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LOW-YIELD NUCLEAR EXPLOSION CALCULATIONS:
THE §/23/79 VELA SIGNAL (U)

o ' by

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

ABSTRACT (SRD)

B0 been ncovered for the 9/22/%9 event

In this report we summurize e Yo onte, discuss classics! interpretations, and
#ent & particular model which, we belicve, satisfactorily reproduces the Veia si

LR

Thus, our model is consistent with 1he dpparent absence of nuclear debris, the collectio-
of which iy mmﬁdbysmmdynforabmmmﬁrmimofmmm
detonstion, '

L THE VELA DATA H

The VELA sateliite and its detactors are described
elsewhers (eg. Hommk 1980). For our purposes, the [ 4

salient features of the detections system_ L —
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of (min), and the second maximum (2-max) from ez0p
'nb ) the detzctors. The uncertainties are estimated,
(5) that the TiMument response is digcrete both in

thne-ndhlevd.'lhcbmmofldjlmtlevﬂ:
ar= separated by a logarithmic interval,

£ .
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whmbiaimdhnc:.‘rmﬁmelmhgil
somewhat more complex but s basically
logarithmic;
® ™
bﬁ,s

The VELA dusa for e 9/22/79 event are given as DuE "By T L e

irradiance in watts Per centimeter squared versug tmein gy, SCALING Laws FOR ATMOSPHERIC
mmmmmmmmw(wd NUCLEAR EXPLOSIONS

chenahﬁumoﬂbeordernfunewkm. Qur wmiwdﬂemﬂnwmemcrm
r-uumaourbmuumnmem(z)m imospheric *xplosion that best fit the dars
hwinwgie_vds(nag@t muimum (l.-gm). minimum -
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ohewndby!thELAmdiw.Asaﬁmmmm
classic scaling laws to estimate the sigalficant parameters
ofyiddudbunbeisiﬂd:mhy:thmndm-
eumpuwmcuhdomchomwpmidempmh:
estimates of the explosion parameters.
Nuosmerous sets of scaling laws exist. Here, we have
qmwmmunuﬁuhnm&am
_by Zinm et sl (1974) and Sappenfield (1979).

The vilies of The cbservable quantilics (fy mar. t1.men
200 PyoupePun) have large uncertainties.|
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As we shall ses, the time of first maximum and the
pmm“mm:wnlmmmm
Solving the puzzle will concern'most of the rest of onr
study.

Clearly, conventional acaling laws capnot provide &
consistent model for the VELA dma.

" Both Y and p are model independent because they are
ﬂnhicmmmﬁdmywwhﬁon.mmw
factors can vary dramatically smong dilferent models.
Let us now consider these other factors and discuss how
they can sffecs the signal.
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Cloud cover, stmoxpheric absorprion, snd seattering
by particulates between the sxplosion and the satellite
untkerﬂtehtepmmimnrmz-iml..«mom:ﬁ:
transmission must be considered when deriving radiance
# the source from the obwerved ivadiance, However,
simple sbsorption by the atmosphere wifl nol produce
m:wmhmnmormhmmum.
to first order. will 'tdepress-mepmot‘lheixmlmlnive
to another. However, clond cover ean intraduce fime
smearing caused by photon scattering. Multiple photon
scatterings can delay first maximum but should also
&pmsmigmlinmmn:wmaﬁm
Ievdsmhighemummmhemdcoudmhnewﬁ
fﬂdmuchi:mrpﬁmmmnwimbqundthtupw-
ted for relatively clear maritime air. We do not believe
thulhedmmppumtheeommiontwﬂmmmy

cml:mobscumgcummar“mg"(pdmpmy NQ,,
HNO,, and O,). As discussed by Zinn et al. (1974),
smog may produce not only a delay in ‘first maximum
ht~dmamemdepusﬁonoflheﬁrstpukcbyabcorp—
tion. The mini and d maxi usually are un-
. aﬂmdbyumghecamemﬁnbnllﬂdhn‘nm
times exceeds the distances st which significant neutron

“Mupsﬂumdmm»icmeﬂmhum
known sinuaﬂ:c:rlimdaysorwm:ﬁctuﬁu:me
mwﬁeﬂdahnnnthuﬂh’:mﬁm(hnﬂa
m)is.twic:_tllemulyidd.’l'hemsonisﬁmplyﬂm
the surface msulmdypetfmreﬂecﬁn;phnc. The
cmireuplosionenez;ytmmlyiutbebemisplme
abovelbemrfmui‘lhcmrfmmlbmmdwe
mmmh;ﬂusphcﬁcﬂupmﬁund'alﬁﬂmﬁm
explosion. ﬂ:eremltisdmdlenanﬁvelhydfodymmic
mmkﬂmhﬂwmuofnﬁwﬁm;zmm
actual yield. Among others, Sappenfield (1979) has
reviewed the empirical evidence supporting this result,

Nuclear weapons with significant neu!ron output can

)
Fg‘
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TRe hydrodymariic GeRavior and the power-gms.

Eum‘&rtﬁummﬂmahﬁnSud‘.m-
tively,
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" During radiative expansion, the Tireball brighiness de-
_pendspﬁmnﬁlymﬂlemrfmmmdﬁepowom-
putimuesmmotmic-ny.&:venlbmbmofﬁr
'meumeddmmkmmﬂnm.m&mwion i
of the air shock at the fireball edge, the brightness do- RN
imdsonﬂtedmckwaduwdlumw,-mrhum \D
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®mission decreasss rapidly. The fireball brightness begins

to drop when ﬁrssm_lg“'-“—-"—"_ﬁm-_____
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“he rest of
this report discusses the effects of mass o th e compleie
optical signal. )

lil. RADFLO CALCULATIONS

’)For Our present purposes, we
hlm:hosm!ndaulcu{lﬁmsintﬁchthenudenn«
pbﬁmi:maddeduapbmofﬁgh-den.’tyairﬂuni-
form density. The “air bomb™ comprises the 10 inner-
,mast cells in the cakculntional prid]

lnmhcﬂcﬂaﬁmnemninﬁaedmoﬂheuplmhn
sited 1x internal energy at ¢ = 0 in the cen-

energy is
tral cell.
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What matters here is the kinetic enégy

content of the debris, which is largely
matgrial composition,

insensitive 1o the

prin-

" cipal resulls arc tebalsicd in Tabies 11 mi‘lgk
mdrectoruuupmmemwnﬁnimummdor
the two maximums are shown in Figs. 79. The choice of
& time_value from & calculation or from data is subje-
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. The
cause of this” minimum or 83 reality iy upknown,
A
Y
%)
(o
i
Y oy ;‘cxym‘}r@-rﬁ rey s ‘ . 11
Sl A D AR o

i

&)




“wdy \A g"‘ ;L}Jm 1&1“ ‘%.
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imums Py /Py . appears to have only slight s
Sitivity to masx_snd ambient density.’

-—

Zian et al. (1974) show a sirong

{1.max dependence on
density. anhkmfmedymrmlﬁm
The ratio P, /Py, is x strong function o mass.
Vﬁ‘ viehi.anddansi:tj ]
v

wh i3 an

" These scaling laws [Eqs. (61{8)] can be used 19 refine
our cstimmes of the expiosion parameters. The very
weak density dependence and the large timing uncertain-

- 7t that we cannot derive a dependable densiry

)
# Bidedh il L LT r _
I ;!Wereg:mmadixunimdhwnhekhleﬁ.
fecis in W’

We can now derive a yield and mass from
laws

IV. A MODEL FOR THE %/22/79 BURST (ALERT
our scaling g4,

e ————

b
J’ b@
uFﬁngsbowslhehudofmvdnminlh:

(Y.M) planc. The Yty 2caling Inw |Eq, (6)] scems 1o

give by
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S TR SRR S R SaplenEon Patameters. we
their effect on the

POvEr ratios Py /P, .. and fThe preqicteu puwsr-tame Gurve is shown
P vae!P e 85 shown in Figs. 10-12. The ratio of max- T TZTH

% 12, This is a time-averaged curve,
& e
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)
“# Fagee i JThe cakulated ampituae o e
@ ient is safiETRETSY— A 'hii?ﬂinm‘m below the dats uncenainties,
At later times, physical mechanisms responsible for

and besi
A"“::‘ ml.k cm::“tbenmm curve m‘: producing the power-time curve vasiations are well ug-
dramatic gacillations produced by the entrainment of in. ~ 9€st00d. The interested reader may consult Zinn (1973),
vicual Calculational cels. When the Shoch flm coes Zinn et al. (1974), Brode (1968}, or Glasstone (1954) for
ters an ambien cell, the air temperature in the oel] rises, ‘“‘““"’“‘“""‘“""““"f'-h‘“"_"”"""'
causing the opacity to risc and therchy decroasing  We bave plotted our best interpretation of the VELA
fireball brightness. Eventually, the newly entrained celt s 9412 10 produce the power outputs in Fip. 12,
bumdmghmtimrlﬁmmdtheﬁnbln
brightness increases until the cycle is repeated with the
entrainment of the next cell outward. Interpretation of

u:eca!cuhmlmlevchdwﬁumﬁmpulwism-
tain. We have chosen 1o show the power levels aversged DI G’)
over each cycle as b (15)
Pa S P ot a3
-—
#’ ) ) V. PERTINENT DATA FROM ATMOSPHERIC
@ NUCLEAR TESTS

We have constructed what we belisve to be a plausible
moded for » Jow-yield nucicar cxplosion that could have
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tuceo the ohscrved Alert 747 sienal.

A Vo this section, we examune the
Tﬁiihlﬂe ‘dats foe t,..... from stmosnheric nnclesr fexix.

)

4

B " R —— )

. . Ta—
" The available t, . "data are plotted as a function of
yiekl in Fig. 13, We note that for many events of the US
atmospheric test program, dats pertinent to the first
maximum are oot available.
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However. the 1€ alter sbout ms

is quite satisfactory
hp}

*Personal communication 10 authors.
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y are of interest. First, the fireball expan.
sion was very asymmelric during the esrly phases;
sccond, independent determination of the yield by
hydrodynamic and radiochermicat techniques were
widely discrepant.

The other part of the fireball may have grawn
*Tadiativily. Clearly, calculntional smdies in two or three
dimensions will be required to provide a convincing ex-
planation.
At lster times, the expansion becomes more ym-
metric and. at minimum,_this firehal! has prominent

“Two ~fEatures in the explasion

%Q

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

pet
o

"R virtually constane. In Fig. 16, we show the § histories
obtained from four RADFLO cakeulations compared

(16)
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¥i. CAVEATS
o
S b))
with the GEORGE data. These dma were derived by . Monetheless, we recognize that we have made
visually estimating a **best-circle™ fit to the fircball shape, =~ c&Tain assumptions that, if proved wrong, may alter our
" conclnsione. —
Lo
801,
' e — et
(&) We have uied demse aif o model the weapon
vapor, : : Bx‘
£
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Bave been unable to secure experimental confirma-
dionof 8 1, .., delay cavsed by mass.

@

w, |

b
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The

possibility remans that otner movcss can mnduce
good fits to the data. Proponents of such models

must demqmlrale plavsibility.
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*Private communication to suthars.
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