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ABSTRACT
Under Project Sapphire the governments of the United States and Kazahkstan arranged for the
removal of high-enriched uranium (HEU) material from Kazahkstan to the USA as a
nonproliferation measure. Brookhaven National Laboratory measured high-resolution gamma-
ray spectra (HRGS) of some of the Sapphire material in the same sealed containers in which it
was transported from Kazahkstan. These measurements were made at BWX Technologies
(Lynchburg, VA) shortly before the material was processed there for recovery of HEU. As a
result of feeding reprocessed uranium to gaseous diffusion plants, 232U may become
preferentially concentrated in HEU. The very penetrating 2614-keV gamma ray associated with
radioactive decay of a 232U daughter can provide a signature of HEU that may be useful, for
example, in arms control applications. The average 232U concentration relative to total uranium
for 20 samples of Sapphire material was 396 +/- 140 (one standard deviation) parts per trillion
(1012).

BACKGROUND
Enriched uranium that has been irradiated in a nuclear reactor contains 2"'2U.1 If irradiated
uranium is chemically recovered and fed to a uranium enrichment plant producing HEU, the 232U
becomes concentrated preferentially in the material withdrawn from the enriching portion of the
cascade and becomes depleted in the material withdrawn from the stripping portion of the
cascade, relative to the feed point. In a gaseous diffusion cascade that has processed recycled
uranium, the enriched uranium product may be contaminated with traces of 232U from the cascade
even after the feeding of irradiated uranium has been discontinued. HEU enriched to the 90%
range commonly contains 232U.

The 2614-keV gamma ray emitted by one of the radioactive decay daughters of 2"2U is very
penetrating. This gamma ray can provide a signature of HEU that can be detected even if the
HEU is heavily shielded.
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The material removed from Kazahkstan in Project Sapphire was processed for recovery of HEU
at the BWXT facility in Lynchburg, VA. High-resolution gamma-ray spectra of Sapphire
material in 27 sealed containers were measured at the BWXT facility shortly before the material
was processed to recover the HEU.

EXPERIMENTAL METHOD
Two high-purity germanium gamma-ray detectors supported by Canbera Inspector data
acquisition systems were used. The first detector had a relative efficiency of 15% with a wide
field of view. It was positioned 1 meter from the center of the can containing the HEU. The
second detector had a relative efficiency of 75% and a field of view of about 45 degrees. It was
positioned about 20 cm from the center of the sample can. Both detectors had been calibrated at
BNL. For each measurement, background was determined by inserting a plug into the collimator
opening of each detector.

RESULTS
The decay chain of naturally occurring 232Th also contains the 2614-keV gamma ray from 2O8T1.

Absence of a gamma-ray peak at 911 keV, which is present in the decay chain of 232Th but not
2"2U, confirmed that the samples did not contain significant amounts of thorium.

The detector with 15% relative efficiency was used to view each of 20 samples in unobstructed
geometry. The mass of 232U in these samples was determined from absolute measurement of the
2614-keV intensity. Reported enrichment, about 89%, and the contained mass of 235U were
available for each can. From these reported data and the measured 2614-keV peak area, the
average 232U concentration was determined to be 396 +/- 140 parts per trillion parts of uranium.
Figure 1 shows the 232U concentration plotted versus uranium mass.

The 186-keV intensity from decay of 235U is more heavily attenuated by self absorption than the
2614-keV intensity. By plotting the measured 186-keV intensity versus the reported uranium
content for each container, the self-attenuation correction factor for the 186-keV intensity was
estimated. From the derived attenuation factor at 186-keV and the known mean free paths in
uranium for gamma rays as a function of gamma-ray energy, the maximum self attenuation of
the 2614-keV intensity was estimated to be about 2.5%. No correction for self attenuation was
applied in calculating the 232U concentration because the effect was small compared to the
observed 35% variability of the 2614-keV intensity.

Figure 2 shows the fractional variability of the 2j2U concentration relative to the average for all

measurements with both detectors. Due to lower count rates, the variability of the small-detector

data measured at 1 m is much greater than for the large-detector data measured at 20 cm.

However the statistical component of the variability for the small-detector data is still much



smaller than the total variation of the 232U concentration indicated by the spread shown in Figure
2. The distribution shown in Figure 2 is neither Gaussian nor Poisson.
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U-232 Mass Vs. Total Uranium Mass in Sapphire Material
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Figure 1. The measured concentration of "~U in Sapphire material



Frequency of Observed Deviation From the Mean

1 8 •

16 -

14

o

12

10

8 -

i

2 -

0 2 0.4 0.6 0 8 1 1 2 1.4

interval relative to the mean
1.6 1.8

Figure 2. Frequency of observed deviation relative to the mean for all measurements of
Sapphire material.


