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1. Introduction 
 

The Nuclear Safety and Security Council (NSSC) of 
the ROK made an amendment on to the “notification on 
the range of national safeguards inspection (NSSC No. 
2017-83)”, as a result of applying the state level approach 
(SLA) as the IAEA safeguards [1]. In the notification, 
sub-paragraph 4 of Article 2 requires an on-site 
inspection (verification of the location, quantity and 
composition of each item). However, conventional 
national inspection adopts the results of the IAEA on-site 
inspection. Therefore, an independent on-site inspection 
must be included in the national safeguards inspection 
process to satisfy the requirement of relevant notification. 

The goal of this research is to investigate the sampling 
method of the on-site inspection for national safeguards 
inspection. We reviewed IAEA’s sampling planning 
method and identified its limitations, which are mainly 
derived from the assumptions used to simplify the 
calculation process. Based on our investigation, we 
propose a revised sampling method that improves the 
identified limitations of the previous method for on-site 
safeguards inspection.  

 
2. IAEA’s Sampling Planning Method 

 
The IAEA’s sampling planning process consists of the 

following processes [2]: 
1) Stratification of inventory items 
2) Identification of defect types (verification 

methods) for each stratum 
3) Calculation of the initial sample size for each 

verification method and stratum 
4) Calculation of the optimized sample size for each 

verification method and stratum 
 

2.1 Stratification 
 
Stratification is a classification process of inventory 

items in a facility based on their physical and chemical 
properties. Each item with the same (or similar) physical 
and chemical properties is classified into a “stratum”.  
For example, items with physical property “pellet” and 
chemical property “pure UO2” are classified into the 
“pure UO2 pellet” stratum. 

Once items in a facility have been stratified, for 
sampling planning, the IAEA assumes all items in the 
same stratum are homogeneous. 

 
2.2 Defect categorization 
 

The fraction of diversion in an item is defined as a 
“defect”. The IAEA classifies the defect types based on 
the possible diversion scenarios as follows.  

- Gross defect (method H): divert small items with 
large defect sizes  

- Partial defect (method F): divert more items with 
smaller defect sizes 

- Bias defect (method D): divert much more items 
with bias level defect sizes 

The IAEA determines the possible defect type(s) and 
selects verification methods for each defect type of the 
stratum based on the stratum characteristics. For example, 
the UF6 stratum is verified for two defect types (gross 
and partial) and the UO2 powder stratum is verified for 
three defect types (gross, partial and bias). 
 
2.3 Initial sample size determination 

 
The IAEA defines the “non-detection probability (β)”  

as the probability of non-detecting diversion in a stratum 
once one significant quantity of material is diverted. The 
non-detection probability becomes higher once the 
credibility of a member state becomes higher and the 
facility type becomes less sensitive. The IAEA calculates 
the number of samples for each stratum and defect type(s) 
based on the non-detection probability.  

The IAEA calculates the initial sample size of a 
stratum for each defect type using binomial adjusted 
hyper-geometric distribution (Equations (1) and (2)) [3]. 
The binomial adjustment has been performed by on-site 
inspectors to calculate the sample size using hand-held 
calculators since its development in the early 1990s, with 
the following equations. 
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where, 
nH/F/D Initial sample sizes for defect types 

(gross: H, partial: F, bias: D), 
𝑁𝑁 Number of inventory items in a stratum, 
𝛽𝛽 Non-detection probability for the facility, 
𝐷𝐷 Number of items required to divert 1 SQ, 
𝑀𝑀 Mass of 1 SQ, 
𝛾𝛾𝐹𝐹,𝐷𝐷
′  Quantitative defect sizes for partial (F) and bias 

(D) defects based on the regression of previous 
IAEA inspection data, 

𝑥𝑥 Mass of nuclear material in an item. 
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The IAEA’s method assumes all defected items are 
also homogeneous since hypergeometric distribution is 
used to calculate the initial sample size for all defect 
types. 
 
2.4 Optimized sample size determination 

 
The initial sample size is calculated based on an 

assumption that the verification of each defect type is 
independent of each other. However, the diversion of a 
stratum is non-detected once all verification processes 
for the stratum were non-detected at the same time. 
Therefore, the non-detection probability of stratum (Q) 
can be calculated using Equations (3) and (4), as folows 
[3].  

 
Q =  βHβFβD     (3) 
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where, 
Q Non-detection probability of a stratum, 
β𝐻𝐻
𝐹𝐹
𝐷𝐷

 Non-detection probability for defect types,  

𝑚𝑚𝐻𝐻
𝐹𝐹
𝐷𝐷

 Number of remaining defected items for defect 

types (m: initial number of defect items), 

 �
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𝑚𝑚𝐷𝐷 = 𝑚𝑚𝐹𝐹 − 𝑤𝑤2

 

𝑤𝑤1
2
 Number of defected items in gross (w1) and 

partial (w2) defect verification samples 
  
𝑚𝑚𝐻𝐻
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 Fraction of non-detection for defect types using 

verification detectors, 
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𝐹𝐹
𝐷𝐷

 Number of inventory items in a stratum for 

defect types, 
 

𝑟𝑟𝐻𝐻
𝐹𝐹
𝐷𝐷

 Number of samples drawn for verifying defect 

types. 
 
 

 
The number of defected items (m) changes as the size 

of the defect changes (M/x ≤ m ≤ m00). The minimum 
defect items occur if all defected items were gross defects.  
The IAEA defines the maximum defect items (m00) as 
“the number of defect items in a stratum whose defect 
size is 16 % of detection probability using the most 
precise verification detectors”. For example, once the 
stratum is verified for gross, partial and bias defects, the 
possible defect size becomes the fraction of an item, 
which satisfies 16 % of the detection, using a bias defect 
detector [3]. 

The IAEA calculates “Q” in Equation (3) for all 
possible defected items and identifies the “maximum Q 
(Qmax)” for a stratum. They then adjust sample sizes for 
defect types by comparing the “Qmax” and “β”, as 
described below [3].  

 
Case 1. (𝑚𝑚00 ≤ 𝑁𝑁) 

1-a) Qmax occurs at m = M/x or m = m00 
1-b) Qmax occurs at M/x < m < m00,  Qmax ≤  β 
1-c) Qmax occurs at M/x < m < m00,  Qmax >  β 
 
For Cases 1-a) and 1-b), the IAEA adopts the 

optimized sample sizes for defect types as the initial 
sample sizes. For Case 1-c), the IAEA optimizes the 
sample size as described in case 2-a) 

 
Case 2. (𝑚𝑚00 > 𝑁𝑁) 

2-a) Qmax >  β 
2-b) Qmax ≤  β 
 
For Case 2-a), the IAEA decreases the Qmax by 

increasing the most sensitive defect type (bias for 3 
defect types and partial for 2 defect types) and reducing 
the sample size for the less sensitive defect type (partial 
for 3 defect types and gross for 2 defect types). They then 
re-calculate the Qmax for the revised sample sizes until 
the Qmax becomes smaller than β. For Case 2-b) the 
IAEA increases the Qmax by decreasing the most 
sensitive defect type and increasing the sample size for 
the less sensitive defect type until right before the Qmax 
becomes larger than β. 

For a stratum with two defect types, sample size 
optimization is finished by following the process of Case 
1 and 2. However, for a stratum with three defect types, 
the two cases do not optimize the sample size for gross 
defect verification; therefore, the IAEA performs an 
additional iteration process. The process calculates an 
indicator “c” using Equation (5) and iterate it using 
Equations (6) and (7) until the “c” becomes zero [3]. The 
overall IAEA sample size optimization process is 
depicted in Figure 1. 
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c = roundup �nF

ln(𝑄𝑄max)−ln(𝛽𝛽)
ln(𝛽𝛽F)

�   (5) 
nH′ = nH + c     (6) 
nH′ = nH − c     (7) 
 

 

 
Fig. 1. Overall process of the IAEA sample size optimization. 

 
 

2.5 Limitations of IAEA’s method 
 

However, the IAEA’s sampling planning method has 
the following limitations: 

1) Items in the same stratum are not homogeneous 
2) Sample size is overestimated due to the binomial 

adjustment 
3) Sample size is a specific solution of a specific 

diversion scenario (same defect size for all items) 
Therefore, we have investigated a revised sampling 

method for on-site inspection which minimizes the effect 
of these limitations. 
 

3. Sampling method for national inspection  
 

The revised sampling method for national inspection 
calculates the exact solution of the hypergeometric 
distribution rather than adjusting it to the binomial 
distribution. For this study, we developed a MATLAB 
based sampling planning program, which includes 
stratification, defect categorization and initial sample 
size calculation, as depicted in Figure 2. 

 
Fig. 2. Configuration of sample size calculator 

 
We examined the effect of binomial adjustment on the 

sample size by comparing the results of the conventional 
and revised methods. The list of inventory item (LII) 
used for the comparison was previous inspection data of 
a fuel fabrication plant. Table I describes the LII for a 
stratum (UO2 powder, PD1L).  
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Table I. List of inventory item of PD1L stratum. 

 
 
The results of comparing the sample sizes for each 

stratum using the IAEA’s method and the revised method 
are described in Table II. This indicates the binomial 
adjustment overestimates for both the total sample size 
and sample sizes for precise verification methods 
(sample sizes for method F and D). Therefore, the revised 
sampling method can minimize inspection resources for 
national inspection. 

 
Table II. Initial sample size comparison between the 
IAEA and revised sampling method 

 
 

Future works will include sample size optimization of 
the sampling planning program. The sample size will be 
optimized using the Monte Carlo method with 
representative (possible) diversion scenarios.  

3. Conclusions 
 

As the importance of national safeguards inspection 
grows, an independent sampling planning for national 
inspection is required. This research reviewed the 
sampling planning method of the IAEA. The IAEA’s 
method overestimates sample size due to the binomial 
adjustment of hypergeometric distribution to minimize 
computational burden.  

This research developed a revised sampling planning 
method for national safeguards inspection which 
eliminates the binomial adjustment in the initial sample 
size calculation of the IAEA’s method. We also 
developed a computational model based on the revised 
method. The revised sampling method resulted in smaller 
sample sizes compared to the conventional method, 
which can reduce the consumption of inspection 
resources. 

Future works will include overcoming the limitations 
of the IAEA’s sampling planning for the sample size 
optimization process. 
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