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Analysis of Cook-Off Using Logic Models 
 

L. B. Luck, T. F. Bott, and S. W. Eisenhawer 
Los Alamos National Laboratory 

 
Developing a predictive model for cook-off is a difficult task.  Recent experiments with 
PBX 9501 have shown that under certain heating and confinement conditions it is 
possible to generate large regions of almost uniform temperature in an explosive. Such 
regions react violently in a coherent fashion and may have the potential to produce 
unusually symmetric detonation waves in certain geometries.  These results were 
unexpected before the experiments and have generated considerable additional activity 
both experimentally and in model building. At this time, there is no unambiguous 
explanation for the observed behavior, and therefore, there is a considerable number of 
fledgling models in existence. These models suggest varying and possibly contradictory 
mechanisms to explain the thermal profiles and wave behavior data.  In this paper, we 
present an approach to model development for cook-off of PBX 9501 based on logic 
models called process trees. Process trees are well-suited to the task of describing causal 
sequences and delineating alternative descriptions of observed phenomenology. 
Therefore, they provide a valuable basis for constructing physical models and integrating 
them. 
 
Given a set of cook-off accident conditions, a model builder must consider the reality 
that, in general, there is a large number of possible paths that a cook-off event could 
follow. Here, a path is the complete sequence of physical processes that describes the 
progression of the cook-off from ignition to reaction completion. Reaction completion 
itself has a number of possibilities ranging from fire to detonation, as well as early 
terminations resulting from quenching, consumption of fuel, or disassembly. A process 
tree is a logical equation that represents the paths to these distinct end points in a compact 
form. It is developed deductively with input from both experimenters and modelers. The 
use of special logic gates, analogous to (but more expressive and flexible than) Boolean 
“AND” and “OR” facilitate the representation of causal chains and the expression of 
alternative branches in the sequences. Processes that are poorly understood or have 
alternative explanations are readily accommodated in the process tree. 
 
We have developed a process tree for cook-off of PBX 9501 and solved it for the possible 
paths. The class of paths constitutes a directed graph for cook-off. A portion of this graph 
is shown in Fig. 1. Our modeling efforts have focused on one of the paths in this graph.   
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It contains a complete sequence of cook-off phenomena extending from the initial heating 
of the high explosive, through thermal explosion, conductive and convective combustion 
processes, development of a reaction wave, and finally, the transition to detonation. The 
phenomenon of reaction spreading (RS) was identified as an important possibility at 
several stages in the progression to detonation.  In the following, we refer to RS in the 
context of the volume of explosive approaching thermal explosion, although the process 
tree contains a much more general description.  One possible cause of RS is the 
interaction between the chemistry describing the conversion of �-phase HMX to product 
gases and the flow of the reacting gas through the porous matrix of damaged explosive 
remaining from earlier gas production. 
 
RS can occur because the gas production reaction contains an autocatalytic term that 
depends on the local concentration of product gas.  The gas concentration at any point 
consists of gas generated in situ and gas convected from other points in the high 
explosive. Convection has two effects. 
 
�� Gas production is reduced at sites supplying the gas because the autocatalytic 

chemistry at that location must operate with less gas. 
�� Gas production is increased at the site receiving the gas because the autocatalytic 

chemistry there has more gas than it otherwise would.   
 
Our calculations show that this phenomenon is an effective mechanism to delay the 
impending thermal explosion at sites that would otherwise progress rapidly to thermal 
explosion.  This mechanism synchronizes the approach to thermal explosion at different 
sites and extends the volume of high explosive approaching thermal explosion.  The RS 
effect is quite effective when the flow is controlled by the interaction of the autocatalytic 
chemistry and the Darcy flow process. However, this mechanism for RS is less effective, 
if flow is controlled by some other process, such as flow from the surface of the high 
explosive.  We present calculations to clarify the role of reaction spreading in cook-off of 
PBX 9501 and discuss the development of additional models to elucidate the essential 
processes on the paths leading to detonation. 
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