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SUMMARY

This report covers preparations for experiments to obtain empirical data
on the thermal and dust layer created by the thermal pulse of a nuclear
detonation through simulation. Specifically, data are required to support
analyses of the physical phenomena, as input to the refinement of blast
hydrocodes, and to permit the more accurate characterjzation of surfaces as
near ideal or non-ideal with regard to perturbatijon of blast phenomena.

The reported effort included development of the thermal pulse parameters
to be simulated if possible; selection of thermal source; design of apparatus;
selection or design of instrumentation; selection of recording equipment; and
laboratory and field tests of the performance of the equipment.

The results of the above were selection of the French one megawatt solar
furnace as the thermal source capable of simulating the widest spectrum of
nuclear thermal pulses of interest, development of apparatus. incorporating an
ideal 1ight collector-diverter and a four foot long, 6 1/2 inch square test
chamber, design of alternative shutter systems for controlling the length and
shape of the pulse, instrumentation capable of dynamically measuring the
incident flux and the temperature in the air layer, and means of sampling the
dust in the air layer.

Calibration and durability tests conducted as part of this preparatory
program provided probable flux 1imits and the bases for equipment redesign for
increased probability of survival. The limited preliminary tests included
exposure of five soil surfaces to flux and qualitative analysis of response.
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SECTION 1
INTRODUCTION

1.1 Objective

The objective of the effort reported herein was to perform the
analyses, design, selection, and tests necessary for readiness for a series of
tests on soil surfaces and the overlying air under thermal pulses simulating
nuclear bursts. The product of the effort was to be tested apparatus,
instrumentation, and procedures, experience, and overall preparedness to
perform an extensive test series.

1.2 Scope

The intent of the test program is to gain empirical data leading to
fuller understanding of the air layer above a surface which is irradiated by
the thermal pulse of a nuclear weapon. The scope of the experimental effort
is' to provide data for analysis, as input to blast. hydrocodes, ‘and for
characterization of surfaces for probable extent of their perturbationof the
"ideal” blast wave due to their response to the thermal pulse.

The scope included development of apparatus that would permit tests
in a vertical, walled chamber which could be instrumented and from which air
and dust samples could be withdrawn. The effort was to be based on use of an
existing thermal source to simulate peak fluxes and fluences for bursts in the
range of one kiloton to ten megatons at scaled ranges of 185 to 1100 feet and
scaled heights of burst of 50 to 600 feet.

The effort reported in this report does not include the phase of the
project covering the actual soil test series.

1.3 Background
The causes, physical relationships, and prediction of non-ideal air

blast phenomena have been of concern since the observation of such effects in
nuclear weapon effect tests (NWET) at the Nevada Test Site. The total
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moratorium on U.S. testing of airburst nuclear detonations has precluded
obtaining direct empirical data necessary for modeling, input to hydrocodes,
or validating (or modifying) the current categorization of surfaces and
predictions of occurrence of *non-ideal" or "heavy dust" blast effects. The
thermal pulse is considered to be the cause of these effects. As high
explosive detonations do not simulate the nuclear thermal pulse they do not,
alone, provide an alternative means for obtaining additional empirical data.

The thermal pulse is an apparent cause of the characteristic "non-

ideal" or "heavy dust" blast phenomena. The occurrence or non-occurrence of
perturbations of the blast wave have been directly related to the nature of the
soil surface, height of burst, and distance from the burst point. With
sufficient incident energy and on the "“right" surfaces the thermal pulse

Tl SRTaT i e~ of o
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apparently creates a layer of hotter air than experienced over other surfaces.

Ay 0 s
-"" A

This "thermal layer" permits formation of a precursor outrunning the Mach stem
shock front and permitting increased energy release through that area. The
major results are a more gradual pressure rise, lower peak overpressures
(although possibly greater overpressure impulses), greatly reduced reflected
pressures and reflected pressure impulses, and increased (by possibly 100%)
peak dynamic pressures and impulses. An alternative or synergistic effect
leading to "heavy dust” blast conditions for the dynamic pressure pulse is
scour of the surface by the initial blast pulse and distribution of the ; ;
scoured material by turbulence in the blast wave. It is probable that both of A
these mechanisms are enhanced by the thermal pulse on the soil surface prior
to shock arrival.

The limited variety of surfaces for which direct, NWET empirical
data are available results in uncertainty in offensive targeting and defen-
sive assessment and planning. Current blast prediction guidance, such as
contained in the Effects of Nuclear Weapons (ENW), cite types of surfaces for
which near-ideal or non-ideal effects would be predicted, and provide
predictions for these two extremes. Further, only ideal blast phenomena are
predicted for scaled heights of burst greater than 800 feet or ground
distances beyond those to which 6 psi overpressure extend. The manuals do not
provide bases for predicting other than the extremes of "near-ideal" or "non-
ideal." '
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The physical actions associated with perturbation of the blast wave
by the thermal pulse relate to the interaction of the thermal energy with the
surface, the air, and the matter from the surface which has been lofted into
the air. Actions of concern are those which occur prior to arrival of the
blast. Actions which are believed to occur and which may contribute in
different extents to perturbing the blast are: the extremely rapid heating of
the soil; blowoff of particles from the soil due to the actions of particle

B s ;
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fracturing from intense non-uniform heating, the formation of steam from the '}i‘i
particles' pore water, the creation of steam under the particles from other .:i?i
water present, and uplift by rapidly expanding void air; emission of particu- ~§§ﬁ
late or vaporous smoke from organic materials; emission of steam from the ?;Lf
soil; re-radiation of heat from the ground surface and lofted particles; PRI

heating of the air layer by direct and re-radiated thermal energy, condensing
steam, mixing with steam, and surface contact with hot soil particles; and _
partial shielding of the ground surface from further thermal radiation by Sk

absorption or reflection of the energy by the dust or smoke and reflection ??4,.
from the top of the heated air layer (mirage-type action). The complexity of Ekikﬁ
the combination of probable and possible actions generally precludes credible fifﬁ
analysis by a first-principles thermodynamic and hydrodynamic¢ model. This ;ﬁji
results in the need for empirical dinput to support, verify, or permit *!Lj‘
modification of such models. .Igfﬁ

This effort is part of a continuing broad DNA approach to reduction ;Ei;
of uncertainties in non-ideal airblast effects. Other elements are develop- 4!;;

ment, test, and application of intense chemically-created thermal pulses on
surfaces without confinement of the overlying air; combination of a chemical
thermal source (e.g., ignition of an aluminum oxide aerosol dispersed in a 2
plastic bag) and a high explosive generated blast to produce a combination of °
effects, study of other mechanisms or parameters for dust lofting in high
explosive testing, and analytical efforts. The latter include the develop-
ment and application of a blast hydrocode (i.e., the HULL code) with non-ideal ;
perturbations in efforts to duplicate (and explain) phenomena observed in non- ;.1'
ideal NWET. '

This specific effort is an outgrowth of analyses and experiments : j
conducted on the U.S. Army's White Sand Solar Furnace (WSSF) which demonstated IR
that blowoff could be generated under laboratory conditions using a solar =?§

s 5 °
P
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furnace. The limited total power of the WSSF was insufficient however for
tests on soils at the base of a vertical chamber of the height necessary to
both transmit the energy and contain the expected thermal layer. The degree
of concentration, power, and availability of the solar furnace at Odeillo,
France provided an alternative to the WSSF which appeared sufficient for the
desired testing.

aanane TAXER

v

1.4 Approach

The objective of achieving a readiness to conduct an experimental
program of subjecting soil surfaces to simulated thermal pulses has been
approached through analysis of desired and achievable thermal pulses;
apparatus and instrument development; field test of equipment, facility, and
procedures; and test planning.

Thermal flux-time histories were generated based on the desired
_range of burst conditions (Section 2). Alternative high intensity thermal
sources were compared against these desired thermal pulses to select the
source on which apparatus, instrumentation, and test planning would be based
(Section 3).

Apparatus was designed for compatibility with and to fully use the
capabilities of the selected thermal source and to provide containment of the
anticipated thermal layer (Section 4).

Instrumentation was selected or, if necessary, developed to inte-
grate with the apparatus and measure and withstand the anticipated test
environments (Section 5).

Data recording equipment selection was based on the instrumentation
and availability of equipment at the test facility (Section 6). Procedures
and equipment for preparing, inteqrating with the apparatus and
instrumentating surface samples to be tested were developed concurrently with
the other equipment and in the course of field testing (Section 7).

Field tests of apparatus throughput, equipment performance and
durability under high flux and fluences, and test facility operation and

12.




support were critical to developing final designs and test planning (Section
8). The results of the field tests included disclosure of equipment
durability and performance problems and operational limitations in time for
their correction and incorporation in the final test planning.

A plan for soil surface testing was prepared using the equipment,
experience, and procedures developed in the course of the above steps. It
also incorporated selection of surfaces to be tested and desired thermal pulse
parameters to be used in the initial series (Section 9).
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SECTION 2
SIMULATING THE NUCLEAR THERMAL PULSE

s rEmEE. .6 & e

2.1 Parametric Limits

i The desired range of burst parameters are presented below:

N Yield Scaled HOB Scaled Ground Range(ft)
5 (kilotons) (Ft/kTl/3) (fFt/kTl/3)

1 to 10,000 50 to 600 185 to 1100

The principal thermal pulse characteristics associated with a range of these
parameters are presented in Appendix 2.

2er Flux, Fluence and Time

The shape of the emitted ‘thermal pulse (the relative flux level
versus actual time) is determined by the yield of a burst. Modification of
this relationship of relative flux with time for the point of reception can
occur if the transmissivity between the fireball and point of interest changes
with time. It also occurs with change in slant range (slight), angle of
incidence and included solid angle due to change in altitude and shape of the
fireball with time.

The SAI FIREBALL computer code was used to develop maximum fluxes,
fluences, and times of arrival of the shock wave for points on the plane of
the ground surface for the desired range of burst parameters. Values for a
range of yields are tabulated at Appendix 2. The extreme ranges associated
with the conditions are shown in Figure 2.1.

The FIREBALL code does not provide the peak flux or include the
fluence associated with the initial thermal pulse. This is regarded as an
appropriate approximation for analysis of the thermal pulse on ground
surfaces in the study of perturbations of the blast since only approximately
one percent of the thermal energy is emitted in the initial pulse. Further,

14

-----------------------

...................



et AT BT SRR R NN IR T T,

VA

" Sy cnougg ) MAX. TIME OF
PARAMETER LIM YIEL RAN HO8 TOA FLUX MAX.FLUX FLUENC
e xT) Tft) (fey (sec) (caT/cmisec) (sec) (cal/cm®)
Flux Highest 1 185 200 .040 2670 .040 52
Flux Lowest 10,000 23,699 0 10.4 T2) 3.2 3%
Flug (ot TImised b pighest 1 185 400 011 1210 0.042 7
Fluence Highest 10,000 3986 12927 4.64 247 2.40 703
Fluence Lowest 10 399 0 0.020 36 0.020 (0.28)
Time of Arrival (TOA)  Shortest 1 185 0 0.011 266 0.011 0.99
Time of Arrival ({oa) Longest 10,000 2}5299 12927 §ITS"1 3 2.40 143
Time of Max.Flux (mot - 200- §.11- 39.
limited by To‘z Shortest 1 lz};g(; 600 0.67 1270 (M) 3.6 -175
Time of Max.Flux (not - 3.46- 1.2+
limited by TOA) Longest 10,000 53599 0 10.4 54 3.2 %-8
TOA AFTER
TOA BEFORE MAX. FLUX
NORMAL MAX. FLUX OF PULSE
' MAX FLUX IF

NOT LIMITED BY TOA

; S MAX FLUX T
- &__ | LIMITED BY TOA S
NN —
. EE 3o
-~ ~—
' - 0
LB d wh
o P
3 7" FLUENCE 2
y ~° SCALE

-
-~ <I-'LUENCE LIMITED BY TOA

TIME

FIGURE 2.1 Extreme Thermal Pulse Parameters.

15




e S e e S S St T P I R SN TN
SV . L A O I

as the fireball surface temperature is very high during this pulse, much of
the radiation emitted is in the ultraviolet region, which is more attenuated
by the intervening air than most of the energy in the longer, second pulse
("Effects of Nuclear Weapons" (ENW)). As a consequence, the proportionate
contribution of the initial pulse in forming a thermal layer is much less than
the one percent represented by the energy release.

It should be recoanized, however, that ignoring the initial pulse
in this study of thermal action prior to the time of arrival of the shock
front may be neglecting much more than one percent of the energy received at
the point of concern up until the TOA. The impact is greatest for close-in
points where the TOA may occur at a time when only a small fraction of the
total energy in the second pulse has been received.

2.3 Spectrum

After formation of the fireball the thermal energy is radiated in a

spectral region roughly similar to that of sunlight. The spectrum of thermal
radiation received at the ranges of interest is aoproximafely that of a black
body at a temperature of 6000 to 7000 degrees Kelvin, but depleted in the
ultraviolet and other, shorter wavelengths (ENW).
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SECTION 3
THERMAL SOURCE SELECTION

3.1 Requirements Versus Candidate Sources

The desired nuclear detonation thermal pulse simulations were
compared against potential high flux and fluence thermal sources. These
potential sources include solar, thermochemical reaction, fuel flame,
electric heating, and electrical electromagnetic spectrum production. The
analyses were performed in advance of this reported contract effort and led to
the basis of the effort: use of the French Centre National de 1a Recherche
Scientifique (CNRS) one megawatt solar furnace, located at Odeillo, Pyrennes-
Orientale Department, France. The analyses are summarized in this section as
background.

The desired features of the source included providing the flux and
fluence ranges shown in Section 2 and compatibility with test apparatus
configurations that could: contain the thermal layer in a correct radiation
and hydrodynamic environment above the soil, test soil surface samples in a
horizontal plane and test soils in their undisturbed condition, permit full
instrumentation of the response, and provide rapid, repeatable data
collection. Simulation of the nuclear thermal pulse would require selecting
fluxes, fluences, and pulse shape; use of a source which already had this
capability would simplify apparatus development.

3.1.1 Alternative Energy Sources

The primary alternative energy sources considered are shown in
Table A3.1 (Appendix 3). A comparison of the principal considerations leading
to the selection of a solar furnace is shown in Table 3.1.
3.1.2 Alternative Solar Furnaces

Features of the principal solar furnaces of importance to this

effort are shown in Table A3.2. A comparison of considerations leading to the
selection of the CNRS solar furnace {s shown in Table 3.2.
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TABLE 3.1 Comparison of Alternative Thermal Sources
(Reference Table A3.1)

0BJECTIVE

Form Thermal/Dust Layer
in 4' high chamber

Extreme High Flux on
Sample

High Fluence
Controllability
Development Confidence
Low. Development Cost

Low Experimental Cost

TABLE 3.2

OBJECTIVE

Form Thermal/Dust Layer
in 4' high chamber

.Extreme High Flux
on Sample:

Through Chamber
Uncontained Sample

High Fluence (through
4' high chamber)

Controllability

Minimum Apparatus
Development Constraints

Low Experiment Costs
(per test run)

Availability

SOURCE RANKING

Best Poorest
1. Solar Furnaces Solar Simulators
2. Radiant Heat
1. Flash Lamps Solar Simulators
2. Solar Furnaces Radiant Heat
1. Solar Furnaces Thermochemical
2. Radiant Heat Flash Lamps
1. Radiant Heat Thermochemical
2. Flash Lamps
1. Solar Furnaces Thermochemical
2. Radiant Heat
1. Solar Furnaces Flash Lamps

Thermochemical

1. Flash Lamps Thermochemical

2. Radiant Heat

Comparison of Solar Furnaces.
(Reference Table A3.2)

SOURCE RANKING

1. CNRS 2. CRTF
1. CNRS 2. CRTF
1. CNRS 2. WSSF
1. CNRS 2. CRTF
1. CNRS 2. WSSF
1. CNRS 2. CRIF
1. WSSF 2. ACTF 3. GRTF 4. CNRS
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3.2 Characteristics of the CNRS Solar Furnace

It was evident early in the planning program that the apparatus,
data collection and recording, and test operations would have to be tailored
to the features of the thermal energy source. The features, capability,
resources, and other considerations relating to the CNRS facility at Odeillo
are described in Appendix 3. Items of principal concern are cost of furnace
time and mobilization on site, large solid angle of source, superior test
support capability, high flux, and high speed built-in facility shutters.
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SECTION 4
APPARATUS CONFIGURATON DEVELOPMENT

This section summarizes the principal factors leading to the final
apparatus design for the initial soil test series. This "final" design, shown
in Figure 4.1 was used in the February-March 1980 test series on the CNRS
furnace. Results of that series and further modification and development of
apparatus are to be presented in subsequent reports of effort under this
project. Apparatus nomenclature is shown in Figure 4.1. Appendix 4 presents
more details of the apparatus development and includes the apparatus design
drawings and specifications used for fabrication.

4.1 Maximizing Flux on the Surface

Obtaining maximum achievable flux on the soil surface through
choice of apparatus configuration drove much of the design criteria for the
individual components since it was apparent that the peak fluxes desired could
not be achieved. A series of trade-offs were required relating concent%ation,
the principle of conservation of optical phase space, and reflection losses.
Practical factors of fabrication, maintenance, access, and compatibility with
instrumentation were used in choices between alternatives which appeared to
be comparable in function.

The basic decisions were selection of the apparatus acceptance area
and acceptance angles of "incidence, and of the test chamber cross section.

Data were not available on the relative contribution to the flux and
pattern of the CNRS furnace focal spot of the energy from various heliostats
(or corresponding sectors of the parabola). The focal spot had been mapped
(Figure A3.2) and it could be assumed that most of the spread beyond the
central area came from the peripheral heliostats, due to their acute angles of
incidence on the focal plane.

The principle of conservation of optical phase space provides a
quantitative basis for trade-offs between a large acceptance area and a high

degree of concentration (ratio of cross-sectional input area to final area
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minus 1.0). In summary, the principle states that optical energy passing a
plane area can only be concentrated at the expense of increasing the average
angle of diffusion. Thus, the greater the concentration, the more reflections
will occur in transit. Since the average angle of incidence of the CNRS
furnace could be assumed to be large, with the energy arriving from a solid
angle of approximately 4 to 5 steradians, a low degree of concentration was
used (approximately 15%). A11 concentration was made in the vertical plane
due to the diversion of energy in this plane into a vertical chamber. The
nature of this diversion indicated that the central sector of the CNRS
parabola extending its full height would be the most effective energy source.
(Energy from the upper and lower edges of this sector could reach the bottom
of the chamber with far fewer reflections than energy from the extreme sides
of the parabola.)

No concentration was provided in the horizontal plane due to the
extreme angle of the contributing parabola and the (then) lack of data on the
relative contributions from parabola sectors. In addition, the fabrication
complexities and cost associated with providing concentration in both
horizontal and vertical planes were considered to outweigh the uncertain gain
which might have been achieved by narrowing the horizontal acceptance angle
and widening the acceptance area (achievable by using ideal light collector
geometry in the horizontal plane). (Note: data on the parabola's sectors'
contributions subsequently available indicates that higher fluxes at the test
surface may be achievable by further limiting the accepta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>