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Introduction 

Sandia National Laboratories has been chosen by the U. S. Department of Energy as the primary domestic source 

for the production of molybdenum-99, utilizing the Annular Core Research Reactor. The method to be used to 

produce "Mo through the fission of 235U in 93% enriched UO, is based on the process formerly used by Cintichem, 

Inc. of Tuxedo, New York. The UO, is electroplated in a thin coating to the inside of stainless steel Cintichem 

targets which will be irradiated in the central region of the reactor core. The proposed on-site storage plan for the 

unirradiated targets is to store them in a dry, secure compartment similar to a file cabinet. Each cabinet drawer will 

be initially filled with targets and emptied as targets are removed for irradiation. The main objective of this analysis 

was to postulate and model a set of incredible accident scenarios beyond the proposed storage plan which would 

possibly induce criticality with the targets in the safe, and determine the k-effective and its associated standard 

deviation for these conditions. A parametric analysis was performed using Los Alamos National Laboratory's 

MCNP (Monte Carlo Neutral Particle) code, Version 4A'. 

Model Description 

A Cintichem target is 3.18 cm (1.25 inches) in diameter and 45.72 cm (18.0 inches) in length'. The stainless steel 

target tube was modeled at the lower limit allowed for the targets as 0.0635 cm thick (25 mils), or approximately 

240 grams of stainless steel. On the inside surface of the target, the UO, coating is 20.95 cm (16.5 inches) in length 

and 70 pm thick. Each target is assumed to contain 36.65 grams of UO,, which translates to 30 grams of fissile 

'35U. The model safe consists of four cabinet drawers, with each drawer measuring 25.4 cm (10 inches) high, 30.48 

cm (12 inches) wide, and 45.72 cm (18 inches) deep. 

* Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed-Martin Company, for the United States 
Department of Energy under contract DE-AC04-94AL85000. 
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United States Government. Neither the United States Gmernment nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
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cific commercial product, proccss, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, m m -  
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or.any agency thereof. 



Targets were arranged in the drawers with a triangular pitch in two postulated configurations: 

a pitch of 3.18 cm (1.25 inches) or the closest arrangement possible; 

and each target held in a storage rack with a pitch of 4.50 cm (1.77 inches). 

1. 

2. 

Previous calculations on target pitch were used as a basis for determining the 4.50 cm spacing noted above. A range 

of pitches between 4.00 and 5.00 cm in increments of 0.10 cm were investigated, and the peak k-effective value 

occurred at a target pitch of 4.50 cm in a study with 85 and 163 targets. These calculations simulated the target 

lattice as flooded and fully reflected with water. 

The analysis herein simulates three loading arrangements: 

1. all drawers completely filled; 

2. 

3. 

drawers 1 and 4 one-quarter full with drawers 2 and 3 three-quarters full; 

and all drawers one-quarter full. 

For the two pitch configurations and three loading arrangements, three major scenarios were analyzed: 

0 

0 

dry inside and outside the safe; 

the inside of the safe being dry with water reflection; 

0 and the inside of the safe completely flooded with water reflection. 

Results and Conclusions 

Table I presents the k-effective results and their associated standard deviations for the respective scenarios modeled. 

The worst case scenario is a flooded, fully loaded safe with a target pitch of 4.50 cm which yields a k-effective 

value higher than the same scenario with closest packing arrangement. However, all k-effective values in the 

analysis are below an upper subcritical limit of 0.98. Overall, a critical condition cannot be achieved for any 

scenario regardless of the number of targets or the target pitch. 
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Table I 
k,, for Cintichem Stainless Steel Targets 

I I 3 39 I I 0.23181 rt 0.00129 I 0.37481 k 0.00174 
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