
• The KINAC plans to identify requirements for 
domestic MBE method using a benchmark scenario 
prior to develop the method

• Results indicated the “detailed information on 
measurement system”, “uncertainty of the 
measurement system” and “stratification rule” are
required to develop and operate domestic MBE
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Objective

• The ROK has been conducting independent national 
inspection since 2015

• KINAC is performing independent national 
inspections to domestic nuclear facility based on a 
domestic notification(NSSC No. 2017-83)[1]

• However, current national inspection does not satisfy 
a requirement of the notification, material balance 
evaluation (MBE)

• The requirements has to be identified prior to 
develop an independent domestic MBE method

• Identify requirements for domestic MBE based on a 
benchmark scenario, IAEA’s method and domestic 
characteristics of material accountancy

Conclusion

[1] Subparagraph 7 of Article 4 of Regulations on the Safeguards Inspection of Special Nuclear Materials of the ROK, NSSC notification No. 2017-83, 2017.
[2] IAEA, IAEA Safeguards Technical Manual part F Statistical Concepts and Techniques, IAEA-TECDOC-261, Vol. 3, 1982.
[3] IAEA, Statistical Concepts and Techniques for IAEA Safeguards, IAEA-SG-PR-2016, 1998
[4] IAEA, International Target Values 2010 for Measurement Uncertainties in Safeguarding Nuclear Materials, IAEA-STR-368, 2010.

Methods

where,
𝐌𝐌𝐌𝐌𝐌𝐌: Element/isotope material unaccounted for, 𝐗𝐗: Material inflow, 𝐘𝐘: Material outflow,
𝐏𝐏𝐏𝐏: Physical inventory at the beginning of an MBP, 𝐏𝐏𝐏𝐏: Physical inventory at the end of an MBP.

𝐌𝐌𝐌𝐌𝐌𝐌 = 𝐏𝐏𝐏𝐏 + 𝐗𝐗 − 𝐘𝐘 − 𝐏𝐏𝐏𝐏

• MBE evaluates whether the material unaccounted for 
(MUF) of a facility is originated from measurement 
uncertainty or not
‒ MUF is defined as the difference between the book 

inventory and list of inventory item (LII)

• Calculate 𝜎𝜎𝑀𝑀𝑀𝑀𝑀𝑀 using the information of facilities’ 
accounting system and error propagation[2, 3]

• Evaluate the calculated MUF and 𝜎𝜎𝑀𝑀𝑀𝑀𝑀𝑀 using a 
hypothesis testing method (z-test) [3]

– 𝑧𝑧𝛼𝛼 = 3 in nuclear safeguards

𝐻𝐻0:𝑀𝑀𝑀𝑀𝑀𝑀 = 0, if |MUF| ≤ 𝑧𝑧𝛼𝛼σ𝑀𝑀𝑀𝑀𝑀𝑀
𝐻𝐻1:𝑀𝑀𝑀𝑀𝑀𝑀 ≠ 0, if MUF > 𝑧𝑧𝛼𝛼σ𝑀𝑀𝑀𝑀𝑀𝑀

Measurement uncertainty (Normal)

Another sources (Abnormal)

MUF Originated from 

σ𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑉𝑉(𝑀𝑀𝑀𝑀𝑀𝑀), 𝑉𝑉 𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑉𝑉𝑟𝑟 𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑉𝑉𝑔𝑔 𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑉𝑉𝑠𝑠(𝑀𝑀𝑀𝑀𝑀𝑀)

• Process of a benchmark fuel fabrication plant

• Measurement system and relative uncertainty of the 
benchmark facility [4]

• Stratification rule※ for the facility and calculated MUF
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Results
• Calculate 𝜎𝜎𝑀𝑀𝑀𝑀𝑀𝑀(element), 𝜎𝜎𝑀𝑀𝑀𝑀𝑀𝑀(isotope)

- Most of the 𝜎𝜎𝑀𝑀𝑀𝑀𝑀𝑀 originated from systematic error
- Especially systematic error of bulk measurement 

• Evaluate the calculated 𝜎𝜎𝑀𝑀𝑀𝑀𝑀𝑀
Measured Inventory Book Inventory

U Weight (KG): 1,022,096.481 1,023,082.848
U235 Weight (KG): 38,572.800 38,548.731

MUF (kg) σ(MUF) (kg) Significance(3σ)
986.367 494.9396499 No
-24.069 18.66716368 No

MUF is originated 
from  measurement 
uncertainty

※ Classification of nuclear material by physical and chemical characteristics

δ_rq..(r) δ_rq..(g) δ_rq..(s) δ_r.p(E).(r) δ_r.p(E).(g) δ_r.p(E).(s) δ_r..t(E).(r) δ_r..t(E).(g) δ_r..t(E).(s)

0 0 0 0 0 0 0 0 0 0 0 0
1 0.001 0 0.001 1 Powder 0.0005 0.0005 0 1 powder 0.0005 0.0005 0
2 0.0005 0 0.0005 2 Pellet 0.0005 0.0005 0 2 pellet 0.0005 0.0005 0

1 Fuel rod 0.0005 0.0005 0 2 0.001 0 0.001 1  llet/powder s 0.0005 0.0005 0
2 UO2 pellet 0.0005 0.0005 0 3 0.001 0 0.001 2 U storage 0.0005 0.0005 0
3 Conversion products - Plant 2 0.0005 0.0005 0 4 0.01 0 0.01 1 Lab Sample 0.001 0.001 0
4 Pellet & Scrap Storage - Plant 2 0.0005 0.0005 0 δ_r.p(I).(r) δ_r.p(I).(g) δ_r.p(I).(s) 2 Clean Scrap 0.001 0.001 0

4 0.001 0 0.001 0 0 0 0 3 Dirty Scrap 0.001 0.001 0
5 0.001 0 0.001 1 1.28 0.0005 0.0005 0 δ_r..t(I).(r) δ_r..t(I).(g) δ_r..t(I).(s)

1 Powder 0.0005 0.0005 0 2 1.4 0.0005 0.0005 0 0 0 0 0
2 Pellet 0.0005 0.0005 0 3 1.6 0.0005 0.0005 0 1 UO2 powder 0.001 0.001 0
3 Scrao 0.0005 0.0005 0 4 1.72 0.0005 0.0005 0 2 UO2 pellet 0.001 0.001 0
1 Powder 0.0005 0.0005 0 5 2 0.0005 0.0005 0 3 O2 pellet with 0.001 0.001 0
2 (Re) Conversion Products 0.0005 0.0005 0 6 2.2 0.0005 0.0005 0 4  in analysis l 0.001 0.001 0
1 Powder 0.0005 0.0005 0 7 2.35 0.0005 0.0005 0 2 0.001 0 0.001
2 Scrap 0.0005 0.0005 0 8 2.45 0.0005 0.0005 0 3 0.001 0 0.001

9 0.0005 0 0.0005 9 2.65 0.0005 0.0005 0
1 Pellet 0.0005 0.0005 0 10 2.92 0.0005 0.0005 0
2 Scrap 0.0005 0.0005 0 11 3.1 0.0005 0.0005 0
1 Pellet 0.0005 0.0005 0 12 3.15 0.0005 0.0005 0
2 Scrap 0.0005 0.0005 0 13 3.42 0.0005 0.0005 0

12 0.0005 0 0.0005 14 3.5 0.0005 0.0005 0
13 0.0005 0 0.0005 15 3.62 0.0005 0.0005 0
14 0.0005 0 0.0005 16 3.92 0.0005 0.0005 0
15 0.0005 0 0.0005 17 4 0.0005 0.0005 0

18 4.1 0.0005 0.0005 0
19 4.42 0.0005 0.0005 0
20 4.5 0.0005 0.0005 0
21 4.65 0.0005 0.0005 0
1 2.6 0.0007 0.0007 0
2 2 0.0007 0.0007 0
3 2.22 0.0007 0.0007 0

3 0.001 0 0.001
4 0.01 0 0.01
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