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Fig. 1. Setup of gamma-ray detector.
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Fig. 4. Enrichments determined with FRAM analysis.

Table 1. Enrichments of Natural Uranium determined with PC/FRAM.
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I=Je "

(1)

I © the number of transmitted photons
L, * the number without an absorber
p : attenuation coefficient

t : absorber thickness in g/em?
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Fig. 5. Gamma-ray counts as a function of absorber thickness.
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Fig. 6. FWHMs of gamma peak as a function of absorber thickness.
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Table 2. Gamma-ray Counts from Monte-Carlo Simulation and Exponential Shape Estimation. The Absorber Thickness is 1 cm.

y-rayEnergy(keV) A48 I(1em)/To(%) Monte Cado I(1cm)/Iy (%0) Deviation(%o)
144 20.209852 22.90384 13.33007
163 25.339646 27.28139 7.662877
186 29.849563 32.05195 7.378284
258 39.219348 39.16012 0.151009
743 58.197953 58.20896 0.018904
766 58.69944 55.91689 4.74033
1001 62.723124 63.20321 0.765412

Table 3. Gamma-ray Counts from Monte-Carlo Simulation and Exponential Shape Estimation. The Absorber Thickness is 2 cm.

y-ray Energy(keV) A4 12em)/Ty(%) Monte Carlo I(2cm)/Iy (%) Deviation (%)

144 4084381 5.429307 32.92852
163 6.420976 7.374315 14.84725
186 8.909964 9.714286 9.027218
258 15.38157 15.80744 2.768706
743 33.87002 32.83582 3.053428
766 34.45624 32.61066 5.35631

1001 39.3419 36.33754 7.63654

Table 4. Gamma-ray Counts from Monte-Carlo Simulation and Exponential Shape Estimation. The Absorber Thickness is 3 cm.
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~y-ray Energy(keV) A48 1(3em)/In(%o) Monte Carlo I(3cm)/Iy (%) Deviation (%)
144 0.8254473 1.242584 50.53458
163 1.6270526 1.870384 14.95532
186 2.6595852 3.493506 31.35531
258 6.0325523 6.401502 6.115984
743 19.711657 18.34943 6.910772
766 20.225621 19.55736 3.304023
1001 24676471 23.938 2.992601
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Fig. 7. Gamma-ray spectra measured with variuos absorbers.
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Fig. 8. Deviation of uranium enrichment at various absorber thickness.
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Uranium Enrichment Analysis with Gamma-ray Spectroscopy

Sung-Ho Eom’, Hye Kyun JeongT, Jun-SiC Park”, Se-Hwan Park’, and Hee-Sung Shin’

“Korea Atomic Energy Research Institute,
"Korea Advanced Institute of Science and Technology

Abstract - Accurate measurement of uranium enrichment is very important in nuclear material accountability. The analysis uncertainty

of the uranium enrichment measurement with gamma-ray analysis was studied in the present work.

FRAM (Fixed energy Response function Analysis with Multiple efficiencies) code was used to determine the uranium enrichment. If

the shield materials were placed between the detector and the sample, the error was measured and analyzed. Measurement time was

varied and the dependency of the analysis uncertainty on the measurement time was studied. Transmitted gamma-ray intensities and

FWHMs of the peaks in the energy spectrum were measured as the shield thickness was varied. The transmitted gamma-ray intensity

follows shape of the exponential function, and the FWHM was almost independent of the shield thickness. The uncertainty of FRAM
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analysis was studied when the thick shield material was placed between the detector and the sample. Our work could be helpful in

analysis of the fissile material in uranium sample.

Keywords : FRAM, uranium, enrichment
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