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Kenneth D. Lewis 
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Martin-Marietta energy Systems, Inc. 
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INTRODUCTION 

The implementation of PROJECT SAPPHIRE, the top secret mission to 
the Republic of Kazakhstan to recover weapons grade nuclear 
materials, consisted of four major elements: (1) the re-packing of 
fissile material from Kazakh containers into suitable U.S. 
containers; (2) non-destructive analyses (NDA) to quantify the U- 
235 content of each container for Nuclear Criticality Safety and 
compliance purposes; (3) the packaging of the fissile material 
containers into 6M/2R drums, which are internationally approved for 
shipping fissile material; and (4) the shipping or transport of the 
recovered fissile material to the United States. This paper 
discusses the development and application of a passive neutron 
counting technique used in the NDA phase of SAPPHIRE operations to 
analyze uranium/beryllium (U/Be) alloys and compounds for U-235 
content. 

METHODS AND PROCEDURES 

A. Theoretical Basis 

A substantial portion of the recovered fissile material was 
comprised of uranium (enriched in U-235 to nominally 90 weight per 
cent) /beryllium mixtures as metallic alloys or in compound form as 
oxides. Since the U-234 isotope is concurrently (and more rapidly) 
enriched with the U-235 isotope by traditional enrichment 
technologies, the presence of this relatively active alpha emitter 
in a beryllium matrix gives rise to neutron production via the 
reaction 9Be(Of,n)12C. Thus, given the isotopic components of highly 
enriched uranium (HEU), the amount of uranium (or U-235) present in 
a container of uniformly mixed U/Be material may be inferred by 
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counting the number of neutrons emitted in unit time. Further, this 

relationship should be approximately linear for unmoderated 
material with constant uranium isotopics, U-to-Be ratios and 
container geometry. 

B. Calculation Aspects 

The ideal conditions above were not met in the field, however, 
principally because of the complicating factor that the relative 
weight percentages (w/o) of the two primary constituents, U and Be, 
were variable, ranging from 8 w/o uranium in the alloys or 
compounds to 30 w/o, or more. To assess the effects of variable U- 
to-Be ratios, a series of numerical calculations were performed 
with the MCNP code to determine neutron leakage from a container, 
the neutron spectral shift due to varying beryllium content, and 
detector response over the range of this variation. 

C. Experimental Aspects 

Measurement of neutrons was made with a Canberra Industries Model 
JSP-12 Shielded Neutron Assay Probe ( l1SNAP" Probe), which is 
constructed using twin3He tubes with an active length of 20.32 cm 
( 8  inches), embedded in a 12.7 cm diameter cadmium-jacketed 
cylindrical polyethylene moderator and placed into two directional 
polyethylene shields, each 10.16 cmthick. A standard, commercially 
available scaler was used to record the counts. An aluminum 
platform was constructed to lift a container to the proper level 
and to maintain a source-to-detector distance of 12.7 cm (5 

inches), edge-to-edge. The experimental setup for analyzing 
containers of U/Be material is as shown in Fig. 1. The detector was 
calibrated by using a specific batch of U/Be material which had 
been previously sampled and analyzed by mass spectrometry in order 
to precisely determine its isotopic composition. A "standard 
container" was later made of this known material in situ. 



RESULTS AND CONCLUSIONS 

The neutron leakage, spectral data, and detector response fromMCNP 

calculational models of containers of U/Be material showed only 
slight variation over the range of U-to-Be ratios typically 
encountered. Thus a linear correlation between neutron counts (in 
a unit time) and uranium content was established. A comparison 
between estimates of uranium content based upon measurement with 
those declared by the host country showed very good agreement for 
containers of metallic alloys and f o r  U/Be compounds where the 
constituents were relatively uniformly mixed. 



Fig.1. Experimental Setup used in the 
Sapphire Project for Passive Neutron 
Analysis of Uranium/Beryllium Materials 
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