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December 23, 1975 

D r .  F. C. G i lbe r t  
Deputy Director  of 

Mil i tary Application 
U. S. Energy R&D Administration 
Washington, D. C. 20545 

Dear Chuck: 
a 

1 
LLL Comments on "The U l t i m a t e  Catastrophe" 

I w i l l  not comment d i r e c t l y  on the seve ra l  pe jo ra t ive  comments made 
about nuclear energy production and weapons research. Nor w i l l  1-attempt 
to c l e a r  up Professor Dudley's confusion over var iab le  ha l f - l i ves ,  t h e  . - * -  
a v a i l a b i l i t y  of "aether  energy," the  e a r t h ' s  g rav i t a t iona l  f i e l d ,  o r  the 
reproducib i l i ty  of large-scale physical  phenomena. 
specific comments: 

Following a re  the 

. - *  .< - The p o s s i b i l i t y  of atmospheric o r  oceanic burn.has been carefu l ly  
considered severa l  t i m e s  i n  the p a ~ t , ~ - ~  always with the  same 
conclusion: There is no realist ic p o s s i b i l i t y  of any y i e l d  enhance- 
ment. Higher yield-to-weight weapons i n  no way change these 
conclusions. 

* The e f f e c t s  of anomalously la rge  cross-sect ions f o r  ni t rogen burning 
have never been observed i n  stars, which have the required cons t i tuents ,  
high temperatures, and b i l l i o n s  of years  of reac t ion  t i m e .  

The reac t ion ,  1 4 N  .C 1 4 N  + a + 24 
dangerous by Konopinski, e t .  al.;" However, the  s t rong  e l e c t r o s t a t i c  
repulsion of the  charged ni t rogen ions requi res  a r e l a t i v e  energy of 
approximately 8.6 MeV f o r  them t o  approach close enough t o  fuse.  
cross-section f o r  the reac t ions  1 4 N  + 1 4 N  + a, p ,  o r  d f o r  energies  
near t h i s  Coulomb b a r r i e r  have been measured r e ~ e n t l y . ~  
i n  cross  sec t ion  with lower energy agrees w e l l  w i t h  Gamow theory f o r  
b a r r i e r  penetration. W e  know of no way t o  produce temperatures even 
10% of those required. 

The cross-sections f o r  the  1 4 N  (a,p) and 170 (a,n) reac t ions  i n  the 
chain D r .  McNally considers "the most dangerous multiplying chain i n  
a i r t t 6  have also been measured7-' and show no resonance higher  than 
250 m b ,  more than an order  of magnitude too l o w  to s u s t a i n  any fusion 
chain reac t ion ,  even i f  s u f f i c i e n t  temperatures could be reached. 

, w a s  considered to  be the  most 

The 

The fall-off 

- 
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Simple ca lcu la t ions  show t h a t  the  atmosphere is of s u f f i c i e n t l y  l o w  
densi ty  t h a t  even with enormously high assumed cross-sect ions,  burn 
proceeds much slower than the processes tending t o  clamp the matter 
i n t o  a low-temperature equilibrium with i t s  rad ia t ion .  The ava i lab le  
energy p e r  u n i t  volume i n  a i r  from even complete burnup of the 
atmospheric nitrogen i s  only s u f f i c i e n t  t o  produce an equilibrium 
temperature of less than 1.5 kev, with over 99% of the  energy i n  
rad ia t ion .  
by an energy source of many gigatons and a l s o  re u i r e s  t h e  ignoring of 

in t e rac t ion !  

S igni f icant  burn under these conditions requi res  i n i t i a t i o n  

a Gamow probab i l i t y  f a c t o r  of less than 3 x 10-f 1 for each microscopic 

- Even i f  ni t rogen were many t i m e s  as reac t ive  as DT, the  most r eac t ive  
known nuclear f u e l ,  the thermonuclear energy generation rate a t  any 
p laus ib l e  temperature would s t i l l  not  s u f f i c e  t o  overcome the  energy 
losses due t o  bremsstrahlung rad ia t ion  and the  inverse  Compton e f f e c t .  

- The fusion chaifi react ions proposed by McNally f a i l  no t  only because 
of the r ap id  slowing of the suggested chain centers  i n  matter, b u t  a l s o  
because s i d e  react ions absorb these chain centers-and prevent any 
p o s s i b i l i t y  of a chain reaction. 

The physics of thermonuclear burn is  a c e n t r a l  i s sue  of modern high- 
y i e l d  nuclear  weapon design. W e  have, over t h e  years ,  assembled a 
g r e a t  d e a l  of experimental da ta  and extremely d e t a i l e d  computational 
models of the  processes involved. In view of  t h i s  information the 
only method w e  see of producing fusion energy involves t h e  very l i g h t  
elements--hydrogen, helium, l i thium, and poss ib ly  boron. 

In  response to your inquiry,  we  have applied modern ca l cu la t iona l  
tools t o  reexamine i n  d e t a i l  t he  s p e c i f i c  problems of thermonuclear 
burn i n  t h e  atmosphere and deep under w a t e r .  W e  have a t t a ined  r e s u l t s  
t h a t  a r e  t o t a l l y  negative: 

The ca lcu la t ion  of atmospheric burn included both t h e  nitrogen- 
ni t rogen reac t ions  .and the chain reac t ions  D r .  
dangerous. The assumed cross-section for the + 1 4 N  reac t ions  
w a s  a f a c t o r  of f ive  g r e a t e r  than the  geometric cross-section 
above the  Coulomb barrier and w a s  held a t  1 barn down t o  an energy 
of 5 kev. The cross-section for a l l  o the r  r eac t ions  a t  a l l  energies  
were conservatively taken to  be one t o  th ree  orders  of magnitude 

p o s s i b i l i t y  t h a t  t h e  cross-sections i n  quest ion can exceed these 
extremely optimistic values,  

cNally considers 

? -  g r e a t e r  than the  measured cross-sections,  There is, therefore ,  no 

The energy source f o r  the ca lcu la t ion  
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w a s  a configuration having a yield-to-weight r a t i o  much higher  
than w e  bel ieve possible.  This energy source was a r b i p a r i l y  
made to  produce 375 M t  i n  a small f r a c t i o n  of a microsecond. The  
ca lcu la t ion  showed t h a t ,  as expected, t h e  i n i t i a l  high temperatures 
i n  the immediate v i c i n i t y  of the  source quickly abated because of 
rad ia t ion  losses. In  less than seconds the atmospheric 
react ions stopped a f t e r  producing less than 2.5% of the i n i t i a l  
source energy. 

The sea  w a s  modeled i n  the  most s i m p l e  y e t  conservative manner by 
assuming it w a s  t w o  percent D 0 a t  high pressure--more than 100 t i m e s  
the  ac tua l  deuterium concentration. I n i t i a l  high temperatures near  
a 500 M t  massless energy source decreased by a f a c t o r  %lo0 i n  
2 x lo-* seconds. 
model sea produced an addi t iona l  0.006 percent of the source energy 
before the y i e l d  production stopped. The ac tua l  deuterium concen-. 
t r a t i o n  i n  sea water would have decreased even t h i s  minute burn by 
a factor of approximately 20,000. In  f a c t ,  propagation f a i l e d  (by 
a la rge  margin) i n  a model sea of pure D 0 under high pressure! 

W e  have performed de ta i l ed  chain-reaction calculat ions” i n  which the  
reac tan ts ,  products,  and e lec t rons  w e r e  no t  constrained t o  Maxwellian 
ve loc i ty  d i s t r i b u t i o n s ,  the  kinematics and r ad ia t ive  emission w e r e  
t r e a t e d  i n  a r e l a t i v i s t i c a l l y  correct fashion. Even a t  m u l t i - M e V  
temperatures and assuming the  highest  phys ica l ly  p l aus ib l e  reac t ion  
r a t e s ,  no divergent  chaining e f f e c t s  occurred, the  t o t a l  thermonuclear 
energy generated f e l l  f a r  below the  input  energy, and the  mater ia l  was 
always rap id ly  cooled by rad ia t ion  losses  i n  less than seconds. 

I n  summary, extremely conservative ca lcu la t ions  have demonstrated 

2 

Subsequent low-order equilibrium f u e l  burn of the 
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t h a t  it i s  completely impossible for e i t h e r  the earth’s atmosphere o r  sea  to 
s u s t a i n  fusion reac t ions  of e i t h e r  thermonuclear or nuclear  chain reac t ion  
type. I n  p a r t i c u l a r ,  such react ions cannot be t r iggered  by the  explosion of 
nuclear weapons, even those having u n r e a l i s t i c a l l y  high y i e l d  and impract ical ly  
high yield-to-weight. 

Sincerely,  

Director 
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