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TO: D i s t r  lbut ion 

FROM: B. Brawn, R, Herbst, 8, Wuckolls. 

SUBJECT: Nuclear Explosions In  a StsruP-Filled Hole 
and Their Effects i n  Walls. 

zhls note summarizes ~OQIC work by J .  lVuckoll8 and R. Herbst 
and some speculation8 by E. Brown. 
when it is fur ther  along vi11 be separataly reported on; i t 8  results are 
merely 8umrfZed here. 

The work is very p r v l i l p ~ n v y  ud 

A hydrodynamic calculation was done by Herb6t and then with 
f i n e r  toning by Nuckolls, representlag the  explosion of a 

pressure 1s then .34 kb (5100 psi$[ The equation of state fo r  steam V I 6  
Interpolated vhere necessary between Keerun and Keyea' steam tables 8nd 
the Fermi-Thomas &el. The energy was i n i t i a l l y  assumed uniformly dis-  
t r ibu ted  i n  an isothenarl  sphere of about 50-70 CY t c m p n t u r e ,  which cores- 
6ponde t o  a 8 t o  10 meter radius. 
Lng out a mechanism which will broaden the  shoceffront and reduce the shock 
overpnseures. Visible l i g h t  ? m a  an attenuation distance OF the  order of 
10 meters i n  water, which would correspond t o  300 f e e t  in t h i s  stcu; the 
effect would be t o  reduce the energy in  the  w i n  shock by seadiag e o #  
energy out ahead. Except for the  radiat ion flow ef fec ts ,  the rssunptlon 
of a n  isothermal aource of 8 t o  10 mater radius ra ther  than a point w i l l  
not change the pressure pro f i l e  a t  the w a l l  since t he  wall radius of 300 
meters ( a  984 feet) is much larger than that of the  fsothermal sphere. 

o t  rsdius hole with r ig id  walls, containing ate 
and v i t h  3.0 ener already in the hole. The s t a t i c  

By ignoring radiat ion flow we are leav- 

The shock front is a b o u t  35 meters width t o  half-height vhen I t  
reaches the wall (Pig. l), and about .27 kb above ambient pressure. 
the Taylor solution (which is not too applicable because the  o v c r p n s s u ~ e  
l e  not large compared v i t h  the ambient pressure), one would have 
p I 0.133 qat f/R3, w i t h  f P 1.250 f o r  8' = 5/3, which g i n s  
.133 x 2 x 1022 x 1.250/2'7 x lo1* I 1.25 x lo8 ergs/cm3 9 -125 kb. 

Using 
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On reflection, a t  a time of 205 msec, there le thus a 8 b . q  

= P , + P  2 -'t, wlth cy zl7/sec (59 
rise in preeaura on the wall t o  0.95 kb (FLg. 2), folloWad by a roughly 
exponential decay of the form 
msec decay t i m e ) ;  As the reflected s h o d  moves tovrrd the center, the 

from the center 18 much brocrdar and weaker 
nounced pressure ries on t he  VU (F ig .  4) at 730 mlLllsaconde. 

w a l l  pressure actually falls below ambient . The shock reflected 
but produces a pro- 

If the medium surrounding the va l l  i8 rssumed t0 be an infinite 
e 1 . t ~ ~  one, and a pressure prof l le  is applied t o  It, one cau calculate 
the motions and stresses in the Pledium. 
depends on whether i t a  e l ~ s t i c  l l m i t s  are exceeded. If not, the d i a l  
dirplacement in  spherically symmctrfcrl case is given by U, with 

Whether the Ip+dium so bebrtnr 

b (=+! U) - 5 &$ - 0 the wave equation, the sound velocity c gl-n d r  a r  r 
by 4 ( h + 2p ) / p  and the boundary condition baing -PR(t) = [ ( A  &) 

where R is the radius of the hole. 
when A = 2~ (which is the  s i tua t ion  for t he  Poise& rr?icr Cr = 1/3). 

+ A- d P R ,  
For the  case P = P e 4t, Herbst find8 

2 ( c t  - ;I + R) 
C 

l a (  U(r,ct)  = - (7 - 2 h  r 

a t  r I R (the suricrce of the hole) 004 has 
2 

At ir >2 R and c/o( one has, wlth y I c t  -(roll), for y 3 0  (U = 0 for y 2 0 )  

Since the ~ound velocity in rock is -J2* - 6 .  x Id cm/acc, sad 
d E l7/sec for the furst pulae, w e  has 4R - ,*$, t .82--1. For 

t h i s  case U ( R , c t )  c 

occurs a t  OL t - 1.15, and Is ,275 'OR 

C 
M t  

e T Bin sat. me maximum vdue of t h f s  function m 2 
Since P, = 6 x lo8, A =  4 x lou 



(for granite) and R I 3 x lo4, t he  maximum outward motion of the v8l l  
is  U,, = 12 cm. 

the  motion produced by the  pulse gittss 4TR2 

Integrating the  energy l o s t  out through the val l  from 
.+ rf 

* P( t)p - 4?f$ 1 U U t  

( Integrating by parte and noting tha t  U = 0 a t  t' - 0 urd t I; @ ) 

O 6  lo8 x 6 - .03j 3$ Is  l o s t  out t h r o w  the w a l l s .  . 
.- 

e n t i a  tension a t  r I R is given by T e ( R , q  .I 
FYR The result8 are 8hOm In Fig. 6 ,  for eR/c = 1 Snb c 

The t angen t id  stress starts out negative (inc~icatescompresaim stress) 

. The t8,t) - $ P&) + 2A - L. 
when the shock hits, and is 112 the peak preseure. 
8 smaller negative value, then osc i l l a t e s  with 
time constant detcnnined by the longer t lrsa of 

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

2 
. It ch8nger sign 8nd reaches 

q i t u d e  dampea with a 
rad -. For a slovly falllag 

C 

PO - + Po 

pulse such as the first shock, with - -.8, w e  w i l l  have a perk dynamic 
tangential tension of only about .35'P0, lasting mer a time of the order of 
1 3 - 60 msec for. this cme. 

has PO - .3 kb, so the tensions are about .2 and .15 kb reepectively. These 
a m  t o  be z e d  t o  the a t a t i c  teneion 

and the  sum of each w i  h the s t a t i c  tension compared with the c mpreseion from 
the overburden (about 4 the overburden preasure which is 2 x I$ x 1.7 stm 

2 2 
= .38 kb for a rock denslty of 2 gm/cm3 a t  a 5000 ft depth). This looks close 
t o  b c b g  safe so far a8 tangential. s t resses  arebconcerned. 
always msintalned lnside the hole,' there w i l l  in general be a cor~pre8sipc 
stress normal t o  the surPace of the hole, but I t  may be that radial tensions 

approaching the s t a t i c  case, &ere T, - r.. For a DvK)ver 

d R  
v 

The first ehock has Po - .6 kb and the second - 
pa - .18 kb f m m  the  ambient pressum, -T 

Since prassura is 

welop fur ther  out. 
$0 , G  
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Evaluating the motion at a distance from the hole, one obtains 

f o r  the case of E- ,-- 1 of /- . 3  -* h r  
o(R PoR2 

a peak .wtion U,, 
shock, at the surface (1 mile) one would then have U,, ,- 2 cm. The 
acceleration is quite large, since the period I s  so short, beipg at its 
peak 8 0 ' s  (almost9 g'e) since the time is of the order of - 20 sec. 

would be very severe accelerations, but their short period mpy make the 
effect small, both because of the lack of response of structures in these 
tfmes a n d m u s e  short periods are probably more strongly attenuated in 
tranemisslon (this would not appear in our calculations because the medium 
wan assumed to be non-dissipative). The second shock has a decay period of 
the order of see, sad the smplltude is down by a factor of 2, SO that the 
acceleration ghould be down by a factor of 50, to give .06 g's. There is a' 
long period oscillation representing the gradual change of pressure between 
reflections, as can be seen f r o m  the P (t) history. 
oscillstion 18 about 1 mxond, which correspond8 to the most damaging seismic 
Warns, but Its pressure amplitude is only about .02 kb, so that the amplitude 
of motion at the surface (1 mile) would be only 0.07 cm. 
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