R T ey

w

D e N el o S BB sl b M 1 1 P B R R

_A-9062

Issued: May 1982
This document consists of 19 pages

SACZOOIZLSSOOO o

L ST ——.

Low-Yield Nuclear Explosion Calculations:
The 9/22/79 VELA Signal (U)

E. M. Jones
R. W. Whitaker
H. G. Horak
J. W. Kodis

¥er
%
-

DEPARTMENT OF ENERG R
oAl 7 75% | DETERMINATION FCIRCL R

00 RETAINED

NAME: 2. CLASSIFICATION CHANGED
3. CONTAINS NO DOE INFO

|2MD REVIEW-DATE:
Jumvonme 00 CLASSIFICATION CANCELED
FMAME: ] CLASSIFIED INFO
OTHER (SPECIFT: v
Iﬁ/Au rfr r’,/ ."anﬂj Office o] Dot JAiTS
##39/%8 LTR 4/1f/0

Los Alamos National Laboratory
Los Alamos,New Mexico 87545

Los Alamos National Laboratory is operated by the
University of California for the United States Department of Energy
under contract W-7405-ENG-36.

Derivative Classifier
E. M. Sandoval
Classification Analyst 4

;\SJ



L Sadiactod

Edited by Jill Warren
Photocomposition by Barbara J. Velarde

NOTICE: Reproduction of this daculi;;rr;.qu_lzes fthe -
written consent’ of the originator, his sutce_s_sgr, or_higher -
authority. T L

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Govern-
ment. Neither the United States Government nor any agency thereof, nor any of their employees,
makes any nnllny umnrimp!hd or assumes any legal Liability or responsibility for the accur-
k of any i product, or process of rep-
ot P 1 n—n-nmmn-mumwwmmqyummu Reference herein 10 any specific com-
; meicial product, process, or service by trade name, or ise, does not
‘ necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereol, The views and opinions of authors expressed herein do not nec-
essarily stat® or reflect those of the United States Government or any agesicy thereol.

NCLASSIFIED




P i o ,_

UN CLASSIFIED

LOW-YIELD NUCLEAR EXPLOSION CALCULATIONS:
THE 9/22/79 VELA SIGNAL )

¥ 4
by
E. M. Jones, R. W, Whitaker,
H. G. Horak, and J. W. Kodis

ABSTRACT (SRD)

poe
40
‘Normally, independent confirming evidence is available from
other VELA satellites and other sources. Unfortunately, such confirming evidence has
.- not been uncovered for the 9/22/79 event.
D% ()
In this report we summanize tne veia aata, discuss classical interpretations, and pre-
sent a particular model which, we believe, satisfactorily reproduces the Vela si
> )
b
Thus, our model is consistent with the apparent absence of nuclear debris, the collectiofi™
of which is required by some analysts for absolute confirmation of an atmospheric
detonation.
[14
L. THE VELA DATA ] ;( )
i
The VELA satellite and its detectors are described
elsewhere (e.g. Horak 1980). For our purposes, the @ ot
salient features of the detections system are JAvi
(
ol
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(5) that the T3Trument response is discrete both in
time and in level. The bottoms of adjacent levels
are separated by a logarithmic interval.

where D is irradiance. The time spacing is
somewhat more complex but is basically
logarithmic;

©)

D‘;’U )

The VELA data for the 9/22/79 event are given as
irradiance in watts per centimeter squared versus time in
milliseconds on the left-hand scale and LD (Level
Discriminator) levels on the right-hand scale of Fig. 1.
Uncertainties are of the order of one LD level.

Table I lists our best estimates of the times (t) and
irradiance levels (I) at first maximum (1-max), minimum

(min), and the second maximum (2-max) from zach
the detectors. The uncertainties are estimated.

TTpoE By

II. SCALING LAWS FOR ATMOSPHERIC
NUCLEAR EXPLOSIONS

Our purpose is to determine the parameters of an
atmospheric nuclear explosion that best fit the data

AN UNCLASSIFIED



pul

) woi

observed by the VELA satellite. As a first step, we use
classic scaling laws t¢ estimate the significant parameters
of yield and burst height density; then we discuss
computer calculations chosen 10 pravide more precise
estimates of the explosion parameters.
Numerous sets of scaling laws exist. Here, we have
symhesized four adequate scaling laws from discussions
_by Zinn et al. {1974) and Sappenfield (1979)

The values of Th observable quantities (L mex bz-men:
and Py Pmn) have large uncertainties.|

D"‘S’U\

As we shall see, the time of first maximum and the
power ratios are inconsistent with the other observations.
Solving the puzzie will concern’ most of the rest of our
study. —

i

,bL )]

Clearly, conventional scaling laws cannot provide a
consistent model for the VELA data.

- Both Y and p are model independent becsuse they are
the basic parameters of any calculation. The ather three
factors can vary dramatically among different models.
Let us now consider these other factors and discuss how
they can affect the signal.
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Cloud cover, atmospheric absorption, and scattering
by particulates between the explosion and the satellite
can alter the interpretation of the signal. Atmospheric
transmission must be considered when deriving radiance
at the source from the observed irradiance. However,
simple absorption by the atmosphere will not produce
dramatic shifts in the timings of events in the signal nor,
to first order. will it depress one part of the signal relative
to another. However, cloud cover can introduce time
smearing caused by photon scattering. Multiple photon
scatterings can delay first maximum but should also
depress the signal in both peaks. The observed irradiance
levels are high enough that the signal could not have suf-
fered much absorption nor scattering beyond that expec-
ted for relatively clear maritime air. We do not believe
that the data supports the contention that there was any

6
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significant modification of the signal by the atmosp
or by clouds. .

Nuclear weapons with significant neutron output can
create an obscuring curtain of “smog” (principally NO,,
HNO,, and O,). As discussed by Zinn et al. (1974),
smog may produce not only a delay in first maximum
but-also a severe depression of the first pulse by absorp-
tion. The minimum and second maximum usually are un-
affected by smog because the fireball radius "at these
times exceeds the distances at which significant neutron
deposition occurs.

N

.E: e

" Perhaps the most dramatic mass effect has been
known since the earliest days of atmospheric testing: the
apparent yield of a burst at the earth’s surface (land or
sea) is twice the actual yield. The reason is simply that
the surface acts as a nearly perfect reflecting plane. The
entire explosion energy acts only in the hemisphere
above the surface as if the surface were absent and we
were witnessing the spherical expansion of a higher yield
explosion. The result is that the radiative/hydrodynamic
behavior is identical to that of a free-air burst at twice the
actual yield. Among others, Sappenfield (1979) has
reviewed the empirical evidence supporting this result.

e hydrodynamic behavior and the power-time_
“curveof this case are illustrated in Figs. 3 and 4, respec-

tively. _

N
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During radiative expansion, the fireball brightness de-
~pends primarily on the surface area, and the power out-
put increases monotonically. Several bomb masses of air
are engulfed during this phase. However, after formation "
of the air shock at the fireball edge, the brightness de- \':'
pends on the shock speed as well as on the surface area. 90
3
]

E
"5

‘ireball growth is slowed and, more important, areal l
emission decreases rapidly. The fireball brightness begins
to drop when first maximum_has been passed.
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“he rest of
this report discusses the effects of mass on the complete
optical signal.

Ill. RADFLO CALCULATIONS

ok 3
\}5
'lFor our present purposes, we

have chosen to do calculations in which the nuclear ex-
plosive is modeled as a sphere of high-density air at uni-
form density. The “air bomb™ comprises the 10 inner-
, most cells in the calculational gndj

[

In each calculation, a certain fraction of the explosion
energy is deposited as internal energy at t = 0 in the cen-
tral cell.]

Dot
b ()

What matters here is the kinetic cnenfgy
content of the debris, which is largely insensitive to the
matgrial composition.

[The prin-

cipal results are tabulated in Tables II and 11I.

The effect of M and p on the times of minimum and of
the two maximums are shown in Figs. 7-9. The choice of
a tirile :_value from a calculation or from data is subjec-
tive.|
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The
cause of this minimum or its reality is unknown.
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imums P, /Py ., 8ppears to have only slight
'#’ sitivity to mass_and ambient density.!

N

Zinn et al. (1974) show a strong t, ,,, dependence on
density. Their result is confirmed by our calculations.

|

The ratio Py pe/Ppy, is a strong function of mass,
vield, and density}

ot llﬂ an

—
" These scaling laws [Eqs. (6)«(8)| can be used to refine
our estimates of the explosion parameters. The very
weak density dependence and the large timing uncertain-

- it that we cannot derive a dependable densitv

| IWe return to a duscussnon of burst height ef-
IV. A MODEL FOR THE 9/22/79 BURST (ALERT

fects in Sec. 1V.
We can now derive a yield and mass from our scaling 747)
laws

Figure 9 shows the band of permitted values in the

(Y.M) plane. The t,.m,, scaling law [Eq. (6)| seems_to
give a slight overestimate of t,.,. at high masses. |

p {“"A's a Tinal chieck on the explosion p'arnmeters we note
|The preaictea puwe:-time curve is shown

their effect on the power ratios P, pu/P .. and
in Fig. 12. This is a time-averaged curve.
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After the shock emerges from the bomb and begins to
sweep up ambient air, the power-time curve shows
dramatic oscillations produced by the entrainment of in-
dividual calculational cells. When the shock first encoun-
ters an ambient cell, the air temperature in the cell rises,
causing the opacity to rise and thereby decreasing
fireball brightness. Eventually, the newly entrained cell is
heated enough that it starts radiating, and the fireball
brightness increases until the cycle is repeated with the
entrainment of the next cell outward. Interpretation of
the calculated power levels during the first pulse is uncer-
tain. We have chosen to show the power levels averaged
over each cycle as

Fene is satisfactory-

13)

—

P= &fm,,?dt

14

JThe calculated amplituae ot tne
bump at high mass is well below the data uncertainties.
At later times, physical mechanisms responsible for
producing the power-time curve variations are well un-
derstood. The interested reader may consult Zinn (1973),
Zinn et al. (1974), Brode (1968), or Glasstone (1964) for
discussions of phenomena at t,,, and beyond.
We have plotted our best interpretation of the VELA
data to produce the power outputs in Fig. 12.

e

(13)

V. PERTINENT DATA FROM ATMOSPHERIC
NUCLEAR TESTS

We have constructed what we believe to be a plausible
model for a low-yield nuclear explosion that could have




uced the observed Alert 747 signal.

{In this section, we examine the
“available data for t,..... from atmosoheric nuclear tests.

)
,@ l : i ]
The available t, ,, data are plotted as a function of
yield in Fig. 13. We note that for many events of the US

atmospheric test program, data pertinent to the first

maximum are not available.
n_are not 3 N

Dot_£4(2) 4(

However, the fit after about ms

e r
1S quite satisfactorv

i

3)
*Personal communication to authors.
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GEORGE was dctonated atop a tower 61 m abov

Eniwetok on May 9, 1951} -

wzoepeewe 2] TWO fE4TUres in the “explosion
phenomenology are of interest. First, the fireball expan-
sion was very asymmetric during the early phases;
second, independent determination of the yield by
hydrodynamic and radiochemical techniques were
widely discrepant.

The other part of the fireball may have grown
“Tadiatively. Clearly, calculational studies in two or three
dimensions will be required to provide a convincing ex-
planation.
At later times, the expansion becomes more sym-
metric and, at minimum,_this fireball has prominent,

spots.

=

16

The hydrodynamic yield is defermined by comparing
the radius-time data with the expectations of classic blast
wave theory. In particular, during the period immediately
preceding minimum, the quality

Dot
ey

"'fs—'vinual]y constant. In Fig. 16, we show the ¢ histories
obtained from four RADFLO calculations compared

NCLASSIFIED

(16)



b (’h

VL. CAVEATS
%
1
i b l
with the GEORGE data. These data were derived by L [Nonetheless, we recognize that we have made
visually estimating a “best-circle™ fit to the fireball shaps. " certain assumptions that, if proved wrong, may alter our
' conclusinne o
C \
o,
(2)'We have used dense air to model the weapon .
vapor. Doe

Dot BR3)




UNCLASSIFIZD {\sl ]

(JJ ACKNOWLEDGMENTS , S

voe ). 1 We gratefully acknowledge valuable discussion with
bL‘} EaR S H. Hoerlin, J. Zinn, and J. Malik of Los Alamos
National Laboratory and G. Mauth of Sandia National
Laboratories.
e
have been unable to secure experimental confirma-
tion of a t; .., delay caused by mass. REFERENCES

)
Brode, H. L., “Numerical Solutions of Spherical Blast
# Waves,” J. App. Phys. 26, 766 (1955).

DUL\§ Brode, H. L., “Review of ‘Nuclear Weapons

bbd) Effects,” Ann. Rev. Nuc. Sci. 18, 153 (1968).

Colvin, J. D. and N. P. Gow, “Fireball Spots: A Com-
prehensive Study of the Photographic Data (U),” EG&G
= Technical Report EGG 1183-5086 (SFRD) (August
— The 1978).

possibility remains that otner moucs can pruduce

good fits to the data. Proponents of such models Glasstone, S. (Ed), The Effects of Nuclear Weapons -

must demonstrate plausibility. Revised Edition (U) (Washington: U.S. Atomic Energy
Commission 1964).

VII. SUMMARY Horak, H. G., “Vela Event Alert 747 (U),” Los
Alamos Scientific Laboratory Report LA-8364-MS
(SRD) (May 1980).

Horak, H. G. and J. W. Kodis, “RADFLO: A User's
Manual (U),” Los Alamos National Laboratory Report
LA-9245-M (U) submitted for publication.

Sappenfield, D. S., “The Surface Burst Correction

I Factor for Bhangmeter Scaling (U),” Air Force

[f‘ Technical Applications Center Topical Report AFTAC-
L"ﬂl TR-79-12 (SRD) (March 1979).

p\}) Sedov. L. L. Similarity and Dimensional Methods in
Mechanics (New York: Academic Press, 1959).

Taylor, G. L, “The Formation of a Blast Wave by a
Very Intense Explosion, I. Theoretical Discussion,”
i Proc. Roy. Soc. A201, 159 (1950).

Zinn, J., “A Finite Difference Scheme for Time-
Dependent Spherical Radiation Hydrodynamics
Problems,” J. Comp. Phys, 13, 569 (1973).

Zinn, J., J. W, Kodis, and C. D. Sutherland, “Status
Report on Fireball Radiation Hydrodynamics Computa-
tions (U)" Los Alamos Scientific Laboratory Report
*Private communication to authors. LA-5591-SR (SFRD) (May 1974).

UNCLASSIFIED

18 .ﬁ'%.&?{”



US DOE, Headquarters Library, Reports Section,
Washington, DC
Manager, ALO, Albuquerque, New Mexico
Lawrence Livermore National Laboratory,
Livermore, California
Sandia National Laboratories, Albuguerque, New Mexico
Military Lisison Committee, Washington, DC
Headquarters, Defense Nuclear Agency, Washington, DC
Defense Nuclear Agency Field Command,
Kirtland AFB, New Mexico

Central Intelligence Agency
Washington, DC
Attn: Chief, OSWR/NED

For: Frank P. Baranowski, JAEIC
Donald M. Brasted, C/NED (2 cys.)
LT. GEN. Harold C. Donnelly, JAEIC
LTC. James Fargo, DAMI-FIT
Kenneth Gimbert, NSA/AOS
LT. COL. Houston Hawkins,

DIA(DT-IE)

Dr. ohn S. Ingley, OSWR
Dr. Gerald W. Johnson
Max A. Koontz, NISC
Robert Morrison, ACDA
Dr. S. A. Newton. Jr., JAEIC
Louis H. Roddis, Jr., JAEIC
Robert Rubinstein, DOE
JefTry Siegel. JAEIC
Dr. Gerald F. Tape, JAEIC
CAPT. Raymond Vitkus, AF/INET
VADM Steven A. White

Lawrence Livermore National Laboratory
Livermore, California
Attn: C. Alonso
R. Klein
Dr. Roger E. Batzel
Dr. Edward Teller

Sandia National Laboratories
Albuquerque, New Mexico
Attn: Mail Services Section
For: Glenn Fowler
A, Chabai
G. Mauth
D. Thornborough

EG&G. Inc.
Los Alamos. New Mexico
Attn: Document Control
For: D. Wright
J. Colvin
L. Rauber

Standard Distribution

Copy No.
13

4
56

7

8
-9-10
11-12

Commander, Naval Sea Systems Command,
Washington, DC

Director, Air Force Weapons Laboratory,
Kirtland AFB, New Mexico

US DOE, Technical Information Center,
Oak Ridge, Tennessee

Attn: Weapon Data Index
Los Alamos National Laboratory Report Library

Special Distribution

Copy No.
65-82

83-86

91-93

Defense Nuclear Agency, Headquarters
Department of Defense
Washington, DC
Director
Attn: PAAD-3"
For: C. Fitz
L. Wittwer
G. Sevin
C. Knowles

Air Force Technical Applications Center
Patrick Air Force Base, Florida
AFTAC/TD
Attn: Dr. Gerard M. Leies

Air Force Weapons Laboratory
Kirtland Air Force Base, New Mexico
Attn: SUL, Mrs. Georgiana Hillyer
For: MAJ. Ganong

Union Carbide Corporation Y-12 Plant
Nuclear Division
Oak Ridge, Tennessee
Attn: Y-12 Plant Records Department
For: Paul R. Vanstrum

Harold M. Agnew, Consultant
c/o General Atomic Company
La Jolla. California

Walter G. Chestnut, Consultant
Menlo Park, California

W. E. Ogle. Consultant

Energy Systems, Inc.

Anchorage, Alaska
Attn: W, E, Ogle

Copy No.
13

14-16

Copy No.
94-97

98

102

103

19

"UNCLASSIFIED



AR UNCLASSIFIED




