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Age-Dating of Highly Enriched Uranium by Gamma Spectroscopy
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Abstract: The age of uranium samples are measured through the radioactivity ratio of "' Bi/**' U
by gamma spectrometry. The principle of measurement for radioactivity ratio of **U/*° U,
#1J/* U and "' Bi/**U using intrinsic efficiency calibration is discussed. The measurement is
a nondestructive assay method for uranium age-dating by gamma spectrometry which is applica-
ble to materials in any physical form and geometrical shape. Two different physical form and
geometrical shape samples are measured and investigated, one is U;O; powder, the other is
uranyl nitrate. The measurement results are 27. 25 and 18. 00 a respectively. For the uranyl ni-
trate sample, the relative standard deviation of highly enriched uranium (HEU) age determina-
tion is less than 5% between the measured and declared age.
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Fig. 1 Relative efficiency curve for Fig. 2 Relative efficiency curve
low energy of HPGe detector in high-energy region for HPGe detector
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Table 1 Measurement results for two samples
(Activity ratios)
(Samples) (Age)/a
21\Bi/'238U ZKSU’/"_)SSU 231U//’233U
U;0s (Powder) 3.73X107%(2.98%) 61.8(<C0.1%) 40. 80(2. 84%) 27.25(3.0%)
(HEU) 1.58X107°(4.33%) 64. 4(<C0. 1%) 38.00(3.79%) 18.00(4. 1%)
. —4.8%.
4

2007 2,
18.9 a, 1
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Table 2 Age of an U; Oy powder sample measured by three different methods

A , 2006 12
ge) /a
(Measurment Date) (Measurment methods) (Unitary age to December, 2006) /a
2001 as Y (a, Yy-spectrometry) 22.1(10%) 27.6
2005-11 Y (y-spectrometry) 26.6(8%) 27.6
2006-12 Y (y-spectrometry)? 27.3(3%) 27.3
(Note) : 1) (Intrinsic efficiency calibration for the whole gamma-spectrometry)
2) ( ) (Intrinsic efficiency calibration in different energy areas)
1 . 10 cm 30%,
234 U/zss U 214 Bi/zsg U _ 10% ; 15
: CONE I em 5% .
’ ’ —4.8 % H
234 U/ZSSU 235 U/ZSSU 234 U/ZSSU . s
) 3, 3 s )
LU/ U PC/FRAM ,
, U/z:;s U .
5 234 U/ZSS U ,y
235 U/238 U 214 Bi/zsg U , 3
( 4 Table 3 Result of isotopic ratio
—4.8 % + 0.16 % , , Y measured by mass spectrometry
234 U 235 U
/ (Isotope) r 5o/ Y(K=3)
, (Activity ratios)
L2300 120. 9 keV 0% LU/ U - 1,184 10X10°2 33.946 0.094
R R ZU/B8U 1. 021 50X 10 64. 849 0.039
’ ’ (Note) : K (K is the expanded factor)
, ¢ 5,
4 HPGe vy

Table 4 A sample age measured by combination of mass and gamma spectrometry

(Activity ratios)

(Age)/a o o
2347J /235 2351 /238 U 214 B; /238 (Irradiation deviation)

33. 946 64.432 1.577 2X1073 19.03(4.0%) 0.16%
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Table 5 Measurement results measured in

different distance between sample and the detector cap

.. . (Age
(Measurement (Adsorption (Activity ratios)
(Distance) /cm results) /a (Irradiation deviation)
times) pieces) A/ 25U 28U
10 3 40. 8 66. 2 17.1(3.6%) —10.0%
1 mm Cu +
15 3 38.0 64. 4 18.0(4.1%) —4.8%
1 mm Cd
20 3 38.0 64. 4 18. 0(4. 2%0) —4.8%
(Note) : 2IB;/238 U 1( 2" Bi/?¥ U activity ratio is from table 1)
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