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ABSTRACT

Asteroid impact risk assessment takes two paths – ensemble assessments to bound risk in general, and specific scenario assessments to consider details of either a hypothetical or real potential impact. While blast overpressure generally tends to be the leading hazard for objects big enough to cause damage but not large enough to produce global effects, thermal radiation can also produce substantial damage comparable to blast overpressure in some cases. Asteroid risk assessments, such as those produced using NASA’s probabilistic asteroid impact risk (PAIR) model (Mathias et al. 2017), have typically estimated radiation using nuclear-based engineering-level models. However, large uncertainties have remained in how well such models represent asteroid airburst radiation and in the luminous efficiency parameter that is used to represent how much of the asteroid entry energy contributes to thermal damage.
To investigate these thermal damage modeling assumptions and sensitivities, this study compares results of the Collins et al. 2005 model (adapted to account for airburst altitudes), which has been used in impact risk assessments, with results of a new higher-fidelity asteroid entry radiation model from Johnston and Stern (2019). The empirical Collins model predicts thermal radiation damage caused by a spherically expanding fireball generated by an impact, based on energy-scaled nuclear data from Glasstone and Dolan 1977 with luminous efficiency as an uncertain input parameter. The higher fidelity J-S model uses fully coupled reacting flow/line-by-line radiation simulations to determine the specific radiation burn area on the ground from the shock-layer and wake of an asteroid entry/airburst. The effective luminous efficiency is then computed in post-processing for comparison with the Collins model.

This study compares the thermal radiation damage radius results from both models for a range of entry angles and asteroid sizes, from Tunguska-sized objects up to much larger diameters (similar to the 2021 PDC scenario) where thermal radiation damage can be comparable to overpressure damage. Collins model results are computed for a range of luminous efficiencies within the estimated uncertainty range of 1e-4 to 1e-2 (Ortiz et al. 2000) to evaluate the values that best match the damage areas from the J-S model. Results show that the luminous efficiency values needed for the Collins model to match the J-S damage areas lie in the middle of the accepted uncertainty range and vary with the entry angle and resulting airburst height. The study also considers the minimum luminous efficiency value to produce a real damage radius with the Collins model, and shows how the range becomes more limited for smaller objects at shallow entry angles. 

These comparisons suggest that an engineering-level model is sufficient for use in ensemble risk calculations with luminous efficiencies well within the accepted range. Using luminous efficiency values calibrated to the higher-fidelity model will allow for an improved engineering model to quickly and reasonably accurately predict radiation damage areas for the Tunguska-sized objects modeled so far. The range of objects considered is continuing to be expanded, and sensitivity studies on where thermal radiation damage could exceed blast overpressure damage are being conducted.
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