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Development of sample size allocation program using
hypergeometric distribution
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SUMMARY
. Project Title
Development of sample allocation program using hypergeometric distribution

I Objective and Importance of the Project

Objective:  Development of sample allocation program using hypergeometric distribution
with object-oriented method

Importance:  Secuning inspection related statistical technology and
imposing statistical accuracyon the sample allocation algorithm of the
IAEA(International Atomic Energy Agency) inspection

O, Scope and contents of Project

When IAEA performs inspection, it simply applies a standard binomial distribution which
describes sampling with replacement instead of a hypergeometric distribution which describes
sampling without replacement in sample allocation to up to three verification methods. Correctly
applied standard binomial approximate-allocation program, improved binomial approximate-
allocation program, and hypergeometric approximate-allocation program were developed and
compared to the simply applied standard binomial approximate-allocation program of the IAEA.
V. Results and Proposal for Applications

Object-oriented programs of

(D sample approximate-allocation with correctly applied standard binomial approximation,

@ sample approximate-allocation with improved binomial approximation, and

@ sample approximate-allocation with hypergeometric distribution

were developed with Visual C++ and cormresponding programs were developed with
EXCEL(using Visual Basic for Application). It’s necessary to co-work with the IAEA to
verify the above developed programs, and to develop sample allocation programs with correctly
applied standard binomial approximation, improved binomial approximation, or hypergeometric
distribution.
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i1 ME

F-g]vlel= 1AEA(International Atomic Energy Agency, =AQxH 79} [153]' &
Blo] X YR X(safeguards) HA Q) INFCIRC236 & HA3E 57 g
21571 919 1AEA 9] RAZRA] BEo] UPoZ JAFA & IAEA 9 BAgRA] HA
& BE Ut diste] B3 YA TREZHARI AMRE AT UcHe).
IAEA o] AL EE- H3? 53 AMESY HAd HEZ(nuclear material)’©l
Rid BHUE UdeAY oARE IslEe AFEEoEAM HEHY HE

' [153] - INFCIRC/153(Corrected). The Structure and Content of Agreements between the Agency and
States required in Connection with the Treaty on the Non-Proliferation of Nuclear Weapons.

Structure and Content Document -  The Structure and Content of Agreements between the Agency and
States required in Connection with the Treaty on the Non-proliferation of Nuclear Weapons was published by
the IAEA as document INFCIRC/153(Corrected). In February 1972 the Board of Governors requested the
Director General of the IAEA to use this material as the basis for negotiating safeguards agreements under the
NPT. As opposed to the Safeguards Document [66], the Structure and Content Document [153] spells out in
great detail the material to be inserted in safeguards agreement; it contains the outline of agreement provisions
rather than mere guidelines for the parties. It contains strict requirements for the IAEA to follow when drafting
agreements unless a particular situation warrants a departure from the stadard text.

(IAEA safeguards glossary 325)

? Nuclear material - any source material and special fissionable material as defined in Article XX of the
Statute of the International Atomic Energy Agency:

Source material - “uranium containing the mixture of isotopes occuring in nature; uranium depleted in the
isotope 235; thorium; any of the foregoing in the form of metal, alloy, chemical compound, or concentrate; any
other material containing one or more of the foregoing in such concentration as the Board of Governors shall
from time to time determine; and such other material as the Board of Governors shall from time to time
determine”. Under [153] type safeguards, the term source material is interpreted as not applying to ore or ore
residuef 153/para. 112], in particular to yellow cake, a concentrate consisting essentiafly of U;Os.

Special fissionable material - “plutonium-239; uranium-233; uranium enriched in the isotopes 235 or 233;
any material containing one or more of the foregoing; and such other fissionable material as the Board of
Governors shall from time to time determine; but the term ‘special fissionable material’ does not include source
material "(IAEA safeguards glossary 31, 32, 33)
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Diversion of nuclear material - use for purposes proscribed by the relevant safeguards agreement:
Under [153] type agreement, the use of nuclear material for the manufacture of nuclear weapons or other
nuclear explosive devices, or other removal from peaceful uses for purposes unknown; or the withdrawal of
puclear material from safeguards except as provided for in the agreement[153/para. 14].

Notes: (1) Diversion of nuclear material does not necessarily mean physical removal from a facility or
other location.
(2) The expression ‘for purposes unknown’ means that the IAEA does not have to attempt to
determine how or where diverted material is used.

(IAEA safeguards glossary  15)
* Detectiontime - the maximum time that may elapse between diversion and its detection by IAEA
safeguards; according to the current guidelines it should correspond in order of magnitude to conversion time.
Detection time is one of the factors used to establish the timeliness component of inspection goals which is to be
achieved through specified inspection and physical inventory frequencies and containment and surveillance
measures.
Timeliness goal - the adaptation of the design parameter detection time to specific conditions arising from
facility practice, available equipment, manpower, etc. The timeliness goal is incorporated in various features of
the inspection plan, e.g. frequency of physical inventory taking, intensity of flow verification and frequency of
activities in connection with containment and surveillance measures{film evaluation, seal checking, etc.). At
present the following timeliness guidelines are used:

- Within 1 month for fresh fuel containing HEU(high enriched uramum), Pu or MOX(mixed oxide),

- Within 3 months for irradiated fuel containing HEU or Pu;

- Within 12 months for fresh fuel containing natural uranium, LEU(low enriched uranium) or Th.
Appropriate guidelines are adopted for other materials subject to safeguards agreements.
(1AEA safeguards glossary 108, 123)



8 oYUshe glolth (AEA A Z7ISHERS] ZARE o] £EE H 3L
ot A E dolH: A5 vie A 3eisiol sk AHREFAIAM FAH H
B48 A7) 95t 2oBREE A ARBIESL ZFsERE ST AdE AHE
& "ert o 71E9] zhEpskA] A48 EFolgAPH(simply applied standard
binomial approximation), BW}ZA] &9 EFo|FZAMH(correctly applied standard
binomial approximation), 7§1%¥ ©] &A1 (improved binomial approximation) ~12]3L %
FHEEE A AHEE= Al4PH(hypergeometric algorithm)d} o] ol ol?t W&
v ZEeh HARE Fo] Y £ Yx e HegrHel digdor k= ARl
28 AU(game) °JEE HE3] BEIZAYE £YVTY). 2IBREREE o
FEZ AR £ ' WS Holus AE zesloiof R Fo|2 ©A
YE (detection probability, 1- Sy’oll hele] REIVE AL of 27|sHE xR <%
Aol 7HseHe 2T AL @ oot Yk JlME olFEEE AMSIEE
ol ol2jdt Alx Fo] FhutoltH11][13].

* Detection probability - the probability, if diversion of a given amount of nuclear material has occurred, that
verification activities will lead to detection. In general it is planned that the methods used will provide a detection
probability 1-B, i.e. no more than a selected probability 3 of failing to conclude that a given amount of nuclear
material is missing.  Where containment and surveillance (C/S) measures are employed an overall detection
probability that takes into account their performance can be envisaged but it cannot be calculated since methods
for quantifying the performance of C/S measures have not been developed.

Accountancy detection probability - the desired probability of detecting the absence of a given quantity of
puclear material by nuclear material accountancy tests. For designing inspection goals and plans (e.g., sampling
and measurement plans) a detection probability 1-B, can be preselected as a basic parameter. Here B, is the non-
detection probability, i.e. the probability of failing to conclude from using accountancy that a given amount of
nuclear material is missing when diversion has occurred. International working groups have concluded that f,
should be low (0.1 - 0.01).  For planning purposes, the probability 1 - B, of the detection of the absence of a
significant quantity of nuclear material by accountancy measures is normally set at 0.90 - 0.95.

(IAEA safeguards glossary 110, 111)
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N E3HE 37 (number of items in the population)

xRyl A+ K459 HIFFA (average weight of items in the population)

M EREF detror {97k (1 goal amount is usually 1 significant quantity.)

D1 Bxgof Gl AW (number of defects corresponding to 1 goal amount)

£ oYX EHF (non-detection probability)

g ZATTEY (probability of classifying a defect as a defect, if measured)

n. EE I 7] (number of items in the sample)

dmyw 2T (humber of defects)

v A3& (defect fraction or missing ratio)

w: BY F7] (defect size) (o) A4 ¥ gross defect): x

354 $H(partial defect): yax

74 1] Z $h(bias defect, small defect):  px

Y. rq

& AHEFEA] (relative standard deviation)
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Significant quantity (SQ) - the approximate quantity of nuclear matenal in respect of which, taking into
account any conversion process involved, the possibility of manufacturing a nuclear explosive device cannot be
excluded (IAEA safeguards glossary 107)

7 Material balance period(MBP) - the time between two consecutive physical inventory takings (PITs) as

reflected in the State’s material balance report(MBR)[153].(IAEA safeguards glossary 142)

® Material balance area(MBA) - “an area in or outside of a facility such that:

(a) The quantity of nuclear material in each transfer into or out of each ‘material balance area’ can be
determined; and

(b) The physical inventory of nuclear material in each ‘matetial balance area’ can be determined when
necessary, in accordance with specified procedures,

in order that the material balance for Agency safeguards purposes can be established”[153/para. 110]

Design information made available to the Agency shall be used: “To determine material balance areas to
be used for Agency accounting purposes and to select those strategic points which are key measurement points
and which will be used to determine the nuclear material flows and inventories; in determining such material
balance areas the Agency shall, inter alia, use the following criteria:

(1) The size of the material balance area should be related to the accuracy with which the material
balance can be established,

(i) In determining the material balance area advantage should be taken of any opportunity to use
containment and surveillance to help ensure the completeness of flow measurements and thereby
simplify the application of safeguards and concentrate measurement efforts at key measurement
points;

(i) A number of material balance areas in use at a facility or at distinct sites may be combined in one

material balance area to be used for Agency accounting purposes when the Agency determines

that this is consistent with its verification requirements; and

(iv) Ifthe State so requests, a special material balance area around a process step involving commercially

10



paths) > HEAZE M 2] HEH=%] A28 AKpotential diverter)”’} MBP &< MBA
oM HEAF ME HEE & de WHE IA AR 42 & Ao
- BEIAMBE(no data falsification): ] AHoperator)2] 7150l $IRE Zo] Qo] +
A Al¥K(balance account)o] -8-o] QWrgd 4% ©]E “diversion into MUF(Material
Unaccounted For, &it##H)’ « T+ “diversion into SRD(Shipper/Receiver Difference,
B £ et 8
- FEHBfi(data falsification): M o] ThITH el st} AR AlHAR]
7150l HEE& A7 A JRFHUT FA Al -go] Hhdx]A] FATE
- BRAMEES BRESES 2ol AHgSt

-8 A(diverter)7F FRHAMSEN o8 H&-g sty Ak HE8¥E M2 MUF 4
SRD o vebd Aolth. SRDHHoZ Mgty jivhd Aldzak= HEALE o
& MBA £ s o 31982 A #& WYTHunderstatement) . X313 Aojm,
BEAE ohE MBAO B o] 7o B & H3Ychoverstatement)rl KIL¥

sensitive information may be established”[153/para. 46(b)].(IAEA safeguards glossary 133)
?  Material unaccounted for (MUF) - “the difference between book inventory and physical
inventory”’[153/para. 111]. The MUF (material balance) equation is commonly written as:
MUF=PB +X-Y-PE
where
PB s the beginning physical inventory for period j;
X isthe sum of increases to inventory (import, domestic receipt, nuclear production, de-exemption,
correction to receipts, as appropriate);
Y s the sum of decreases from inventory (export, domestic shipment, nuclear loss, measured discard,
exemption, accidental loss, as appropriate),
PE s the ending physical inventory for period j, which is also the beginning of the physical inventory for period
j + 1L(1AEA safeguards glossary  167)
" Shipper/receiver difference - “the difference between the quantity of nuclear material in a batch as stated
by the shipping material balance area and as measured at the receiving matenal balance area”
[153/para. 114] (IAEA safeguards glossary  168)

11



Zolct.  HE&ArE AEAL MUFOl 93] HETHH QA4receipts), HHF
(shipments), 18] AT Hinventories)5 & B3 Bug Holck w=hA MUF
off A%t ML HAFY) MM HEH HAFHAl e ol ot FA
] JEe] "WeskA E¢t MUF & ZRsh=d AMHEEE &0+ 84 (item), K
(batch), A5 (stratum), “§+&-(component)°]t} R4+ NDA(Non-Destructive Assay)2}t
DA(Destructive Analysis)®] 2|8 thate g4 £A| fu] Fo] FAdt YT 8
&5 AL #'olzty ) sl 847 o]Rold K Utk FARE HE
AR o]Fof g4y e g FAE RS AFVolsty FEH vs Ee sy

' Batch - “a portion of nuclear material handled as a unit for accounting purposes at a key measurement
point and for which the composition and quantity are defined by a single set of specifications or measurements.
The nuclear material may be in bulk form or contained in a number of separate items”[153/para. 101]. Some
examples are:

- One fuel assembly

- One UFg cylinder

- Atray of pellets prepared for loading into one fuel rod

- Several drums of UQ, powder with the same specifications.
Itemns with the ‘same specifications’ are items with the same nominal weight, element composition and
enrichment. In some cases, however, materials of different specifications may be included in the same baich, e g.
different materials in a batch of scrap (IAEA safeguards glossary 147)
' Stratum - a grouping of items/batches having similar physical and chemical characteristics (e.g. volume,
weight, isotopic composition, location) made for the purpose of facilitating statistical sampling for measurements
needed to establish and verify the material balance and its uncertainty (oyug).  In practice one stratum may
contain dissimilar materials.
Note: The various components of a material balance are established by the facility operator on the basis

of measurements. These same data are used by 1AEA inspectors for verification purposes.

Measurement procedures and the formulation of sampling plans can be simplified considerably if

the different items and batches with similar characteristics are grouped into strata.  Such group-

ings are also advantageous to facility operators for the purpose of determining the number of

measurements needed to establish the material balance and compute its uncertainty (Gyur)-

(IAEA safeguards glossary  163)



o] AFE shhe] JEVE olFth BAXRAL 77kl MBA o Wiste] MBP ©
9= HAEch MY MBA 9 MBP & 3 HETRIAME EAALSSEPIL:
physical inventory listing)?} ©]8 HEAYE goRt FHA+ARITAM(MBR: material
balance report)y @AM MUF & RIF} A4y AARYHLEL item facility'* 2]
MBR & MUF = 0 22 RuEE Ao FAoli, FHAR 7HAIHEZZ buk
bandling facility’’ 1A+ FAFolA HEHo] gloj#]7] W& MBR 2 YT H
el MUF =0 22 B s o] A4o|tt.  Bulk handling facility o) % 12 4
tj) & & 38 2Krelative standard deviation)”} 2J-&8t}.

¥ Material balance component - the combination of all strata in one term of the material balance equation.
For example, arriving UF; cylinders and UO, powder in drums are combined as the receipts coinponent of the
MUF equation. (IAEA safeguards glossary 164)
' TItem facilites - nuclear facilities where all nuclear material is contained in identifiable items (e.g., fuel
assemblies) the integrity of which remains unaltered during their residence at the facility. In such cases, IAEA
safeguards are based on item accounting procedures (item counting and identification, non-destructive
measurements and examination to verify the continued integrity of the item).
Examples of item facilities are:
(a) Most power and research reactors and critical assemblies, except those fuelled with large

quantities of non-identifiable units ( e.g., pebbles, coupons), or liquids (e.g., molten sait);
(b)  Item storage facilites.
(IAEA safeguards glossary  72)
" Bulk handling facilities - nuclear facilities where nuclear material is held, processed or used in loose form,
such as liquids, gases, or powders, or in large numbers of non-identifiable units. Where appropriate, bulk
handling facilities may be organized for safeguards purposes into multiple material balance areas to simplify
safeguards, for instance by separating activities relating only to the storage and assembly of discrete fuel items
from those involving storage or processing of bulk material.  In bulk material balance areas, flow and inventory
values declared by the facility operator are verified by the 1AEA through independent measuremants and
observation. Examples of bulk facilities are plants for conversion, enrichment, fabrication and reprocessing and
bulk storage facilities (IAEA safeguards glossary  73)



T 1. BAFAINL FrA HEEHE o4 54 ¥R &
(Expected measurement accuracy Sg(relative standard deviation)'® associated with
closing a material balance  (TAEA safeguards glossary Table IV)

Bulk facility type 3¢
‘Uranium enrichment 0.002
Uranium fabrication 0.003
Plutonium fabrication 0.005
Urantum reprocessing 0.008
Plutonium reprocessing 0.010
Separate scrap storage 0.04
Separate waste storage 0.25

AP L FolEHE 2)3 HEAIHE 3)E 2eE EHT AHA A AE
AFE AFshe &5 BEHY 358 A3 $58 LUt g &
TFeA(E 4, )& FxTh A B34 MBA MY HEF SAYEHE NG
v B442 ARE 453l HEY FALET OEY UF Aok ¥l
A% A, & AHY MUF 7 §1Lg8 5301 SRt Alojch Ay 47 S A
FHQ 71&o] vpAEIQ o ARBELS ol2F slEo] o3 +HPH. HFA F
¥ 852 983 AL (matenial accountancy)olth. APAAYE A& o, LA
o AJ7E Aol o AAFE FR ZPY £ USE PP olF FRE

' Relative error - the chance variation encountered in all measurement work, characterized by the random
occurrence of both positive and negtive deviations from a mean value, the algebraic average of which
approaches zero in a long series of measurements. The most useful measures of the magitude of the random
€TTOTS are;

(a) The standard deviation &

(b)  The coefficient of variation or relative standard deviation (RSD = § = o/, where p is the true mean)[8].
These measures are sometimes referred to as precision or reproducibility. High precision is equivalent to a
small standard deviation. (IAEA safeguards glossary  227)
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ke Aolth Hoto] HFfolle HE&A/ AKHBE] o8 HEUE HEdh= A
S TPV ARBEL F39 B, viE, YA 59 oA g A o
oeFstAl  AdEiAIRE A 4/J AbKattribute  inspection)®  HH %A}l (variables
inspection) & W¥ojXth AP EFE BT Fo e HAE Zo] opd A F,
AHdefect)o] -Z o olF Z7lof ©A3tLAL 3hi= Aot o7 HAjfolzal
e AL BT AW 84 FolA 849 YFUL EAFEUAY OE AR
HAE DA Qloixl e Wit JAEA oA = AEE HA D F(gross defect),
7 ¥H(partial defect), -L2]X. 7014 F(bias defect) 2= +EIch wAL FoA &
=23E& Agstaa Fd ot AES 1este] B2 g8l /g FolA
£ WS 93 Aotk e/t HEHEE ol HEAS ALY FF M2 7
BHoz A7l Hegdes MLtk HAAI(goss defect), F-1H W(partial
defect), ~L2]3. Zu|ZHFK(bias defect). H-EAH= MBP 5o MUHEE& H&3le]=
RAE w7171 A Ut PHo R FHES HES T ARY Aot IAEA &
o2t A4S 3ty BREFEAYE MLttt 1AEA TV H &3 JHEAAS
et 2Thd),

Hy S8 W(stratum, A12)elA H-go] wAdsiA] fgich
Hy: 24 SHstratum, #139014) 1 5 3% Hgoal amount)] H-8-0] YT
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AFsty UolrtraE sl el gt | SQ Mgojiel thgh HFolety B
ATH4l. 1AEA & F7HA 2AR)o] fEFE ZFOIFRREE YA 8o =
Zo|gALMHE Muslal tH9) J. L. Jaech = IAEA o] E&o|gAMMY B 2
71 Aol o ZAKE AAE oA S FEsITHI. TAR F¢] A4
sl Hgurto] tigste] IAEA & $19 ¥ FFHo) e A 37bA] H3IWH
& AHEE Atk Folxl pofl Wi AME BRIVE olE HZWH st
£ Hole kA7 Aok AR ¥R 2 2 A4 PC(Personal Computer)”t
s3he FRA AL ¥ AR A AT MR o
€ IAEA oA /sty Qe ol H[9]0] 2™, TCNC (Technology Center
for Nuclear Control, @A SAI7| & ME])ollA MUt = 2718, N E
olFYIH, 18l HiZA HEH BFolFgEIHol ATH415]. ARG
£ IAEA OIAM iaste] AR @AolA AMEst Qv EEOIFIAFEIH[OIH
TCNC oM Wsta Qi Z71sh2Ald S, A8 oA, 183 vi=
Al 288 ZFolFgIArE G O ArH14][15].

X 2. frolE (significant quantity)
(IAEA safeguards glossary Table III)

Material Significant |Safeguards
Quantity |apply to
Direct-use nuclear material lp? 8kg Total isotope
U-233 8kg Total isotope
U(U-235220%) {25kg U-235 contained
Indirect-use nuclear material U (U-235 <20%)° |75kg U-235 contained
Th 20t Total element

®  For Pu containing less than 80% Pu-238.
® Including natural and depleted uranium.

16



X 3. 4 A7} (conversion time)'®

(IAEA safeguards glossary Table IT)

Estimated material conversion to finished Plutonium and Uranium metal components

Begmmng material form Cenversion time

Py, HEU or U-233 metal ' Order of days(7-10)

PuO,, Pu(NQO;)4, or other pure Pu compounds; HEU or U-233 oxide or|Order of weeks(1-3)
other pure compounds; MOX or other nonirradiated pure mixtures
containing plutonium, uramum{(U-233 + J-235) > 20%]); Pu, HEU,

and/or U -233 in scrap or other miscellaneous impure compounds

Pu, HEU, or U-233 in irradiated fuel® Order of months(1-3)

U contamning < 20% U-235 and U-233; Th Order of 1 year

a

The range is not determined by any single factor, but the pure plutonium and uranium
compounds will tend to be at the lower end of the range and the mixtures and scrap at
the higher end.

Criteria for establishing the irradiation to which this classification refers are under review.

'® Conversiontime - the time required to convert different forms of nuclear material to the metallic

components of a nuclear explosive device. Conversion time does not include the time required to transport
diverted matenal to the conversion facility or to assemble the device, or any subsequent period. The diversion
activity is assumed to be part of a planned sequence of actions chosen to give a high probability of success in
manufacturing one or more nuclear explosives with minimal risk of discovery until at least one nuclear explosive
device is manufactured. It is therefore assumed that all necessary conversion and manufacturing facilities exdst,
that processes have been tested, for example by manufacturing dummy components using appropriate surrogate
materials, and that non-nuclear components of the device have been manufactured, assembled and tested. The
conversion time estimates used at present are given in Table IL{IAEA safeguards glossary 105)

17




X 4 HAeRMe HE 7tsA 292

Summary of diversion possibilities

for light-water reactors

Conceslkment methods

Safeguards measures

Diversion possibilities

Removal of fresh fuel assemblies
from storage

Removal of  irradiated  fuel
assemblies from the core

Unreported mradiation of fertile
material (plutonium production)

Removal of spent fuel assemblies
from storage pond (or fuel rods after
dismantling assemblies)

Removal of spent fuel from shipping
container (or during transit)

Substitution with dummies
Substitution with borrowed fuel

Substitution with dummies or fresh
fuel

Undeclared shutdowns
Replacement of guide tube fillers

with uranium-containing rods

Substitution with dummies

Substitution with dummes
Understating number of elements
shipped

Item counting and identification
Application of seals

NDA" measurements

Item counting and identification
Seals
Optical surveilance

Radiation monitoring

Seals
Optical surveillance
Radiation monitoring

Item counting and identification
Optical surveillance

NDA measurements

Sealing of shipping container before
shipment and verification of content
at receipient, if possible

"> Non-destructive assay (NDA)

concentration of an item without producing significant physical or chemical changes in the item.

measurement of the nuclear material content or element or isotoic

It is generally

carried out by observing the radiometric emission or response from the iter and by comparing that emission or
response with a calibration based on essentially similiar items whose contents have been determined through

chemical analysis.

There are two broad categories of NDA:

- Passive assay, in which the measurement refers to spontaneous emissions of nertrons or gamma rays or to

total decay energy;

- Active assay, in which measurement refers to a stimulated emnission (e.g. nertron- or photon-induced fission)

(1AEA safeguards glossary  205)



bundles shipped and substitution with

dummies in spend-fuel pond

£ 5. Onload T EANMY g 7Hsd 3942]

Summsry of diversion possibilities for on-load heavy water reactors

Diversien possibilities  |Concealment methods ' Safeguards measures

Removal of fresh fuel[Fuel boxes partially filled or incorrectly{ltem counting and identification

assembblies from storage stacked Container (box) counting

Substitution with dummies NDA techniques(box verifier)

Removal of mradiated fueljUse ofirregular fuel pashs Core discharge monitors

bundles from the core or from| Substitution with dumrmies Core input coumters

the discharge machine Irradiated-fuel bundie counters
Closed-circuit TV or film cameras
Yes/No monitors

Unrepoited  irradiation oll Use of irregular fuel paths Core discharge monitors

fertile material (plutonium Core input counters

production) Irradiated-fuel bundle counters
Closed-circuit TV or film cameras
Yes/No monitors

Removal of spent fuel bundles|Use of irregular fuel paths Core discharge monitors

{from veguler paths after)Substitution with dummies Irradiated-fuel bundle counters

leaving discharge port Closed-circuit TV or film cameras
Yes/No monitors

Removal of spent fuel bundles| Substitution with dummies Closed-circuit TV or film cameras

from shipping pond Yes/No monitors
Irradiated-fuel verifiers
Containers and seals

Removal of spemt fuel from{Substitution  with  dummies  on]Sealing of shipping container before

containes(also in transit) consigament. Understating  of nurber ofishipment and verification of content

at receiptent facility, if possible
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A4 ZASNEE, BEOIPRE, MY JYRE

A

it
bu

73R R
2o 7] pDE 1SQo st A A, nd REAVEY T
o ZHE g7 Z¥ol x¥E HELS UE9 2UEHEER JERZIG

DY N-D N
h(N,[),n,d):( }[ }/{ } A1
d )\ n-d n

ME 1 SQ 3MFsts FA, x & S4Gtem)?) FHFA, yE ZFEE(defect

fraction or missing fraction)©] e} A AeF1=

=
tio

D=m(y)= [-}TM:] 4.2)

oltt. AN [Muls M E AR Adsoltd BRAY] AN e AY
< e AU PR 2w 37171 1,000,000 1 A-E 1EEE 4
(4.1) H4tel Cic+ 4019] long double ©l2h= Hlolet FEE AHEFTHI4]. Long
double oA EH VT H-F 440 Mo 1097 o]tk A9 ApelM s RAUG
o] Huj AV7F 5000 HERE B £ oz 10 A7) £AE ZH3= doudle
Hloje} YR ® A e]l7Hs3}l7] wfFofl EXCEL(Visual Basic for Application A}-8)%<]l
ME A&l 7hssit

A2 EFolFgER

A @GS Nol nd DRY Ads oo AL uel 4 o]FEXE I
AFETH12].
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N>50, f=n/N<010, D<n & uf:

D
h(N,D,n,d>zb(D,p,d>=[ ]fd (1- )P 43)
d

N>50, p=D/N<010, n<D ¥ :

")
BN.Dond)=bnpd) = Lp (1-py"4 (a4)

A 43), 445 HLY O, D<ndt n<DO FSIE FoJ3teio} Tt

ot AHE olFE (]
27182 R 9} oA F F4HE thE Zo] S4H2E 3t

np, =nDfN
4.5)
np (1-p)=(N-nmnD(N-D)/N*(N-1)
olgfo] grog 7leslE MHE olFBYE S FI)
py=1-(N=n)(N-D)/(N(N—1))
4.6)

ny =n-D/(N-p1)

A 4.50M pr3t 0 & n3t Dol Bt POIBE a3} Do AFII H
AQol p n L 4 @6)2.7 3 FT} BFo|FEILE T 4 4.3), 4HE

) U

ZEHY U MUE olFREL 4 @6) iz BV AHol Utk AutES
e

o] 54& HE3lo] MUE oJFEE Feivl EZXEAMY S ZH2
o5 efstAt
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A 47
41 d(n=d)! *7

oM ot ARgsto] offigh 2 YukHQl YFeiz THFY + Ak

S C(n+1) 48
41 T@+)-I'(n-d+1) '

prd m 22 EREE NHE olgRxe] HHie=

['(n +1)

) = R T T n —d 1)

pi(=p)n (49)
olth. o714 [(ay= 203424 T3t Zol Hojw o).

Ma)=[Ce " T ar (4.10)
A 49MAM d7t n+l Roh 2 ASols bpnpdEol 471 He 4971 A
mZl d>(n+1) 1 5o by prd) =0 o2} HAFTE (n+1)E AUYE HH

g d max =1 g uf

d max

déo by(ny,py.d)~1 @.11)
olBE pprd s BEEXH] AIEE = Ut BEAY) AN bymypLde

Al (43), (449 AFolgRxof oo BTy AXHT EI)BHEE 9T ZH
Azle vt 2T ALERE HETH14)[15].
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A4d vEANEE Y 2RI
A< dvolety we §E5S AREHY 483 Ak

27182 H$-:
o YR &EL thgo] YeHE FHeoh

Min(n,D)
p= X

AN, D,n,d)(1-q)¢ 4.12)

HA71A MinnD)= nt DFolM HE g #He otk 4 =0 9 oo
ANDn 0= EESIZQ Fo sigdiic ZEo] Aol N A 42 HEot
AN.Dnd(l-qf v FBo| Aol d/f RTFEUoYU APATo] o]& ghasiA] £
gEoltt FEIAJNE 3] st Boll MBd= n] ZAEE ninitial & A4

= 34 4.13)S FE3HAL

B=h(N,D,n0)

D\{N-D
_{0)[ n )_(N—D)!(N~n)!

N (NJ ~ NAN-D-n)

n

(5w 5w1)
2N -D+1

o thEo] Aol FEETHI].

R

1
n_imt:ale.S(]—,BU ](ZN—DH) 4.13)
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n initial o W olEXFES A @.12)F ANEL o]§ FolA ulFAGES} v
Zch AR grol FolX oRABFRY AW n_mitial & 1 ¥ FI7HAFIEA
A GES Aiste] Foi7 vlRAGEE UEE n & 7Y W7hA] WS

EFo|FREY HF:
njGA g FEI5) = IARERAY uE) tge] FeRES HErt
N>50, f=wN<010, D<n ¢ T:

p=-7-9) =-—g)" (4.14)

1
n= g—(l~ﬂ1)) (4.15)

N>50, p=D/N<010, n<D ¥ o

(e mt g D on
B=(-p-q)" =(Q 9 (4.16)

n= (4.17)
Mg olFREL H-7
uHAE-L 4] 4.16)9 FEHE e gy ZYgE JY
/9=(l—1ol-q)nl (4.18)
Al (4.18)& nof thste] 743 EeA] ¢47] wfEo] BEOIFERES] TS U

ERI5] AL B0l itk webd BRI ALe 2R ALY 2ol
4 @132 23t TAALLE B & NHAGES ALk Fol2 uluNAE
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I vlZ3pEA ZEIVE 2o Listl of EEI ] AN 22330l At

List 1. 7§53 o] X E AME3= ZEAVAL VBA =2 IH

' Improved binomal approximation

* VBA(Visual Basic for Application) for EXCEL
Function i_size(Beta, N, D, q)

Dim n_initial, nn As Integer

Dim NDI1, pf, n1, ib_Beta As Double

If D> N Then
1_size = "NA"
Else

n_iitial = Int(0.5+ 0.5 * (1 - (0.01 *Beta) * (1 /D))* (N+ N-D+ 1))
If (n_imtial < 1) Then
n_imtial = 1
End If
nn = n_initial
NDI=(N-D)/(N*(N-1))
Do
pf=1-(N-nn)* NDI
nl=m*D/(N*pf
ib Beta=(1-0.01*q*pf)"nl
If ib_Beta <=0.0]1 * Beta) Then
1_size =Tn
Exit Do
Else
nn=nn + 1
End If
Loop While (nn < N)
End If
End Function
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A 5 4 1AEA EFo|¥ FH([9)

IAEA & ¥AH Z9] A8l of-33te] AUt Aoldt H5W S AHget
E 6 HR). AAAJERE 1 SQ & e o AFSE dl o2} sl o]& A
1%t TR F7]E ndl, FEAFEZ 1SQE WHE U AFLE 28 3t ol
§HAst] 9%t RE A0S nd2, AVIERER 1 SQ & UHE o) A¥4E 3= I
T olF ©AEY] % BEAYE nd3 B P 4] 4.2)of o

-

7]

Jo

dl < d2 < d3

o] 4] (4.15), (4.17)°l &

ndl > nd2 > nd3

ojty. FEAYE FABle AFWHLS MAAFES @AY oW, HvlA¥S
HAS: A2 REAES AAE™E @AY Aotk wiy AANATS
A7 9% 2R A M YRE REFES GRS ASHHA g3t
I, FEAHS HABISIR BRIV YRE FuEHE SRR S
ol gt WAE o AfFHA Aotk

IAEA & 4] (415914 g—=1Z 3lo] 1 SQ7F HAAYJER o]Fofzl FHLof 3
Fohe REAVE AU ARRHY] ©A & ZEEhe g < 1o WiEte 4
@17y Hgsto] FHA HEPHI AHA FEWH) T 2RI (q)E 7+
o AZEA] AEHEE AREshE Aol AR A5l Ui 2R AV ) E
A @z AR AHA HEUHe] g9Es 2BIIE py olEta 3t F
WA AFHol ¥3E= BRIANE n, B AL FrHA ASHHE M
Aol thgat Zo] o] )



A =n-1,

n, =1,

Z 6. AAAAREE 3 AAH

(35th Introductory Course on Agency Safeguards Session 4.3  Annex 01)

(5.1)

Operator-inspector measurement system

Total (relative) measurement uncertainty
& =8+ &)

3.’ = variance component of error due to the operator measurement system

8 = variance component of error due to the inspector measurement system

Recommended error limits

Interpretation

Relative error ranges

Detectable
defect size

Quantative through NDA
(verification in the attribute mode
using the last accurate method)

00625 < & < 0125

£ross

Qualitative through NDA
(e.g. Cerenkov, Bundle counter)

Error can’t be assigned

gross

Quantitative through NDA
(verification in the attaibute mode
using a better accurate method)

00100 < & < 0.0625

Quantitative through NDA
(verification in the variables mode
using the most accurate method)

(e.g. K-edge densitometer)

0.01

&
IA

smatl

Quantitative through DA
(verification in the variables mode

using the most accurate method)

0.01

=g
A
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A7 ASHHES AHgshe ASolv vt 2ol Bl et

n=n-—1y

n, =mn,—n (5.2)

A1 A oA

o] dgit wAste] o Hef ARSI PAlS thea Zoh A HHef 2
3 gAHA groglety oAlE S(probably not to be detected) FA TS 7%
el o 5, & Alshe WHol wiRETh AWM WhHoR FEAYS ©A
3 &E0] 0025 Y= AL 0.025 = grol FEAU AHojAFE o
Z ket AHSE T FHA 3ol HEEe FEEHS AE et
T, ol WA ATWHoR HAY H$ES 0025 3, %797 AHattribute
test)oll Al EFH A} Zh‘&ﬂl(standard deviation reject limit)& 4 =4 2 AT o 4 7

o] ot=fi9} Zth A+ F(significance level?*S 3=t AME5+ ghold)
28,
EREPTY 63

4] (24)1A - = overstatement -F-°]3, + + understatement 7-5-°]T}. Overstatement
= AdE HEAUFRY HL go] = Z-FolL, understatement + AAE HEZ
Fgroh g o]l U= FRoltt x E AHAZE HAJ7 grelgt s x,§ Al

% Significance level - a probability associated with the critical region in a test of hypothesis. The chosen
significance level for a test is usually small (0.05 or 0.01) and is often expressed as a percentage ( 5 % or 10% ).
The significance level characterizes the test with respect to the probability of an error of rejecting the null
hypothesis. That is, a 5 % significance level test has a probability of 0.05 of rejecting the nuil hypothesis when
it is true (IAEA safeguards glossary 242)



o] EZATH grolth x, & A THE(normal distribution)s Zt+= FHEW 4 (random
variable)et 1 AL

d=x-x,>0 for overstatement

(5.4)
d=x-x,<0 for understatement
OJuZ 5 = Thed} Pol FEETH
Y2 &
Overstatemen! cuse
Pr(d > 48x | E(d) = y,x) = 0.025
A0 1 x (5.5)
S, (.x - 72-")
26,
"1 20,
{nderstatement case
Pr(d < -48,x| E(d)=~y,x)=0.025
—Aoxtyx o, (5.6)
9, (.x + 72-")
29
ERETEY)

AR HEHel HExs AulAdke] 718 prel 3, ol FHA AW
Hoz SAE TES 0025 2 Y po AT FARE 4o] FRET

mE ARRSHE Z4og 4 (5.7)0] AHEE A
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}’2)‘
n=N1-pM) (5.7)

A 6NE AB3A px 2719 YRS B2 HFEE FAB] HlAME S ol
w38 Zfolof itk g, ghol Anpy Folof 3h=ste] st dqt AA7E YEHY
ARt 5 A7 i gtAkee] 4 WEEE Aol otglen] olF A%
A 5. BEEIVE UF HA At Folz @AIfE(1-HE UEY + UM
o7l A (5.7 AEEY g & sk A fTh SHAIRE g 3719 FR
& FojX FAHEER YA £ U= BEAY 58 4 /E FH & ATh
FHA FSHEeE FANE of A S = 9 ojgAEES 4
412)% H&Y o o33} ok

Min(m(r,).7;)

f= Z h(N,m(J’z), Uz,fh)(]_ch_)j

=0

(m( 72 )}(N ~m(y, )]
(5.8)
~ Min(nirj),rh) J 7, _J' (] J

. N —qz)
[7?2]

AZA Minim(p). )< m(p)e noolA AL g 2= ot 4 582 =
Z1ShEE 2%t FEolck Foz gl et pE ke AL B 4
(5.8)F AT 243lfA ZARAIIA pofl Ui F4]0] e Nofl HIF g,
7b AT S g < m(y) S 3PH 4 (5.8)2 4 (5.9)8 Fo] o|gEITACE
A doh 4 @d16)yE =¥ wjells Nol D Rt 10vf ol F 2 me 2
= Ty
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n( s ) )
3] e
=0y J
) \P & ) mr)(1-g,)Y
TN J Z( J( N -m(y,) ]

(
=(1—£’~(12—2)m(1_1".(7_32_(_];?.%ly
(

(5.9)

N N =m(y,)

]_m(},:l)q'l)rh
N

4] (5.9)°14

" In[] --1?"(5)2 )q?]
N

(5.10)

o] #E¥H gt Hat Zol B¥E

o 2
gy = ~1_ e x /de
Jeru2
(5.11)

h-S§

3%

)

=1-

u

o171
45 -1

1y = (5.12)
27 5,(1t7y)

ojty. &= FHA HIHHol A E 5 ¥ Arelative standard deviation)el®, - ¥3&

+ overstatement 73-F(P1V(Physical Inventory Verification), SD(Shipment Domestic),
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SF(Shipment Foreign) #3)ol 3193t3., + R &+ understatement 3 -F-(RD(Receipt
Domestic), RF(Receipt Foreign) #15)oll si3ect ¢; = rARHA AFodct 4 (5.11),
(5.12)9] ol&f HAE 3 o7 ulH Hr}

olido] mEdo] gyl ot 18y ¢, & TAFA Y= AG.NE A
XA EEIVNE HA AXNYL, FE 0025 5 A 451002 ZEIVE A
WA A 2A] AL mlo] BAEES WEIA] Kte mRuGo] A4Fe o
2t BAZA oA Ao g AMEEA] ¢fott

SRR ER

IAEA 7} RSl Qe WHEAMHE U F REOR ot A 2
e 27 @Pe Adste ol THA REe 27 Uyl st A 8
Mol AEEL Hgstel Fol7l VYRGS VI ARE ANl 2
YR 2 Aolth

b &7 AL

M7 dd27] (F7HA ASHHE M 83t AFe didtds F7HA 2¥3
7ol thste] Fol HAZREQ- £ WEHIE= M RRULES 7Y £ A
v R z7] AMEE HAS AhHolth AZbA ARAVNELS (AMEH),
yx, px BA o v 583 AW AREEA 59 s E HASAUY AL
Al Ag3z)el st fRE HAEE(1- B0l ohE AT iM% SR E
oz & e ok A A ot FHI 9 ny gho] T HojAAE
& oAt XE Aol thste] FolX ©AIHEEL RS S5t Ko
< @ A" "o At o2 AkRE £3317] fiste] xole] FY 2EY
G g g ns (F7HA ASHHE AHESH: ARl nyn )8 AHESHY] ThRE B
A71sl st Ztzte] vigAlgE 9 & AW 09 HUG Opas IS F
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off o]g Foizl v AHE B9 HlLTITh O, 7t SR oW VAP0l HF
grgol xlojM mEYYES T Aotk TWOF Q7 RY IWH g B a7t
HHS] F7Hn 2 %) HolM Ot SRY AA HES 3t} oj27t 2EUY
o] Wyt o A Wt On, 7 SR 3A E F A7 BTN, One 7t
BRTt A wizka] vHEHE A&t ojufe] M2 nHA¥E B} ol
A oAl YidE 4 Utk Aolnk

AT 1 A AUl Tlsto] Folxl HATEL PATHA Tohs AR
ghgol AR ik Az Losh oS- AN Mol W Fo] @ael Ul
Wil /b FUs HEWHel 4 TE A9 e FWANES FAHA B 4

7} A€ Aoltt.

AT 2. 7R AEE sk S W g & 7F vhE 2B EAHQ
SolM ofr HFHH G AMESti npsERQl Aojtk. 53] /8., <125 olF
i+l WA AS e il A Aeldct Abzte] H83 o= i+ WA S
W AR S didel AbgstA Y o] AR = Sl

AR Y (error model): EEZ7] APHE YUY W g o T FohA] S ot
A& st oA 2P AMEITh b 729 @ X ¥ (random error model)©] 3
thE shube A5 % 2 XFE ¥(systematic error model)0]th AA Y] AL o] B9 T
bl vetuy Qoo FAl9l e dids] ExE FHAY A HS
el e 2RIV FAALARYE S A8 o Bo AFHLARYE A
4% wjell of A Addt AT A)9] ztol= AA YT v S A
woll oJstd FA9)extnFo| o FelHYS HoiErh TeF 2xprt 8] A%
Hextel o5 Aojepd Y g4 oiFt wEE FH AN FYT e R
Zolng AWt AFxlo] date] AEH 2t es ¢ £ Utk TR 28
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E 2 D B

21258 A (reject limit) A = HEFExR] PuiE AREE ZQIVIE ARt oAM=
A=4F5 AH8BIIo Y oAl 4-3 & ARERICE 4 (53)- A-4 5 AME
T Aolth 4=3 & AMRE iR A7EA g9lo] ATt

D H| 7} E A (NDA: Non-Destructive Assay) 2] Vot Qg o] gl
2}, v A& A1 £ 275 (Type | error probability or false alarm probability)?' & .
337 STt A=471 ©f o] WA @A =Sl

@ FFATo] WHE Fof AMA= FERAVE A2 N wet Al F
LFEES AUAA WA "o glelzitiiol

@ A=4° vl3h 4=3 = FHAYG AHA FSwhHe] it RIVE 24 d4
A Z Tt

O @<= 4=3& AHE3HIE oI B2 ol=F AAo & upEA T &
B3 o]F 4=35 ATt

27128 R A (510904 mng, S AR A = Havh o

' False alarm probability - the probability, o, that statistical analysis of accountancy data will indicate an
amount of nuclear material missing that is larger than expected on the basts of measurement uncertainties when,
in fact, no deversion has occurred. For nuclear material accountancy tests, o is preselected as one of the basic
parameters for designing sampling and measurement plans. It is usually set at 0.05 or less. The through
evaluation or investigation that is made of observed anomalies or discrepancies results in a false alarm probability
which is far below this value (IAEA safeguards glossary 112)

Typelemmor - rejection of a null hypothesis in a test of hypothesis when it is true. The probability of
committing a type 1 error is the significance level of the test. Since rejecting a null hypothesis is equivalent to
concluding that the hypothesis is not true, the probability o of committing a type [ error is often referred to as
the false alarm probability (IAEA safeguards glossary  243)
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mod: S AU A SEE 298] 37 9ok mig S mg I B u,
&, 12T 5 oA ofel HA 25 AARL 24L SEHA mg = 5 ol e

of Rl R 0§ y o thate] Fk

5 TP 5 5.13
Z4 méy+pay (5.13)
ﬁzz(_&_]
&y H\yx
(5.14)
M
=5
o)1
q_2 1 T _x%/2
- =7 dx
Y &y[ml{e ]
1 wndu
- 2 114
(5.15)
_ 1 e S0y (1) (45— y)+0)
Vo & (1t 7y
1 1 (12 .40)
~/27r 5(1iy)2
ol g
omq
—, =0 5.16
& (5.16)
oleta & uwh 4-3 o|NE
—u2/2 (1+3 | oo
€ — 5) _ ]’e—x /de (5‘17)

V2r 5(1i7)2 - 27 u
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oltt 4 (51719 3= Mix o FE3TE 4 51N)F ABALHoT FW 27

A2t

£7. mqE HUZ 3= y (IAEA STR 261 Rev.] Chaper 4 Table 4.1)

o] y for overstatement y for understatement
0.15 0564 0.605
0.14 0.531 0.568
0.13 0.497 0.530
0.12 0.463 0.491
0.1} 0.428 0.452
0.10 0.392 0412
0.09 0.356 0.371
0.08 0318 0.330
0.07 0.280 0.289
0.06 0.242 0.249
0.05 0.203 0.208
0.04 0.163 0.166
0.03 0.123 0.125
0.02 0.082 0.083
0.01 0.041 0.041
0.005 0.020 0.020

slel 272 theo] 45 b8
Overstatement 73 -5

¥, =-0.002+4.2595, -3 2457

Understatement 7 -$-:

¥; =—0.002+4.2845, 150857
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7] #E S AMshe &4 o List2 9 Zoh

List2. 78 Ak A

® 2(5.18),(5.19)°14 5 & ALgict

A@2DNA [Myx)E AL

2(5.11), (5.12)91A ¢, & ALHeio}

2)(5.10)o1A FHA L MHA Sl sl 2 EATIQ 4,5 ARSI
(41504 g=12 o] A TR A7 n< 73 F, AAA 5ol

® @ 6

&

dIE = BRAYR ny=n- g, & ARSI

A7t AESHHE HE83he Aol 4 (5.10)04 AHA S @9

ERIV] n; & AN ny=n, -n; & AL

S
“7b Z7] ARPeA ek 20 BREUFGORLE thofeh Zir]o] Ao digt
REIINE A GE Folxl g sl LY GE AL alEAY
o] AltEls Aveve m o JEZIY Ao AL Ytk sHYsia
ALBgE m /Mol A7l WiF 8490 HAY A7e Mmolth AR {401
AAZAGE #4428 o, A%+ m 2 7P AL ) g9 & #eot

m=[M/x] (5.20)

AF2] 4 HAsL AR A AdE m S P 2 U MN oY ¥y <1 Y
o), 80 /Mol m - thSo] Yo g Fo]Fc)

m=(lYmy—i-r)" ;i=012-79 (5.21)
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SHR
(Vmy, —1/N)

0 T 5.22
r 80 (>:22)
M(1£36
m, = ——(——Q (5.23)
66, x

olth 4l (523)olA + £F & overstatement 7ol 2851 - FZF = understatement
AS-ofl HRETE 4] (523)= FUIA Mm,7t B YASER ©HxF ol
geict web A meoll Wid vigAEEo] A¥e Mma o nEAHE 2
AR HE Holmz Mix & mpAtole] Aol M E 07 BF 24312 Y=
Rojck, 7pa 2 AFY A7l x oJEZ (1-35)/68, 21 o]ojof it m2tA g
<19 olth. §>1/9 oIH my=Mix+1 ojth

m, FE:

Overstatement case

Pr(d > 36,x | E(d)= M[m,)=0.99865

36 x - M/m, -3 (5.249)
S, (x - M/mo)

M(1+38,)

T T s x

Understatement case
Pr{d <~36,x | E(d)=~M/m,) = 0.99865

-38,x+ Mim,

_3 (525)
0 (x + M/mo)

_Mm(Q-35,)

m,
0 65,x
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Aol e ug=| 85 Folzl A¥s mol wWisle] Holx kA HFW
WHoll oJste] 2ok 3hute] Aol HAAWE olF ARNAZXE EAT Aol
Rt Z4zre] m ool tiste] GAREE At A Bo nHAISES ALl
+ Aol 4k wgit o] Akdr:

U=pp0 for two measurement methods
(5.26)
= B.5.05; Jor three measurement methods

o] 7} A

g = AU g3 ynel osh AE AARY FEolA,

pie i (<i) 98 A5 FH(E) A oJsf S sk XRE o, i &
A AF Wl oiME ARE ©@AEA XY 2 &E (conditional
probability)olt}. i = 2,3 o]t}

08 ANTE HYY T4
E7h3) AEHHE ALgSHs A9S TasAL R0l N M m a5, & MM 2
37 Mm o] ZHYHAS W) AYOE RHH U ¢ i = 12& FHA g =
g3t o] FofHr}

© 2
_JmIeX/zdx

(5.28)
=1- ¢( v, )
01714
3§l,x— Mim 529
it 5 (x+ Mm) ©-29)

olt}, - BF L overstatement %-$-0]3 + ¥ 3F = understatement #-$-o]tt.
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o
i

Overstatemen! case

Pr(d > 38x E(d)= M/m)=1-#v,)

36x - Mim _ y (5.30)
8,(x - M/m)
_ 30x—-M/m

v 8,(x— M/m)

Understatement case
Pr(d < -38,x | E(d) = - M{m)= ¢~ v,)

-38x+Mim g (5.3
8,(x+ Mim) ! _

35,x— M/m
v, = —
‘S (x+ Mim)

EBAT] (n+ n)ol yle] A¥ol THW YEL T Pk

m N-m N
(5.32)
[y}{”l tn, "y}/[”l +”2J

FoIX yollAd RAUA SRR FA=]= o Tl Aol will 2EHL, 79
A ASYHER FHY = ny, S0l Aol (v-wyl7h A &2 vsH Z

L)
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o] of AE-S ©AstA XY RAYEL 33} Hoh
(l_ql)w(l_qz)ydw (5-34)

99 H5e Ay

S RO E
Mm(mn,+’h) n,+n, - Mm(y'"') l—m(l ql) (] qz)v bt (5.35)
'.lax(Oy ) [T,
{n, +n2] { y ]

A (52609014 B,z BB HHA AHEHETE

) A("l J(';z}{‘v T }(] )N (1 } qz)wz (-4,)"1 2 (5.36)
3

1

4 (520004 Bt B A AREETE
919} Aol vhS Baely] mio) theol A4 0l AlgETh

m < mg 4 We

"
By = {1 - —7—-—7} (537)
N-05 n -1

mo > mg 4 W
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=l1- ™ 538
ﬁl ( N—O.S(mq]—l)J 38

o

A 5.9 (537 HIZSFE 4(537)0 0.5(mg-1) Bol #7tEe] Y& g = U
o} ol ZUIsHREEC] Q% njgAgEe] AT & A7 fiFeltt. WA A
SHo] FPEE p 2R Fol US ALHATS w, & IR AHA HSHY
of o3l ZAEUL W 0, FolM A¥o] WASA S HFES /M A
w2 AAETeT B 5 Atk w0l FolAE W AFE A X 42

) (ml }( N]—ml] l ¥)
[ ( q')

N
( ] (5.39)
n

N m)tn (N =m) (1-g))"
w, (m—w Wn, —w (N —m—n, +w IN!

A (factorial) ] ZAHAIQ) THEo] AEY ZAREAE AHESHAL
N T (5.40)
PE HUSE AJ= w, g P & HUE A7+ dol2E

InP=C+wIn(1-g,)+w, —(w, +0.5)Inw, +(m-w,)
—(m—-w, +0.5)In(m—w )+ (n,—w)—(n -w, +0.5)In(r, - w) (5.41)

+(N-m-—n +w )~ (N-m-n +w, +05)In(N-m-n, +w,)
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inP & wyoll tiste] HojEsty 0 02 3lal w,of) st EW

dnP = ]n(l—ql)——(wL +05) —~lnw, +w+]n(m—wl)
ow, W, (m—w,)
(n, —w, +0.5) (N-m—n,+w, +0.5)
A e -w, )- - 5.42
(n,—wl) +ln(n, ") (N—m—n]+wl) 642)
—In(N-m-n,+w)=0
0.5 FL FASY 9o AL e} gol w,of thik 2 AH4o] Hek
—w,(N—m-n, + wl)+(l~ql )(m_ W, )(nl - w,):O (543)
sl g Heish
g,wi +(N —ng, —mg, )w, -mn,(1-¢,)=0 (5.44)

19 2 24 % w, & 7P M Yol REEHETE T1ejW A HS
o] dEdE BES A A AZe] et A4EE AR m S
che 3} o] "t

mo=m - w (5.45)

& N, o2 UA
o}

B+ A 63N (538)NM m & m2E HAF Aol N
G Aol g g, 183 n 9] ol HAE 1 oA 2 & HEE Ho

—

N[ = N - ny (546)

n, < myg; 4 M=
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&
P (s47)
2 N, ~0.5{n, - 1)

N, - O.S(rn‘q2 -

, ™,
By = (1— 2 ')J (5.48)
1

opzbzbal WHo g U Al (N-ny-n,) 84 FoNA n; 719 845 Yoz 59
& o, goldg ANATTE A (5.44)904 wy, ¢, 28I n 8 FAE 2 8 vt

I mE moE HPET NG N, S8 uiE 2 2}Ale] fgoltt I1ejd

N, = N - m (5.49)
m; = m - W (550)
n; < mxqsz Cg U:H%f
X N
={1-— 273 551
& ( N2—0.5(n31)] ©31
ny > mag; 4 W=
By=|1- (5.52)
Ny =0.5(myqs - 1)



A7t m 4 o) Zzke] g & FRoug nPASE Ot AESE BE mel
Hate] 0 & & F HUIGEE #ot o8 Qpu @ AL O 7t 701 UIHAIYE
ol g oW zy)3tgo] HEEYol drh W O, 7t gET W dGs
WANZ oot vk FrikAl AW ARels 0 = ABOIEE no] 1L
HENNA n, & SN 0, & HAaAZIY 118E 58 Fadtal g2 57134
W BB E AT n, & vk FUHAE ARIEE ] et 4 (53N
Ap-g3tc}

o)
gy =11~ "2 (5.53)
NI -0.5 ny —lj

n9 Aol whe g o} WAL A R, fE ThRe S0 HES g2
AL s

BB =P (5.54)
ofl A
ﬂz = ﬂ/ﬂl
(5.55)
= ﬂZﬂ/Qmax

9] g, ol (my + o)l 3A WHETW 4 (553)°) 23t g+ v T2
AR o7 mHEEC)
ﬂp_ 1+cm2 (5.56)

4 (5552258 & U&H #ol I

ny(Ing - InQ,,..) 557)
B ng, .
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webd WPE ERYYE T8 P

AR HZHHol @
A S 3

Slep Zro] ¥ MR o] it v vgAZE 0 & At Fol ol
22185 g ot waste Q,,<pg 7t 8 w7k QeI

AM7E2 A5l tstole olehe] 71+& A&t FARE WHoR v A
gt

B > pr 4 wells whEit o] dds ATk
AWA Yol ddEs 28
A dSH el ddEle BRIV m + o
AR ASol deEs 2RIV n;

LU

7l m - o

B < B d Wolle the Zo] ¥ MRt
AU A5l wdEe 2RI
FRIA Sl g9Ee 2¥30 m - o
AR Aol €98 EEAI s 4+

Hgt go] 7t A2 el st ohA] u[gA®E O & Alklisie Foxl o]
HAGE pok HIZEHY Q< p 7t 2 wi7bA] ¥HEFT

oM AHTRE FHLeat tf&el FolX v &E & UHd= IS T
kAl ks A9 Atk meo] vie 2w ol o] dojdrt = iy
A2 2719 H¥(bias defect) o2 A& 7P U ASHHLEER ol& HAIS
2l X woF e Aot vle & AlFol ol Ftol AP = Ak m



o] A met m 0] my BT F A4S HXEE 1y 448 + e 45l
. me = AT Mm,, o &3t ARECH P AU FAFYHA o3ty
A} A7 Mm,, 7F BF 0.16(1 EEHA} £F)02 ©Ad Hfolth

- M(1£5,)

5.58
oo o (558)

- B3 = overstatement ol NGB + ¥ 3+ understatement ©f] S| HTCE

(o]
My, 5

Overstatement case
Pr(d >38,x | E(d) = Mm) = 0.1587

36,x - M/my,

R Tl A Ty (5.59)
4, (-x - 'M/moa)

_MO-4)

m. =
% 28,x

Understatement case
Pe(d < -38,x | E(d) = - Mfm,,) = 0.1587

-34,x+ M/my,

-1 (5.60)
S, (x + M,/mw)

_ M(1+35,)

My = 26, %
M 7 AXEW 07} AR s Hd A N 7F o3 2ol AR EH

Ng = Min(mg,, N) (5.61)
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No=mp OIF QOne o 3t M7E2] A$-5 T3]0} ot
(@ m=Mx =t m=NyolH QOpa 7} LA
(b) m=Mx & m=NAtOINA Ope 78 WASAT O < B
(€) m=Mx % m=NyAtoloM O, 7} BB O, > B

A 3 ", JIAEA EFOIF Y FAR L diH

-~

ZF EEAS] AANZY HE
IAEA o EE3g AlthHe 2RI 7] 4 & Akt i o] & po] dgsls
Yo g Y 2237 ng AN wolE 4] @159 g = 1 2 3k 4

@.2)°0AM y=1 & wle] » & AHEsl 4 (5.62)2 &

L]
n=N1-gPy=nqa-p/ L ¥ (5.62)

A (5.62)¢) ZAERA Fo e D<n otk ASH 849 FA wE <D
A 5= W7l dEel 4] 5.62)F HNAmEA] Ate] FA H e AL FL
WRiolgtaL 817) offoh 4 (620l M ¥ BRAVE T ASHH =
AM7E2 Aol gstr] fAste] 27 @dE AN of §4 Hgshe T4
< 4 @1neld n < D o] B4 JHETL B 2 Q7] ffEel FL WHoleta
e 4 gtk

oA List 9o At WAOR FWE A¥olsty wd¥ APWEY 4§ 1
3L 4] (4.15)% @.17)& FAl A4 et ot

v 271 ALt
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IAEA STR-261 Rev.1 ©] 106 #Hjo}A] Jtchitoll= t}-& 2H& 271¥8FE& ALkt
= C ZE7F QUtkList 3). AEE y 3 &3l= o] F&/74u] At 33}
= TR IV AeA FA2F whAE

lr

List 3. 271849 7=

/* CALCULATE INITIAL SAMPLE SIZES (nl, n2, m3) */

gamma flag=2; /* INDICATES TO THE calc_gamma */
/* FUNCTION TO CALCULATE gamma? */

gammaZ2(j] = calc_gamma(deltal, delta?, j, gamma flag) ;

if (delta3 1=0) /* THREE MEASUREMENT METHODS %

{

gamma flag=3; /* INDICATES TO THE calc_gamma *f
/* FUNCTION TO CALCULATE gamma3 */
/* AND TO THE calec ni0 FUNCTION *
/* TO CALCULATE n30 */
gamma3(j] = calc_gamma(delta2, delta3, j, gamma flag) ;
# if (NFLAG = 0)
u3(j] = calc_u(delta3 gamma3(j], Ay) ;
p3Q) = pmu3p]);
3] = gamma3(;}/p3Qj] ; .
o dir%so = calc_ni0(gamma3[j],MNx N, logbeta M,x f3[j] j.gamma_flag);

!
#f (NFLAG ==0)
12{j] = calc_u(delta2, gamma2{j),A}j) ;
p2(j] = phi(u2{j]) ; o
f2jj] = calc_f2(gamma2}j}.p213}); ,
gamma flag 2 ; /* INDICATES TO THE calc_ni0 */
* FUNCTION TO CALCULATE n20 */
020 = calc_ni0(gamma2[j], MNx,N, logbeta M x.f2[j].j.garnma flag);
dffalc_n_values(N,nal 30,0200l 0203 ) ;
#endi

List 2 9} List 3 & W2 gamma2[jli= A (5.18)3 (5.19)5 A4z Holx, w2
9} p2fi]i= A (5.11), (5.12)5 A4gE AolthList 6, 7). R2[j]= gamma2(j)/p2[j] °Itt
(List 8). 1&]3L n20 2 4] (5.10)& AIXKgH Aolch 18d] List 5 o A= 4 (5.10)

& A= ¢ ZE=

work = 1.0 - (M / ( gamma * N * x)) : (5.63)
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7F b=l ol F A (5.10)3 w3k
work = 1.0-(M/(f*N*x)): (5.64)

olofjof FH& o 4 Qo) 7] EAVF @ A2 2] List4 o A+ calc_gamma
2 AR Zro g A 4] (5.18), (519 y 7} ot A (6.2)8] yg olth olmel=
w2fj], p2f], 283 ] Axtel owirt glojxct (IAEA STR-261 Rev.l o=
calc_gamma 7} Utk U<+ calc gamma 1= IAEA STR-261 Rev.0 ofl & Zolt})

3 calc gamma & 4] (5.18),(5.19)& Aiels ZEIHOE HPFELL cale ni0
o 4 (5.64)5 A83f= Zojrt

List 4. y A& g

/* F'[JNCTION CalC__gamma (222222322222 222282222222 2222222 2 2L L)

*
calculates gamma?2][i} or gamma3|i}
From 1AEA STR-261 Rev.0

* *
* # 4 % N

*

#######################t##tt###############*################*####/

double calc_gamma(double delta_a, double delta b, int j, int gamma_flag)
{

double gamma ;
double LO ;

double LU ;

double powl.O ;

double powlL.U ;

ifg==0|j==1) /* OVERSTATEMENTS CASES 1 AND 2 */

LO =calc LO(delta_a,delta b,gamma_flag) ;
powLO = pow(LO,2)
gamma = 4.737 * LO- 5.49 * powLO ;

}
else /* UNDERSTATEMENTS CASES 3 AND 4 ¥/
LU =calc LU(deka adelta b,gamma flag);

powLU = pow(LU,2) ;
gammma = 4802 * LU +447 * powLU,
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i}f(gamma> 1.0)

gamma = 1.0

returmn(gamma) ;

List5. #&/4u] Z¥o] it s837] AL &

/A FUNCTION: calc ni) #*rssesssstss s s 20k so 065500880k 0 00844
. ]

: calculates 120 and n30
* From IAEA STR-261 Rev.!|
*

###t###t*‘t*t*ttt#t*t###t#t*t*‘#t#t*t*#ttttt*t#ttttt*ttt#t#t#ttt*##/
double calc_ni0(double gamma,double MNx, double N,double logbeta,double M,
{ double x.double f/int j,int gamuna _flag)

double divisor ;
double mi0 ;

double work ;
if (f == MNx)

if (gamnma flag=—=12) /*u2 ¥
fG==0]|j—2) /* TWOMEASUREMENT METHODS */

md=10;
}
else
(I
nd=0;
| !
else /* gamma flag =3 (n3) */
md=10;
)
else
{
work = 1.0 - (M /(gamma * N *x) ) .
if (work <=0.)
=1,
)
else

divisor = log(work) ;

51
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ni0 = logbeta / divisor ;

ni0 = ceil(ni0) ;
return(m0) ;

List 6. -u A4 ¥

/# FUNCT'[ON Calc u (I R332SR P P2 EE LSRR R2 SRR 2L L)
. -

*
* calculates u2[i] or u3[i] *
* x
* From 1AEA STR-261 Rev.1 *
* x
#**#*****#####*##***##*#*##*######ttttt*##t#*t*##*#**#*#*###t*##/
double calc_u(double delta, double gamma, double A, int i)
{
double divisor ;
double y ;
if(i=0 || i=1)
divisor = deita * (1.0 - gamma) ;
}
else
divisor = delta * (1.0 + gamma) ;

}
if (divisor == 0.)
{

y=5.;
}
else
{
y = (gamma - A * delta) / divisor ;
return(y) ;

List 7. FHAYFEX At &

/* FUNCTION ph] EERRREREEFEERER KRR EERR R RN R R R R R R R EEE KRR R KX

a function for the normal curve

From IAEA STR-261 Rev.1

.o

*
*
*
*
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({iouble phi {(double x)

double fu ;

double vu, vu2 ;

double wul

double wu2

double wu3

double wud

double wus

double wu

double y

ﬁl (1. 0/2 506628275)*e -x*x/2);
=1 0/(1 0+(0.2316419*(fabs(x)))) ;

vu2 =wvu*vu;

wul = 0319381530 * vu

w2 =-0.356563782 * vu2

wuld = 1.781477937 *vu2 * vu ;

wud = -1.821255978 * vu2 * vu2 |

wusd = 1.330274429 * vi)2 * vu? *vu

et e e

wu:ﬁl*(wl+wu2+wu3+\w4+v;'u5);

if(x<0)

{ y=wu,
else

{

y=10-wu;

Eeturn v);

List 8 r/q A& =

/* * FUNCTION:

* calculates 23]

x

* From [IAEA STR-261 Rev.1

double calc 2({double gamma2, double p2)
{

(tizoubleﬂ; )

= gamma2 / p2 ;

if (2>1.0)
2=10;

Eeun‘n(ﬂ) ;
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Al 6 3 IAEA EFolq dLAPH[9]

FHAG A Sl dgE]s TR 5,00 & AL 32 4
(51008 o33} o] XHI 4 ok

nf 6.1)

o 7)1 A
Y = Yq 6.2)

oltt y& UHR AdE BAY 4 oW p, 9 ny; Allbo] 49Xt IAEA +
Z7] #BE¥o] HEF sEEY o= S stk AlAARARRERe]) A
EFEab 57F oA y= A a8y A9l o ALkdd 4 (5029
(5110 q 7t Aldbdeh & 8 ol sl Wigh o gho] ALkEo] Uk 2 8 o
Al PRED 32 y & curve fitting T+ 4 (6.3)3F (6.4)F ALE ko)™ ratio -2
PREDK otk g > 0.15 ¢ 9] y A& do3ta] X7l ool & > 0.15
Y we) IR xR ug usta 2ok

& < 015 ¥ . overstatement 7

Ay = max(8,;0.0075-0.05315, +2.369087 )

7'2 = 4.7374, - 5.49043
(6.3)

7o =4.T37A5 - 5.4904%
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8.

7 (9

(IAEA STR-261 Rev.1

Chaper 6

Table 1

AAx)

Overstatement

Understatement

V4

-i

¢ | » [PRED

ratio

-+ q

/2 [PRE

ratio

0.150
0.140
0.130
0.120
0110
0.100
0.090
0.080
0.070
0.060
0.050
0.040
0.030
0.020
0010
0.009
0.008
0.007
0.006
0.005

0.564
0.531
0.497
0.462
0427
0.392
0.355
0318
0.280
0.242
0.203
0.163
0.123
0.082
0.040
0.036
0.032
0.028
0.023
0.019

1.74
1.69
1.63
1.59
1.54
1.50
1.47
1.43
1.39
1.36
133
1.29
1.25
1.19
1.07
1.05
1.02
098
093
0.86

0.959 | 0.588
0.954 | 0.556
0.94910.524
0944 10.490
09390455
0934|0419
0.929 1 0.382
092410344
0918} 0.305
0913 10.265
0908 1 0.224
0.9100.181
0.894 1 0.137
0.883 ) 0.093
0.85810.047
0.85210.042
0.84510.038
0.836) 0.033

0.587
0.556
0.523
0.489
0.455
0419
0.382
0.344
0.305
0264
0223
0.181
0.137
0.093
0.047
0.042
0.038
0.033
0.028
0.024

0.999

0.999
0.999
0.999
0.999
0.999
0.999
0.999
0.998
0.998
0.998
0.998
0.998
0.998
0.997
0.997
0.996
0.994
0.991
0.986

0.607
0.568
0.529
0.490
0.451
0411
0371
0.331
0.290
0.250
0.208
0.167
0.125
0.083
0.041
0.036
0.032
0.028
0.024
0.019

0.65 [0.742 0817
0.68 [0.750) 0.757
0.70 10.758 | 0.698
0.73 10.767 | 0.639
0.76 [ 0.776 | 0.581]
0.79 [0.785 | 0.524
0.82 1 0.794 ) 0.468
0.86 |0.804(0.412
0.89 0.814)0.357
093 [0.823{0303
0.97 {0.83310.250
1.01 |1 0.84310.198
1.04 | 0.8510.147
1.07 10.857}0.097
1.03 [0.848 | 0.048

0.821
0.760
0.700
0.641
0.582
0.525
0.468
0413
0.358
0.304
0.251
0.199
0.148
0.098
0048

1.01 | 0.844 | 0.043 1 0.044

0.99 (0.83910.038
0.96 ] 0.832]0.034
0.92 |0.821]0.029

0.039
0.034
0.029
0.024

1.004
1.003
1.002
1.002
1.002
1.002
1.002
1.002
1.003
1.004
1.005
1.006
1.007
1.009
1.010
1.010
1.009
1.008
1.006
1.002

0.823 ] 0.028
0.80510.024
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& < 015 ¢ i, understatement -~

A2 = max(J. ;0.16251)
o 2
Y5 = 4.8024, +4 47045

(6.4)

Ay = max((S3 ;0.20852)

7, =4.80245 +4.47045

& > 015 ¢ ™, overstatement 73-%:

+3.306852)

A, = max(5,;0.0324-0.36415 :

|
y'z = 0.024 +4.445A, —4.546A%

6.5)
Ay = max(85;0.3318,)

73 =4.737Ay - 5.490A3

& > 015 Y Wi, understatement 73-$-

A, = max(,;0.0556 - 0.58880, +2 56595, )

y'z = 4.802A, +4.47043

(6.6)
Ay = max(é3 ;0.208(52 )
2

y'3 = 4.8024, +4.470A5

SJAelA T LA WU

b

71 Aol AL o o
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A 7 & TCNC 9 ZAFEEH[14)[15)

IAEA 7F 7HubEQl s Edrgolabo] A7l Wage ot d2AY Qd 2]
SIEXE S AHEshs AR R iU WA vk AAE IAEA 7F AP
S £ wof] HEshs ERUIIL A 6 FollA o ARG HoIth JAEA &
Arstge] FAHE <A 6 & M3 A spoflA AXTHE BRI o & A
ol 4 @15)ollA g=1%2 3t 4 @294 -1 WY DE AR 4 (562)
E AH83hs Aoith 4] (5.62)8 HEE IARE 9] 3t D < no|BE olF&
A Hgsts AL F2 dhHolgln Ry o) ol W& MAst] AEt
o] TCNC ollM= t}32] ZARISEH S-S EXCEL(Visual Basic for Application AH8-)3%
Visual C++5 AHE-3he] sfubsiadot

- HE2A H 8" AR ¥ (comectly applied binomial approximate allocation)
A} (6.3),(6.4)3F 4 (5.18), (5.19)F AL ¢, AL ol F List9 ol U=
4] (4.15), @12 2HAVE Al 4 (5.1), (528 33Tt

- 708 olg LA (improved binomal approximate allocation)
4] (6.3),(6.4)7F 4 (5.18),(5.19)F HE&3o ¢, & AMSIE o]& List 1l A&
FAow A (4.18) AHE Hg3ste] BRAVE A 4 (5.1),(52)F
gatsich

- 2718} AR (hypergeometric approximate allocation)
A} (6.3),(6.4)3F Al (5.18),(5.19)F &3] ¢, AL o] F List10 ol A+
WAlo R A (4.12) AHE ML) THEAVE AR 4 (5.1),(5.2)%
SR ThList 11 3x).
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List 9 uvl27A A48 HFo|¢LE AME FEA7H14F VBA T8 1%

Function Ntotc(Beta, N, D, q)
Dimb, i g, temp, Nt As Double
b=001 * Beta
i q=001*q
If D>= N Then
KD >N Then
Ntotc = “NA”
Else
Ifi g>=1 Then
Ntotc = 1
Else
Nt = Log(b) / Log(1 - i_q)
1f Nt > Int{Nt) Then
Ntotc = Int(Nt) + 1
Elge
Ntotc = Nt
End If
End If
End If
Else
temp=(N/i_q)*(1-()"(1/D))
ftemp <D Then
Nt = Log(b)/Log(1-i g *D/N)
Else
Nt = temp
End If
1f Nt > Int(Nt) Then
Ntotc = Int(Nt) + 1
Else
Ntotc = Nt
End If
End If
End Function

List 10. Z7]3F A& AH83hs #8837 A4 vBA 221
(Adapted from functions h_size and hyper in List 11)

Function h_size(Beta, N, D, q)

Dim DD, nn, NDn1, n_initial, small n As Integer
Dimb,i g, qd, h,h d0, h 40 xxq As Double
Dim start, d_limit, small d As Integer

Const one = 1

Const half = 0.5

Const micro = 0.000001

b=0.01 * Beta

iq=001*q

If D >= N Then
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If D > N Then
h_size = "NA"
Else
Ifq = 100 Then
h_size =\
Else
h=Log(0 01 * Beta) / Log(l - 0.01 * q)
If h > Tnt¢h) Then
h size ~ Int(h) + 1
Else
h size=h
End If
End If
End If
Else
n_initia} = Int(half + half * (1 -b " (one /D)) * (N + N - D + one))
If (n_wmitial < one) Then
n_initial = one
h dO0=one
Else
h_dO = hyper(N, D, n_initial - one)
End If
small n=n_initial
Do
h_ d0=(N-D-small n+one)/(N-small n+one)*h do
h d0 xxq=h d0
If(i g <one) Then
h=h_d0 xxq
DD=D
nn = small n
NDnl =N -D - small n+ one
start = one
qd = one
d_limit = Int(half + Log(micro) / Log{one - i_q))
small d = one
Do While (small d <=d limit And small_d <D And small d <=small n)
qd-=qd * (one -1_q)
h=(DD * nn)/ (start * NDnl) * h
DD =DD - one
nn =nn - one
start - start + one
NDnl = NDnl + one
h d0 xxg=h d0 xxq+h™qd
small_d = small d + one
Loop
End If
Ifh dO xxq <'b Then
h_size = small_n
Exit Do
End If
small n=small n+ one
Loop While (small_n <N)
h_size = small n
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End If
End Function

Function hyper(N, D, n_initl)
Dim loopchk, nn, Nnu As Integer
Dim denum, numer, h As Double

Const one = 1
Const zero =0
h=one

IfD <= n_initl Then
Nnu =N - n_initl
numer = Nnu
denum =N
nn = one
Do
numer = numer * (Nnu - nn)
denum = denum * (N - nn)
loopchk = one
If (denum > 1E+300) Then
h=h * numer / denum

numer = one
denum = one
loopchk = zero
End tf
nn=nn+ |
Loop While nn <D
Else
Nnu=N-D
numer = Nnuy
denum = N
nn = one
Do
oumer = numer * (N - nn)
denum = denum * (N - nn)
loopchk = one
If (denum >= 1E+300) Then
h = h * pumer / denum
numer = one
denum = one
loopehk =+ zero
End If
mn=nn+ 1
Loop While nn < n_mit1
End If

If loopchk = one Then
h=h * numer / denum

End If

hyper = h

End Function



2 Aol H3EE IAEA 9] B AMQl JAEA STR-261 Revil ol 7I&¥® BFIFY
FHE 2IstgPHe s RMsteE Aolddnh AHEEF Ol AlY(game)ol Bl
M3t AY o) wet 23E] 7] ool (AEA o ZREFE2A ] ALEEE ol R I
OISt herstAl Mg olF2AHE-S HA Aol eI K= AAE Y
F7E Az Aelth webA MM Rl thgstr] 93 REFEAY Y A
o2 HEY$Z(sampling without replacement)s 71&3h= U]t o3 2 &
F2AYE NAstA §F Aoltk IAEA & U151 To) 23S AEE Axsta
Aok A 3R A A7) IAEA B EAH0] = Aol MARy, A
ol E|ofUAl & Fo] YR UU2T IAEA 7T AbRel] AAR AHgEs BE
22482 mFoFePHol olUxw EFoIFIANIH AT IAEA RILAQ]
chapter 6)°]1%17] wiFof th&o] ZAHES EXCEL(Visual Basic for Application
ARy A G (Visual CH Ao 2 sfabslgi

- HiE A H8H ZFoly ZAFEH(comectly applied binomial approximate allocation)
- W8 olg AP ¥ (improved binomial approximate allocation)

- 2718t 2AFeFEH (hypergeometric approximate allocation)

BHEFAR} §<0.15 & AFole (o) & y(0)  AHE3 $18] M7bA SARY
TS st o, §>015 9 FFols AeS ABTF (9 Bl wEd
Ao AMypA] ZARIEHS AU 5 UAUTE  IAEA & A1z B ARRARE
] o] E}H] 0] A(OIDDB: operator-inspector difference database)3} sto] o]& TAHZ &
FE2AYE YAt S viAARE Qlestoior ol ZAREE S A
W Aok 2o1ES-E ey, LRt M7kA] ZAREGHES A5
A M IAEA & 5258 B AAE AL F08 "art gk
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// Class declaration next
class sAllocation

{ .
private:
CATCHBUF jmpBufStruct, // Visual C++ has a place to store the system's
i state at the Cately)
int typechk;
char gross_only, ou;
long double B, i q,1 g1,1 g2,1 g3,/ Beta/100, class _11/100
long double n, eta2, nl, n2, n3;
long double gamma?2, gamma3, gam?2, gam3;
long double N, SQ, x_mean, dell, del2, del3, Beta, class_11;
long double zerol., halfl., onel., hunl.;
void InputND(void),
void nit(),
long double h_size(long double); // Sample size calculation with hypergeometric
long double hyper(fong double, long double), {f distribution
void a_gamma(void),
void a_alloc(long double),
void OutputND{long double),
public:
void hp size(void), // Sample allocation with hypergeometric
4 // distribution
void sAllocation:: InputNID{void)
{
long double NDnd, D,
int badVal, // Holds a value that determines which error occurred

badVal = Catch(jmpBufStruct); // The systen's state is saved here in case
/ a longymp() happens later.
switch (badVal)
{ // Errors for N, D, n, d.
case (1):
{
cerr << "\nN should an integer between [2,1000000]." <<
"\nRestart the program.\n";
exit(99); // Stop the program
}
case (2):
{
cerr << "\nSQ and x_mean should be positive." <<
"\nRestart the program.\n";
exit(99); // Stop the program
}
case (21):
{
cerr << "\nThis stratum has less than 1 SQ." <<
"\nRestart the program.\n";
exat(99), // Stop the program
}
case (3):
{



cerr << "\ndel! should be in the range of (0.0, 0.15]." <<
"\nRestart the program.\n";
exit(99); // Stop the program
}
case (4).
{
cerr << "\ndel2 should be in the range of (0.0, dell)" <<
"\nRestart the program.\n";
exit(99); // Stop the program

case (5):
{
cerr << "\ndel3 should be in the range of [0.0, del2)" <<
“\nRestart the program.\n*;
exit(99), // Stop the program

}

case (6):
{
cerr << "\nBeta should be in the range of [1,80])" <
"\nRestart the program.\n";
exit(99); // Stop the program
i
case (7).
{
cerr << "\nclass_II should be in the range of [70,100}" <<
"\nRestart the program \n";
exit(99), // Stop the program
)
H

mit();

/N
cout << "Maximum value of N is 1000000 \n";
cout << “Please enter N: *;
c¢in  >>NDnd,
if (NDnd - floori(NDnd) '= zeroL || NDnd < onel. | NDnd > 1000000.0L )
{
typechk = L,
Throw(jmpBufStruct, typechk);
!
N = floori(halfl. + NDnd),

/7 8Q

cout << "Please enter SQ: ",

cn >>NDnd;

if (NDnd <= zerol.)

{
typechk = 2;
Throw(jmpBufStruct, typechk),

}

SQ = NDnd;
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// x_mean
cout << "Please enter x_mean: ",
cin >>NDnd;
if (NDnd <= zeroL )
{
typechk = 2;
Theow(jrapBufStruct, typechk),
}
x_mean = NDnd;

D = ceill(SQ/x_mean);, //# of gross defects
if (D >N)
{
typechk =21,
Throw(jmpBufStruct, typechk);
}

if (D==N)

{
cout << "\nSample size = I since D= N.\n",
exnt{99), // Stop the program

}

/{ gross_only

cout << "Sample size for gross only? (y/n)" <<endl
cin.ignore();
do
{
gross_only = cin.gei(),
} while (1(gross_only =='y' || gross_only ="Y"||
gross only =='0 || gross_only = N)),

if (gross_only =='n' || gross_only == N')
{
// dell
caut << "Please enter relatve standard deviation dell: *;
cin  >>NDnd,
if (NDnd <= zeroL. || NDnd >= halfl. )
{
typechk = 3;
Throw(jmpBufStruct, typechk),
}
dell = NDnd,

// del2
cout << "Please enter refative standard deviation del2: *;
cin >>NDnd;
if (NDnd <= zerol. || NDnd >= dell)
{
typechk = 4,
Throw(rapBufStruct, typechk),
}



del2 = NDnd;

// del3
cout << "Please enter relative standard deviation del3: ”;
cin  >>NDnd;
if(NDnd < zeroL {| NDnd >= del2)
{
typechk = 5;
Throw(jrpBufStruct, typechky,
)
del3 = NDnd,

/f Overstatement or understatement
cout << "Please enter [(overstatement) or 2(understatement): *;
do
{
an >> NDnd;
if (NDnd == 1)
{
ou=" 0|;
break;
}
if (NDnd == 2)
{
ou =
break;
}
3 whale (NDnd =1 || NDnd =2),

// Beta

cout << "Please enter Beta in percent: “;
cin >> NDnd,
if (NDnd <= zeroL || NDnd >= hunL)

typechk = 6;
Throw(apBufStruct, typechk),

Beta = NDnd,

B = Beta/hunL ;

/i class 11

cout << "Please enter the probability(%) ofin” <<
" classifying a defect as a defect.: *;

cin >> NDnd,;

if (NDnd <= 70.0L |} NDnd > hunl)

typechk = 7,
Throw(jmpBufStruct, typechk);

}
class 11 = NDnd;
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D = ceill(SQ/(gam2*x_mean)),
iq=igq2,
defectchk =D *1 g/ N;
if (defectchk >= onel.)
{
eta2 = onel.;
n3 = zeroL. ;
n2=eta2 -n3;
nl =n-eta2;
return |

else

eta? = h_size(D)
if (del3 == zerol.)
{

n3 = zeroL ,

n2 =eta |

nl =n-eta2;

else
{
D = ceill(SQ/gam3*x_mean));
1q9=1q3;
defectchk =D *i q/N;
if {defectchk >= onel)
{
n3 = onel. ;
n2 =eta2-n3;
nl =n-eta2;
return ;
}
else
{
3~ h_size(D},
n2=etal -n3 ;
nl=n-etal;
return,

/* FUNCTION: hp_size AR AR AR R R R R R R R AR AR KRR R AR KRR N
\ -

- * B 8

*

*

Sample size allocation with hypergeometric distribution *
*

*

‘*****‘**‘*t‘****t**‘***‘*t****t##t**t*************************/

void sAllocation: hp_size()
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/* FUNCTION: h_size

*

-
*
*
*

long double sAllocation::h_size(long double D)

{

long double n, D;
InputNDY),
D = ceill(SQ/x_mean);
n=h size(D),
if (gross only =—'n' || gross_only ="N)
{
a_gamma(),

a_alloc(n),
H
OutputND(n);

Sample size calculation with hypergeometric distribution

From the registered program of KAFRI (94-01-12-3469)

long double n_initial |

long double d, d_limit; /* defect size */
long double qd ;
long double micro = 0.000001L ;

long double h d0,h d0 100, h d0 xx qd;
long double DD, nn, NDn1, one, h;

/*

h(N.D,n,d)

T L e e S P P P PR e 2 2

/* non-classification probability, (1.0 -1_qYd ¥/

*/

*
*
*
*
*

L L L L L Ll Sl Y]

n_initial = floori(halfl. + halfl_*(aneL. - powl(B,onel/D))*(N + N - D + oneL)),

if (n_initial >=N-D)
{

n=oneL ;
refurn{ny,
)
if (n_initial <= oneL )
{ n_jnitial = onel. ;
h_d0 = onel ;
¥
else
{
h_dO = hyper(n_initial - onel, D) ;

n=n _initial ;

do
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long double sAllocation::hyper{long double n, long double D)

{

i loopchk ;

long double nn ;

long double denum, numer, h |
long double Nnu ;

h=onel ;

if(D<=n)

{
Nmu=N-n;
mumer = Nm
denum =N ;

for(m=1;nm<D;antt+)
{
numer *= ( Nnu -nn) ;
denum *=(N-m);
loopehk =1
if {denum >= ] 0e+4920L)
{
h = h * numer / derum ;
numer = oneL ;
denum = oneL
loopchk=10;
}
}
}
else
{
Nnu=N-D;
numer = Nnu ;
denum =N ;

for(nn=1;nn<n;nn++)
{
numer *=(Nnu-nn);
denum *=(N-nn);
loopehk =1,
if (denum >= 1 0e+4920L)
{
h = h * numer / demum ;
numer = oneL ;
denum = oneL ;
loopchk =0 ;
}
)
)

if (loopchk=1)
t
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h=h * numer / denum ;

}

returnh ;
}

/* FUNCTION: a_gamma L T P e T

*

*  calculates gamma2[i) or gamma3i}

*

®

*

*

tl=###*t#i########i**i##i*i#tt#tt#ttttttttt‘*tttttttttlttttttttt/

void sAllocation::a_gamma(void)
long double delta2, delta3 ;

if (ou =0") /* Overstatement */

{
if (dell <=0.15L)
{
delta? = max(del2, 0.0075L - 0.053 1L * dell + 2.369L * dell * dell) ;
gamma? = delta2 * (47371, - S 490L * delta?) ;
gam2 = -0 002L + delta?*(4.259L - 3.241 *delta2) ;
i_q2 = gam2/gammaZ |
if (del3 > zeroL)
{
deha3 = max(del3, 0.331L * del2) ;
gamma3 = delta3 * (4.737L - 5.490L * delta3)
gam3 = -0.002L + delta3*(4.2591. - 3 241 *delta3) ;
1_q3 = gam3/gamma3 ;
}
}
else [/ dell >0 1SL
{
delta? ~ max(del2, 0.0324L. - 0.3641L * dell + 3.3068L. * dell * dell);
gamma2 = 0.024L + dejta2 * (4.445L - 4.546L * delta2) :
if (del3 > zerol.)
{
delta3 = max(del3, 0.331L * del2) ;
gamma3 = delta3 * (4.737L - 5.490L * delta3) ;
)
}
¥
else /* Understatements */

if (dell <=0.15L)
{
delta2 = max(del2, 0.162L * dell) ;
gamma? = delta2 * (4 8021 + 4 470L * delta?),
gam2 = -0.002L + delta2*(4.284L - 1 508 *delta2) ;
i_q2 - gam2/gamma? ;
if (del3 > zeroL)
¢
deltad = max(del3, 0.208L * del2),
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gamma3 = delta3 * (4 802L + 4 470L * delta3);
gam3 = -0.002L + delta3*(4.284L - 1. SO8BL *deltal) ,
1 g3 = gam3/gamma3 ,
}
)
else // dell > 0.15L
{
delta = max(del2, 0.05561. - 0.5888L * dell +2.5659L. * del] * dell);
gamma?2 = delta2 * (4 802L + 4 470L * delta2),
if (del3 > zerol)
{
delta3 = max(del3, 0.208L * del2),
gamma3 = delta3 * (4.802L + 4.470L * delta3),
}
}
}

return;

}
I Class ends here /11T

main()

{
sAllocation HP_A;
int ans;

do
{
cout << "\nRegistered program of KAERI"
<<"\n '95. 12"
<< "\nDeveloped by Kim, Hyun-Tae"
<< "\nTechnology Center for Nuclear Control\n”;
cout << "\n** Sample size allocation **\n";
cout <<" 1. Hypergeometric approximation\n";
cout <<" 2 Quit\n";
cout << "Which one ? ";
cin >> ans;
switch (ans)
{
case 1 : HP_A hp size();
break,
case 2 : exit(1);
}
} while (ans >= 1 && ans <= 2);
return O;
}

74



K

**E?Il’ri_xmﬁ*i azlwu i;uirﬂz |

KAERI/RR-1603/95 i

A%/ CEA|ShEEE ABHE APMER ¥ Zeow Ay

ATHUA LAY AU (RAAFAGNE WG AR
9 7 AR RAE Ber wad w74 RGBT ENE ARE
$u de [wwle | esedtsure | wwd 1

s o] =z 74 p. ’5:_&; f0), F( ) ‘3.7]? 26 Co
gy |9 HE AR

wely | ko) dielsl(), @MY RIAER | dvean
avesie | { Aorns |

2% (3005l o)) |

R oAl 2700lRES AFSle AREE YRS ANANZeawes At Aolth

. 1AEA( International Atomic Energy Agency, =AU x}1H7| ) AlHES =384 JEfThhH

L oF
3t ’r}ijl MHE

i
|
!

/5_]

INISTA| I =

= 7lEdts XIIERE AHESHE il HEAHHE Jeste EEOIUERE YSIA A
E3tod Al A7bA] AFUEol EEES ST AR APUEES WY oR AR
Pk AR HEYY BAS F@Reol HAISH] f13 502 o8 % EEFSAF
A= Al (game)o] Eo] &ML whetd A FHES #BH] e 22 RE

A AHESEI 2TIBRE R A A4tel W asich

1AEAS] ZHesiAl M8 EFEo|nt

BEPTH 27shERe] THY A wiEA A8 HEol

stEael . L. Jaecholl 2)3)

JAREE AAE ol aolct 2 A rolA

®© uitzA H}L&H FHo|¥ERE Algsts EE AN WAL I8,

@ TRAY oY FERE AEdle 2 MUY AANXYZE Y, a2ln

Q@ ZIBHERE AFESe REIAIYUY YA W

S Visual C++Z2 7Rsigsr, o|5o) &3t TR 13MES EXCEL(Visual Basic for
»\pphcatlon A}—S— A= 7““—,__]'6}0“12]-

A 9]-?4‘: 10‘:]‘01 wie])

BYzA, *Vé} g—y‘%% Z715H2x, A o|3RRE, ulEA HEH oI




BIBLIOGRAPHIC I\FORMATION SHEET

Perforning Org. Sponsorxng org.

Standing Report No. INIS Subject Code
Report No Report No. ne Hepo J

KAERI/RR 1603/95

e - oy — e e e e e e e R s e e

Tltle/Subtltle { Development of sample alloratlon program using hypergeometrlc

dlStPlbUthn

— S e e e U ——

PrOJect Manager and Depn )‘Klm Hyun Tae (Dept of Nuclear Inspectlon Operatlon)

b . — e e e - o

Researcher and Dept E H. Kwack W S Park K.S. Mln C. S Park

(D1visxon of Nuclear lnspectlon Technology)

Pub, place Taejon ['Pub Org { KAER] 'Pub DATE 96 1
e e b P | e P — JR N U e e s e = e
Page 74 p Llll.and Tab Yes( o] ) No( ) j Size | 26 Cm
ISUSUERS NP WV S E I S P U P U 4

'95 Baslc Research
Note

Classlfied-]wapen( 0 J Outside( ),_ _Class Report Type (;esearch report

Sponsoring Org. ]” Contrct No

Abstract (About 300word) ‘

)

The objective of this research is the development of sample allocation program using
hypergeometric distribution with objected-oriented method. When IAFA(International
Atomic Energy Agency) performs inspection, it simpiy applies a standard binomial
distribtion which describes sampling with replacement instead of a hypergeometric
distribution which describes samling without replacement in sample allocation to up to
three verification methods. The objective of the IAEA inspection is the timely detection
of diversion of signigicant quantities of nuclear material, therefore game theory is
appllied to its sampling plan. It is necessary to use hypergeometric distributon
directly or approximate distribution to secure statistical accuracy. Improved binomial
aproximation developed by Mr. J.L. Jaech and correctly applied binomial approximation
are more closer to hypergeometric distribution in sample size calculation than the
simply applied binomial approximation of the [AFA. Object-oriented programs of

(D sample approximate-allocation with correctiy appiied standard binomial approximation,

@ sample approximate-allocation with improved binomial approximation, and

@ sample approximate-allocation with hypergeometric distribution

were developed with Visual C++ and corresponding programs were developed with
EXCEL(using Vlsual Basic for Application)

Sub ject Keywords (About lO w0rds) 1nspection correct]y applied binomial dlstrlbutlon

safeguards sampling, inploved binomial distrlbution hypergeometrlc distribution




DR NSSic AEE f1F TR0 Ay

1996 &F 1 H 30 B EneY
1996 2 A 6 B iy
g2oA B LV -
B WEKR - hiftRE MK

AEAET ERE =8 150

g X8 T RN IRBEES

Weohd A eks o A=




