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SECTION 1. INTRODUCTION

One of the scenarios considered in the kill of hard targets with nuclear
weapons includes the allocation of two warheads to a single target to
assure acceptable probabiiity of success (a two-on-one engagement). The
difficulty of achieving simultaneous detonation of the two weapons while
precluding fratricide by neutrons and airblast argues for the delay of
arrival and detonation of one weapon relative to the other. If both are
to be surface-contact bursts, the timing for the second burst becomes a
critical element of the strike because of the potential fratricide and
aimpoint dispersion produced on the second reentry vehicle by crater
ejecta, airblast, dust, etc., from the first detonation. Other scenarios
of some interest also call for minimization of dust lofting from the
ground's surface. Therefore, measures are sought to minimize or

eliminate problems of fratricide, CEP dispersion, and dust lofting.

One approach for the two-on-one hard target attack is to detonate the first
weapon above the earth's surface at a height sufficient to eliminate crater
ejecta and minimize the rising dust cloud effects. With this accomplished,
the second burst could be delayed so as to render negligible the close-in
blast loads or the dispersive effects of blast winds on the second RV.

Such a tactic results in the loss of crater ejecta and crater-induced

ground motion as part of hard target kill effects for the air burst. The
question of how the surface-level airblast varies with height-of-burst (HOB)
must be addressed in evaluating the effectiveness of this approach, since
the blast will produce the major weapon effects remaining for the elevated

burst--direct airblast loading and airblast-induced ground shock.

This paper presents the results of a brief analysis of the surface~level
airblast between 500 and 3000 psi peak overpressure. Curves are derived
from small-scale HE experiments which predict that peak overpressure is not
diminished for substantial heights-of-burst above ideal surfaces from that

produced by a surface burst at equal ground range; and indeed, there may be




some enhancement with height. This conclusion is believed to apply also

for non-ideal surfaces above the 800 psi peak overpressure level because
no substantial thermal shock precursor is evident in the data from

1-70 kiloton nuclear tests over desert-type surfaces. It is argued here
that this observation would be true also for megaton bursts over non-ideal
surfaces. Theoretical and experimental work being conducted by the Defense

Nuclear Agency is expected to corroborate these arguments.

Equally if not more important than peak overpressure to hard target kill is
the overpressure impulse loading delivered in the early part of the blast
wave characteristic of target response time. Estimates based on nuclear
data at lower overpressure levels and evidence from chemical explosive
experiments and analvtical calculations indicate that overpressure impulse
should behave in a manner similar to that of peak overpressure with

height-of-burst.




SECTION 2. SUMMARY COMMENTS

1. On the basis of our best-estimates we conclude that at and above 1000 psi
the overpressure or crushing airblast in general will not be degraded

from that of a surface burst for heights-of-burst sufficient to eliminate
crater ejecta and minimize dust lofting for both ideal and non-ideal
surfaces. This conclusion is dependent somewhat upon the target structure
design and details of the overpressure waveform, each of which should be
considered in the assessment of specific cases. The general conclusion

can be substantiated with high confidence for bursts above ideal surfaces
because of recent HE experiments. The following comments support this

conclusion for bursts over non-ideal surfaces.

2. Available nuclear data and theory lead to the conclusion that signifi-
cant thermal precursors will not form at and above the 1000 psi peak
overpressure level for kiloton~ or megaton-size nuclear bursts. Therefore,
peak overpressure and overpressure impulse values applicable to ideal
surface conditions are expected to apply to non-ideal surfaces as well, at
these high overpressures. Strong precursors will form over non-ideal surfaces
below 800 psi, reducing the applicability of ideal surface blast data
there. (Megaton-size bursts are expected to show the existence of pre-
cursed waveforms to larger scaled ground ranges than those shown by the
precursor envelope currently used; but at the high pressure end of this
envelope, they may cause less precursor action than kiloton bursts.) Thus,
the peak overpressure isobars presented herein may be used for ideal as
well as real surfaces at and above 1000 psi, with the realization that some
small shrinkage toward ground zero may occur over real surfaces. However,

the reader should not use these peak overpressure curves from which to

develop peak dynamic pressure curves via the Rankine-Hugoniot relations in

the Mach region. Based on these curves, no degradation in peak overpressure

with respect to a ground burst is expected to occur over a large portion
(about the upper 1/2) of the shins of the overpressure HOB map at and above
1000 psi. We have no reason to expect the peak overpressure in the

lower one-half of these shins to be degraded below that of a surface burst.
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3. While nuclear experimental data are not adequate for construction of
overpressure impulse curves above about the 300 psi peak overpressure level
except by extrapolation, the available data and Brode's analytical model
indicate that the impulse will not be diminished in the Mach region below
that of a surface burst. In fact, there might be an enhancement with HOB.
Data from 8-1b charge HE experiments indicate that this enhancement might
be increased for that portion of overpressure impulse delivered in the

early portion of the blast wave, and most applicable to hard target kill.

4. Experimental and theoretical research being conducted by the Air Force
Weapons Laboratory and contractors under DNA auspices is relevant and
important for the construction of ideal surface overpressure impulse and
dynamic pressure curves. These studies may also help to confirm or
improve the conclusions drawn here with respect to thermal precursor
shock envelopes. Further, they may provide a quantitative description

of precursor flows.




SECTION 3. PEAK OVERPRESSURE

Airblast measurements taken during the atmospheric nuclear test program were
insufficient to fully define HOB blast parameters above about 200 psi shock
overpressure [1], Approximations have been used to develop HOB curves up
to 10,000 psi overpressure [2,3]); however, in each case the authors state
that some guesswork was used in constructing the curves. Unpublished
finite-difference computer calculations made with the SHELL hydrocode at
the Air Force Weapons Laboratory were not finely enough zoned nor suffi-
cient in number to define accurately the HOB curves. (A new set of finely
zoned calculations is beiry run.) Recent high-precision experiments [4,5]
performed for the Defense Nuclear Agency with 8-1b spheres of PBX-9404
explosive permit development of peak overpressure HOB curves applicable to
nuclear explosions over ideal surfaces up to a few thousand psi. The
isobars shown in Figure 1 were synthesized from the 8-1b charge data and
the nuclear free air burst pressure-range curve, supplemented by theory in
the regular reflection region. The zero burst height point shown on each
Curve was obtained by doubling the energy of the nuclear free air curve.
Figure 1 assumes a perfectly reflecting, planar earth (1deal surface).
Clearly, for this condition a given peak overpressure can be produced with
bursts at heights in the upper portion of the Mach region (shin of the
curve) at the same ground range as it can with a surface burst. Above the
1000 psi level,a small range increase over the surface burst value might

be achieved by bursts at selected heights.

The next question is whether or not a thermally non-ideal surface, charac-
teristic of most missile sites, would result in appreciable modification
of these ideal surface isobars. Nuclear tests indicate that, in the over-
pPressure region at and below 500 psi, a precursor shock forms over desert
and asphalt surfaces [1]. This Precursor shock results from a heated layer
developed near the ground surface by fireball radiation prior to shock
arrival. 1Its effect is to modify the blast wave strongly, lowering

peak overpressure and increasing the peak dynamic pressure. The nuclear
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data were used to develop a long established HOB space envelope inside of
which precurscrs will form and outside of which no precursors are expected
to form (Figure 2). The area of interest in this paper is the lower left
corner of the precursor envelope. Based on a recent review of the data,
the dot-dashed line is proposed as the left side of the precursor boundary,
replacing the previous solid line boundary specified in Effects Manpual I
[6]. The shots used to determine this boundary all were made over dusty
desert surfaces conducive to strong precursor formation. (Shot yield, HOB,
and location are indicated on the figure.) A point from shot SMALL BOY has
been added to the old data, which suggests that the boundary moves to
larger range below 100 feet HOB. The boundary suggested here was based on
precursor length measurements corroborated by shock arrival time and peak
overpressure measurements. Waveform Types I and V are unprecursed and
classical, while Types 1I-IV are precursed. Figure 3 shows the new pre-
cursor boundary superimposed on the HOB curves of Figure 1. One sees that
above 800 psi, no precursor should be formed for kiloton-size bursts over
reasonably planar, real surfaces. (Asphalt-covered surfaces produce
extremely strong shock precursors. If a relatively large area of asphalt
should surround the target, then the precursor boundary could wove to
higher overpressure levels.) We see also from Figure 3 that the new curves

indicate somewhat less range coverage than Brode's curves.

The question remains: Will megaton-size bursts exhibit the same precursor
characteristics as kiloton bursts on a scaled basis (i.e., distance, time
v (yield)]/3), or will the precursor boundary change significantly?
Available nuclear data from megaton explosions are insufficient to guide

us here. To obtain an answer, we turn to a comparison of the hydrodynamic
and thermal radiation characteristics of nuclear weapons. While the hydro-~
dynamics (shock, time of arrival, distances, etc.) scale as the 1/3 power
of the yield, the time distribution of thermally radiated power scales as
about the 1/2 power of yield. This difference in scaling results in a
non-similarity, with varying explosive yield, between the hydrodynamic

geometry and the thermal energy received at the earth's surface prior to
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air shock arrival. If this preshock energy is responsible for producing
the shock precursor, then a comparison of the kiloton and megaton values

can be instructive.

Figure 4 shows the fireball radiant energy fluence, QRS’ incident to the
ground surface up to the time of air shock arrival {on an ideal surface)
for 1 kT and 1 MT bursts at 150 ft:/k'I'l/3 HOB. Note that for the scaled
range at which a precursor would develop in the 1 kT explosion (v178 feet),
Qpg for the 1 MT case is 42 cal/cm2 or only 1.5 times that of the 1 kT
fluence at that location; yet the size of the 1 MT blast wave, i.e., the
physical and temporal wavelength and the height of the Mach stem, is 10

times that of the 1 kT wave according to cube-root hydrodynamic scaling.

If somehow the heated layer for the 1 MT explosion were no thicker on an
absolute basis than that for the 1 kT explosion, the temperature increase
in the layer could be 1.5 times that for the 1 kT case. This would result
in a maximum increase in layer sound speed of 237 over that of the 1 kT
case and a somewhat stronger precursor shock. However, the relatively
small thickness of this layer and the size of the precursor produced

would influence a far smaller portion of the 1 MT wave than it would for the
1 kT wave. (Looked at another way, the advancing blast wave can be
thought of as a moving pressure reservoir and the precursor as a slot

or orifice in the bottom of that reservoir through which leakage occurs.
The fraction of the shock front area represented by this slot for the 1 MT
case 18 only about 1/10 of that for the 1 kT layer. Therefore, the
influence of the precursor on the main wave peak pressure drop at points
on the ground in the 1 MT case should be less than in the 1 kT casé.)

So, even in this extreme case, significant overpressure reduction is not
likely to occur at higher overpressure levels for 1 MT than for 1 kT. It
does not seem possible, however, that the 1 MT heated layer will remain
the same absolute size as that for 1 kT. Measurements made on nuclear
events showed that no detectable preshock pressure is developed beneath
the heated layer, indicating that full expansion of the heated air

occurs as the heat is added. Under this condition the 1 MT layer

should expand to about 1.5 times the depth of the 1 kT layer at the

12




R-5760(U)

o
=5

[EEEaES=S oy l1 58 NG i (253 “mmn.wr SERESESSS ihlH J E IR e R R e
S e e e L : e AT : A==
i BE g 33 [ aEaE : SRR ; FjESEss
i : ====
T H 5[ HHHER Nﬁ HHE T
=" . - e ol Wil (ASE IS aa
RER AT 457 culmm bl s AR R m o
= L HT 1iiss e EE T o
st TP e i - £
3 SEES =m b= h
[IET] JEES" g + H
= w-.‘l ‘o b -1+ fbg w = . bLEdL o .- 51 o
H ] tii HH I -] ¥ ﬁ H (=
T : BN fiiH 3
5 g TITEamE iiijisiarsoos : TEEE IEES 1318733 s o=
EENS ERE] HHrHH EESEE= 133 soREY il Hiif {2iadsgass i ==
ESRaa: H b FHH T L G RS s=== fjsgES S
L 8 =iseehs e P £
1 - - 1 L -
HEH % B L iE farkisnaa Hi cher e H
PN i1 i ag Ewe T T T
HHpEEZZ s, ES3giinaisas piman = 1 SESES | SESSESS
Fer ] 3 H i

1
s
1
1
P
"~
o
-
o
i

=
ym nn
-

13

o e ———
1 -

T 1T J."
LId
LT
===
102
SCALED GROUND RANGE (ft/kTY/3)

T '
:

|

SR

A

: =

NO PRECURSOR H1f PRECURSOR

111
=4

L
i e RN i3 fass = & I ¥ sEfSEEE s X
FH R RS R R } == HEL Tl E _..m.._, HiE=aagE == i EERES [jin fais = i ===
= bt = - - - T — =
1 i i = - HTHETEEH S - FE T 7 T =
H .

Thermal Fluence at Shock Arrival vs Gr
1 kT and 1 MT at 150 ft/kTL/3 Hos

=
L
i
o
I
|
i
.i

T
f
i |
i
!
I
!
1
T
==
1
=
1
BN
b
:
| f=n

T
!
Fi
I
- . e
SZ=czizsmii
SE
T
|l [ 1
LI R

e
I
T
1
o
Tl e esss ree: e

=
e
"
T
fesd
s
1l
L
1
I
|
L
2k
|
]
- §
1
T
|

FE AN T T
e
HEIE
= i
:
1I
HiT
.
—_—
1T
!
|

|
Figure 4.

I

T T =T

pet— 4
— = = =

s
——
l_'J

.

V-

;
I
.
=
1
n
!

EmEmEBaans seeiin

|- a2k
I

——+ =g
|—— + =
s

1

|——

!
;
K

m o

(,w2/122) S¥p “30N3N14 TVWYIHL ¥DOHSIud 0ITYISNA




scaled range under discussion. The resulting layer temperature would be
about the same'as or lower than that in the 1 kT layer. This alone would
require that the 1 MT precursor not form at shorter scaled ranges, plus
the relative size of the layer would still be only ~1/7 that for 1 kT.

An additional consideration for the | MT case is that the radiant energy
is delivered to the surface more nearly uniformly in time and over a 10
times greater time period than that for the 1 kT case ( 250 ms vs. 25 ms
at 178 scaled feet). This would tend to disperse the 1 MT layer more, and
further reduce its temperature. Therefore, it seems impossible for the
heated layer along the ground surface to be as important to the 1 MT blast
wave as it is to the | kT wave at the high pressure side of the precursor

envelope.

The above argument can be made wih equal applicability for other heights~
of-burst in the high overpressure region of interest here. The author's
best judgment, then, is that significant precursors will not form in
megaton bursts over realistic missile sites above the ~800 psi level.
Referring again to Figure 4, we see that the radiant energy fluence peaks
at greater scaled ground range for 1 MT than for 1 kT and reaches 9 times
that for 1 kT at 700 feet scaled range. It increases gradually to a ratio
of 10 for greater ranges. Since there exists some threshold of preshock
thermal fluence below which precursor action cannot occur (say, 10 cal/cmz),
megaton bursts may exhibit precursed waveforms to somewhat larger scaled
ranges (lower overpressure) than kiloton bursts prior to returning to

classical waveforms.

Based on the above analysis, it is concluded that the peak overpressure

curves presented in Figure 1 for 1000 psi and above are applicable to both
kiloton- and megaton-size nuclear explosions over the real surfaces representa-
tive of most missile sites. Although these curves were developed for an

ideal surface, real surface effects should result in only small decreases

in range to a given overpressure level. Note the band of uncertainty

about the 1000 psi curve. This band, which includes uncertainties in

defining the ideal surface case as well as an allrwance for thermal effects,

should be typical of the curves above 1000 psi taken as a percent of

14
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range. Below about 800 psi, a significant precursor shock would begin
to form which would tend to round off the upper portions of the peak
overpressure HOB curves. Experimental and computational research is
being conducted by the Defense Nuclear Agency to define precursors at
high overpressures. That very pertinent research, being performed by
the Air Force Weapons Laboratory and DNA contractors, is expected to be

useful in evaluating the above conclusions.

15




SECTION 4. OVERPRESSURE IMPULSE

As indicated earlier, the fraction of overpressure impulse delivered during
the time of target response is important in estimating target kill. 1If
this impulse is not diminished with respect to that from surface bursts

for heights of burst well above heights which do not produce ejection

craters (225 feet/’le/3

HOB), then the overpressure kill mechanism can be

as effective as for surface bursts and ejecta/dust lofting minimized.

As with peak overpressure, nuclear data permit construction of positive
phase overpressure impulse curves up to only the 200 psi level (v2.5 psi-
seconds for 1 kT), with some data points available for 3.0 psi-seconds and
4.0 psi-seconds, or about the 300 and 500 psi overpressure levels, respec-
tively [1]}. The data show a complex variation of impulse with HOB; but,

in general, the thermally non-ideal surface (precursed) curves show an
increase in total impulse over that of the near-ideal curves in the vicinity
of the knee of the peak overpressure curves. All these data lie well within
the precursor region for non-ideal surfaces and can be used only as a basis
of judgment for éxtrapolating to shorter ranges (higher overpressure
levels). The available curves, being for total overpressure impulse, do

not provide quantitative information as to impulse delivered at early times
appropriate to hard target response. They provide only a rough indication

as to the trend of what one might expect to occur.

The most consistent application of the nuclear data to provide an indication
of the non-precursed impulse isobars at 1000 psi and above 1s to use the
near-ideal surface curves, since no absolutely ideal surface data are
available from nuclear tests. Such curves along with the data points from
which they were drawn are reproduced in Figure 5. Note that the preparers
chose to ignore the data point at 500 feet HOB for the 1.5 and 2.0 psi-
seconds cases. If these points are considered, the curves might just as
well have been drawn as shown by the dashed lines, showing substantial

range increase with HOB. Even i1f the solid lines are correct, the total

impulse does not diminish below the surface burst value as HOB is increased

16
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to and above values equal to the ground range. While we expect this to
hold true at higher overpressure values, it is highly desirable to have
confirming experimental data. We have only HE data available above 500 psti,
such as the small charge data used in developing the peak overpressure
curves. It is not clear at this time that these data can be used legiti-
mately to produce HOB impulse curves applicable to the nuclear case.
However, the total impulse curves resulting from direct plotting of the
data show small (v10%) but definite increases of impulse with HOB from
about the 150 to 2000+ psi levels. Due to the high precision and high
level pressure measurements of the experiments, we shall continue to
investigate the 8-1b charge HE data for application to the nuclear

case.

Brode [3] has prepared a set of impulse curves (Figure 6) which extend to
30 psi-seconds (above 10,000 psi peak overpressure). These curves were
derived from pressure-time curves developed analytically to meet reasonable
boundary conditions. While the pronounced knees shown below about &4 psi-
seconds seem unrealistic, the curves appear well-behaved above the 5 psi-

seconds (V700 psi) level.

Based on the evidence cited here, it seems reasonable to expect that total
positive phase impulse at and above 1000 psi will not diminish with respect
to surface bursts in the Mach portion of the HOB curves, and may increase
somewhat. Furthermore, experimental evidence suggests that impulse in the
early portion of the blast wave typical of hard target response times (say
to the point of 1/2 peak overpressure) might exhibit considerably greater
enhancement with HOB than those for the total positive phase impulse.
However, not only the impulse, but also the details of both the target
structural design (such as its natural vibration period) and the loading
overpressure waveform can be important in predicting target failure. Such

details should be included in failure analyses for specific cases.
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The reader is reminded that the failure of nmon-flush targets which extend
above the ground surface may be determined by dynamic pressure loads.
Additional research is required to permit construction of dynamic pressure
HOB curves in the high overpressure region with good confidence; thus, no

attempt was made to include dynamic pressure data in this note.

That same research being conducted by the Defense Nuclear Agency cited in
the peak overpressure discussion will treat the impulse question, and will
be used to evaluate the conclusion drawn here. The results of this research
are needed perhaps more for impulse and waveforms than for peak overpressure
since neither nuclear nor HE data permit direct construction of HOB impulse
curves. Hopefully, it will also provide information on dynamic pressure

impulse useful for assessment of damage to non-flush surface targets.
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