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SELF-INDUCED RAINOUT FROM A NUCLEAR WEAPON 

C h a r l e s R. Molenkamp 

L a w r e n c e L i v e r n o r e L a b o r a t o r y , U n i v e r s i t y o f C a l i f o r n i a , 
L i v e m o r e , CA 94550 

X. INTRODUCTION 

The p o s s i b l e employment of n u c l e a r 
. weapons i n a t a c t i c a l n u c l e a r war h a s l e d t o 

c o n s i d e r a t i o n of p o t e n t i a l c o l l a t e r a l da i tage -wi 
f r i e n d l y t r o o p s and c i v i l i a n s . F o r t h e p a s t s i x 
y e a r s we have b e e n i n v o l v e d i n a r a i n o u t r e ­
s e a r c h p r o g r a m t o a s s e s s t h e p o t e n t i a l c o l l a t ­
e r a l damage due t o r a i n o u t . We have c o n c l u d e d 
i n p r e v i o u s r e s e a r c h t h a t a m i l i t a r i l y s i g n i f i ­
c a n t c o l l a t e r a l damage h a z a r d would o c c u r a p ­
p r o x i m a t e l y 10% o f t h e Lime i n W e s t e r n E u r o p e 
due t o s c a v e n g i n g of r a d i o a c t i v e d e b r i s by n a t u ­
r a l p r e c i p i t a t i o n [Knox a n d Molenkamp, 1 9 7 7 ) . 

S e v e r a l y e a r s a g o we c o n j e c t u r e d 
t h a t d e t o n a t i o n of a n u c l e a r weapon c o u l d i n i t i ­
a t e t h e f o r m a t i o n of a e o n v e c t i v e c l o u d t h a t 
would p r e c i p i t a t e *nd r a p i d l y s c a v c . i q e and d e ­
p o s i t a l a r g e amount c f r a d i o a c t i v e d e b r i s . We 
c a l l s u c h an e v e n t B e l f - i n d u c e d r a i n o u t . 

2 . NUMERICAL SIMULATION 

To i n v e s t i g a t e t h e p o s s i b i l i t y and 
c o n s e q u e n c e s o f s e l f - i n d u c e d r a i n o u t , we u s e d a 
c o n v e c t i v e c l o u d s c a v e n g i n g model t h a t we had 
d e v e l o p e d t o s i m u l a t e s c a v e n g i n g and d e p o s i t i o n 
o f s u b m i c r o n r a d i o a c t i v e d e b r i s p a r t i c l e s by 
n a t u r a l l y o c c u r r i n g c o n v e c t i v e c l o u d s . The 
c l o u d d y n a m i c s and m l c r o p h y s i c s of t h i s mode l 
a r e b a s i c a l l y t h e a x i s y m m e t r i c v e r s i o n of t h e 
RAND Cumulus D y n a m i c s Model (Murray and K o e n i g , 
1972) t o which we h a v e a d d e d a s c a v e n g i n g p a r a ­
m e t e r i z a t i o n . To s i m u l a t e s e l f - i n d u c e d r a i n o u t , 
we assumed t h a t t h e b u o y a n c y p e r t u r b a t i o n r e ­
s u l t e d from l o c a l h i t i n g due t o d e t o n a t i o n of a 
n u c l e a r weapon a n d t h a t t h e r a d i o a c t i v e d e b r i s 
was i n i t i a l l y s u s p e n d e d w i t h i n t h e l o c a l l y 
h e a t e d r e g i o n . 

Our s i m u l a t i o n of a 1 k t f r e e a i r -
b u r s t o f a n u c l e a r weapon , u s i n g a s o u n d i n g 
from Germany on a d a y when t h e r e w e r e s c a t t e r e d 
c o n v e c t i v e s h o w e r s , p r e d i c t e d t h a t s e l f - i n d u c e d 
r a i n o u t would o c c u r . P r e c i p i t a t i o n commenced 
a b o u t 1 5 min a f t e r d e t o n a t i o n and continued f o r 
a b o u t 20 min b e f o r e t h e c l o u d d i s s i p a t e d . R a d i a ­
t i o n d o s e r a t e c o n t o u r s one h o u r a f t e r t h e 
d e t o n a t i o n , a s s u m i n g t h e c l o u d moved downwind a t 
5 n r e c - 1 , a c e g i v e n i n F i g . 1 . T h i s mode l 
s i m u l a t i o n s u p p o r t e d o u r c o n j e c t u r e t h a t s e l f -
i n d u c e d r a i n o u t c o u l d o c c u r and would d e p o s i t 
m i l i t a r i l y s i g n i f i c a n t a m o u n t s o f r a d i o a c t i v e 
d e b r i s on t h e g r o u n d s e v e r a l k i l o m e t e r s downwind 
o f t h e b u r s t p o i n t . 

3 . OBSERVATIONS 

B e c a u s e of t h e r e s u l t s of o u r mode l 
s i m u l a t i o n of s e l f - i n d u c e d r a i n o u t , ire t o o k a 
c u r s o r y l c o k a t n u c l e a r t e s t d a t a t o s e e i f we 
c o u l d f i n d any o b s e r v a t i o n a l e v i d e n c e of s e l f -
i n d u c e d r a i n o u t , b u t we found n o n e . T h i s i s n o t 
t o o s u r p r i s i n g s i n c e t e s t s i n Nevada were a l w a y s 
t i m e d t o a v o i d p r e c i p i t a t i o n , which i s e a s y t o 
do i n s u c h an a r i d c l i m a t e . I n t h e P a c i f i c 
t e a t s t h e o b s e r v e r s were n o t s t a t i o n e d i n p o s i ­
t i o n s whe re t h e y would h a v e b e e n l i k e l y t o 
o b s e i v e s e l f - i n d u c e d r a i n o u t , e s p e c i a l l y i f t h e y 
were n o t e x p e c t i n g i t . 

About two y e a r s a f t e r c o m p l e t i n g t h e 
ftodel s i m u l a t i o n of s e l f - i n d u c e d r a i n o u t , we 
a c q u i r e d a r e p o r t s u m m a r i z i n g t h e d o s e s r e c e i v e d 
by t h e B u r v i v o r s o f t h e bombings o f H i r o s h i m a 
and N a g a s a k i , which m e n t i o n s t h e " b l a c k r a i n " 
phenomenon ( A u x i e r , 1 9 7 7 ) . S u b s e q u e n t i n v e s t i ­
g a t i o n h a s shown t h a t r a i n o u t o f f r e s h weapons 
d e b r i s o c c u r r e d a t b o t h H i r o s h i m a a n d N a g a s a k i . 
I t was n o t r a i n i n g a t t h e t i m e o f t h e b u r s t ; i n 
f a c t , one c r i t e r i o n f o r r e l e a s e o f t h e bomb was 
v i s u a l s i g h t i n g of t h e t a r g e t . R a i n commenced 
2 0 - 6 0 rain a f t e r t h e b u r s t , wh ich i s j u s t a b o u t 
t h e t i m e c o n v e c t i v e c l o u d m o d e l s p r e d i c t fo r a 
c l o u d t o d e v e l o p t o t h e p r e c i p i t a t i o n s t a g e . 
R a i n f e l l o n l y a t l o c a t i o n s downwind of t h e 
b u r s t p o i n t , a n d r a i n amoun t s were l a r g e ( i n 
f a c t , t h e r e was l o c a l f l o o d i n g r e p o r t e d i n 
H i r o s h i m a ) . R a i n c o n t i n u e d t h r o u g h m o s t o f t h e 
d a y , and l a r g e amounts of s o i l and s o o t were 
d e p o s i t e d w i t h t h e r a i n , h e n c e t h e name " b l a c k 
r a i n . " I n t e n s e f i r e s r a g e d i n b o t h c i t i e s a l l 
day and I n t o t h e n i g h t ; t h e s e f i r e s p o s s i b l y 
f o r c e d d e v e l o p m e n t c f c o n v e c t i v e p r e c i p i t a t i o n 
t h r o u g h o u t t h e d a y . 

Dose p a t t e r n s of d e p o s i t e d r a d i o ­
a c t i v i t y a s m e a s u r e d by t h e U. S , team a b o u t 60 
d a y s a f t e r d e t o n a t i o n a r e shown i n F i g s . 2 and 3 
(Arakawa, 1 9 5 9 ) . The c o n t o u r s a t t h e c e n t e r of 
t h e b u r s t a r e due t o n e u t r o n - i n d u c e d r a d i o a c t i ­
v i t y and gamma r a y s . The r a i n o u t - d e p o s i t e d 
d e b r i s came down s e v e r a l k i l o m e t e r s downwind 
fwest of c e n t e r of b u r s t a t H i r o s h i m a and e a s t 

of c e n t e r of b u r s t a t N a g a s a k i ) a n d c o n t a i n e d 
i s o t o p e s c h a r a c t e r i s t i c o f f r e s h bomb d e b r i s . 
I f t h e t ~ l - 2 d e c a y low f o r r e s i d u a l r a d i a t i o n 
i s u s e d , t h e i n f i n i t e d o s e i s 1 .4 r a d a t H i r o ­
sh ima and 30 r a d a t N a g a s a k i . The a p p l i c a b i l i t y 
o f t h e t - 1 * 2 l a w t o e x t r o p o l a t e d o s e s b a c k ­
w a r d s i n t i m e i s d o u b t f u l i n t h i s c a s e b e c a u s e 
of t h e l a r g e amount o f p r e c i p i t a t i o n i n t h e 
i n t e r v e n i n g 60 d a y s , i n c l u d i n g t h a t f rom a 
t y p h o o n t h a t p a s s e d t h r o u g h S o u t h e r n J a p a n i n 
• i d - S e p t e m b e r . 



Other data from the survey of survi­
vors and their symptoms of radiation sickness 
suggest that people exposed to rain msy have 
received larger doses than those who were not in 
the rain-

4. CCHCUJSIONS 

The conclusions we have reached are 
tha t rainout of fresh radioact ive debris oc­
curred a t Hiroshima and Nagasaki, tha t t h i s pre­
c i p i t a t i o n was i n i t i a t e d e i the r by the weapon 
i t s e l f or by the ensuing f i r e s or by both, and 
tha t self- induced rainout can occur and deposit 
su f f i c i en t amounts of r ad ioac t iv i t y on the 
ground to pose a s ign i f i can t c o l l a t e r a l damage 
hazard. 
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igure 1, Radiation dose rate on the ground one 
•*ur aftfcr detonation, assuming a 5 m/s wind. 
tour levels are in rads per hour. A doun 
' °f 150 rad/hr is usually considered the 

v hold of militarily significant collateral 

Figure 2. Isodose contours evaluated in 
milliroer.tgens per hour for October 3-7, 
1945, at Hiroshima. 

F_iguru 3. Iyod.-s.> ,-r.ntours evaluate'! ir. 
mil liroentgens |>-.-r hour far October •,-'!, 
1(J4S, at Naqasa'*.. 


