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Here we present hydrocode models of x-ray depo-
sition and particle transport code models of neutron
scattering and capture from simulated stand-off nuclear
bursts on to materials relevant to impact hazard mitiga-
tion. We find that the transfer of momentum from the
burst to the PHO is affected by the burst geometry and
the PHO composition, among other factors. Models of
an 11 kt burst standing off at 10 m above the surface of
a 500-m-diameter target indicate momentum imparted to
the target is on the order of 1.0 × 109 N· s.

Background

In principle, the deflection or disruption of potentially
hazardous objects (PHOs) may be accomplished using
kinetic impactors, chemical explosives, gravity tractors,
or nuclear munitions. Of these methods, nuclear muni-
tions are by far the most effective in terms of yield per
unit mass launched and are technically mature. How-
ever, significant questions remain regarding the response
of a comet or asteroid to a nuclear burst. Previous calcu-
lations of nuclear munitions deflection either do not as-
sume a standoff burst and/or account for the substantial
porosity or internal composition variations ([1], [2], [3],
[4], and [5]). These properties may substantially affect
a PHO’s response to a standoff nuclear burst [6]. Sev-
eral recent rendezvous and flyby missions to asteroids
and comets showed a wide range of structure and com-
position. These results allow us to model PHOs more
accurately. In addition, we now have available computer
codes that allow us to model the response of a simulated
PHO to the energy from a nuclear burst.

Methods

We use the radiation hydrocode RAGE to model the
movement of x-rays, heat, and the kinetic energy of the
nuclear burst through the system. We use a separate
code, the MCNP particle transport code to model the
movement, scattering, and absorption of neutrons and
gamma rays in the system. We use the nuclear device
energy output partitions described in [7] to guide our nu-
clear burst models.

The RAGE hydrocode: The Radiation Grid Eulerian
(RAGE) hydrocode was developed by Los Alamos Na-
tional Laboratory (LANL) in collaboration with SAIC.
RAGE is an Eulerian hydrocode that uses continuous
adaptive mesh refinement (CAMR), and gray diffusion
radiation transport. RAGE has been through extensive

verification and validation tests at every stage of its de-
velopment. Validation for work on planetary impacts and
hazard mitigation has been conducted by [8], and [9]. For
comprehensive descriptions of the code and verification
and validation tests it has undergone, see [10] and [9],
chapters 4–6.

The MCNP particle transport code: The Monte
Carlo N-Particle transport code (MCNP) is a general-
purpose particle transport code commonly used to model
neutron, photon, and electron transport for medical
physics, reactor design and safety, accelerator target and
detector design, and a variety of other applications in-
cluding modeling the propagation of epithermal neutrons
through the Martian regolith [11] . It uses current nuclear
cross section data where available, and fills in the gaps
with analytical models where data are not available.

Neutrons deposit energy into the target by scattering
off an atomic nucleus or by being absorbed by it. The
probability with which a neutron interacts with a nucleus
is called the cross-section because it is visualized as the
effective cross-sectional area of the nuclide presented to
the neutron. It is a function of the energy of the neutron
and the structure of the nuclide. Cross-sections are gen-
erally larger at low neutron energies and smaller at higher
energies but there are resonances at particular energies
for a given nuclide that may be an order of magnitude
different from the general trend. Cross-sections for ma-
terials made of many elements can be approximated by a
linear combination of the cross-sections of the constitu-
tive nuclides, as we do for this work. The cross-sections
for the individual isotopes are provided in the evaluated
nuclear data files (ENDF) libraries [12]. MCNP has un-
dergone extensive verification and validation, and is con-
sidered the gold standard for particle transport [13].

Energy Deposition Models

RAGE thermal radiation energy deposition models:
X-rays will initially permeate the target to a depth of or-
der 1 mm for the materials considered here. This heated
vapor will re-radiate to some extent, heating the material
below it. The amount of material it would be hypothet-
ically possible to vaporize given an 11 kt burst stand-
ing off at h = 10 m above a 500-m-diameter cylindrical
slab depends on the heat capacity of the material, and the
amount of energy that passes through the solid angle of
the burst subtended by the slab. For the materials consid-
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Figure 1: Vapor production calculated using RAGE vs. a
theoretical maximum possible amount of vapor.

ered here, we estimate that of order 100 mega-grams of
vapor would be generated per kiloton of burst energy in-
cident on the surface. The upper limit for each material,
given Y = 11 kt at h = 10 m, are given in Fig. 1 in blue.
Note that the relation breaks down for water ice, which is
unstable at low temperatures and pressures. The RAGE
model results for the total mass of material vaporized are
shown in green in Fig. 1. The vapor mass produced in
the RAGE models for the stable materials was between
1-30% of the theoretical upper limit. This limit indicates
that much of the thermal radiation energy is initially ab-
sorbed by the thin surface layer, and raises the temper-
ature of the vaporized material well above the vaporiza-
tion temperature, which is consistent with the tempera-
ture profile of the vaporized material in the hydrocode
models which go up to maximum temperatures above 1
keV. The initial velocity of the vapor was in the range of
tens of kilometers per second. This velocity range would
indicate a momentum transfer of order 1.0 × 109 N · s
from the x-ray generated vapor alone.

MCNP neutron deposition models: The MCNP mod-
els were run with similar geometry to the RAGE models,
1 billion particles, and 1 cm by 1 cm by 1 degree cylin-
drical meshes. Neutrons mediate a comparatively small
portion of the energy from a mitigation burst, but it is im-
portant to explore their effects because they deposit their
energy much deeper in the target. This thicker deposi-
tion region has the potential to result in a larger amount
of material being mobilized from the target surface, both
as vapor and solid debris mobilized by proximal vapor,
which may increase the transfer of momentum to the ob-
ject.

MCNP neutron deposition results: The plots of neu-
tron flux through CI-chondrite material and water ice in
Fig. 2 indicate the variability in depth to which the neu-
trons will reach in materials relevant to the PHO deflec-

Figure 2: Energy deposition from neutrons into CI-
chondrite (top) and water ice (botom) from MCNP mod-
els.

tion problem. Neutrons were estimated to reach a depth
of more than 1.5 meters in the CI-chondrite-like material,
and a depth of 81 cm in the water ice model. Analysis of
model results for these and other materials is ongoing.
Future work will include modeling the response of PHO-
relevant materials to multi-energy spectra (e.g., [7]), and
the use of RADAR shape models from real near Earth
objects.
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