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1. 개요



1. 개요 : 우라늄 농축도 측정 필요성
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시나리오 : 핵물질밀수/도난등의불법행위의심상황발생

출처 : ITWG CMX4 & Galaxy Serpent Exercises
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국가수준

핵안보사건발생
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1. 개요 : 우라늄 농축도 측정 필요성
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미확인핵물질예비특성평가개념

1. 개요 : 우라늄 농축도 측정 필요성

- 현장에서신속하게측정, 기준과의비교및해석을통해법집행에대한의사결정에
도움을주기위한과학적기법

주요예시

음주단속기준 : 도로교통법제44조제4항
- 운전자가술에취한상태의기준 : 
혈중알코올농도가 0.03% 이상
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천연혼합률
(0.712 %)

원자력안전법제45조, 동법시행령 71조 (핵물질사용/소지를위한허가요건)

1. 개요 : 우라늄 농축도 측정치 비교 기준
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방사능방재법제8조, 동법시행령 15조 (물리적방호를위한핵물질등급분류)

1. 개요 : 우라늄 농축도 측정치 비교 기준



2. 물질 및 장비



2. 물질 및 장비
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 CBNM Uranium Set (“EC NRM 171” or “NBS SRM 969”)

출처 : Collection of medium resolution gamma spectra of certified U reference materials, JRC Technical Reports, 2015
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 ORTEC Micro Detective, Electrically Cooled, HPGe Detector

출처 : AMETEK Brochure

Crystal : 50mm X 30mm
Resolution : 2.0 keV at 1332 keV, 1.0 keV at 122 keV
Total MCA Channels : 8192 ch
Conversion gain : 0.36621 keV/ch

AMETEK Brochure

2. 물질 및 장비



3. 분석 방법



3. 분석 방법
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출처 : IAEA 발표자료(Comprehensive inspection exercise at bulk handling facilities, “U-235 Enrichment measurements by gamma-ray spectroscopy”)

 Uranium Spectra (Uranium Only)
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 Uranium Spectra (2.95 w/o)

3. 분석 방법



 Peak Ratio Method
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Absolute Eff.

Relative Eff. (or Intrinsic Eff.)

Generalization

Yield Efficiency

3. 분석 방법



 Relative Efficiency Curve
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- Assume : Same branching ratio, 100% efficient detector

- Real : different branching ratio by isotopes, different efficient detector by energy

3. 분석 방법



17

 Comparisons of the commercially utilizing analysis software

구분 MGA FRAM

전체명칭 Multi Group Analysis Fixed energy Response functions Analysis with 
Multiple efficiency

개발기관 Lawrence Livermore National
Laboratory

Los Alamos National Laboratory

판매사 ORTEC MGA++ V1.06
(MGA ~ 100 keV, U235 < 300 keV, 
MGAHI : 200-1,000 keV)

ORTEC FRAM v5.2

CANBERRA MGA v4.2 CANBERRA PC/FRAM v4.4

3. 분석 방법
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 Parameter Set (Analysis Method)

3. 분석 방법

Peaks to be used in an analysis Regions by Channel

Parameter List



4. Results



4. Results
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 Calculated U-235 Values

Source to Detector Distance Measuring time

Case 1 10 cm 16 hours

Case 2 2 cm 16 hours

Case 3 10 cm 5 minutes

Case 4 2cm 5 minutes

N/A
N/A



(0.60)

(0.40)

(0.20)

0.00

0.20

0.40

0.60

cbnm031 cbnm071 cbnm194 cbnm295 cbnm446
Case1 0.00 0.00 (0.07) (0.24)

Case2 0.00 (0.01) (0.07) (0.16)

Case3 (0.11) 0.01 0.09 0.60 (0.07)

Case4 (0.00) (0.01) (0.36) (0.38) 0.39

Case1 Case2 Case3 Case4

4. Results
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 Relative Deviations (Mea - Ref)

Source to Detector Distance Measuring time

Case 1 10 cm 16 hours

Case 2 2 cm 16 hours

Case 3 10 cm 5 minutes

Case 4 2cm 5 minutes

N/A
N/A



5. Conclusions



5. Conclusion
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천연우라늄이하의농축도에서는측정조건에관계없이농축도예측정확도가높음

 Case 3와 4는계측시간이충분하지않은것이예측오차를크게만든이유로판단됨

<참조값과의차이>
- Case3의 CBNM031에서약 - 0.11 w/o, 

CBNM295에서약 + 0.60 w/o
- Case4의 CBNM194에서약 - 0.36 w/o

CBNM446에서약 - 0.38 w/o
CBNM446에서약 + 0.39 w/o

특히, 가장불리한계측조건(Case3, 10 cm, 5 minutes)에서도
Ref 2.95w/o에서 0.6w/o차이존재.

- 현장에서신속하게불법여부를판정하는데미치는영향은없다고볼수있음. 
다만, 천연우라늄부근(0.712 ∓ 0.6)에서는동방법이판정에어려움이있을수
있음.

- 충분한계측시간과가까운거리를확보할수록예측정확도를높일수있음.
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