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2 Initial Conditions

We describe here the initial setup for the early part of the shallow buried burst
calculation with the LASNEX hydrocode, including the hole, the secondary model’,
device debris outside the secondary, and the surrounding environment of ground and

air. We also describe our motivations for the choices made.

The shallow earth penetrator Impactor Coupling Enhancement (ICE) concept that
provided much of the original motivation for this work, was envisioned as a ballistic
missile-delivered system in which a slender rod-like forebody of the reentry vehicle
(RV) would strike the ground at hypersonic speed, clearing a path a short distance
into the ground for the explosive system to follow, as the rod wore away (see Figure
1). It was presumed that such a reentry vehicle would strike the ground at a fairly
shallow angle such that the path of the warhead into the ground would be about twice
its burial depth of approximately one meter. The system would then detonate before
being destroyed by the forces of ground impact. Thus, at the moment of explosion, the
nuclear device may rest one meter below ground surface, but the hole through which
some of the device energy is lost by radiation could be two meters or more in length at

the slant angle of entry.
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Figure 2: Initial region boundaries and grid for LASNEX calculation.




Mg/m? (0.3 g /cm®) assumed elsewhere in the hole. This seems reasonable because of the
confining walls; however, the values used were chosen for numerical convenience. Some
numerical experimentation has been performed varying the assumptions of density and
properties of the material filling the hole. The results suggest only modest sensitivity

to such changes in initial assumptions (see Appendix 1).
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3 The LASNEX Calculation of Energy Coupling

The LASNEX grid employed for the early part of the calculation is shown in Fig-
ures 2 and 3. Details of the LASNEX grid and other input instructions are found in
Appendix 2.

The deposition of energy in the secondary source model is described in Reference
7. We summarize here by noting that energy is deposited in the various layers of
the secondary with specified time dependencies, and allowed to flow self-consistently
after deposition. At the early times calculated with LASNEX, energy transport by
radiation dominates, since the rapid energy production rates interior to the device
lead to high temperatures and therefore high radiative fluxes. The heating of the
surrounding ground and air by radiation flow is illustrated by the time sequence of
temperature contours shown in Figure 4. The transport of radiation is performed using
multigroup diffusion in the deep interior of the source model, regions 1 — 3 of Table
I, and using an implicit Monte-Carlo method outside those regions. This combination
seems to produce the best present estimate of radiant energy coupling to ground from
a nuclear device. (See Appendix 1 of Reference 7 for a comparison of energy coupling

with differing transport models.)
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Figure 3: Detail of the LASNEX grid near the explosive device.
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Figure 6: Pressure, density, and temperature vs. depth on axis, at link time.
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4 Linking to CSQ

The process of linking the LASNEX results to the CSQ hydrocode is done with the
aid of the LASTRAN!? code. Data read from the LASNEX “universal” dump includes
the coordinates of each LASNEX cell, the mass density, temperatures (electron, ion, and

radiation), pressure, and the energies of each cell (kinetic, electron, ion, and radiation),

as well as the cell corner velocities in the radial and axial directions. The LASTRAN
code prepares this data in a CSQ readable file, along with other options specified by

the user.
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The procedures used preserve the mass, momentum, and internal energy very well.
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The calculations of hydrodynamic response and wave propagation with the Eulerian

CSQ hydrocode required ten submissions, separated by hand rezones to adapt the mesh
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to the constantly expanding domain of the problem. A consistent zoning philosophy

was employed, which we now describe.
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Figure 9: Distance vs. time diagram for features down the axis. Shown here are the
locations of the radiative temperature front, the shock wave pressure peak, and cavity
density edge, as functions of time.
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Figure 9: Distance vs. time diagram for features down the axis. Shown here are the
locations of the radiative temperature front, the shock wave pressure peak, and cavity
density edge, as functions of time.
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Figure 11: The shocked material and. cavity_at 10 us.
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Figure 14: Pressure, density, and temperature vs. depth on axis at 50 us.
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Figure 15: The airblast, and shock induced ground cavity at 100 us,
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shock continues to expand under the 1nﬂuence of the warm ejected tuff. The pressure

(left) and temperature (right) contours as well as the matenal interfaces of Flgures 19
es 19

e et T 3

and 20 show the structure of the above surfa.ce phenomena

In Figure 24, the airblast peak pressure attenuation with range, at several heights,
is compared with a reference airblast attenuation curve for a slightly above surface
(contact) burst of 250 kT, due to Brode!?. The lack of smoothness seen in the curves for
this calculation results from the late time ejection of higher density, lower temperature,

aggregations of tuff, that pass through regions of the grid out of pressure equilibrium
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Figure 22: Ground shock and airblast at end of calculation, 0.2 s. The contour in

ground is pressure, while contours in air are temperatures.
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with the surrounding air. The overall comparison with the Brode reference curve,
however, is rather good, and suggests that this} shallow burst provides essentially half
of its energy in airblast effects. It must be remembered, however, that the Brode curve
describes an airblast that is driven by the prompt deposition of energy, almost entirely
delivered by radiation, at very early time, whereas in the present calculation the energy
reaches the atmosphere over a very much longer period of time, largely through the
work done by the expansion of heated tuff.

Contours of maximum vertical stress in the ground for this calculation are shown
in Figure 25. These contours represent the regions within which all points were sub-
jected to at least the levels of vertical stress noted. The contour quantities are time
independent, although they are displayed against the background of a dot density plot
of mass density at 0.2 seconds, the concluding time of the calculation. Peak horizontal

stresses, peak vertical velocities and peak horizontal velocities are similarly displayed
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AIRBLAST PRESSURE ATTENUATION AT SEVERAL HEIGHTS
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’;Figure 24; Airblast pressure attenuation with range, at several heights, compared with
- the Brode airblast results for a 250 kT burst slightly above the surface.
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Figure 25: Contours of peak vertical stress in air and ground.
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Figure 27: Contours of peak vertical velocity.
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Figure 28: Contours










6 Comparisons with Other Calculations

One measure of the relative effectiveness of ground shock produced by different
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heights and depths of burst is the depth and range obtained by effects that may be = -

These figures of parameter attenuation with depth include the attenuation curve

for a fully contained burst!® (infinite depth of burst) in the same geology. This allows

comparison with the case for which no surface effects are present and, in general, is the
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Figure 31: Peak vertical stress contours for several heights and depths of burst.
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Figure 38: Low end velocity attenuation curves for several burst conditions.
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Figure 39: Comparison of stress attenuation curves for the present calculation and the

ICE calculation by S-Cubed.
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Figure 40: Comparison of velocity attenuation curves for present calculation and ICE
calculation, by S-Cubed.
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Figure 41: Downward directed kinetic energy vs. time for the present calculation and
the S-Cubed ICE calculation.
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Figure 41: Downward directed kinetic energy vs. time for the present calculation and
the S-Cubed ICE calculation.




7 Energy Coupling: Discussion and Comparisons

In comparing weapon effects calculations, there is frequently a need to reduce the
comparison to a simple, single parameter that can be used as a figure of merit, spanning
a wide variety of possible conditions. One such parameter is that expressed by the
frequently used concept of “equivalent yield”?®, by which is usually meant the yield at
which a chosen reference explosion and environment produces a result that is, in some
sense, the same as that for the subject explosion and environment. Obviously, such a
simple concept for comparisons will not be satisfactory for every need, but its utility for
some purposes makes it quite compelling. Associated with this concept is that of the
“yield factor”, which can be defined as the ratio of two equivalent yields. We consider
here some of the possible yield factors obtainable from the series of calculations recently
completed at Sandia National Laboratories, to quantify the effect of height or depth of

burst on ground shock. In doing so, we shall utilize the well known scaling rules!® for

explosion effects in which distance and time are scaled by the cube root of the input

energy, and other parameters are scaled according to their units, taking energy, time,

and length units as fundamental.
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Figure 42: Scaled curves of contact burst comparing with shallow buried burst. Here
- different “effective yield” factors have been used.
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Figure 43: Yield factors as functions of height and depth of burst, using the contact
- burst as reference.
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Figure 43: Yield factors as functions of height and depth of burst, using the contact

burst as reference.
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Figure 45: Scaled shallow burst compared with the fully contained burst.
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Figure 47

Above surface bursts scaled to compare with fully contained burst.
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Figure 48: Pressure profile of the shallow burst calculation at 40 ms. The pulse rep-
resenting the elastic precursor is seen slightly below the main shock wave. Slightly to

the right, the airblast wave can be seen.

TTRIOT A QRTETED

79










H
¥
F

.

LASSIFIED







UNCLASSIFIED

13. Memo, W. T. Brown to P. Yarrington, “Spherically Symmetric Ezplosion in Tuff,”
Sandia National Laboratories, Albuquerque, NM, dated 8/11/87.

14. Steven Peyton, “Coupling Predictions”, SSS-R-87-8607, presented at DNA, meet-
ing on Ground Shock Calculations for Strategic Applications, R & Associates,
Marina del Rey, CA, 3/19/87.

15. R. E. Crawford, C. J. Higgins, and E. H. Bultmann, “The Air Force Manual
for Design and Analysis of Hardened Structures,” AFWL-TR-74-102, Air Force
Weapons Laboratory, Kirtland Air Force Base, N. M., 10/74, p. 266.

16. Samue]l Glasstone and Philip J. Dolan, “The Effects of Nuclear Weapons, Srd
Ed.” U. S. Gov. Printing Office, Wash. D. C., 1977, p. 100.

84




£

N G N g

APPENDIX 1. Sensitivities to Modeling Assump-
tions

In connection with the shallow burst study discussed in the text, a number of
calculations were performed to test early time sensitivities to changes in the initial
conditions assumed. The computing times for running LASNEX using the implicit
Monte-Carlo radiation transport method were long (= 50 - 100 cpu hours), so most
of these sensitivity checks were performed using the much faster diffusion options,
especially the three temperature single group diffusion model. The interest here was
primarily in determining the effect of different assumptions on the prompt radiative
energy loss to the atmosphere. In every case tested, the diffusion treatments of radiation
in the ground and debris in the hole led to larger estimates of radiation energy loss
than the IMC treatment gave, which does not seem surprising, when one considers the

limits inherent in the diffusion treatment.

~ The parameters varied in these calculations were, primarily, (a) the radiation trans-
port approximation employed, (b) the density and opacity of the debris ﬁlling’the hole,
(c) the diameter of the hole, (d) the depth of the hole, and various combinations of
these that the writer deemed interesting. The goal of these calculations was to inves-
tigate radiative energy loss sensitivities, rather than to provide a systematic study of
the effects of parameter variation; however, the work hopefully provides some modest

I C

insights in that direction.
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APPENDIX 3. Input to the CSQGEN and CSQ

Codes
The CSQ calculation was performed in ten runs, each having two input sets, the
first to the CSQGEN program, the second to CSQ. The following are the input for

those runs. The versions of those programs were: CSQGEN version 3.0, dated 9 Nov
1986, and CSQ version 3.0, dated 9 Nov. 1986. The modifications to CSQ used for

this work are discussed in References 1 and 2.

Input for CSQGEN, run 1. : »
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**%* Many more material

insert cards

from LASNEX output. ***
Input for CSQ, run 1.
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APPENDIX 4. Additional Information and Plots

A few figures not included in the text are presented here, for the use of those
interested in additional detail on the evolution of the ground shock with time or some
other features of the calculation. The first two figures, A1 and A2, provide early time
density, temperature, and velocity profiles as a function of horizontal range, starting
from the center of the burst (1.13m below the ground surface). The next seven ﬁgures’
provide density, temperature and pressure profiles vs. depth on axis, at each decade in
time from 10~ 7s to 10~ !s. The next four figures provide time histories of the maximum
principles stress off axis, at a range of 400m, and depths at 100m intervals. Finally,
Figure A14 provides a log-log version of the depth vs. time plot of Figure 17 of the

text.
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Figure A2. Density, temperature, and horizontal velocity vs. horizontal range, at
10~%s.
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Figure A3. Density, temperature, and pressure vs. depth on axis, at 10~ 7s.
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Figure A4. Density, temperature, and pressure vs. depth on axis, at 107s.
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Figure A8. Density, temperature, and pressure vs. depth on axis, at 10~2s.
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Figure A11l. Maximum principle stress vs. time at 400m range and 200m depth.
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Figure A12. Maximum principle stress vs. time at 400m range and 300m depth.
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Figure A13’. Plot of depth vs. time for some significant features down axis.
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APPENDIX 5. Airblast: An Unsettled Issue

An intriguing feature of the airblast attenuation with range plot of Figure ;"I"of the
text is that the rate of attenuation with range appears, on the average, to be somewhat
less than that of the reduced-yield above-surface burst, as seen by the fact that at high
pressures the present calculated curves lie slightly

below the Brode points while at low pressures they seem to lie slightly above the
corresponding points. This feature appears to have its origin in the previously noted
phenomenological difference with the above surface burst airblast: the large quantity
of ground ejecta driving the airblast, in the shallow buried case.

An above-surface burst exhibits an impulsive delivery of most of the airblast energy
by radiation, which forms the familiar fireball from which a shock wave subsequently
emerges. In the present case, most of the energy is delivered over a much longer time
interval, by the fpdv work performed on the atmosphere by the expanding column of
ground ejecta. This quasi-cylindrical push against the atmosphere may result in a less
rapidly attenuating shock front. The airblast from the Baker event (relatively shallow
burial in ocean water) has been reported! to have produced a reduced attenuation
rate at low pressures. Goertner? has suggested that the origin of the reported reduced
attenuation rate might be the 2-D aspect of the air shock wave, as it develops, quasi-
cylindrically, under the influence of an expanding column of water. This phenomenon
could take on considerable significance in the context of aircraft delivered systems, for
aircraft safety. The issue can not, at this time, be said to be resolved on the basis of
either theoretical understanding, which does not clearly support the claim so far as this
author has determined, or by the Baker data itself, which shows considerable scatter,

and could be subject to alternative explanations.

!Norma O. Holland, “Airblast from Underwater Nuclear Bursts (U),” NOLTR 70-115, Naval Surface
Weapon Center, White Oak, Md., 7/70.

2John F. Goertner, private communication with the author.
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