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DOCUMENT NUMBERCFD-57-41

* MEMORANDUM
T0: Distribution
FROM: H. Brown, R. Herbst, J. Nuckolls.

SUBJECT: Nuclear Explosions in a Stesam-Filled Hole
and Their Effects in Walls.

This note summarizes sowe work by J. Nuckolls and R, Herbst
and some speculations by H, Brown. The work is very preliwinary and
vhen 1t is further along vill be separately reported on; its results are
merely sumnarized here.

A hydrodynamic calculation was done by Herbst and then with
finer zoning by Nuckolls, representing the explosion of E-gt:’uﬁsggsh fn -
a_?ﬂ&_:gpt radius hole with rigid walls, containing steam a s. per
Tt5 density, and with 3.0 MT energy already in the hole. The static
pressure is then .34 kb (5100 psi). The equation of state for steam was
interpolated where necessary between Keensn and Keyes' steam tables and
the Ferwmi~-Thowas model. The energy was initially assumed uniforuly dis-
tributed ip an isothermal sphere of about 50-T0 ev tempersture, which cores-~
sponds to a 8 to 10 mweter radius. By ignoring radiation flov we are leav-
ing out & mechanism which will broaden the shock? front and reduce the shock
overpressures. Visible light has an attenustion distance of the order of
10 meters in water, which would correspond to 300 feet in this steam; the
effect would be to reduce the energy in the wain shock by sending sowe
energy out ahead. Except for the radiation flow effects, the assumption
of an isothermal source of 8 to 10 weter radius rather than & point will
not change the pressure profile at the wall since the wall radius of 300
meters (= 984 feet) is much larger than that of the isotherwal sphere.

The shock front is about 35 meters width to half-height when it

reaches the wall (Fig. 1), and about .27 kb above ambient pressure. Using
the Taylor solution (which is not too applicable because the overpressure )
18 not large coupared with the amdbient pressure), one would have 4“
!

p = 0.133 Eyoy £/R3, with f = 1.250 for ¥ = 5/3, which gives La
133 x 2 x 1022 x 1.250/27 x 1012 = 1.25 x 108 ergs/cu3 = .125 kb. L
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On reflection, at a time of 205 wmsec, there 1is thus a sharp
rise in pressure on the wall to 0.95 kb (Fig. 2), followed by a roughly
exponential decay of the form p . p 4+ p o=<t, with x =~17/sec (59
msec decay time): As the reflected shocg' moves towvard the center, the
wall pressure actually fells belov ambient (Fig. 3;. The shock reflected
from the center is wuch brosder and weaker (Fig. 5) but produces s pro-
nounced pressure rise on the wvall (Fig. 4) at T30 milliseconds.

If the wedium surrounding the wall is assumed to be an infinite
elastic one, and a pressure profile is applied to it, one can calculate
the motions and stresses in the medium. Whether the wedium so behaves
depends on vhether its elastic limits are exceeded. If not, the radial
displacement in @ spherically symmetrical case is given by U, with

2
2U . 2 1l U
ST -;—;4-; u) - =2 %_5'2 = 0 the wvave equation, the sound velocity ¢ given _
by y (A + 24 )/.7 and the boundary condition being = R(t) -[(). +2u) =L QH]

ar T reR,

vhere R is the radius of the hole. For the case P_ = P €~=t Herbst finds
vhen A = 2. (which is the situation for the Potssbn rafic o = 1/3).

[' %(ct-}+R)

PR3
U(r,ct) = 207\ -

(-

1 ot (ct-r+R)(a 1 2Ra 1yl 1
e B (crrm) oo B b v B errn [FoBe -4
at r = R (the surface of the hole) one has

2

ct
U(R,ct) = fa’:j\_*f [,3"‘“(1 - 2By e‘}m’{(cos L3°t) (<R - 1)+{stn g“g’(f‘éﬁu)}]

4t ¥ >> R and ¢/ one has, with y = ct -(r-R), for yZo (U = o for y<o)

- Xy -y/2R
U(r,y) = ;%R—i— [+°.‘.§ c +€y {(%13_) cos g.l-%.g (%B. +1) sin gl}}, the

c
pulse aoplitude falling off approximately as 1. These forus for U give a damped
r

oscillati £ ' N\ —te ts
8sc ng motion U|t :r_R\f t3
c

Since the sound velocity im rock is ,\,\/2/)\ - 6.3 x 105 cm/sec, and

® = 17/sec for the furst pulse, one has 35 = LXJIXIL o 82+~ 1. For
PR - ot

this case U(R,ct) = X%e 2 sin gqt. The waxiwum value of this function

occurs at &« t —~ 1.15, and 1is .275 %‘E.R; Since P, = 6 x 108, A= b x 1011

=T
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b rd wotion of the wvall
(for grenite) and R = 3 x 10", the maximum outward wo »
18 Uy = 12 cm. Integrating the energy lost out through the wall from
e

o
ap
the motion produced by the pulse gives 4 TR2 [ P(t)g.%dt = - Lwr? 1 U &t
(integrating by parts and noting that U = O at ¢+ = O and t_-'oo)

el
RP - P
- - 47R2 TJ‘% () pgen <t e *t/2 g 9 Xt = %1m3po (ﬁ). The
initial energy in the fireball is given by about % the aumbient pressure,

’ Po ,P
multiplied by ?11 §1°Gt a(¥-1) _!_,2, (x2) ;r‘cz::timr -
- in fireball ball

5:0:'6 ::6’{]‘08 x 6 = .03; 3% is lost out through the walls.
3% l;xlaI .

The tfentul tension at r = R is given by T,(R,¥) = .
- % Pr(t) + 2A & Rnt . The results are shown in Fig. 6, for aR/c = 1 and ‘-"c-

= .é.. The tangential stress starts out negative (1ndicatescompressive stress)

when the shock hits, and is 1/2 the pesk pressure. It changes sign and reaches
a smaller negative value, then oscillates with rn‘ am&itude damped with a
&

time constant determined by the longer time of - For a slovly falling

pressure such as the shock reflected from the center of the hole (Fig. 4) where

o is quite small (~ 2/sec) @~ct/2R pecomes small before = ~° and :'

C .
Tg(R,t) = - Po [e“"t (;ﬂ-%) - & 2 (cos 2‘% ct(%g -1) + sin ct(%{l+ %—13}))

. P
~ + Py e“xt, approaching the static case, vhere T, = 59-.. For s narrover
2
pulse such as the first shock, withE ~.8, we will have a peak dynamic
tangential tension of only about .35cP°, lasting over a time of the order of
% ~ 60 msec for this case. The first shock has P, —~ .6 kb and the second

has Py ~~.3 kb, 80 the tensions are about .2 and .15 kb respectively. Thess
are to be added to the static tension = .g! ~,18 kb from the ambient pressure,

s

and the sum of each with the static tension compared with_the,coumpression from
the overburden (about % the overburden pressure which is % b4 x 1.7 atm

= .38 kb for a rock density of 2 gm/cm3 at a 5000 ft depth). This looks close
to being safe so far as tangential stresses are.concerned. Siuce pressure is
alwvays vaintained inside the hole, there will in general be s compressive
stress normal to the surface of the hole, but {t may be that radial tensions
Vgewrelop further out.

N e ' 2
Dt BiNe TeEM (o L0 S
J e e e
STATVC TEMSten g A%
) mAL LOHP(‘LE(‘S(\;-J( "38 ‘.Bg-'-—-—t—-sou—«——w/- 4 m——— I £ §

NET ¢OM PRECS 1ok o oS Yk



COPD-57-41
Page k4.

118
i

Evaluating the motion at a distance from the hole, one obtains

’ r
a peak mation Umax( ) for the case of'%g ~~1 of .~ .3 z?r .. For the first
shock, at the surface (1 mile) one would then have Uy,, ~ 2 cm. The
acceleration is quite large, since the periocd 1s so short, beifg at its
2 peak 8o CR (almostz} g's) since the time is of the order of =. sec. These
. ,?0,.:@ sac? 20
would be very severe accelerations, but their short period way make the
<]  effect small, both because of the lack of response of structures in these
' times and beécamuse short periods are probably more strongly attenuated in
transmission (this would not appear in our calculations because the medium

was assumed to be non-dissipative). The second shock has a decay period of

the order of X sec, and the amplitude is down by a factor of 2, so that the
acceleration Eﬁould be down by a factor of 50, to give .06 g's. There is &’
long period oscillation representing the gradual change of pressure between
reflections, as can be seen from the P (t) history. The period of this
oascillation is about 1 second, which corresponds to the most dawaging seismic
vaves, but its pressure amplitude is only about .02 kb, so that the amplitude
of wmotion at the surface (1 mile) would be only 0.07 cm. .
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