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ABSTRACT 

This report describes the application 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 low-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 (t.1UF) evaluation, and quantitative statements of the results and 

conclusions that could be derived from the inspection. 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 special nuclear materials {SNt.1) 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 VERIFICATION 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 International 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 of 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 (OIQ), (?)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 Safeguards Project Office (ISPO) at 

BNL. The overall objective of the program is to help strengthen international 
safeguards by providing technical assistance to the IAEA. 

The inspection approaches and techniques(l- 6) developed for the IAEA have 

not been evaluated for newer and larger facilities. The implementation of this 
methodology at such typical facilities is addressed in this report. Thus, this 

analysis of a larger 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 . 
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The structure needed for evaluating safeguards inspection activities related 
to materials flo\IJ, inventory, and accounting has been developed by research 
studies in recent years. (l-6) The following aspects of this structure have 

been defined: 

• inspection activities fall under three levels: capability, performance, 

and independent assurance 

• diversion activities fall under bm general classes: biasing and diver­
sion into HUF(a) 

• assurance that material does nat leave the system by the examination of 

the key or primary and secondary measurement points 

• statistics that test for material 1 ass under honest accounting ability 

and an intentionally biased i'IUF 

• statistics that test for operator bias . 

In addition, speci fie inspection sampling plans and stati sti ca 1 techniques for 

analysis have been developed that provide, \'ihen the results are satisfactory, 

an overali assurance at a specified probabi1ity level that a loss of a substantia­
tion goal quantity of material has not occurred. Sampling design and statistical 
analysis techniques(l) 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 obtained 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. 
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SUtlr,IARY 

The objectives and principles of IAEA inspection activities, outlined in 
the IAEA's Safeguards Technical llanuals (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 demonstrates 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 previous inv~ntory as sealed items. 

For the complet~ 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 employed 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 lowest 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 

3 



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

Inventory Category 

Ne"'' Ending Inventory 

Static Inventory 

Process Holdup 
Additions to Facility 

Removals from Facility 
~IUF 

Number of Items 

74,304 

43,255 

99 

l , 216 
l25,949(a) 

201 ,568(b) 

a. Assures rods are removable from asse~blies for 
inspection. 

b. Total of items contributing to t·1UF does not include 
static inventory. 

absence of 1000 kg of uranium. In this report the analysis is presented for 

goal quantities ranging from 300 to 10,000 kg for detection probabilities 

ranging from 50 to 95%. If the broader range of goal quantities had been used 

in Table 2, the corresponding span of detection probabilities ~...-ould have 

increased by a factor of about four. The number of inspections increases as 

the goal quantity 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. Approximately 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 assemblies. If there is concern about concealment 
of diversion by using dummy rods, then rods should be inspected. Hm1ever, 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 s:1ould be inspected, the alternative plan r10uld call for 

inspecting approximately 150 assemblies. 
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TABLE 2. 

Inspection 
~c:tiy_ity-

Record~ dCCIJracy 

StJtic inventory 
New inventory 
PrOLI'SS ~\O]dup 

Item check 
Static inventory 
New 1 nventory 
l'rocess holdup 

Weight check 
~tatic inventory 
New inventory 

Nllfl LhPck 
StJtic rnventory 
New irwentory 
Prucess holdup 

De\tructne anolyoh 
StJtlc 1nventory 
New inventory 
Pr·ocess holdup 

• 

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

J ns p~c~_i _Q_I!_ __ ~c_!!__n i ~~- _____ _ 

Verify aqreement between i nven­
tory records and source d.Ha 

Verify existence of items 
li>ted on records and vice 
versa 

Weigh selected items 

NDA se 1 ec ted i le111S 
NDA selected equipment 

Weigh, sc~mple, JIIJlyLe '>electPd 
items 
Sam~le, ana lyle holdup 

_ _ _ ________ l_n~pection __ Regui_rcme_ll~ _________ 
GoaT Quantity 1000 k<J; Goal Quantity 10,000 kg; 

Detection Probability 95-r Q_e~_ect ion _ _f'_I_Q!!_ab _i 1 i ty [lOt 
Number-------- .. --- Number 

of Items ~il.:!-l_~_ys Cost S of I ten1s M_an-day> Cost $ 

400 , I 17 , I 
109& II .. 49 I 

' I I <I 

400 I 17 I 
1096 'I 49 , I 

2 I I , I 

400 1 17 'I 
109G 6 49 I 

400 I 1600 I/ , I 70 
10% 15 4400 49 I 200 

' I 10 I I 

" I 9000 41 I 9000 
360 l 72,000 ]60 l 7?,000 

14 I 2/JOO 14 I 2800 

__ T~c!J_n~_]_ feasj)-l_!_ll_t_y_ 

ye; 
ye; 
ye; 

'" '" '" 
)pecial scale> requ1red to 
weigh assemblie>, would have 
to use facility Sc<Jleo 

)pecial eq111pment nef'ded tn 
NDA rods, a~s••uiblie>, ur 6 tt>ed 
cylir1ders, hohlu~. Need re~re­

seutative '"tanrlard•, 

SincP dcsti"Uctlve analy\1'> of 
d'>>embliec, is not permitted, 
relidiiCe 111uSl be placed on reten­
tlon san1p1es and records. Tech­
nicdlly feasible for moc,t other 
systems 

a. fin item check does not 1•rotect against und<>rstating or overstatin<J the number of items in an inventory stratum. 
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TABLE 3. Technical Feasibility of Carrying Out Specific Components of an 
Integrated Inspection Plan for Additions, Removals and New 
Ending Inventory for a Six-Nonth Verification Period 

Inspection 
____ _tl.!=tiy_i_!y_ 

Records acr.uracy 
New inventory 
Additions 
Removals 
Proc~ss holdup 
MUf 

lten: ched 
(e) 

NtH inventory 
AdditlOn; 
Remova Is 
l'rlJCC'>' holdup 

·~ei,Jht chccL 
llew 1nventory 
Addiuons 
Rc>mova l s 

N(J/1 cliPck 
~<P~> iuventm·y 
AdJition~ 
~('IIIOVd Is 
1'1-ou'"" holdup 

OestructlVe JnalySl'i 
NQ'.-1 inventory 
AdJitions 
Re,novalo 
Process holdup 

_ __ !_!!~e~_t_i_9!!_~!"l_ni_rl!l_e 

Verify ~yree111ent betwern 
inventory records and 
source datd. 

Verify existence of 1tems 
1 i~ted on record~ or vice 
versd 

~eight selected 1tems 

ND!I ~e1f'cted iteu;~ 
NOA se 1 ec ted e<]U 1 p1uent 

Wei91i, sample. and dnalyze 
~elected 1tem~. Sample, 
a11alyze holdup 

__ _ _ _ ________ ln~pe~_!_i_o_n __ R~qiJ_i_r~~n~nt __________ _ 
Good Quantity 1.000 ~g; Good Quantity 10,000 ky; 

Detectio_n_f>r_<;ob~bi1 ity _'!._5'~ fl_~te~,t_ion _f'r_s~_L_ii_Dility 5(h 
Nwuber I nspet t ion llilmher Inspection 

of Item~ TimE' Cost of lte111s Tirrre Cost __ Ted~n_i_~~-~- f~~i_hi 11 ty 

109b 
201 

l 'r9G 

' Sllld II 

1090 
201 

I ~96 

' 

11)96 
1U1 

E>'JG 

1 0'!6 
201 

IS% 
2 

320 
39 

?10 
1] 

12 dnys 
13 visit~ 
2G visits 
, I day 

• 1 d,ly 
13 vi 5 i I~ 
26 viSits 
. l ddy 

6 dclj'> 
13 Vl>ib 
26 visilo 

15 day> ~ ,400 
13 vioito HOO 
26 vi'>ito 6,400 

I day lO 

dJY> 
··L'v1sits 

26 Vl'>it'i 
· 1 day 

54,000 
1 ,noo 

~2.000 
2,600 

" 1U 
)7 

1 
S~<IJ II 

" lO 
)7 

1 

" 20 
Jl 

·1q 
<U 
37 

1 

320 
13 

210 
1J 

, 1 day 
,·] dJy 
.. 1 day 
. 1 day 
. I dJy 

I day 
I dJy 

'1 d~y 
. I ddy 

'1 ddy 
I ddy 
1 day 

""' dJy 
ddy 
d,ly 

dJyo 
1:• vis 1 h 
/U vi~its 

""' 

By trac1ng data through records, 
can vel"ify correct Yi!lues used 
for inventory statements, addi­
timls i!nd re<HOVdl calrulations. 
MUf check is possible u~Hrq 
fdc1lity records 

Nt>w inventory - ye~; for b;l]ance, 
lllliSt ,-ely (Hl s/rippin•J documrnts. 
Only I Ulf cyliuder in eud1ng 
hrv,•ntorylilud only 10· of as'ielrr-
bl ie•, are pre'•ent. I' roc es' holdup 
rlecn c,•n Lt' verif1erl. 

\petial Stdle> r·E'quin•d. ~lo>t 

rt-wovals fur proc<'s'i not present 
in \nvl'ntory, wost addition~ to 
lll'xt per-iod not pre;ent i11 Jnvero­
tory. 

~•]Jecidliz~d equipllll'trt llf'<'rlPd to 
!0!1 N!l!lllff, cylinder~. rod>, holdup 
lO() r1ot ,IVdl]JI>Ie; need repl('~entative 
1',0 ·,tJndJrd•, 

6~ ,000 
4 ,600 

42 ,000 
2 ,600 

Specidlized oampliny equi]J111Prlt h 

required for UFf, cylJnder' .. Since 
<le~lrur.tive arraly>io uf .JS~e111hlle; 
not pen,ritt<'d, relianu: 111ust Le 
pldred on r·etention Si\III!Jle~. Teclr­
lllcdlly tras1ble for <rrost other 
systems. 

a. A11 ite,rr check does not protect against understatin<j or overstatin<J the nu~~tber of item~ in an inventory strJtum. 
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The column titled Technical Feasibi1 ity 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 credit for these seals could be used. 
Table 2 also separates the item check, the r.1eight check, and the nondestructive 

analysis (NDA) check into separate activities; they could be done simultaneously. 
\·lhere the IWA 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 

place; his presence is t·equired because sources of supply and receivers of 

finished assemblies 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, reliance 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. ~!hen the sample sizes 

and detection probabilities for the two inspection strategies are compared the 

7 



results appear similar. This is really a fallacy. If receipts or removals are 

not inspected, as is the case ~tJhen just inventory is inspected, the probability 
of detecting a falsification in such strata is zero. Thus when the probability 

of detecting a falsification 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. 
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THE INSPECTION VERIFICATION I•IETHODOLOGY 

The International Atomic Energy Agency (!AEA) conducts safeguard inspections 

aimed at meeting the provisions of agreements concluded under the terms of 
INFCIRC-66 and INFCIRC-153. (S) 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 
Safeguards Technical Manual (STII) (g) 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. 11 Based on 
these criteria, it is difficult to develop a plan \'Jhich could apply to a generic 

class of facilities. The approach incorporated in this report v1as 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 flov1sheets, fl0\'1 rates, quantities of material on inventory, equipment, 
measurement points, measurement methods, sampling plans, operating procedures, and 

other process knowledge that form this data base v1ere obtained from the Design 
Information Questionnaire (DIQ)(?) prepared by TSO. The information contained 

in the DIQ is as follows: 

9 



• 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 

• a 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 surveillance 

• 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 ar, accurate representation of 
facility operations. The inspection plan is developed from the data obtained. 

Then, based on the inspection results, the IAEA is in a position to indepen­
dently judge 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 upon the data contained in the DIQ. 

DESIGNING THE INSPECTOR'S SAHPLHIG 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 sampling procedure that allov1s 
the inspector to test the validity of the licensees* accounts and to detect a 

specified discrepancy of SNtL With regard to the operator's stated tiUF, the 

inspector desires to know: 

1. Does the operator's nUF exceed the limit of error of ~IUF (LEIIUF)? 

• 

• 

2. If the operator 1 S ~1UF is below LEr.-tUF, is there any indication that the r~UF • · 

has been understated? 

10 
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3. If the ~iUF has been understated, how can an unbiased 11UF be formed using 

the operator 1 S and inspector 1 s data, and hO\'J can this bias-adjusted t,1UF 

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: 

• 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 

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

o removal cf 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: 

• understating or overstating the number of items in an inventory stratum 

• introducing gross defects, partial defects, and/or bias 
& diversion into f·1UF. 

The sample plan in this report does not protect against the first and third 
items; understating or 
or diversion into f,1UF. 

overstating the number of items in an inventory stratum 
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 t\-10 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 vlill be called an 
attributes test for gross defects. Such t2sts include visual and \'Ieight checks. 

A highly automated NDA syste~ could also be designed to perform as a go/no-go 

measurement. The second method is used to detect the removal of part of the 

ll 



contents of one or more containers follOI'.'ed 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 ~he sample is frequently the only measurement technique 

\'lhich meets the inspector 1 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 tre whole facility 

is correct within some specified limits. If defects are found in a sample set, 

additional testing is.expected to be requi~ed. An occasional defective sample 

TABLE 4 :~dversar~1 anC. Inspectorate Strategies 

Adversary Strategy(a) Ins~ectorate Strateg~ 

Item{c) Container Technique Frequency 

1. Remova 1 

2. Removal 

3. Removal 

4. Partial remova 1 
(<30%) 

5. Shaving item. 
Both a 11 and 
some ( < 30%) 

No replacement 
Replace with empty 

Replace with dummy 
(inert material) 
Replace Hith inert 
materia 1 

No replacement 

Item check 100% 

Weight check Attributes plan 
Attributes test 
Attributes test Attributes plan 

Variables instru- Attributes plan 
ment 
~lei ght check Attributes plan 

6. Shaving item. Replace with inert 
material 

Chemical (b) 
analys1s 

Variables plan 
Both a 11 and 
some (<30%) 

a. Listed in order of increasing sophistication of diverter and inspector 
strn.tegies. 

b. Lacking in NDA instruments, except for relative change (require absolute 
standards). 

c. Removal 1nay include either falsifying the records to conceal the absence of 
material or the fact that material is absent. 

12 
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does 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 will hcve 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 ( 11 book'' inventory) l'lill 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 inaking item checks, i.e., verify­
ing that all items on the book inventory are present and that the book 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 r•IBA/ICA is not useful because the same kinds of material will often 

reside in tvm or more t1BAs and I CAs. The licensee' s rna teri a 1 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 
process variations, material quality or purity, additives, physical form, and 

even job or contract. Some of the parameters may not significantly affect 
SM·1 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 

IAEA program for an independent verification of license material accounting 
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data may be summarized by saying that variables sampling plans require strati­

fication b~ 1 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 

item 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 
sampled is 100(1 - Sl/z)% where z 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 samples 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. 

Pa rti a 1 Defects 

Similar considerations pertain to the partial defects (or crossover) samp­
ling 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 

.. 

controlled is the amount of some ingredient, such as 235u. The material type • 
makes no difference to these sampling plans if 

• 
• 

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

for the defects sampling, the total 235u amounts are the same . 

14 
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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 is 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 N; 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 

so that, 

n. + n. ~ (N. + N. )o 
1 J 1 J 

and for the 

separately. 

separate the 

variables sampling purposes the strata may be 
This may make no difference to the inspector 

classes may make it easier for the licensee . 

15 
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Attributes Testing 

Suppose there are two classes of material that are dissimilar except for 
the amount of 235u per item, and this is the SNM to be verified. Then in the ~· 
ith class the number needed is 

n. • N. (1 - s1'"1 
1 1 

where u = [M/x] and x is the amount of 235u per item. In class j the number 

needed is 

n. • N. (1 - Sl/u) 
J J 

since the amount of 235u per item is the same as in class i. Then the total 

number required is the same as if the two classes were combined, i.e., 

n • n. + n. • (N. + N.)(l - s1'"J. 
1 J , J 

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 on 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 B = 0.10, M = 200. Then the most conservative approach is to test 
1 00 ( 1 - s l/ z) • 68 items, where z • 200/1 00. If there are two substrata 

s
1 

• 1,2, ... ,50:5
2 

• 51,52, ... ,100, then randomly sample 50 (1- O.l0l/( 200/50)). 

22 from s
1 

and 50 (1 - O.lol/( 2CO/lOO)) • 34 from s
2 

for a total of 56 items. 

For three substrata one has 

34 (1 - O.lo1
' 7J + 33 (1 - 0. lo1

'
3

) + 33 (1 - 0. 10
1

'
2

) • 

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 
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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 = [IVXJ items where the symbol [ ] denotes that z is the 

largest integer less than [M/X] but always l or greater. It is shown(l) that 

a random sample of size 

n = N ( l a 

will provide a 100(1 - S)~6 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 

S = 0.05, the nondetection probability 
N = 100 items or containers of SNM 

Then n = 100(1 - 0.051/ 5) = 45 samples. 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, assume a variables measurement method is used t·•hich 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 
take M/yX such amounts to accrue a goal quantity. 

here is 

accruing amounts yX, it will 

The number of samples required 

where u is the greatest integer in M/yX. This gives a 100(1 - S)% 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 enough to reject the population and to require investigation. 

Measurements by the variables instrument will, of course, also detect gross 
defects. The crossover paint should be sufficiently high to require enough 
samples and to avoid cases due simply to measurement errors. 

The following results can also be shown:(l) 

l. If amounts between yX and X are used to accrue toM, more item removals 

will be required than if the amounts X are taken and, as a result, the 
sampling probabilities will exceed the 100(1- 3)~; probability required. 

2. If M is partitioned among gross and partial defects such that the total 

accrues toM, the probability is 100(1 - S)% or higher of detecting at 

least one of these two types of defects. 

3. If n~ = na nv attributes samples are taken, the probability of detec­
tion is about lCO(l - S)% if the M is partitioned among gross and partial 

defects. 

An example of the calculation of a crossover sample size follmoJs: using 

the data in the example given previously for detecting gross defects, let 
y = 0.2, i.e., the operator can remove up to 2m; of the SNM in a container 

without detection under the assumed test procedure. Then, 

n = 100(1 - 0.05[l.0/(5/ 0 · 2)]) = 11.3 samples. 

The number of samples is less than in the previous 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~S 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 

guise diversion elsewhere by overstating amounts here. 
kinds of defects is performed with a bias test. (l, 2) A 

range in order to dis­

An inspection for these 
bias of size M over 

the whole material balance can be detected in the presence of systematic error 
A A 

with the use of a term called the D statistic (D). The Dis an estimate of 

the inspector MUF bias minus the operator MUF bias. The inspector component 
A 

of D is usually based on a random, fractional sample of all possible item 
amount measurements in the MUF. The result is extrapolated to include all items. 

The creation of this statistic is possible since 0 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 - 5, 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 deviation of D under the 

alternative hypothesis, o0 JH , less 
r 1 

component due to systematic varia nee 

M I ai) > 
s 

3.53, (l) the equation 

--'i;fl "'" = 1:645 
2A + 

+aD JH 
r 1 

than 1/2 ai) where a2
0 is the D 

s s 
errors. For the case where a= S = 0.05, 

2A 
+ a D JH 

r 1 
-4-

is solved for a
2
0rJHl whe;e a

20riHl will be larger 

i 0 JH is set equal to a 0 j4. Then n, the total 
r 1 s 

than i 0 /4. If Mjai) > 3.53; 
s s 

number of measurements is 

determined from 

n = 
4(z:NiodrJ2 

0 D JH r 1 
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and apportioned according to the formula 

n 
vi 

I'Jhere 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 n 
Vi Yz. 

These samples are some-

times allocated in a 
effort or costs. (ll) 

1 

slightly different proportion by incorporating terms for 

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 x2 tests. (l) 

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

maximum of n 
y l . 

1 
measurements to 
respectively. 

and n where these variables sample numbers originated from 
vz. 

1 
detect partial removals and measurements to detect bias, 

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 1 S material for 

' the data used in the estimate of D and fiUF. 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 correlation(l 2) 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. 
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It is possible that the substantiation goal quantity requires more samp­
ling and measurement to achieve the desired Type I and II error levels than 
is possible. Some ways to reduce the number of samples are: 

• The substantiation goal quantity can be increased. This reduces the 

power of the test. 

• The critical value for acceptance can be increased. This increases the 

frequency of Type I errors when no diversion has occurred. 

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

• 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 divers;-on activities 

require more access time and greater technical, removal, and camouflage 

capabilities than a diverter would attempt . 
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DESCRIPTION OF THE U02 FUEL FABRICATION FACILITY 

The facility as described in the DIQ (7) manufactures low-enriched urani urn 

(LEU) fuel cores for light water reactors. 

six-month interval were pl~ovided in the OIQ 

~laterial accounting data for a 

for use in this analysis and are 

summarized in Table 5. A simplified flO\ItSheet for the process is shown in 

Figure 1. All of the processes shown in the figure make up one material balance 
area (r·'IBA). 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-l/2 gal metal containers or fiber packs, each holding 
about 15 kg of uo2 powder. The UF6 is received in cylinders containing about 

1500 kg of uranium with a specified 235u enrichment. Uranium in the form of 
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 
assembled into 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 trays containing 
about 15 kg of pellets each. The total number of loaded trays in the plant 
can approach 15,000. 

Intermediate high-grade material in process and on inventory consists of 

batches of broken pellets. lowly 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 usually 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 following steps: 

• dissolution in acid 
• centrifugation to remove particulate matter 

• precipitation of uranium as uo4 with hydrogen peroxide 
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TABLE 5. Typical Six-Month ~1aterial Balance 

Stratum ks u 
Number ( ) 

of Items a % TP(b) 

Beginning Inventor~ 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 <cO.O 
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 ccO.O 
Assemblies 329,902.8 111 '970 100.0 
Scrap for shipment 9,789.0 990 3.0 
Samples 9.7 149 ccO.O 
Liquid discards 2,155.9 363 0.6 
Solid discards 1,226.9 2,633 0.4 

Ending Inventor~ 372,505.9 74,403 112.9 

Static Inventor~ 134,318.5 43,255 40.7 
Inventor~ MUF 

MUF = Bl + A - R - El = -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 bundles. 

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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centrifugation to collect uo4 
reduction of uo4 to uo2 

Lower concentration and/or highly contaminated materials 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 TO A URANIUM FABRICATION PLANT 

Inspection plans are designed to detect diversions of a goal quantity, 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 1 s inven­
tory scheduling, but also on the selection of a goal quantity of material. The 

goal quantity of material can be chosen to 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 

SNt1 has been accomp 1 is hed over some time frame. It i nvo 1 ves 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 Material 

Unaccounted For (MUF) can be expressed as 

MUF = I 1 + A - R - I n- n n n' 

where 

I n-1 is the measured ending inventory for the (n-1 )th accounting period 

An is the sum of all additions (feeds) made during the ~th period 

Rn is the sum of all removals made during the ~th period 

In is the measured ending inventory for the ~th accounting period. 

Each term in the preceding equation has an associated measurement uncertainty. 

The total uncertainty in MUF formulated as a standard deviation (of,lUF) is a 
measure of whether the difference in MUF (from zero) is statistically signifi­

cant. The value of oMUF 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 crMUF' 

The measurement errors used in the calculations are based on typical data 

based on industry capability. The summary of these data are shown 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 r1UF 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 t~UF 
exceeded LEt·1UF 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 selected. 
The goal quantity is the quantity of material loss that should be detected with­
in some stated probability limits. Several criteria can be used to select the 
goal quantity. 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 

limits of the inspector 1 s ability to estimate material quantities. By the latter 
approach, an attainable goal quantity can be written as fol1ov1s: 

M = 12 ( zl-a + zl-S) or1UF 

In this equation, N is the estimated goal quantity, at~UF is the facilities stan­
dard deviation of the material balance, and z1_a and z1_S are the 100(1-a) and 
100{1-S) percentile points in the normal distribution with zero mean and unit 

variance. For a= S = 0.05, Zl-a and z1_6 = 1.645, the equation becomes 

M = 4.653 oMUF 

which for this study amounts to 

r1 = (4.653) (703.02) = 3271 kg of uranium, 

where both the beginning and ending inventory measurement errors are included 

in aMUF" 
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TABLE 6. Summary of MUF and LEMUF Calculations for Six-Month f~aterial Balance Period 

Material Balance O~erator Error Variance 

Category_ __ _Weight_ 

Additions to Plant 260832.264 

Removals from Plant 537752.135 

New Ending Inventory 372505.877 
Beginning Inventory(a) 647203.471 

TOTALS -2222.277 

MUF Based on Data Provided= -2222.28 

LEMUF Based on Data Provided= 1406.03 

Number 
of Items Random ~sterna tic 

1216 833.1349 12.7365 

125949 372700.6670 454197. 1420 

74403 42047.6947 100280. 7710 

120165 18857 2. 0000 287269.0100 

321733 227009.4966 267221.6395 

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

TOTAL 

845.8714 

826897.8090 

142328.4657 
475841.0100 

494231.1361 



The 95% detection goal for an international standard of accountability(l) 

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 quantities 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 included 

in the analysis described later. 

DEVELOFI~ENT OF SAMPLING PLANS 

Sampling plans were developed for the two model cases. A statistical 
analysis was then performed with the computer code QUEST. (lO) The first case 

provides for inspection of the facility inventory and the second case assumes 

the beginning inventory had been inspected previously, and the inspection team 
is to inspect the ending inventory and all flow that occurred in the interim 
six-month period. (a) In the second case the static inventory need not be 
inspected(b) because these items were present when the previous inspection 

occurred. In addition the variance of 0 + MUF for the beginning inventory is 
A 

added to the calculated 0 + 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. In order to reduce the number of types of material (stratum) in 

each category, various items with similar material types were combined. Section D 
contains the error variance tables for each of the categories used in Section C. 

Section E contains the LEMUF calculation 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 8 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 plan for an independent safeguards verification of 

a facility, it is necessary to collect and verify a large quantity of back­

ground data. The collection and verification of such data were discussed in 

the previous section entitled the Inspection Verification Methodology. 

The formulation of a sampling schedule follows the completion of: 

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

• calculation or a check of plant calculations related to MUF and LEMUF 

• 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 (book inventory) for those items and vice versa. 

This serves to identify clerical 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 ''flown material, 

i.e., receipts, shipments, etc. Such records in isolation are. however, 
probably impossible to validate 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 unow 1

' 

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 11 flowu 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 book 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 but 

the SNf1 has been removed. In this use the SNM may or may not have been replaced 

with another material. The number of samples required for this test for whole 

items is given by the equation 

where 
na = number of samples required for attributes inspection plan 
N = number of items in a stratum or lot 
6 = probability of nondetection (set equal to 0.05, 0.25, and 0.5 

in these calculations to illustrate three levels) 

X = average item weight 

M = goal quantity, 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 probabi 1 ity, 6. Further discussion of this approach 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 probabilities given 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 Sections 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 limits (l - S). 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 SW~ 
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 limit 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 

limit 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 
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where nvl is the number of samples required for the first part of the variables 
inspection plan, y is defined above, and the other parameters are as defined 

for the equation for the attributes inspection plan, "a• which was discussed 
earlier. 

The main reason for the wide limits, i.e., 4a, 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 facility. 

Narrow limits will trigger too many false alarms. In an actual inspection, the 

standard deviation and limits 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 container 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 NDA equipment of 10%, i.e., X is replaced by O.lX. 
effect on the total number of samples required. 

for a nonacceptance limit 

The change had little 

Some ambiguity may occur when the equation is applied to strata that 
contain less than the goal quantity. ~/hen the calculated number of samples is 
less than one (say 0.4 to 0.9), 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 calculate 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 adri (dri 

signifies difference, random, ith class), are multiplied by the number of items 

in each stratum to obtain Niodri. The values are surrrned over all strata to give 
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a total LN;odri for the facility. In the simplest case, where both the operator 
and inspector take single measurements, their measurements have the same random 
error variance, 

where ~ is the average item weight and a~, a~, and a~ are the random error 
variance terms for weighing, sampling, and analysis. The factor of two accounts 
for the sum of operator and inspector errors. 

~lany 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 

analysis, 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 odri requires knowledge of the 
sampling procedure used in a facility. Fortunately, the range in adri is only 

from (/2) (constant) to (1) (constant), i.e., the inspector's random error only. 

A probable source of error in the calculation of adri arises where the inspector's 

measurement accuracy is different (less than) than that of the facility 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 

where "vz is 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 formula.(!) The sample size, n, is calculated for a given 

strata and nv2 distributes the number of samples for inspection over the indivi­

dual stratum. 
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The final sampling 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. 

A 

First, a goal is established for the random er~or standard deviation of 0, 
A 

where 0 is an estimate of the inspector's MUF minus the operator's MUF. The goal 

random error variance o20 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. 

The estimation of the desired value for a2
0 is complicated by the effects 

of the variance of the estimated systematic erroFs in the measurements. If M is 
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 hypothesi~ was set equal to one-half of the systematic 
error variance components of D. Two additional calculations are provided 

for comparison. In the second calculation the ratio is l .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(lO) 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
gory of interest. The five strata categories group the input to QUEST(lO) for 

the following: 
• Beginning Inventory 

• Additions to Facility 

• Removals from Facility 
e New Ending Inventory 

• Static Inventory. 
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Besides this input data there are various parameters that are input to 

QUEST to control the program calculations. The significance (l •2) of these 
parameters is assumed understood; therefore only their values are given here . 

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 

limited 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, 
S, were evaluated; 0.05, 0.25, and 0.50. They correspond to goal detection 

probabilities or confidence limits, 100(1-B)%, of 95%, 75%, and 50%, respectively. 

This information is sufficient to calculate the number of samples, na' required 
for either of the inspection plans discussed earlier to detect gross defects 

(attributes sampling plan). The results are sh0111n in the tables in Section F; 

each table describes one strata and one of the non-detection probabilities. 

T~tm cutoff points were used for the detection of partial defects and bias, 
y in the computer analysis; 0.1 and 0.3 as discussed in the previous section. 

The number of samples required for detecting partial removals, nvl' were then 
calculated. 

Addi t i ana 1 input parameters were needed for the rema 1 n1 ng ca 1 cu 1 a ti ens. 

The probability of a Type I error was set at 0.050. The 100(1-a) percentile 

point of the N(O,l) distribution, Zl-a' and z1_6 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 \'laS set to 4.0. Three 
ratios of the variance of the random error under the alternate hypothesis to 

systematic error of the D (statistics), a20 IH /a2Q , were used to estimateD 
r l s 

sampling reauirements for detection of bias as discussed in the previous section. 

The factor by which the variance of the inspector's and operato~'s random error 
far moving inventory is multiplied to estimate the variance of D v1as 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, nvz• was then calculated. The number of samples required for the 
detection of bias and partial removals, nv, is the maximum value of the samples 

nvl and nv2 and these are the number of samples required in the variables inspec­
tion plan. 
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Sections D and E of the Appendix contain the results of the error variance 

calculations and the LHlUF 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 
plans 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 o2Q jH ~o2Q , the three non-detection probabilities, 3, and the two 
r 1 s 

cutoff points, y, 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 Al8, sho>~ing total sample measurement 
requirements and the probabilities of detection, are sha\'m in Tables 7-9 for 

the total inventory inspection. Similarly, selected parts of Tables Bl 

through 818 are shown in Tables 10-12 for the consecutive inspection plan. 

Note that the total number of samples sho>~n in Tables 10-12 listed 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 removals 
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 D statistic and that is why both inventories are included in 

the tables 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 1 s Measurement Requirements to Achieye(Stated 
of Detection at r~odel Fuel Fabrication Facility a; 

= l/2a~ ) 
s 

~;(). " ·~o. " l'easurerr.eots 
~DO I .~easyrements tu ~etect Probabi:icy 

•:)uan~i ty to Detec~ Si as '"' " -~ Total Remon 1s Partial ~emvo1 s Detection ". . 0. JS, ~- 10 

300 4,903 323 iT. 3 
500 2,961 823 " 3 

l ,000 l ,498 82' " 3 
2,0CO 7S5 826 8' 3 

J,OOC 50< ezJ 92. i 
4,000 3'6 822 93.9 
6 ,sea 23' 82~ 94 8 

10,000 '" 8'2 3;) 

• o.os' 0. JC 

300 4, 903 829 ];_ 3 
500 2,961 829 " 9 

1 .~00 1 ,498 832 " J 
2 ,ooc 75; 84< 8l 

3.~00 502 82; 91. 
4,000 3'6 824 93. s 
6' 500 23, 8'2 ·j4_8 
10.~00 ,49 822 95.2 

0. 25' .. w 
300 2' 334 823 n 3 
500 l '391 323 " 9 

l .:oo 098 824 ~2. 3 
2 ,000 348 m 70. 

3 ,JOO 233 8'2 " 4 ,.coo I 73 822 75 4 
5' 50~ '05 822 76. 2 

10,000 " 82( 76. 2 

. 0. 25' 0. 30 

300 2,334 829 " ) 
50-~ I , 391 829 17. 9 

l .000 698 832 ~2 .3 
2,000 348 826 70. ) 

3,000 233 822 74. 
4 .sao 173 822 '5 ' 6 '500 '85 822 ?6. 

10.000 66 822 , 
- o_ 'io, D. 10 

300 l '182 823 11 .3 
000 700 m 17- 9 

l ,000 349 824 41.4 
2,000 I 73 "2 ~0 8 

3,000 ns 822 52. 5 
4,JOQ 86 822 52. 5 
6,500 62 822 52. 6 

10,000 " 822 52 " 

• 0. ':0, 0. 30 

3:JO I , ~82 82> " 3 
500 700 82> " . 9 

I ,000 349 831 " 9 
2,000 "3 822 so. g 

3 ,000 n; 822 52 
4,000 36 822 52. 
6,500 52 822 ~2. 

10,000 39 822 52. 

' :-teasurements '"' tM new e~ding 1nver.tory Dlus 5 ~dti c i~ventory. 
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TABLE 8. Inspector 1 s Measurement Requirements to Achieve(Stated Probability 
of Detection at r1odel Fuel Fabrication Facility 3 J 

2 2 (cr' = J' ) 
Dr Ds 

~lo ,, 
" " Measur~"'~ncs 

Gool )1eosuremer.cs Co Detect Probdbility 
Quant•tv tO De tee~ S1as '"' " -~ -c:Jl _R_e~v~ o_J}i..!._a_l Remcva;; Jetectior. 

. G. •)5, . ' •o 
300 4' 303 "' ~~ 2 
500 Z, 9~ T 1:1 ~ 5 . 5 

T, JOO I .~98 4L2 JC 3 
2,000 755 3'1 '· 7:.9 

3,000 502 m 39. 
4,000 375 "' 93. 
6' 500 231 4~9 9' 

10,000 'l3 ~~9 95. 

. 0. ~5' 3 JC 

30·J ~. 9C3 427 : J 2 
500 2 '961 315 25 

1,000 1 ,498 ~29 33 9 
2,0·JG 755 4Jg " ' 3,0CO 502 "3~ 09 3 
4,000 37f ~23 ,. . ) 2 
6, 5CO "' "· ~2G 9' 7 

; 0, JOO 149 ~ 19 95.: 

. 0. 25' 11) 

300 2,334 4,'1 I 0. 2 
500 1 ,391 421 '" 1 ,000 698 122 " 3 

2,000 333 421 53 3 

3,000 m ~·9 n 3 
4,000 173 41; " 3 
6, 500 IG5 n 76 2 

10,030 c; ~;c; " 2 

. 0.2S, Q_ 30 

300 2' 334 '27 10 2 
300 1 '391 J26 '3. 

:,000 6')8 42;1 30 ' 2 ,GOO 3~~ ~2R 58 .8 
3,000 1;J "' 73 3 
4,000 173 419 " 9 
6' 500 105 319 76.2 

10,000 16 419 76 1 

. 0. 50' 0 . .. 
300 1 '~82 '2' 10 ;oo 700 42" '3 5 

1,000 3'8 422 " 8 
2,000 17 3 409 39 7 

3,000 m J~9 52. 3 
4,GOO 86 41~ 52 
6' 500 52 ~ 19 32 

10,000 31 "' 52 

. 0. SO, • . Q • ;o 

300 l '132 '27 '" 2 
500 700 425 15 3 

1,000 3'8 -129 3' 9 
2,000 173 ~21 39 7 

3,000 115 "1 g 52. 
4,000 88 4B 52. 
6' 500 52 ;jp 52. 

10,000 3' 4:9 52. 

' Measuremen:s for :he '"' ~odi~g ·n·.-Entv~y :>1 U> s :J ric 1nvee:nry. 
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TABLE 9. 

• 

Inspector 1 S i~easurement Requirements tc Achieve (Stated Probability 
of Detection at Model Fuel Fabrication Facility a; 

Goa I 
Quantl ty 

_g_-"-
" 0.05, 0.10 

300 
500 

I ,:00 
2 ,:co 
3 .0~0 
4,000 
5,500 

10,000 

, o. 05' 

300 
500 

I ,000 
2,000 

3,000 
4,000 
6' 500 

I c ,000 

~ 0.25, 0.10 

300 
500 

,000 
2 ,000 

3,000 
4,000 
6,500 

10 ,·JOO 

• 0.25, 0.3C 

300 
500 

l ,000 
2,000 

3,000 
4,000 
6,500 

10,000 

• 0.50, O.IS· 

300 
500 

1 ,000 
2,JiJO 

3,~00 
!,000 
6,500 

10,000 

• 0.50, ~.30 

300 
500 

l ,000 
2,000 

3,0CO 
4,000 
6,500 

10,000 

~Jo. of 
~easurements 

~o Jete-:~ 

~otol REmova__l_~ 

4, 9C3 
2' g£j 
I .~9B 

355 

5C2 
376 
231 
149 

• '903 
2 ' 96 ~ 
I .~98 

7:i5 

502 
J oe .. 
231 

3" 

2' 33~ 
1 ,391 

698 
1<8 

233 
I i3 
'05 

56 

2,334 
1 '391 

698 
3~8 

233 
173 
105 
66 

l '182 
700 

"' 373 

JJ5 
86 
52 
)) 

l ,182 
700 
349 
))) 

115 
86 
52 
3J 

(cr? = 
Dr 

2 
2GQ ) 

s 

r.o. of 
~ea>uo-ell'ents 

to lletect 
3ias a~c 

Partlai Removals 

222 
221 
222 
224 

224 
222 
22~ 
22C 

231 
227 
1JJ 
24 7 

256 
235 
222 
110 

222 
221 
222 

"' 
223 
?2~ 
22C 
22J 

231 
227 
133 
247 

225 
223 
220 
220 

122 
223 
222 
223 

220 
220 
220 
22C 

233 
227 
233 
224 

220 
22Q 
22'::· 
22C· 

a. Measurements for tne ~ew e~Gin~ inventory eTus stat;c 1n'1entory. 
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"' ~_5'tection 

9 3 
32 9 
26 5 
59 5 

79 8 
so 3 
94. 7 
94. g 

93 
12. 9 
27 1 
50 3 

83 
20 5 
9~ i 
9'1 

1. 
32 9 
25 9 
59 

23. 
74 l 
75. a 
76 2 

9.1 
12.9 
27. l 
sc 
73 3 
"3 
75.8 
76.2 

3 
12.9 
26 9 

'" 2 
31.2 
52. 5 
32 5 
52 2 

9. 3 
12. 9 
271 
183 

51.2 
52 5 
52 
52 s 



TABLE 10. Inspector's r~easurement Requirements to Achieve (Stated Probability 
of Detection at f~odel Fuel Fabrication Facility a) 

(cr~D = l /Zo'oz ) 
r 3s 

~,0 . " No. "' ~easure'tlent> 
Goal Measure.,ents " Detect Probability 

2~anti ty " Detect Bias '") ,, 
_____!.g____!L_ :otal Rer'i~vals Par~ial '1emo·1a]] Cetec~ion 

~ ~- JS' ~ o. ;o 
300 9,128 ':61 3.6 
500 5,580 553 ll . 9 

I ,000 2,895 5% 23.6 
2,000 1 , :;~I 566 s; J 

3,000 1 ,051 57C• 70.8 
4,000 821 5'' 0. 89.C 
6' 500 51 3 554 94.2 
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~ J.CS, 0. 30 
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2,000 l ,541 ~1J 55 g 

3 ,000 l ,051 624 " 9 
4,000 321 098 85 0 
6,500 513 061 94 2 
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500 2,676 558 1l ':J 

l ,000 l -~~4 ... 
'" 23 6 

:.co~ ; 67 566 s; 3 

3,000 ~11 557 " .a 
4,000 402 5'04 73 3 
6,500 244 554 75 5 

10,000 '" ':54 76 1 

~ 0. 25' 0. 3~ 

3~0 4 .~DI 535 8. 5 
s.;o 2 ,67'0 587 11 . 9 

I ,0GO l .~J4 589 n 7 
2,000 767 61~ ~5-~ 

3,000 51! 580 " .2 
4,000 ~C2 ':58 )J ; 
5, 500 "' ':54 75 5 

10,000 '" ss~ 76. 2 

~ 0. 50. J. 10 

3QO 2. 251 56; e.; 
500 1,371 558 " 9 

1 ,oco 725 56~ 23.6 
2 ,JOO 4C3 55& 46.5 

3,000 161 55~ so. 
4,000 208 554 52 2 
6. 500 12~ 554 52 5 

10,000 00 559 52. 

. o.so. 0. JO 

JOO 2 .2:; 585 8. 5 
500 ' ,.. 

I , -1 I 537 j I. 9 
1,000 725 5iE1 23. 7 
2 ,000 .):)] m " 5 

J ,OC·C 262 " sc. 5 
4,000 208 04 52 2 
6 .soo 124 ;4 52 5 

IO,JOO <0 :O.J 52 5 

'· ~casur~~~nts for the en~:,~ r;;Herial t-:~Jac:e. 
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TABLEll. Inspector 1 s r~easurement Requirements to Achieve(syated Probability 
of Detection at l~ode l Fuel Fabrication Facility a 

2 2 I (o~ = 0' 
r o, 

llo. ,, 
:1o. "' MeasureW<!nts 

Goal :<~easure,..ents t~ Cete~t Probobll i ty 
Ouantl tj to ~etect Glds and ,. 
-~'L.':!_ T~ta I :lemova' s ~ar·tJ.o!.! . ..':!'"'"n 1 s Detection 

• 0 05' 0. 10 

300 9,128 2Y2 8 
500 5,580 2" 10 3 

I ,000 2.895 289 18 9 
2,000 1 ,541 29' 45 .3 

3,000 I ,OS I 290 54 7 
4,000 321 299 79. 6 
5' 500 m 286 93 

10,000 342 252 94. 

• C·. 05, 30 

300 9' 128 319 7 9 
sea 5 ,58~ 3" ~0- 3 

1 .~ao 2,395 313 13.9 
2 ,JCO l '5~ l 336 " 0 

J ,:oo l ,051 353 65' 
~.ooo 621 362 80. 7 
6' 500 513 304 ;) 0 

lC,OOO 342 285 94. 7 

• 0. 25' ' • 0.10 

300 4 ,401 29< 7E 
500 2. 676 290 w 3 

I ,000 1 ,404 289 18 9 
2,000 767 29' 45.3 

3,DOC 51' 290 6~ 7 
4,000 402 287 73. l 
6 .s-:o 2<4 282 74.8 

lO,GCO 160 282 76. 2 

- 0. 25' 0 3C 

300 4,4:11 319 " 500 2 ,675 3 ~ 4 10. :J 
l , JOO l ,4G4 31 3 18_g 
2 ,CGO 757 335 '60 
3,000 511 3'8 65.5 
~.ooo 40< JC4 73.1 
6' 500 24, 283 7~.8 

10,000 160 282 76.2 

~ 0.50, 0.10 

300 2 ,251 292 7 8 
soo 1 ,371 290 I 0 3 

1 ,000 725 289 18. 9 
2,000 403 29' 45 3 

3,000 202 283 49 G 
4,000 208 282 " I 
6,51JO ~24 282 52. 5 

10,000 80 282 52.5 

• G. 50, 0.30 

300 2' 251 319 7 9 
• 500 1 ,371 314 l 0. 3 

1 ,JOO 725 313 18.9 
2, JCO 403 336 '60 
3,000 262 291 49 0 
4,000 208 2'3 51 
6' 500 124 282 ';2. 

1C,OOO 80 282 52 • 

a. fleasure~En~s for tt.e en: ire ·1aterial ~olo.oce. 
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TABLElZ, Inspector's l~easurement Requirements to Achieve (Stated Probability 
of Detection at r~odel Fuel Fabrication Facility a) 

(a:? = Za~C ) 
Dr s 

'io. ,, 
~0. "' :'.eo su re.Te~ ':S 

Goal i"eo;ure-"~~t> " Ce~€Ct Probab1l it:~ 
Quantity co Cetect BH5 000 "' _____l<_g____l!_ Tc tal 'e111ova!l_ ::ad1al 'emovals p~_tec~10r. 

0 0. 05' •] ~c 

]00 9,128 I 59 7 . ~ 
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; ,JJG 2,895 I 05 "· 7 
2 ,JOO I , 54; I 56 32 ; 

1,000 I ,051 159 53 I 
4 ,000 22 ~ I 50 55 
6 '500 5! J I 58 88.3 

!J,OOO 342 • 51 94. 2 

0 ' '' c- vJ, 0 30 

JOG 9. :2s 2 
500 5' 030 " 0 

i ,JC·O 2 '895 :n 14 J 
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J ,.JJO : ,.J51 z:s 5' 3 
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6, 500 5' 0 

" 206 56 I 
1~,000 0~2 1 59 94. 

0 J ::' J. i 0 

30:1 4 .~:I I 56 7. 1 
:oo 2,675 1'" 8. 9 

~ , ~oc 
1 '··~~ '56 14. 7 

Z .~JC 767 1~6 32 J 

J. :·CJ 511 : 69 53. I 
~' J•JO 402 16; 66 
IS, S•JO 2~~ I 50 " I J ,.JOO 1~0 1 ~a '5 5 

0 •J.25, 0 30 

;co 4,481 ?C·: 7 2 
500 2 ,676 :86 9. J 

1 ,00~ l .~G4 '79 1~.9 
2,01X: 167 190 33. ~ 

3.0CC 511 LJ8 " 3 
4,2GC 302 210 " T 

6. O·JO 24~ 1 56 " lO,OCO 160 1<0 75. 

. J 50. J. 10 

300 2,25 i II; 7 I 
,0 l ,371 1 57 g 9 

1 ,000 725 1 56 " 7 
2 ,000 403 l ?f 31 5 

3 ,ooc C02 156 39 ' ~.ooo 2ce ; 49 " 6,500 I 24 1~8 52 
10,000 80 '38 52 ' . 0. SG, 0 0 30 

JQO 2 '251 200 7. 2 
500 l ' 3; ~ :an g. 0 

l ,DOO 72". 178 14.9 
2 ,COC 303 19C 33.4 

3,CGO 262 18: '" ~.ooo 228 i 55 39. 
6,500 124 -~a 52 

1Q,GCO 80 ; Ja ]2 

'· /·\~~sure· ~r.ts '" the ~n~ire :rdterial b-) 1 oc.ce. 
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The summary shown in Table 13 is for a 300 kg goal quantity. A small goal 

quantity was chosen because the number of measurements required for detection of 

partial removals, nvl' is greatly reduced for large goal quantities. Additional 

calculations are shown for higher ratios of the random error variance under the 
' 

alternate hypothesis to the systematic error variance of the 0 statistics, i.e., 

0
20 IH ~a20 = 4 and 8. The Appendix contains all of the results for ratios 

r 1 s 
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 13 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. Number of Variables Measurements 
for a 300 kg Goal Quantity 

r.1inimum Gamma(b) = 0.1 Gamma = 0.3 
Allowrd 
Ratio a) nvl 

(c) 
nv2 

(d) n (e) 
v nvl nv2 nv 

Inspection of the New Ending Plus 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 99 

Inspection of the Entire Materia 1 Balance 
1/2 43 554 561 109 554 585 
1 39 282 292 99 282 319 
2 37 148 159 91 148 200 
4 35 86 99 83 86 141 
8 31 54 70 77 54 108 

Ratio of random to systematic error variance of A ( 2, /c2A ) a. D o D 0 D • 
b. Cutoff point for detection of partial defects and b. r s 1aS, y. 

c . Total number of measurements to detect partial removals, "vl. 
d. Total number of measurements to detect bias, nv2. 
e. Total number of measurements to detect partial removals and 

bias, nv. 
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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 for detection of partial defects and bias, y, 

which were used, i.e. 0.1 and 0.3. The number of nvl measurements more than 

double for the larger value of gamma. The number of nv2 measurements again 

are the same in Table 13 and at the higher goal quantities as expected. And, 

the number of nv measurements increase slightly for the larger value of gamma. 

It was indicated above that additional calculations, not included 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 nvz 
calculations at different ratios. For both inspection plans the required 

number of nvz measurements are almost inversely proportional to this ratio. 

These results indicate the sensitivity of nv2 in these calculations and the 

importance of a knowledge and understanding of the systematic error in the 
selection of the ratio 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, nvl and nv2 were calculated at the same probability levels 
in each of the individual variable measurement tables; here it is likely that 
the nvl inspections represent a minimal practical probability level. Thus 

differences in the nvl and corresponding nvz inspection levels are greater 
than it would normally be expected. 

The total measurements 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 S, the non-detection probability for gross 
defects. The probability of detection is shown as a function of goal quantity 
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in Figures 5 through 10. Figures 5, 6, and 7 describe the new ending plus static 
inventories and Figures 8, 9, and 10 describe the continuous inspection plan. 
These figures also show dependency on e. An analysis of the data in these 
figures shows that the removal of larger goal quantities is easier to detect 
(fewer measurements), than the smaller goal quantities. Also, a lower detection 
probability generally requires fewer measurements than the higher detection 
probabilities. 

COSTS OF SAMPLE MEASUREMENTS 

Legitimate considerations must be given to the following approach, simply 
because it is felt that a general audience will not agree on what dollar 
equivalents are to be used. Optimum sampling plans were constructed using one 
set of dollar equivalents. It would seem highly desirable, however, that an 
inspection team collect data related to their cost and time as required for var­
ious sample types. These data could be subsequently used to provide optimum (e .g. , 
minimum cost or inspection time) sampling plans for the Agency at related plants. 

Measurements were converted into an approximate dollar equivalent and are 
included here as reference material. This allowed the summation of both attri ­
butes and variables measurements in terms of dollars. With other parameters held 
constant, it was shown that optimum (minimum cost) sample plans can be derived 
by changing the number and type (attributes or variables) of measurements made. 

The number of measurements listed in Tables 10-12 was converted into 
approximate dollar equivalents . The cost of the attributes measurements, na' 
was taken as $4 per measurement and the cost of the measurement for bias 
detection (wet chemical, nv2) was taken as $200 per measurement. It is not 
unlikely that these costs will vary by factors of two or three depending upon 
their specific application, but they do provide a basis for selecting a final 
sampling plan. 

It is quite evident from an examination of the data in Tables 10-12 and 
Appendix F, that the cost of measuring nv2 samples far exceeds that for the 
na samples at the assumed cost per sample. The easiest method of reducing 
cost appeared to be a reduction in the number of nv2 measurements. 
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In a preceding discussion, it was shown that the total sample size for 
A 

the D statistic was derived using the criteria that the random error variance 
of D should never be set at less than 0.5 times the systematic error variance 
of D, i . e. : 

A2 > 1/2 A2 0 D random- aD systematic 

Obviously, if the acceptable random error is allowed to increase, fewer measure­
ments will be needed. For this reason, two additional calculations were made 
using the criteria that 

A2 > A2 
aD random - crD systematic 

and 

"2 crD > 2 "2 random - aD systematic, 

as summarized in Tables 8, 9, 11, and 12. 

The number of measurements required under 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 S, y , and the goal quantity. 

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 sampling plan for the 
facility. An optimum sampling plan will depend upon the imposed constraints . 
Major factors include the availability of funds, the probability chosen for 
detecting a falsification, and the goal quantity selected. As may be expected, 
lower costs can be traded for lower detection limits or for larger goal quantities. 
Finally, advantages that accrue in domestic inspections such as the use of 
independent shipper/receiver measurements or improved operator measurements have 
not been applied in this report. If these items become applicable under an IAEA 
inspection program, they should be factored into the selected sampling plan. 
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TABLE 14. Approximate Cost of Inspection Measurements(•) 

Probability 
Random/Systematic of 1977 Dollars 
Variance Cutoff Detection Goal Quantities, kg 
for Ins~ection(b) •• ~.ooo 5,500 10, ooo " 

95 114,000 112,000 
0.5 75 113,000 112,000 lll ,000 

50 112,000 111,000 lll ,000 

95 63,000 58,000 
l.O 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 

a. Based on $4/attribute measurement (Na), and $200/wet-chemica1 
measurement (Nv2, bias). 

b. Controls the dominance of systematic error when the goal quantity 
is small. 
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GLOSSARY 

The meaning of the following list of symbols was generally defined in 

the text when first used. They are repeated here for the convenience of 

the reader. Some of the symbols may have additional subscripts when used, 

but this will be understood in the context of use. 

SNM 

MUF 

LEMUF 

M 

MBA 

ICA 

Ni 

Class 

Symbol Mean in 

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

The operator 1 s estimate of the amount of 
material missing in a material balance area 
during an accountability period. 

Limit of error of MUF. Specifically, trlice 
the standard deviation of MUF. 

The quantity used by the inspector in 
designing attributes and variables sample 
sizes so that a diversion of the amount M 
will be detected at a preassigned probability 
1 eve 1 . 

Material balance area. 

Item control area. 

The number of items in the ith class. 

The terms class and stratum are used 
interchangeably. 

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 

y 

s 

d .. 
1 J 

0 

A 

(0 + MUF) 

2A 
o(O + MUF) 

A 

Var (0 + MUF) 
A 

Variance (0 + MUF) 

Meaninq 

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. yX 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 
yX is chosen, however, so that the sample 
size indicated will be in the direction of 
requiring at least enough samples. 

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

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

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

An estimate of the inspector's MUF minus the 
operator's ~1UF; where the inspector's 
estimate is generally based on fractional 
sampling. 

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

These symbols all denote the sawe parameter, 
the variance in the statistic (0 + MUF) 
including both the systematic and random 
error variance components. 
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Symbo 1 

z 0o'H I 1 

2 
a5 IH r o 

? 
aD IH r 1 

nv1 or NV1 

"a 

"v 

• NTL 

Mean in 

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

The variance of B 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 B under H1 is the sum of the 
random and systematic variance components. 

' The random vaiance component in the 0 sta-
tistic under the null hypothesis that the 
material is in control. 

' The random variance component in 0 under 
the alternative hypothesis. 

The number of samples required by the 
variable measurement in order to be 
100(1-6) percent sure of detecting the 
removal of at least one defect if r2 = 
rV(yX) removals of the amount yX are 
taken. 

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

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

' 

in a 
(Compu-

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

Estimated number of measurements to (l) 
detect bias as specified in BN\JL-1852. 
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Symbol 

NVlTL 

NV2TL 

IIVTL 

CERROR 

Subroutine PROX 

VARDRHO, VARDR20, 
VAROR30 

VARDSTL 

VARDHO, VAROfll 

VD11UFHO, VDfiUFHl 

SDMUFHO, SDMUFHl 

VARMUF 

and 

Meaninq 

Sum of all the NVli samples. 

Sum of all the NV2i samples. 

Sum of all the NV; samples. 

An indicator of the level of random 
error used in a test to call subroutine 
PROX if CERROR is greater than the opera­
tor1s variance of random error moving 
inventory (random part of the IIUF). 

Computes the value of ca IH 
r o 

A 

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 Hl hypothesis. 

Variance of (D + 11UF) under the null 
and alternate hypothesis. 

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

Variance of MUF; c~UF. 
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APPENDIX 

FOR~IULATION 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 tables for each of the following strata categories: 
• Beginning Inventory 
• Additions to Facility 

• Removals from Facility 
o New Ending Inventory 
• Static Inventory 

The DIQ(?) amassed the data and supplied Pf!L with item summaries. At PNL 
the data was further reduced. The listing 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 manageable. By com­

bining similar materials, the number of strata in the inventory was reduced 

to less 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 LENUF 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 deviations in the DIQ were 
considered to be unrealistically low in many cases (for many measurement pro­
cedures the given systematic error standard deviation \'Jas zero). 

Following the development of the inspection strategy, the LEHUF 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. 

A-1 



Further details and description of the data in the Appendix are given with 
each section. The following description will detail the flaw 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 listing 
of these stratum, formed from combined items, is given in Section C far each 

strata category. Sections D and E sho\IJ the results of the error variance and 

LE~1UF cal cu 1 at ions, 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. In 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 effect 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 INVENTOP.Y TERt1S 

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 calculations are given for the ratio of the random error variance 

under the alternate hypothesis component of the D statistic, a2
0 , to the syste-
r 

matic error variance component of the D statistic, a2Q , equal to 1/2, 1, and 2. 
s 

For each of these ratios the calculations are furtrer 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) 

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

NEW ENDING PLUS STATIC INVENTORY 
1 1 

a .. 112a 
Dr fis 

uo1 FUEL FABRICATION FAC Ill TY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

fi~<;ED DN VER!f IC~TION i:'oO Tl"tlS Pf,fl yE.AII 
TH( ~•C'!•DFlfCTION PR0AA!IILITY FOH GFIOSS liEFfCTS IS S!:_T AT •050 

Sll"tM~RY OF CAlClJlJIT!O'-S HJR Tror DEfEcT JON Or P,o.I'HIAL OEfftTS ~No sJAS !GA~Ml • ,30) 

GOAL AMOUNT TAKEN NON•QETfCTION N0\1-Q[l[CT!ON TOIAL PROBABILITY TOTAL 14[ASIJRE~ENTS "EASIJR[ME"'TS 
au,.NtiTY " f'PORAil !LifY PIIOflAillLITY NON•orTECT!ON Of M[ASliRt.MENTS TO DETEcT To DETECT 

(jROSS OffECTS "" rr.ll I'RtiBAt>lliTY o[T~CTION TO OE!I:.CT BIAS ANQ TOTtL 
TOTAL 1<~~0\ALS O•,.l'f STIUTtC•Y (P£1o'C[NT) IIJ~S P.o.RT!IlL J:i[MOVALS REMOVALS 

300 .~ 0. 0 I, '100 ,86 7 ,!1117 11,3 "' '" A903 
1 noo. o 0.0 lo"OO ,571 , 5 TT A:;>•3 '" "' JA9fl 
<oooo • o "l972 .6 oi~B .56! • 0~1 9J ·9 ~i/!2 ... '" f>SOO • 0 ~9To.e , oL4 .~IC ·0~2 94•8 '" "' "' lOoOO•o '11129• 3 .. ,53 ,9J'7 •048 95•2 ,,, 

"' ,., 
CERROil "' )58334,851'> THE RANDOM COMPONENT Of VARMUf • Oo 

THE ESTIMATE OF RANQOH ERRUR VARIANCE IS ol58E->06 
FOR A GOAL QUANTITY OF 30~,0 NT[ • "' fOR A GOAL QIJANTITY OF tooo.o Nfl • '" Foil A GoAL QUANTITY Of •ooo,o NfL • "' FoR A GOAL QUANTITY OF 6500,0 NTL • '" fOR A GOAL QUANTITY OF 10000,0 N!L • '" 

VAR('If,.JO VAROSTL VARDHO VOMU~HO SOMUFHO SD~WFHI VARIIUF GOAL QUANTifY 

J58to3,25JC 316669,7121 47477?,9632 A7A17Z,9f>JZ 689,oJ1T 9h,?oBB o.uooo Joo,jjooo 
15S07S,Oll9 3l6t>69,7t21 4747~4,7239 4741A4; 1i!l9 689,0172 'il74,1508 o,oooo 1000 ,oooo 
158?44,A4fb 3l6669,7J?l A7A9l4,J59t. 47491',1~96 689,H02 ~14, A986 o,oooo 4000,(1000 

:~:::~:!~U 3l66t.\1,7)?1 415168 JlJi 4tSt6~,Jijl 
::::~~:~ '175 0201 ~:~~~: 6500,(1000 

Jl6669,7J2) 4751§8:3131 ~TS!6tl,~l~l ~rs:ozot toooo,oooo 
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TABLE A-2 (continued) 

NUMBER OF VERIFICATIONS FOR DETECTING THE Dl VERSION OF GOAl QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

NEW ENDING PlUS STATIC INVENTORY 
2 2 

IJ ;;; 112 0 

Dr 6, 
uo

2 
FUEl FABRICATION FAC Ill TV MATERIAl ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

AASEil 0,.. Vll<!fiCATION ioO TIMt.S PEl< yEA!< 
THE tJO~I-Dfl[CT!ON PPOfiA!:IILITY' FOR GI<OSS i>fff.CTS IS St.T AT 0 050 

SUMMAI<Y Of CALCULATICNS ~-01< lHf O~TECTION 0~ PA~TIAL llfi'[(TS ANo BIAS !GAMMA • ,101 

GOAl 
llt.:ANTITY 

A,MU~INT TAKEN 

" 
NOII-I)[lfCTION 
Ff'O'I~il!LJTY 

tW~I-OE H:CT I ON 
PROR•HILITY 

TOIU. 
NO'I"D[fECTJON 

l"i<OtlAi!ILJ fY r,ROSS ['\[F[CTS f 0·' "' TOTAL 1-l~lo!OVALS O•MUF SlRATltiY 

)00,0 G, 0 I , 'I 0 0 ,887 
lOOil•U 0. 0 1 • ~oo o':,77 
~OOOoO 297J.7 • l ~~ ,Sbi 
f}SOO•Il "'no.a ; ... b. ·a JG 

10000•0 '>1829·3 o ,53 • 9}'>1 

VARnrno VARQSTL V.D.RQHO VQMUfHO 

!583?9,] f,!i4 )1666':1, 7]21 ~7~9~11,6715 4749911,tH75 
]r;824~.~476 316669,7121 4749J4,)5':16 4749)i>,J~~6 
JS!li>'>~8,6op 3}666'>~,7]21 475)68,)J3] 475]6II.Jl!l 
]5A498o60ll 3)666'olo7]2] 1075jbllo3]3) 47~)I>II•JJJ) 

J5114'>'6.6oJ1 )ibb6'.1,7]2] ~75]66,3J]J 47~j611o]J~I 

• 

,f!d7 
• 5/7 
oQbj 
·o~? 
!046 

PRO!:I.I!BILITY 

" DElt.CT!ON 
CP[HC[NTI 

SoMUF"H~ 

689,i!Ol6 
669,Ho2 
689,3245 
669.32•5 
689.3i!•S 

llol 
42•3 
9).9 
.... a 
95• 2 

TOUL 
M[ASUAtf'iENTS 

To OETtCT 
B ~~!!; 

SOMUtH I 

'>74. 6 7i!oll 
~7 •• 49116 
os.o2o1 
'~75•0201 
'>7Soo2ol 

IIC2 

"' "' ii~2 
~22 

"~EA~liREH(NTS 
TO DETECT 

BIAS AND 

MEASUA[Hl"'TS 
TO DETEcT 

TOhL 
I<[HOVALS PA~TIAL R£HOVALS 

VAI<O!UF" 

0,0000 
o,oooo 
o.llooo 
0•110011 
0•0000 

'" .,. 
"' "' au 

C:iOAL QIJANTJ TV 

lOUoOOOO 
lOOOooOOu 
~OOOonOOO 
65oo•oooo 

iOOOO•oooO 

4903 
)498 

'" '" ,., 
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TABLE A-3 (continued) 

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

NEW ENDING PLUS STATIC INVENTORY 
1 1 a = 112o 
Br Bs 

U01 FUEL FABRICATION FACILITY MATERIAL ACCOUNT lNG DATA FOR IAEA VERIFICATION 1977-l 

~~SED ON Vf~IFICATION l.U T!MtS PER YEAR 
THE NO~I·I'•TECTJON P1108AEIILITY fOR GROSS i.lffECTS IS StT AT ,250 

SUI-IM.-.RY Of OLCUU•IIO'IS FO;i THE ot::TEcTJON 0~ PAil:TIAL DfFECTS ~NO sUS !GAHM&. • ,3G) 

r,DAL 
CU.o~.NTI TY 

AMOUNT TAKEN NO'I•Ofl•CTION NO,I•OET£CT!ON TOTAL 
ND-.'"D[l[CTION 

PRO!Uti!L.!TY 
AS PRO~A~ll!T¥ PPO!!A!IILITV 

r,R(IS'> DEFECTS FO'• fOR 
TOTAL II,;:HOVALS Q+HIJF SlRt.TUiY 

300,0 "." 1; 1100 ,U<l7 ,81:17 
1000•0 "." I ; '' ~ 0 0 577 .s 17 
4o~o·o 37jSoJ .~1b 'B<l: • ;?4b 

f>SOO•O bSoo.o ... so ,9sc •2jB 
10000·0 JI.IOOOoO • tSo ,9so • 2~8 

VAR:'I~lJn VAIIOC,TL Vt.HOHO VQMUfHO 

l SfiJ 03,251 <' 316669,7!21 ~74712,9~]2 4 h 17<!, ~l:o.JZ 
\58,)75,011~ 316669,7]21 47474~,7239 474t44,12~9 

lS!h9H,I:o0] I 3}bf>b9, 1121 47Sll:oll,3131 47:>lf.li,JIJI 
IS!:I498,f>Oll 3l6f>611,7]21 41'>ltll,llJ] 47~\bti,Jql 

ISH4\18,f>O)l ])61>69,1121 475lf>1>,3l)l ~?!>lbii,JI~I 

PR08P.8JLJTY 

" DETtCTION 
1Prl<cEt4Tl 

llo 3 
42•3 
7So4 
76o2 
76•2 

SoHUfHO 

f.B'il,o377 

::::~Hi 
689,3245 

TOTAL 
H[ASURfMENTS 

To [)£i't.cT 
BJAS 

~a 

'" .,, 
lli?2 
lll2 

SOMUFH! 

"74,2081; 
"7~,1Soe 
"75,0201 
·;75, 020 I 
"75,0201 

HEASUR[MEIHS 
TO.OETECT 

iHAS AND 
PAIH!AL REMOVALS 

~[ASUR[M[NTS 
TO DETECT 

ToTAL 
REMOVALS 

'" 23J4 

'" '" '" ,,, 
"' '"' "' " 

VARHUF GOAL QUAlHITY 

o.oooo 300•oOOO 
o,oooo iOOO,oOOO 

~:g~~~ 4000.nooo 
6SOO,oOOO 

" .oooo IOOoo.oooo 

• 
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TABLE A-4 (continued) 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR AS IX MONTH INVENTORY PERIOD 

NEW ENDING PLUS STATIC INVENTORY 

a2 oll2a2 
' ' Dr Ds 

U0
2 

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

~ASED DN V~RlfiC~TION loO TIM~S PER YEAR 
TH~ NO>l-DfTECTJO!Ij PROBAI:iiLITY fOR-GROSS lJEFfCTS IS St.T AT ,250 

SUM~ARY OF CALCPLATJCINS FOR THf OtTt:(lJON 0~ P,1.~TiAL Off[CT!> iiNQ BIAS (GAMI'IA • ,10] 

GOAL AMOUNT TAKEN NON·OflfCTION NON-()ETECTION TOTAL PROijABILITY TOTAL i'ltASUREHUOTS 4[A5UR[H[~TS 
tH'ANTITY ,, PRO~>,A!;IfLITV PROijA~ILITY ~ON•Q[l[CTJON " H[ASURt.i'I[NTS TO-Q[l[{;T to orn:cT 

r,RoSS DEFECTS Ffl•' "' PROBAI:IJLITY Q[Tt.CTlON TO DEftCT BIAS AND lOTtL 
T!1Tu Rri>'OIIHS D'''Uf STRATEGY tP[flt[NTI !H.G.s PARTIAL R[MOV.&LS REMOVALS 

300, 0 0. 0 I, ·>00 ,681 • !I !IT II. J "' 82J 2]34 
11)00. 0 .., 1;<'00 .sn • SIT 4l•J !'ia ... "' 41)00•0 3TJ5oJ •276 ,II<)] ~<'~6 75·4 U22 "' '" 6SOO•r> t>SOO•O • ?51) o9So •2.J!I 76•2 tl22 "' '" l0/100•0 JOOOOoO ... so ,950 ·2~8 76•2 '" "' " 

VAPnRJO VAPQSTL ~ARQHI) VOI'IUFHO SOI'IIJFHO SfJMUFHl \lo\!U..Uf GOAL QUANTITY 

)511]29,)654 3l66h9, 7]2) 4749VB,817S 4H~~~:~,tnrs 689,2016 'J7 .. ,67i!4 o,ouoo loo.oooo 
)51!;>44,4476 )l66h~o7]2\ 4h9)4o}596 414'>~)4o):0~6 6R9 0 !402 ~74,,.,986 u.uoou IOOOofiOOU 
tSB49B,t.o\1 ])66611, 7)2\ 475]68,3)31 475J68,31Jl 689,3HS '>75,1)201 o.uooo -ooo.nooo 
J51l4911,0oil 3\6669o7J;>J 475Jbii,JJ]l 47:0J6tloJ)~l 689,]245 ~7SoQ20l OoOOOO 6Soo•Qooo 
iSB49B,f,QJI 3)6669,7]21 47;>j6B,JJ3\ ~7~:q6bo~l~l 669.3245 '>~75o020l o.oooo iOOOO•oOOU 

• • 
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TABLE A-5 (continued) 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION Of GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

NEW ENDING PLUS STATIC INVENTORY 
2 2 

o =-ll2o 
' ' Dr Ds 

uo2 FUEL FABR !CATION FAC Ill TY MATERIAL ACCOUNT lNG DATA FOR IAEA VERIFICATION 1977-l 
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TABLE A-6 

NUMBER OF VERIFICATIONS FOR DffiCTING THE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

NEW ENOING PlUS STATIC INVENTORY 
2 ·112i 0 
6, 6, 

U02 FUQ FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA. VERIFICATION 1977-1 
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TABLE A-6 (continued) 

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

NEW ENDING PLUS STATIC INVENTORY 
2 2 

IJ : l/2 ()" 
Dr Ds 

U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-l 
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TABLEA-7 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PER 100 

NEW ENDING PLUS STATIC INVENTORY 
2 2 a = o 
6, 6, 

U02 FUEL FABRICATION FACILITY tAATERIAl ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 
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TABLE A-llcantinuedl 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

NEW ENDING PLUS STATIC INVENTORY 
2 2 

0 ::o 
Dr fis 

U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 
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TABLE A-8 tcontlnuedl 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

NEW ENDING PLUS STATIC INVENTORY 
2 2 

aDr ~ a8s 

U0
2 

FUEL FABRICATION FACILI TV MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

811.5[0 O~J VERifiCATION ii'•U TJMLS PER VEA,R 
TH[ NV'I-Ot.T[CTJON Pll0BAUILITY fO~ G~OSS (l[f[CTS J$ St.T AT 10SO 

SI!,.MII,RY Of CALCliLATJONS ~OR TM[ DET~tTJON 0~ PARTIAL Q[f"[CTS ~NO BIA~ tGAHHA • ,30) 

GOAL 
QUaNT!t'r' 

AMOU"'T TAKEN ,, NO'I-0[ h.C T I O~l 
PPO!lAtillJTY 

NON-o[TfCT!ON 
PROBAt!ILITY 

f\1R 

TOTAL 
NO~,;.OE fn; lJ ON 
PROe.~I(JTY GROSS OEfEtTS '"" TOTAL llt.MO'IALS o•,.UF STRATEGY 

300, n '·' loUOO ,IIIIa ,8~8 
IOOO•r. ••• I o ~0 0 o65J !6~] 
'~000•0 24}8.5 oH>J o414 ,obB 
1>500•!1 5b5Jo8 11/74 0 71 <jl !o~J 

I0000'i! 96To•J 0 1/55 •&91 !0~9 

VARnllln Voi.RoSTL VAPpt<O Vo,o..Untll 

3)5)74,69]2 ])6669,7121 63Jb~4,4QSi' 6]}644,40!Iii:! 
3}5}49o2178 ]}666'ilo7Ji'} 6J)II}IIoY~9~ 6Ji8jiio9e99 
3J~734•9z9t ]}6669o7J21 6]2404•64}2 6J24()4!hlii! 
3J6o]9o9}]4 ])6M.9o7J2\ 63270?•6254 6J27o9o6H4 
3}6546·2204 ]}6669•7]?1 6JJZJ7o9J25 6]~21!·~~~5 

• 

P~Oa~BILITY 

" orT~cTJON 
CPrRcrNTl 

to.<' 
34•9 
9]o2 
94•7 
95°1 

So~UfHO 

794,11664 
794o87Q4 
19Sol397 
79So4]()5 
79Soh99 

TOTAL 
Mr 4SVRfl'irNTS 

To or!t:cT 
Bl ~~ 

SoMUFHl 

}.:'55,9333 
1~5So89z6 
t256o8zsi 
1~57•llo4 
1~58•1187 

'I' 419 
'I 0 
4 j"' 
~!9 

i't[,t,SUREMENT& 
TO-DETECT 

lll.AS AND 

w[ASUIItMEHTS 
To DETEcT 

ToT 1L 
REMOVALS PARTl.I.L: REMOVALS 

VARMUif 

0,11000 
0•0000 
o•nooo 
O•Oooo 
O•Oooo 

"' ... 
"' "' 'I 0 

4903 
U98 

'" 2ll 
j49 

GOAL, QUANTIfy 

• 

loo,nooo 
1000'5000 
4ooo•nooo 
65oo•nooo 
}0000•~000 
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GOAL 
QU,NTITY 

TABLE A-91cootlnued) 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR AS IX MONTH INVENTORY PERIOD 

NEW ENDING PLUS STATIC INVENTORY 
2 2 

fJ = fJ 

fir 8s 
U0

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

BASED ON IIEfl:JFlCATION loll T!Mt.S PER yEAR 
THE NON•DllECTJON PROBABILITY F0H·G~OS5 UrrrcTS Js S~T AT 1lSO 

SUMMARY Of CALCUuroTJONS fOR TH[ Q[T~c!JON Df.PART{AL DEfECTS ~No Bl.A~ IG,t,HMo\ • ,)0) 

AMOlltlT TAKEN NO~I-OElt.CTION NON•OElECTJON TOTAL PROB.O.BJLITY TOTAL 14£,t,~UREMENTS 

•' PllDBAHIL.JTY PRDeA~iLITY NON•orfrclJON OF "'f'SLIRt.MrNT~ TO !ElECT 
r.RoSS DEFEcTS ,., 

' p PROBAdltth' OETt.cTlON o or!t.cT Bl,t,S AND 

~i£A5UfttMENTS 

To &!'"' T ,L 
TOTAL AtHOIIAL~ o•MUf STR,t,T~GY !PrHcrNTl tit~~ P,t,~TI~~ A[HOV,t,LS R[HDVALi 

JOo,o "·" t;ooo ,1:!98 0 8'ol8 1 0. i! "' "' i!J34 
1000•(1 ••• Jf<IOO o651 !6';'1 H•9 iit9 "' ... 
4000o(l J506o5 • ~~:97 oi'41 !2!11 h.o9 ;;19 ... ill 
6soo•o 6500•0 •.:so o'J5o !2JII 7&•2 4)9 ••• i05 

Ioooo•o JOOOO•O ·~so o9so ~2~11 76•2 ~~9 ••• .. 
VAROR10 VU~OSlL VARilHO VQMUf"HO SOMUfHO SOMUfHI W'ARHUf GOAL QUANTifY 

3J"iA7o,H77 3it.&69,7JZI 63ZS'<Q,J997 6JZ:>~c.ur 795,32"0 jo!57,Q4Q8 o,oooo 3oo.c,ooo 
31571>5, 7'l9A 3166£.9,7121 632455,'+719 t-3245~ •• , 9 795,27(17 1?56,9060 o.oooo IOCIO,nOOO 
316548,220'+ 3161>6~.7121 633217,9325 6Jlll7,~:i~s 795,7499 1258,1187 o,oooo .ooo.oooo 
ll6S~Il.i.':?Oit Jl6(1t.9,7li.>J 633217,9325 6332'1;, 93.t:s 795,7499 I?sa,lh7 0 0000 6500,nooo 
Jl65~A,220'< 316669,7121 633217,9325 &3321 r ,9~*5 795,1499 usa,lla7 o:oooo 10000 0 ,i000 
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TABLE A+lO(continuedl 

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

NEW ENDING PLUS STATIC INVENTORY 
2 2 

(J ~ 0 

Dr Ds 
uo

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

~~~EO ON VlRifiCAllON <'•U TI~LS P[~ YEAR 
Th[ ••O'J~l'ltl[tTJOt• >'I,OHMilLllY fllfl Ul<oSS iiEFECTS 15 SI:.T AT ,250 

<;l)fni.o.IIY flf C~L('ltA'IO~o~. f-01.1 Tti[ (.fltc!ION OF I>AflTIAL OEf[(:TS Ar.o BIAS !GAMMA • ,JO) 

GI•AL ~t>lflliNT T ~ 1\[1. "0"'~'1[ T t( T II"• >oO~·-~CllCTIU"' 10! AL 
CU,1.NTTTY ., l'f•O<r.t.I:IILJH 1--PC.~"!!/LITY NO ~-DE 1 EU! Ot~ 

f.ROS<; (l[r-[r TS "~ '" P1<08~!1ILJTY 

TOTAL fl,,..Oii~L::O QoMIJF Sl~A l[GY 

Jon. ~ , . , 1 , •J a o ,1098 ,S'HI 
1 on~. o , . , I , J~ o ,65 I • 6:iq 
4ooo.o J5n~>.~ • t!'11 • ~~~ 1 .,:.1 
tsno.n 6~oo.o ;~!>o ·"':.a "' lrooo.~ lOOOO.n • .:5,1 , 'JSa "' 

V.I.RI)!<30 VAROSTl '111-ROiiO 'VOMU~H~ 

3}5}74,1'93? ]}6669, 7}21 6J)6U,-Q!i2 6311144,40~2 

3}5t49o277!1 3}6669o7j2} 6]}8}8o'i1899 6Ji&i~!Qa~o;r 
JJ6'5•6•22o4 Jt66t.'i,7J21 6JJ2!7,9JCS 6J]2J7o9]25 
3}6548•2204 )}66b9o7J21 633?.1~·9Ji!5 ~Jl21t~~:us 
3J6548ona4 ]}6669·7121 6JJ2i lo9]i!5 6J~2I7·?~ts 

f.>I<OI:IIlllll!TY 

" Q[Tt.CTION 
IPEflnr.TI 

I 0, i:' 
] .. ,9 
7;,9 
76,2 
76,2 

Sni'fUfHO 

794,6964 
794o87o4 
795,1499 
795.7499 
79So1499 

TDU.L. 
M(ASUR~f'IENTS 

To orhcr 
tiJA!, 

SQMUfHl 

. ., 
\19 
~j9 .,, 
!19 

}C55,93]3 
t2ss.89zl!l 
IZ58oU87 
}~58oJ187 
I?58oU87 

MEASUREMENTS 
TO DETECT 

!liAS AND 
PARTIAL R[HO\IALS 

u[ASUR[M[NTS 
TO DETEcT 

TOTAl. 
REMOVALS 

"' .,, ., ' .,, .,, 
ZJl" 

'" ,r, 
toS 

" 

VAAMlJf" eoA~ QUA "'Tt fy 

o,oooo Joo.nooo 
0•0000 1ooo•noo~ 
OoOOOil uoo•nooo 
O•OooG 65oo•r.ooo 
0•01)00 iOOoo•.;ooo 
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TABLE A-ll (continued) 

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

NEW ENDING PLUS STATIC INVENTORY 
1 1 

oiJr • oiJs 

uo
1 

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

BA~tO o·~ V(RifiC>oTIO~ loU Tl"'t.S PER Yf".AII 
111[ >J()'I·m:TtcTIOII ~•<I")RA'IlLITY FL.H-1 o.ROS~ Uf.Ffr;TS IS St.T AT o51l0 

Sli~IM~I'!Y Or CAI.c:.IL~lJO-/S ~0~ Trif: O[lt.cTJON Of PA'"'IiAL OEf"EcTS A'lll) HiAS IG&.~MA • ,lQJ 

GOAL 11.'10W>T TAKF""l •JO•I·')[ltCTI'Jil 'HH·uf TEeT l Q.~ TO I AI... f'ROBII.!UL.!TY TOTAL "EASUREMENTS 4EASUR£HEHTS 
ou~~,r-.TJrY .s Pllfi-'!A>tiLlfl" ~~O)nAoliLI rY NO>j•J)fft:ClJON "' HE,SURI:.f4ENTS TO.OETECT To OETEcT 

r,ti'1SS DEFECTS F'J-' '"' ~RD>JA~ILJTY o£Tt.r.Tlo~ To orlt:cT si•S ANO ToTa.L 
TOI~L lltM•1VALS ll•'"'UF STr>~ T!;.G1 JPt:Rr.r.NTl at AS PARTIAL REHOVALS REHOVALS 

3~0. ·' o.o t. •JI}J ,><'lll ,!l'>!o> l 0. i! "' "' 1!82 
I Q[)ll •n ,., t·~oo 0 <>51 i_&:Ot 3to•9 ~i9 ., 

'" 41101}•() ~'HI~ •tJ • ~0<) • "l5o !415 o;2•s ~19 "' .. 
~SOO·~ f.SCO o<} ''OO • <;I :i<J • 4 IS 52•5 ~19 "' " IOoOII'O 100~0·0 • 'Oo .-.sn ·~Is !>2 •5 ~r,~ "' ,, 

V~llnf>10 VM'0'>1l \IAf,'[)fl() Vl)MUf11U SQMIJfHO SOHUFHJ VAR'tUF GOAL QUANT JTY 

]J~~7~.~771 Jlbl,i,\J, 7J21 632~40 ,JFI<l"/ b]i'!>~o.tll'>!7 795,:!240 jt:57, 0"-0~ o.ooou Joo.aooo 
J J0,71'15, 7'>'11'1 31bbf9,7i?.i ~>3i!~~!>,Hi9 6)l45::>,41)<,o 795,27~7 1?56,9060 0,0001) lOoo.nooo 
3\6">~11 ?20~ 31666 ... ,71~1 tdJ?l7,~]i!5 63121 f ,'iJ.2!> 7'>5,H99 JL5e,ll87 0 0000 ~oooo.oooo 
3!6$411>2f,4 .1\t>h~\1.7121 633?17. ~325 633di,~J?S 795,74"9 1258,1187 o:oooo 6S00 0 nOG0 
3 I"""", i'?CJ4 1lb61>'~.71?1 b]~t'l7,93i:'J 6:1~21!,'>1~~5 795. H99 IL56,ll87 O,OOIHI !OOOil,nOOO 

~ 



TABLE A-12 

NUMBER Of VERIFICATIONS FOR OITECTING THE DIVERSION OF GOAl QUANTITIES 
Of URANIUM FOR A SIX MONTH INVENTORY PERIOD 

NEW ENDING PlUS STATIC INVENTORY 

' ' 0 • 0 

o, fi, 
uo2 FUEl FABRICATION FACILITY MATERIAl ACCOUNTING DATA FOR IAEA VERIFICATION 1971-l 

~•>£1l UN ~t!<IF!C~TJO~ ~.o TIHeS PER V(lR 
In£ ·J~J-UtiF:TIO"< PRQ,\A~ILlTV fOR ~~USS OlHCTS IS SeT lf ,~DO 

"""~fR llF OfRIFICHJO·<~ FOOl ll~IHI!O~ !IF !liAS lN.> ~l'<llBLE SU1PLl'l!i PLAN f(IA U~M~• ,JD 

SIR• I'"' 6 0 l L QUl'<!ITY 

IVD o ~ 1 ~ou." 4QOv.o ~~oo.o lOOnOoO 

"' "' "' ''VI ""~ " "'' rlV2 "' NV l "' "' ... "" "' Nt:~ F•mhr. !rJ~trHO~T 
fl!Ll UF6 CVL]NOF~S ' ' ' ' ' ' 

, 
' ' 

, 
' ' • ' ' U'6 CYliNOf~ ~!fLS , ' ' • ' ' 

, 
' ' • ' ' • ' ' lD•J tO•<VfCSJMJ • " " ' •I " ' " " l " " • " " rJPS PfrltL( , 

'" '" ' 
,. 

" 
, 

" " " " • " " lDUIUP~ cAn~~ i • • ' • • , .: • , • • • • • GECI\ C~NV;:~Sll\" ' .. " ' .. " ' .. , 
" " • " .. 

Vf'IOOR Ull? ' • • ' • " 0 " " 
, 

" " • " " rJ/l~ FOR S~JP~ .. I " ' • " ! " ' ' ' l ' ' ' ' ' Pl\ojQ~~~P~LLfT'i I ,.! ~~~ ' ' ,! • ,,! ,! ,! ,! • ,! ,! ~NTfR .. fllo P~{lno ' Jj~ , , • t LLEI~ ' ' ' ' ' ' • ' ' • ' ' , 
' ' , FLifl Rnl\!; ' • • ' • ' ' ' • ' ' , ' ' po,so., ~ons ' ' ' ' I ' 
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' ' • ' ' • ' ' ' lSSfMrH 1ft '' " " " " " ' " 
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TABL£ A-12 (continued) 

NUMBER OF VERIFICATIONS FOR DET£CTING THE DIVERSION OF GOAL QUANTITIES 
Of URANIUM FOR AS IX MONTH INVERTORY PERIOD 

NEW ENDING PLUS STATIC INVENTORY 
1 1 

o, - "" 
ur Ds 

uo
1 

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

iUSf;J 0"- <lfRIFIC;>,TION lo~ llNt.S ~E~ YEAR 
l•;f ;iQ'J-Ot TfCliD'< Pll0dtdlLITY FO~ ~>l;)S~ iJF.I't:CTS IS St. T AT ,<;00 

SU~MARY llF CAL(:!Llllrl'JS FOR T"[ oETEcTION OF l'<~.f-ITIAL flff((TS ANQ BiAS !GA14M.I. • ,JOt 

r.DAL A 'tOUf!T U..:f'l 'W'<-!lET<.CTifJN ~.ON-QETECTJON lOTH 
(}l•,~.~nrrr •' l'llO'!A<ilLJ TY PRC<O.\lliLITY <0'1-uEIECTJOU 

r;'M<;<; OEFEtTS Fll<i ''" >'>IUtJAtl I l. I TY 
TOTAL ~t.NO~ALS n•vU; ST>lATEC;Y 

3 0 o, r 0. 0 J,UCO ,110:.1:1 ,8'>111 
1 ooo. 0 ". 0 !ouoo obSJ ~~~~ 
41)00'0 4000•0 ·~oo .~so !4 IS 
f><;OO•o t>SOO•O •'>00 •'>So • • rs 

Inooo•o J 0 00/) •Q • "0•1 .9so ! 4 Is 

VAf~'>ll)(t V!>.i1·,)'>T•~ VAilf)IIU V,JMUf -10 

]JSt74,''"'1? )i6.,~'1,7t?\ 6!J&H,~·l'>2 b]JIH'+, .. O!IZ 

1i':>t4'~·277~ )(bb""'1t?\ I,]]!IJ~·'Ifl'l'l b)JUJd•IIB'!J 
Jt<'">'+I:I•?Zn~ 31 oif,">'i, ,, i'] t>l1217·''lz:> t>JJ2t'·"'-u'> 
3!"<>4!1•??0~ 31 •11>1><1o11 i-'1 fo 312!1· 9 3?.'l hJ]ZJ lo9J25 
3tf>'>4fi•Z?~4 )J'•b'>''•7t2\ 1>1121'•')]25 fo)]ll 1·'!J4'> 

PllOfi~IIILITY 

" Q(lt.cTION 
(P[I'I([NT) 

il)oi:' 
H•9 
sz•s 
52•5 
52•5 

!>nMUFHO 

79~,!10(,4 

794o!l7(14 
7115· 7'o99 
7Q'), 1499 
195· 74'0~ 

TOU.L 
MfASURt.Mf'HS 

To Q[Tt.cT 
.u ... s 

SQMUF"Hl 

)~55,11]33 

t<::5So89z8 
tZ58•tt87 
)258oU8f 
J258•tt87 

"' 'i9 .,9 ,,, 
~!9 

'illSUREHENTS 
TO DETECT 

BIAS AND 
PARTIAL REMOVALS 

"fASUitfio!ENTS 
TO OETEcf 

ToT,L 
ll£H0~ALS 

VARMIJF" 

0,0000 
0•0000 
0•0000 
0•0000 
0•0000 

.,, ., 
"' ., ' 
"' 

1)80! ,., 
" 52 

" 

GOAL QUANTifY 

Joo,.;ooo 
1000•~000 
o\ooo·~ooo 
6Soo•.;ooo 
10000'~000 

-
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TABLE A-13 (continued) 

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

NEW ENDING PLUS STATIC INVENTORY 
2 2 

0A :; 2 (JA 

Dr Ds 

Uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNT! NG DATA FOR IAEA VERI Fl CATION 1977-l 

fH~fD 0" Vt:Plf ICATIO'II i'oll Tl'-1tS PER YEAR 
Ttu- OiiJ'<•IJt.TfCTIOJ. PRO<U.t<ILIH FOR c.OIOS~ iiff"fClS IS StT aT ,050 

SUI~:~~PY oJF (.t.LC'JtAIJO~S fOP THf r.tTt:cTIO"' OF PAIHIAL DEFECTS AND IIIA,S !GAMMA • ,10) 

GliAL iiYOU~<T lAI<[Ii Wl>'•:'l(Tt.CTT0'1 IION•O[lfCTJON lf)l,lL 
QU.11,IHJTY ol.'> Pf'n>i"-I>ILITY PI<O,Jilt!ILITY NO'I .. DEfEt:TIO!< 

r;R,)<;S l)fFfClS F!l"' FOR PRObAdTltTY 
TOThL llti"OVALS D•"<Uo:- STRAHGY 

)OO. r ".I I ; •JQ 0 ,909 
1~00·~ 0 •{1 1 • •J 00 o731 
~000•0 l<'"ll·<f • Jfl 1 •254 
b500·0 49511,0 dOi? .~2"-

I oooo •ll '1257,) ;.,62 o6)J 

CEPROR c 6Jl33~."-24 '"' llANOO,_, CO..,PC .. tiH 0~ V~RMi.Jf 

TMf FSTI"~H llF I<ANOUM fi>O>Of' VMIJANlf !5 ,t.J3E•06 

'"' '"' "' ZOJ 

fol< A (,(lA(. l\II~NlTTY "' foR A (\(l~L fjiiANTTfY Of 
Foil IJ. (O(IAL 1)\JA .. T!fY llF 

fn<l ~ C.OAL ollanTJTY OF 
~ o~< A GOOL ojliMITITY Of 

·rno, o 
\HIO,V 
4UOn,G 

""nn .~ 
\0(100.0 

tlTI. ~ 

rilL : 
NlL " 
NTL t 

tJTL "' 20J 

,9liQ 
oTJ) 
·0~1 
•0~3 
!0~1 

• •• 

f'RO!!III!ILJTy 

" O[ltCTION 
!PtRt[NT) 

'·' ?6•9 
9o•J ,,,7 
94 o9 

TOTAL 
M[ASURt.HENTS 

To orh.cr 
BIAS 

~i'O 

"" C:~o 
.i!l:'o 
.i!?o 

'~[ASUR[H[NTS 
TO DETECT 

BUS AND 
PA,RTIAL REMOVALS 

"' m 
m 
?20 

"' 

..,[A,SUR[H[~TS 

TO DETEcT 
ToTAL 

REMOVALS 

4~J03 
1498 

'" 2ll ,., 

VAI!fll>~n VM~\1 5H I'Mlni'O VOMUFrlO !'.{'I .. IJfHO '50HUFH1 VARHUF GOAL QUANTITY 

t>zR'IJ),'l45<l 
t.?.H'13),'l45Q 
li2H'l 13,94<;'1 
6?.<if-)I,MIIlb 
bi'<lh \l,h~ll~ 

l)6b6'1,7J?l 
1\b/)1,'<,71?1 
ll~b&'l,7121 
))bbh'l, 7!21 
1lbbb9, 71?\ 

'<~56(1],6579 

•HSI>O.l,b579 
'H51>UJ,b579 
Q462tl),4007 
Q4621ll,4007 

'>1~56QJ,b~7':1 
':145t.O),b51':1 
94SbOj,b,i9 
9462111,4007 
94621ll,40il7 

972,4215 
972,4215 
972,4215 
972,7700 
972,7100 

!b82,'il752 0,0000 loo.oooo 
ll.8i',91SZ 0,0000 i000 0 n000 
lb82,9752 o,uooo 4ooo,;,ooo 
l683,780it o,oooo t.SOO,i!OOO 
1~83, tiiOit 0,0000 !OOOO,i.OOO 

~ 
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TABlE A-15 (continued) 

NUMBER OF VERIFICATIONS FOR DETECTING TilE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTI1 INVENTORY PERIOD 

NEW ENDING PLUS STATIC INVENTORY 
2 2 

0/\ :; 2 0/\ 

Dr Ds 

U02 FUEL FABRICATION FACILITY MAITRI AL ACCOUNT! NG DATA FOR IAEA VERI Fl CATION 1977-1 

f'\S[C) Of.' V[PifiC.I.TION ~.Q l!MlS PHI VE~R 
TH( >,fHJ-UtlE:CTl<JI\ f'~Dll~tliLJ-TY ~l'.r G>lL:~'> \J~FECTS JS StT liT 0 250 

o:.tmMHI~ OF ULCI'LI>I]O~S HH< THF 'llH(TJf," D~ PARTIAL DEFECTS i."D AlAS IGA~~A • ,10] 

C.OJIL -"•OI"IT THEN NC'•,-o(Tt.CTIO"J •JO•'·O[Tf:Cl ION lOIAL 
OUA~If! fY " f'Orl')Ahilih Pl<[·fit.t!ILITY •iO>,I-Qflf.ClJO~' 

GPn~'> flU((T'> rr," F[·R 1-''<llBH!IllTY 
TrHL lo.'.~.CW.<ti 5 Q•!~l'F STIIATUoY 

30 o, r ~. fo 1 , "or. .~09 ,>oY\1 
I ooo • n "'" I • ~ 0 u • 7 3! • 1 Ji 
4cOo•n )OQf>o4 oJ51 • 134 ~('::>9 

t-<-oo. n 62A(Io2 olf>? .9:?2 ·2~2 
1 oro u • o J 0~ l)(o • 0 • ~~·\1 ,9so ~2JB 

IJAPflR]>] I!Afi()<;TL VMHJHQ VDHUI''"IO 

1>211'13J,'l4S9 ]lf>bb'.l,7J21 9~~t-e~.~>s1.;. '14~boJ,t>-,19 
b?'l<>J3. ,.,..,., 3lb6f.\1,1J?I 'H5o,UJ,~S7<> 'H5bOJ,bSi9 
bl9f>l\, Mll'lb 3if.M.9,1]i:'l 94f.2bi,40Q7 9H>~~~.4~~7 
1>2"/-. II. 1>111'16 31 l>hh\1, 7121 94..,2111,4007 'HbCI:Il,lo007 
f,2<lt- ll. f,R[,t, Jlt.t-.1>9,7]2\ '<46?111,4001 \14bi'el,~oOV7 

PIIOI!"-BILITY 

" OEHCTION 
IPEPC[f<TJ 

'·' t>t-•9 
h•t 
75·8 
76·2 

so'4unlo 

'H2,-215 
972,421S 
972,1100 
972,nnn 
972,7700 

TO TilL 
MEASURt.HENTS 

To DETECT 

tJi~~ 

SOMUfl-11 

~~ez,97S2 
Jb8i!,97Sl 
lb9J,780" 
Jb8J,7B04 
lb8l, 11104 

L~O 

L~O 
~l:o 
t2o 
C:i!o 

MEASUREMENTS 
TO DETECT 
!iUS AND 

••E'-SUA[MENTS 
TO DETEcT 

TotAL 
REMOVALS P'-Rfi~L REMOVALS 

VAAMUF 

0,0000 
o,oooo 
0,0000 
o,oooo 
0,0000 

m 
m 
m 
m 
m 

2J3" 

"' '" '" " 
GOAL QV'-NTITY 

Joo.~ooo 
1000, 0 00(1 
4000,,000 
6500,ii000 

I 0000, oOOO 
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TABLE A-16 (continued) 

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

NEW ENDING PLUS STATIC INVENTORY 
2 2 a = 2 a 
'' A Dr Ds 

uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-l 

P~Sf~ 0~ VEPifiC.O.llOh loU Tl~t.S PtP Y[AR 
H•t: t:("'J•Vt.TfCTH•~· pqQR~tHLITY fOR <>POSS i.I£FlCTS ts StT AT ,~50 

~li>'MUIY Of C~L(lll~l}foNS fC!II THf O{HCTIO~' Of P,o.ilfl.AL 0{f£CTS ANQ BIAS HH.~l".A • ,)0) 

(:.OAL ..~.~·r•LitH TAK[N NOt-Oflt.CTIO~: "-r·"'-utHCTlO"- TOTAL 
Q\J,o.NT!TY ,, Pll(~~t<llilY PRC'RHIILITY tjQ'l'"DE i fC T ~~~· 

f;I''1~S f'l(f[CT~ "' '" P~(IIU.l:lli:.JTY 
TOTAL F'<.MO~~LS Q0 11LIF STP~Tl(oY 

J(' o • n ll • c I, ~ou ,'>'09 • 909 
loOO .o 11. 0 1 • '-'no • 1 ;>~ o7C.9 
~000•0 1001oJ • l'iJ o1 J~ o;>:O'i 
llSOO•O b2-"0•7 o(ll;> o'i;>;? ·<'~? 

I !Inc o • n IOOr{·•O o.O:S(• ,o;.so • ;>:Ok 

''~P'lf 1D VI·~Dql VAflloHO VOMUFHO 

(,)fo">ll~. 7;>;?{o ~16M'i,7J2l 9JJ\11!,4ho ~33p11,~J~O 
f.)b<;QR,7?;>r 1li>M'>.7J2l "~JJ711,4Ho '>'33J71.',4J<oo 
f-2'l103.1~!1'> 3\f.'-.6'<.1121 'H57iJo093l'o '>451"1Jo09J6 
f>nd J,oHP"' 31 f>bb'l .11 <' 1 'H6,?1lj,4~07 "46i!8lo4007 
b29 .. )),f>~"'' ]161>(-'<.7)?\ 94(:,2bJ.~Q07 ... 4bi!bJoio0~7 

PIIO~AAJLilV 

" DElt.CTION 
CP£i<C[f\oll 

,, I 
27•1 
74•1 
75•8 
1b•l 

SQMLifHO 

'<66,0116 
Gl6b,Oi16 
9H,S067 
97'2. 7700 
"'72.7700 

TOTAL 
M[,o.SIJRtMlr..TS 

To Of!lCT 
st~s-

SOMUFI'11 

Jb61!,1~U 
)b6B.t441 
jb8]o\76!:> 
\b8]o7B04 
Jbll]o7Boio 

<::lO 
~20 
t2o 
c.2o 
~~0 

"'flSUR[ME,.TS 
TO DETECT 

BIAS l,_O 

4£l5UR04E~TS 
T'O DETECT' 

TohL 
REMOV'lLS PARTI~l REMOVALS 

'IARMilf 

u,oooo 
o.oooo 
o.Oooo 
o.uooo 
o.oooo 

m 
m 
221 

"" "" 

GOAL QUA,_TJfY 

lOO,nOOO 
lOOOo;,ooo 
'000•(1000 
6500·~000 
10000·~000 

• 

233/o 

"' 113 
105 .. 
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FUEL FABRICATION FACILITY MAITRIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

TABLE A-17 (continued) 

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

NEW ENDING PLUS STATIC INVENTORY 
2 2 

0 =2 0 

Dr 65 

uo
2 

FUEL FABRJ CAT! ON FACILITY MAITRIAL ACCOUNTING DATA FOR I AEA VERIFICATION 1977-l 

Fdi.SH> 01. ~[FdfiC~TIOt• O:::o~ TlMt~ PEP YEAI< 
Hlf •,CH•-U.l[(.T!Uio rRCto~fllLITY ~OP l>I'C~·~ [t(ff('TS IS St.T liT ,500 

~lii-<1\Af~Y nr CMCULJ.IJM~ ~DI< T'"f ClHCTIOf'< Of P~llllt>.L DEFECTS ~NO BlAS !GU~MA ~ ,}O~ 

G0,1L ~•IOUIH Tr~ft< NOI'-I>flt(T]Cltl I10N~p(Ht TJOI< 101 AL 
NO 'I,.('£ i [t:T I Drl 

I'HUeafiiliTY 
Q•J~~IT!TY ~S l'l>(flfll'll!l\' PROPU:llL!TY 

r,!OI)S'i 11fF[rT<; Ff'" rt•R 
lf'HL f<Uo!(J\H ~ D·~~ltf ST!;~Hl>Y 

HO,O ". 0 1, "LO ,'i{l'>' ,9U9 

Jonn•o (I •0 1 • u r o • /3) ~ 7 J) 

"ono•n 4n~ u ,(I ·"!16 .ssn ... 75 

~500. I' b~OO o (1 • :.or, o'i'So • 4 15 

lltoOO•O I OUl'h ·~ ·"~~ o<l'S{I ;~15 

vr.~JrJnln Vll.l<f•STL V~POf<o VDi"U~f1U 

~21i'l3),'1459 :n~>t.f.'J,7 1 " 1 9~5603,6579 9~56QJ,6:>79 

67893],''4!\Q 3!6{.6'./,l\71 945b0.'>,657Q 945t>OJ,b~i9 
62'l1,)l,t.~M• Jlb66'•,7121 9'0111,40~7 '><o6<'11l, .. 007 
6(:9;:. II ,flllit. 3lbbb'>,7l2l Q46i'~l,40G7 9462111,~007 
b79i,ll,61l~l:> 316b('i,1ll'J 94bi'~l,4007 'Hb:i'Hl,4l1~7 

PROII.O.B!Lil'i 
OF 

OETt-CTION 
!P[iiC[NTf 

SOMUfHO 

'·' :;>0•9 
52·5 
52•5 
52•5 

972,4215 
•n<,~21S 
972,1700 
972,77111) 
o;,r2,uoo 

TOHL 
ME.I.SURt.MU~TS 

to :>Elt.CT 
111AS 

SOMUFHJ 

1 t>!lz,97S2 
]b!l2,9752 
ttieJ, 7eo~o 
lb8J,7801o 
lb83,780"' 

ao 
~~0 

"" ~2o 
,t~o 

'I[ASURVtE.NTS 
TO EIETECT 
SUS AND 

~[,lSURtMENTS 
TO DETECT 

TOf&L 
REMOVALS PARTIAL REMOVALS 

~AR~Uf 

0,0000 
0,0000 
o.oooo 
o,uooo 
o,oooo 

U2 
?.0!2 

"" "" "" 

lt82 ,., 
" " " 

GOAL QUANTITY 

lOOonOOO 
1000,!)000 
~oono, 0 ooo 
osoo.naoo 

toooo,nooo 

• 
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TABLE A~ls (continued) 

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

NEW ENDING PLUS STATIC INVENTORY 
2 2 o = 1 a A - A 

Dr Us 

uo2 FUEL FABRICATION FACIU TYMAITRIAL ACCOUNTING DATA FOR IAEA VERIFICATION ON 1977-1 
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~~0 
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SECTION B 

RESULTS OF THE VARIABLES INSPECTION PLAJI FOR ThE FNTIRE flATERIAL BALANCE 

This section shows the estimates of the number of required variable measure­

ments in the inspection plan. These estimates and the results in Section A 
-

encompass the inspection 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 previous inspections. 
The calculations are given for the ratio of the random error variance component 

under the alternate hypothesis of the 0 statistic. a2Q , to the systematic error 
r 

variance component of the D statistic, a2Q , 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 0.05, 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 Glossary. 
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TABLE B-2 (continued) 

NUMBER OF VERI Fl CATIONS FOR OETECTI NG THE Dl VERSION OF GOAL QUANTI TIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 
2 2 

crt\ = 1/2 crt\ 
Dr Ds 

uo2 FUEL FABRICATION FACIL\ TY MATERIAL ACCOUNTING DATA FOR IAEA VERI Fl CATION 1977-1 

BAsED ON 11 £ 11 IFICATION Z,O Tlfo!~S pE11 yEAR 
THE NON-O~TECTION PROBABILITY FOR G~OSS O[FECTS IS StT AT tOSO 

SUf.IMARY OF CALCULATIONS ~OR TH[ op~C!ION 0~ -PARTIAL DEFECTS iNQ BJA? tGUtMA • oiOl 

GOAL AMOUNT TAKEN NON-QtTECTION NON-oETECT!ON TOTAL PII08ABILITv TOTAL MEA~URE~ENTS wUSURtMENTS 
QUANTITY " PAO!I.i.ltlllfY PROBABILITY NO!II•O£ f ECTt ON " MUS.JRt."ENTS TO OETECT TO DETECT 

GRoSS OEF'ECTS '" '" PRQBAiilliTY OET~CTION To ortt.cT BUS ANO TohL 
TOTAL R!MOVAL~ QoMUF STRAT~GY (PE~C[NTl Bt~~ PARTIAL REMOVALS REMOVALS 

300.0 o.o 1 0 0 0 ,9H '" '·' ,. 
'" 9JZB 

lOOOoO o.o I 000 ,16i ,,, Z3o6 >~· '" Z895 
~ooo,o 1125,1 ''I • 256 tio 89,0 ~~. '" "I 
osoo.o ~78],0 II 0 .szz ,,, 

9~ ,z i154 '" Sl3 
10000.0 9o1'i1,5 '" ,186 '" 94,8 "' "' ,., 

VARDAlO VAROSTL V4ROHO VOMU~H~ SOMUFHO SOMUFHI \IARMU, GOAL QUANTITY 

55QT66o5?Q6 1108981,3001 1659h7,8707 1165516,7346 1079,5910 1!.>78,635~ 494pi,p6! 300,o000 
ssoll36,oo63 1I08911],300I 16599) t ,3o6• Ii656Ab,tlil 1079,6695 t6TII,II37Z 49~2~1.1)61 iOOOooOOO 
55on9o,ll'il'il2 IJ08911i,300I tt~S'ilo7z,J'il'il3 t164B4i,OH2 IOT9,2711o tb7t,83ot 494Zll,ll61 4000.~000 
S54t67, tq a~ tt089Bi,JOOI ll'>b3}~fl,'iltB6 116A9iT,18l5 1081,165(1 l!.>lli!:,6112~ 4!hZJ1,1J6! 65oo, 0 ooo 
55,t6To6tB5 l!OB9B1,3o0t H6Jl~B,.,IB6 1 i6&9i r. hls IOB!,]650 i!,>Bi!:,6Bi!:6 4hZ3i,~l6i tOOOOooOOO 
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TABLE B-3 (continued) 

NUMBER OF VERIFICATIONS FOR DEITCTING THE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 
2 2 o ~ ll2o 
A A 
Dr Ds 

uo
2 

FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR I AEA VERI Fl CATION 1977-l 

BASED ON vERIFICATION l,O TIMES PER yEAR 
THE NO'I•OfTECTION PROSABILJTV FOR G~OSS DEFECTS IS SlT AT i250 

SUMMARY OF CALCULATIONS ~OR THE OET~CTIDN 0~ PARTIAL DEFECTS ~NO 8IA~ !GAMMA • ,)0) 

AMOUNT TAKEN NON•QfYECTJON NON•QEH.:CT!ON TOTAL PAOBABJLJTY 

" PROS AI! IL !TV PA08A8lL1TV NO"'•DEfECTION OF 
GRoSS DEFECTS '" '" ~Api!A~J[JTy DfTlCTlON 

"I[ASlJREHENTS 
TO iiETECT 
BUS AND 

TOTAL REMO~ALS D•MUF STA,TEGV !PE8c£NH 

TOTAL 
ME.1.5UA£HENTS 

TO OEft.CT 
81~~ PARTI.I.t. REMOVALS 

MEA5UREM£1<1TS 
TO DETECT 

ToT•L 
REHOV.I.L!i 

)00,0 ••• 1 ~ 0 0 .~H 

1000,0 ••• I aoa • t6J 
-ooo.o 28]2.6 '" .1!4 
c>soo.o ,, 01,9 '" ,1199 

toooo.o JUOQO,O "' .~so 

VARDRlO VAAOSTL \IAHOHO 

5H>68S, 8961 1108981,3001 US56~7,196Z 
545994o7940t ll0898ioJOOl 16549T~.oh6 
55}824.620'7 lt0898!,300l 1bbOI!05,9208 
554j67,t>t85 1I08'l81,3001 i66Jl~8 0 9!86 
554J6T,6t85 ll0898t,JoOI lbb)J48,9t8b 

• 

'" ••• ,,, 2Jo7 
2~7 7) ;] 

'" 75 .s 
2~11 76 ·2 

YOMU~!10 SQMUFHO SOHUFHl 

11614]6,\lblll 1077,6994 11:113,166~ 
116074 •• 9~~5 1oH.l187 1C:.TZo94p3 
1l66f>U,?IUT 1 oso ,0809 1~79,8~5~ 
lt689tl,18ih; 1081,1650 tt.8z,6826 
li68~ji";7B~5 I08J,!65Q 1~82,6826 

'" :>s4 ,,, 
~~4 
:.s4 

YAIIMUF 

494~31, P6! 
494l3loll6! 
49~2'~~ ,p6~ 
494~~~. P6! 
494Z~I,p6! 

"' '" "' "' '" 

hOI 
h04 .., , .. , .. 

GOAL QUANTITY 

Joo.~ooo 
1000•~000 
4000on000 
65oo,;.ooo 

toooo.oooo 
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TABLE B-4(continuedl 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAl QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PlAN 
2 2 

0" "1120"" 
Dr Ds 

U0
2 

FUEl FABRI CA Tl ON FACiliTY MAITRIAl ACCOUNT! NG DATA FOR IAEA VERI Fl CATION 1977-l 

BAsED ON vERifiCATION 2,0 TIMlS p[R yEAR 
THE NON·D[TECTION PROBABILITY fOR GROSS OrrECTS IS SlT AT 1 250 

SUMMARY or CALCULATIONS ~OR T~f O~T~CTION 0~-PAATIAL DErECTS ~NO BIA~ (GAMMA • oiOI 

GOAL 4MOUNT TAKEN NON·O~T(CTION NON•OETECf!ON TOTAL PROBIIBILITY TO Till "EASUR[M[NTS .,.[ASUA[HENTS 
QU~NTI TY " PAOB~IIIILITY PIIOBMIILJTY NO~•OEfECJION " H£ASURt.H£NTS TO-DETECT TO DETECT 

GROSS DEFECTS '" "' PAOB~tiJLITY DET~CTION To orh:cT BIAS AND TOhL 
TOTAL R(M0YAL5 O•loiUF STRAT~GY ( f'EHC[NT I 81~$ PARTI~l REMOVALS A[HOVALS 

J~O.O '·' I; 000 ,'ill it "' ••• ,, 
"' HOI 

1ooo.o o.o loOOO ,761t "• 2Jo6 il~lt "' ltOit 
4000o0 2828,9 oHS ,113 2b1 7 3; 3 il5t "' "' ~'>soo.o 6Jol,9 ;zr2 ,899 '" 75,5 ~5. "' , .. 

lOOOO•Il JOOOOoO ilSo ,956 2~8 T6oi? :,~· ... ,,, 

VARORJO VAROSTL VAROHO YOMUfH~ SOMUFHO SDMUFHl YAR1o4UF GOAL QUANT I TY 

S5QT66o5TQ6 lJ08'iiBl,3oOI l659h7,B107 11655lb 0 7H6 !079,5910 1~18,63!53 Hlt2Jl,IJ61 l00,9000 
SSo'i1Jo, 00 cJ uo898l,Joo1 !65'il'ilit,Jo6t li6568~.ifQJ 1079,6695 1!>78,8372 t9U:H,h6i 1000 0o000 
55t)6Jo6J85 !l0898j,JQOJ 1663i•8,9j86 JJ68917,1114!!5 J081oi65Q t~8z,oh6 •hzji,iJ6i tOOO•ooOO 
554j67•6t8~ ll08'il81o3QOI l6!t31411,9j8t'. 116891'·78~5 i06io165o Jb82o68Z6 49.Ui,J:U1 65oo. 0 ooo 
5S4)67o6J85 ll0898},300l Jt'.63J~8,9186 11689!7; 78~5 1081,}6!50 1!82,6826 4941?~~-!36! lOOOOooOOO 

• • • 



• • 

TABLE B-5 

NUMBER OF VERIFICATIONS FOR OffiCTING THE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSf'£CTION PLAN 

' ' '~ ~ I/2o" 
o, o, 

U02 FUEL FABRICATION FACILITY MATERIAl ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BISED ON V£~1FICITION z,e li~S PER yEAR 
THE ND~·I£l[CTION PROBI~ILITV fDA G-OSS ~[f£CTS IS Sll IT ,~DO 

Nu~IER Of Y£RiffCITIO~S fOR ~ET£CTIDN Of HilS 1~0 YIR!IIL£ SAMPLING-PLAN fOR GI~M~• ,JO 

STill HIM G 0 ~ L IIUJ.N!ITT 

JQO ,o Jooo.o uou.o ~soo,o uooo.o 

"'' "' "' IOO!T!DNS TO 'LINT "'' .. ,~ " "' "' " Nn '" " "' "' " 
fULl UF6 CVL!N0£115 ,, • " " • " ' • • ' • • ' • • H•tl RODS ' ' ' • I ' • ' ' • ' ' • ' ' UNM PRODUCts ' " " ' 'f " • " " • ,, 

" • " u 
SiMPLES " ' ' • ' • ' ' ' ' ' • ' ' Ght£11 • ' ' • ! ' • ' ' ' ' ' • ' ' II[MOVILS FROM PLANT 
UF6 CYLINDER HEELS • ' ' • l ' • ' ' • ' ' • ' I 
VE!tDOII UOl " ' .. .. .. I ' ' I ' ' I ' ' FU[l liDOS " ' I • .! I • I I ' I I • I I , l5S[M8LIU •• " " " .. ' " .. I .. " I .. .. 
SCRIP fOil SHI~M£NT ' ,,. 

"' i ui !DO • "' 100 • "' ... • 1 .. "' ' Ui4PLES • ' ' • . I I • ' I • ' ' • ' I 
~ liQUID OISCMtUS i " 

,. I ,, ,. • " " • ,. 
" • " " ~ 

50t.ID ptsC.UI[lS I ' ' • ., 
' • ' ' ' 

., 
' • ' ' ~[W [~UI~G I~V~HTORT 

fULl UF6 CTLIN0£~5 • I I I I ' • ' I • I I • I I 
UF6 CYLINDER I<ULS • I • • I I • I • • I I 0 I I 
•ou COHV~RS)ON ' .. " • •• " I " " I .. " • " " UPs UCTCL[ ' " " ' II " • if " ' I• " • " " iDU/UPS CII05S ' • • I • • • • • ' • • • • • IECO CONVERUDN ' .. I, i lo .. • I• .. • '. .. • .. .. 
VENDOR UOZ i ' ' I ' ' • ' ' ' ' ' • ' ' UOz FOR St<JpNNT i ' ' • I • I I I i I I • ' I 
PC>WO[II/PELL[lS • I I • I I • I I • I I • I • II•TEIIMEO, PIIOUo i '" '" I ut ,,~ • "' I" • qt 110 • 110 I" 
Pft.LETS ' ' ' • ' ' • ' ' • ' ' • ' ' ,ll[L liDOS j ' ' ' ! ' I ' ' • ' ' • ' ' POzSON IIOOS I I ' I I • I I • I I • I • iSS[I"BLI£5 ,. " " 

,, •l " I " .. i " .. • .. .. 
PII[SS SCR~P • ' • I • • • • • ' • • • • • llll!f'tDEII IIUJoUE • ' ' • :1 I • I I • I I • I I 
OUTV PDIID£11 • " " I " • " " • " " • " " II[SIDUE/SLUOG~ I " .. I .. • .. .. • •• " • " .. 
so~,.to w•sn • • • • • • • • • • • • • • • Si.,PLES " I I • ·I I • I I • I I • I • PlloCUS HDt.oUI' ' " " 0 " • " " • " " • " u 
SfiNOAIIDS • ' I • I • I I ' I I • • I 

NVITL • 10'1 10' • ! • 
NYI:fl • ... ,, ... n~ ... 
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TABLE B-5 (continued) 

NUMBER OF VERI Fl CAll ONS FOR DETECTING THE Dl VERSION OF GOAl QUANTI TIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PlAN 
2 2 

o ::l/2o 
~ ~ 

Dr Ds 

uo
2 

FUEl FABRICATION FACiliTY MATERIAl ACCOUNTING DATA FOR IAEA VERI Fi CATION 1977-1 

BAs£0 ON ~ERJFIC.tyloN Z,Q Thi~S pER yE.t~ 
T~E NO~·~rTECTION PROBABILtTY FOR S~OSS OEFECTS JS StT AT 1500 

SUMMUY OF CALCULATIONS ~OR THE op~C!ION DCPARTfAL OEFECTS ~NO 8U~ !GAMM.l • ,301 

AMOUNT TolKEN NON•OlT~CTION NON·oElECTION TOTAL PRDB~BILJT'( 

" PROI'JAKILITY PROBABILITY NOIII.,OEf[CT}(JN " t;RQSS DEFECTS "" '" OETtCTION 

>I[ASUREMENTS 
TO-IlETECT 
BUS ANO 

TOTAL RrMOVALS O•MUF STRATEGY 
~RIIIIA~I[ITY 

(PEAcENTI 

TOTAL 
Mf.tSURtHENTS 

To orh.cr 
91~~ f'ARTfAL REMOVALS 

~(ASURtMENTS 
TO O£TECY 

TOT •L 
R[MO~ALS 

)00. 0 0. 0 l;noo ,91' 
tooo,o 0,0 l,~oo ,11>3 
•ooo,n 38116,1 ;:>Io ,939 
~>soo.n 6Soo,o ;!ioo ,9So 

Ioooo.o iOOOOoO ::.oo ,950 

VlRDRJO VAROSTL VARQHO 

546685,8GJ61 ti089Bl,JaO! !65561>7,!962 
545994. 7'H4 !I089Bt,JoOI t654976,o9~6 
554167o&}85 ll0898IoJOOI !66)}~8,9)81> 
554Jb7,6J85 1108981,3001 }66]}48,9)86 
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TABLE 6-6 

NUMBER Of VERIFICATIONS FOR OffiCTING THE DIVERSION OF GOAL QUANTITIES 
Of URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 
2 2 

'e, = 112 a" 
o, 

uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

&•SED ON ~E~IFICAtlDN l,e tl~tS ~ER YEA~ 
THE NO~·DETECTION PRO~AHILITY fDA &tos5 0[FECTS IS 5tT AT t~OD 

NUH8[R OF ~EAIFICATIO~S FOR DETECTION OF BIAS i~O YAtJAILE SAMPLJNG.PLAN FOR Gi~M~• ,10 
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TABLE B-6 (continued) 

NUMBER Of VERIFICATIONS FOR DETECTING THE DIVERSiON Of GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 
1 1 
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FUEL FABRICATION FAC I LilY MATERIAL ACCOUNTING DATA FOR IAEA VER If I CAT ION 1977-1 

BASED ON VERlfiCAf!ON l,O TlMt.S ~ER YEAR 
THE NON•ll!TECTlON ~ROIIAllll.!TV fOR. li!iiOSS iJ[FECTS IS SLT AT iSOo 
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TABLE B-7 (continued) 

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

CONTINUOUS INSPECTION PLAN 
1 1 

0 = 0 

fir Ds 
U01 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING OATA FOR I AEA VER IF I CAT ION 1977-1 

B•sED ON ~ERIFIClTION l,e TIM~S PER yEAR 
THE NON-Df:TECTIDN PRO!IABIL.ITY FO~ iiQ'OsS O[fECTS IS StT AT a050 

SUMMAR~ OF CALCULATIONS ~OR THE O~T~CTION 0~-PA~TIAL DEFECTS !NO BIA~ !GAMMA • 0 301 

GOAL AMGUNT TAKEN NON~QLTfCTION NOtl~OETEC T l ON TOTAL PROBABILITY TOTAL 14[A5b'REMENT5 "EA5UA[MENTS 
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TABLE B-8 (continued) 

NUMBER Of VERIFICATIONS FOR DETECTING THE DIVERSION Of GOAL QUANTITIES 
OF URANIUM FOR AS IX MONTH I NVEN](lRY PERIOD 

CONTINUOUS INSPECT ION PLAN 
1 1 

0 :; 0 
' ' Dr Ds 

UO/UEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR I AEA VERIFICATION 1977-1 

BASED ON VERI~ICATION Z,O TI'I~S p[R yEAR 
TI"'E NO"'.IIETECT!ON PROB"-BILITY ~oR·G-osS DEFECTS IS St.T "-T 10SO 

SUMMARY Of CA.LCULHIO"'S ~01'1 TI-l[ OET~C!10N 0~ PA~ThL DEFECTS ~NO BIAS !GA.MMA • ,101 
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TABLE B-9 (continued) 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 

02 = 02 
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U0
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FUEL FAB Rl CAT ION FACILITY MATERIAL ACCOUNTING DATA FOR I AEA VERI Fl CAT ION 1977-l 

BASED ON ~E~JfiCATlON l,O TIH~S PER yf~R 
THE NON~eUECTION PROB~BILITV fOR GiOS~ OErECTS IS SI:.T ~T l250 
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TABLE B-10 (continued) 

NUMBER Of VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES 
Of URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 
1 2 

IJ ::. 0 
' ' Dr Ds 

U0
2 

FUEL fABRICATION FAG IL lTV MATERIAL ACCOUNTING DATA FOR I AEA VERIFICATION 1977-l 

BASED ON ~ERIFICATION ~·~ TIM~S PER YEAR 
THE ~O~·DETECTION P~08A~lLITY FOR G80SS DEFECTS IS SlT AT •250 

SUMMARY OF CALCUL~TIONS ~OR THE O~T~C!ION 0~ PAATIAL DEFECTS ~NO BIAS (GAMMA • oiOI 

AMOUNT TAKEN NON~O~l!:CTJON NON.,OETECT!ON TOTAL PROB•BILITY TOTAL M[J.~UREMfNTS 

" PROBABILITY PliO!! A till I TY NON•OEfECfiON " MEASURtMENTS TO DETECT 
rliiQSS OEf'ECTS '" '" ~ROdAtii(JyY DETlCTJON TO O[ft.CT !IUS AND 
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TOTAL IIFMD~ALS O•MUF STRAT~GY (PEilcENTI Elt~~ P'ARTI~l. FIEMO~o\LS II[MO~ALS 
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TABLE B-11 (continued) 

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

CONTINUOUS INSPECTION PlAN 
2 2 

0 = 0 

6, il, 
U0

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

BAS£0 ON VERlfJCATION ~.~ TlM~S pER YEAR 
THE NO~-O[TECTION PROBABILITY FOR G~OSS DEFECTS IS S~T AT 1 ~00 

SUMMARY OF CALCULATIONS ~OR THE O~TECTJON 0~ PARTilL DEFECTS ~NO BIAS [GAMMA • ,]OJ 

GOAL AMOUNT TAKEN NON-OETlCTION NON-DETECTION TOTAL 
QUaNTITY " PROBAIIIL I TV PROBABILITY ~ON•DEfECTJON 

GRnSS OEFECTS '"' '" PROI:I&iltl.ITv 
TOTAL REMOVALS D•MUF STRAT~GV 

JGo,o '0' lo 000 ,9<'1 .9~1 
1 ooa. o ,,, t:ooo ,811 ;ail 
4000.0 3Si'4o7 0'!14] ,9()(1 ~to89 
6soo.o 6soo,o ,'!100 ,9'30 :~o1s 

1D000o0 tvooo,o ::.oo ,9'30 !to ~5 

yARlJR]O vaRosn. V•RDHO VQO!U~H? 

tOUJIH,6'iS~ ttOB98t,JnoJ 2!86]78,9553 1692147,11)112 
tD'J33Ao,99t4 tto898l,Jool 2202362,29]6 t7o813t,ISS5 
illOtOS,ltll llOII.9111,loOJ 22t9o86,6JJJ I 12485:),1o7:,2 
JltJt6o,aJeS llOB98l,JoOI 22227~2 ,13116 t?i?.!lSII;iio~s 
Jltl76(),8]85 JJ089Bl,lo01 22221~~ ,tl86 JT2t1Sq,oo*s 

PROBABILITY -, 
OET~CTION 
!PE':'CENT! 

'·' 18o9 
51•1 
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52o5 

SOMUfHO 

lloo,B258 
uo6. 9549 
tl!l,lJT~ 
llilo,1285 
J]J4,1285 

14EA5UA[H[NTS 
lO.DETECT 

IIIAS AND 

TOTAL 
ME&SUR£~ENTS 

'ro DETECT 
91~~ F'A~TIAL REMOVALS 

~USUR[MENTS 
TO DETECT 

ToT~L 
REMOVALS 

SOMUI'Hl 

"' ~82 
~til 

'" ~~2 

2!t19.oB56 
i?l::]] 0 U45 
zO::U,Jfoll 
2!0::s 1 .62oi!: 
i?t5t,62a? 

"' '" "' "' 282 
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TABLEB-12 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR AS IX MONTH lt#ENTORY PERIOD 

CONTINUOUS INSPECTION PlAN 

02 
a 02 

Dr Bs 
uo

2 
FUEl FABRICATION FACIL1TY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-l 

B•StO 0~ ~(~lfiCATIO~ l,G Tl~ts p[~ y£AA 
THf ~0~-DrTftTIOH PROBABILITY fOR G.055 0EfECTS IS SLT AT t~OO 

HUHB[II Of VtlllfiClTIDNS fOR DETECTION 0( HilS iNO VAAiliLE SAMPLING PLAN rOR GlHH~• ,ID 

SlUTUI'I G D ~ L QUAH!ITT 

JOG, 0 I 000, ~ ~oo~.o ~~oo.o IOO,io,O 
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TABLE B-12 (continued) 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR AS IX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 
1 1 a = o 
' ' Dr Ds 

uo
1 

FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIfICATION 1977-l 

BASED ON VfRJFICATION 2,0 TIM~S pER yEAR 
THE NO._.Oo::TECTIDN PR08AI'IILlTY FUR GliOSS OE,ECTS IS St.T AT tSOO 

SU"'MAA'f' OF CALCULAfiONS ~-OR THE OET~C!I0fll 0~ PARTiAL DE~fCTS ~NO BIAS CGAMMA • ,10) 

GOAL AMOUNT TAKEN ND..,·OETtCT!Oil NO..,•QETECTION TOTIL. PROI!ABILITY TOTAL 14fASUREHENT5 ~[ASUA[HEHTS 
DUANTIT'f' AS PR08AMILJTY PROBA81LITY NOfii•OEfECTtON ·or MEASUREMENTS TO-OETECT TO DETECT 

GRnSS DEFECTS Fo~ FOR PAg8A~I(JTY OETt.CTION To DEfECT 81AS AND TOTAL 
TOUL IIEMOVAL~ O•MUF STRATt.GY - . CPE~CENT) 8Ji~ PARTI~L REMOVALS REMOVAL' 

300,0 0,0 I ilOO ,922 922 7,8 ~82 29i! i!251 
:~:> Iooo.o o,o 1 1•0n ,811 811 J8,9 ~tlz z89 725 
1 •ooo,o 3522,0 ~•J ,9on ·~9 5!,1 ~~i! 2Bi! 201! 

en bSOo.o ~soo,o ~oo ,9So 415 sz.s ~Hz zaz J24 
en lOOOOoO JOOOO,o ~00 ,950 4!5 Si!oS ~82 282 Bo 

VARORJO VAROSTL V"'RDHO VOMUFI-!0 SOMUFHO SDMUfHI 'IARMUF GOAL QUANTifY 
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TABLE B- B 

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

CONTINUOUS INSPECTION PLAN 

02 = 0 2 
6, 6, 

U02 FUEL FABRICATION FACILITY MATERIAl ACCOUNTING OAT A FOR IAEA VERIFICATION 1977-l 

BASED 0~ VERIFICATIO~ l,l TIMtS P[R YEAR 
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TABLE B-13 (continued) 

NUMBER OF VERIFICATIONS FOR O£T£CTING Til£ DIVERSION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 

a2 
= 2 o2 

e, Ds 
U02 FUEL FABRICATION FAC I LilY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-l 

fH,SEO ON YERIFJCii.TIO.'II ~.o TIMI:.S PEP. YEAR 
THE NON~OtTtCTJON PROBii.!!ILITY FO!f G~OSS i>tFECTS IS St.T AT •050 
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TABLE B-14 (continued! 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES 
OF URANIUM FOR AS IX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PlAN 

o2 • 2 o2 

il, il, 
uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VER IF I CAT ION 1977-1 

BASED ON VERII'ICATION 2,0 TlMlS PER YEAR 
THE NON•8!TECTION PROBA.IilLITY I'OR'GAOSS DEFECTS IS StT AT •O!O 
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TABLE B-l5(conllnuedl 

NUMBER Of VERIFICATIONS FOR DETECTING THE DIVERS ION Of GOAL QUANTITIES 
Of URANIUM FOR AS IX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 

a2 : 2 a2 

fi, e, 
UOzFUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BASED ON VER!flCATlON i!oO TIMES P[R '(!AA 
THE NON•OETECTION PROBABILITY foA·GtosS DEfECTS ls StT AT ;250 

SIJMHAAY OF. CAt..Cui.;II.TIONS !:OR THE op~C!ION 0~· PA~TiAL DEFE~TS 4NO BU~ (GAHMo\ • .JOI 
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TABLE B-161conlinuedl 

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

CONTINUOUS INSPECTION PLAN 
1 1 

0 = 2 0 
fl, fl s 

uo
1 

FUEL FABR !CATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1971-1 

BASED ON VERifiCATION loO Tl~tS PEA YEAR 
THE NO"'•D!:T[CTION PA0RA81LlT't' fOA-GQosS LlEFECTS ls St.T AT .zso 

SUMMARY Of CALCU~ATIONS roA THE op~qiON o~·p.t,~T.IAL DEFE~TS ~NO-SU~ (GAMMA • olOI 

GOAL AMOUNT TAKEN NON•Ot.TtCTION NON•OETECT!ON TOTAL PA08A8ILITY TOTAL MEA5UAEMENTS ~EASUA[HENTS 
QUANTITY AS PR08A8tLITY PROBABILITY NON•OEfECTION -Of MEASURt~ENTS TO.tETECT TO DETECT 

GROSS DEFECTS ~OR FOR PAS8A8I[ITY OETt.CTION TO.DEfECT BIAS AND TOTAL 
TOTAL -AEHO~AL~ OoMUf STAAT~(iY . . (PEfiCENTI 91~~ PAATI~L REMOVALS REMOVAl,.& 

300,0 0,0 1'000 ,929 ,929 Tol U8 }59 4401 
IOOOoO OoO ~~000 ,853 f8SJ 14;7 148 156 1•04 
•ooo.o J6,J :9ar ,J•t .J•J 65,7 i4e 159 402 
6soo.o ~~45,~ ,187 ,66• ;z57 74~3 i48 150 z44 

Ioooo.o 9274,8 ;Z76 ,eea ;z45 75~5 1~8 148 I6o 
~ - - --
' ~ ..,. 

• 

YARDRJO YARDSTL VAROHO VOMU~HO SOHUfHO SDMUfHi YARMUf GOAL QUANTifY 

2i99700•h91 1!06981,3001 JlOII~!?o1493 Z8!~~S~!01Jl I677 0 ~3Z~ 3;'68.1515 4!ll4?~ld361 lOOooOOO 
zZOZi30.l2ZZ tJ0898l,JOOi 33iilllo4ZZ3 Z8J~680,Z!!z )678,35~4 3069.734~ 49~231,13~1 JOOO,QOOO 
zi99700o849l II08981,300I lJ08~!Zol493 ZI!4~S~.01JZ 1677,6326 3U68,!5IS 494~31 0 lj6J 4000oQ000 
ZZ!530o,7Z45 !I08981,J001 3JZ4Z6Z,OZ4~ Z&Joo5o;e&!S 168Z,Z755 3V78,303~ 49~~~~.!l~! 6500ooOOO 
z~J7oiJ,So4, llo&9&!,loot JJ4S995,to•6 Z!S~!~~.?~!S i6&&,7J67 Ju9Z,378~ 49~2~~·!36! toooo.Qooo 
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TABLE B-17 (continued) 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENTORY PERIOD 

CONTINUOUS INSPECTION PLAN 

a
2 

" 2 i 
il, il, 

uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BASED ON VfRJriCATION Z,O TIMtS PER yEAR 
THE NON·D~TECTJON PROBABILITY roR &Qoss 0ErECTS IS StT AT ,soo 

SUHHAAY Of CALCULATIONS ~OR THE O~T~C!ION 0~ PARTIAL OErtCTS ~NO BlA~ (0AMHA • olD I 

GOAL 
QUANTI T'f 

AMOUNT TAKEN .. NON·D~ ffCT I ON 
PRMABILITY 

~OR 

NDN•OETECTJON 
PR08AB Ill fY 

TOTAL. 
NON;O!:fEt:TION 
~ROBA~I[JTy GRoss orrrcTs '" TOTAL Al:HOV.I.LS OoHUf STR~T~~y 

300,0 o,o 1;ooo • 928 ,9~8 
I ooo, o 0. 0 1;ooo ,BSI ,8,1 
4oOo,o 26]9,4 'f>]] ,198 ;so5 
6SOo.o D•TT,Q bo1 .~~9 o•Ts 

Ioooo,o }11000,0 ~!loa ,?Sii !:• rs 

VAROA]O VAAOSTL V~ROHO VOMU~~~ 

20H249•1 To8 II0898l,JOOI Jt5J2lo,•To9 26511'i99,JJt8 
;>ll!964,99o7 uo89U,3oot l24o946,29o9 2h6ti5.iSh 
2202tlo o!li!#: Jtoe9ei,Jool 33111 i i ,4Z2J 28t6i8o,Uiz 
Z2J7oiJ,8o4~ 1108981,3001 3345995,1046 2ii5i1liJ,his 
22370j],804~ ll0898J,]OOt J]4!59?!5.t046 z,sp~~.?~fs 

• • 

PAOBABU.ITY -, 
OETtCTION 
ci>E~CENTI 

7. 2 
H;9 
49,5 
52o5 
52~5 

!SO"IUfHO 

16JQ,6438 
1657 ,JZI1 
t611,3564 
1688.1161 
t6a8,1tF 

TOTAL 
MEASUA£14ENTS 

To- ~rtt:cr 

MfASUAEHENTS 
TO-OETECT 

BiAS AND 

otEAiUit[HENTS 
TO DETECf 

TOhL 
AEHOVAL.S iH~~ PAATI~L AEHOVAL.S 

"' 200 22~1 
Us "' "' '" '" "' He ... tz• 
!~B ... •o 

SOHUfHl VAAHUP' GOAL QUAHTJfl' 

2~65,01110 49423l,Jl61 Joo,qooo 
3o23,6h9 494UJ, 1361 IOOOonOOO 
Jo69,7346 U4Ui,i:Ui •ooo.oooo 
]C/92,3186 •9H~I,P~1 6500ooOOO 
JC1i2.J18~ 4~·2~1oP~! ,oooo.oooo 

• 
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TABLE B-18 (continued) 

NUMBER OF VERIFICATIONS FOR DETECTING THE DIVERS ION OF GOAL QUANTITIES 
OF URANIUM FOR A SIX MONTH INVENIORY PERIOD 

CONTINUOUS INSPECTION PLAN 
2 1 

0 ; 2 0 

~r b, 
uo

2 
FUEL FABR !CATION FACILITY MATERIAL ACCOUNT! NG DATA FOR IAEA VERIFICATION 1977-1 

8ASEO ON VERif'lCATlO~ ~.0 TlMLS PER YEAR 
THE NOtj-Ol"TECTIO~ PROBol8ILlTY FOR' G80SS fiEFECTS tS SLT AT 1SGO 

SUMMARY Of CALCULATIONS ~OR THE OET~CTI0N 0~-PAHTIAL DEFECTS ~NO 81AS (GAHHA • ,)G) 

AMOUNT TA~EN NON•O~TtCTJON ~JO~·OfTECl!ON TOTAL. PROB~IIIl ITY TOT.,l ~[.l~UREHlNTS 

" PROB"BILITY PROBAI:IIL.In ~ON•OETE~TION OF HEASUR~HENTS TO DETECT 
GRosS OEF"ECTS ~0~ FOR PROBAtllliTY OET~CTION TO OETt.CT BUS AND 

o,4[ASUREHEIIITS 
TO DETECT 

TOTI.L 
TOTAL-RtHOV~l~ O•HUF S~RAT~GY !PE~CENT) BI~~ PARTI~L REHOVAL.S RfHOVoi.L.S 

300,0 0. 0 1 "' • 929 "' '·' ... "' Zi!Sl 
1000,0 0,0 ~ 000 ,SSJ 11~3 H,1 i .1;1 

"' "' 4 ooo.o 0!:6;!5,1 "' ,796 '"' 49 ,s '" '" ... 
e.~oo.o C477,G ,., .~49 "' sz, s '" , .. '" IOOOO.CI )0000.0 , .. • 950 4 ;s 52oS ! ~~~ ... .. 

VARDRJO VAROSTL V~ROHO VOHU~H~ SOMUFHO SOHUf'Hl VARMI,JF GOAL QUANTIfy 

2Jilll70Qo849! llOBII81,3QOl 3308blli!,14113 i!8JH5lo0Ui! J6T7,6326 3068,1515 494231,1361 lOOooOOO 
2i!Oi!JlQoi22Z uoBillll,JooJ l3lllii,422J zfit~I!I~O~z!!z J678,3564 ]Q69, 7346 4114lji, i36i IOOOo6000 
i!2)8'i1S6,2SJ8 l!081181,Joot 33271137 ,SS2o 28J31o6;•t~ll )683,36)6 30eo,61Tf U4Ul,ll61 4000ooOOO 
Z237ojJ,8Q4~ l!o8118J,Jo01 J]4511~5,}Q46 zfisihl,96ils )688, 7J67 3Uilz,JT8~ 494zli. il&i 65oo.Qooo 
223To!J.a 0 45 !IOBIIBI,loot 3]451lll5,JQ46 zes1 t~~~ ?~~s 1681,7}67 3Uil2.' 0 ]t8~ 49~~~~.p~~ JOOOOooOOO 
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SECTION C 

LISTING OF THE INDIVIDUAL STRATUM FOR THE FIVE CATEGORIES 

Each line in Tables C-1 through C-10 

ing from combining raw data summary items 
structure was used based on the DIQ which 

and batches. 

describes an individual stratum result­
from the DIQ(7). A hypothetical error 

contained data for over 400 items 

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 equal 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 methods. 

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 last line 

of each individual grouping is the representative stratum for that group. This 

line gives the results of the summation of the errors and is the stratum that 

appears in the summary of input listings that appear in this Section for each 
of the five strata categories. 

A-7g 



In Tables C-1 through C-5 the representative stratum was generated with the 
''maximum'' random error and the 11 maximum" systematic error. In Tables C-6 through 
C-10 the representative stratum was generated with the "apportioned 11 random error 
and the 11 maximum 11 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 LH1UF calcu1ations. This can be done by comparing 
the results of the calculations using apportioned random errors included in 
Tables 6 through 10 of Sections C, D, and E v;ith the results of the "maximum 11 

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 

ADDITIONS TO FACILITY I FEED I MEASUREMENT ERROR DATA FOR "MAXIMUM" 
RANDOO ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

uo1 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERI Fl CATION 1977-1 

TOTAL TOT,t,L. 'OTAL 
S T II A T U M D E S C: A I P T I 0 N TOT.t.l. NO, 0, RANO~M SVSMAT NOo ·oil" UNOOM NOo 01' RANDOM h'SMU 

TI}TAL NO, Ol wp~HINGS (AAOA EAAOA SAMPLfS fA~OA ANALYSES [AAQA [AAQR. 
)::> STRATUM AVERAGE NUH8£A ilftGHT lil~g:H~~ I UTC:H iiEIGH).NO W~J~HJNO I U!~H SAfiiPI.,lN~ I UT~H A""AL.YSis ANALSIS 

' CO I"UL.L U1'6 CYLINDERS JA5Z,I ITO 2U99l,l IU I oO 0 00 I ,0 I ,O OoOO 
N I'U[L RODS - 3,2 194 ~11,4 ··1 ll 0 1 20 1 ,~. 1 ,1 ,01 

UNH PRooucrs 26 0 0 ua uru,3 ui • ,• oz 1 o,o 1 z.z ,ol 
SAMPLES ,0 Z!!T 15,6 ~H I 0 0 0 0 00 1 .~ 1 0,0 0,00 
OTHER 4,6 107 493,1 !~ l 5,3 08 1 S,~ I 0 3 ,00 

• • • 
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• • 

TABLE C-3 

REMOVALS FROM FACILITY !SHIPMENTS I MEASUREMENTERROR DATA FOR "MAXIMUM" 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

• • 

U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNT! NG DATA FOR IAEA VERIFICATION 1977-1 

TOTA~ TOTAL TOTAL 
STRATUM 0 [ S C A 1 P T I 0 N TOTAL ~0, D' RANDOM SVSHAT NO, ·of IU.NOOM HOo D' ltANDOH SYS!oi.t.T 

TOTAL NO, 0,. IIUiiHINIS t:AR0R t:iiROR SAHP~fS ERROR ANALYSES [AAQR ERROR, 
STRATUM U'UA&f JiUHBE~ t~[JBHT BAT~H~f -/-BATCH wEJ~HiNG W~I~HJNB 1 IA!~H ~AMP~IH! I BAT¢H ANALYSIS ,t,NALSIS 

Ur6 CYLINDER HEELS '·' "' 5~9,8 .. , ,I ,o 000 I ,o I ,o 0 ,tO 
VENDOR UOZ 20,2 9609 lUI l,l "I ,0 " I ,o I ,o ·" 'U£L RoDS 1,1 II 19,1 II ,I 000 I o,o I ,o ·" ASSEHBLI£5 '·' 111910 lZ990Z,'t " ... ,I " I .1 I ,I , o I 
SCRAP fOR SHJPH[NT '·' "O 9789,0 ••• I '·' " I !,D I f4, T ... 
S,t,HPlES ·' ... ••• hi I o,o 0 00 I ,o I o,o o,oo 
LIQUID DISCARDS '·' ... , 2155,1 ·u " 1,4 " I J.,, I io,J ,o1 
SOLID DISCARDS •• Z6ll IZZ6,! ~~H 1 o,o 000 1 ~.o I '·' ... 



TABLE C-4 

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

uo
2 

FUEL FABRICATION FACILITY MATERIAL ACCOUNT! NG DATA FOR IAEA VERIFICATION 1977-1 

TOTo\L TOTAL TDUL 
STRATUM Dt:SCR!PTION TOUL NO, 0, IIANOUH SySMAT NO, ·o, RANDOM NO, OF itANOOH SYSHAT 

ToTAL NO, 01" WUbHIN(fS [RRbA ERROR SUPL[S l:A~OR ANALY$£5 [RROA EAAOA1 
STA.lTUio! AYOAG[ NUMB£~ II~IG!iT IAT~~~~ -/-BATCH WEIGHING WEI~HING 1 BA!~H ~•MP~H~~ I BATCH ANALYSIS ANALSfS 

FULL UF6 CYLINDERS l,U,a I t•z•.• ,I I •• OoOO I ·' I ·' o,oo 
UF6 CYLINDER HEELS z ,I " 119,6 I ·' 0~00 I ·' I ·' o,oo , AOu CON~EASJON 2!5,!5 1911 •no!,~ 196 • '·' ;o,. I 1,0 I ·' ,00 

' UPS RECYCLE 26,!5 '" 157tl,S st " '·' ;u I .. ~ I ,I ,00 
00 AOU/UPS CROSS 26,1 131 J4ll,6 ., ' ••• ;u I ~.~ I ·' ·" ... GECO CoNvEnsJON zs,t I'Z U6t,& " • '·' 0~00 I '· I ·' ,00 

VENDOR Uoz 26,J .. 2398,7 . I .. 3,8 o;oo I S,! I ,I ,oo 
UOl FOR Sl-1IPHNT 21,6 u.u 1ii!l89,6 "' • ·' ·" I ·' I •• ,oo 
POwDER/PELLETS 11,6 " 401,4 .,. • '·' ~0!1 I 1,1 I ·' ,00 
INTEAHED, PROD, 17 .o "' 7!11, t '" I '·' ... I 35,~ I 9,3 ·" PELlfTS 14.1' 108l 1~98\J,l -•I .. ·' ; 02 I • •• I ·' ·" FurL. ROllS ••• 10360 30U1,6 I" .. ,I ; 01 I o.~ I ·' ·" PDJSON IIOO!i '·' 2079 5945,4 .. .. ·' ;2o I I ,I ,ol 
•ssr~eurs ••• ~2Sl1 155026,, 3SI 149 ,I ;zo I •• I ,I ,01 
PRESS SCRAP 16,0 79 126&,4 ri I 1,0 ,13 I ~:: I ••• ,00 
BRJNOER AESJOUE 1~,2 23 ]51, t • l,o ;u I I •• ·" DIRTY POWDER 11,0 159 2710,7 " • '·' ;u I u: t I '·' ·" FIE S fOUf /SLUDGE T ,9 164 llo•,O tf.i I '·' ;o1 I ~~..; I 2•,7 ·" SOLID wASTE 1,4 '" 152,1 siii I •• ;oz I ~.g I • •• ... 
SA~PLES z, T lao 521 •• ... I ••• 0!00 I • I ,,, o.oo 
PRoCUs HOLDUP ••• .. 68],4 "91 I • •• ·" I ~~.~ I j9,9 ·" ShNDo\ROS '·' 271 f9l.~ ~~' I ,I 0!00 I II,~ I ·' ... 

• • • 



• • ~ • 

TABLE C-5 

STATIC INVENTORY MEASUREMENT ERROR DATA FOR "MAXIMUM" 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

U02 FUEL FABRICATION FACILITY MATIRIAL ACCOUNT! NG DATA FOR IAEA VERIFICATION 1977-1 

TOTAL TOUL TOTAL 
STitATUM DfSCRIPTJO~ TOTAl. NO, 0, RANDOM SYSH,t,T hiD, ·o, R.I.NPOM t~O. 0, UNO OM SYSMU 

- TOTAL NO, Of Wt:J!JHtNGS I!:ARb'A "[IIIAOR SAIIPI..U ~A~OA ANALYSfS ERROR I!JIAOift, 
STRATUM A'iER,t,Gf NUMB EM W[JGHT 8AT~H~f "t-BATCH WU~Hi:Na W~J~HING I ugH ~AM'I,IN! I BATCH ANALYSIS ,t,NALSIS )> 

' U'6 CYLINDER HEELS •• 1 •• 1 1 ,o OoOO 1 ,o 1 •• o,oo "' "' lOu CONVERSION 23,6 " IJSZ,S •• I ••• ;u 1 1,i I ·' ... 
UPS IU:CYCLf 22,2 " au.~ u I ••• ;u 1 1,1 I ,I ... 
.lOu/UPS CROSS ZJ,'f 3 65,2 I I ••• .. 1 1,1 I ,o . .. GECO CnNVfASION 21,, " 6$1,0 1! • 3,0 . .. 1 s.r I ,3 . .. 
U02 fDA SHIPHNT zo,l ... U4loZ .. I •• .. I ,o 1 .o ... 
POWDER/PELLETS '·' 1 u.6 ., 

I '·' .. 1 ,0 1 ,0 ... 
INTEAHED, PRQD, U,l 11 144.~ 11 I 1o5 .. ' ls, ~ I ••• ,01 
PELLETS ••• 1" 1lOOo4 " • •• .. 1 o,o I .o . .. 
fU[l RODS '·' 1464 4197,2 16 91 ,1 01 I '·1 I ,0 ... 
POJSON ADOS '·' ... 1666,3 • " ,o " I I ,1 ,01 
ASS[MIII.f[S '·' 40439 1111115,3 071 1 .. ,1 .. I 't I ,I ,01 
GRINDER AE510U[ Zl,S • -.,,1 . ·t I •• 1 " ' 't 1 ,1 ,01 
PlATY POWOfA 21,9 11 hl,t 11 1 '·' .. I u:• 1 '·' ,01 
A£siOUE/SLUOBE ••• 11 IU,! 14 I 1,. " I ~~.! 1 it,, ,01 
SOLID wAsTE 1,3 100 146,2 ~:1 1 •• .. 1 ~:: 1 ••• ... 
So\MPLEs ••• .. lSlo* 1 o,o 0 00 1 I a.o OoOO 
ShNDAAOS t,7 11 '"·* 7! 1 o,o 0 00 1 o,O I o,o 0,00 



TABLE C-6 

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

uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

TOTAl,. TOTAL TOTAL STAATUM 0 E s C M I P T I 0 ~ TOTAL. NO, 0, RANDOM SYSMAT NCl, "Of RANDOM NO, Of iiANDOH I'I'SNH TOTlL. NO, 0, ~UGHINI35 [RRtiR . !AllOR SA!oiPLU fRAOII ANAL.VS£5 [RADII I!:RIIOA· SllliTUM A'II[Fii(i[ NIJM&;[A III[JGHT BA!~H~f ·/-BATCH WEIGHiNG III~I(IHJNG 1 ugH ~Ailp~JN~ 1 BATCH A~ALVSIS AHALSIS 

FULL UFIIo CYLINDERS Utt,7 .. 960]2,7 .. l .o 000 l • 0 l ,o 0 0 0 0 ,. UF6 CYLINDER HE£1,.5 ,. 121 ua.i ,, 
l .o • 00 l ·: l ,o 0,00 ' ADU CONVER$10N 24,1 Ull !H'f44,5 ,,. 
" '·' .. l l • ·" "' 81 . - :o "' 

UPS A[CYCL[ z6,o .. ' z•6az,o 'I 
,,, .. l l ,, l ,00 ADU/UPS CROSS 26,0 '" 28JS,9 'I ·' .. l I o l ·' ·" lifCO CONVERSION Zhi! I ooo z•z•'·! •• 1l's •• I ••• I 

,, ... ,_ -·: VENDOR UOz 2!,0 • so,o • l •• .. ·- ·' ·" UOz fOR SHIPHIH t'· 7 411oz6 166S2ol ... 'I •• " l ·' l ,o ·" POWO[A/PELLI!:TS . ·' , .. zon,a •• ••• .. ~.~ .• ·" lNtERM[D, PRoD, zo •• .. 17ss.z 6i l 1,7 .. l .o. ~ t ,, 7 ·" PELLETS 14.9 U97 !6446,,. " " ·' .. l o, 0 ·' ·" 'U[l RoDS '·' 13881 40'?6,t .. "' 1,1 01 l 0,0 l ·' ·" POt5DN P[LLUS 1 o.a '" )716,8 if " ·' 000 l • 0 l •• ·" POiSON RODS ••• l864 8l5l•O ll .. •• .. l • • l •• •0! 4SsEM8LfES ••• 8115:!9 2!iollH,7 '" , .. •• " l . ' I ·' • 0 PR[SS SCRAP tS,II "' 34z5,~ lil I ••• " l o,o l ••• ·" CU!{NOER FI[SJOLJ[ }6,6 "' lDHo? ,, ,,, ll l ·' l •• ·" DIJtTY POWDER 19,1!1 '" 41~8,7 ll • ••• " l ';:: l '·' ·" R[SJDUEISLUDO[ '·' ... uu.~ •.l' l ,,, II l t ilo t ,01 SOLID WAST£ '·' paa JUJ,l 11 .. l ,, 
" l ! ·i ··* ... SAMPLES ·' .,. l.zo,l 

··~· I ,, 
" I I •• ·•t PFioCUs HOLDUP '·' ... •Jo,:i ''I I '· 7 07 l ?j:l l jiT •• ·' STANDARDS . ·' '" Sll,! l~. l ·' '" l .. l ·' ·" 

• • ~ 



• • 

,. 
' STRATUM 00 

" STIUTUM 

fULL. Uf6 CVL tNO[AS 
'U[L RoDS 
UNH PRODUCTS 
SlHPL[S 
OTHER 

TABLE C-7 

ADDITIONS TO FACILITY IIIIDI MEASUREMENT ERROR DATA FOR APPORTIONED 
RAND!J.I ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

• 

U0
2 

FUEl FABRICATION FACILITY MATIRIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

TOTA~ TOTAl 'OUI.-
DESCAIP!ION TOhlo NOo O' RANOUM SWSMAT NOo ·o, RAHDOM NOo D' ij,t,NOOM h'SMU 

ToTAL HOo Ofl' wUGHlNU [RAilA .lAAOA SAMP~ES I:A~OR AN.Lvtrl I:RROR EAROR1 
UEA.llff NUMiiEI! IIIUQH'r M~!~~~~ ·/-lATCH ~~~~HrNo lll~l!HIN8 ~-~· ~H ~,t,jjp~JH! I IAT~H lNAI.'rSJS AIIALSIS 

l,n,• 170 2469tlol "I ,1 •• ... I •• I •• DoDD 

"' 
, .. 6U 0 4 ,,, 20 ·' i ,0 ·'t u.a ... llTIOoJ "I • •• .. I ••• I I'' •• ·' "' 11.0 .. I o,o ' .. • • ·' o,oo 

••• '" ··l·! . tt I ••• .. I l:! ! • I ... 



TABlE C-8 

REMOVALS FROM FACILITY ISH I PMENTSI MEASUREMENT ERROR DATA FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

uo2 FUEl FABRICATION FACILITY MATERIAl ACCOUNTING DATA FOR IAEA VERI Fl CATION 1977-1 

p TOTAl. TOTAL TOTAL 
I !I T A A T U lot 0 [ S C f:l I P T I 0 N TOTAl. NO, 01" AANOUM iYSM.lT NO, -01'" RANDOM NO, 01" Q,t.NDOM IYSMAT 

co TOTAL NO, 0, ilt:lliHINIS EAAin~ r;RAOA SUIPI.fS !R~OR ANAL'I'SES fAROit IRRDA· 
OO STRATUM AWEAAGE NU~9£R WftGHT U~T~H~f . /-BATCH ilfl~HlNG WEI!HlNG 1 8A!;H SA~P~IN! I BATCH ANALYSIS AHAI.SJS 

UF. CYLIND[A HEELS 2,3 224 5)9,1 lU 1 00 0 00 1 00 1 ,0 0 000 
VENDOR U02 zo,z 9(109 t9Uz8,[ ~iif It ,0 0] I ,0 I ,0 ,00 
I'"UEL RODS 1,1 1l t9,~ I 11 ,1 I 00 I o,O 1 ,0 0 00 
ASsi!:M8LIU 2,9 111910 32'11902,? Ul IU ,9 ZO I ,0 I ,0 ,01 
SCRAP FOR SHII'MUH 9,1 ''"' 9fa9,0 ~J) 1 lo9 0) 1 .~ I j4ol ,44 
SAMPLES 1 0 H9 9,6 141 l OoO 0 00 I oO Q,O OoOO 
LIQUID DISCARDS 5,9 363 2155,1 .!! 21 20,1 U 1 9!,~ J ;J,6 ,01 
SOLID OI$CAAO!I ,4 z6l3 1?26,~ Z~H l 0,0 0 00 1 0,0 1 3,1 ,•• 

• • • 



• ' • 

TABL£ C-'l 

NEW ENDING INVENTORY MEASUREMENTERROR DATA FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

uo2 FUEL FABRICATION fACILITY MATERIAl ACCOUNTING DATA FOR IAEA VERIFICATION 1977-l 

TOTA~ TOTAL fOUL STRATUM 0 f S I A I P ! I ~o1AL TOT.t.l. NO, 0 RANDOM SYIM,t,T NO, ·a, RlNOOII H0 0 O' iiANDOII liYSIIU 
"10o 01' IIIUGHJNIS fAAiiA . t:fiAOA SAIIPLU fRitOR ANAI.YSfS !RADII UROR1 STRATUM AW[AAtf NUMB[~ WEI~MT ll~!~rt~l -1-UTCH WEJ~HXNG III~I~HINI ,-~A!~H ·~MII'~IN! I lATCH A~ALYIIS AAALIIS 

)> PULL UPt CYLINOfAS 1!11,1 I H21ol ,j I •• 0!00 I •• I •• o,oo ' UP6 CYLINDU H[[L.S ••• " 119,6 I •• 0!00 I •• I •• 0. 011 "' AD1,1 CONIIfRSJON !S,S 1911 ... ,,,J .. 1 • ••• t04 I ••• I ••• ... "' UPS AfCYCLf 2t,S ... t519t,S •• " '·' ... I . I 
I •• . .. ADu/uPS CROSS 26,1 Ill !4llo6 • • ••• !04 I .:~ I •• . .. lfCO CONVfASJON 25,9 m 4461,1 ! • '·' t.oo 1 '·' 1 •• ... VhDDA UOz zt,s " 2]911,? " ••• t~oo 1 •·r I ,1 ... UOz POR SHIPHNT l!lot )342 ?Uat,, ... • .. !03 1 •• •• . .. POwDfA/fl'fLLfTS 11,6 " '"·~ 

-1, • • •• tOS 1 '·' •• ·" INTfRHfD, PAOI?o u.o "' TITio 1 '" 1 ••• :09 1 ~~·! I ••• ,01 PfLl£TS u • ., lOll i""·31 -.1 " •• !DZ I ••• • • ... 'UEL RODS '·' 10360 , ..... 12 .. •• ... I ~.~ ! ·' . .. POISON RODS ••• 2f9 sus.4 ·u ,, •• !zo 1 1 ·' .01 ASsEM8LIU '·' 5237 1ssoz•.J "I 1" •• !20 1 :. 1 •• , ol PRESS SCRAP 1'·' " 1261.4 -, 
l ... !131 1 '·' 1 2o1 ... IRJNOEA RUIDIJ[ 15.2 " )Siof II 1o0 •11 1 - I 

I •• . .. DIRT'!' POWDER u.o ... uu.r ,, • • •• !U 1 ~;:; ••• ,01 RESIDUE/SLUDGE '·' ... ll04o0 "I 1 lol !n l I ij·' ... SOLID wASTE ••• 501 '''·' .. I •• !02 I • . I •• . .. SAMPLES '·' ... 521.; ~:, ••• 1!00 ! 
.. , 

I ••• •.oo PRoCESs HOLDUP '·' .. 61].4 
I ••• . .. I )1: • I il·' ·'I STANDARDs ••• "' "'·~ '~' •• t!OI - ~.~ •• •• 
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SECTION D 

RESULTS OF ERROR VARIANCE CALCULATION 

Tables D-1 through D-10 contain the error variance calculations as per­
formed by the computer code QUEST. (lO) 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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I>A .. rl011 fiHHlR 
l)f'fPATI'R l!jSI>ECTDR 

)> 

' <0 ll!•o!Tli'•Js TO PLANT 

"' 16~. II>'• 
,1,90 ,b90 
'61, t>61, 
,!184[.21) ,RI'IIo£•20 
;<l,9 j9, 9 

f 4h. 846, 

~4"'· !10.1'>, 

• • 

TABIED-1 

ADDITIONS TO FACILITYIFEEDI ERROR VARIANCE CALCULATIONS FOR "MAXIMUM" 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

U01 FUEL FABRICATION FACILITY MA ITRI AL ACCOUNT! NG DATA FOR IAEA VERI Fl CA Tl ON 1977-1 

8~~[0 " vERiflOTION '·" ERROl< VAR!ANC~S 
Tlr-!~S p[f! yEAR 

~YSlE~ATIC ERROR M~VING l"iVE>ITOAY PAIRED OJFFfRlNCES STO DEVIATION 
OPfRATOII PiSPlCTOP F!lR ~Uf CAi.C0LA T !UN l"i RANUOH ERROR - Of-0 HAT 

llio.NUOI<! Sl'S!EMATIC O~ERA TO~ INSPECTOR OliN PlUM) 

". ". lblt,i! ". ,6i'48 ,b248 18,12 fULL UF~ CYLI~DEAS 
!,5!l!l I, 581! ,6901 J, !:>118 ,Jarr-o! ,1227!'·03 ... ~~~ fUEL ROr~S 
I il • 'l';l I 0,99 661,1 I !1 0 \IV ,3449 ,3449 JT,Jio UNH PROoUCTS 
". '· ,8840E•i'O ". ,34'+0£-24 ,34-Dl-i'Z .1~~0£ .. 09 SAMPLES 
,lf·?1 ,Jf>ZT 19,90 ol b.! T .t <'52 ,i25j!'- 6,]~!) OTHER 

l". 74 l2,H !I~ OS ,!I I~'~~ b'i' .9 6J,I:!It SUSToTALS 

I~, 7o. 1?.74 !!45,11 I<' • I 't 1'>5! ·" &3. 8~ TOTALS 

• 



• A 

RMIOOM ERROR 
O~[AAT(lA INSPECTOR 

"'" ' w 

"' AfMOVALS FPOM PLANT 
o544E~OJ ,544[•(1) 
.775 ,775 
• ] i!0£.11] ,120£-0) 
,)28£o{a ,128[+04 
.~6J[oOit ,~>6tE•o" 
• t.29f .2o ,t.29E·20 
.SI4E.o05 ,5HE•05 
.695 ,f'l95 

,S93Eoo5 ,593[•05 

,fi93E.o05 ,593[•05 

TABLE D-3 

REMOVALS FROM FACILITY ISH I PMENTSI ERROR VARIANCE CALCULATIONS FOR "MAXIMUM" 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

• 

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

BASED ON VERIFICATION loO TI~~S ~ER YEAR 
ERROR VARIANC~S -

SYSTE"'A TIC ERROR MOVIN6 INVENTOR1 PAlAEO OJFF~~ENCES 
OPfllA TOR I"'SP~poR FOR MUF ~ALC0LA1tON IN FIANUOM ERROR 

RANDOM -SYS!EMATIC OPERUilR tt.ISPECTOR 

0. 0. o544)[•(1) Oo 1 1595£•0~ .1Si5t•o5 
4111. 4711, .7753 - 4111. ,3959[-04 ,3959[-04 
,1943£-0b ,394lt•Ob ,1202£ .. 03 ;J94lt-0b ,IOIU£•0~ ,loteE-04 
,4475£o0b .~475£o06 1284. ,4415Eoob 0 1038£·0~ ,io~a;-o3 
i9t7, 1917," 66Q8, t9it.~ - 6,!56 6,t56 

'· 0. ,6294[•20 o, 54224£·2~ ,4214~·22 
6.11113 6,883 ,5139[•05 6,8~3 ,on s.otr 
29,93 29,93 ,6947 29,~~ ,2639£·0~ ,26~~[-03 

,4S•2Eoo6 ,4542~•06 ,5928Eoo5 ,4~4~~·o! 63'!0. 

,4542EoOII ,4542~•06 ,S92~E•o5 •"~~2~•011 113~0. 

STO OEYtATJOH 
OF 0 HAT 

!IHNIMUMI 

olZ\19£•01 U,6 CYLiNDER HEELS 
91 ~ 11. VENDOR l102 
.49114[ .. 01 fUEl.. ADOS 
9~1 ;"'. ASSEMBL.tES 
Jlo,6 SCRA~ FoR SHIPMENT 
,1122[.09 SAMPI.[S 
320~8 LIQUID OJSCAROS 
7,826 501,.10 OtSCAROs 

!So~. SUBTOTALS 

1504, TOTALS 



, 
' ill 

"' 

RANOO~ ERROR 
OPfRAToR !"'SPECTO'I 

"'rw ENOHH' 
,(104 
,!S~f~OJ 
,419[o0't 
~;>7, 

ll 1 • 
,)2'>fo0'< 
olll9f•05 
'JO) 
~.19 
o?<'Jt o05 
~. 11 
,452 
14,2 
'-oA, 
139, 
1, 73 
,<;4<>~ o04 
,?Obfo04 
II, 0 
o)45f~J6 

'>16. 
.t23E~01 

IN\If"'TORY 
,604 
,159[~03 
,41'io[o04 
821. 
Ill, 
• 329[•04 
.1~9[•0'5 
• 303 
6,19 
,223E•o:. 
3,77 
,452 
J4. 2 
6oP., 
139, 
],73 
,54'ff:•o4 
,2o6E•o4 
11,0 
,J45E~16 
1136. 
,t23f~oJ 

.s94Eo05 ,594E•o5 

,<;94F oO~ ,594f.•OS 

• ~ 

TABLED -4 

NEW ENDING INVENTORYERROR VARIANCE CALCULATIONS FOR "MAXIMUM" 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-l 

8A~EO ON IIERlfiCATION l,U TIM~S PfR YEAR 
ERROR 1/ARI~~~~S -

SYSTE~ATIC ERROR 
OPERATo~ JNSP~CTOR 

0. 

•• 
4'il2,6 
51,37 
2 ,4i'6 
,l99jf~OI 
,5754E~<Ii! 
655,0 
.~S81lf~ot 
5t,oz 
It> oil 
til,;?] 
!45,4 
,9882E•O':I 
2 ·"17 
,1 7 0 4 
P,1P. 
lo070 
14 ,4Q 
0. 
,291q 
,63oor~oJ 

• • "· 49i',t> 
s,,n 
2 ,4<'6 
, 1 99Jt~ot 
,S154t::•02 
655,0 
,4!>88f~Ol 

5lo0l 
16 ,J I 
I 0,23 
145.~ 
,9t1~2E•OS 

2. 'llj7 
,170~ 

13.) 8 
I. 0 70 
1'<.'>9 

• • 
,2'ilJtl 
,!!>30o~ooo3 

MOiliNG IN\ItNTORY 
FOR MUf' CA~CliLArJON 
RANOa~ SYS!E~ATJC 

.6043 
,1592'[·03 
•792, 
826,8 
ll 0,8 
32117, 
.t 81l'E• o':> 
• 303! 
6,!.36 
.22)0£•0~ 
), 71J 
•• ~2J 
14.~· 
6o I,S 
ll~.~ 
1,72b 
5Hl'il, 
2o61, 
I o ,99 
o1U6£~t6 
8]5,il -
,J23of .. ol 

•• 0. 
49i:!,b 
Si,H 
2 ,4~b 
,199tt .. ol 
,':>7S4[oool 
655 .o. -
,'t':>81![ooOI 
si. oi:!· · 
l6,H 
1u,23 
14~ ,4 
,\i8SZE•o':> 
2~911. 
,1 ; 0 4 
1 J,l t1 
I ,1,1 I 0 
1 ..... 9 
0. . 
0 CIIJ8 
,6~uo~ .. o~ 

,lOO)fo06 ,j003l•06 ,S940E•o5 olOU~~·O~ 

,I001(o06 .!Oil3E•06 o':>'lloOE•O':I oiOUlE•O~ 

P&IREO DifFE.lNCES 
IN RANUOH ERIIIUR 
OPERATOR INSPECTOR 

,6043 
,ll87£-0':> 
,5195 
,4421 
,4271 
J. zoe 
3,3ns 
,4551[~0" 
,1309 -
4-t. 20 
oll59E~Ol 
,Z7Q6f'oo04 
, 7B95[ .. o4 
,lOHE·O~ 
1.162 
,4607E•OI 
9,347 • 
12'. 33 
,lB<JIE•OI 
o769ZE·I~ 
8,358 
,?6eot·o~ 

,604-J 
,1381E~os 
,5395 
, 44-Zt 
.•211 
], 20~ 
lo 305 
,455tE~o• 
,1309 
41,20 
,.';)59f .. 02' 
0 2'706i:.oo04 
,189st-o4 
,to4t~·ol 
Io762' 
.•t.ort-ot 
9oJ·\7· 
JZ,.h 
,le91~oo01 
,769Zf .. l9 
8o)58. 
,26Bot-o4 

,IIJ32Eo05 

,1UJ2Eo05 

Sto DEIIIATIIJ"' 
OF.O HAt 

1141NI11UMI 

1,099 
,J7&4E-01 
U5~2' 
74,61 
24,33 
95,07 
2'J4o0 
.H,,i!4 
4,634 
211 ;. 
14; 40 
8,180 
l1,h 
H6;4 
16,86 
2'~0::11. 
u4; r 
b4~ll 
7,13!1 
.sJtsE .. oa 
41),89-
olt.oa 

1560. 

1560. 

FULL UF~ CYLINDERS 
UF6 CYLtNOER HEELS 
AOU CON'i[ASJO"i 
UPS RECyCLE 
.t.oU/UPS CROSS 
GECO COOJIIfRSJoN 
IIENDOR 1·102 
UOZ FOR SHIPM~T 
POWOER/pfLLETS 
INTEAHEni PR06o 
PELLETS 
FUEL ADos 
PoiSON ~ODS 
AsSEMBLjES 
PRESS ScRAP 
GRINOEA RESJOLIE 
OJATY PowDER 
RES I DUE (SLUOGE 
SOLJD II'ASTE 
SA1>4PLES 
PROCESS HOLDUP 
STANDARoS 

SUBTOTALS 

ToTALS 

• 
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, 
' ill 

00 

Ro\NOOM f~ROR 
Ol'fRo\TOA INSPECTOR 

BEGINNING 
6Jo) 
• e07E·OJ 
0 '597[•04 
,1'54Eo04 
ll7o5 
,666Eo05 
• 690 
o863 
1;), 0 
,791E:o04 
",07 
16·2 
,)41 
20,q 
1()4, 
zss. 
55,9 
,865£,04 
,.,JJf•o• 
tl,Z 
,)95f..02 
,JIOE•Oit 
,468[-GZ 

I NVENTOAY 
61 ,I 
,807£•0) 
,597£•04 
,l!!ilt(o04 
8To5 
,666[•05 
,690 
,863 
6l, 0 
, 791e:•o• 
4,07 
16.2 
,141 
zo.-. 
164o 
255, 
55,9 
,665Eo04 
,;>.'J3E•o• 
1 3,2 
,t9sr .. oz 
,JJ OE•Oit 
,468£-02 

0 969Eo05 ,969£•05 

,q69fo05 0 969[•05 

• • 

TABLE D -6 

BEGINNING INVENTORY ERROR VARIANCE CALCULATIONS FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

U02 FUEL FABRICATION FACILITY MAITRIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

SASEO ON VERIFICATION ~.o flHlS 
ERAOFI VA~lANC;s . ~ 

SySTE~ATIC ERROR 
OPEAATO~ INSP~~TO~ 

MOVING INVENTORY 
fOR MlW tAi:.CliLATJON 
AANOOM -SYS!EMiTlC 

0. 
o. 
691,7 
lls,s 
1.657 
}2\,l 
,!iJ6rE .. OJ 
938,6 
z;8n 
l~oso 
1 T, 04 
!8,20 
,3193E·Oi' 
273,3 
,281tTE•O• 
21,s2 
!2,98 
Jb,29 
ze, 74 
2~9.1 
,11141 
,Sh~t 
,3389(-01 

o, 
0. 
69l. 7 
125,5 
1,6.57 
12J,l 
,5!67t-OJ 
938,6-
2,671 
3,oso 
I 7, 04 
18.20 
,319lt.•OZ 
273,3-
o2847f.•06 
2t,sz· 
12,98 
30,29 
28.74 
239,1 
,!Sit 7 
,5444 
• 3389~-03 

61 oil 
,80b6E•03 
596\lo -
1537. 
87.48 
,6662roos 
,690~ 
,8628 
63,04 
7901; 
~t,o7o 
}6,)7 
,1406 
z~.ss 
161to".i 
Z54,1 
55,86 
8650: 
l)31; 
13,20 
,I94{1E .. o2 
J1 02· 
,467![~02 

0. 
0 • 
6'111.7 
Izs;s 
i. b~1 
121,3 
~:~J67t. .. o.s 
9JIJ~6~ -
'l ;Btt 
l,b!o() 
1 r .o4 
ili.zO 
,Jlil3t.-Ol 
2?J~j- . 
,l84;t:o06 
21,sz- -
ll, 98 
30,29 
2t1 0 h 
219.1 
,IU7 
• !>~4' 
.~38~~-0~ 

,287)Eoo6 ,2873~•06 ,968~E·o~ ,~87~~·o~ 

,2873Eoot ,z873E•06 ,968~£•05 o21H~~·O~ 

PEA yE.&A 

PAIRED OifFEAt.NCES 
IN RANOOM ERIIOR 
OPERATOR INSPECTOM 

,5'ilo5 

!4ie7E•O:l 
.111 

,7301 
,2119 
10,12 
,3~52 
ol458E•oJ 

1
2707 -
9,49 

,3498[ .. 0~ 
oil3!iE•ol 
,4254£-0) 
, 3833E-oj 

1 8805E•0~ ,163 
,6174e:~o1 
15,06 . 
5,2J3 
,1383[ .. 02 

!
2l711E-o? 
Oo44 
,1730[·0~ 

,5905 
,41117E•05 
1 ;Ttl-
• 1]01 
.~119 
10,12 
,3452 
,U58E•Ol 
,zror 
69,~9 
.~498~-02 
,ltl5E•o2 
,42S4~~o3 
,3el3t.•Ol 
,8e05E~o3 
1.163 
0 ~3~4t~OI 
}5,06" 
5o213 

7l83E-o2 
'ZJhE-os 
io ... 
• ~ r3o~-o4 

,2045~•05 

0 2~45fo05 

STO OEVIATJUN 
~ Or·o HAT 

(MINIMUM) 

llo06 
,4016£•01 
331~2 
12s~l 
is,Ii 
rzo~7 
i ~ 1 76 
43; 5o 
1?,96 
12~~8 
16,37 
6i,iz 
1,=o1s 
27~50 
77000 
23,50 
15,83 
lll,Z 
68,69 
22,~6 
,6110 
u;n 
,1001 

2*111• 

Z6J8 0 

'ULL U'& CYLINDERS 
U,6 CYLtNDER HEELS 
AOU CONI,i[RSJDN 
UPS ltECtiitLE 
AQU/UPS tAOS$ 
GECO CON'EASJON 
VENDOR t'!02 
U02-FOR SHIPMNT 
POWOER/iiELLETS 
INTERMEiiii PAUOo 
PEI..LETS 
FUEL ADQS 
POISON II'ELLE1s 
P0150N lfOOS 
ASSEH6LJES 
PRESS ScRAP 
GRjNOEA RESjOuE 
OJ Ty PoWDE 
RE5IOUEtSLUOGE 
SOI.ID ll.iSTE 
SAMPLES 
PROCESS HOLDUP 
STlNOARoS 

SUBToTALS 

TOT~LS 

• 



• • 

TABLE D-7 

ADDITIONS TO FACILITY I FEED I ERROR VARIANCE CALCULATIONS FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

• 

uo2 FUEL FABRI CA Tl ON FACI Ll TY MATERIAL ACCOUNT! NG DATA FOR I AEA VERI Fl CA Tl ON 1977-1 

SJ.SED ON vEPifiCATION l,O TIMES PER YEAR 
ERROR VAAIAN~~S -

AANnOM fAAOA SYST£M~TIC EAAOP MOVlNG INVENTORY PAIRED DifFERENCES STO DEVIATION 
OI'[AATOR INSPECTOR OP[IUTQN JNSPlCTOR fOR H0f CACC0LAriON IN AANUOH-EAIIOR Of-0 H•T 

;p -- A.lNDOI" -SY!i!EMATJc OPERATOR INSPECTOR IHINIMUi41 

' "' 0..0 lllQITioNS TO PLANT 
\64, J64o 0• o, l64ol Oo ,6248 ,62U llloli! fUI.L Uft. CYL.hDEitS 
,189 ,389 1,58M I,5P8 ,369~ 1,~88 ,1921£·0~ ,1921£~02 5~~~6 fUEL RO~S 
(,6f, 66To 10,99 10,99 666,7 10,911 1 3546 ,3546- lT 0 66 UNH PA06UCTS 
,)6'>[.19 ,164£-19 0, G, .16411£•19 O, ,63elE•2.t 0 6311£•22 ,lell£.09 SAMPLES 
i,93 1,91 ,1627 ,1627 1,9ii!6 - ,1~~7 01Z11E-O! ,lZ~H:-01 Z,0~4 OTHER 

!;Jl, 8llo ti!,h 12,74 8Jl,l llo?~ 62'!o7 ~3,,8 SUBTOTALS 

~JJ, 1!3lo 12.h I~.H 8J3ol lZo!~ 62~oT 63,,8 TOTALS 



PANf'lnM f~I!OR 
OP[RAT.ll< I ~!SPECTOR 

)> 

' - ~fMOVAlS FROM PLANT 
0 ,674£-0J 0 b74f~(l) 0 

'· 73 3, 73 
.t20l-0] ,120£-03 
!96, 196. 
,247f 0 04 ,2~>7r•n• 
,2tl7f.llj ,287E·le 
.noE,ot> ,370[.0!) 
.797 ,1q7 

,173foflb ,:H3E•O!> 

,J73Eo0b ,'HJE•ob 

• • 

TABLE D -8 

REMOVALS FROM FACILITY ISH I PMENTSI ERROR VARIANCE CALCULATIONS FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERI Fl CATION 1977-1 

8~Sf0 ON VE~Jf!CATION l,U TlMlS PtR YEAR 
ERROR VARIA'<~~S 

SVSTE'1Af lC f~HO~ MOVING JNVt.NTOIH I"A.IRED OII'FEAtNCES 
OPEIU TO"' 1'1SP~CTOR FOR M0f L~LcULAliON I'll RANL}DM [RRGR 

JUN00M - - S.YS!EM.iTic OPERATOR INSPECTOR 

0. 0. obTJbE-ol 0• 0 )973E·o~ ,197Jt.•o5 
4711, 4711, 3,725 ~111, 0 ]300£ .. 0~ ,lJOOl-03 
,394]£.,00 ,J94lt•Ot. ,!20i'[•Ol ,l94Jt.-Ob ,IOIBE-04 ,lO~aE-04 
,4;,Jsfo0b ,447!>E:oOt. lgb,l .~41:it.oOci l8549£-0J ,dS49E-Ol 
1917, lo;olr, 24111, 1 '>I I t,- ,304 - 2,304' 
0. '· ,2'}61[~18 o, ,19<'4E•;2U ,192H.~20 
bo All~ b,'i83 ,J700[o0b 6.~~3 37.88 37,as· 
?9,93 29,93 ,7972 2>~,~3 ,3028E·o~ ,Jo2sl-03 

,lo50,;?(oOb ,4~,2~•Cb ,J727f•06 ,4~-l~·o~ ,102JE•05 

,454?[+00 ,45lo2t+Ob ,·,rz7[oOb ,,.,,2~+01:> ,l U2JEo05 

STO OEVIA.flO'I 
Of 0 MAT 

P41NI!'t1J,OII 

o367QE•Ol UF6 CYLtNOER ~EELS 
9?;41 V[NOOR (102 
0 49b4£,.01 FUEL R06S 
'ilbl ;o- ASSEMBL.tES 
9J;n SCRAP 'oA SHIPHE~T 
.7~73[ .. 09 SAIIIPLES 
876,3 l.IOUIO ciiSCARQS 
T ,8~9 SOLID DtSCAROS 

203~. SUBTOTALS 

2036, TOTALS 

• 



)> 

' ~ 
C> 
~ 

• • 

RANDOM ERROR 
OP(IIATOR INSPECTOR 

"'EJ~ ENniNG 
• t-04 
,J59E-03 
,1'\llf•Oit 
bf\8, 
to2, 
o445Eoo,. 
o~A9[o05 
• 420 

. " 
,254Eo04 
, ,82 
.. ,06 
16 ,j 
4}, 6 
J4 ,6 
1,73 
,Sit9[o04 
~ t9 0 

13.7 
,('82[-16 
~'olo 
,!70£.0) 

INVENTORY 
,604 
,t59E·ol 
,R31Eo04 
6AA 0 

102. 
,4115E•04 
,J99E•05 
,420 
6,66 
,254[•0/o 
],!12 
4,06 
}6,1 
41,& 
:H,6 
1,1l 
,549£•04 
619, 
t J, 1 
,28ZE•l6 

""' ,170[-01 

o420fo05 ,4i!OE•OS 

•• zor.os ,420E•os 

TABLE D -'1 

NEW ENDING INVENTORYERROR VARIANCE CALCULATIONS FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

• 

U02 FUR FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 19/H 

8ASE0 ON VERifiCATION 2,0 TIMES PEA YEAR 
ERROR VARIAN~~$ . -

SVST[I4AfiC ERROR 
OP[AATOK JNSP~fTOII 

0. 
0. 
41i2,6 
5),37 
2o426 
0 199J[,.Ql 
0 5754EooOii! 
655,1) 
,4588£-ol 
51,02 
}b,ll 
10,23 
145,4 
0 ~882[ol)~ 
2 0 9)7 
,1704 
p.u 
loOTo 
14,49 
Oo 
,29JA 
,6301)[ .. 03 

0. 
0. 
49ii!,6 
5),37 
ii!,4ii!6 
,199)[•1)1 
.5754f•oii! 
l>ss.o· 
0 4586E.•III 
51,0ii!­
Uoll 
)(1,;:!3 
)45,4 
,988lt:oo5 
0!,9)7" 
• 1 '04 
I 1,16 
t.oro 
14,49 
0. 
oii!9JB 
0 6300~-0J 

MOVING INVENTORY 
FOR MiJF CAi:.cULA T JON 
RANDOM ·sY~!EMATIC 

o604J 
.ts9ZE-oJ 
8Jilo -
688oO 
IOlo9 
4453o 
,J&Il<!E-os 
,4<!00 
6,1!164 
<!53a; 
3,818 
•.o64 
16,14 
4t,60 
34,65 
1, 70!6 
549ii!; 
6)8,6 
1],70 
,;:!815£•16 
81)C!oS 
,t700[-0l 

o. 
o. 
49l,b 
St,Jl 
ii!~426 
,i<Jiit.-1)1 
.~;5U.-o~ 
65S,O~ . 
,45tiBI:.-ol 
si ,oii!- · 
16 oil 
10.21 
)45,4 
.~llelt.oo:. 
C! ~"'It· 
,t7o4 
IJ;u; 
1 ;oto 
14,49 
0. 
olll:U 
,6~00~-0~ 

,IOOJEo06 ol003~t06 o4ii!05£oQS olOOJ~•O! 

,IOOJEo06 ,1003~t06 o4Z05E•OS 0 10~3~•0! 

PA[RfO Olfff~fNCES 
IN RANUOM~ERitbR 
OPERATOR INSPECTOR 

o6043 
,l]&TE·O~ 
z ,165 . 
1 89i!9 
,ii!44l 
6,ii!o;4 
J,Jo5 
o7154f•D• 
ol 381} " 
4,691 
,]l69E'•Oil! 
,J7llf•O.J 
ol nl£-ol 
,9130£•0~ 
,4386 
,4607[•01 
a,Jol · 
J,Tol 
oii!J59E•Ol 
1 1498E•lii 
a, oz• · 
,JJQ)[ooO~ 

,61)4] 
• pu~-os 
ii!ol~5 
,89ii!9 
,ii!4~] 
6oii!54 
loJOS 
,1754E•04 
,1380 
4;6t} 
,JJ69E•Oii! 
,Hlll-oJ 
,laSJ~·ol 
,9J]Qt .. Q4 
,4366" 
,460TE-Ol 
&olOI-
3;103 
,ii!359~·0l 
o!498~•18 
8oQii!4 
,3703~-04 

98!J, 

91:1!3 • 

570 OUJ•HION 
. Of.O ti~T 

CMJNII4UMI 

lo099 
,p84e: .. u 
u~;~a-

1QSo6 
1@.~5 
1)2 ,7 
2l4o0 
J6,U 
·~1~1 
7J 1 ~7 
14 0 4ii! 
2$,65 
19,07 
h6~ii! 
8;668 
z,2h 
1 oa.l 
]5~21 
7,:.09 
,rSou.oe 
4o .or· 
ol&!B 

15~·· 

15~~· 

fU~L U'6 CYLINDERS 
U'6 CYLINDER ~EE~S 
AOU CONyER5JOiol 
UPS lliECVCLf 
AOU/UPS CROSS 
GECO CO"'VERSION 
VENDOR uOii! 
UOii! ,OR SHIP~NT 
POIIIDER/PfL.~ETS 
Jptf[JUIE!l1 PROOo 
PE~LETS 
fUEL ROQS 
POISON ~005 
AsSEMB~JES 
PREI!is SclliAP 
GRINDER RESIDUE 
DJ~TY PoliOEA 
RESlDUftSL.UOGi!: 
SO~lD Wi.STE 
SAMPLES 
PROC[SS HOL.OUP 
STANoAAijS 

SUBTOllLS 

TOTALS 
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SECTION E 

RESULTS OF THE LEMUF CALCULATIONS 

Tables E-1 through E-10 contain the LEMUF calculations as performed by the 
computer code QUEST. (lO) These tables correspond directly with the computer input 
data and the error variance calculations given in Sections C and 0, respectively. 
A comparison of the effect on the results of these calculations of combining the 
inventory measurement error data by 11 maximum 11 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 11maximum 11 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 . 
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TABLE E-2 

ADDITIONS TO FACILITY I FEED I LEMUF CALCULATION FOR" MAXIMUM" 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

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

LEMUf ~ALCULA!IO~ 

BAS£0 ON ~t.RlflCAliON i,O TI~~S PER YEAR 
STR~TUM DESCRIPTION OPERA TOR ERFIOR VARI~NC~ 

sTHHU~ Ill fiGHT NUMBEH RAND ON SVSTEI'IATJ~ TOTAL 

ADDITIONS Til PLAt-IT 
1 FULL uro CYLINDERS lo\.5Z,a'i '" lb4,15 o.oo 164,15 
2 FUfl ROU5 3,20 ,,, - ,69 1 0 58 - 2,21 
3 UNH PROIJUCTS Z6,Qoli. o\.8~ 6~1.09 10 ;98 ~1Z.01 
4 SA"'PLES • os zst ·" o;Oo ,00 
5 OTHf~ 4,60 lOl ~9,90 ;16 20,06 

SU8TOPLS 2601:!.~2.26 121~ 8~5,tJ4 1 z; !J ~58,58 

tonLs 2~08l2.2~ p!I~ 8'!5,84 12. !3 ~58,58 

CFRI>OR • 12,737 TH~ I:U'{QOM COf.'f>ONtNT 0~ Vo\HMUt • o846Eo03 

THE ESTIMATE Of PANDOM FRROH VARIANCE IS ,127E•Oi! 
FoR A GO"L QUANTITY OF )00,\1 NTL • "' ~ QR A GQr.l QUANT I TV Of }000,11 NTL • 'i 0 
FOP A GOAL oUANTITY OF 400Q,(J NTL • 0 
~ Ql'i A GOAL QIIANTI1Y OF t>SOQ,O NTL • 0 
FoR A GOAL QUANTITY OF 10000.9 NTL • 0 

\1['~1l'nq (I I • •7H2 0 !62&39~61J \IARMUF! SET TO 0 0 

VCMUfHt I I I • ·782 0 162839861J \IARMUfl SET TO 0 0 

Vr'>,-.UfHj (Tl • .78C.t6z6J9661J VAAMUF! SET TO 0, 
Vl;.,lJfHt (Il • •762 0 J626J9A61~ VARMUF} SET TO 0, 
Vi'MUFHJ ( ll • •762 0 162839A81J \IARMUF} SET TO Oo 

VARDRJO VARDSfL VAHOHO VOMUfllO SOMUFHO SOMUFHl VARMUF IOAL. QUANTifY 

3JHA 0 71'>59 25,4130 J214,2389 2J!)!),fl571 48.53'ftl 109,1817 ns.;ui lOOooOOO 
Jlo5~.7942 25,47)0 3}084.2672 J022;.68Sl 173,6554 .151.286.1 6u.suo IOOOooOOO 

J699JI'I 0 fiR27 z5,4n 0 !69904,3557 t691Q;, '1738 4}1,2247 ~u.urs 8511,5810 4ooo.oooo 
1711'>75.11'156 25.4730 171700,6588 1TiJ64~.0t69 413,3305 828,11!3 ua.ut9 6500on000 
l73J79.9~JR 2,.47Jo 173205.4549 Ir~J~6,er~o 415,1468 !31,797~ &58.~81, lOOOOoQOOO 

• .. • 



,. 
' 

0 __, 
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TABLE E -3 

REMOVALS FR<».. FACILITY ISH I PMENTSl LEMUF CALCULATION FOR "MAXIMUM" 
RAND<».\ ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

~ 

uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

LE~U~ ~~l~UL~!ION 

BASED ON ~EAIFICATION z.o TIMlS P[R yEAR 
STR.UUM DESCRIPTION .. - - - OPERATOR [MAOR VARIANCE 

STfU,fll.ll WEIGHT NUMB£~ RANDO• SVST[~~TI~ ·- TOTAL 

REMOVALS I'AOM PLA~T 
1 -UI'6 CVLINOER HEELS 
2 VENOOH U02 -
3 P'UEL ROflS 
4 ASsE~o~BLIES 

2,32 
20 ~20 
· 1 ;eo 
2,94 
9;ei 

"' '116oV 
-- 11 

q~970 ,., 5 SCRAP FOR SHI~MENT 
6 SA!o!Pi.E!i 
1 LIGUIO OlSCAROS 
8 SOLin DISCARDS 

SUBTOTALS -

,,. 
5,93 
.~6 

531752~ I~ 

... 
"' Z6Jl 

1?$94~ 

TOTALS 5JT7!)2,J~ 12~94'! 

CEAROR • 454197,142 THf RANDOM COMPONE14T 0~ VAAMU~ • 

THE ESTIMATE OF RANDO~ ER~OR ~A~JANCE 15 ,454[•06 
FoR A GO>~L QUANTITY OF 300,11 NTL • . 84 
FoR A GOAL QUANTITY OF lOOOoO NfL • •• FOR A GOAL QUANTITY Of 4000 •• NfL • .. 
fOR A GOAL QUANTITY Of 6500,0 N'rL • •• foR A GOAL QUANTITY Of 10000,0 N!L • •• 

VARDR30 VAROSTL VAROHO ~O"'U~HO 

~17fl9lo012l 90839!,2841' 1326285,2964 8}ii!II05,!:iUJ 
415572.0909 90839!.2842' llZJ9~~.l151 8JiiU6,6~69 
432034,6870 908]94,2842 1J4Q4ii!8,91)Z b694i,ZZh 
458~09,333? 'ilO&J94,za•z IJ6680J,61?9 isllH~uoa 
464('58,1175- 908J9~,ZB42 1372'65~,4616 8s?p~.!i~S 

·" o,oo ·" ·" Hlo,to •?u.u 

·" · · ;oo ·" 12~4,16 H75Jz;9I ~..SI!lT ,oa 
66~8.~9 .19i6;1o "525,10 

·" ·- o;Oo ·" 513!8,57 6;&8 51~85,45· 

••• zg;9z 30,62 
592!2,~0 454197~~· ~P!T9, 74 

592~2,66 454~~7~!• ~~~~19,74 

!sgn:.os 

SOMUfHQ SOMUFHl Vo\RMUF GOA'- QUANTIfy 

901,5513 l~l7,5ii!Sl 51JU9,7Ul lOOoi)OOO 
900,2703 14l4.Z9d St34n, tui tooo.nooo 
9o9,l615 1~57,0To1 SUUt,hsl 4-00Do9000 
92].7553 14tz,UJS St3U9, hal 6!ioo,oooo 
926,9}5? tSoo,ue? supt.ru~ lOOOO,oDOO 
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TABLE E-4 

NEW ENOl NG INVENTORY LEMUF CALCULATION FOR "MAXIMUM" 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNT! NG DATA FOR IAEA VERI Fl CATION 1977-1 

LEHU~ ~Al~ULA!ION 

8AS[O ON VERifiCATION 2,0 TIMt.S PEA yEAR 
STRATUM DESCRIPTION . - -

STIUTU'I WEIGHT NUfiiBf.~ 

NEW ENDING INVfNTCRY 
1 fULL UF" CYLINDERS 
2 UF6 CYLINO~R HtfLS 
3 '-Ou CON~Ei<SID'•( 
4 UPS RECYCLE 
!5 AOU/Uf>!i CROSS 
6 GECO CO"IVE~SION 
7 VENO()R •JOi:' 
8 UOi:' FO~ SH)PMNT 
9 POWOER/~[LLETS 

IO I!ITERMEL.I, PRQO, 
II PfLltTS 
)2 fUEL ROllS 
13 POlSON "005 
14 A<;Sf .. 9LIES 
15 Pf/ESS SCRAP 
16 Gfi!N~ER RESIDUE 
11 OIRTV '"'IWDER 
lR RESIOUfiSLUOG~ 
!9 SOLID W~STE -
lO Sl"'PLES 
21 PROCESS HO~nUP 
ll STANQAR•JS 

SUBTOTALS 

TOTALS 

Ho28,81 
2,!6 

.115,58 
26,58 
26,)9 
zs,94 
i!6.35 
2!,66 
11,6& 
11, o? 
i", 76 
z,or\ 
z,e!S 
z;~s 

16,05 
15,26 
17,1)4 
-7,9~ 
1,40 
lo71 
6,90 
2,92 

nlsos;a1 

312505,81 

I ,, 
I 'iltl 
·s94 
lli 
"' oi 

Jl42 -, ., 
IOIIJ 

t636il 
iHl79 

5~53~ 

" " lSi 

"' sei 
1811 

" "' 7~~0~ 

7~~0~ 

CERROR • 1002IIO,T71 TMl RANDOM CO"PDNEt.T Of VAAMU!: • 

TME fSTHUTf Of PANDO"! ER~OP VAAJANI:E IS 0 }00H06 
I' OR A tlO~l QUANT I TV Of 300,0 NT[ • I 062 
F QP A OOAL QUANTITY OF tooo.e Nfl • to62 
~OR A GOAL QUANTITY Of 4000,0 NTL • 1062 
~~A A GOAL QUANTITY OF 1>500, 0 Nfl • 10&2 
FQR A GOAL QUANTITY OF lOOOo,u Nfl • 1 01>2 

o594E•OS 

OPERATOR ENAOR ~ARIANCf 
RANDO II SYSTEMATI~ - -- TOUL 

.•o 
·" ~7'111,111 

&.!6,111 
Jio. 79 

J~li6, 711 
111918,05 

- '30 
6,18 

~~2"5,311 
·3,77 ... 
1~,23 

607,52 
t.l9,2J 
-1,72 

SUB,"t2 
ZO~O,S'i 

to,'ie 
- .0(1 

a~s.~s 

·" 593~9,116 

593~9,86 

0 " 
0 " 492 61 

51 j7 ' ,, 
0 I 

" 655 OJ 

" 51 01 
16 I 0 
to Lz 

HS 35 
9eah 42 

-- 2 91 
17 

ll la 
I 06 

u ~9 

o Do 

" bo 
1oo2eo !7 

10ozao,n 

·" ·" 5.!8-,42 
1178,20 
ill.21 

JLII6,110 
U9ta.os 

&ss.JJ 
6,23 

22346,40 
l'ilo8T 
10.67 

159,511 
99431,95 

142,14 
- 1,89 

5501,90 
2061,66 

zs.~r 

'" 1136,14 
- ,o 1 

!59~110,63 

!S'i(?IIO ,63 

VAADRJO VAAOSTL V-'ADI-!0 VOMU~r:19 SOMU~-HO SOMUI"Ht V~RMU, GOAL. QUANTifY 

1000"ll,Oo98 200561,5430 300614,5527 l40'illJ,'ilU9 315,4117 b64,141l 1596II0,6J811 lOOooOOO 
9971!3,7"41 20051>1,5430 ]003~5,3271 140664,6813 375,0529 ~~J,ll"PO U961o,6JU 1000oOIIIIO 

l O~J211,34~8 200561,5430 l008119,U5l' h12o<,i~h69 375,7782 b64,9h9 tUho,he6 uoo.oooo 
1003211.l4lll 200561,5410 ]0011ti9,88St l4liO'il~24i9 375,1782 6U,916QI tst~Uo,hU uoo,oooo 
lOOJ211,34?11 2oosol,54lo )008!1~.8857 h!~o~.2~~~ 315,17112 !64,916~ 1U~~o.~Ji! IOOOOociOOO 
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TABLE E -6 

BEGINNING INVENTORY LEMUF CALCULATION FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

uo1 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

lfHUF f~L~UL~!ION 

eASED ON ~ERIFICATlON ~·~ TlH~5 PEA y~AR 
STRATUM DESC~IPTJON OPERATOR EHIIIOA VARIANCE 

STih.TUM III[JGHT '-'YI'IBER A.&. NODI SYSTE"~Tif - -- TDYAL 

9EOINNING INVI~TOAY 
1 FULL Ufb CYLINDERS ll9l,71 " 111,11 0!00 61,11 
2: Uf6 CYLINDER Hf£LS -·J;.~ "' - ,h o!I.IG ·" l ADU cONVERSION- Z4;aJ ~lll 59b9,0l 69lob5 61160,61 
4 UPS IU:IiiYCLI!: 26;06 ... 15~7,39 I2s;h 1~6l,88 
5 ADU/UPI CROSS 26,01 JO~ 117,41 1;6s 19,14 
6 GECO CO~VEASION z• .z~ ~ooo 666ZZ, 18 lll!~~ ~6!U,Si! 
1 VENDOR UOi! ZS,04 ' ... •" ·" 8 UOz fOR SHIPHNT u.rj 462l. ... V38t6T ~39,44 
9 PO\o'DER/P[LLETS 16,Z0 ·1za t>J,OJ -- i!!&'t 65,tl 

10 INTEAHEU, PAO~o ~o;•o B! 79~6,55 3,05 T!D9,60 
11 PELLETS 14,99 10111 4,06 u ;o. 21,11 
12 FUEL ADDS Zo9j lh&i 16,16 lliZO J•ol6 
IJ POISON ~ELlfT~ u~a9 . -164 .• !• •" ... 
U POISON tti)OS ·z.a4 l86-i lO 0 85 Z7lo.C:6 ~ .. ;:::;; 15 ASSE'48LU:S 2,91 8i5i!oil ~~•.•s zs.t~zf$3 
16 PRESS iCAAP 15,86 - i!l ~ z:.•,6e 21tf»l ~u.u 
11 GRINDER RESJO~E 16;62 lal ~s.h 12t98 , .... 
18 DIRTY j1101fOEA 19oa• 201 &6•9,50 J01h 8C>19o19 
19 RESIOUtiSLUDG~ 9~96 4•L 2Jl0,68 2a.1l 2359,U 
lo SOLID ltl.t.STE 1 ~9~ !h~ P,2o ?~9;os ~52,25 
i!l SA~PLE5i ,, ... ·" t:le ... 
22 PROCESS HOLDUP l.U ,,, Jl~i!.~T ... ~;tZ,T2 
23 STANOAIWS loll "' ·" ·" ·" SUBTOTALS h7Z0~~4! ~Z~l6~ 968~0·~· 281Z~9!~1 ~8~!29,16 

TOTALS hTZOJ,.1 1 ?!16tl 968~0.!4 2872~9!~1 .,!B~!l9,U 

CERROA • 28T269,012 THE RINOO~ C0'4PONENT 0~ V~AHU~ • !969[o05 

THE ESTIMATE 0' AANOOH EAAOR ~AAJANCE 15 ,287E•06 
FQA I GO•L QUANTITY OF JO&•' NTL • 1455 
FDA A GOAL QUANTITY OF" !GO ,8 NfL. • ... 
FQA A GOAL QUANTITY OF 4000,1 NfL • 1455 
FOR A BOIL QUANTITY OF 6500,0 NTL • t4ss 
FoR A GOAL QUANTITY OF 10000,1 NfL • 1~55 

VAA[)AJO VAAOSTL ~~AOHO IIOMUFHO IOHUI'"MO SDMUFHl VU14l!F IOAl. QUo\NTifY 

286]75,}579 5745JB,o2l2 860913,1811 U6714,0llll 690,4955 1155,8155 "'!"·!'!' ,m:un 2&5851,8,75 5745l8,02]l 860389,860? ~T~?~O~~~r 690,116" !h,909~ ~84_, •••• 0 
l87082,096l 5H5JI:l,OZll &61620,119] "Th90,95 4 69l,OOU li5T 1 038l 3i4lli,l610 4000,f000 
28T269.~06l sHSJII,02ll 86I80T,S295 4T1'6111,36 5 69l,l4U ll5T,l620 m!u·!'" 65oo, 0oooc 
287269,506] 5H538 0 02lZ 86180!,5295 ;1Ht~.~~!s 69l,IU:8 lhT,l~!O ~~~ ~~ •. ~!!) lOOOO,oOOO 

• ~ .. 
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TABLE E-7 

ADDITIONS TO FACILITY IFEEDI LEMUF CALCULATION FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

• 

U0
2 

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

L~MV~ ~A~f~L~!IO~ 

lASED ON VERIFICATION z.o TIMtS PER yEAR 
STRATUM OESCRIPhoN . -. . - - OPERATOR EMIIOR VARIANCE 

STit.I.TUM lllfl~t:l~ NUMBE~ RANDOl- SYS!!ioi~TI~ . - -- TOUI. 

ADDITIONS TO PLANT 
I FULL Uf& CYLINDERS 
2 FUEL AI.I~S 
l UN•I pAOUUCTS 
4 SAHPI,.fi 
!S OTHER 

SUBTOTALS 

TOTALS 

1452,89 
3,211 

Z6,04 
- f05 
.;,~ 

2608~2;2! 

2608U 1 2~ 

'" IU 1 1!5· ,,, - .~e 
4ei 6ft6,66 

"' - .oo 
io; 1,92 

lil~ a~l.~J 

p!l~ B~J.p 

CfRROR • 12.737 THl RANDOM COMPONENT 0~ VARM(,.I~ • !8Jlfo0l 

THE ESTIMATE OF RANDOM ERROR 
FOR A GOAL QUANTITY Of 300ot 
FoR A GOAL QUANTITY OF 1000 0 0 
FoR A GOAL QUANTITY OF 4000 1 f 
FOR A GOAL QUANTITY OF 6500 1 11 
FoR A GOAL QUANTITY Of l0000 0 f 

VDHUFHtll) • ~769 0 4523979}74 
VO~UFHJ II) • ~769,45239791 h 
VD~UFHl Ill • .. 769 • 4523979}1/lo 
VD~UFHJ II) • .. 769,45239191 h 
VD~UFHJIIl • -769,45239191 h 

yAROR30 yARDSTL 

3124,9279 25,4730 
29375,8596 25olt1JO 

172J08o0559. 25olt1JQ 
17BHo3590 2s, • no 
175349,1551 25,~tno 

VARIANCE IS 
NTL • 
NfL • 
NfL • 
NTL • 
NTL • 

o12TE+02 
107 -. 

0 
0 
0 

VARMUFt SET TO 0 0 

VARMUFt SET TO Oo 
VARMUF 1 SET TO 0 0 

VARHUft SET TO O, 
VARM~fl SfT TO 0 0 

yARDH(I yOMU~t:4~ 

31!;0,4009 2304-,52115 
291t0lo3326 zau;o•&h 

I721Jj•S289 uizat.65?5 
113869,8320 1 uui.9666 
I75JH,&2Bt 17;5~~~ !5~7 

SOI4uF"HO 

4-1,0055 
168,9111l6 
4tJo86h 
4}5,9615 
417,76~4 

o,oo J64 ,15 
loh 1,97 

lOi'ia bT'1,64 
o,oo - ,oo 

16 2,01 
u:t3 !;!U.n 

!ZtH ~u.n 

SOMuF"Hl VARMU' GOAl. QUANTify 

101,0709 145·,1714 soo.oooo 
hto5i90 ld.itl' 1000•9000 
!ZtoZU6 IU,itl. •ooo•oooo 
!l3o40o? 145,111, 6&00•Q000 
!3? o004~ ~4i,!H~ lOOOOooOOO 
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TABLEE-8 

REMOVALS FROM FACILITY ISH I PMENTSILEMUF CALCULATION FOR APPORTIONED 
RANDOM ERRORS AND "M.~XIMUM" SYSTEMATIC ERRORS 

Uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

LEMUf CAL~ULA!ION 

BASED ON VERiflCATlON 2,0 TIMES PER VEAR 
STRATUM OESCRIPTION . . . ~ . OPERATOR EHROR YARlANCt. 

STR4TUM WEIGHT NUMBER RANDOM SVST!;Mi.TI~ - ·- TOTAL 

REMOVALS FROM ~LANT 
1 UF6 CyLJNQtR HEELS 2o32 "' ·" o.oo ·" 2 VENDOR llOZ 20,20 v609 3,12 ·~~o;ro Uh 0 43 
3 FUEL pOuS 1, 80 ll ·" ;oo . • 00 
It ASSEI!dLIES 2.9~ 111970 1'16 1 05 ·~7532;91 H71i8 1 97 
5 SCRAP FU~ SHIPMENT 9,88 - -9911 2413,61 l'lh;?o - ~~90,32 
6 SAMPLES • 06 14~ • • Go ··o;oo ·" 1 LIQUID OJSCARVS 5,9~ J6J 3700~6,47 6f'!l8 ~70013,35 
8 SOLI~ U15CAR05 ·" 2633 ·" 29o 92 30,12 

SUBTOHLS 531752 ,I~ !Z~h~ 3727~0.66 4541?7!~4 ~26!97,80 

TOTALS !))7152 ol ~ 12~9·~ 3727~0.~6 4S.U?7o~4 ~2~'!1'H ,eo 

CERPOH • 454197,142 THt RA~DOM COMPONENT 0~ YARMU~ • !373[+06 

THE ESTIMATE OF RANDOM ~R~OH VARIANCE IS ,45•E•06 
~OR A GOAL QUANTITY oF ]00,11 NTL. = - 230 
~nP A GOAL QLIANTIT'I' OF )OOO,Q NtL " "' FoP A GOAL QUANTITY OF 4000,tl NTL • z3o 
FoR A GOAL QUANTITY OF 6SOO,II NTL • .i!Jo 
I'OR A GOAL QUANTITY Of 10000,9 N!L • 2~0 

VA.RORjQ VARDSTL VAROHO VOMU~H~ SO"'UFHO SOMUI'"Hl 'iARMUI' IJOAL QUANT J;y 

447~.55,7014 90839~.281t2 ll56Q49,9S56 fiZ915~,1765 T27,4Z!I5 iJ68 0 Z5.U 8i!689T 08091 lOOoQOOO 
441!07,4920 908394,;:>1142 ll5550lo776! sz&6oJ.96h 727 o0516 1~6ToUZ5 U6Ut ,8o91 lOOO.QOOO 
449o)68,863f> 901'139~.2842 13574bJ,JH7 !IJ056i;.Jlh 728,J99Z I~To,Jl8l a~uu ,ilo91 UOOooOOO 
455!6),125) 'il08)94oZ842 136JS!if,40'il4 5)6659. 6004 TJi!,5705 ll79olhi! aUB9t,io9l 6500oQ000 
45S !63 ,-I ;:>53 90IIH~oZI'I4;> IJ6JS57,•o'il4 5)665~~~004 132,5705 l~T9ol~42 ~~~~9t,!oi! lOOOOooOOO 

' • .. 
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TABLE E-'1 

NEW ENDING INVENTORY LEMUF CALCULATION FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

uo2 FUR FABRICATION FACiliTY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

llMUf ~~l,ULA!ION 

HASED ON VERifiClTION l,~ TIM~S PEA V~lA 
STRATUM DESCRIPTION OPE A.-. TOR ERROR VliiJ~NH 

• 

STii•TUM 11[16HT NUHIIEM RANDOM SVSTEMATI~ TOUL 

NEW ENDING IN~tNTORY 

l fULL uto CYLINDERS h211,87 ' .~o o,oo ... 
2 Uf6 CYLINDER ~EELS - 2,)6 ,, ... o ;oo ·" l ADU tnNV[AS!ON zs,sii 191! U!l,~l uz;u Uh,09 
4 UPS RfCfCL[ 26,511 ... 6117,911 -~l;!r f39,35 
5 lOll/UPS CROSS ~6.19 '" lill,h Z!~i l04,U 
6 GECO C~NVERSION 25,9~ Pi: Ubl,lO ... •!53,12 
T ~ENIIOR UOz 26,35 ,, 

189!1,05 ;oo U!li,OS 
I UOi! FOR SHIPMNT 2jo66 334~ ... 655~03 6SS,U 
9 POWOEAI~fLLETS I 0 66 .,. 

'·'' {114 - 6,11 
10 WTERMEU 0 PROQ, it~o9 42il i!SJ1,41 StoOl i!U9,So 
II PELLETS 14.76 lOll -l.~l 16ao 19ot2 
12 fUEL ROU!o . 2,94 Jliloii 4,06 1o;22 u.u 
ll POISON ,.ODS 2,es 2079 16,13 us;Js 161 0U 
I~ ASsf>~llLIES 2,9!i !>~5Jj ~~.~, 91111~-\(~2 911166.02 
IS PF<£SS !i.I,:J~AP 16,05 ,, J4.64 2o'lll 17.56 
16 GR I NOEll II[S IOU£ 15~2~ " -1.1'2 ;v 1.19 
I? DIRTY I'UWOEA n.o~ uY s~~z.n llo II nos.n 
18 IIESIOUt/SLUDG~ 7,45 16- 618,63 1 ;06 ~19,70 
19 SOLID ••stf loo\6 sai b,1o 14;49 21,!9 
?o SMtPL£5 2,1; '" •• oo .,,oo ... 
21 PllOC[SS HOLDUP 6,9~ " 8'J2,51 '" 1102,81 
2~ ST~NDA,..US 2~92 "' ·" ;oo ... 

SU8TOULS J72SOS!e7 7~~~~~ 420~7.~9 I00280i!7 442~111.46 

TOHLS l7250S,I1 7~~0~ 420~7 .~9 100lii0!!7 4U~Z8,46 

C[RROH • 100280,771 THl IIANOO~ ro~PONlNT Of WAR~u[ • !420fo05 

THl ESTIMATE OF IIANDON [IIIIOH VARIANCE IS ·!00[•06 
FOil A GOAL QU-NTtTY Of 300,0 NT( • "' Foil A GOAL QUANTITY OF IOOO,f Nfl • '" Fpll A GoAL QUANTITY Of ~000,0 NfL • "' Foil A GOAL QUANTITY Of 6500,0 NfL • 972 
Foil i GoAL QUANTITY OF IOOOO,W NTL • "' 

~AROR]O VAROSTL VAHOHO YOMU!:H~ S014UfHO SOMUfHI YAR~~ IDAI. QUANTI iY 

'i19924,5lOI 200561.~4111 ]DQU6,Qfll 1511157,1>009 197 ,690] •16.7061 1UlU,4 .. 2 JODoftoO 
'i19Hl!5 0 6?77 200561,SUD ]004l7,2l07 151101, u.u l97,62U !16,1617 IUUI,466it uoo.oooo 

100242,0?06 200S61,5Uo 30010l,6ll6 tseu~.t•" 391,0194 1111',64-\0 t4Uitt,46U uoo, 0too 
100242,11?06 l/10!16l,54lll ]DOII0S,6!36 1114?,, U& lti,Oih !n,•4•o lUUa,hU 6501 00000 
IOOi'42,0?06 U0!16l,S.lO )01)110~,6136 ~s!;t~~~,~H5 391,0194 ~n .u•o ~-~~~~.H~~ IOOOOooOOO 
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TABlE E-10 

STATIC INVENTORY lEMUF CAlCUlATION FOR APPORTIONED 
RANDOM ERRORS AND "MAXIMUM" SYSTEMATIC ERRORS 

uo2 FUEl FABRICATION FACiliTY MATERIAl ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

LEHU~ fALfUL~!JO~ 

BASED ON YEAirtCATIOH ~·· T1.H~S PEA yEAR STRATUM DEScRJPTJON OPERATOR [AAOA VARIANCE 
STRaTUM IIEJ~HT Hl!MBE~ ll,t,NQOII. SVST[iri~TJ~ .• -- TOTAL 

STATif INV£HTORV 
I U'6 CYLINOER ~tELS ,,1 I ·" n 1 oo ·" 2 AOU COH~EASIO~- 23,66 ,. itT ,ll •" Z7,T6 
1 UPS Aflh'CLf ?2, ~~ " !0.~6 ,h ~ 1, 01 
4 AOU/UPI CROSS Z10f6 ' ·" ;~o ·" S GfCO ~ONVfASIOH ~it9~ ,, 6!!5,61 •" !!~!5,11 
6 UOz 'OR SHIPMH! ~Otl~ u~ ·" lt~9 lo 41 
T PO\ID[R/PELLET5 9,)7 1 lo1l •" ,.,. 
I IHTfRMfOo PAOQo ll,J! II !6,?8 ... 1 0 00 
9 PELLETI 9,42 ll! ·" l!O ·" H "UEL ROO$ f!a6 1464 ••• 'I' l!:l~ POISON AOQS ·" "584 <l,h llo I 

12 ASSEMBL.U:S Z~9~ 40439 l~z.~z saoh;h 58HZ.l1 
IJ GAJHQlA RESIDUE l3o!56 -.- 2 

·" - "GO ... ' 14 OIATY-POWQ[A -- ?I f9? II ~9.~6 ... 49,50 
IS AESIOUEISLUOG~ a,•• I 1 3!'5.~3 ,ot ~~5.64 
16 soL.tO •ASTf 1,34 ... .1z !~z ·" 1 T SAMPL.!S ·~3! -.o ·" 01 00 ·" 18 ST&NOAROS •• 75 " o.c.o 

5eos!!U. 
DoDO 

SUBTOTALS- 13,3!•··~ 'f.ZS~ 12!7 .u s~~Jt.u 

!OTAL.S 1343!8!4! HlS~ U!7 0 5J 510ht~8. l!~ll 0 6l 

C[RROR • SIOh 0 08S yHf RANDOM CO~PONfNT 0~ Y~RM~~ • !1211fo04 

TH[ fSTlMATf or RANDOM ERRO- VARIAN~£ IS .511!:o05 
FOR A GOAL QUANTITY or 

~m:l NTL. • m FOR A GOAL QUANTITY OF N!L. • 
FoR A GOAL QUANTITY or 4000~· NTL • u, 
FoR A GOAL QUANTITY 0' 6500o0 NfL. • "' ,oR A GOAL. QUANTITY OF lOOOOol N!L. • l~~ 

VAROR]O VARDSTL VARDHO VOMU~H' IDMUFHO SOMU,Hl VARMI}' fOAL QUANTifY 

5TtJ.3z8J p'l&'·t69t iTll5J 0 497J ll"t'·'T 337 .szoz '"·!'!' 59lll,6U'il :Joo.aooo 
57 40.7592 l61 ~.1691 rJZ!!o 9212 • ~t-~;~o ~ 337.51~4 634, f 9 su:u.&zu lOOO,QOOO 
57143.30!83 116101,1691 lTJZ!H 0 49TJ 113919017 4 l37 0 5ZOZ 534.1115 5Uli.hit 4DOo,oooo 
5T!43 0 ll83 116101.1691 lTJZ51.•9?] 113Ut;U 4 337 0 5202 bl4.1115 SUH.UU ,uo. 0ooo 
5Ti4J.ll83 11610~.1691 17ll!51.49h !1~?~?~~! ! JJT .szoz &34.1115 5~~~!.~~~, uooo.oooo 
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SECTION F 

RESULTS OF THE ATIRIBUTES INSPECTION PLAN 

The inspectors 1 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 gross 
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 goa 1 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 leO TIM~S PER YEAR 
THE NON•UETECTION PROBABILlTY FOR G~osS DEFECTS IS S~T AT iOSO 

INS~ECTION REQUIREMENT~ ~OR fiE ~E!ECTION OF GRosS ~EtECTS 

• 

STRATUM DESCRIPTION G 0 A L Q U A N T I T I E S 
STRATIJM - WEIGHT N~MB~R lOOtO ~000•0 ~000!~ 6SQ6,o 10000•0 

BEGINNING l~VENTORY 
1 FULL UJ"6 CYLINDERS 1391, 719H 6~ 66 b6 ~4 36 24 
2UF6CYLINOERHffLS -3,45570 121 4 ··1 '0 ·o 0 
3 ADU CONVERSION- 24f8369~ l3Jl 515 168 43 27 17 

;x::. 4 UPS Rfc;:'1CLE 26,06~~7 . 947 226 72 ~H i1 7 
' 5 AOU/UPS CROSS 26,01760 lO(f 26 8 2 1 1 

:::: f'J GECO CO'IIVERSJON 24,z699tt 1000 221 to til 11 7 
-....J 1 VENDoR uoz 2sto~i0o · i. o ·o ~o ·o o 

8 U02 FOR SHIPMNT 18, 73i60 4626 790 2!)4 65 40 26 
9 POWOERIPELLETS- 16~202~! ~128 20 6 -? ·1 1 

10 INTERMfn, PRQ6. 20;40969 86 17 S 1 1 1 
11 PELLET9 . 14,9~24~ ~09~ 15~ 49 lZ 8 5 
12 FUEL ROUS 2•93040 }3881 402 1~1 JO 19 12 
13 POtSOt..i PELLET~ 10;895~? -16! 17 ·s ~~ 1 1 
14 POISON RODS 2.84638 l864 81 24 6 4 2 
IS ASSEHBI.lES 2,91245 ail52oj 2613 706 1•f 121 79 
16 PRESS SCRAP ts;e66ib -21~ 33 Jo "3 . 2 1 
17 GRINDER RESIDUE 16,62257 18) 28 9 2 I I 
18 DIRTY POWDER 19;84~9~ 201 37 12 ~ 2 l 
19 RESIDUt.ISLUOGt: ·9.96606 U! 42: iJ j 2 1 
20 SOLID ••srE - 1,93~99 ! 78~ 34 jo l 2 I 
21 SAMPLES .J'il22ti 81tl 3 1 0 0 0 
22 PROCESS HOLOU~ 3•16~50 29. 9 3 1 0 0 
23 STAND~HUS 2 ,2~0~~ 26~ 6 2 (I 0 0 

TOTALS ~?~16~ 5343 16'!5 4~~ ~~0 }88 
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TABLE F-2 

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

BASED ON VE~IFICATION 2,0 TIMES PER yEAR 
THE NON~OETECTION PROSABILJTY FOR GROSS DEFECTS Is SLT AT •ZSO 

JNS~ECTION REQUIREMENTS FoR T~E QE!ECTION OF GAosS OE~ECTS 

ST~ATUM DESCRIPTION 
')TRAflJ"' WEIGHT 

~£GINNING lNVl~TORY 
1 FULL Uft! CYLINDERS 
? UF6 CYLINDER HEELS 
3 ADU cONVERSJON-
4 Upo; REC'~'CLE 
5 AQU/U~, CHOSS 
6 GECO CO~VERSION 
7 VENDOR U02 
6 UD2 FO~ SHJPMNT 
9 POWDER/DfLlETS 

10 INTfRMfll, PROQ, 
11 PELLETS 
12 FUEL RttnS 
13 POISON ~ELLETS 
14 POISON ~ODS -
15 ASSEI.tRLIES 
lb PRESS SCRAP 
17 GRINOER RESIDUE 
18 DIRTY flflWOER 
19 RESIDUE/SLUDGE 
20 SOLID WASTE -
21 SAMPLES 
22 PROCESS HOLDUP 
23 STANOAROS 

TOTALS 

... 

1391, 779Jit 
-.J~4SS70 

24~B3b9ic! 
26,06337 
2b~Oh60 
24,26998 
zs,o4i6o 
}8,T:ii60 
16,20231t 
20.409~~ 
l4.99lltb 
·z.93040 
lo.ei)!l6Z 
?..s46Jt:l 
Z.91245 
ls,e&04~ 
h,62ZS7 
19,e4ts9tt 
9,96606 
1,9)b9i,J 

.39228 
J,lblt~O 
2.2~0~~ 

Nt}MS~R 

69 
121 

t'Jlj 
.947 

!Oil 
1000 

' 4620 
-12ti 

•6 
1091 

i388i 

--~·· l864 
00520 

Zlb 
i8l 
2ol 
.. 2 

neB 
·alti 
29~ 
261 

!?~16~ 

G U A L. Q 
loo.o ~ooo.o 

52 
2 

255 
112 

13 
109 

0 
384 

9 
8 

73 
181 

• 38 
1219 

16 
14 
18 
20 
16 

I 

• 3 

2561 

>2 
I 

79 
34 

4 
J3 

0 
119 

"3 
2 

<3 
>6 

2 
II 

3~5 
5 
4 
6 
6 
5 
0 
I 
I 

812 

U A N T I 
ltOOO!~ 

J5 -. 
•• • I 

(j 

0 
JO -, 

I 
;, 

14 
"j 

3 
•I - 1 

i 
i 
2 
I 
0 
0 
0 

2~~ 

T I E S 
6Soo,o 

20 
0 

12 
5 
I 
5 
0 

!8 
0 
0 
4 
9 
0 
2 

56 
I 
i 
I 
I 
I 
0 
0 
0 

131 

• 

lOOOOtO 

• 

12 
0 
8 
3 
0 
3 
0 

12 
0 
0 
2 
6 
0 
I 

36 
0 
0 
I 
I 
0 
0 
0 
0 

85 
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TABLE F-3 

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

BASED ON VERIFICATION 2,Q TIMlS PER yEAR 
THE NO~·OETECTION PROBABILiTY FOR.~AosS DEFECTS IS SlT AT •500 

INSPECTION REQUIR~MENT~ ~OR t~E QE!ECT!ON OF GROSS qEtECTS 

STRATUM DESCRIPTION G 0 A L Q U A N T I 
STRATUM WEIGHT 

BEGINNING INV~NTQRY 
1 FULL UP6 CYLINDERS 
2 UF6 CYLINDER HEELS 
3 AOU CONVERSION~ 
It UPS RE'i:YCLE 
5 AQU/UP9 CROSS 
6 GECO CONVERSION 
1 VENDOR !JOZ 
8 UOz FOR SHIPMNT 
9 POWQ[RIPfLLETS 

10 INTERMEU, PRQO, 
11 PELLETS --

12 FUEL RODS 
3 POJSON PELLETS 

14 POJSON ~DOS -
15 ASSEMBLIES 
16 PRESS SCRAP 
17 GRINDER RESIDUE 
18 DIRTY POWDER ·-
19 RESIDUE/SLUDGE 
ZO SOLID ~ASTE -
21 SAMPLES 
22 PROCESS HOLDUP 
23 STANOAMUS -

TOTALS 

1391,77914 
-3.4SS70 
24,836~~ 
2&,o63l7 
26;oh60 
2•;z699tt 
?s,o~iOO 

18,73160 
6~20234 

20,40969 
~~~9~2~b 
2•93040 
~O,e956Z 
2,e46ltl 
2,97245 

1S;a6045 
l6~6Z~S7 
lg~a48g6 
-9;96606 
1,9369., 
,J9ZZS 

3 oj60~0 
<.2~0~! 

~YMB~R .. 
121 

~33j 
.9.1 
I oil 

looa 
- l 
'626 
-128 

·~ 1097 
!l881 ·-1·• 
l86. 

8052ii 

···~· laJ 
207 
~42 
178~ 
810 
29it 
261 

120165 

Joo.o 1ooo.o 4000!9 

35 
I 

13i 
58 

7 
56 

0 
196 

5 • 
37 
94 • 19 

612 

• 7 
9 

10 
8 
I 
2 
I 

1305 

~5 
0 

•o 
i1 
• 17 
0 

•o -I 
I 

! I 
<8 

I 

• 182 
• • 3 
l 
2 
0 
I 
0 

U4 

~0 . 0 
10 
•• 
0 
4 
0 

iS ·o 
0 
3 
1 
0 
I 

•• -1 
I 
I 
i 
i 
0 
0 
0 

I !S 

T I E S 
~So9.o 

II 
0 

• 3 
0 
l 
0 
9 
0 
0 
z 
a 
I 

28 
0 
0 
0 
0 
0 
0 
0 
0 

67 

• 

1oooo,o 

7 
0 
4 
2 
0 
2 
0 

~ 
0 
I 

~ 
I 

Ia 
0 
0 
0 
0 
0 
0 
0 
0 

44 
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TABLE F-4 

NUMBER OF ATfRIBUTE TESTS 
U02 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-l 

THE 
BASED ON VERifiCATION 2•0 TIMtS PER YEAR 

NO~~DF.TECTION PROBA~lLIT~ FOR'GAOS5 DEFECTS IS StT AT t050 
tNS~fcTION R[QUJREMENT~ ~OR !~~ ~E!ECTION OF G~OSS ~EtEcTS 

STRATYM DESCRIPTION G 0 A L Q U A N T I T I E S 
STRAfUM W~I~._-.T N~MS~R lOOtO 1000·0 4000!_0 6S.oo.o 

II.DDITIDNS TO PLANT 
1 FULL UF6 CYLINDERS 1452,89~04 110 161 1•1 IJZ 90 
2 FUEL ROl)S 3,20342 19~ 6 ·z ·o 0 
3 UNH PROOUCfS 26.04589 •e• 116 ~7 9 6 
4 SAMPLf9 ,o5a6~ 257 0 0 0 0 
5 OTHER 4,60921 iot 5 I 0 0 

TOTALS !21~ 288 201 1~~ 96 

• ... .. 

10000•0 

67 
0 

• 0 
0 

71 

• 
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TABLE F-5 

NUMBER OF ATTRIBUTE TESTS 
uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BASED OU VERifiCATION i:?,IJ TIMt.S PER YEAR 
THE NON~DETECTION PROBABILITY fOR G~OSS 0EFECTS IS S~T AT .~50 

INSPECTION REQUIRLMENTS ~OR !~E qr!ECT!ON OF G~OS$ ~E~ECTS 

)> STRAT~M DESCRIPTION G U A L Q U A N T l T I < 5 
' - STRATUM wn~HT NUMBER lOO ,o HOO•O 4000!9 . "&SoO ,o lOOOOtO 

N -
ADDITIONS TO PLANT 

1 FULL UFb CYLINOfRS 1452,89504 170 IZH 1<8 05 50 35 
2 FUEL ROnS l,20J4l lg4 3 I -. 0 0 
3 UNH PROOUCTS C6,04S$8 •ail 58 !T • 3 z 
4 SAMPLE! ,058&5 Z51 0 0 0 0 0 
5 OTHER 4,609~! lo; z I 0 0 0 

TOTALS !ZI~ 191 1,7 09 53 JT 
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TABLE F-6 

NUMBER OF ATTRIBUTE TESTS 
uo2 FUEL FABRICATION FACILITY ~IATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION I977-l 

BASED ON VERifiCATION Z,O TIM~S pER yEAR 
TH€ NO~·O~T(CTION PROBA~ILITY FUH GijosS OEFEClS IS S~T AT ,500 

INS~ECTION REQUIR~HENTS FOR THE UEfEcTION OF GRosS DEfECTS - - . . . . -

STRATUM DESCRIPTION G 0 A L Q U A N T I 
STRAfliM WEIGHT N~MB~R Joo.o 1ooo.o •ooo!O 

ADDITIONS 10 ~LANT 
1 FULL UF~ CYLINDERS l't52,89504 170 85 •s >0 
2 FUEL ROOS J,ZO~~~ 19! 1 •• •• 
3 UNH PRO!)UCTS 26,0458d ••• JO • 2 
4 SAMPLES ,05865 257 0 0 0 

5 OTHFR 4,609?1 107 1 0 0 

TOTALS !21~ 117 ~· 
>Z 

-, 

T I E S 
65o~.o 

27 
0 
1 
0 
0 

28 

10000•0 

19 
0 
1 
0 
0 

20 

• 
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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 ~.0 TlMtS PER YEAR 
THE NON•D!!TECTION PROBAB't'LlTY FOR GilOSS DEFECTS JS St.T AT .oso 

lNSPEcTtON REQUIREMENTS foR TNE DETECTION OF GRosS DEfECTS .. - ·- -. - -- . -

STRATUM DESCRIPTION G 0 A L Q U A N T I T 1 E S 

• 

:z:. STRATUM -- W~I~HT N\!HB~R 3QO,O ~000,0 4000!ii 65Q0,0 lOOOOtO 
' . 
~ REMOVALS fROM PLANT 
w 1 Uf6 CYLINDER HEELS 2,32096 224 5 2 0 0 0 

2 VENDOR 1102 - 20,20214 '1609 1851 570 14$ 89 5& 
3FUEL~OnS ·l,eOSO'il -·q 0 ·o -0 0 0 
4 ASSE"ttlltES 2,.9463!) 111970 3272 9~5 247 152 99 
5 SCRAP F'lR SHIPMENT 9~&879b .. ·990 94 lg -; . 5 .J 
6 SAMPLES . ,0649'i 149 0 . 0 0 0 0 
7 LJQUJO lllSCAROS 5,93904 363 21 6 2 1 1 
8 SOLID DISCARD~ e46598 ~~3~ lZ 4 ! ~ 0 

TOTALS 12~94? 5255 15?6 402 ~'~ 161 
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TABLE F-8 

NUMBER OF ATTRIBUTE TESTS 
uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BASED ON VERIFICATION l•U TlMtS PER YEAR 
THE NO~·OF.TECTlON PROBASlllTY fOR GRosS UEFECTS IS StT AT .zsO 

JNS~EcTtON REQUIREMENTS Fo~ T~E UETEcTioN or GRoss DE~EcTs 
~ -- . - - . -

STRATUM DESCRIPTION 
5T~ATI!M WEIGHT 

G 0 A L Q U A N T 1 T I E S 
Joo.o looo.o ~ooo~~ 6~ob.o NUMBE.R 

REMOVALS FROM ~LANT 
1 UF6 CYL1NDER HEELS 2,JZ09t1 224 2 I 0 0 
2 VENDOR !10?. 20,2021'4 960'l 906 2~8 b7 u 
3 FUEL ROnS 1, 8 o!>o~ --u 0 0 -. 0 
4 ASSE!.!BllES 2,94635 lll970 1526 457 114 70 
5 SCRAP F'lR SHIPMENT 9e88.,9~ -.- 99~ 45 13 "J 2 
6 SAMPLES • 0649\1 ... 0 0 0 0 
1 LIQUID DISCARDS 5,9390 .. 363 10 3 1 0 
8 SOLID DISCARD~ ,4~59~ i:!63~ 6 2 0 0 

TOTALS 12~94'! 2495 7~4 1~5 113 

• -. .. 

lOOOOtO 

0 
21 

0 
46 

I 
0 
0 
0 

14 

• 
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TABLE F-9 

NUMBER OF ATTRIBUTE TESTS 
Uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BASED ON VERIFICATION 2•0 TJM~S PER YEAR 
THE NO~·DETECTION PROBABILITY FOH GAOSS DEFECTS iS SlT AT ,sOD 

INSPECTION REQUIREMENTS FOR !~E ~E!ECTION OF G~OSS OE~ECTS 

STRATUM DESCRIPTION G 0 A L Q U A N T 1 T I E S 

• 

STRATtJM wEI~HT NYMB~R Joo,o 1ooo!o 4-000!~ -6So~.o looooto 

~ REMOVALS FROM PLANT 
Ul 1 UF6 CYLINDER HEELS Zt3209b 224 1 0 0 0 0 

2 VENOQH IJ02 - 20,202H 9609 464 135 J4 21 13 
3 FUEL Roos l,e0509 ~-1! o ·o ·o o o 
4 ASSE1.1~LtES 2,g4t,JS 111970 766 2l9 !)7 35 23 
5 SCRAP FOR SHIPMENT 9,88795 -.- 99~ 23 . 7 . 2 1 1 
6 SAMPLES - ,0649'11 ~lt'i 0 0 9 0 0 
1 LIQUID OISCAROS 5,93904 363 5 1 0 0 0 
8 SOLID OJSCARQS- ,46598 l633 3 1 0 0 0 - - - -

TOTALS 1?~94? 1262 3~3 ~3 57 37 
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TABLE F-10 

NUMBER OF ATTRIBUTE TESTS 
U0

2 
FUEL FABRICATION FACILITY t·IATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BASED ON VERIFICATION c.o TlMtS PER YEAR 
THE NON·DETECTION PROBABILlT¥ fOR.QROSS DEF[CTS IS SlT AT ,050 

tNS~EcTtON REQUIREMENT~ ~OR T~E ~E!EcTJoN or G~os$ ~Etrcrs 

STRATUM DESCRIPTION 
STRAT!IM WEIGHT N~MB~R 

G 0 A L Q U A N T I T 1 E S 
Joo.o looo.o •ooo,o 6SoO.o 

NEW ENDING INVENTORY 

• 

1 FIJLL UFb CYLINDERS 
2 UF6 CYLINDER HEELS 
3 AOU CONVERSION-
~ UPc; Rt.CVCLE 
5 ADUIUPS CROSS 
6 GECO CO~VERSION 
1 VENDOR 1102 
8 U02 FOR SHIPMNT 
9 POWDER/gELLETS 

10 lNTE~MEo_ PRO~. 
11 PELLEtS 
12 FUEL ROl1S 
13 POISON ~ODS 
14 ASSEI.i~LIES 
1'5 PRESS SCRAP 
16 GRINDER RESIDUE 
17 DIRTY ~OWOER -
16 RESIOUEISLUDGE 
19 SOLID WASTE . 
20 SAMPLE! 
21 PROCESS HOLDUP 
22 STAND~PIDS 

TOTALS 

-· 

1428.87100 
·2,16it37 
25.58933 
l6.sesob 
26.19616 
25,9~07! 
26,35960 
21 ~6605H 
11,66990 
11 ,092ZH 
14.76394 
·z,g4C9Z 
2,S597t 
Z,9So80 
16,0~64b 

15,26l2il! 
11,04873 
·7,9Sl1b 
l.4b~~s, 
2e71346 
6,90JSij 
2,92876 

1 
s.l 

1911 
·s9oi 
IJI 
172 

91 
J34C: 
--3~ 

420 
108J 

10360 
~2079 

slsJ? 
H 
23 

1sY 
164 
ssi 
18& 

•• 271 

!~40~ 

I 
2 

456 
142 

31 
41 
22 

688 

• 
68 

151 
JOJ 
59 

1535 
12 

J 
26 
13 

8 
5 
1 
8 

)585 

1 
I 

1!1 
46 
!O 
13 

1 
211 

~ I 

"1 
H .I 
Is 

·~4 • 
1 
8 

• 
J 
2 
2 
2 

~0~8 

I 
0 

Jb 
12 
. j 

3 
z 

•• ·o 
5 

12 
~J •• 

11• 
i 
0 
2 
1 
I 
0 
1 
i 

2!~ 

.. 

1 
0 

Z2 
1 
2 
2 
1 

33 
0 
3 
t .. 
J 

7i 
1 
0 
I 
I 
0 
0 
0 
0 

169 

10000•0 

• 

0 
0 

IS 
5 
1 
I 
I 

22 
0 
2 
5 
9 
2 

46 
0 
0 
1 
0 
0 
0 
0 
0 

110 
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TABLE F-11 

NUMBER OF ATTRIBUTE TESTS 
uo2 FUEL FABRICATION FACILITY MATERIAL ACCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BASED ON VERIFICATION Z,O TIMES PER yEAR 
THE NQ,., ... I:U~-:TECTION PROBABILITY FOR. GAosS 0EFECT5 ·rs St.T AT •CSO 

INSPECTION REQUIREMENT~ fOR !~E ~E!ECTION OF G~OSS ~EfEcTS 

• 

STRATUM DESCRIPTION G 0 A L Q U A N T 1 T 1 E S 
STRATIIM - WEIGHT NUMBtR 300•0 1000•0 4000t0 6:)00eO 10000•0 - - - - . 

NEW ENDING JNV(NTORY 
l FULL UF6 CYLINDERS U~s,anoo ~ 1 1 1 0 0 
2 UF6 CYLINDER HEELS 2,16437 &J l 0 0 0 0 
3 AOU CONVERSION- 25,58933 1911 226 tiT 17 10 7 

f' 4 UPS RfC:YCLE 26,58506 594 70 22 "!) . 3 2 
r::; 5 AOU/UP9 CROSS 26,19~16 13~ 16 . 5 1 1 0 
--.J 6 GECO CONVERSION 2S~940't1 11~ 20 6 2 1 1 

7 VENDOR U02 Z6,35960 9i 11 3 i 1 0 
8 UOz FOR SHIPMNT 2te66058 334~ 338 '119 ~!) 15 10 
9 POWDER/PELLET~ ~ 1,66980 - 3~ 2 -1 . 0 -0 0 

10 INTEQMEIJ, PROD, 17 ,092zts 4z0 33 lO Z Z 1 
11 PELLETS - i4,7iJ94 1~8~ 73 ~2 b 3 2 

12 FUEL RODS Zt94~9Z lill6ii 141 4-z l1 1 4 
3 POISON QOOS 2,85971 ,079 28 8 . ~ I I 

14 ASSE~BLIES 2,95080 !)4537 716 215 ~4 33 21 
15 PRESS SCRAP 16~05646 . 7~ 6 . 2 , ~ . 0 0 
16 GRINDER RESIOUl 15,26?22 23 2 0 0 0 0 
17 DIRTY !lOWDER h,0487j lSY 12 4 i 1 0 
18 RESIOUEISLUOGE -7,gSpb 164 6 2 0 0 0 
19 SOLIO WASTE - 1.4~!~5 58} 4 1 0 0 0 
20 SAMPLE~ 2. 71346 186 2 1 0 0 0 
21 PROCF.SS HOLOUt:_' 6~96J51j 99 3 I 0 g g 
22 STANDARDS 2,gZ878 27~ 4 0 

TOTAL!i 7~lt-O~ 1715 513 1~~ 78 49 
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TABLE F-12 

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

BASED ON VERIFICATION l.O TIMlS PER yEAR 
THE NON•OETECTION PROBABlLlTY FOR GROSS 6EFECTS IS StT AT .~00 

INS~EcTION REQUIREMENT~ ~OR !~E ~E!ECTtON OF G~osS DE~EcTS 

STRATUM DESCRIPTION G 0 4 L Q U A N T J T J E S 
ST~ATIJM WEIGHT NUMBER Joo.o 1ooo.o 400o!~ b!oo.o 

NEW ENDING INVENTORY 
1 FULL Uf"l<l CYLINDERS 
2 UF6 CYLINQ(R HtELS 
3 AOU CONVE~SION 
4 UPS REG'1CLE 
5 ADU/UPS CROSS 
6 GECO CO~VERSlON 
1 VENOOQ 1102 
8 U02 FOR SHIPMNT 
9 POWOER/~ELLf.TS 

10 INTERMEn, PROO, 
11 PELLETS 

!2 FUEL RODS 
3 POISON PODS 

14 ASSEf.IHLtfS 
lS PHfc;S SCRAP 

!6 GRINDE~ RESIDYE 
7 DIRTY POWDER 

18 RESIDUE/SLUDGE 
t9 SOLID wAsyE -
20 SA"4PLE5 
21 PROCESS HOLDUP 
22 STANDARDS 

fOTALS 

HZe.e7lOO 
2.16437 

zs .s8<JJ,i 
26,58S0b 
2'6,19616 
25.94077 
26,J5<J60 
21,6605~ 
l1.6b980 
t7.o?2zB 
1~.76394 

2.94l9C 
2,aSQ77 
2,9~0&0 

1b,05b4b 
}S 1 2672l 
p,o487~ 
7,95176 
1,46?~~ 
2o77 ]4b 
6o96J5'll 
2.9?878 

1 
8j 

lgil 
. 59~ 
131 
l1l 
9i 

J34i! 
3!> 

420 
108J 

lDJbiJ 
. ~079 
5~53? 

1• 
zl 

15~ 
lb4 
s8i 
18~ 
•• 271 

7~~0~ 

I 
0 

117 
36 

8 
II 

6 
114 

I 
11 
37 
11 
14 

359 
3 
I 
6 
3 
2 
I 

~ 
872 

I 
0 

~· [I 
z 
3 
2 

>O 
0 
5 

11 
<I 

4 
108 

I 

~ 
I 
I 
0 

y 

z>8 

0 
0 

• J 
1 
l 
6 

13 ·o 
I 
3 
5 
I 

'1 ·o 
0 
0 
0 

0 
0 

g 

~~ 

0 
0 
5 
2 
0 
0 
0 
8 
0 
I 
2 
3 
I 

17 
0 

0 
0 
0 
0 
0 

8 
)9 

1oooo.o 

0 
0 
3 
I 
0 

0 
0 
5 
0 
0 
I 
z 
0 

II 
0 
0 
0 
0 
0 
0 

8 
23 

• • 
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TABLE F-13 

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

a•SED ON VERIFICATION z,o TlMtS PER YEAR 
THE NO~-O~TECTION PR08A81LITV ~OR-~~055 ~EFECTS lS s;T ~T tOSo 

INSPECTION REQUIREMENT~ ~OR T~E DETECTION OF 0~05~ DEtECTS 

STRATUM DESCRIPTION G U A L Q U A N T I T I E 5 
STRATIIM - W~(GHT "'I.)MB~R Joo.o ~ooo~o 4000!~ 6~oO,o 

STATIC INVENTnRY 
l-UF6 CYLINDER HEELS 
2 AOU CUNVERStON-
3 UPS R(IOYCLE 
4 AOU/UPS CROSS 
5 GECO CONVERSION 
6 UOZ FON SHIPMNr 
7 POWDER/PELLETS 
8 lNTERMEO, PAQD, 
9 PELLETS -· 

10 FUEL ROIJS 
1 POISON PODS 

12 ASSE"1BL!ES 
13 GRIND~~ RESIDUE 
14 DIRTY-POWDER -. 
Is RESIDUEISLUDGE 
16 SOLID WASTE -
17 SAMPLES 
18 STANOARnS 

TOTALS 

,61300 
23,68327 
22,19974 
21,76600 
2!,93547 
20t12B04 
9. 37943 

1J.l76JI5 
-9,4237~ 
z•a669e, 
Z,aSJ29 
2,93789 

2J,s64oO 
21,9?221 
e,46soo 
1,3421~ 
4,]975it 
6.75091 

I ,. 
30 

3 
30 

16~ 
T 

I! 
13~ 

U64 
·s84 

40439 
-· 2 

11 
I i 

109 
80 
8! 

~~zs~ 

0 
16 

8 
I 
6 

32 
I 
I 

ll 
42 
16 

1170 
0 
2 
I 
I 
3 
s 

1318 

0 
s 
2 
0 
2 

!O 
0 
0 

• 
13 

5 
lOS 

·o 
I 
0 
0 
I 
2 

400 

0 
I 
I 
0 
0 
2 
0 
0 
i 
3 
I 

•9 -o 
0 
0 
0 
0 
0 

•• 

0 
I 
0 
0 
0 
2 
0 
0 
I 
2 
I 

55 
0 
0 
0 
0 
0 
0 

6Z 

• 

1oooo.o 

0 
I 
0 
0 
0 
I 
0 
0 
0 

A 
36 

0 
0 
0 
0 
0 
0 

39 
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TABLE F-14 

NUMBER OF ATTRIBUTE TESTS 
U0

2 
FUEL FABRICATION FACILITY MATERIAL ft.CCOUNTING DATA FOR IAEA VERIFICATION 1977-1 

BASED ON VERI~lCATION z.o TlM~S PER YEAR 
THE NON•DF.TECTION PROBABILITY FOR. GROSS 6EFECT5 iS S~T AT ;250 

TN~~ECTION REOUJREMENTS ~OR !~E 0E!ECTION OF GRosS ~E~ECTS 

STRATUM DESCRIPTION G 0 A L Q U A N T I T I E S 
STRAT•!"i WEIGHT 

STATIC INVENTilRV 
1- UF6 CYLINDER Ht£LS 
2 ADU CONVERSION 
3 UPS ~EC'~'CLE 
4 AOLl/UP! CROSS 
5 GECO CO~VERSION 
6 LlO? ~QR SHJPMNT 
7 POWO[R/P[LLETS 
A JNTERMEO, PROD. 
9 PELLETS 

10 FUEL RQI)S 
1 POISON ~ODS 

12 ASSEMALIES 
13 GRJNOtH RfSIOU£ 
14 DtRTY-P!'lWOER 
ls RfSIQUEISLUDGE 
16 SOLID WASTE -
17 SAMPLES 
)8 STANQARf'lS 

TOTALS 

,• ~. 

1 E,l300 
23.68327 
22,19974 
21,76600 
21,9~5~~ 
zo,t2eo• 

9.]7'943 
13.1 !618 

9,4237!:) 
2t8669b 
2~asJZ9 
2,9378'1 

2J,s6400 
21,92221 
e,46aOo 
l~J42ll 
4,39754 
6.7569i 

NUMBER 

l 
r; 
'" 3 
30 

16~ 
I 

1 I 
13~ 

146~ 
·se\ 

•O~tJij ... 2 

11 
1i 

1oo 
60 
Si 

4,j25~ 

3oo.o ~ooo.o •ooo~o bSoO.o 

0 
B 

• 0 
3 

)6 
0 
1 
6 

)9 

• 5<6 
0 
1 
1 
1 
2 
3 

6!9 

0 
2 
1 
0 
1 
5 
0 
0 
2 
6 
2 

1~5 
0 
0 
0 
0 
0 
1 

)85 

0 
l 
0 
0 
0 
i 
0 
0 
0 
1 
1 

•i 
0 
0 
0 
0 
0 
0 

•5 

0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 

25 
0 
0 
0 
0 
0 
0 

27 

.. 

10000•0 

• 

0 
0 
0 
0 
0 
0 
0 
0 
0 

~ 
16 

0 
0 
0 
0 
0 
0 

)7 
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TABLE F-15 

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

BASED ON VERIFICATION l,O TlMtS PER YEAR 
THE NON•DETECTJON PROBAHILiTY ~OR·~~OS~ ~EFECTS IS S~T AT .~00 

INSPECTION REQUIREMENT~ ~OR T~E ~E!ECT!ON OF G~OSS DE~ECTS 

STRAT~M DESCRIPTION G 0 A L Q U A N T 1 T I E S 
SHfATliM WEl~HT NUMBER Joo.o 1000!0 4000!0 65oO.o 10000•0 

STATIC JNVENf(lRV 
1-UF6 CYLINDER HEELS ,&poo I 0 0 0 0 0 
2 AOU CONVERSION. 23,68327 ,. • I 0 0 0 
3 UPS R~tYCI.E 22,1997~ 30 2 I 0 0 0 ,. 4 AOU/UP9 CROSS 21,76600 j 0 0 0 0 0 

' 5 GECO CO~VERSION ?1,9~5~! 30 2 0 0 0 0 ~ 

w 6 Uoz F~R SHIPMNT 20,1280~ 16~ B 2 i 0 0 
1 POWOERI~ElLETS 9eJ794J 1 0 0 0 0 0 
8 INTERMEO, PRQQ, 13, 17~1~ I! 0 0 0 0 0 
9 PELLETS -· 9,42~7!::1 13~ 3 I 0 0 0 

~0 FUEL RODS 2·86696 l461t 10 3 
A 8 8 1 POISON RODS 2,85329 ·sa• • 1 

12 ASSEMBLIES 2,9378¥ 40439 214 .2 d 13 B 
13 GRINDER RESJO~~ 23,56400 ... 2 0 0 . 0 0 0 
14 DIRTY ~nWDER ?1,9??21 11 1 0 0 0 0 
ls RESIDUE/SLUDGE 8,46800 17 0 0 0 0 0 
16 SOLID WASTE . 1,)421.1:! 10~ 0 0 0 0 0 
17 SAMPLES ~.3~!5~ BO 1 0 0 0 0 
lB STAND~AflS 6,75091 Bl 1 0 0 0 0 

TOTALS ·~25!? 310 91 <3 13 8 
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