 2 1 2 2 2 1 1 ) 2 1
POWDER/PELLETS a t 1 L] 1 ] 1 1 [ 1
INTERMED, PROC, 1 59 59 1 5 1] 1 59 59 ] 59
PELLETS 1 1 1 i 1 1 1 1 i 1
FUEL RODS i 1 1 i 1 Fl 1 H | i
POTSON RODS 1 1 1 1 1 1 1 1 4 1
ASSEWAL {ES 5 12 12 & 1 12 T 12 12 3 12
PRESS SCRAR [ 2 2 § 2 ¢ 2 2 § 2
GHINDER RESIDUE 9 1 1 [} i [} i 1 ] 1
DIATY POWDER ] 11 i [ ] 11 1 11 11 [] 11
RESTDUR/SLLUDGE L] 13 (3] ] ] 11 [ 13 11 L 13
$9,.10 wigTE v 2 2 [ 2 [} H 2 @ 2
SAMPLES 0 1 i [} | [] 1 1 [ 1
PROCESS WOLDUP o & 6 ] [ ] [ [ [] »
STANDARDS ] 1 1 [ 1 ] 1 1 ] 1

NVITL = w 3l 111 1.

NVZTL = 282 (1 H F1t] 282

Nyl » 292 8 a9

z
-

- A
D U

-

-

——
Ll ol TR T VI TP e Y VRF S L. e

1odna,0
L1731 LT
2 k]
] 1
0 &
o ]
a ]
b 1
1 1
L] ]
2 25
1] 54
] 1
] 18
[ 1

OO0 D00 D=~ DD oD 000 o

-

w

el
s i gl e v ) i B g D Sn e 5l P D

x
-

-

ma

-
Ll R T e Y T e . Lk R

— o

-



aga=y

TABLE B-8 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH 1NVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

UE = OE
U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

2

BASED on VERIFICATION 2.0 TiMkg pEg yEAR
THE NOwN-DETECTION PROSABILITY FOR GROSS DEFECTS IS SET AT 4050

SUMMARY OF CALCULATIONS FOR THE DEYECYION OF PARTIAL DEFECTS iND BIAS (GAMMA = 10}

GOAL AMOUNT TAKEN NOM=DETECTION NOH=QETECTION ToTaL PROBABILITY TOTAL MEASUREMENTS  JEASUREMENTS
QUANTITY AS PROBAHILITY PROBABILITY NON®QETECTION “oF MEASUREMENTS TO BETECT Y0 DEYECY
GRoSS DEFECTS fon FDR PROBaBILTTY QETECTION To DEYECT BLAS AND TOTAL
TOTAL REMOVALS DeMUF STRATEGY (PERCENT) a1al PARTIAL REMOVALS  REMGVALS
300,0 0,0 15000 ,922 .9e2 T8 ' H 292 9128
la60,0 0,0 1,000 L0811 .31 18,9 202 269 2895
4000,0 0,0 1,000 L 204 L204 19,6 '1:H 299 82}
6500.0 583,71 2194 183 +0to 23,0 282 286 513
1000G.0 b28s,7 1083 .35 1053 P47 1P 282 142
VARDR3D VARDSTL VARDH{ VDMUFHO SDMUFHD SDMUFH] VARHUF GOAL QUANTIfY
1100280.5182 110898} ,3001  2209262,2183  17T1%031,0882 1309,5920 22139 ,6]4T 49423) 1381 I, 4000
1101750, 0582 1108981 ,3p01 2210731,3564 1716500 2203 tirg, 1527 2¢4p,9262 49423i, idei 10060,3000
1095355 ,1256 1108981,13p01 2204336 4257 1710l05,2698 1367,7999 2¢35,2115 494231 [38) 4080,p000
1105368,992%  1108981,3901 zz:¢350.zoao 1720119.0669 1311.53M 2244,1537 49423], 136 650044000
1113765.838% 1108981 .30 2222742,1386  {72851]1,9025 1314,7285 zasl.bzoa 494231, 136! 14000.g000C
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TABLE B-9

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PER|OD
CONTINUOUS {NSPECTION PLAN

oy =0,

Dy Ds

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

BASEQ OM VERIFICATION 2,0 TiM:§ PER yEAR
THE MON-CETECTION PROGABILITY FOR BOOSS DEPECYS 15 SET AT ,é5¢
NUMBER OF VERIFICATIONS fOR OETECTION OF BIAS AMD FARTABLE SAMPLING PLAN FOR gaMMAs 30

STRATUM GOAL QUANTITY
200,0 1900.0 000,04 500,00 1005040
Hvl NV 2 " NY1 NY2 NY uvl nv2 T NV NYZ NV NY] 17 NV
ADDYTIONS TO PLANT
FuLL UFé CYLINDERS 1* 3 14 1Y 4 17 12 12 3 1 1 1 3 3
FUEL RODS @ ! i [ f i 1 1 1 [ 1 1 ] 1 1
UbH PRODUCTS 1 3 6 1 . I 1 6 s i s & [ ] [y "
SAMPLES o 1 1 3 } 1 o 1 1 L 1 i 0 1 1
OTHER [ 1 ! t I 1 ] 1 1 o 1 1 [ 1 1
REMOVALS FROM PLANT
UFE CYLINOER MEELS [ 1 1 [ 1 1 0 1 1 0 1 i 0 1 1
VENDOR Up2 16 1 16 11 { 13 Lo ! 10 2 i 2 ] ¥ 1
FUEL RoDS o ) 1 b i 1 o 1 1 b i i ) 1 1
ASSENBLIES 3 25 217 2l 2% 28 17 25 28 i 28 25 1 25 2%
SCAAP FOR SHIPMENT i 64 54 i s 54 1 Sa 54 [ 54 S4 [ 54 S4
SAHPLES 0 1 i b I 1 [ 1 1 ¢ 1 1 o 1 1
LIguID CISCaRUS 1 18 18 1 18 18 1 18 i1 b 18 18 o 18 1
SoLID plSCaRDS 1 1 ] I 1 0 1 1 o 1 H [ 1 1
NEW ENUING lNVEHTBRY
FULL UFb LY TNDERS 4 1 1 [ 1 [ 1 } 0 i 1 [ 1 1
UFg CYLIWDER MEELS ° 1 1 0 1 0 1 1 L] 1 1 ] 1 1
ARl CONVERSION 4 1l n 3 3 11 3 3 a 1 1 3 [ a n
UPrs RECYCLE 2 9 9 1 L) 1 9 9 ] 9 9 ] 9 9
ABYsURS CROSS 1 H 2 1 4 ? 1 2 2 4 2 2 ] 2 2
GEco ConvERSION 1 7 T { T } 1 L4 [] ? T ] T 7
YENDOR wo2 i . . i . 1 N 4 0 4 4 ' 4 4
U0z FOR SHIPRMT & 1 6 E -1 4 1 . 1 1 1 1 1 1
POWDER/PELLETS n 1 1 4 1 (1 1 1 6 1 1 [ 1 1
INTERMED, PROV, 1 59 5% 1 ] 59 1 5% L 1) L] 59 59 1] 59 59
PELLETS < 1 2 i 1 1 1 | 1 i 1 o 1 1
FUEL REDS 3 ' 3 2 2 2 1 2 i i 1 1 i 1
POISON RODS i 1 1 1 1 1 1 1 4 1 1 [ 1 1
ASSEMBL[ES 14 12 13 16 1 12 '] 12 12 P 12 12 1 12 12
PRESS SCRAP 1 2 2 0 3 2 8 2 2 b 2 2 ] 2 2
GRINDER RESTHVE v 1 1 0 1 [ 1 1 [ 1 1 ] 1 1
DIRTY POWOER i 11 il 1 1 11 1 1 1 b 11 11 [ 1 11
RES1DVUE/SLUDGE i 11 13 [ 1 11 [} i3 11 [] i3 13 [ 13 13
50D whsYE ] 2 2 [ 2 0 [ 2 [ H 2 [ [ 2
SAMPLES 0 1 1 L 1 o 1 ] t 1 1 o 1 1
PROCESS HOLpUP [ s 4 b b b 0 s s ] . s 9 5 &
STANDARDS o i ! [ 1 ¢ 1 1 8 } 1 9 ] 1
NYLTL » 99 [ H 7 1) 5
NY2TL » 202 FLT 282 282 FLH

HyTL = e 33 204 FTH F1Y3



TABLE B-9 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SEX MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

OE = 02
b B,
UO,, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

2

AASED oN vERIFICATION 2,0 TiMEs pEp vEAR
THE NON-BETECTION PROBABILITY FOR Geoss DEFECTS IS SET AT ,25p
SUMMARY OF CALCULATIONS FOR THE DETECTION OF PARTIAL OEFECTS ANp B14AS (GANMa » ,3D)

GOAL

09-vy

AMUUNT TAKEN NON-DETECTION NDN=QETECTIDN TOTaL PROBABILITY TOTAL MEASUREMENTS  WEASUREMEMTS
QUANTITY FY PROBAHILITY PROBAHILITY  NOweDETECYIDN OF HEASUREMENTS TO RETECT To DETECT
ornsS DEFECTS fan fFOR PROBABICTTY DETECTION Yo DeEVECT BIAS anp ToTal
TOTA( REMDOVALS DeMUF STRATEGY {PERCENT) Bral PARTIAL REMOVALS REMOVALS
00,0 0.0 1,000 921 2921 7.9 ed2 319 %401
100040 0.0 1.000 +811 +811 1849 c82 313 1604
4000.0 1932,2 812 525 »269 LETY! PFLH 304 «02
LYY 5595,5 361 «83) 252 Tael 82 283 244
10000,0 Y943 4 1252 945 238 16,2 282 282 160
VARDRID VARDSTL VaRDH G VOMUFHY SOMUFHO SOMUFH] VARWUF  @0AL GUANTITY
1077397 ,65852 110898} 3501 2188378 9553 1692147 8192 13p0,8258 2419,0856 494231, 1381 300,000
109338049914  1100981,3907  2202362,2916  1T98131,15%% 1306,9549 28134448 49423],1361 100045000
1094485,712%  110898],3p01 2203467 911} 17g9235,811¢ 13p7,3718 2234,4335 V94231 1361 $000.g000
1110105,3111 1108981 3901  2219086,6113 1724855 dtdp 1313,3375 2¢48,3708 4gdd fae] 8500,p000
1113760,8385 1104981 3001  2222T42,1388  1T28511,0025 1314,7285 2¢51,6202 494231 136} 10000,0060
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TABLE B-10

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES

OF URANIUM FOR A 51X MONTH INVENTORY PERIOD
CONTINUDUS INSPECTION PLAN

By Dy

U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR LAEA VERIFICATION 1977-1

2

BASEQ OM VERIFICAtION 2,8 TIMES PER YEAR
THE NON-BETECTION PROBABILITY FOR GHOSS OFFECTS IS SET AT .28
NUMBER OF VERIF{CATIONS FDR DETECTION OF HIAS AND VARIABLE SAMPLING PLAN FOR sAWAw 10
STRATUM GO0AL QUANTTY
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TABLE B-10 {continued

NUMBER OF VERIFICATIONS FOR DETECTING THE D IVERSION OF GOAL QUANTITIES

OF URANIUM FOR A SIX MONTH INVENTORY PERIOD
CONTINUOUS INSPECTLION PLAN
Uf z UE
Dr DS

U0, FUEL FABRICATION FACILITY MATER[AL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

2

845ED ON VERIFICATION 2.0 TIMES pERp YEAR
THE WON~DETECTION PROAAHILETY FOR GROSS OEFECTS IS SET AT 4255

SUHMMARY OF CALCULATIONS FOR THE CETECTION OF PARTIAL DEFECTS AND BIAS (GAMMA ®» ,10)

GOaAL AMOUNTY TAKEN WON=DLTECTION NONwpETECTJON ToTal PROBABILITY TOTAL MEASUREMENTS WEASUREMENTS
QUANTITY as PROGABILITY PROBABILITY NonsDEYECT TON TOF HEASURERENTS 0 DETECT YO DETECY
aRpSS DEFECTS Fow FOR PROJABICITY DETECTION To oETECT BIAS AND TpTal
TOYTa{ REMOVALS DeMUF STRATEGY {PERCENT) 3153 PARTIAL REMOVALS REMOVALS
300,0 0,0 1;000 922 +922 7.8 zaz 292 4401
loto,0 0,0 1;900 N1 811 18,9 <82 2689 1404
4000,0 1914,9 1215 .522 .269 73.1 cd2 287 402
8500 ,0 5591 % ;303 .83 292 Ta, B 282 282 244
10p00.,0 bALEM 4T 945 1238 76,2 262 282 160
VARDRIQ VARDSTY VARDHO YOmRUFHO SOMUFHO SOMUFML VARMUF GOAL QUANYIYY
1100280,9182  1108981,3001 22092%2,2183  1715031,0822 1309,5920 2¢39 8147 494231,13601 300,0000
1101750,05862 1108981,3g01 2210731,3564  1T16900,2202 1310, 1527 2¢hp 9262 494211 ,1361 100040000
1104759,6483  1108981,3001 2213740,96¢85  1719509,8]24 1311,3008 FELE PN 49423] 1361 400044000
1113760.8385  1108981,3001 2222742,1386  1728511,0025 1314,7285 2¢51,6202 494231,1381 630044000
1113760,8165  130898)1,39p) 2222742,1386  172B511,00285 1314,728% 2451,6202 494231,138] 1000045000
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TABLE B-11

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

02 - 02

b By

U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1577-1

2

BASED ON VERIFICATION 2.9 TIMES PER YEAR
FHE NON-GETECTION PROBAGILITY FOR GROSS CEFECTS 15 SET 47 ,b0p
NUMBER OF VERIFICATIONS FOA ODETECTION OF dTas ANC VafiaBLe $AMPLING PLAN FOR oAvuas 30

STRATUM 30 ML auanNT 1 TY
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TABLE B-11 (continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DWER.SION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUOUS 1NSPLCTION PLAN
2 2
Gf\
L!O2 FUEL FABRICATION FACILITY MATER|IAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

BasED on VERLFICAYTIon 2.¢ Tiumts pEg YEAR
THE NON-DETECTION PROBABILITY FOR GROSS OEFECTS IS SET AT %500

SUMMARY OF CALCULATIONS FOR THE DETECTION OF PARTIAL DEFECTS AND BIAS (GAMMA ® ,30)

9-y

GlaL AMOUNT TAREN MOM=DETECTION NONWDETECTION TaTaL PROBABILITY TOTAL MEAIUREMENTS WEASUREMENTS
QUANTITY as PROBABILITY PROBABILITY  ~ON<DETECTION “OF MEASUREMENTS T0 BETECT TO DETECY
GROSS DEFECTS FoRr FoR PRODASILITY DETECTION Top DETECT BIAS AND ToTal
TOTA|, REMDVALS D+MUF STRATEGY (PERCENT B1AS PARTIAL REMOVALS  REMOVALS
00,0 0,0 1,000 921 2921 T T8 B2 319 2251
lg00.0 () 1:000 «811 +B1} 1849 ¢B2 332 725
45000 I524.7 541 RIY] 485 S1el etz 2823 208
6500,0 &500,¢ »900 550 wals 5245 262 282 124
1600040 1v000,0 i500 2950 wls 5245 ey2 282 Bo
VARDR 19 VARDSTL VARDHY VOHUF R SOMUFHD SOMUFH} VARMUF  GOAL QUANTItY
1077397, 655¢ 1108961l,3001 2186378 9583 1692147,8)192 13p0,6258 2¢19,0856 49423],1301 300,5000
1093380,991%  1108961,3g9p7  2292362,2916 17g8}31,15%5 1)96,954% 2213, 4445 agép3l 126} 1060,9000
1110105,3111  110A981,3007  2219086,6113  1724855,4752 1313,3375 RZ4p 3706 494215 1364 4Q00.n000
1113760,838% 1108981 3001  2222T42,1386  1724811,8685 1314, 7285 2¢51,6202 Agéadl 1384 6500,4000
1;13750.3135 1108981, 3501 2222T4¢,138% 1728511, 0025 1314,7285 zt51.6ao? 4942110, 1361 1000C,. 000
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TABLE B-12

NUMBER OF VEREFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUQUS INSPECTION PLAN

02 = af
T Ds
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR JAEA VERIFICATION
HASED ON vERIFICATION 2.9 vikEs pER YEAR
THE NON=DETECTION PROBABILITY FOAR GROSS DEFESTS IS SeT AT 500
NUMBER OF VERIFICATIONS FOR QETECTION OF HIas AND VaRIasLE sAMPLING PLAN FOR gaMwas 1o
STRATUM B0 &L GUANT Ty
00,0 1000,y 400V.0 6500.0
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TABLE B-12 (continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

2 2
Un = Bh
U0, FUEL FABRICATION FACILITY MATER{AL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

2

BASED on vEgIFICATION 2.0 TIMEs pEp vEam
THE NON_D¥*TECTION PROBABILITY FUR GROSS DEFECTS IS SET AT 4500

SUMMARY OF CALCULAYIONS FOR THE DEYECTION OF PARTIAL QEFECTS AND BIAS (GAMHA = ,10)

G0AL AMOUNT T4KEN NOM-QETECTION HNON=PETECTION TOTAL PROBABILITY TOTAL MEASUREMENTS JEASUREMENTS
GUANTITY As PRORARTLITY pROBABILIYY  NON=DEYECTION “oF MEASUREMENTS TO DETECY Yo DETECY
GRNSS DEFECTS Fow FoOR PRPBABILITY DETECTION vo oetEcT 814S AND TOTal
TOTAL HEWOQVALS C+MUF STRATEGY {PEHCENT) BIAS PARTIAL REMDVALS REMOVALS
100, 0 0,0 b;000 922 yo22 7.8 eB2 292 2251
1000,.5 0,0 1000 811 811 18.9 ed2 28% 125
4000,0 3522,0 (543 P00 489 S1.1 ed2 282 208
6500, 8500,0 500 +950 1415 52,5 edg 282 124
1050040 10000,.0 W50 .958 YL 5245 282 202 89
VARDR3O VARDSTL VARDHO VDHU{H‘_I SDHUFHD SOHUFHL VARMUF QBOAL QUINTIi\'
1l00280.9 82  1108981,3001 2209252,2183  1T1%503),0822 1399,5920 2€39,6147 494231,135]) 300,000
1101750,0562 1108981 3001 221073],3564 1116500,2203 13101527 2ehp 9282 494231 136] 1000, 0000
1113765.8385  1108981,3p0) 2222742.1386  1720511,0025 1314,7285 2¢5],62p2 494231,116] 400049000
1113760.B385  1]108981,3p0t 2222742,1386  1728%1].0025 1314,7285 225],6202 #4231 ,138] 650005000
1113760,8385  110898],3q9) 2222742,1386  172051Q,0025 1314,7285 2¢51,6202 494231,138) 10000eg000
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TABLE B-13

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES

OF URANIUM FOR A SIX MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

02:02

B, B

U0, FUEL FABRICATION fAC ILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

2

B4SED ON VERIFICATION 2,8 TIMES PER YEAR
THE NON=OETECTION PROBABILITY FOR 3Q0S5S DEFECTS 15 StT AT (Sp
NUMBER OF VERIFICATIONS FOR DETECTION OF BlAS AND VARIABLE SAMPLING PLAN FOR GAMMAS ,3g

STRATUM GOAL QUANIITY
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TABLE B-13 icontinued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSI1ON Of GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN
2 4.2
g =20
5, s,

UOZ FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

PASED ON VERIFICATION 2,0 7IMES PER YEAR
THE NOW=BETECTION PROBASILITY FOR GROSS DEFECTS IS5 SET AT 4050

SUMBARY OF CALCULATIONS FOR THE OETECTION OF PARTIAL OEFECTS AND BLAS (GAMNA = ,30%

GOAL AMOUNT TAKEN NON-DETECTION NON=DETECTION TOTAL PROBABILITY TOTAL MEASUREMENTS wEASUREMENTS
QUANTTTY 4S5 PROAABILITY PROAANILITY  NON=DETECTIONM OF MEASUREMENTS TO PETECT To DETECT
GROSS ODEFECTS For FOR PROBABILYITY GETECTION To DETECT Blhs AND TOTal
TOTAL REMOVALS DeMUF STRATEGY {PEHCENT} a1AS PARTIAL REMOVALS  REMOVALS
00,0 ¢,0 1,00p 928 928 Tel 148 200 9128
1900,0 0,0 1980 L8581 L8591 14,9 148 118 289
46000 0.0 L7000 321 (327 67.3 14a 210 821
6506040 145p,7 812 212 109 89.1 i+s 206 513
10g00.0 66723,1 +435 27 058 94,2 ide 159 3ap
THE RANDOM COMPONENT OF VaRMJIF = L2ZTE+0%
THE ESTIMATE COF RANDUM pRROH VARTANCE IS ,222E«07
FOR & GO L QUANTITY OF 30n+d NTL = 145
FoR & GRAL NUANTITY OF 100040 HTL = ias
FoR & G048 NvAMNTITY OF  &0npst NTL = 13%
FOR & GDAL QUANTITY OF  &500.0 NTL = 135
FaR A Goop gUANTITY OF lnpdned NTL = 1315
VARCRIO VaRnsSTL ¥ARNHY VOHUF 4 SDMUFHD SDHUFH] VARMUF  GUAL QUANTIYY
2044249, ) Tp% 1168981, 300 1153730 ,6709 2658999 4348 1630 6438 2965,0880 494231 ,1361 30,0000
2131944 ,99;7 1108%81, 100 AzhpY46 2909 2T4br]2, 1okl 1657 3217 3 21,6749 494231,1361 1000.n000
203174%9.341° 1108981, 3501 31ep93p,6616 26&66?9.5255 1626.8680 256,719 49423]1,138} 4000.n000
20%337 88,0 1100981 . 3q01 3152353, 1899 2658122, 3448 163g, 3T4R 2Yb4 4962 49423),1361 5500, n000
21997 0p.R49] 1108981, 3p01 IigRKB2, 1493 2414451, 9132 1677,6326 3: 68,1519 ﬁ9ﬁ231,!lb1 1000040000
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TABLE B-14

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANEUM FOR A SI1X MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

02 =202

r S
U(.‘rz FUEL FABRICAT1ON FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1
BASED ON VERIZICATION 2.0 TIMES PER YEAR
THE NON-BETECTION PROBABILITY FOR GQosS DEFECTS IS SEYT AT ,0%
WUMBER OF VERIFICATIONS #OR DETECTION OF BIAS AND VARTABLE SAMPLING BLAN FOR aANMAs g
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TABLE B-14 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERStON OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

02 = 202

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON~BETECTION PROBABILETY FOR GROSS DEFECTS IS SET AT ,050

SUMMARY OF CALCULATIONS FOR TRE DETECYION OF PARTIAL DEFECTS AND BIAS (GAMMA = ,1p)
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TOTAL WNEMDVALS DeHUF STRATEGY (PERCENT) p1a3 PARTIAL REMOVALS  REMOVALS
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2209281 .5403  1108981,3501  3318262,8604  2824031,7p43 1680,4856 3uT4,3904 494231,136] 1000040000
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TABLE B-15 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES
OF URANIUM FOR A 51X MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN
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UO2 FUEL FABR{CATION FACILITY MATERIAL ACCOUNTING DATA FOR {AEA VERIFICATION 1977-1

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON=DETECTION PROBABILITY FOR GHOSS OEFECTS IS SLT AT ;250

SUMHARY OF CALCURATIONS FOR THE UETECTIOH DF. PlRTliL DEFECTS lHD BIAS (GAMMA = 30}
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OF URANLUM FOR A S1X MONTH INVENTORY PERIOD
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SUMMARY DF CALCULATIONS FOR THEL DETECTION DF PARTIAL DEFECTS AWD' BIAS

a0aL AMOUNT TAKEN NON=QETECTION NOK=DETECTION TOTAL
QUANTITY AS PRORABILITY  PROBABILITY  NONeOETECTION
GROSS OEFECTS kOR FoR PRBAABICITY
TOTAL REMOVALS DeMUF STRATEGY
00,0 0.0 ;000 L929 1929
120040 0.0 1000 2853 +853
4p00.0 36,3 1987 W47 4343
6500490 4445, 4 « 387 B6a +257
log00.0 9274.8 ;2T ,h88 $245
VARDRAD VARDS TL, VARDHD VOMUFHY
2199700.04%1) 1108981 ,3001 3308682,1493 2014451,0132
2202130,1222 1100981,300)  331)111i.4223 288864 2862
2195700.B491  110898],3001  3308682,1493  2B1445) 0192
2215300.7245  110896),3g01 332e282,0246  28300%50.08845
2237913.8045  1108981,3p01  3348995,1046  2851763,9685
L -

TABLE B-16 (continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

0 = 20

B

e

U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR tAEA VERIFICATION 1977-1

2

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON=BETECTION PROBABILITY FOR OQ0SS DEFECTS 1S SET AT ,2%5p

PROBABILITY

oF

DETELCTIDON
(PERCENT)

Tel
17
Thed
74,5

SOMYFH)

1677,6326
1678 ,3584
1677,6326
1682, 278S
1688, T147

(GAMMA = ,10)
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To pEfecT BIAS AND ToTaL
BIAS PARTIAL REMOVALS  REMDVALG
148 159 4401
138 156 1sb4
idn 159 402
148 150 2ha
138 148 teq
SOMUFH] VARMUF  GDAL QUANTIFY
68,1515 AD4231,136) 300,0000
3069, T34 49433 ,138) 10000000
Josa, 1518 494231 ,138] 4000, 9000
3078,3036 494231,136] £500.p000
2. 3Ted 494231, 1380 1000044000
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TABLE B-17 {continued)

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS 10N OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUOUS INSPECTION PLAN

02 z 202

B b,
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON-DETECTION PROBABILITY FOR BROSS DEFECTS IS SET AT 4500

SUMMARY OF C4LCULATIONS FOR THE DETECYION OF PARTIAL DEFECTS AND B1AS (GAMMA = ,30)

00aL AMOUNT TAKEN WON=-DEYECTION NOM-DETECTION TOTAL

9L-Y

; PROBABILITY TOTAL MEASUREMENTS  JEABUREHENTS
QUANTITY AS PRORABILITY FROBABILITY  NONSOETECTION oF MEASUREMENTS TO DETECT Yo DETECY
GROSS DEFECTS For FoR PROBABILITY DETLCTION To DEYECTY BiAS AND TOTAL
TOTAL REMOVALS De¢MUF STRATEGY (PERCENT} BIAS PARTIAL REMOVALS  REMOVALS
300,0 0.0 13000 928 .928 T.2 148 200 225)
100¢.0 0,0 livog LB51 851 14.% jiés 1TH 125
Ap00,0 2619 4 $623 198 1505 49,5 i4n 156 208
6500.0 o4T7.p i301 949 s4ls 5245 ile 148 124
10060,0 10000,0 iS00 950 o415 52.5 149 148 8o
VARDR30 VARDSTL VARDHD YOMUF AP SOMUFHD SOMUFH} VARMUF  6OAL QUANTITY
4240, T8 08981,300 3153230,4709  2658Y99,3148 1630,6438 2765,0080 49423)1,1381 30045000
3231$6§.%037 iinaqa}:agoi ]ztu9§§:2909 ttrabtis is5ke 1657,2117 3023,674% 45&23) 1361 1000.3000
2202130.1222  1108981,3gp7  33111i1.4223  2018884,2887 1678, 3564 069,748 49421 1364 40004000
2237p13,8045  [10B98],30p) 3345998 jpée  285178),964E5 1688 T187 3092,378¢ 494231,138% 6300,9000
2237013.804%  110898],300; 3345995 3046 2061783,388s 1888 ,7)67 A092,3785  49423)1,38] 10000,5000
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TABLE B-18 {continued)

NUMBER OF VERIF{CATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES
OF URANIUM FOR A S1X MONTH INVENTORY PERIOD
CONTINUQUS INSPECT!ON PLAN

02 =2 02
B D,
UQ, FUEL FABRICATION FACILITY MATERFAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

2

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON=DFTECTIDN PROBABIELLITY FOUR GBOSS DEFECTS IS SET AT  S0¢

SUMMARY OF CALCULATIONS FOR THE DETECTEON OF PARTIAL DEFECTS AND BIAS (GAMMA & ,)0)

GOAL AHOUNT TAKEN NON=QLTECTION HNON-DETECTION ToTaL PROBASILITY TOTAL MEABUREMENTS  WEASUREMENTS
QUANTEYY AS PROAABTILITY PROAABILITY NOM=DETECTION oF HEASURLMENTS YO DETECY ¥0 DETELTY
GROSS OEFECTS ton FOR PROBASILITY ODETECTION To DETFECT BlAS AND T0TaL
TOTAL REMOYALS DemUF STRATEGY {PERCENT) g1dd PARTIAL REMOVALS REHMOVALS
300,0 0,0 Liote +729 1929 T, Lo 159 2251
1000,0 0.0 LTo0op Las53 53 14,7 Y] 156 125
4p00.0 26251 +h35 . T96 505 49,5 148 149 208
6500, 0 477,40 1901 949 475 £2.5 148 148 124
1000040 10600.0 900 + 950 Y 525 148 148 Bo
VARDR3(Q VARDSTL VARDHO YDMUFHE SOMUFHD SDHLFH] VARMUF  GOAL QUANTITY
2199700,8491  1108981,3pp)  IIDBEHZ, 1493  201445),012 1877,8326 66,1515 49423),]136) 300.9000
2202)13p.1222  1100981,3001  33}1i1i,4223 20;848p 2887 L&TB, 3564 Iu69, T34 49473) 1341 100044000
2218956,2518  1108981,3901  3327937,552p 28331g6,4{5¢ 1683,38186 aoep,67r? 494231, 1361 A000,906G0
2237013.8p4%  1108981,390)  3365995,1046  20851163,9665 1688,T7167 092,378 494231, 134j 650049000
2237¢13.8045  1108981,3p01  3345995,1946  285176),9685 1688,T187 3u92,3786 494231 1361 1000040000



SECTION C

LISTING OF THE INDIVIDUAL STRATUM FOR THE FIVE CATEGORIES

Each 1ine in Tables C-1 through C-10 describes an individual stratum result-
ing from combining raw data summary items from the DIQ(?). A hypothetical error
structure was used based on the DIQ which contained data for over 400 items
and batches.

To reduce the number of strata in the five strata categories, various inven-
tory raw data summary items that were of the same or of a similar material compo-
sition were combined. The object of the combination was to produce new strata
with the total number of batches, total weight, and number of items equai to the
sum of the individual raw data summary items. This greatly reduced the number
of strata in each of the five strata categories and subsequent computer output
in this report. Other data had to be combined, however. The total number of
weighings, samples, and analyses per batch for the new stratum was calculated
by first summing the product of the individual number of batches with each
individual component number per batch and then dividing the sum for each component
by the total number of batches. Fraction results were rounded off and a minimum
of one was assumed. Several methods were considered for combining the error
terms. One method was the use of the maximum value of any individual component.
Another method used an apportioning technique based on the square root of the
sum of the squares of the random error times the item weight. These factors were
also weighted by the component numbers per batch discussed earlier. The maxi-
mum value method was always used for the systematic errors since the apportioning
technique was not applicable. The combination of random errors was done with
both metheds.

Each group of items in the tables of this section includes the individual
inventory raw data summary items selected to make up a stratum. The Tast line
of each individual grouping is the representative stratum for that group. This
1ine gives the results of the summation of the errors and is the stratum that
appears in the summary of input 1istings that appear in this Section for each
of the five strata categories.
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In Tables C-1 through C-5 the representative stratum was generated with the
"maximum" random error and the "maximum" systematic error. In Tables C-6 through
C-10 the representative stratum was generated with the "apportioned" random error
and the "maximum" systematic error. It is interesting to compare the results of
the combination of random errors by the two methods and their subsequent effect
on the error variances and the LEMUF calculations. This c¢can be done by comparing
the results of the calculations using apporticned random errors included in
Tables 6 through 10 of Sections C, D, and E with the results of the "maximum"
errors shown in Tables 1 through 5. Strata for each of the five strata cate-
gories listed at the beginning of the Appendix were generated for each of the
two combination methods.
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TABLE C-1
BEGINNING INVENTORY MEA SUREMENT ERROR DATA FOR "MAXIMUM "'
RANDOM ERRORS AND "MAXIMUM " SYSTEMATIC ERRORS
U{)2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTENG DATA FOR |AEA VERIFICATION 1977-1
TAL ToTAL YOval

STRATUM DESCRIPTION rorub no. OF RAANDOM  BYSMAT  NO, OF  RANDOM MO, OF  RANDOM  BYSMAT

ToTAL NG, OF wEIGMINGS  ERRUR ERROR  SAMPLED ERADR  ANALYSES  [ERROA ZRAROM

STRATUM AVERAGE  WUMBER  WEPBHT BATCHE] "~/ oATCH wEIGHING WEIGHINS , BRTCH SAMPLENG 7 BATCH AnALYSIS ANALSIS
FULL UFe CY_INDERS 1,17 89 9403L.T 4B 1 o0 0100 o } o 0,00
UF6 CYLINDER HEELS 1,4 1 410, 1 1 20 0500 o0 1 W0 0,00
ADY CONYVERSION 24,0 2333 BT44 0 3! 13 2,2 0k 1,9 i o +00
UPy RECYCLE 26,0 *T  24402,0 4 1 2,2 b | 2.1 1 v+l 400
ADy/uPs CROSS 28,0 109 28389 i 4 2,2 e i il i ol W00
GECO CONVERSION 24,2 1000 242499 ) 3 3,8 204 i 5.1 1 .3 W00
VENDOR U02 23,0 2 80,4 : 1 2.2 b ol 1 0 .00
UDZ FOR SHIPMNT 18,7 Y T TTY T ] &0 11 N W01 oJ 1 . N
PONDER/PELLETS 18,2 120 P3N | 24 & 5,3 Pyl 1,1 1 ot T
INTERMED, PROD, 20,4. 1) 1783,2 1) 1 5,3 209 L 38,9 1 %, 0l
PELLETS 14,9 1097 Jbdas,? it 30 "] 1 0.0 1 0 00
FUEL RODS 2.9 13881 4ps7e,9 11 144 ol 0] 6.0 l o +00
POTSON PELLETS 10,8 le4 178d,0 1 14 ol G.00 oG . .00
POTSON RODS 2.8 2864 ais2,8 L1 o8 o0 a0 ol 1 ol W0l
ASSEMBLIFS 2.9 se829 Reéd14V,T 3% 149 b5 | «20 1 e | 1 ol L0l
PRESS SCRAP 15,8 216 4350 t i 8,3 W13 8,9 | § o .01
GRINDER RESYIDUE 18,8 182 Al 0 1 ’ 2.t 1 e ] ] o L0l
CIRTY POWDER 10,8 207 alpa,t 1 2 8, 13 12, ' i 9.3 .01
nzslouz/sLuoac .9 b2 4404,9 3] 1 2,8 3 H d b 1 i, 7 .01
50,10 wASTE 1.9 1788 3463,) 1784 1 N 102 3,0 i a0 s
SAMPLES b ) ae 320.4 818 1 a7 113 1£.r i 2.7 201
PROCESS HOLDUP 3,1 294 938,19 2¢] 1 3,8 1 3.4 1. 103 .0}
STANDARDS 2.2 26! ss2,l 3] | of 0400 T Y i .0 .00
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2

STRAT UM
STRATUM

Fugl UrFé Cy| INDERS 1432,8
Furl RobDs 3,2

UNN PROOUCTS 26,0
SAnPLES .0
OTHER “s

AVERAGE

NUHBER

170
194
488
a7
107

TABLE C-2

RANDOM ERRORS AND "MAXIMUM " SYSTEMATIC ERRORS
1J0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR LAEA VERIFICATION 1977-1

DESCAIPTIODN

ToYaL
wELOHY

hb992,1
821 .4
lzrno.g

33,1

TOYaL
NO, OF
oatcHed

P e

P U e
SO

TOTAL TOTAL
NO. oF  RANOOM  SYSMAT KO, OF
WEIBHINGS  ERROA ERROR SAMPLES
# BATCH WEIOHING WEIGUHING s BATLH

1 o0 000 1

* oh W02 1

1 0,0 0,00 1

} 5,3 08 1

RANDOM
ERADR ANALYSES

ADDITIONS TO FACILITY (FEED} MEASUREMENT ERROR DATA FOR "MAXIMUM "

YOTAL
ND» OF

SAMPLING 7 BATCH ANALYSIS ANALSIS

B i st i ot

RANDOM  BYSMAT
ERROR [RROA.
ln 9.00
ol .01
2.2 L0l
6,0 0,00
o3 e
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TABLE C-3
REMOVALS FROM FACILITY {SHIPMENTS) MEASUREMENT ERROR DATA FOR "“MAXIMUM ¥
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS
U, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1
TOTAL TOTAL TOTAL

STRATUM DESECRIPTION ToTal, NO, OF  RANDOM  SYSHMAT NO, OF  RANDOM WO, DF  QANDOM  SYSNAT

ToTal WD, OF WE1GHINGS  ERRUR ERROR AI'IPLES ERADR  ANALYSES  ERRQR ERROA

STRATUM AVERAGE  MUMBER  WwETAHT BATCHER "/ BATCH wEIBHING WEIUHING ¢ 8ATCH SAMPLING / BATCH AwALYSIS ANALSIS
UFg CYLINDER HEELS 2,3 224 !50 «8 147 s [\ 00 1 . 1 1 0,00
VEWDOR u02 26,2 9609 19sl24,1 90 ) o0 +03 1 ] 1 .0 00
FUEL RODS 1,8 11 19,8 I 11 1 0,00 1 o,n i o0 L0
ASSEMBLIES 209 111970 3299a2,? 13 140 ol +20 1 i 1 o) W0}
SCRAP FOR SHIPHENT 9.8 99p 978%, 0 o1 1 2.7 03 1 3,8 V24,7 Wb
SAMPLES N 149 9.6 149 1 0.0 0:00 1 " 1 (18] 0,00
LIgUID DISCARDS 5.9 iTY] 2154,.8 i} 27 1,4 V2 | ET- 9] 1 i0,3 0l
S0 D DISCARDS o 2633 1226,.9 2613 1 0,0 0. 00 1 0,0 i 3.4 e
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STRAT QUM

STRATUM

FULL UFé CYLINDERS
UFe CYL_INDER HEELS

ADYy CONVERSION
UPs RECYCLE
AD/URS CROSS
GECO ConvERzlon
YENDOR Vo2

Loz #0R SHIPMNT
POWDER/PELLETS
INTERMED, PROC,
PELLETSs

FUEL Robs
POISON RODS
ASSEMBLIES
PRESS SCRAP
GRINDER RESTDUE
DIRTY POMDER
RESTIODUE /SLUDGE
SOLID wASTE
SANPLES

PROCESS HOLOUP
STANDARDS

TABLE C-4

NEW ENDING INVENTORY MEASUREMENT ERROR DATA FOR " MAXIMUM"
RANDOM ERRORS AND "MAXIMUM' SYSTEMATIC ERRORS

U{)2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

DPESCRIPTIDN

AVERAGE

1428,2
2.1

v
TG fgrs =~ WA G P e

IR EEREEEE ]

VO~ es DN OERL~SO

NUNBER

1

a3
1911
294
131
172
vl
342
15
420
1083
10360
2079
52537
T
2}
199
164
581
148
99
211

TaTAL
VETONT

1420,
119,%
s89pt,2
15791,5
Jéal,6
s46),8
2394,7
T2309,4
400,48
rirs,t
15989,3
3okps,b
59454
155626,3
labac‘
31,1
2714,7
13g4,0
882,
5214
681.4
193,6

TOTAL
Kb, of
BaTLAER

5
194
5t

A L ]
ol d

X1 Nl
TG ol OB Qe - el e wod L g Pk e ) et

- 02 ] I it e | P D) e i T R T i e A

-

TOTAL TOTAL
NO, OF  RANDUM  SySMaY  NO, OF
WETGHINGS  ERRUR ERROR SAMPLES
/ BATEH WEIGHING WEYGHING s BATLM
i W0 0s00 1

1 o0 De0f 1

] 2,2 204 1

10 2,2 + 04 1

5 2,2 s04 1

a 3,0 0s40 1

9l 3.8 0s00 1

9 o0 203 l

 § 2,8 + 08 1

‘ 503 309 l

24 W3 D2 1

B2 v} 01 1

94 ) s 20 1

149 .l 20 1

\ 1.0 013 1

z 1,0 o11 1

4 8,1 +13 1

1 2,5 207 i

1 3 02 1

1 040 000 1

1 4,08 07 i

1 'l 0300 1

R NDOM
trAOR

TOTAL
NO, OF
ANALYSES

SANPLING / BATCH ANALYSIS AMALSIS

w
L T R

|l ot
TN - T

T
L1

IR R E R

< N e 3 o et e N D O O D D e S e e R

e gt et i gtk P o ot Gt et ot ke e Bt e et et ek

RANDOM  SYSHAT

ERROR ERRO®R
W0 0,00
0 0,00
» 00
o L0
.0 .00
3 200
] +00
] W00
L 0D
9.3 X}
+0 00
00 -Dﬂ
ol 01
el Ol
[ .00
' $00
9.3 01
24,7 A
] N1
.0.0 04090
1‘09 WOl
o0 «00
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TABLE C-5
STATIC INVENTORY MEASUREMENT ERROR DATA FOR "MAXIMUM"
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS
U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERiFICATION 1977-1
TOTAL TOTAL TOTAL

STRATUM DESCRIPTION TOTAL WO, oF RANOUW  SYSMAT ND, OF  RANDOM  NO. OF  RANDOM  SYSMAT

ToTaL NO, OF WEIUHINOS  EmRUR CARDR SANPLES EAADR ANALYSES  ERROR FARDR

STRATUM AVERAGE  NUMBEN  wEIGHT BATCHER "/ BATCH WEIOHING WEIUHING 7 BATEN SAMPLING / BATCH ANALYSI§ ANALSIS

UFs CYLINDER HEELS o8 1 .8 1 i 0 0,00 i N 1 W0 2,00
ADYy CONMVERSTOM 21,4 T4 1752,% L3 I 2,2 04 1 1,9 b o L00
uPs RECYCLE 22,2 38 843, 2 1 2,2 08 1 .4 1 .l 00
ADU/UPS CROSS 21,7 3 88,2 3 1 2,2 104 1 1,l ) W0 V00
BECO CanvERSION 2, 30 658,0 14 H 3,0 000 1 5.7 1 el $00
ub2 FOR SHIPMNT 20,1 168 1.2 20 ] ] +03 ) o0 1 0 W00
POWDER /PELLETS $,3 7 65,4 1 1 5, 108 i o0 1 o0 00
INTERMED, pRrol, 13,1} 1 144,9 1] 1 1.9 09 i 15,9 1 5.8 KT
PELLETS 9.4 134 134044 ]} 4 | 102 1 0.0 1 N 00
FUEL RoDS 2,0 1464 sl9r,2 18 9 ol « 01 l 0,0 1 LB 200
POTSON RODS 2,8 584 1666,3 L) o 0 .20 1 .2 1 . a0}
ASSEMBL TES 2,9 40439 118808,) 21l 149 .l 220 i .2 1 A .01
GRINDER RESIDUE 21,8 2 ar, i 2 1 2,7 201 i 2 1 N .01
DIRTY POWDER 21,9 11 2al i 1l 1 5.1 208 1 12,4 1 9,3 01
RESIDUE /SLUDGE 8,4 1?7 143,9 14 1 1,4 +07 1 a3 1 9.9 .01
SOLID wASTE 1.3 109 L6, @ 109 1 o5 02 1 3,4 I 8,0 o4
SAMPLES 4,3 &0 as],8 84 1 0.0 D00 1 oD 1 B0 0400
STANDARDS 6,7 8 846.4 1] 1 0.0 9,00 1 0,0 1 0.0 0,00
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STRATUMN

STRATUM

FULL UF& CyL INDERS
UFe CYLINDER HEELS
ADyY CONVERSION
UPs RECYCLE
ADysuPs CROSS
GECO COMVERSIONM
VENOOR U032

UOa FOR SHIPMMT
POWDER /PELLETS
INTERMED, pROD,
PELLETS

FUEL RODS
POISON PELLETS
POISON RODS
AScEMBL TES
PRESS SCRAP
GRINDER RESIDUE
DIaTY POWDER
REgIDUE/sL LDGE
SOLID WASTE
ShuPLES

PROCESS HOLDUP
STANCARDS

DESCRIPTYTLION

AVERAGE

13%1,7
.
24 8
28,0
28,8
24+ 2
2%,0
8,7

NUMBER

(1)
121
2333
T
109
j 006
F4
[Y-¥1-]
128
By
1097
1388
164
2044
Ba529
216
183
F4:04
[YY
1788
818
294
2ol

TOTAL
WE [QHT

$&032.7
418,1
579445
20802,0
“péas.9
24269, 9
50,0
86692,1
25138
1758,2
164467
40676, 9
1788,8
a152:9
263147, 7
3425.8
3cs1.9
108,71

sod

Ro

-

L L T
SRR D e O - e o b T b O T

+ e | D e vl Ao s g & e A W T L

TABLE C-6

BEGINNING INVENTORY MEASUREMENT ERROR DATA FOR APPORTIONED
RANDOM ERRORS AND " MAXIMUM" SYSTEMATIC ERRORS

UO2 FUEL FABRICATION FACILITY MATERI AL ACCOUNTING BATA FOR {AEA VERIFICATION 1977-1

TOTAL
NG, OF  RANOUM  SYSMAT
WEISHINGS  ERAYR ERROR &1
# BATCH WEIGHING WETUMING , BATCH

1 o0 ts00

1 «0 6:00

13 8.2 L0

ll 3ad 104

.9 L 04

29 +5 0y

) 11.2 3g¢

+0 [k ]

2 TP 208

¥ 1.7 109

s W3 <02

Yad 1,1 ¥ 01

18 ol 0200

'] L] L¥ 1]

149 o9 220

1 2+8 13

1.1 1t}

' “ﬂ 313

1 1.3 12

1 al 02

1 el 11

1 s, 107

l |l 0300

TOTAL
nO, OF
SAMPLES

T

TOTAL
RANOOM  NO. OF  QANDOM  BYSHAT
CARQR AMALYSES  ERAOR ERRQR
SAMPLING / BATCH ANALYSIS AMALS5IS
.0 1 o0 0,00
0 1 ] 0.480
5 1 o4 00
sl } M 200
ln?' ! .0 .00
f.2 ! *3 00
R i .3 -Dg
0
[} L ] .
108 Poow "0
40,6 1 3.7 0l
0,0 i ) 200
0.0 1 o0 SO0
o0 1 N 00
2 1 o2 1]
oD 1 o o0
5,0 i 3.6 001
N} 1 ot p01
18,1 1t 01
?.0 l ll.’ Iul
!ol 1 ‘og .“
o3 i o af
se,] 1 37,8 o
¢,b 1 ' $00
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TABLE C-7
ADDITIONS TO FACILITY (RED) MEASUREMENT ERROR DATA FOR APPORTIONED
RANDOM ERRORS AND "MAXIMUM' SYSTEMATIC ERRORS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1
TOTAL TOTAL YOTAL-
STRARATU® DESCRIPTION TOTAL, N0, OF RANDUM  GYSMAT NO, OF  RANODM WO, OF  RANDOM  BYSMAT
ToTAL wd, oF wElGHINgs ERAUR 2RAOR SAMPLES £qRoR ANALYSE®  ERROA EARDRA:
STRATUM AVERAGE  NUMBER  wEIGHY waTCHE] "/ BATCH wETOWING WEIGHING / !iT;n BAHPLING / BATLH ANALYSIE AMALSIS
FULL UFé CYLINDERS 152,80 170 24899243 ;;‘ l o0 9200 1 at | ' 0,00
FUEL RoDs 3,2 Ld) 421,.4 b 13 b 1 od 3 0 o0
UNN PRODUCTS 28,0 488 12T10.3 12 4 '8 T } ' l z.a .nl
shupPLES o0 247 18,0 25 H 0,0 9:00 1 0 i 2D 0,00
OTHER 4,0 107 ad3.l th 1 Lok 208 H 1.9 1 o 00
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TABLE C-8

REMOVALS FROM FACILITY {SHiPMENTS) MEASUREMENT ERROR DATA FOR APPORTIONED
RANDOM ERRORS AND "MAXIMUM' SYSTEMATIC ERRORS

U0, FUEL FABRICATION FACILITY MATERIAL ACCOLINTING DATA FOR |AEA VERIFICATION 1977-1

2
TOTAL TOTAL TOTAL

S TRATUMNM DESCRIPTION TOTAL  NO, oF RANDUM  SYSWMAT MO, QF  RANOOM  NO, OF  AANDOM  BYSNAT

Torai NO, OF WEIBHINDS  ERROR ERROR SAMPLES EnAoR  ANALYSES  ERAOA ERROR.

STRATUNM AYERAGE  KUMBER  WEIQHT BATCHER  “/ BATCH WEIOHYNG WELWHING , BATCH  SAMPLING / BATCH ANALYSIS ANALSIS
UFs CYLINDER HEELS 2,1 224 519,8 ITY i o0 0,00 i W0 | o0 0,00
YERDOR Upz 20,2 9609 194128,1 S0% 18 .0 «03 1 Wb 1 o .00
PUEL RODS 1.8 11 19,4 i 11 ol 000 1 a,d 1 N o0
ASSEMBL IES 2,9 111970 32esed,T T3¢ 1as o 20 1 .0 1 .0 1
SCRAP FDR SHIPMENT 3,8 350 AT %13 1 3,9 103 i "] j4.8 Y
ShuPLES ot 149 9.6 144 1 8.0 G100 1 0 { 0.0 G.00
L1gUEID DISCARDS 5.9 363 2158 13 21 20,1 12 i 91,8 i ar.é W01
SOLID OISCARDS ot 2933 y226,9 2033 1 0.0 Ds00 1 b0 T P b
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» [
TABLECH
NEW ENDING {NVENTORY MEASUREMENT ERROR DATA FOR APPORT|ONED
RANDOM ERRORS AND "MAXIMUM'" SYSTEMATIC ERRORS
UOz FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1
roub ToTAL TOTAL

STRATUM DESSAIPTYION TOTalk, NG, o RANDOM  SYSMAT  NO, OF  RANDOM  NO, OF  AANDOM  GYSHAT

ToTAL NG, OF WEIGHINGS ERRUR EARDR SAMPLES ERROR AMALYSES  FRACN ERROR)

STRATUM AYERASE  NUMBER  NEIGHY OATCHER  T/7BATEH wEISHING WETUHING s BAYEH SAMPLINE / BATCH ARALYSIs ANALSIS

FULL UFs CYLINDERS 1%28,0 1 1420,0 l 1 0 000 '8 +0 0,00
UPE CYLINDER HEELS 2.1 a3 179,86 5 1 a0 000 o0 0 0.00
ADy CONVERSION 28.% 1911 4891 ,2 19 9 8.4 Y 1.0 1.0 o 00
urs RECYCLE 26,3 53¢ 18791,3 ] 10 3,9 04 M o0 .00
‘OU/UPS CROSS 26,1 n J43] .0 [ | ] 1.3 104 b ] 00
BECO CONVERSICN 23,9 ir2 LTI 2 ] T.2 800 6, .3 N1
VENDOR UO2 20, 91 pave,? 9 3.8 800 8, ol 00
UDz FOR SHIAMNT 21,4 INZ TN, 1Y ] 9 N 103 o s0 00
POWDER /PELLETS 11,8 as 400, I ? 2,8 108 1,% 4 L 00
INTERMED, pRoD, 11,0 .20 T178.7 Iz 1 2.3 209 10,8 bel o0l
PEILETS 18,7 1a83 5989,3 L: I v 02 a, +0 «0d
FUEL RoDS 2,9 10360 04as . & 129 1] a8 01 o, ad W00
POISON RODS 2,8 279 2945 .1 11 94 3} +29 ¥ | .2 bl
ASSEMBLIES 2,9 32937 158024,3 gs# 149 3 20 oD o0 ol
PHESS SCAAP 16,0 T 1260,1 1 140 013 3,3 -1 W00
GRINDER RESIODUE 18,2 23 381,i i? ‘ 1YL 1} ' o +00
DIRTY POWDER 17.¢ 189 2118,7 E] ] 4 4,8 113 18, 3,7 W01
RE&IDUE /SLUDGE 1,9 184 1304,9 18 1 1,8 307 i, ! ,3.‘ T
50,10 wASTE 1,4 581 3,7 83 l o +02 LN .! N
SAMPLES 2,7 188 521,4 11 ] Ge 9:00 ) 0,0 9,00
PROCESS HOLDUP 6,9 99 5834 of 4,8 07 T, b { i5.8 .0
STANDARDg 2,9 2T 1931.8 184 l o2 (I l 4, ! . o0
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TABLE C-10

STATIC INVENTORY MEASUREMENT ERROR DATA FOR APPORT!ONED
RANDOM ERRORS AND “MAXIMUM' SYSTEMATIC ERRORS

LIO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

TOTAL TOTAL TOTAL

STRATUN DESCRIPTION TOTaL WO, OF  ASNDUM  SYSHAT  HO, OF °"RANOOM NO, OF  RANDOM  BYSMAT

ToTaL %9, of WEIGHINOS  ERAUR ZRROR  SANPLES ERAQR  ANALYSES  ERAOR LRROR:

STRATUM AVERAGE  NUMBER  WEIGKT BATCHER ", 8ATCH WEIGHING WEIYHING s BAYLH SARBLING , BATCH ANALYSIG aMaLsls:
UFs CYLINDER HEELS o 1 +® 1 1 o0 b.00 1 o0 | o 0.00
ADy CONVERSION 23,6 T4 17s52,3 et 1 144 104 1 1.3 1 ! .00
UPS RECYCLE 22,2 » 843,89 ] } 1.! 104 i ol o0 o0
ADU/UPS CROSS 21.7 3 63,2 ‘ | 143 204 I 1l o0 »00
BECO CoNvERSION 21,9 30 e50.0 1 F 1.1 0:00 TR % ] «00
U2 FOR SHIPMNY 20.1 186 3341,2 2) ] o0 +03 1 .8 o8 Nt
POWDER/PELLETS %,3 ? 43,4 ? 1 5,3 00 i o8 o0 .00
INTERMED, pROV, 13,1 11 148, 9 1 1 140 209 1 1e,d 1 ' ) 01
PELLETS 9.4 138 13504 i ‘ ot 102 1 §.0 1 o 00
FUEL RoDS 2,8 11TV 4le7,2 !; 91 8 101 1 0.0 i o L00
POTSON RODS 2.4 584 Lasa.; 9T . 12y 1 Y o 0l
AScEMBLIES 2,9 49439 1108,5,3 27} 149 1a4 12p i oh o) o0}
BRINDER RESIDUE 21,5 2 47,4 2 1 2.1 03 1 1 .; w0}
BIRTY POWDER 21,9 1 241,1 11 1 3,7 +08 1 1.1 5,3 o0}
RES1DUE /SLUDGE 8,4 i? 143,9 14 ¢ 2.2 «0? ;48,8 i il'l 1}

SOLID WASTE 1.3 109 146,2 108 1 ol 202 1 4 1 o .

SAMPLES 4,3 B 15),8 a 1 Q.0 f:00 1 a0 1 9.0 Ge0D
STANDARDS 6,7 a1 546,8 H 1 0,0 0:00 1 6,0 i 8,0 0,00



SECTICN D

RESULTS OF ERROR VARIANCE CALCULATICN

Tables D-1 through D-10 contain the error variance calculations as per-
formed by the computer code QUEST.(1O) These tables correspond directly with
the input data given in Tables C-1 through C-10 for the five strata categories
given in the beginning of the Appendix. The operator and inspector errors are
assumed to be the same for this analysis. Also, the moving inventory error
variances reported are the same as measurement error variances for the calcula-~
tions in this report. The paired differences in the random error for the
operator and the inspector are the variances of random error for an individual
measurement for the operator and the inspector.

A-91
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TABLE D-1
BEGINNING INVENTORY ERROR VARIANCE CALCULATIONS FOR "MAXIMUM"
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1
84SED ON VERIFICATION 2,0 TIMES PER YEAR
EAROR VARIANCES
RANDOM ERROR SYSTEMATIC ERROR HOVING INVENTORY PAIRED DI{FFERENCES STO DEVIATION
OPEAATOR INSPECTOR OPERATON THSPECTOR  FOR MUF CALCOLATION [N RANUOM FRROR DF D HAT
AANDOM  CSYSTEWATIC OPERATOR INSPECTOR (MIHIAYN)
BEGINNING INVENTORY .
59.3 59,3 0 o, 59,34 Dy «5T34 5734 10,89 FULL UFg CYLINDERS
#SBIE-0Y  L601E-03 0, v, +68L0E~03 0, 23535E-02 ,3835E.05 +3690Ea0] UFE CYLINDER HEELS
LTI0Ee0& ,TIDEsD4 691,V 91,7 7096, 691,17 45082 L5082 lad,2 ADU CONYERSION
»I6PE.04 L IS9Es0s  125,5 125.5 3edn, 125.5 L6452 Ty 118,1 UPS RECYLLE
915 915 1657 1,087 9153 1:637 ph234 o2de 20,99 ADUZUPS CROSS
+505E«pS LB05E+05  121.3 121.3 25086E40S 121.3 2,808 24808 3719.8 GECO CONVERSION
+5%0 L8690 #HI6TE.03 ,5167E=03 L6904 LS187E~03 L1482 : 3452 1,178 YENDOR 02
335 .33 38,8 $38,6 Y11 34,4 2I4QIE~0Y LI4HIEapd 43,37 UYo2 FOR SHIPMNT
132, 132, 2,877 2,877 131.6 2,877 LT T804 30,31 . POWDER/FELLETS
A88E404 66BEe0y 3,050 3,080 6635, 3,050 80,7% 58,7y 19,7 INTERMED; PROD.
“,03 4,03 17.04 1T.04 4,026 jT.04 W I46IEwDE (J4dIEwg2 18,30 PELLETS
. 771 .17l 18,20 18,20 1705 la,248 W 2883604 ,2683E-04 12,08 FUEL RORS
e14) 1% 2 I193ELg2 JI19IE=02 ,1%0b «J1?3E=gy¢ a4254Ee03 L 4284E=g3 1,918 POISON pELLETS
1946 19.6 273,3 213,3 19,63 2713.3 21821Ew0d ,Ta2]1E~pé 24,20 PDISON R00S
J10AEL04 L JOMEws  2DATE«OD L2B4TE+06 1040, 88Tt «1058E=pd L io36Lepd 746,58 ASSEMBLIES
87, 757, 21,52 21.52 757,13 2i.52 3,457 3487 947 PRESS SERAP
AQed B2 12.98 12498 ag,.22 12,98 22217 2277 28,19 SRINDER RESIDUE
JOLAELBE  _Bl4Eecs 3,29 30,29 6139, Jo,29 11.01 11,01 114,0 DIRTY PoWDER
JBLBEL D&  BOGE«Q4 2B T4 28,74 as82, cu, T4 15,38 19,36 13i,8 RESIOUE ,SLUDGE
£B.9 58.9 239,) 239, 58,90 239,1 v3294E=0L ,3294E-D) 24,41 SoLID WaSTE
2,12 z.gz 1847 1047 2,124 Ty 259TE=02 L2397E=-g2 2,149 SAMPLES _
ide, 3, TSeas L5hed 431,9 LSékd §.ase I,454 29,81 PROCESS HOLDUS
APOELO2 L 420FE=02  ,3389E-02 ,3309E=D0] L4201E-02 _33B9E«03 21584E=0% I554L=04 »P920£.0] STANDARDS
LBSAE«DS ,BS4E+NS  2BTIE«Gb ,2B7IE+G8 ,B54)Ee)3 ,cHTIE«DY v 1306E408 2081, SUBTOTALS

ASAELDS _BSAE4DS  L2B7IE.00 ,2873Le06 ASALE«DS L28T3E«00 o1406E40% 2oul, TOTALS
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TABLE D-2

ADDITIONS TO FACILITY (FEED) ERROR VARIANCE CALCULATIONS FOR "MAXiMUM"
RANDOM ERRORS AND "'MAXIMUM" SYSTEMATIC ERRORS

U02 FUEL FABRICATION FACILITY MATERI AL ACCOUNTING DATA FOR [AEA VERIFICATION 1977-1

8asED oN vERIFICATION 2,0 TIHuts pEp vEaR
ERROR VARIANCES

HANDOM ERROA SYSTEMATIC ERAQR MOVING INVENTORY PAaIREC DIFFERLHCES STD QEVIATIUN
NPEPATAR  1HSPECTOR CPERAYOR INSPECTOP  FOR MUF CALCULATIUN IN RANULM ERRUR OF 0 HaT
WaNDOM  SYSTEMWATIC OFERATUR INSPECTOR (HINEHMUM)

AUDTTINNS TO PLANY

164, 1h%, 0. o, lo4,2 O 16748 b248 18,12 FULL UFy CYLINDERS
H90 L6830 1,588 1,588 L6901 1.»48 J1227E~03 ,1227L«03 2,881 FUEL ROnS

f5l, 661, 19,99 10,99 E6l,1 la,99 L3449 JJase AT, 04 UNH PRODUCTS
L.AB4E=20 ,RA&E=ZD O o, LA840E~20 0, 2 J440E=-2¢ JodpL-22 21 3IDE-D9 SAMPLES

19,9 19.9 JIERT 1627 19,5%0 dbel 1252 1292 6,335 OTHER

bah, Ao, 12,74 12,74 H45,8 12,74 ' 651.9 63,44 S5UBTOTALS

Hyb, Hak, 12,74 12.74 845,49 12414 6%1,9 631,84 TOTALS



56V

RAMDOM ERROR
OPERATNR  INSPECTOR

RFMOVALS FrOM PLANT
«S44E~-03 ,S544E=02
715 L715
L20E-0  ,120E~03
L1EBE+04 [ 128F+04
+561E4 04 L BO1E+ Q4
+b29F-2) L,L29E=2(
LEL4FL05  ,S514Fe05
695 L

W59IE+05 593E+05

+593E405 ,593E«05

TABLE D-3

REMOVALS FROM FACILITY (SHIPMENTS) ERROR VARIANCE CALCULATIONS FOR "MAXIMUM"
RANDOM ERRORS AND “"MAXIMUM™" SYSTEMATIC ERRORS

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR AEA VERIFICATION 1977-1

BASED ON VERIFICATION 2.0 TIMLS PER YEAR
ERRDA VARIANCES

SYSTEwATIC ERROR MOYING INVENTORY PAIRED DIFFERENCES STD DEVIATION

OPERATOR [NSPLCTOR  FOR MUF CaLCULATION IN RANUOM ERROR OF D HAT

RANDOM  SYSTEMATIC OPERATOR INSPECTOR (MINIMUR}

0 0 25443E=03 0o 11595E«02 ,]595E-p5 W JZWVE=O] UF6 CYLINDER WEELS
at1), aTll, LTIS3 T Al +I9S9E=04 [ I959E.04 97,11 VENDOR ()02
L3943E.06 ,31943E~06 ,1202€~03 ,3943L~00 J1010E~0% ,lolaE-os wHGBAELDL FUEL ROQS
JHATSELDE L44TSEc0b 1284, 44 75Ee 0B ¢1030E=03 ,lodei-0d 94,9 ASSEMBLIES

1717, 1917, 6608, 9T, §,156 6,158 13046 SCRAR FpR SHIPMENT
0. 0. JO2PAE=20 O, AZ2AEwRE  V224E0P2 s 1122€.09 SAMPLES )
£.883 5,883 L5135E+05 6,683 $.077 5,011 320,8 LIQUID HISCARDS
29,93 29,93 LBP4T 29,93 ¢ 2639E=03 ,2639E-03 7.828 SOLID OpSCARDS
SAD42E4 DG 45426906 SIPBE+0S ,4D42Eepb 83¥9, 1504, SUBTOTALS

(45428406 45426406 ,SIZHEO5 ,494Zke00 63Y0, 1504, TOTALS
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RANDOH ERROR

OPFRATOR

Hfw ENDING
ALY
+159EF.03
WTOE L D&
H??.
i,
yAZFE 404
+1B9E+D05
+303
a,19
2223k 408
AT
Je82
l4a2
LY LN
139,
1,73
«HETE 04
P POGE+08
1.0
«145F=16
b,

2 123Ew01

+594E«05

524F £ 06

INSPECTOR

TNVENTORY
L

L I59E=G3
LATYE«O4
Az,
111,

L, I29€ 04
1B8FE«0S
LAU3
4,19
J223E+05
3077
L452
“.2
sol.,
\395
1.73
549 ep4
JENBE+( &
1140
+145E=16
LRI
L123F=01

«SFLAE DS

«534E+05

TABLE D-4

NEW ENDING INVENTORY ERROR VARIANCE CALCULATIONS FOR "MAXIMUM"
RANDOM ERRORS AND "MAXIMUM'' SYSTEMATIC ERRORS

U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR {AEA VERIFICATION 1977-1

BASED ON VERIFICAYION 2.0 TIMLS PER YEAR
ERADR VARIAWCES

SYSTEYATIC ERROR MOVING INVENTORY PAIRED DI1FFERENCES STO DEVIATION
QPERATAR  INSPLCTOR FOR MUF CAapCULATION IN RAHUOM ERRUR OF D HAY
RANDDY  SYSTEMATIC pPERATOR INSPECTOR (MINTMUA)

s o, «5043 0. +5043 L6043 1,009 FULL UFg CYLINDERS
0. 8, L1592E=03 0, L1387E=0% 138708 1704ELT] LUFA CYLINOER WEELS
492 .8 492 .6 4792, A%2,6 .5195 5195 145,82 ADU CONYERSION
51,37 51,37 g26,8 51,3t ha2] YY) Ta,b7 UrPS RECYCLE
2,426 2,426 110,8 2,420 4217 L4277 24,33 ADU/UPS CROSS
+199)E-01 ,1%371E~01 2287, A9 m0d 3,208 3.208 95,07 GECO COuVERSION
«STE4EdZ LHTSME=02 ,1B92EvpY ,0T54Lw04d 3,3nb 3,305 234,90 VENDOR (02
£55,0 655,90 $3031 655,46 fAS51E=0% L45S1E=04 35,24 UDZ FOR SHIPMyT
A4588Funl ,ADB8E=0]1 6,136 ASBUE-OL ,1309 L1309 4,634 POWDER/PELLETS
sl,p2 51,02 L22J0E+95 51,02 41,20 41,20 Zllab INTERMER; PROD.
16,11 ITIe ! 3,713 16411 131SRE-02 L 3359E=02 1440 PELLETS

13,23 10,23 2452) 10,23 J2TOSF=0% ,2706Ex04 8,180 FUEL ROnS

1854 1454 14,24 185,4 W TBYSE=G4 ,TBISE-pé IT.9¢ POISON RODS
LFBBREV0Y ,FUHZESHS B01.5 .9882EepY 21041E~¢d ,1aé1Emp? bbb ASSEWBLIES
2y 7 2.917 139,2 2,917 1.762 o702 16,86 PRESS SCAAP
1704 p1704 1,126 oilod SABOTE=DL ,480TE~D] 2 o4 GAINQER RESIDUE
13,18 13,148 5489, 19,14 9,347 9,347 1]4,7 OJRTY PaWDER
1,070 1.0%0 Zpbl, leo70 12.33 12,33 64, 2] RESIDUE /SLUDGE
14,40 14,49 10,99 18,49 L1891E~01 L 1BP1E~Q] 7,138 SALID waSTE

0e 0, s1446E=16 0 JTEP2E-17 Te92E~19 +53TBE~0B SAMPLES

+29731 2938 8359,9 W 2938 8,358 8,358 40,89 PRDCESS HOLOUR
W6300E~03 ,6300L~03 ,1220E=01 J0300E=04 J2EBOE~0Y ,26BoE-p# 1608 STANDARRS
21003E406 ,1003E406 S940E+05 J10VIE+06 »1¢32E405 1560, SUBTOTALS
J1009Esgb LI003E«06 ,H940E¢05 J10UIE+DS «1U32E408 1560, TOTALS



Le-Y

RANDQM FRROR

DFFRATOH

INSPECTOR

STATIC INVENTNRY

«111E=08
L6
17.8
.11
145,
21iTE-0]
1,74
T
218
«HPBE-D]
41p
‘6?.
- Y
tah,
256,

I, T2
olSSE'lﬁ
L1

+134E004

2 14E «04

«111E=DB
S1.b
17.8
L,8A6
145,
S1ETE=0]
1.7‘
254
-218
,b28E~01
8,10
b2,
.84
146,
256,
1.72
«I5%E-14&
L

L134Ee0s

W 1I8ENS

RANOOM ERRORS AND "MAXIMUM™ SYSTEMATIC ERRORS

TABLE D-5
STATIC INVENTORY ERROR VARVANCE CALCULATIONS FOR "MAXIMUM"

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTENG DATA FOR [AEA VERIFICATION 1977-1

BASED ON VERIFICATION 2.0 TIMES PER YEAR
ERROR VARIANEES

SYSTEMATIC ERROR

OFERATOR

(R

L8327
BYYTS
LBTB3E ]
+433E~02
12395
Z8R4ELUZ
.2080!-01
» JOGS
,1934
11,42
JIBQ4E+0S
,3!5§E-03
JA01PE=CL
W 1303E.01
-?265

1Y

0,

JSAOSE+ 03

ySE08E 08

IHSPECTOR

0-

JE327
1406
«BTR3E=p3
ad3lEep3
1355

M LLY X
+2080E=-01
1085
«1%38
11,42
«EBp4EepS
.315‘@-03
v4012E-01
»1303E=g)
vh255

0,

ul

«5BOSE« Q5

+SBO5E+05

HOVING

FOR MUF CALCOLATION
RANGOM  SYSTEMATIC

.llle-Ob
51.65
17.81
,BB5A
1a8.2

e 165SE~q]
1,737
25442
«2181
«6284E=01
4,100
s62,1
,8338
145,8

258 .4
1,724
4156 TE=}6
0.

1343,

13a3,

INVENTORY

0

6327

s 1466
HI83Emp 4
s433if-0d
1.395
+2BBAE=DE
Lc0BoEwp]
«1005
LT
ll.%2
SB04EegH
2 3154F=0d
24012601
-!303@-0!
hE65

Qs

yDB09ED

2SHOSE¢ DY

PFAIRED O

IFFERENCES

IN RANUOM ERROR

OPERATUR

+1112E=06
4621
23083
2.294

W IFA0E~04
.2‘82
23,11
¢1368E=p2
«256BE~01
.7359E-o§
v 1032E~0d
4169
13,25
12,42
+1581E=01
+1934E~18
u.

1017

1017

{NSPECTQR

«1112E«0p
245621
+ 3902
12953
2e2%,
«JQI0E~G4
L2482
23,11
.13b8E=g2
+2868E~04
»7859c-04
11032;'03
4160

Li581E~01
vl934E-18
0.

STO DEVIATION
OF O HAT
{HINEHUH)

s 4T1TED]
1623
5,992
1,332
ig.ss
1.703
1,868
22,55
1,357
2.608
5,038
342,48
1.292
1T.08
22,65
2,074
!559?:-98

o,

457,6

457,06

UFt CYLINDER HEELS
ADU CONyERSION
UPS REC¥CLE
ADU/LUPS CROSS
GECO CONVERSION
uog FOR SHIPMNT
POWDER/PELLETS
INTERMER; PROD,
PELLEYS

FUEL ROAS
POISON qDOS
ASSEMBLIES
BRINDER RESIDUE
DIRTY PpWDER
AESIDUE /SLUOGE:
SOLID wasTE
SAMPLES
STANDARDRS

SUBTOTALS

TOTALS
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RANDOM
DPERATNR

BEGINNING
&1a)
»B0TE-C3
+S59TEL D4
+15AE. 04
8745
LAGBEL DS
0690
863
43,0
CTIIE O
ﬁ‘OT
14.2
o141
20,9
lgd,
255,
56,9
LBESE,L D4
« 3338404
13,2
+195FE_¢2
wIIQE+Q&
JH6AE-02

«969E405

»GEFEL QS

ERROR
INSPECTOR

INVENTORY
61,1
+407E~D3
+SOTE D4
JISHESDS
BT.S
LOb0g«0S
LB90
«881
61,9
fTHlE+DS
e, 0T
16,2
14l
20,9
164,
255,
£5,9
LA6DE+D%
+233E+ 04
13,2
.195E-02
vI1DE+ Q4
JABBE~D2

«J6IEH DS

2 9L9E405

SYSTE4ATIC ERAOR
OPERATOM INSPECTOR
0. [ Y
0. u!
691,71 91,7
125,35 128,5
1,657 1,657
121,13 121,3
JHIGTEL0d ,516TEap]
936,6 938,56
2,877 2,817
3,050 3,050
17,04 17,04
iB,2q 18.20
«3193E-0R ,31gIt~02
2711,3 273,3
»2B4TE+O8 L2B4TESDS
21,52 21,52
12,98 12,98
30,29 30,29
28,7 28,74
239,1 2331
L1B&T L1847
R-TYY NYYYY
+3389€-09 ,3389L-03
W287T1E.08 2873t epb
«28T3E 408 ,2873E«00

RANDOM ERRORS AND " MAXIMUM" SYSTEMATIC ERRORS
UO2 FUEL FABRICATION FACSLITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION

TABLED-6
BEGINNING INVENTORY ERROR VARIANCE CALCULATIONS FOR APPORTIONED

ERROA VARIANCES

MOVENG INVENTORY

FOR MUF CALCULATION

RANDOM “SYSTEMATIC
61411 0.
-80065-0§ 0.
5969, svl,.7
1537, 125.5
87,48 1,657
15662E005 12],3
L6904 «218TELDY
8628 938,86
63,04 2ot
1907, 3,0%0
4,070 17,04
16,17 fs.20
1406 +3193E-~02
20,85 213.3
164,5 (2BATECDS
254,71 21,52° -~
55,86 12,98
44850, 30,29
2331, TR
13,20 239,1
19488402 L1047
3102, ' Shhd
JABTRE-DZ ,3309E-03
+96HOEegY LZBTIEe0G
»I6BEES0S H2873E00

2,0 TiIMES PER YEAR

PAIRED DIFFERENCES

IN RANUDH ERRUR

OPERATOR
+5905 +5905
slaTE~0CD ,41B7E=-05
{771 1,171
L1301 L1301
2179 2179
10,12 10,12
452 LJ4s2

e 1458E~03 L J450E=y3
2roy 21707

&9.49 69,49

LY498E0¢ | J490E.02
J1135E=02 ,1135E~p2
WH2BAE=DT 4254E=03
3833E=03 ,Ig33E0I
ga0SE=03 ,8a05E-03

L1863 1.163
203740l 03T heapl
15,06 15,08
8,2} 3+21)

3
sT1303e02 ,TIBIE=p2
2178E-02 ,2378E.05
Dedd 10,44
«1730E-0% ,1730E-D4

129‘55005

2RUASE 405

INSPECTOR

$TD DEVIATION
DF O HAT

(MINIMUM)

11,086
h018ERD1
1,2
125,1
is,11
Tzo,7
1,116
43,50
11,98
122,8
16,37
46,12
1,315
27,50
710,0
23,50
15,03
13,2
68,4%
22,48
L5110
18,77
1001

2618,

2618,

FuLL UFg CYLINDERS
UrFe CYLIMDER HEELS
ADU CONYERSION
UPS RECYCLE
ADU/UPS CROSS
GECO CONVERSIQN
VENDOR |,02

Y02 FOR SHIPMNT
POMDER/BELLETS
INTERMES: PROD.
FPELLETS

FUEL ROQJS
PO1SOM pELLETS
POISON gODS
ASSEMBLIES
PRESS SpRAP
GRANDER nssanuz
DIRTY PagDE
RESIDUE ,SLUDGE
SOLJD WasSTE
SAMPLES

PROCESS HOLDUP
STANDARDS

SUBTDTALS

TOTALS
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REANDOM ERROR
OFERATNR  INSPECTDR

ADDITIDNS To PLANT

164, 164
. 389 369
taT, &67.,
WJb4Elg L la4E=1l9
i,93 1,93
8313, B33,

A33, Al3.

TABLE D -7

ADDITIONS TO FACILITY (FEED} ERROR VARIANCE CALCULATIONS FOR APPORTI ONED

RANDOM ERRORS AND " MAXIMUM" SYSTEMATIC ERRORS

U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR LAEA VERIFICATION 1977-1

PASED ON VERIFICATION 2,0 TIMES PER YEAR

2

SYSTEMATIC
OPERATQM

De O
1,58n 1,588
10,99 10,95
0, o,
Jde27 Lla2?
12,74 12,74
12,74 12,74

ERROP
INSPECTOR

ERROR YARIANCES

HMOVING INVENTORY
FOR Mi)F CalcOLAYIUN

RANOOM SYRTEWMATIC

164.,2
23691
666,7
1640FE~]19
1,926 -

833.1

8313,1

FAIRED DIFFERENCES

IN RANUOM ERROR
OPERATOR

PB248 L6248
LN921E=02 .;951;.02
3546 5k6
638lE=2¢ ,638)E-22
J2tlg=01 [1211E.01

62,7

629,17

INSPECTOR

STD OEVIATION

OF 0 HAT

{HININUM}

18,12 FuLl UFg CYLINDERS
5,084 FUEL ROnS

31,66 UNH PROQLCTS
.1811E-09 SAMPLES

2,044 OTHER

63,48 SUBTOTALS

83,48 TOTALS



0L~y

PANPOM FRROR
OPERATOKR  THSPELTOR

REMOVA( S FROM PLANT
v6T4E=03 ,uT4E-p3

L s 31
+120E03  ,120E-D3
' 96, 196,

L2ATELDE R4TF DG
«2A7E~1p ,28TE-ln
CAT0EO,  ,370E+Dg
+1597 LY

+1136.06  L,AT3ELpS

373406 LITIEub

TABLE D-8

REMOVALS FROM FACILITY (SHIPMENTS) ERROR VARIANCE CALCULATIONS FOR APPORTIONED
RANDOM ERRORS AND "MAXIMUM'' SYSTEMATIC ERRORS

LIO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR |AEA VERIFICATION 1977-1

BASED ON VERIFICATION Z.U TIMES PER YEAR

ERRDR VARIANCES

SYSTEMATIC ERROR
OPERATON  INSPLCTOR

MOVING JNVENTORY
FOR MUF CaLCULATION
RANOOM  “SYSTEMATIC

os 0, «6T36E-03 0»
ATLL, a711, 3,125 4711,
L3963€-06 ,3943E-06 120703 ,3941kw00

JARTEEL06 LaaThEsOp lgp, ) LehT5E08
lgi7, lglzt, 2474, Igly,” -~
0. i, .2a61g~lB 0, °

[ XELE] 6,R83 «3T00E+06 b.nH3
29,93 29,53 L7912 24,93

,9542E408 ,4542E006 ,3T2TE+06 ,4342E+00

2454 2E Db L 4B420¢08 3YTRTE«DDL ,4342EepDb

PAIRED OIFFERENCES

IN RANUGM ERROR
OPERATOR

«}973E=p3 ,1973E=g5
,3300E-03 _3300£.03
y1018E~0% ,J0lBE~D4
8549E=03 ,a545E-03
L 304 2,304
JJdo2ep-2t lg24g.20
37.588 ir,ds
,3028£-03 30231403

VIVRIELOS

L1V23E.08

INSPECTOR

STD DEVIATICN

OF O HAT
(MINIMYR)

+I6TQE=D]
91,41
.69&*5-01
981,0"
93,11
707309
876,3
T.839

epas,

2038,

UFs CYLTNDER MEELS
VENDOR ()02

FUEL ROpS

ASSEMBL TES

SCRAR FoR SHIPHENT
SAMPLES

LIQUIO #ISCARpS
S0L1D D1SCARDS

SUBTQTALS

ToTALS



LOL-vY

RANDOM ERROR

OFERATRR

HEW ENNING
604
+159E=03
RILE+ON
[1.1- 19
loat
h4SEeDa
«1RAFE«D5
20
~ 66
2B4E 404
.8
4,08
161
“‘.6
34,6
1,73
JSRIEL O
“19,
13.7
282E«16
“l‘j]o
L170E=D]

«hE0E+05

LACOESDS

INSPECTOR

INYEMTORY
&04

L 139E=01
JBALEwDH
hAR,
10?-
JA4SEe04
«199E+05
420
6,66
W25¢Ee04
3 A2
4,06
16,1
4]0
34,6
1.73
SEFE04
619,
13.7
L2B2E~16

T?;55-01

«H20E+D5

+h20E+D4

TABLE D-9

NEW ENDING INVENTORY ERROR VARIANCE CALCULATIONS FOR APPORT{ONED
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS

uo, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASEQ ON VERIFICATION 2,0 TIMES PER YEAR
ERROR YARIANCES

SYSTEMATIC ERWOR HOVING INVENTORY PAIRED DIFFERENCES STO QEVIATION
OPERATOR INSPECTOR FOR HWUF CALCULATION IM RANUOM ERROR OF O HAT
o ranpoM  SYSTEMATIC OPERATOR INSPECTOR (MINTHUM}

0 0, 6043 0. s 6043 20042 lag99 FULL UFg CYLINDERS
0 0. +1592E~03 0. W1IATE=0?  IIBTE=)S W JT8AE=p) UFb CYLINDER HEELS
92,4 492,86 8311, 492,6 2,165 2,189 285,08 AQU CONYERSION
51.37 51,37 688,90 £),37 8929 L8929 10546 UPS RECy(LE
24426 2,420 101.9 2,426 L2443 IYS 10,46 ADU/UPS GROSS
J991E-01 L1991E=01 4453, LT YT 6,254 6.254 132.7 GECO COyVERSION
«ST54E=02 5754E~02 ,1892E+05 ,575ekm02 3.3p% 3,308 234,0 VENOOR (02
655,0 £55,0 4200 655,10 oTTSAE=DY TYSAE«04 .21 unz FOR SHIPMNT
LABBAE~Ql LASBBE=0] &,664 2 #58BEm0] L1380 LT 4,787 POWDER/PELLETS
3l,02 S1.02 2538, 51,02 4,69] 4.6%) n,e INTERMER; PROD.
16,11 16,11 3.m18 16.11 1 3IGE~0E ,II6RE=p2 14,42 PELLETS

10,23 10,23 4,064 i0.23 33T11E~p3 (3711E=02 25,68 FUEL ROGS

145,4 1454 18,14 145,4 21883F<q3 1453E-¢3 19,07 POI5S0N 3008
L7BB2E+09 L9882+ 05 41,60 WYEB2L gD »F130E=0% ,913pE-04 dab,2 ASSEMBLIES
2.917 2,17 34,65 2.911 L4386 L43be 4,668 PRESS ScRAP
1704 L1704 1,728 L7104 JABOTE=0L ,480TEwg] 2,204 GRINDER RESIDUE
13,18 13,18 5492, 13,18 4,301 8,301 108.1 DIRTY PoWOER
1e0Tn 1,070 618,4 feotd 3,Tsd 3,703 35,21 RESJIDUE /SLUDGE
14,49 Ea, 49 13,70 14,89 2 2359E=01 ,2339E=p] 1,509 SOLID wWasTE

0e 0, +2015E«16 0, s1498E~18 ,1498E<18 +7500EulB SAMPLES

2938 12938 8p2.5 +2930 8,024 Bepé 49,07 PROCESS HOLDUP
(6300E03 ,5300L-03 ,1700E=0) ,8300¢-04 2 3T03E~D4 L 3T03E-04 «lg78 STANDARSS
1003E+08 L1003k ¢08 ,4205E405 ,1003¢e0b 9813, 1598, SUBTOTALS
«1003E+08 ,1003E4N6 ,4205E¢05 ,I0U3L+0b 98Ty, 1598, TOTALS



A Sl

AANDOM ERROR

OPERATOR

INSPECTOR

STATIC INVENTORY

¥ 1 E-ﬂﬁ
st
16,9
+41]
616,
«223JEa01
. Th

T.0

+ 268
957
o B4
loz,
N-EL)
4.5
a6,
126
J195E.18
LIS

+12BEe04

+12BE+Oa

.ll}E'OG
Te
10,9
433
616,
LEe2IE=]
o T4

T.o
3265
L9587
4,84
102,
_sJi
49,5
Inb,
126
L155E=1b
ol

L12BEs 4

«120E+04

UO2

RANDOM ERRORS AND "MAXIMUM" SYSTEMAT{C ERRORS
FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFiCATION 1977-1

SYSTEMATIC ERRAOA

QPERATOR

O

8327
o;‘ﬁ&
«BTA3E.0Y
3331409
1,398
+2AB4E=U2
LT Y3

+JBOLE DS
2S4gaDY
+H012E=01
olaan'?l
,9265

Qs

Os

«S8)5E«0S

«SODSE+DY

INSPECTOR

0.
L8327

Yy}
LBTHIE-D]
«*331E-03
1,395

1 2884E=52
20808-p01
1085
+19238
11,42
5B04L 05
LI154Ea03
L4012E=0]
L1303E=01
RY{a

0.

e

+5805E+05

«8805E405

TABLE D -10
STATIC INVENTORY ERROR VARIANCE CALCULATIONS FOR APPORTIONED

ERROR vnﬂlnﬂcts

MOVING INVENTORY
FOR wUrF caicOLa¥ion
RanooM  SYSTEmATIC
.11]2E~ob 0
DT
10,87 Itoa
.i332 .s?!:a.ol
615,08 REEITIE
o??:![-ﬂ! l 3’5- )
137 WZBBAE=g g
8,99 2080801
.2651 + 1065
«95084 1938
[IN1Y- 11 12
1824 ,5804ge0s
EY L31542.03
45,47 GOIZI-OI
3ss, 6 11032.01
L1258 (42687
S154TES G &,
0. 0.
1278, +SHUOSE gD
1z748, 158058205

BASED ON VERIFICATION 2.0 TIMES PER YEAR

PAIRED DIFFEAENCES

IN RaNuOW gRubDR
opERATOR

|%112E‘0° o1112E=04

428 LehZg
1082 1aaz
YY) 1si§
8,45] a.45
2 5323Eap® ?3;]E.ot
2482 .2432
4,999 6,999

,1639E -0 ,1639E=p2
(6249E=03 ,b240E=02
L9103E-08 9183E.04
1737602 L1737Em02
f4170 Tetio
4,497 ‘uiUT
18,68 18,88
115402 | 115*:-01
L19A4EL1H | 193s£.1s
0. 0!

2843,

2843,

INSPECTOR

STD DEVIATION
OF D HAT
(HINEAUN)

+4T17E=03
7.482
4,894
(9317
35,60
1,748
1,866
12,41
1.504
12,98
5,768
10,2
1,292
9,950
2r.17
1,08
L5562E.08

G

495,2

45,2

UFs CYLINDER “EELS
ADU CONVERSIOW
Ups NECyCLE
ADU/UPS CROSS
GECO COyVERSE
055 FoR SnipNaY
POWDER/PELLETS
INTERMER } PROO,
PELLETS

FUEL ROpS
FOISON pODS
ASSEMBLTES
GRINDER RESIDUE
DIRTY PplDER
RESIDUE SLUDGE:
SOLID W4BTE
SANPLES
STAMDARRS

SUBTOTALS

TOTALS



SECTION E

RESULTS OF THE LEMUF CALCULATIONS

Tables E-1 through E-10 contain the LEMUF calculations as performed by the
computer code QUEST.(]O) These tables correspond directly with the computer input
data and the error variance calculations given in Sections C and D, respectively.
A comparison of the effect on the results of these calculations of combining the
inventory measurement error data by "maximum" error versus apportioned errors
can be made. For the purposes of this report there are no surprises (no signifi-
cant differences} in the differences in the results of the QUEST calculations.
Therefore, the data generated by the "maximum" combination method was used and
reported for the remaining calculations. These calculations include the inspec-
tor's number of attributes tests reported in Section F and the number of variables
tests reported in Sections A and B.

A-103
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CERROR » 287269,012

TABLE E-1

BEGINNING INVENTORY LEMUF CAL CULATION FOR "MAXIMUM"
RANDOM ERRORS AND "MAXIMUM' SYSTEMATIC ERRORS

UO2 FUEL FABRICATION FACILI TY MATERIAL ACCOUNTING DATA FOR AEA VERIFiCATION 1977-1

LEMUF CaLCULATION

BASED ON VERIFICATION 2,0 TIMES PER YEAR
STRATUH ODESCRIPTIQN

STRaTUH

IHG TNVENTORY

FULL UFS% CYLTNDERS
UF& CYLINDER HEELS

ADi CONVERSION
UPs RECYCLE
ADUZUPE CRADSS
GECO COYVERSTOM
VENDOR 102

L2 FDA SHIFMNT
POWDERZMELLETS
INTERMEU, PRGD,
PELLETS

FUEL RD:S
POISON “ELLETS
FOISON RDDS
AggEMBLIES
FRESS SCRAP
GRINDEW RESIOUE
LIRTY PINDER
RESTDUE /SLUDGE
S0LTD wASTE
SAMPLES

PROCESS HOLOULK
STARDARLS
TOTALS

ToTRLS

WEIGHT

E391, 7!
1,48
24 .83
28,08
26,01
24,28
25,04
18,11
16,20
20440
14,39
2.93
10,85
2,83
2,91
15,86
16,62
19,84
9.96
1,93
«39
3,14
2,23
647203,41

be7203,4]

NUMBER

-1
i2l
333
#ei
109
100d

2
4o2d
126

as
1097
1388l
154
2804
88529
214
183
207
and
1188
814
294
261
120165

120365

THE RANDOM COMPOHENT QOF VARMUF

THE ESTIMATE OF RAMDOM ERANA VAATANCE }5 L28TE+06

FOR A GOAL QUANTITY OF  300.9 NTL = 6p8

FpR A GOAL QUAWTITY OF j10060,9 HIL = 668

FOR A GOAL QUANTITY OF 400040 NTL = b8

FOR A BOAL QUANTITY OF 500,09 NTL = [1.1:)

FoR & BOAL QUANTITY OF 10000.9 KTL = (LT

VARDAID VARDSIL VARDHD YDMUF HO

26509%,1198 574526, 0237 359633, 1439 4aB957, 8973
284114,7p1% 5Te838,0232 658552,7247 advrr, d0bs
285432,9%79 5T4838,0232 as99ta, 981) 487295 64ds
286173,4850 574536, ,0237 a&o%ll,%5082 4pBzie, 128
2863734850 $T4534,0232 #80911,5082 488234,1728

OPERATOR EMROR YARIAMCE

RANDON SYSTEMATIC TOVAL
99,34 0,00 59,34
o 0,00 200
TOYS5 54 691,63 TT8T,20
Jode, 65 126,39 3ble,18
¥1,42 1468 93,18
Sp458,36 121,34 59519,7¢
oh4 «00 49
.32 938,57 938,90
1!1,59 zlg !3‘1“
66l 83 3,05 6687 ,88
4,02 17:04 21,06
T 18,20 la.97
Jde W00 REY
19,62 ary,es 292 .89
1039,6) 284742,53 2B5762,14
137,11 21.52 118,84
4,22 12,98 93,20
s1d8 82 3o.28 6169,11
aab), 9 Eny T3 B890 67
58 85 239,08 297 ,9y
2412 elB 2:20
31,93 94 432,47
00 0 W0
854p8,32 207289,01 3T2675,33
85406,32 287269,01 IT26T5,32
,85&!005
SDHUFHO SDMUFH) YARMUF  QOAL QUANT1TY
697,6236 14%8,5322 AT26T3,3387 300,4000
697,1208 1is6,0588 32214 38t [ogo.ggon
498, 0656 11%9,1352 Irzdre Niet 4000,9000
98,7390 1iep, 7549 atkérs, Jast 6800,3000
698,1390 1ise. 7569  312878,3381 10000,4000
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FoR

CFRUDR =

TABLE E-2 :
ADDITIONS TO FACILITY (FEED) LEMUF CALCULATION FOR " MAXIMUM"

RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS
UOZ FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR [AEA VERIFICATION 1977-1

THE ESTIMATE OF PANDOM FRROR VARJANCE IS

4 GDAL QUANTITY OF 300,49
FaR A GOAL QUANTITY OF 1000,.,0
FoP A GOAL QUANTITY OF 4000.0
FoF A GOAL QUANTITY OF A500.0
FoR & GOAL QUANTITY OF 16000.9

VOMUFHY (I} = -782,162839A814

VEMUFHY (1) = -782,162839881 ¢

YRRUFH] (1) = ~T82,162839881 4

VIMUFHL (D) = ~782,162683988]14

VOMUFHT (T) = ~182,16282398314

vaARCRD VARDSIL
3188, 7659 25,4730
31058, 7942 25,4730
16993R BR2Y 25,473
171675, 1A58 25,4730
173179,93]1R 25,4739

NTL
HTL
BYL
NTL
NTL

VARMUF) SET

VARMUF] SET

VARMUF | SET

VARMUF] SET

VARMUF] SET

VARDHG

3214,2389
31004,2672
169964 3557
171700,6588
173205,4549

BASED On VERIFICAYTION
STRATUM DESCRIPYION

LEMUF CALCULATION

STHATUH WEIGHT HUMBER
ADDITIONS Tn PLANT

1 FULL UFt CYLINDERS 1352,BY 1ro
2 FuEL wmOUS 3,20 194
3 UwH PRODUCTS 26,04 488
4 SauPLES 05 st
5 DTHER 4,60 10t
SUBTOTALS 26G832,20 1216
TaraLs 240812,26 1218

12,737 THE RaNDOM COMPOMENT OF yARMUE »

L127E+02

To
T0
TO
10
TO

115
10
]

a
0

YOMUF 0D

2355,6571
30225,6853
169105,7738
178642,0189
172342,8130

2.0 TIMES PER YEAR

OPERATOR
RANDON SYSTEMATIC
164,158 D+00
49 1,98
61,09 10,98
, 00 0,00
!90?0 !lb
A45 84 12.13
845 B4 12,13
+BaBELD]
SPMUFHO SDMUFH]
48,535] 109,187
173,8554 351,288)
411,2247 23,9678
13,3308 8z2a,1M3
415, 1448 3] ,791]

ERROR VARIANCE

TOTAL

164,15
2,21
872,07
00
20,06
858,58

858,58

VARMUF  80AL GUANTITY

§58,5619
£s8, 5019
8ss,5819
8%8,581%
858,%91%

300,000
10000000
400049000
650047000

10000,0000



LOL-Y

FoR
FQoR

FoR
FpR

CERROR w 454197,142

THE ESTIMATE OF RANDOM ERROR
A GONL QUANTITY OF
A GOAL QUANTIYY DF

FOR A DOAL QUANTITY OF
A
A

VARDRIG

«17091,012)
415572,0509
432p34,068TG
ASBAG9,3337

A64250,1775

GOAL QUANTITY OF
GoAL QUANTITY

STRATUM WEIGHT NUMBER
AEMOVALS FRDM PLANT

1 Ure CYLINDER HEELS 2,32 22

2 VENDDR u02 20,20 o9

3 FUEL RONS 1,80 1

4 ASSEWBLIES 2,94 111970

S SCRAP FOR SHIPMENT 9,88 pob

6 SAMPLES 08 lev

T LIQUID DISCARDS - 5,93 383

8 SOLID DISCARDS o 4é 2633
SUBTOTALS ) 537753.13 125949
TOTALS $37752,13 12594y

VARDSTL

083942847
908394,2842
908394 ,2842
508394 ,2842
208194 2042

THE

30,0
1000.0
4000.9
6500.0
OF 1000040

TABLE E-3

REMOVALS FROM FACILITY {SHIPMENTS) LEMUF CALCULATION FOR "MAXIMUM"
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS

U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR FAEA VERIFICATION 1977-1

LEAUF CALCULATION

BASED ON VERIFICATION 2,0 TIMES PLR YEAR
STRATUM DESCRIPTION

AANDOM COMPONENT OF VARMUF »

VARTANCE IS
NTL
NiL
NTL
NTL
NTL

YARDHO

1326285 ,2964
1323966,375)
1340420,9712
13868023,6179
1372652.&616

L4SAE08

89
89
89
a9
89

VDAUF HO

B)2H0%5,548)
alu‘aa.saoo
826949, 2231
853333, 68808
859172,7135

¢+593E405

OPERATOR ERROR VARIANCE

L

GOAL QUANTIFY

30044000
1000.7000
400049000
5500 00000

RANDOE SYSTEMATIC TOTA

.00 0400 200

7 grlo.ro ora;.qe

L00 200 :

128416 ¢41512.91 548q11.os

eons 39 1915.10 B525,.10

00 B,00 +00

5135&.51 6,68 31395,45

L59 29,92 10,62

59242, 69 434197,1¢ 513479,74

59242,6¢ AS4197,14 513479,74

SOMUFHO SOMUFH] VARMUF

#01,5571 1437,53252 813479,748)
900,2703 1%34,298) 513i79 T48)
909,387 1887,.0%0i siddre,tisi
923,7553 1492.3335 13419, Tesi
924,9157 1500,6489 913479, 1481

10000,5000
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TABLE E-4
NEW ENDING INVENTORY LEMUF CALCULATION FOR “"MAXIMUMY

RANDOM ERRORS AND ' MAXIMUM" SYSTEMATIC ERRORS
U0, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

2

BASFO ON VERIFICATION

STRATUM DE
STRATUM

DING INVENTORY
FULL UFM CYLIMNDERS
UFS CYLINDER HEELS
At CONYERSION
UPS RECYCLE
ApUsuPS CROSS
GECD Co-'VERSTON
YENDOR 002
U02 FOR SHIPMNT
POWDER/PELLETS
14TERMEL, PROC,
PELLETS
FUEL ROLS
POTSON wODS
ASSEWELTES
PRESS SCRAP
GRINDER RESIDUE
DIRTY POWDER
RESIDUE /5L UDGE
SOLTD WASYE
SAMPLES
PROGCESS HOLDLP
STAMDAR:S

TOTALS

Tatalsg

LEMUF CALCULATION

SCRIPTION
YEIGHT MUMBER
1428,87 l
2,15 8d
25,58 1911
26,58 594
26,19 13
25,54 172
26.13% 9]
21,66 EXTY-
11,06 L
17,0% 420
la.78 1083
AT 14360
2,08 2819
2,95 5¢537}
16,05 T
15,26 23
17,04 153
7,95 lod
146 s8]
2.71 lad
6,90 1)
2,92 271
3r2sos,et Thapd
312505,87 Ta404

CERROA = 100280,71) THE RANGOM COMPOMENT OF VARWUF =
THE ESTIMATE OF PANDOM ERROR VARIANCE 1S5 L100E+04

FOR A Q04 QUAMTITY OF 300,18 KTL = 1062

FOR A QNAL QUANTITY OF 1000.9 NEL = 1062

FoR A QoA QUANTITY OF 4000,0 NTL = 1062

FaR A G04L QUANTITY OF 650p,0 WL = 1042

FoR A GOAL QUANTYITY OF 1pang,e NiL o 1062

VARDR30 VARDS T VARDH( VOMUFHY

1000%3,0098 200%61,%430 300614 ,5527 140933,9139
99783 TAAl 200561,543p Joodés 327 140664 50823
106328,3428 200561 ,5%3p 3006689 8RSy istzod, 2489
100328 3424 200%61 ,5%43p 3008089 ,885T fal2oo, 2ibe
100328,242 200361,%43 100489 ,8057 Isl209,2489

-3 -

2,0 TIMES PER YEAR

L

30049000
10600,9000
4000,0000
6500,q9000

OPERATOR ERROR VARTANCE

RANDOM SYSTEMATIC TOYA

.50 0s00 W60

T Deb0 $00

4791,8) 492,6) 5204 ,42

86,83 51,37 878,20

1i0,79 2,42 it3.el

284,78 301 I2me,B0

1891a,65 W00 18918,0%

T 655,03 855,33

222%5,38 51,61 22346,40

3.7y 16210 19,87

el 1Ge22 L0ebY

1s 23 145,35 159,58

607,52 90024 ,42 99431 ,08

139,23 2,91 T42,14

1,72 W17 1,89

5488, 72 13,1a 5501,90

2060,59 1,08 2061,66

ip,98 14,49 25,47

00 osbo 00

845,85 129 436,14

01 «00 201

$93%9 8s 100280,77 159080,63

59379 86 100280477 159680,43

+S94EL05
SDMUFHD SOMUFH} VARMUF  GOAL QUANTITY

315,417 bba, 14083 159680 ,63B5
75,0529 663,337% 150800,8388
375, 1782 b64, 9789 1598m0, 8348
375, 77182 684, 9789 is9éng £3ad
378,7782 64,9769  159689,5388

100000000
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C

T
FoR
FoR
FoR
FoR
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TABLE E-5

STATIC INVENTORY LEMUF CALCULATION FOR "MAXIMUM"
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS

U{)2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

ALCULATION

NUMBER

&
LEMUF C
BASED ON YERIFICATION
STRATUM DESCRIPYION
STRATUM WEIGHT
STATIC INVEWNYDRY
1 UF& CYLINDER BEELS o5l
€ ADy CONVERSION 23,68
3 ups AECYCLE 22,19
4 ADY/UPY CROSS 21,76
5 GECO CONYERSION 21,93
& Upz FOA SHIPMNT £0.)2
T POWDER/PELLETS .37
@ INTERWED, PROD, 13,17
9 PELLETYS .42
10 FUFL ROLS 2.684
11 Porsown ~0DS 2,85
12 ASSEMHLIES 2,93
13 GRINDER AESIDUE #£3,56
14 DIRYTY POWDER 21,92
15 RESIDUE/SLUDGE B,4d
16 SOLI0 wASTE 1s38
1T SAMPLES 4.39
18 STANDARNS 6,15
SUBTOTLLS 134318,49
ToraLs 134318,49
ERAROR = 58054,045 THE AAHDOM COMPONENT OF WARMUF =

HE ESTIMAYE OF RANDOM ERROW VARIANCE IS

A GOAL GUANTITY DF 10040 NTL =

A GOAL QUANTITY OF 1000,0 NTL =

A GOAL QUANTITY OF 400040 NTL =

A GOAL QUANTITY OF AS0D,.9 NTL =

A GDAL QUANTITY OF 1000049 NfL =

YARDRAD VARODSTL v&RDHD
3T569,A790 116108,149) 1536177 ,848]
32540,6012 116108,169) 148646 ,7703
80427 ,5912 1183008,569]1 176534, 7603
6na2?,5012 116108,1691 176535, 7603
60427 ,5912 116108, 149 176535, 1603

#BB1ES

e

0s
i

17
ir
it
i?

YDMUF o

289 ,9%4¢p

2.0 TIMES PER YEAR

OPERATOR ERROR VARIANCE
Ic TOTAL

RaNDOW

.00
51,84
17,80

08

145,2)

13%2,73

s138E404

SDMUFHD

JoT,0522
296, Ta40
42,2557
Ja2, 2957
342, 2557

SYSTEMAT

(TR

-
LRCRT]

wn

o

L=}

T

o -
TRURL)

L RUR)

(1]
S DI P D Dl DO D

AN, D=0 0 WD

-
»

(=]
-
O
=

=]
-

(=
=

58054,08

56054,08

SDMUFH)

A54, 9816
432 3260
S46, 2799
B4 ,2799
beo 2799

W00
sz.27
17,95

.88

145,21
l1ed0
LeTéh

254,18

32

25
15,51

58501,81
+83
145,83
254 40
2,18

+00

9,00
5939681

5939881

YARMUF

GOAL QUANTIYY

300,000
1000,9000
4000,p000
68g00,p600

10000 ,4000
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CERAOR = 287T269,012

TABLE E-6

BEGINNING YNVENTORY LEMUF CALCULATION FOR APPORTIONED

RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR 1AEA VERIFICATION 1977-1

LEWUF CALCULATION

BASED ON VERIFICATION 2,0 TIMES PER YEAR
STRATUM DESCRIPTION

STRATUM

IHG INVENTORY

FULL UFe CYLINDERS
UF6 CYLINDER HEELS

ADU CONVERSION
UPS REGYCLE
ADU/UPS CROSS
GECO CONVERSTON
VENDOR UD2

U022 FOR SHIPMNT
POWDER/PELLETS
INTERMEU, PROD,
PELLETS

FUEL ROOS
POTSON PELLETS
PO1SON HODS
ASSEMELIES
PRESS BCRAP
GRINNER RESIDVE
DIRTY POWDER
RESIpUE/SLUOGE
SOLID WASTE
SAMPLES

PROCESS HOLDUP
STANDAALS
TOTALS

TOTALS

WEIGHT NUMBER
1391,17 by
1,45 121
2*093 ?;33
26,08 9A7
26,01 }09
24 26 1000
25,04 2
16,73 4624
16,20 128
20,40 eé
14,99 1097
293 1388i
10,89 “T164
2.84 2864
2,97 88529
15,86 214
16,82 1a3
19,84 ?ﬂf
9496 442

1 9 Y
§39 8ln

3. 15 254
2423 261
647203,41 120183
£€47203,41 129162

THE RANDOM COMPONENT OF VARMUS u

THE ESYIMATE OF RANDOM ERROR VARTANCE IS
FOR A BOAL QUANTIYY OF 3000 HTL L]
FOR & GOAL QUANTITY ofF 10009 NIL =
FOR A GOAL QUANTITY oF 4000 9 NTL =
FOR & BOAL QUANTITY OF 500 0 NTL =
FOR A& DOAL QUANTITY nF 10000 ' HTL »
VARDRYD VARDS TL YARDH{
286375,1579 5T4%38, 0232 B6GR13,18]1
255851,8175 574534, 0232 Bpe0389, 8407
28T082,096] 574538,0232 Bslezd, 1193
28T289,80463 8T74538,0232 861807,52%
207269, ,80823 574538,0232 aalso?.szvs
i -

«28TE406

435

Ass
1455
l1dss
1455

VDNUEH

‘rars¢.oau1
drb2an, 69!7
#T?#?O 584
Ar7éTu, 3088
i17010.368s

OPERATOR EMROR VARIANCE

RaNDOR SYSTEMATIC TOYAL
61,11 0,00 61,11
0 Oy ﬁn ,00
5969, 01 691468 6bal, 67
1531.19 125,89 lap2, 08
d4T,.48 19&5 9,14
66622 18 12] .34 68743,52
V69 200 '69
.9& 933!51 P39, 44
01, 03 Z,@T 45,91
T906, ‘53 3,03 T90% 40
“ 0& 17,04 21,11
16,16 i8e20 34:36
o!‘ !DU L)
240,85 273,26 294,11
144 45 284742,5) 2B4v08,99
2:&.65 21452 218,21
55,88 12490 oa.a‘
649,50 30,28 BET9:19
2330.66 284123 2359,42
13,2y 239,05 asa 25
00 11e 18
vz iy s 54 J;ﬂa.1a
B T 100 T
96600,14 287269501 I84129,18
9e8b0,14 207269,01 da4129,16
t949E405
SDHUFH{ SDMUFH] VARMUF.  BOAL QUANTIFY
690 ,4955 159,8138 04 ] 8
800 1164 180 0058  3ssibp.leld 13883888
691,0072 1197,0381 3silzd, 1.10 4000,5000
51,1428 11s7,2420 384]20, 5610 69¢0,5000
61,1428 1isr,2820 desfév, [al0 10000,5000
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TABLE E-7

ADDITIONS TO FﬂClLITY (FEED) LEMUF CALCULATION FOR APPORTIONED

RaNDON

164,15

.38
abd, [-T3
[ B
1,92
831, 13

833,13

18330403

SDMyFHO

48 _005%
166,.9818
4313.,869]
419,90615
417,704

uo
2
LEMUF CALCYLATION
BASED ON VERIFICATION 2,0 TIMES PER YEAR
STRATUM DESCRIPTION
STRATUM WEIGHT NUMBER
ADDITIONS TO PLANT
l FULL UF& CYLINDERS 1452,89 170
2 FUEL RGOS 3,20 194
3 UN¥ PROVUCTS 26,04 4ab
4 SAMPLES + 08 257
5 OTHER 4,80 iof
SUBTOTALS 260832 26 p21b
TOTALS 260832,20 j21e
CERROR = 12,737 THE RANDOM COMPONENT OF YARMUF =
THE ESTIMATE OF RANDOM ERAROR VARIANCE IS (12TE+02
FOR A QDAL QUANTITY OF  300.¢ NTL = lo7
FoR A GOAL QUANTITY oF 1000,0 NL = v
FOR A& GODAL QUANTITY OF 4p00,¥ NiL 0
FOR A GOAL QUANTITY OF 6500, NTL = 0
FoR & GDAL QUANTITY OF 10000,% NTL = 0
VOWUFH1 (1) = ~769,4523979174 VARMUF] SET TO O,
VOMUFHY (1} = =-769,45239791 T4 VARNUF} SET TO 0,
VDMUFHL (I} = ~T69,4523979174 VARMUF] SET YO 0,
VDMUFHI (1) = «T49,4523979]1 74 VARWUF] SET TO O,
VOMUFH] (1) = -749,452397917+ vApuUF1 SET TO 0o,
vARDRID vARDSTL yARDHD VOMUF HO
3124,92T9 25,4730 2150,4009 23045295
29375,8598 254730 2940143320 2055814412
172108,0559 254720 172133.528¢ 171287.88105
173044 ,3590 25,4730 1728569,8320 173023,986¢
1753491851 29,4730 1753T4,6281 frisad, 1587

RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS
FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR FAEA VERIFICATION 1977-1

OPERATOR EHROR VARIANCE

SOMyFH1

loa, 0709
3‘]05.90
8§29.2238
833.4009
B3T.0043

SYSTEMATIC -

1.59
10,98
u,oo
(16

12,73

12,13

TOYAL

164,15
1,97
617,064
,00
z,08
B45,87

BAS,87

VARMUF BOAL QUANTITY

845,074 300,000
Bis.d114 100049000
846,8714 4000¢0000
B45.8714 850049000
848,8704 1000045000
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TABLE E-8

REMOVALS FROM FACILITY {SHIPMENTS }LEMUF CALCULATION FOR APPORT] ONED

RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR [AEA VERIFICATION 1977-1

CERPOR = #54197,142

THE ESTIHMATE OF RANDOM ERROR

BASED OW VERIFICATION

LEWUF CALCULATION

STRATUH DESCRIPTION

STRATUM WEIGHT NUMBER
REMOVALS FROM PLANT

1 UFg CYLINDER HEELS 2432 224

2 VENDOR 002 i 20,20 ¥609

3 FUEL mOULS 1,80 11

4 ASSEVOLIES 2,94 111970

5 SCRAP FUH SHIPHENT 9,88 890

6 SAMPLES + 08 lag

T L1oull LISCARUS 5,93 363

B SOLID DISCARDS v 46 2533

SUBTOTALS ' 537752,13 129945

TaTALS 337152.13 125949

THE

FOR
FnP
FoP
FoR
FnR

4

A
[
A
A

GOAL
GOAL
GOAL
GOAL

GOAL

QUANTIETY
GUANTITY
RUANTITY
QUANTITY
GUANTITY

oF 300,90
oF 1000,¢
OF 4000,9
oF &500,¢
OF 10600,9

YARNDRAO

44TES5, 7014
44T107 . 4920
449368 ,8836
455163,1253

45%5163,1253

VARDSTL

908354 2847
SOAITH ,2AM2
9pRIVA . 2842
S04394,28472
908394 2947

RANDOM COMPONENT OF VARMUF =

VARTANCE 1§
NTL
NTL
NTL
NTL
NTL

RN NN

VARDHD

1356049 ,9856
1355501 .776]
135TAbLI 14TT
1382557 ,4094
1363557 ,4094

WASAESDG

239
230
230
230
23

VDHUFHO

529)52,1765
528603,9611
530565.3386
538659,6004
536659,6004

2,0 TIMES PER YEAR

QPERATOR ERROA YARIANGE

AANDOM SYSTEMATIC TOTAL

.00 Be00 400

3,72 471070 4T14,43

L0 1 .00

1¥6,05 447532,91 S4TTI28,97

2473,61 19lg,:10 4390,32

L00 00 .00

70028, 4T G480 370083,35

.T9 29,92 30,72

372790, 66 454107,14 826897,80

372700,66 AS419T,14 424897 ,80

+373E406
SOMUFHD SDMUFHY VARMUF BOAL QUANTIFY

T2T, 4285 1468,254] 339597,3091 300.6000
T2T.0518 1367.4825 626897,809] 10009000
T28,3992 1370,3182 824897, 8091 400049000
132,5705 1379,1842 a28éet,805]1 650049000
T32,5705 1379,.1842 626897,300] 160000000
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RANDOM ERRORS AND "MAXIMUM'" SYSTEMATIC ERRORS

TABLE E-9
NEW ENDING INVENTORY LEMUF CALCULATION FOR APPORTIONED

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

KEW EN

Ao D3 = O -

sus

CERROR w ]00260,7T1

LEMUF CALCULATIpN

BASEQ OM VERIFICATION 2,0 TIWLs PER YEAR
STRATUM DESCRIPTION

STH&TUM

BING INVENTORY

FULL uF® CYLINDERS
UF6 CYLINDER HEELS

ADY CNNVERSIOM
UPS RECYCLE
AQIL/URS CROSS
GECO CONVERSION
VENDOR UOZ

LU02 FOR SATPHNT
POWLER/PELLETS
IRTERMED, PRODD,
PELLETS

FuglL Roug
POISON HDDS
ASSEMHLLIES
PHESS SURAP
OREINGE® RES[DUE
DIRTY HUWDER
RESTDUE7SLUDGE
SOLID wASYE
SAMPLES

PRDCESS HOLDUM
STANDARUS
TOTALS

ToraLs

WEIGHT

142,87
2,1é
25,58
26,58
26,16
25,94
26,35
2]066
11,65
it,09
14,76
T
2,68
2.95
16,05
15,24
1T,0%
7,95
la4b
2,17
6,90
2,92
3T2505,87

372505,87

NUMBER

i
a3
is1i
S94
13l
172
9l

EX Y
=3
420
1083
16360
2079
82537
1%

23
159
164
LT T
184
9%
21i
Tadod

Takos

THE RANDDM COMPOMENT OF VAAMUF »

THE ESTIMATE OF RANDOM ERROR VARTANCE IS ,100E+0&
FOR & GQAL QUANTITY OF  300,0 NTL = 912
FoR A B0AL QUANTIYY OF 1000,8 NTL » w1z
FoR A GDAL QUANTITY OF  4000.0 NiL = 9tz
FnR & GAAL QUANTITY OF &806p,0 NYL & LAt
FoR A GOAL QUANTITY OF loode,w NTL = b2
vARDRI0 YARDSTL VARDHD VOMUF M@
99924 .510} 200581 ,54 30 J0486,973) 158157, 8009
PIHTR,ETTT 200581,%430 100437, 2207 158100, 7584
100242,0704 200561 ,%430 100843,6)36 198415, 14058
100242, 0708 200961 8430 00803, ,6136 188475 {é1s
100742,0708 200561 ,5430 npebdd, 6136 Is#irs, [41s

OPERATOR ERRDA VARTANCE

RANDOM

5492,37
615 b3
i3, %0
b0
892,51
.01
A2047,89

A204T 69

+420E4 0%

SDRUFHD

357,6903
337, 6289
394, 0004
198, 0094
398, 0044

SYSTEMATIC TOVAL
0,00 280
0,04 W02
92,61 aB0s, 09
1.0y 119,35
2,42 104,28
101 4532
+00 10918,08
655403 655,48
!G* - 1
101 2589 ,59
110 19,92
22 4,208
145,35 161,40
gnBda, &2 ITEITH 02
2,91 a7 58
17 1,09
13,18 5505,35
108 19,70
lacbd 28,19
000 00
29 BO2,8)
W30 o0l
100280477 F42328,48
100280, 77 142320, 46
SDMUFH] VARMUF  S0AL QuANTIFY
bte.To6l 142320 ,4082 30044000
E76.5617  142dab.bes2 R
bT7,6440 1eaden.deb2 4000,p000
br7.8dad 162324, &tiz 6300,45000
BT7, 6440 1eadri.did2 10000,0000



pLL-Y

TABLE E-10

STATIC {NVENTORY LEMUF CALCULATION FOR APPORTIONED
RANDOM ERRORS AND "MAXIMUM' SYSTEMATIC ERRORS

UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

LEMUF CALCULATION

BASED ON VERIFICATION
STRATUM DESCRIPTION

2.0 TIMES PER YEAR

OPERATOR [RROA VARIAKCE
Ic TOTAL

STRATUN YEIGHT NUMBER RANDOR
STATIC INVENTORY
) UF& CYLINOER HEELS 3 | 00
2 ADY CONVERSIOR® 23,48 T eri1y
3} Ups RERYCLE zz W19 3l lo «86
4 ADU/UPS CROSS 21.15 3 oA
5 gECco LonvVERSION 21,93 A 615, '8y
6 Vo2 WOR SHIPHNT ao,la Y o2
7 POWDER/PELLETS 437 T 1,73
8 INTERMED. PRAOD. 13117 11 76,98
9 PELLETS 9,42 138 226
}g FUEL RODS 1.1 L4b4 75
11 por1%oN RODS ) «83 “8a4 “,04
12 aASSEMBLIES 2y RY] 404239 1v2,42
13 GRINDER RESEDVE 23.55 2 .83
14 BIRTY ROWDER 21,92 11 49,48
1% RESTOUE/SLUDGE Bybd 17 388,563
16 SpLID WASTE 1.3 109 .;z
17 SAMPLES 4,39 80 00
1B STANDARDS 6,75 5l 0,00
SUBTOTALS 134310,49 Apass 1217,53
TotALs 134218,49 Ag25% 1217,53
CEAROR = 580%54,086 THE RANDOM COMPONENT oF vARWuP e .]120E.04
THE ESTINATE oFf RANDON EAROR VARTANCE 1S ,381E+0%
FoR A GOAL QUANTITY oOF 33 s NTL = lae
FOR A GDAL QUANTITY of 1300 NTL @ H
FOR A GOAL QUANTITY orF 4000, # NiL » 1%
FOR A GOAL QUANTITY OF 6800,0 " 139
FOR A QOAL QUANTITY oF 10000, NTL = 13
VARDR30 VARDSTL YARDHp VOMUFHg SHMUFHO
57143,320) 18] 69 T3p51.491) 199,873 T.9202
407502 lel u'{sei 7:2&% To282 ll;g_t;;o 3 L EH *3164
571i3 328) 1181081891 173281, ta913 113919,8784 337 5202
$7143,328) 118108 1591 173281 .4973 113616,8184 337,8202
57143, 3283 1181081691 173251, 4913 113310, 8194 3375202
[ 2 “

SYSTEMAT

0,00

183

alé

290

00

1139

100

002

140

9

TH

58039,60

200

204

W01

p42

0500

0ad0

58054,08

58054,00

SDMUFH)

B34, 5
534 rlo
53;.1015
534,185
53;.1!15

00
eT. 76
31,01
b
9}5..1
1]
oTh

11,00
37

1%
TR
59142.11
83
49,30
385,64
,55

00

0400
§9331,62

5%331,62

VARMUF  §OAL QUANTITY

30040000
1000, 9000
;onn.gooo
s600,5000

10000,5000



SECTION F

RESULTS OF THE ATTRIBUTES INSPECTION PLAN

The inspectors' required number of attributes tests for each of the five
strata categories given at the beginning of the Appendix are given in this
Section. These calculations are neither a function of the error variance nor
LEMUF calculations, nor are they affected by the inspection program {i.e., which
material inventories are to be included in the inspection). These calculations
are reported for various non-detection probabilities as a function of gregss
defects. For each of the five inventory strata, the calculations are shown for
non-detection probabilities of 0.05, 0.25, and 0.50. These probabilities repre-
sent goal detection probabilities of 95%, 75%, and 50%.
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TABLE F-1

NUMBER OF ATTRIBUTE TESTS
U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2.0 TIMES PER YEAR
THE NON-DETECTION PROBABILITY FOR GROSS DEFECTS IS SET A7 050
INSPECTION REQUIREMENTS FOR THE DETECTION OF GROSS DEFECTS

STRATUM OESCRIPTION GUOAL QUANTITIES
STRATUM WEIGHY  NUMBER 30040 1000.0 40000 650040
BEGINNING INVENTORY

1 FULL UF& CYLINDERS 1391,77914 &Y 66 b§ 24 36
2 UFé CYLINPDER HEELS .&5570 121 4 1 0 0
3 ADU CONVERSJION’ 24,83692 2333 515 168 *3 27
4 UPS REGYCLE 26,06337 947 226 T2 g 1
5 ADU/UPS CROSS 26,01760 109 26 8 2 1
6 GECO CONVERSION 24,26998 1000 221 o 18 11
T VENDOR UD2 25,04100 4 0 0 0 0
A UD2 FOR SHIPMNT 13.73150 4626 790 25 65 40
9 POWOER/PELLETS 16,20234 128 20 N 4 1
10 INTERMED, PROO. 20.40969 85 17 5 1 1
11 PELLETS 14,99248 1097 153 49 12 8
12 FUEL RoOUS 2193040 1388) 402 121 30 19
13 POISON PELLETS 10,89562 “le4 17 5 “1 1
14 POISON RODS 2.84630 2864 8l 24 6 4
15 ASSEMBLIES 2,91245 88529 2613 T86 191 121
16 PRESS SCRAP 16,8604 7216 33 10 3 2
17 GRINOER RESIDUE 16 63287 183 28 9 e 1
18 DIRTY POWDER 19.s4aou 207 37 12 3 2
19 RESIDUE/SLUOGE 9.960606 462 42 i3 3 2
20 soLID WASTE 1,93699 1788 kIS 1o 3 2
21 SAMPLES «39228 818 3 1 9 0
22 PROCESS HOLDUP 3016450 294 9 3 % 0
23 STANDARUS 2,23034 26l ) 2 _ 0
ToTALS 120165 5343 1695 404 290

100000

)

Bt —
O O = et g bt (O R =D LR =t R D ] ] O

168



TABLE F-2

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON-DETECTION PROpaBILITY FOR GROSS DEFECTS IS StT AT 4250
INSPECTION REQUIREMENTS FOR THE DETECTION OF GROSS DEFECTS

gLL-Y

STRATUM DESCRIPTIDN 60 AL QUANTIJITIES
STRATUM WEIGHT NUMBER 300.0 100040 400040 650040 100000
REGINNING INVENTORY

1 FULL UF® CYLINDERS 1391,77914 49 52 52 35 20 12
2 UF6 CYLINDER HEELS 3,45570 121 2 1 b 0 0
3 ADU CONVERSION 26,83692 €333 255 79 26 12 8
4 UPS RECYCLE 26. 6337 947 112 34 9 5 3
5 ApU/UPS CHOSS 26.01760 iey 13 A | 1 0
5 GECO CONVERSION 26,26998 1000 109 43 8 5 3
7 VYENDOR UO2 25,04100 ¢ 0 0 0 0 0
B UD2 FOR SHIPMNT 18.73160 eb2b 384 115 30 18 12
9 POWDFR/PELLETS 16,2023 “128 9 "3 1 0 0
10 INTERMED, PROD, 20.,40969 L1 8 2 1 0 0
11 PELLETS 14.99266 1697 13 23 6 4 2
12 FUEL RODS 2,93040 13es8i 187 56 14 9 6
13 POISDN PELLETS 10,8562 164 8 2 i 0 0
14 poySDN X00S 2.8b638 2863 38 11 3 2 1
15 ASSEMBLIES 2,97245 8529 1219 abs 91 56 36
16 pRESS SCRAP 15,06045 214 16 5 { 1 0
17 GRINDER RESTOUE 16,62257 is3 14 4 i 1 0
18 DIRTY PRNWDER 19.86698 207 18 6 i 1 1
19 RESIDUE/SLUDGE 9,96606 442 20 6 2 } 1
20 SOLID wASTE 1,%3699 1788 16 5 1 1 0
21 SAMPLES +39228 a)u 1 9 0 0 0
22 PROCESS HOLDUP 3,16450 296 4 1 0 0 0
23 STANDARDS 2,23034 261 3 1 0 0 0
TOTALS 120165 2561 8i2 226 137 8s



TABLE F-3

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON-DETECTION PROBABILITY FOR GROSS DEFECTS IS SET AT 4500
INSPECTION REQUIREMENTS FOR THE UETECTIDN OF GROSS DEFECYS

6LL-V

STRATUM DESCRIPTION GUAL QUANTITIES
STRATUM ' WEIGHT  NUMBER 300.0 100040 400040 6500,0 1000040
BEGINNING INVENTORY
1 FULL UFP® CYLINDERS 1391,77914 &Y 35 35 €0 11 7
2 UF6 CYLINDER HEELS .a5570 121 1 0 0 0 0
3 ADyY CONVERSJION™ 24,83692 £33 131 40 10 6 4
4 UPS RESYCLE 26,086337 947 58 i7 4 3 2
5 ADU/UPS CROSS 26,01760 lov 7 2 9 0 0
6 GECO CONVERSION 24, 26993 1000 56 17 4 3 2
T VENDOR U02 25.04100 2 0 a 0 0 0
A UDz FOR SHIPMNT 18.73150 4626 196 60 15 9 6
9 POWDER/PELLETS 620234 “1ea 5 “1 il 0 0
10 INTERMEU. PROD, 20,40969 ae 4 1 0 0 0
11 PELLETS 14,99266 1097 37 1 3 e 1
lz FUEL RODS «9304p 1388 1Y ¢8 T 4 3
3 POISON PELLETS 10,89562 ~““lod 4 H 0 0

14 POISON RODS ,a$63u 2p6é 19 6 1 1 1
15 ASSEMBLIES 2,97245 88529 612 192 *0 28 ls
16 PRESS SCRAP 15,86045 "215 - 2 1 0 0
17 GRINDER RESIDUE 16,62257 184 1 2 i 0 0
18 DIRTY POWODER lg,84898 207 9 3 | 0 0
19 RESIDUE/SLUDGE 9,56606 442 10 3 i 0 0
20 soLIC WwASTE 1, 93699 1786 8 2 i 0 0
21 SAMPLES .39228 818 1 0 0 0 0
22 PROCESS HOLOUP A.16450 294 2 1 0 0 0
23 STANDARUS 2,23034 261 1 0 ] ) 0
TDTALS 120165 1305 slé 115 67 o
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TABLE F-4

NUMBER OF ATTRIBUTE TESTS
U, FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2.0 TIMES PER YEAR
THE NON-DETECTION PROBABILITY FOR GH@OSS DEFECTS IS SET AT 2050
INSPECTION REQUIREMENTS FOR THE pETECTION OF GROSS pErECTS

STRATUM DESCRIPTION GUOAL QUANTITIES
STRATUM WEIGHT  NUMBER 300.0 100040 40000 6500490 1000040
ADDITIONS TO RPLANT

] FULL UF®& CYLINDERS 1452,89%04 110 161 161 142 90 67

2 FUEL RODS J,20342 194 6 ‘2 0 0 0

3 UNK PROOUCTS 26,04588 488 116 37 9 6 4

& SAMPLES 05865 257 0 ] 6 ] ]

5 OTHER 4,60921 lo1 5 1 0 0 0
TOTALS 1218 288 201 141 96 11
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TABLE F-5

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON-OETECTION PROBABILITY FOR GROSS CEFECTS IS SET AT 4250
INSPECTION REQUIREMENTS FOR THE UEYECTION OF GRosSS DEFECTS

STRATUM DESCRIPTJION GYAL GQUANTITIES
STRATUM WEIGHT  NUMBER 30040 1000:0 400040 ~ '6500.0 1000000
ADDITIONS Tn PLANT

1 FULL UF& CYLINDERS 1452.89504 170 128 128 B 50 35
€ FUEL RONS 3,20342 lo4 3 1 0 0 0
3 UNH PROUUCTS 26,04588 4p8 58 17 & 3 ?
& SAMPLES 005845 257 0 0 0 0 0
5 OTHER 4,60921 ot 2 1 0 0 0

TOTALS 1216 191 147 89 53 37
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TAGLE F-6

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR TAEA VERIFICATION 1977-1

BASED onN VERIFICATION 2,0 TIMEs pERp YEAR
THE NON~DFETECTION PROBABILITY FUR GﬂOSb DEFECTS IS SET AT $900
INSYECTION REQUIREMENTS FOR THE DETECTION OF 5ROSS DEFECTS

STRATUM DESCRIPTION GUAL QUANTITIES
STRATIIM WEIGHT  NUMBER 300.0 1000.0 400040 6500,0
ADDITIONS 10 PLANT

1 FULL UF& CYLINDERS 1452.8950¢ 170 8% 85 59 27
2 FUEL RUDS 3,2044¢ l94 1 0 0 0
3 UNn PRODUCTS ze.oasau AgY 30 9 2 1
4 SAMPLES 205865 257 0 0 ¢ 0
5 OTHER 4.609?1 107 1 0 0 0
ToTaLs 1216 117 e 52 28
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TABLE F-7

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2.0 TIMES PER YEAR
THE NON=DETECTION PROBABILITY FOR GBOSS DEFECTS IS SET AT 4050
INSPECTION REQUIREMENTS FOR Twe DETECTION OF GROSS DEFECTS

STRATUM DESCRIPTION 6 AL QUANTITIES
STRATUM WEIGHT  NUMBER 30040 loog.o0 400040  6500,0 1000040
REMOVALS FROM PLANT

1 UF& cYLINODER HEELS 2432096 224 5 2 0 0 0
2 VENDDR uD@ i 20,2021% 9609 1851 570 185 89 58
3 FUEL RONS 1,80509 11 0 ‘0 0 0 0
& ASSEMHLIES €,9463% 111970 32712 9us5 247 152 99
5 SCRAP FNOR SHIPMENT 9,88795 990 94 29 i 5 3
6 SAMPLES ", 06499 lag 0 0 0 0 0
T LIQUID 0ISCARDS 5.,93904 363 21 6 2 1 1
8 SOLID OISCARDS 46598 2613 12 s ] i 0

ToTaLs 125949 5255 1596 ‘02 248 161
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TABLE F-8

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR TAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2.0 TIMES FER YEAR
THE NON-DETECTION PROBABILITY FOR GROSS DEFECTS 1S SET AT 250
INSPECTION REQUIREMENTS FOR TWe oETecTioN OF GROSS DEFECTS

SYRATUM DgSCRIPTION 6 O AL QUANTITIES
STRAT!M WEIGHT  NUMBER 36040 100040 400040 65000 1000040
REMDVALS FRDM HLANT

1 UF§ CYLINDER HEELS 2432098 224 2 1 0 0 0
2 VENDOR /02 20,20274 9609 906 208 87 4l 27
3 FUEL RONnS 1,800 11 0 0 o 0 0
4 ASSEMBLIES 2,94635 111970 1528 AS7 114 70 46
& SCRAP FR SHIPMENT 988795 9gl 45 i3 k| FJ !
6 SAMPLES 206499 lay 0 0 0 0 0
7 LIGQUID ISCARDS 5,93904 33 10 3 1 0 0
8 SOLID DISCARDS J46598 2633 6 2 0 0 0
TOTALS 129949 2495 T44 185 113 Té
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TABLE F-9

NUMBER OF ATTRIBUTE TESTS
UU2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR TAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON=BETECTION PROBABILITY FOR GROSS DEFECTS IS SET AT ,500
INSPECTION REQUIREMENTS FOR TuE uETECT;oN oF GRos$ DEFECTS

STRATUM DESCRIPTION GOAL QUANTITIE §
STRATUM WEIGHT  NUMBER 300,0 100040 40000 6500, 1000040
REMOVALS FROM PLANT

1 UFg CYLINDER HEELS 2.3209¢6 224 1 0 9 0 0
2 VENDDR 102 - 20,20274 9609 464 135 34 2] 13
3 FUEL ROOS 1.30509 "l 0 0 0 0 0
4 ASSEMBLIES 2,94635 l1l970 766 229 57 35 23
5 SCRAP FOR SHIPMENT 9.,88795 9o 23 7 2 1 1
6 SAMPLES +06499 l4g 0 0 0 0 0
7 LIRUID OISCARDS 5.93904 3s3 5 1 0 0 0
8 SDLID OISCARDS 46598 2633 3 1 b 0 0
TOTALS 125949 1262 373 ¥3 57 37



TABLE F~10

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION 2.0 TIMES PER YEAR
THE NON-OETECTION PROBABILITY FOR GROSS OEFECTS IS SET AT 050
INSPECTION REQUIREHENTS FOR TuE DETECTIDN OF GHDss DEPEcTS

STRATUM DESCRIPTION
STRATLIM WEIGHT

QUANTITILIES
65000

6 VAL

NUMBER 3000 1000+0 400040 1000000

MEW ENDING INVENTORY

8ZL-y

1 FULL UF6 CYLINDERS 1428.87100 i 1 1 1 l 0
2 UF& CYLINDER HEELS 2,16437 g3 2 1 0 0 0
3 ADU CONVERSION’ 25.59933 1911 456 141 36 22 15
¢ UPS RECYCLE 26,5850 594 142 46 12 7 5
5 ADU/UPS CROSS 26,19616 131 3l io k| 2 1
6 GECO CONVERSION 25,94077 172 4] 13 3 2 |
7 VENDOR t102 26, 35960 9l z2 7 2 1 1
8 UD2 FOR SMIPMNT 21466058 3342 688 211 b4 33 22
9 POWDER/PELLETS 11.66930 3% 4 1 b 0 1]
10 INTERMED, PROD, 17.092¢28 420 68 el 5 3 2
11 PELLETS 14,76394 1083 151 “7 12 t 5
12 FUEL RODS 2,94292 102368 303 v1 X 14 9
13 POISON RODS 2,857 2079 59 ia 3 3 2
14 ASSEVBLIES 2 95089 52537 1535 404 116 1l 46
15 PRESS SCRAP 16,05646 79 12 4 1 1 0
16 GRINDER RESIDVE 15,26722 e 3 1 ¢ 0 0
17 DIRTY POWDER ir, 04873 159 26 e 2 i 1
18 RESIDUE/SLUOGE 7, 95176 164 13 4 1 1 0
19 soLID wASTE .46?95 58] 8 3 1 0 0
20 SAMPLES 2477348 188 5 2 0 0 0
21 PROCESS HOLDUP 6490359 99 1 2 1 0 0
22 STANDARDS 2,92878 271 B 2 l 0 0
TOTALS Té40d 3585 1098 278 169 110
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THE NON-BETECTION PROBABILITY FOR GROSS DEFECTS IS SET AT ,¢50
INSPECTION REQUIREMENTS FOR THE OETECTION OF GROSS DEFECTS

ud

NUMBER OF ATTRIBUTE TESTS
2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR ITAEA VERIFICATION 1977-1

BASED ON VERIFICATION

STRATUM DESCRIPTION

STRAT!M

NEW ENDING INYENTORY

DI~ W

10

FULL UF6 CYLINOERS
UF& CYLINDER HEELS
ADU CONVERSION®
UPS RECYCLE
ADU/UPS CRD5S
GECo CONVERSION
VENDOR V02

UDp FUR SHIPMNT
POWDER/PELLETS
INTERMED, PROD,
PELLETS

FUEL RODS
POISON RODDS
ASSEMBLIES
PRESS SCRAP
GRINDER RESIDUE
DIRTY ROWDER
RESIDUE /SLUDBE
SOLID WASTE
SAMPLES

PROCFESY HOLDUP
STANDARDS

TOTALS

NEIGHT

1428,87100

2,16437
2s, 158933
26,58506
26,19616
28, 94077
26.35960
21+66058
11,66980
17,09228
14,7639

2194292

2,85917

2,9%040
16,05645
16,26722
17.04873

7.9517¢6

1,46765

2.77340

6-90359

2,92878

TABLE F-11

2,0 TIMES PER YEAR

G O a L
NQHBER 10040 10000
1 1 1
83 1 0
1911 226 67
594 70 ée
131 16 5
172 20 6
9i 11 3
3342 338 ¥9
T35 2 1
420 33 lo
1083 73 22
10360 141 &2
2079 28 N
5¢537 716 2is
79 6 2
23 2 0
159 12 4
164 & 2
s8] 4 i
188 2 1
99 3
271 4 l
T44pd 1715 513

400040

(3

- (¥ ]
O O O e O SN PN O Y O U e e (] e

—
M
-

QUANTIETIES

630040

-

.t

it
O OO O O Dbeay WH SV et ey OO0

-4
w

1000000

—

~N
OO0 OO OHERMF OO O OO0

>
D



SrARS

THE NON=BDETECTION PROBABILITY FOR Gnoss DEFECYS IS SET AT 4500
INSPECTION REQUIREMENTS FOR Tne DE'EcTION OF 6ROSS DEFECTS

W = O E~UT & bt N

}

NUMBER OF ATTRIBUTE TESTS

TABLE F-12

UO2 FUEL FABRICATICN FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASED ON VERIFICATION

STRATUM DESCRIPTION

STRATIM

NEW ENDING INVENTORY

FULL UFA CYLINDERS
UF6 CYLINDER MEELS
ADU CONVERSION
UPS REGYCLE
ADUZUPS CROSS
GECO CONVERSION
VENDOR 1102

U0? FOR SHIPMNT
POWDERZPELLETS
INTERMED, PROO,
FELLETS

FUEL RODS
POISON P00S
ASSEMBLIES
PRESS SCRAP
GRINDER RESIDUE
DIRTY POWDER
RESIDUE/SLUDGE
SOLID wWasTE
SAMPLES

PROCESS HOLDUP
STANDARDS

YOTALS

WEIGHT

1428,87100

2.16437
25,58933
26,58506
26,19616
25.9ab77
26435960
21,66058
11,.6854980
17.0922¢
16276394

2.94292

2,85977

2,95080
16,05660
15329722
17,08873

7,95178

1.46765

2.77340

6490359

2,92878

2,0 TIMLS PER YEAR

60 4L
100040

NUMBER 30040
} i

g4 ]
igil 117
594 36
131 8
172 11
91 [
e 174
35 1
420 17
lﬂad 37
10360 71
2079 14
5€537 359
Ty 3

23 1
159 6
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TABLE F-13

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR TAEA VERIFICATION 1977-1

8ASED ON VERIFICATION 2,0 TIMES PER YEAR
THE NON-DETECTION PROBABILITY FOR GROSS DEFECYS 1S StT AT ,05p
INSPECTION REQUIREMENTS fFor THE DETECTION OF GHosS DELECTS

STRATUM DESCRIPTION 6 VAL QUANTITIES
STRATIIM WE [GHT NUMBER 300+0 100040 40000 ~ 6500,0 1000040
STATIC INVENTORY

1 UF6 CYLINDER HEELS 061300 1 0 0 0 0 0
2 ADU CUNVERSION’ 23,68327 T4 16 5 1 1 1
3 UPs REGYCLE 22,19974 38 8 2 i 0 0
4 Apy/uUPS CROSS 21, +76600 3 l 0 0 0 0
s GECo COnVERSION 21,93547 30 6 2 0 0 0
6 102 FOR SHIPMNY 20.1280§ 166 32 10 2 2 1
7 POWOER/PELLETS 9437941 7 1 0 0 0 0
8 INTERMED. PROD, 13,17¢18 11 1 0 0 0 0
9 pELLETS 9,42375 134 i3 4 1 1 0
0 FUEL RODS 2.86690 1464 42 13 3 2 b

! porsoNn Pops 2,85329  "Sgh le 5 l 1
12 ASSEMBLIES 2,93789 40439 1170 3vs b9 55 36
13 GRINDER RESIDYE 23.56400 2 0 0 0 0 0
14 DIRTY POWNDER 2192227 1l 2 1 0 0 0
15 RESIDUE/SLUDGE 846800 17 1 0 0 0 0
16 SOLID WASTE 1.34212 109 1 0 0 0 0
17T SAMPLES 4439754 80 3 1 0 0 0
18 STANOARNS 6475091 8l S 2 0 0 0
TOTALS 43259 1318 400 98 62 39
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THE NON-DFTECTION PROBARILITY FOR GROSS DEFECTS IS SET AT ;€50
INSPECTION REQUIREMENTS FOR THE UETECTION OF GROSS DEFECTS

STATI
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UOZ FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR TAEA VERIFICATION 1977-1

BASED ON VERIFICATION

STRATUM DESCRIPTION

STRATHM

C INVENTYORY
UF& CYLINDER HEELS
ADU CONVERSION
UPS RECYCLE
AGLI/UPS CROSS
GECO CONVERSION
Vo2 FOR SHIPMNT
POWDER/PELLETS
INTERMED, PROO,
PELLETS
FUEL ROnS
POISON RODS
ASSEMALIES
GRINDER RESIDUE
DIRTY RNWDER
RESIDUE /SLUDGE
SOL10 WASTE
SampLES
STANOARNS

TOTALS

WEIGHT

61300
23,68327
22,1997%
2l,76600
21,93547
20,12804

37963
13,17618
9,42379
2+86696
2.85329%
2,93789
23,56400
2!.92227
B,46800
1.3%212
4,39754
607509!

TABLE F-14
NUMBER OF ATTRIBUTE TESTS

2,0 TIMES PER YEAR

G 0 a L

NUMBER 3po.d 100040
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TABLE F-15

NUMBER OF ATTRIBUTE TESTS
UO2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1

BASEO ON VERIFICATION 2,0 TIMES PER YEAR
THE NON-DETECTION PROBABILITY FOR GBOSS DEFECTS IS SET AT 4500
INSPECTION REQUIREMENTS FOR THE DETEcT:oN OF GROSS DEFECTS

STRATUM DESCRIPTION 6 VAL QUANTITIES
STRATIM WEIGHT  NUMBER 300+0 10000 400040 650040 1000040
STATIC INVENTORY

1 UF& CYLINDER HEELS 61300 1 0 0 0 0 0
2 ADU CONVERSION 23,68327 74 4 1 0 0 0
3 UPS RECYCLE 22,19974 3d 2 1 0 0 0
4 ApU/UPS CROSS 21,76600 3 0 0 0 0 0
S GECO CONVERSION 21,923547 30 2 0 0 0 0
6 U0z FUR SHIPMNT 20412804 166 8 2 1 0 0
7 POWDER/PELLETS 9437943 7 0 0 0 0 0
8 INTERMED. PROD. 13,17618 1 0 0 0 0 0
9 PELLETS 9,42375 138 3 i 0 0 ]
lo FUEL ROOS 2-86696 1464 10 3 a 8 B

1 POISON RODS 2.85329  “5g& . i .
12 ASSEMBLIES 2,93789 40439 274 82 ¢l 13 8
13 GRINDER RESIDUE 23,56400 2 ¢ 0 0 0 o
14 DIRTY MOWDER 21.92227 11 1 0 0 0 0
1s RESIDUE/SLUDGE 8,46800 17 0 0 0 0 0
16 SOLID WaSTE ~ 1.3421: 109 0 0 0 0 0
17 SAMPLES 4, 3975“ 80 1 0 0 0 0
18 STANDARNS 6.75091 Bl 1 0 0 0 0
ToTALS 43255 310 91 e3 13 8
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