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Introduction: Disruption of a potentially hazardous
object (PHO) by an energetic surface or subsurface
burst is considered as one possible method of impact-
hazard mitigation. This technique of employing surface
or subsurface explosions has been popularized in the
media but is probably one of the lower priority deflec-
tion/disruption methods, unless the warning time is
short. In all of our current simulation we use realistic
RADAR shape models for the initial geometry, not
merely spherical objects. The non-sphericity of the
geometry is very important in the resultant shock hy-
drodynamic evolution. We use the Ostro et al. (2004)
[1] shape model of Asteroid 25143 Itokawa obtained
from Goldstone radio telescope data with 20 m resolu-
tion.

There are two potential scenario’s for the use of inte-
rior explosions to mitigate PHOs. First, is where the
source explosion is emplaced at or near the surface of
the object. An explosion energy of ~500 kt then results
in strong shocks that will preferentially eject material
from the surface near the explosion and by conserva-
tion of momentum the remainder to the body as a sig-
nificant force in the opposite direction. Any porosity of
the object will reduce the momentum imparted. The
goal of this type of intercept would be to impart a large
enough velocity to the remaining object/fragments so
that they would miss the earth orbit by a significant
margin. The second subsurface method of mitigation
would be to emplace the explosive source below the
surface of the object and independent of the composi-
tion of the PHO the explosion would have enough
power to significantly disrupt the entire body, leading
to ejection velocities well above the escape velocity.
Given a large enough explosion [here we consider en-
ergies of 100 kilotons (kt) – 10 megatons (Mt) TNT
equivalent] the PHO would be fractured into smaller
fragments with sufficient velocity to again miss the
Earth’s orbit by a significant margin. First we consid-
ered the second option – a centrally located explosion,
where we used the RAGE hydrocode to simulate the
imparted momentum as a function of depth-of-burial
(DOB). Note that the RAGE code has been extensively
verified and validated for these types of shock physics
applications [2] - [7]. Next, we built our computational
models from simple to more complex by first consid-
ering uniform composition non-spherical objects and
then non-uniform, or “rubble pile” initial geometries.
These rubble piles can have a very large range of ac-
tual internal compositions for which we have no actual
data. We consider various rubble pile geometries. In
this work we do not consider any political nor engi-
neering issues with obtaining the initial conditions as-
sumed in these model hydrocode simulations. An ex-

ample of a surface 500 kt explosion on a 25% porous
object in the shape of Asteroid 25143 Itokawa is
shown in Figure 1.

Figure 1. An example of a RAGE hydrocode simula-
tion of a 500 kt surface explosion at the long side re-
sulting in mass jection velocities of ~6 m/s after 10
seconds.
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