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Abstract 

The Y-12 National Security Complex has recently fabricated and characterized a new series of 
metallic uranium standards for use in the Nuclear Detection and Sensor Testing Center (NDSTC). 
Ten uranium metal disks with enrichments varying from 0.2 to 93.2% 235U were designed to 
provide researchers access to a wide variety of measurement scenarios in a single testing venue. 
Special care was taken in the selection of the enrichments in order to closely bracket the 
definitions of reactor fuel at 4% 235U and that of highly enriched uranium (HEU) at 20% 235U.  
Each standard is well characterized using analytical chemistry as well as a series of gamma-ray 
spectrometry measurements. Gamma-ray spectra of these standards are being archived in a 
reference library for use by customers of the NDSTC. A software database tool has been created 
that allows for easier access and comparison of various spectra. Information provided through the 
database includes: raw count data (including background spectra), regions of interest (ROIs), and 
full width half maximum calculations. Input is being sought from the user community on future 
needs including enhancements to the spectral database and additional Uranium standards, 
shielding configurations and detector types. A related presentation are planned for the INMM 53rd 
Annual Meeting (Hull, et al.), which describe new uranium chemical compound standards and 
testing opportunities at Y-12 Nuclear Detection and Sensor Testing Center (NDSTC). 
 
Introduction 

The Y-12 National Security Complex Nuclear Detection and Sensor Testing Center is a venue 
where researchers can test equipment and analysis techniques using special nuclear material 
(SNM). A series of uranium metal standards are being developed for use in the center that will 
allow researchers access to varying masses and enrichments of uranium. The end goal of this 
project is to provide a set of well characterized standards that can be used in a variety of testing 
scenarios.  Each standard is characterized through plant laboratory analysis as well as with 
various commercial radiation detectors.  The collected gamma ray spectra are archived for use by 
NDSTC customers.  
 
Production of Uranium Standards 

A series of enrichment standards were designed to provide users with a large variety of uranium 
enrichments in a single testing venue. The standards, designed to be infinitely thick to the 186keV 
line of U-235 are approximately three centimeters in diameter and three millimeters thick. Each 
standard was specially created for the center to encompass a full range of enrichments from 0.2% 
to 93%. Additional standards were also created to closely bracket the definitions of highly 
enriched uranium (HEU) at 20% and reactor fuel at 4%. The fabrication of the initial four 
uranium standards, shown in Figure 1, was funded by the NNSA Nonproliferation and 
International Security Office of Nuclear Verification (NA-243). Seven additional enrichment 
standards were created through Plant Directed Research and Development (PDRD) funds to fill in 
additional points of interest. The complete set of eleven standards, are listed in Table 1. The six 
uranium metal standards currently available for use at the center have enrichments of 0.2, 0.7, 
3.0, 19.4, 54.9 and 93.2 percent. Three additional standards have been created but await analytical 
chemistry analysis.  



Table 1 Enrichment standards planned for the NDSTC 
Enrichment Diameter Thickness Mass 

% U235 (cm) (cm) g 
0.2 3.00 0.30 40.8 
0.7 3.00 0.31 41.6 
3.0 3.01 0.30 40.0 
3.5 3.00 0.31 41.1 
4.7 3.00 0.31 41.3 

19.4 3.00 0.31 41.0 
54.9 3.00 0.30 40.0 
93.2 3.00 0.33 43.0 

Awaiting Analytical Chemistry Results 
37.000 3.00 0.31 41.0 
20.500 3.00 0.30 40.7 
70.000 3.00 0.30 40.7 

 

 
Figure 1 Four Enrichment Standards available at the NDSTC 

In addition to the enrichment standards, a series of uranium metal mass standards are being 
developed for use at the center. These standards will be used to test equipment designed to test 
minimal detection capabilities of enriched or depleted uranium found in various packaging 
configurations. The set consists of six standards shown in Table 2; three depleted uranium 
spheres with approximate masses of 100, 1,000 and 5,000 grams of uranium, and three HEU 
(93% 235U) spheres with approximate 235U masses of 10, 50, and 100 grams. Both sets of 
standards were designed in order to encompass a large range of quantities of uranium in the worst 
configuration for detection, a sphere. To date two depleted standards have been created for the 
test center (Figure 2). The third depleted standard is expected to be available by October of 2012, 
with the enriched standards following in October of 2013. 

 

Table 2 Mass standards planned for the NDSTC 

Mass Standards 
Planned Actual 

 
Mass 
(g) 

Radius 
(cm) 

Volume 
(cm3) 

Enrichment 
(%) 

Mass 
(g) 

Enrichment 
(%) 

100 1.08 5.28 0.2 100.6 0.2 
1000 2.32 52.31 0.2 993.0 0.2 
5000 3.96 260.12 0.2     

10 0.5 0.52 93     
50 0.85 2.57 93     

100 1.08 5.28 93     
 



 
Figure 2 Depleted Uranium Mass Standards available at the NDSTC 

Spectral Catalog 

As each uranium standard becomes available, reference spectra are gathered in a well-defined 
experimental setup (Figure 3).  Measurements are gathered using a number of commercially 
available detectors including Cadmium Zinc Telluride (CZT), Lanthanum Bromide (LaBr3), 
Sodium Iodide (NaI), and both planar and coaxial High Purity Germanium (HPGe) detectors. 
Spectra were gathered at source to detector distances of 5, 10, 20 and 30 cm. The effects of 
shielding material on spectral data were also cataloged.  Aluminum, Plexiglas, polyethylene, and 
steel were used as shielding materials up to six inches in thickness with the source placed at a 
distance of 20 cm. The completed spectra were compiled into a reference catalog that is available 
for use by NDSTC customers. 
 

 
Figure 3 Experimental Setup for the Characterization of Enrichment Standards 

Due to the large number of spectra in the reference catalog, MATLAB was used to create a user 
interface to allow for easier reference and comparison of the spectra. The user interface, shown in 
Figure 4, allows the user to compare spectra based on five dependent variables (detector type, 
enrichment of the source, source distance, shielding material and shielding thickness). For 
example, if a user would like to compare the spectra from different detectors using the same setup 
and source, they could produce a graph similar to that in Figure 5. Similar examples are shown in 
Figures 6, 7, 8, and 9 comparing enrichments, source distances, shielding material, and shielding 
thickness respectively. Once a dependent variable has been selected and a comparison graph 
displayed, the users will then be prompted to define regions of interest. From the selected regions, 
further analysis can provide users with additional information such as FWHM calculations and 
peak ratio capabilities. A final output file is then exported to excel providing the spectral data for 
the measurements selected, corresponding background spectra, and ROI data. 
 



 
Figure 4 GUI interface for the spectral database 

 

 
Figure 5 Comparison of Spectra from Different Detector Types 



 

 
Figure 6 Comparison of Spectra for Different Enrichments 

 

 
Figure 7 Comparison of Spectra at Varying Source to Detector Distances 



 
Figure 8 Comparison of Spectra using Different Shielding Material 

 

 
Figure 9 Comparison of Spectra for Varying Shielding Thickness 



Summary and Conclusions 

The Y-12 National Security Complex has recently fabricated and characterized a new series of 
metallic uranium standards for use in the NDSTC. Eleven uranium metal disks with enrichments 
varying from 0.2 to 93.2% 235U were designed to provide researchers access to a wide variety of 
measurement scenarios in a single testing venue. Each standard is characterized using analytical 
chemistry as well as a series of gamma detection measurements. Spectral data from these 
standards is being collected as the standards become available. These spectra are being archived 
for use as references for users of the NDSTC. A database tool for easy access to these spectra and 
for the comparison of various spectra is being developed. Future expansions of the database, will 
include spectra gathered using additional detectors, sources and shielding material.  
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