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Single Parameter Controls for Nuclear Criticality Safety at the Oak Ridge Y-12 Plant, 
J. S. Baker, W. M. Peek, (Martin Marietta Energy Systems) 

At the Oak Ridge Y-12 Plant*, there are numerous situations in which nuclear criticality 
safety must be assured and subcriticality demonstrated by some method other than the 
straightforward use of the double contingency principle. Some specific examples are 
cited and one case of general interest is examined in detail. 

Criticality safety analyses must evaluate the following parameters as they apply to a 
proposed activity: mass, enrichment, density, concentration, volume, geometry, 
interaction, moderation, reflection, and neutron absorption. It is preferable to control 
more than one parameter. However, practical considerations often leave only one 
parameter available for control. In such cases one must attempt to place more than one 
control on that single parameter. 

Examples of activities that have controls on only one parameter are as follows; the 
controlled parameter is given in parentheses: 

1. Collection of contaminated combustible wastes, such as wipes, mop heads, plastic 
bags, gloves and paper, in large containers such as 55-gallon drums (density) 

2. Laboratory measurements (mass) 
3. Disposal of contaminated liquid waste streams (concentration) 
4. Segregation of enriched and depleted parts (enrichment) 
5. Loading enriched metal on a workstation (mass) 

The criticality safety evaluation of contaminated combustible waste collectors is 
considered in detail. Criticality safety for these collectors depends primarily on 
controlling the density of the material added to the collectors (both the uranium and the 
bulk material.) The objective is to limit each collector to no more than 350 g U. At 93 

735 735 
w/o JJU, this is less than half of the minimum critical mass of ^JJ\J. The collectors are 
typically filled with good moderating materials such as plastics and cellulose (e.g., wood 
and paper) which contain contamination-levels of enriched uranium. The reaUstic density 
of the moderator materials is significantly less than that of water at room conditions. 
This lower moderator density is an important aspect of the safety evaluation. 
Administrative controls are used to ensure that only low uranium concentration materials 
are placed in the collectors. These controls are implemented by Criticality Safety 
Approvals, and area-specific procedures and training. The gist of these controls is that 
loadings are restricted to combustibles with contamination levels of enriched uranium. 
Materials may be slightly damp, but materials from which liquid can be wrung are not 
allowed. 
After the material is collected, the U content is measured by non-destructive assay 
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techniques. This measurement is a verification of the control, but is not a control by 
itself, because it happens after a container is loaded. Operations personnel are required 
to notify the Nuclear Criticality Safety Department if any drum exceeds the action value 
350 g U per drum. A recent survey of NDA data for 1393 drums generated throughout 
the Y-12 Plant during an approximately two-year period showed that no drum exceeded 
350 g U. This demonstrates that these administrative controls have been successful. 

The criticality safety analysis for individual combustible collectors assumes the worst 
credible moderation conditions (i.e., ideal carbon-uranium-water mixtures) for expected 
loadings of 350 g U or less. Subcritical limits developed for idealized combinations of 
uranium and moderator loadings are described. To reach these subcritical limits with 
routine contaminated combustible material, the bulk material density must be about a 
factor of three or more above the average combustible drum loadings and that the 
uranium content must be about a factor of ten above the average. The analysis then 
examines process upsets to determine how such conditions could occur. It is concluded 
that it is not credible to approach the realistic range of conditions necessary for a 
criticality accident in a combustible collector as a result of inadvertent operator action. 

Safety for this operation rests on having trained operators who follow proper procedures. 
Failure to follow these procedures to the extent of causing a criticality accident would be 
considered an intentional act, which is outside the bounds of criticality safety analyses at 
the Y-12 Plant. While it would almost certainly require multiple kilograms of process 
material to have a criticality accident in a combustible collector, there is no second 
independent control that will protect against grossly overloading the collector. There is 
no known instance where such a collector has been overloaded to the extent that a 
criticality accident was reasonably possible. 

The criticality safety evaluation for combustible collectors is based on applying one very 
good control to the one controllable parameter. Safety can only be defended when the 
contingency of excess density is limited to a credible value based on process knowledge. 
No reasonable single failure is found that will result in a criticality accident. The 
historically accepted viewpoint is that this meets double contingency, even though there 
are not two independent controls on the single parameter of interest. 


