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Introduction:  We explore the effects of kinetic im-

pactors and stand-off nuclear explosive bursts on a hy-
pothetical bi-lobate, highly porous asteroid. The hypo-
thetical object is designed to be particularly challenging 
to model using current numerical methods because the 
shape means that all effects are three-dimensional, and 
the high porosity of the target (80%) means that pore 
collapse heating not captured by strain- or pressure-
based ramp models is more important to target response 
than it is for less porous materials.  

Methods and Data: We use the FLAG [1] and Cas-
sio [2, 3] hydrocodes with a prototype SESAME EOS 
for aerogel [4] to model the scenarios. Each model took 
2.5 million CPU hours, over 700 wall clock hours, on 
more than 2500 processors.  

Model Initial Conditions: The target’s shape is a 
scaled-down model of Comet 67P/Churyumov-Gerasi-
menko [5], reduced to a maximum radius of 200 m, and 
the composition is dry silicate with a bulk porosity of 
0.5 g/cc. The target material strength varies from 200 
Pa, about the strength of fresh snow to 2 MPa, about the 
strength of an adobe brick.  

Kinetic impactor initial conditions. The two kinetic 
impactors, a 321.5 kg aluminum sphere striking at 4.5 
km/s and a 1156 kg aluminum sphere striking at 8.2 
km/s, are modeled striking along each of the principal 
axes of the target using the FLAG hydrocode (Fig. 1).  

 

 
Fig. 1: 3D hypothetical threat object shape model scaled 
down from [5].  
 

Nuclear stand-off burst initial conditions. The nu-
clear stand-off burst models start with a small aluminum 
sphere 83 m above the surface of the target, facing a di-
rection that either minimizes or maximizes the surface 
area that is irradiated. The device yield is sourced into 

the aluminum as internal energy at t=0, and the model 
is allowed to respond according to the physics available 
to the Cassio hydrocode.  

Kinetic Impactor Model Results:  The craters for 
these scenarios (Fig. 2) are expected to take more than 
1000 s of simulation time each to form. This is prohibi-
tive at current processor speeds and availabilities, so we 
threshold our estimates of the amount of ejecta escaping 
in several ways to capture the material that is escaping 
the target and will contribute to the momentum en-
hancement (𝛽) of the target [6].  
 

 
Fig. 2: 3D FLAG model of a crater opening in the large 
lobe of the hypothetical target at t = 0.144 s after impact 
by a 1156 kg impactor at 8.2 km/s. Red material is being 
thrown off the target at up,y > vesc. 
 
     For each, the minimum estimate for mass escaped is 
that which has been thrown above a plane tangent to the 
point of impact by the last simulation time step. The in-
termediate “best guess” is that plus material adjacent to 
but outside the crater in cells that have a y-component 
of particle velocity, up.y> vesc. The upper limit is esti-
mated from all material in the impacted lobe that has 
up.y> vesc, (Fig 3). The results of two of the models are 
described in Tab. 1.  

 
Lobe mi [kg] vi 

[km/s] 
𝛽 Δv [cm/s] 

Large 1156.0 8.218 16, 21, 27 28, 38, 53 
Small 1156.0 8.218 7, 18, 20 11, 34, 38 

Tab. 1: 3D FLAG model momentum enhancement and 
change in velocity predictions.  
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Fig. 3: Crater opening in the large lobe of the hypothet-
ical target at t = 0.144 s after impact by a 1156 kg im-
pactor at 8.2 km/s. Orange material has up,y > vesc. 
 
     The predicted amount of mass escaping in each case 
has stabilized in time for each case before the final sim-
ulation time step. It appears that the near-field target 
shape, in this case which lobe was struck, may affect the 
momentum enhancement, but the results are prelimi-
nary.  

Nuclear Stand-Off Burst Model Results: These 
simulations do not make a priori assumptions about the 
deposition of energy from the nuclear burst into the tar-
get, instead letting the transport algorithms and material 
properties determine energy flow through the model. 
Shadowing caused by the inhomogeneity of the target 
shape is apparent (Fig 4). The simulations have con-
verged in the amount of target mass vaporized, but have 
not yet converged to a steady-state velocity at this time, 
so we expect the final steady-state |∆v| to be somewhat 
larger than those reported in Tab. 2.  

 

 
Fig. 4: 3D Cassio model of ablation of the target by a 
10 kt nuclear stand-off burst at 83 m above the small 
lobe. Yellow/orange material has been vaporized.  
 
 

Y [kt] HOB [m] mvap [g] Δv [cm/s] 
1 83 1.74e8 > 0.6 
10 83 7.31e8 > 1.8 

Tab. 2: 3D Cassio model change in velocity predictions 
for two different stand-off burst cases.  
 

Summary: We are conducting 3D numerical mod-
els of mitigation of a highly porous bi-lobate hypothet-
ical threat object by kinetic impactor and nuclear stand-
off burst. Initial models show that shock-target surface 
interactions have bearing on the changes in velocity pre-
dicted by our kinetic impactor models, and that ablation 
by nuclear stand-off burst is sensitive to both yield and 
burst orientation to the target shape. Further model re-
sults reported at the meeting will explore the effects of 
the upper range of target strength on momentum en-
hancement predictions, and a fuller exploration of the 
effects of burst orientation to an inhomogeneous target 
shape.  
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