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ABSTRACT

Crater dimensions which msy be anticipated for the under-
ground explosion of a 1.2-KT nuclear device as part of the TEAPOT
nuclear test series are discussed. Estimates are made on the ‘bui‘s
of avallable crater measurements at the Nevada Test Site and ap-
propriate scaling procedures. A value npproxiniely half way
betweon estimated upper and lower limits of 210 and 167 feet for the
crater radius, or about 19C fest, 1s given. Other characteristic
dinmensions are eatimated such as the diameter at the top of the lip,
the height of the 1lip above the original surface, and the depths
measured from the top of the ;'-1p or from thl\s original surface,
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TNTRODUCTICN

As a part of the "TEAFOT® nuclear te$t series, an undergrcund ex-
plosién of al.2 kT nuclear device at a scaled depth of 0.5 ft b¥
(actual depth - 67 ft.) is planned. Consequently, it is of interest to
estimate the crater dimensions which may be anticipated on the basis of
avsilable cCrater measurements at the Nevada Teat Site and appropriate

scaling procedures.

COMPARISON OF TRT AND KUCLEAR TEST
CRATERS OBSERVED AT THE NEVADA TEST SITE

Table I sumarizes the data on the apparent crater radii for both
high explosive and nuclear craters ¢ served at the Nevada Teast Site.(l)(z)(3)
The corresponding scaled radii and scaled charge depths are also given.

_The_sverage scaled radius ("= Rl/\ljj) for each scaled charge depth
(?; = charge depth/ﬁ*) is plotted as a circle in Figure 1. Where several
values of # were available for a given value of A4y the range of variation
is indicated by vertical bars. Alsc shown for comparison are Lunpaon'l(4)
curve for TNT craters in sand and the Isthmian Canal Studiea(S) curve for
INT exploded in sandstone,

It will be noticed that the two latter curves have their maximunm values

of A for a value of 7, near unity and that the Nevada TKT data are

consistant vith a maximum at ); -],
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TABLE I
SWMMARY CF DATA CN_APPARENT CRATER RADII AT THE
ORIGINAL GROUND SURFACE FCR THE AFC nmz‘m TEST SITE
_\
Identification Weight cf "5— g:;::: ggﬁ: giﬁ:ﬂ
of Charge i W Depth A
Round Wibs.) | (1be.) | (reet) )‘cfrt/lba.f ) | (re/ame)
Jangle HE~4 (TNT) 2560 13.68 6.1 =0.15 | 0.45
Mole 207 (") 256 6435 3.5 -0.13 \| 0.55
m_ 2206 (") 256 6.35 | 6.4 0.00 1.01
no208 (") 256 6.35 8.8 0,13 1397 40,
nop3 (") 256 6.35 | 8.3 0.13 1.31)1.35
Jangle -1 (%) &G | L) LS OB LB
" HE=2 ( " ) L0000 34,2 39.0 0.15 1.14 ) 1.25
Mole 204 (") 256 6.35 9.2 U.26 1.45
moops (%) 256 6.35 9.18 0.26 1.45
" 203 (") 256 6.35 8.4 0.50 1.32)
o6 (") 256 6.3 10.0 0.50 1.58( av.
P (") 256 6.35 10.58 0.50 1,671 1.52
Jangle HE-3 ( " ) 2560 13.68 20.5 0.50 1.50)
Mole 402 (") 256 6.35 11.08 0.75 1.75
"2 (7)) 256 6.35 | 11.5 1.0 1.81)
" 212 (") TN 6.35 | 10.7 1.00 1,690
n 04 (") 256 6,35 | 11.78 1.00 1.86) 77
Jangle "S" (Nuclear) | 2.4 x 10° [ 134 45 ~0.0261 0.336
S ") | 2.4 x20° |13 129 0.127 0.963
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An atteapt was made to fit a parabole of the form
2
(A=A )=e 4p (i) (1)

to the Nevada TNT data, but it was found that no set of values for the
paregg&g;g},ﬂ%o, A and p gave a good fit to the data over the whole
range of ,ﬂa. However, a good fit to the Nevada TNT data was obtained with

an ellipse of the form

(2 = 22+ (Fe AP

a : bz

= 1 (2)

with the following values of the parameters Ay Foy & and b

A [} 1

co
/; e 0,2597
a = 1.1
b = 1.,5303

This ellipse is the s0lld curve drawn through thé Nevada TNT data in Figure i.
The constants were choscn so that the curvo passes through the three points
(=U.15y Ci45) (0015, 1.3) and (1, 1.79). and has a maxizum at 7 = 1.

The Jungle "S" and "U" data are indicatud a8 squarcs, in Figure 1, for
comparison with the Nevada TNT data. It 4s scen 4hlt the "scaled radius” of
the apparent crater at tho original surface, for thgle "S", 48 (,36 of that
for the Kovada TNT curve, at the same scaled charge depth. PFor the Jangle "U"
crater this ratic 8s 0.76. The increasec of the érntarlng efficiency of the

nuclear explosiona relative to TNT, as the "scaled charge depth" is increased,
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makes the prediction of the TEAPFOT "ESS" crater dimensions dependent on some
kind of extrapolation, of a curve connecting the Jangle "S"™ and *U" points,
to a value of A = 0.5 th/iﬁ*.. The good fit of an ellipse to the Nevada
Proving Grbund‘TNT &ata suggests that an cllipse might also be used to
extrapolate ‘ne nuclear A vs. ;% curve. However, the fact that only two
measured points on the nuclear crater curve are avallable, means that there
are not sufficlent points to determine a unique e#lipse through the Jangle "S"
and "U" pointsy L.esy there are not emough naaaurémenta to determine the four
parameters in Equation (2) above. The similarity between the Isthmian Canal
Studies TNT curve for Gatun Sandstone, the Nevada TNT and Lampson's curve

for Sand suggests that the nuclear curve for Nevada soll conditions msy also
have its maximm near A~ = 1. Even if it is assumed that ;6‘\ =1
additional assumption is necessary to determine a unique ellipse of the form
of Equation (2) through the Jangle "S" and "U" points.

The fact that the initial temperatuiés and pressures in nuclear ex-
plosions are much higher than for %wemlcal explosions suggests that the nuclear
explosion would never reach as high a cratering efficlency as TRT, even at
the optimum charge depth, For example, in air, the fraction of the energy
released in a nuclear explosion which appcars as mechanicel blast energy is
never as large as for TNT explosions because a much larger fraction of the
energy 1s radiated away as heat and light and also the alr is left at a
higher temperature behind the shcck front because of the higher temperatures
and pressures in the shock front,

Consequently, it appears likely that the maximum value of ,* for the
Neved W INT curve, L.0., 7~ = 1.79 ft/lbﬁ-, should represent an upper limit to

the Nevada nuclesr scaled crater radius fer A, near unity.
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If an ellipse of the form of Equation (2) is made to pass through the
Jangle "S* and "U" points and have a maximm at A = 1,79 !‘t/lb'f and /: =1,
then the constants in Equation (2) for the Nevada nuclear scaled radius curve

ares

%0 =1

a = 1.0521
e b = 1.8717

The ourve, drawn through the Jangle "S" and "U" points and labeled No. 1
in Figure 1, 1s a graph of the above ellipse and ylelds a value of A= 1.565 ft/lbf
for }a = 0.5, This is equivalent to an apparent orater radius, at the original
ground level, of about 210 feet as an upper limit for a 1.2 XT nuclear ex-
plosion, bturst at a depth of 67 fest.

Since the nuclear scaled radiud is (.76 of the moaled TNT radius at a
scaled charge depth of 0.127 ft/1 3 v, any guess for this ratio, at A~ =1,
in the range from ~ 0.8 to 1.00 would appear to be reasonable. Two additional
ellipses through the Jangle "S" and "U" pointa are shown in Figure 1, as
numbers II and III, in order to examine the sensitivity of the TBAPOT MESSW
prediction to different but, perhaps, equally justifiable extrapolations of

the Jangle crater data. The constanta for these ellipses are:

Ellipse II Ellipse III
A=l : o =1
2 =0 {""o = 0.2597
[ '. 1.010‘5 \ a = ).028
b = 1,7% ‘b om1,332
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The corresponding maximum values of at A =1 are 1.75 and 1.59 £t/1b°,
and the ratios of these scaled radii to that from the Nevada TAT curve at

»’aa =7, are 0.98 and 0,89 respectively. The use of curves II and III to

estimate the apparent radius for the TRAPOT "ESS" crater gives 206 and 191 feet,
respectively, and together with the estimate of 210 fest from Ellipse I glve an

"* indication of the range of uncertainty which results from the unaveidable

ambiguities 1n'oxtrupolnting the meager nuclear crater data.

It should be emphasised that many other factors also contribute to the
uncertainty in such a prediction. Among these are the experimental uncertainties
in both the nuclear and TKT curves due to the variqtiona in crater dimensions,
commonly encountered in repeated experiments under ¥uppoaedly fdentical con-
ditlonsy the assumption that the nuclear and TNT chvea have their maxima at
)% ®= 1§ and the use of an ellipse to extrapolate the nuclear curve, simply
because an ellipse ia a good rit to the avallable Nevada TNT data. The lack
of reproducibtllty of ocrater data ia oomncnly as much as 20 or 30 percent. The
contribution which the possihle lack of validity of the various &bsumptiona
makes to tha uncertainty in the predicted radius is difficult to assess, but
1t ocould be as large as that due to the experimental uncertainties.

‘*'DEIILb}"E;a brodicted an apparent radius for the TRAJOT "ESS" orater of
188 feet, Seachs and Svirt(z) arrive at a slightly smaller value of 173 feet,
The detalled procedures used by these workers to make thelr eatimates are not
availabley but Ref. 3 indicatss that Doll used all the avallable cratering
data and asmmptions concerning the "mechanical efficlency" to be asaigned to
the TEAPOT "ESS® device, The lowsr value predicted by Sacha and Swift is
based on the observation that in some series of TNT tests, in uﬁich thie charge
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weight vas varied over a large range but the "scaled charge depth" was held

'oonltant., the "agaled crater radii® decreuedﬁ with increasing cliarge weight.

—

This effect vas stiributed to a change in soil characteristics with increased
depth of charge.

While some series of TNT craters, such as the UET rounds 312, 315 and
318(3 ) show this effect, other series such as the Mole rounds 2C3, l.bl and
406 and Jangle HE=-3 with a scaled depth of C.5 ft./lb*‘ do not (See Table I.)
For the latter series the average scaled radius for the three Mole rounds
(256 1bs. THT) was 152 £t/107
(2560 1bs, TNT) was 1.5C in good agreement with the smaller Mole craters.

s vhile the same quantity for Jangle HE-3

Oonuiderlng the amall number of rounds in any one such series among the
Nevadn“l'—i'r—_;‘:t;a and the rather large scatter normally encountered in cx:uter-
ing experiments, the effect can hardly be accepted‘ as established. ‘In fact,
such considerations as these resulted in the decision to plot the average
values of A for each "scaled charge depth" to obtain the Nevada TNT curve
shovn in F;gure 1.

Further, if the "socaled radius" taken from the ellipse fitted to the
Nevada TNT data at .2 =C.5 s reduced by 0.76 (i.e., /(Jangle "U")/
A{TINT) = 0,76 for A 0.127) and scaled by the “oube root" law, a value of
167 feet would be prodicted for the TRAPOY "ESS® radius. In other words,
the assumption that the cratering efficiency of nuclear explosions relative 4

to THT does not incrcase for "scaled chargs depths" greater than 0,127 ft/1b
glves . radius only slightly smaller than that predicted by Sachas and Swift

" and would appear to be a lover limit.
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A value Lalf way between the upper and lower limits or 188 feet is
the same as that given by Doll and agrees well with the value of 191 feet
predictod by Ellipse III through the Jangle nuclear points. Sec Figure l;
From a prediction for the diaméter of the TEAPOY “ESS" apparent crater
at the original ground surface D', it is possible to arrive at estimates
for other characteristic dimenslcns such as the diameter at the top of the

© 1ipy Dy the héight of the lip above the original surface, h, and the depths

measured from the top of the 1lip, d, or from the original surface, d!,

A value of D can be estimated from D' by noting that for both the
Jangle "S" and "U" craters the ratlio DA' was very nearly 1.165, and by
assuming that it will be similar for TBAPOT "ESS*, ﬂnving Dy the modified
Baldwin empirical relntiona(7)(8) may be used to pro@ict h and d and then
d' = d - he The modified Baldwin rolations connoctigg h and D, and D
and d are:

logh = = 2,125 + 1,542 log D = 0,097(1og D)2 (3)
and . . | \\
log D = C.843 + 0.6917 log d + 0,1083(1cg 4) (4)

respectively.

‘Tﬁi’ii;ﬁizihg estimates for all the crater dimensions are summarized in
Table IIX,
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4

SUMHAR! cF VARICUS PREDICTICNS OF THE TEAPCT *ESS® APPARENT CRATER éF.A

g MPNSIONS, (1,2 KT FXPLODED AT A DEPTH CF &7 FEET AT THE ARG NEVADA PROVING m,)

; ‘Method of Diameter at Diemeter at Height Depth from Dept.h fron
» Extrapolation f|Original Sur- Top of Lip of Lip 'ro{: of Lip | Original Sur-
I face-D'(feet) rfeet) h( feet,) feet) face d'(feet) |-
mipue 1 420 4% 21 106 s
(Figuro 1)
}Imipu 11
(Figure 1) 412 480 2., 104. 84
1IE11pse 111
¢ (Pigure 1) 382 445 19 % 79
"n.mg Soaled
Rr;rdig.uﬁ?: 334 3% 16 87 7
. 0476 for A0,

i
The dimensions obtained for the TEAPOT "ESS" apparent crater by extrapolate
ing the Jangle data with Elldpse III in Figure 1 (Number III tn Table II) are
ﬂ probably as good an estimate as can be made with available data, 1.0,y about
? half way in between falrly reasonable upper and lower limits,
£ When the reaults of the TRAFOT "ESS" test are known, it will be possible
to choose a unique ellipse through the nuclear points, in Figure 1, if the
v assumption of a maximum A at = 1l is retained, f.e.y if ./50 is taken
% squal to unity in Equation (2), While there is no theorotical reason for
ohoosing an ellipse to fit the dats, it appearas to be a good fit in the region
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0,15 ¢ /< 1 for the Nevada TNT data and provides a convenlent means for

interpolating between the experimental points on a graprh such as Figure 1.
Even a modest extrapolation of such a curve through the reglon between
A - 05 W e 1 would probeably not result in large errors of prediction
but examiration of the Lampscn curve for sand (Figure 1) should indicate
caution in extraspolating beyond the maximum. Extrapolation to higher "scaled
heights of burst®™ above the ground would be even wmore risky.

Also, the fact that four experimental points would mf!‘ice to uniquely

determine an ellipse should not be used to argue against more nuclear orater-

ing experiments, The rather large scatter in crater data indicates that

additional data might well make considerable improvement in the best average

ourve,
In conclusion the authors wish to acknowledge the helpful discussiona

wvith H, L. Brode conserning the relative cratering efficiencies of nuclear and

chemical expleoaives. |
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