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May 2 0 ,  1977 

NUCLEAR ENERGY: SOCIETY'S SALVATION OR DOOM? 

Introduction 

Predictors of America's energy future are all painting a dis- 
mal picture. The worst possible scenario calls for severe 
shortages by 1985, and even the best possible scenario calls 
for extreme measures to avert widespread hardships. In the 
midst of this impending crisis, an angry debate is raging over 
what appears, on the surface at least, to be one of our most 
promising long-run energy solutions: the Liquid Metal Fast 
Breeder Reactor (LMFBR). Opponents of the breeder claim that 
it represents a threat to our very civilization while its pro- 
ponents claim that it holds the key to civilization's salvation. 
On both sides,rhetoric and emotion have tended to replace fact 
in the presentation of arguments. The result has been the 
growth of widespread misconceptions as to nuclear power in 
general and the LMFBR in particular. 

While there are legitimate bases for the disparity of opinions 
existing with regard to the development of nuclear power, no 
useful purpose is served by the current emotional nature of 
the debate. With our nation facing at a minimum severe energy 
deficits over the next several decades, it is more important 
than ever that each energy option be considered solely on its 
nerits and weighed rationally against other alternatives. It 
is our purpose here to provide some of the basic data for such 
a comparison regarding the LMFBR. 

Nuclear Energy vs. Nuclear Weapons 

The question of development of the LMFBR is really only the tip 
of the iceberg in the nuclear debate. What is really at issue 
is nuclear power itself. While there has been limited activity 
in opposition to nuclear development from the late1940s, it is 
only in the past few years that nuclear energy has become highly 
controversial. In a large degree, this increased controversy 
may be attributed to two factors. First, increased concern 
over the environment has led t o  a higher level of consciousness 
in reference to potential hazards of energy sources; and secondly, 
the growth of the number of nuclear power facilities in use 
across the nation has focused more people's attention on the 
nuclear power question. 
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One problem inherent in the environmentalists' fears regarding 
nuclear power generation is the tendency to equate nuclear power 
with nuclear weapons. Dr. Petr Beckman, a graduate engineer 
and expert in the area of nuclear energy, has stated succinctly 
the basic fallacy underlying this fear: "Equating nuclear with 
bomb is the same as equating electric with chair." 

1n.spite of all evidence to the contrary, opponents of nuclear 
energy seem intent in raising the spectre of a nuclear plant 
exploding. For example, Ralph Nader, in a question posed to AEC 
Commissioner Doub at Nader's 1974 "Critical Mass" meeting, 
asked "How many atomic explosions in our cities would you accept 
before deciding that nuclear power is not safe - -  no complexities, 
just a number." 

The simple fact is, rhetoric notwithstanding, it is impossible 
for the fuel used in most conventional Light Water Reactors 
(the only kind currently in use in the United States) to explode. 
This is because the'fuel lacks sufficient enriched uranium or 
other fissionable material. . ' , ' To understand why this is 
so, one must understand that a 'reactor produces energy through 
a sustained,controlled chain reaction. 
of fuels which contain diluted fissile material (U235 or U233) 
which will convert into heat when its nuclei are split. The 
amount of fissile material is dependent on the type of fuel 
used; enriched uranium usually runs 2 - 4 % ,  and U233 usually runs 
something under 15% of the totalmass. 
is that neither concentration is adequate to provide bomb-grade 
material - -  until such time as the laws of physics are changed. 

This is done through use 

What is important here 

P 1 ut onium 

Plutonium, the fuel which would be used in the Liquid Metal 
Fast Breeder Reactor, does present a greater hazard. Unlike 
enriched uranium fuels or U233-based fuels, it is used in con- 
centrations which can explode but not in the fashion envisioned 
by nuclear opponents. 
nuclear weapons is precompressed. The reason for this is that 
in order to obtain the maximum reaction, density of the fission- 
able material should be as'great as possible so that a maximum 
number of nuclei will be split in the shortest amount of time. 
The relatively lower density of the plutonium used in a reactor 
would result in a far less efficient conversion of the material. 
The effect of this decreased efficiency would be that instead of 
an explosion in the kiloton or megaton range, it would more 
likely be the equivalent of something less than a ton of TNT. 
This magnitude of explosion, it should be noted, is well within 
the limits of tolerance of reactor containment vessels; "and, 
as a result, there would be relatively little effect in terms 
of potential damage from the explosion in and of itself. At a 

Plutonium used in the manufacture of 
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minimum, it should at least not breach the reactor's contain- 
pent vessel. 

Nuclear Terrorism 

There remains, of course, the question of whether a determined 
band of terrorists could steal enough plutonium or enriched 
uranium to construct a nuclear device. While there is an out- 
side chance of such an occurance, there are no small number 
of difficulties involved in executing this sort of act. First, 
there is the problem of obtaining the personnel necessary to 
construct a nuclear device. 
mized. While individuals with a background in nuclear physics 
know the fundamentals of making a nuclear weapon, this is quite 
different from having experience in the actual construction of 
such a device. Secondly, it is necessary to have a verv pure 
form of ulutonium with which to work. This problem is com- 
pounded by the fact that reactor-grade plutonium is usually 
replete with plutonium 240, the presence of which would sub- 
stantially impair the potential for explosion. A third pro- 
lem is that there would be considerable amount of skilled labor 
involved in the construction. In addition to skilled mechanics, 
over a ton of high explosives would have to surround the sub- 
critical masses - -  explosives which would have to be simultaneously 
detonated if the proper implosion of the subcritical masses 
necessary to cause the mass to go supercritical and explode were 
to occur. While these problems could possibly be solved, they 
demonstrate that the construction of a nuclear device from 
stolen materials by a terrorist group is not something which 
could be easily accomplished. Further, most of the problems 
inherent in the construction of a plutoium-based device also 
hold true for one using enriched uranium. 

On balance, while there is some danger that there could be an 
instance in which a determined band of terrorists, possibly 
with tacit assistance from a friendly foreign government, could 
successfully steal enough fissionable material and construct a 
nuclear device, the chances of this happening at present are 
extremelv slim. This slim chance can be even further reduced by 
the advent of increased security in the transportation of nuclear 
fuels and nuclear storage facilities. 

This problem should not be mini- 

Coal vs. Nuclear: Which is Safer? 

In examining the alternative energy paths our nation may take 
in order to cope with the current crisis, most policy makers 
are determined to insure that the environmental impacts of what- 
ever solution o r  solutions are finally agreed upon, are fully 
considered. Toward this end, much has been made of the potential 
health hazards of nuclear energy. There is, however. considerable 
controversy as to just what those hazards are. Much of the 
disagreement has stemmed from WASH-1400, better known as the 
Rasmussen Report. This report, originally a study initiated by 
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the Atomic Energy Commission, was an attempt to assess the 
safety and health aspects of nuclear power. It used sophis- 
ticated mathematical techniques to stimulate various possible 
accidents and their consequences, and the hazards accompanying 
normal operations. Various groups including the Union of Con- ' 

cerned Scientists, have criticized cerain areas of the report's 
methodology. The major criticism is that the renort Dresents 
an overlv oDtimistic Dicture of what would happen in the event 
of a nuclear disaster and of the chances of such an event oc- 
curring. Other studies, however, while reiterating some of 
the criticisms of the report still find that it is a useful 
tool for discussion. For instance, the recent Ford Foundation- 
funded study by the Mitre Corporation simply made more pessi- 
mistic assumptions for the WASH-1400 scenarios. It is inter- 
esting to note that even with the extremely pessimistic assump- 
tions used by the Ford Foundation study, nuclear energy still 
had a clear advantage over coal as an energy source. According 
to the most reliable estimates, the health impact of nuclear 
energy will amount to approximately one death per 1,000 MWe 
plant per year as opposed to 2 to 25 deaths per similar sized 
coal-fired plant. It should be noted that the question of 
C02 emissions from coal-fired plants is thought by some to pre- 
sent an even greater hazard to the long-run environmental well- 
being of the earth than any of the hazards associated with nuclear 
power. 

More importantly, what is usually overlooked in the criticisms 
of nuclear energy's safety is the relatively accident-free re- 
cord the industry has enjoyed to date. According to the recent 
Ford Foundation study, in the ZOO-odd reactor years of operation, 
commercial Light Water Reactors have demonstrated no adverse 
health effects. The same may not be said of other forms of power 
generation. While it is true that an increase in the use of 
nuclear plants will increase the possibilities of adverse health 
effects, the same increase in any power source would have a simi- 
lar impact. In short, based on previous experience nuclear energy 
carries no higher risk than other means of energy conversion 
during normal operations. 

LOCA and Core Melt Down 

Opponents point out that there is a special hazard regarding . 

nuclear energy:. The chance of a nuclear disaster. This possi- 
bility may not be lightly dismissed; however, it should also 
be viewed in proper perspective. As has been previously stated, 
a nuclear plant of conventional design cannot explode, and even 
a breeder reactor would not likely generate an explosion of s u f -  
ficient force to rupture the reactor's containment vessel. What 
is possible, however, is that through a long chain of accidents 
and coincidences, the reactor could loose its coolant, resulting 
in what is termed a LOCA (Loss of Coolant Accident). The re- 
sult of a LOCA could be what is termed a "Melt Down.'' In this 
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t ype  o f  a c c i d e n t ,  t h e  r e a c t o r  f u e l ,  having l o s t  i t s  c o o l a n t ,  
l i t e r a l l y  melts. Accompanying such an  a c c i d e n t  would probably  
b e  a cloud of h i g h l y  r a d i o a c t i v e  steam and f a l l o u t  which could  
cause  s e v e r e  r a d i a t i o n  burns i n  t h e  immediate a r e a  a n d ' l o n g -  
term r a d i a t i o n - r e l a t e d  i l l n e s s e s .  While t h e r e  are deep- sea t ed  
d i f f e r e n c e s  o f  op in ion  a s  t o  t h e  magnitude.);  of t h e  l o s s  of 
p r o p e r t y  and pe r sona l  i n j u r i e s  r e s u l t i n g  from such an  a c c i d e n t ,  
most r e l i a b l e  e s t i m a t e s  p l a c e  i t s  consequences on p a r  w i t h  those  
of  o t h e r  n a t u r a l  d i s a s t e r s  s o c i e t y  has  s u c c e s s f u l l y  coped wi th .  

The most impor tan t  c o n s i d e r a t i o n  w i t h  r ega rd  t o  t h e  p o s s i b i l i t y  
o f  such an  a c c i d e n t  i s  t h e  chance t h a t  it would occur .  We have 
no firm d a t a  on i t s  a c t u a l  e f f e c t s  a s  t h e r e  has  never  been a 
melt down, even on an  exper imenta l  b a s i s .  There have been 
computer s i m u l a t i o n s  o f  t h e  p o s s i b l e  consequences of a mel t  down; 
however, t hey  cannot  be cons idered  i n f a l l i b l e .  Therefore ,  s i n c e  
t h e  consequences a r e  u n c e r t a i n ,  t h e  chance of  such an a c c i d e n t  
becomes of  prime importance.  The b e s t  a v a i l a b l e  e s t i m a t e s ,  as- 
suming t h a t  t h e  Rasmussen Report e r r e d  by a f a c t o r  of 500 though 
t h e  o p p o s i t e  may be  t r u e ,  s t i l l p l a c e  t h e  p r o b a b i l i t y  of t h e  
most s e r i o u s  a c c i d e n t  a t  one chance i n  4 0 0 , 0 0 0  r e a c t o r  y e a r s .  
Th i s ,  t o  even t h e  most b i a s e d  o b s e r v e r , i s  a r e l a t i v e l y  low 
p r o b a b i l i t y .  F u r t h e r ,  t h e  p r o b a b i l i t y  of a LOCA and mel t  down 
i s  one in20,OOO r e a c t o r  y e a r s .  

The Economics o f  Nuclear Energy 

I n  cons ide r ing  n u c l e a r  energy as a p o s s i b l e  a l t e r n a t i v e ,  t h e  
key f a c t o r  t o  be cons ide red  i s  whether o r  n o t  i t  i s  economically '  
f e a s i b l e .  Here aga in  t h e r e  i s  much con t rove r sy .  On t h e  one 
hand, e a r l y  n u c l e a r  p l a n t s  s u f f e r e d  from a f a i r l y  low r e l i a b i l i t y  
and a s  a r e s u l t  have been f r e q u e n t l y  c i t e d  by n u c l e a r  c r i t i c s  
as ev idence  t h a t  n u c l e a r  energy i s  n o t  a v i a b l e  a l t e r n a t i v e .  
I n  s o  doing,  t h e s e  opponents o f  n u c l e a r  energy are  l a r g e l y  i g -  
no r ing  t h e  normal p rocess  of t e c h n o l o g i c a l  development. I t  i s  
h i g h l y  unusual  f o r  any new technology t o  work smoothly i n  i t s  
e a r l y  s t a g e s .  There a r e  i n e v i t a b l e  wide d i s p a r i t i e s  between 
theo ry  and p r a c t i c e  which must be workedou t th rough  exper ience .  
I n  r e c e n t  y e a r s ,  many o f  t h e s e  p r o b l e m  have been so lved ,  and 
t h e  r e l i a b i l i t y  o f  newer n u c l e a r  f n s t a l l a t i o n s  has  been f a r  
h ighe r  t han  t h a t  o f  p ro to types .  

A major argument o f  n u c l e a r  opponents has  been t h e  i n c r e a s e  i n  
t h e  c o s t  o f  n u c l e a r  f u e l  over  t h e  p a s t  s e v e r a l  y e a r s .  They argue 
t h a t  as t h e  c o s t  o f  f u e l  con t inues  t o  i n c r e a s e  as a r e s u l t  o f  
g r e a t e r  dependence on n u c l e a r  energy f o r  power gene ra t ion ,  a 
p o i n t  w i l l  be reached where such f a c i l i t i e s  a r e  no longe r  c o s t -  
e f f e c t i v e .  This argument i s  e s s e n t i a l l y  spec ious ,  as f u e l  com- 
p r i s e s  a small  p o r t i o n  of t h e  o v e r a l l  c o s t s  of .power  gene ra t ion  
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by a n u c l e a r  p l a n t .  
t o  t h e  c o s t  o f  n u c l e a r  power a r e  c a p i t a l  c o s t s .  I t  has  been 
e s t i m a t e d  t h a t  t h e  c o s t  o f  uranium could  i n c r e a s e  s i x f o l d  b e f o r e  
i t  had a s i g n i f i c a n t  e f f e c t  on t h e  c o s t  o f  nuc lear -ge ,nera ted  
e l e c t r i c i t y .  

I t  should a l s o  be no ted  t h a t  among t h e  g r e a t e s t  c o n t r i b u t o r s  t o  
t h e  i n c r e a s e d  c a p i t a l  c o s t s  a s s o c i a t e d  w i t h t h e  c o n s t r u c t i o n  of  
n u c l e a r  p l a n t s  have been t h e  a d d i t i o n a l  i n t e r e s t  c o s t s  r e s u l t -  
i n g  from de lays  caused by i n c r e a s e d  paperwork and l i t i g a t i o n  
i n i t i a t e d  t o  assuage environmentalist'sconcerns.. I n  f a c t ,  t h e  
amount of  c a p i t a l  expend i tu re s  accounted f o r  by i n t e r e s t  charges  
have r i s e n  from 1 2 %  of  t h e  t o t a l  c o s t s  o f  c o n s t r u c t i o n  t o  2 0 %  
i n  r e c e n t  y e a r s  w i t h  even g r e a t e r  i n c r e a s e s  p r o j e c t e d  i f  c u r r e n t  
t r e n d s  con t inue .  

The most s i g n i f i c a n t  f a c t o r s c o n t r i b u t i n g  

I n  s p i t e  o f  d e l a y s  and i n c r e a s e d  c o n s t r u c t i o n  c o s t s ,  n u c l e a r  
power i s  p l a y i n g  a s i g n i f i c a n t  r o l e  i n  today ' s  power ou t look .  
I n  1976, 9.4% o f  a l l  e l e c t r i c i t y  gene ra t ed  i n  t h e  United S t a t e s  
was accounted f o r  by n u c l e a r  f a c i l i t i e s .  Arguments a s  t o  i t s  
r e l a t i v e l y  low e f f i c i e n c y  t o  t h e  c o n t r a r y ,  t h e  Connect icut  Pub- 
l i c  S e r v i c e  Commission a c t u a l l y  o rde red  a r a t e  r e d u c t i o n  based 
on sav ings  r e a l i z e d  through t h a t  s t a t e ' s  heavy dependence on 
n u c l e a r  g e n e r a t i n g  f a c i l i t i e s .  The 1 9 1  b i l l i o n  kwh gene ra t ed  
by n u c l e a r  f a c i l i t i e s  i n  1 9 7 6  r e p r e s e n t e d  t h e  energy e q u i v a l e n t  
o f  325 m i l l i o n  b a r r e l s  of  o i l ,  o r  o f  90 m i l l i o n  tons  o f  c o a l ,  
o r  of  2 t r i l l i o n  cub ic  f e e t  of n a t u r a l  gas .  Fu r the r ,  t h e  use  
of  n u c l e a r  e n e r g y . r e p r e s e n t s  a sav ings  o f  ove r$1 .4  b i l l i o n  over  
t h e  c o s t  o f  comparable power genera ted  by o i l  o r  gas .  To d a t e , ' .  
s t u d i e s  o f  t h e  c o s t - e f f e c t i v e n e s s  o f  n u c l e a r  power g e n e r a t i o n  
i n d i c a t e  t h a t  it compares q u i t e  f avorab ly  wi th  more convent iona l  
power f a c i l i t i e s .  According t o  t h e  Atomic I n d u s t r i a l  Forum, t h e  
c o s t  o f  g e n e r a t i n g  one k i l o w a t t  o f  e l e c t r i c i t y  w i t h  n u c l e a r  : 

power i s  18% l e s s  t han  g e n e r a t i n g  a k i l o w a t t  o f  power w i t h  c o a l  
and 38% l e s s  t han  g e n e r a t i n g  i t  wi th  o i l .  A s tudy  by t h e  Edison 
Electr ic  I n s t i t u t e  comparing t h e  r e l a t i v e  c o s t s  of  n u c l e a r  power 
and f o s s i l  f u e l  p l a n t s  i n d i c a t e d  t h a t  i n  every  r eg ion  o f  t h e  
count ry  nuc lea r  power enjoyed a decided advantage ranging from 
1 2 4  p e r  t e n  kwh t o  18$ p e r  t e n  kwh. 

While t h e r e  i s  much s p e c u l a t i o n  a s  t o  t h e  p o s s i b i l i t y  t h a t  nu- 
c l e a r  energy may n o t  be an economically f e a s i b l e  power sou rce  
i n  t h e  f u t u r e  on t h e  p a r t  o f  i t s  opponen t s , cu r ren t  d a t a  does no t  
bea r  t h e i r  f e a r s  o u t .  I n  1 9 7 5 ,  t h e  r e l a t i v e  c o s t s  o f  a l l  a s p e c t s  
o f  power g e n e r a t i o n  demonstrated t h a t  n u c l e a r  power cont inued  
t o  en joy  a r e l a t i v e  advantage.  When a l l  c o s t s  a r e  inc luded- -  
i . e . ,  o p e r a t i n g  c o s t s ,  f u e l  c o s t s ,  c a p i t a l  c o s t s ,  and maintenance 
c o s t s - - n u c l e a r  power came o u t  c l e a r l y  ahead a t  1 . 2 4  p e r  k i l o w a t t  
hour. C o a l - f i r e d  p l a n t ,  c o s t s  were 1 . 7 4  p e r  k i l o w a t t  hour ,  and 
the c o s t s  o f  o i l - f i r e d  p l a n t s  were 3 . 3 4  p e r  k i l o w a t t  hour .  The 



. - . . . . . . . . - 

- 7 -  

c o s t s  of c o a l - f i r e d  p l a n t s  a r e  l i k e l y  t o  i n c r e a s e  s i g n i f i c a n t l y  
i n  t h e  near f u t u r e .  This  i s  due t o  t h e  Carter Admin i s t r a t ion ' s  
s t a t e d  p o l i c y  o f  r e q u i r i n g  sc rubbe r s  on a l l  new f a c i l i t i e s .  
These dev ices  add a tremendous amount . to  t h e  c a p i t a l  r e q u i r e d  
f o r  c o n s t r u c t i o n  and the reby  r a i s e  t h e  o v e r a l l  c o s t  t o  t h e  con- 
sumer. Also,  a s  t h e  c o s t  o f  o i l  i n c r e a s e s ,  t h e r e  can be l i t t l e  
doubt t h a t  t h e  r e l a t i v e  advantage of  n u c l e a r  power over  o i l  w i l l  
a t  l e a s t  be maintained and p o s s i b l y  inc reased .  

An example of  what can  occur  i n  r e l a t i o n  t o  e s c a l a t i n g  c o s t s  i s  
found i n  t h e  Peach Bottom p l a n t  of  t h e  P h i l a d e l p h i a  E lec t r i c  
Company. When proposed i n  1 9 6 5 ,  i t  was e s t ima ted  t h a t  t h e  nu- 
c l e a r  f a c i l i t y  would en joy  a .7 m i l l  advantage p e r  k i l o w a t t  hour 
over  a s i m i l a r l y  s i z e d  c o a l - f i r e d  f a c i l i t y .  However, by 1975.. 
t h a t  r e l a t i v e  advantage had i n c r e a s e d  t o  4 m i l l s  p e r  k i l o w a t t  
hour .  P r o j e c t i o n s  which inc lude  sc rubbe r s  f o r  f u t u r e  c o a l - f i r e d  
p l a n t s  f u r t h e r  i n c r e a s e  t h e  r e l a t i v e  advantage o f  n u c l e a r  energy. 
S ince  one t o n  o f  U235 can gene ra t e  enough e l e c t r i c i t y  t o  power 
a c i t y  of  one -ha l f  m i l l i o n  persons  f o r  a p e r i o d  o f  one y e a r ,  
t h e r e  can be no doubt t h a t  n u c l e a r  energy holdstremendous promise 
f o r  a l l e v i a t i n g  t h e  n a t i o n ' s  energy quandry. Given t h e  f a c t  t h a t  
a t  p r e s e n t  t h e r e  appears  t o  be a c l e a r  c o s t  advantage,  i t  seems 
f o o l i s h  t o  d i smis s  t h i s  v a l u a b l e  energy source  as a p o t e n t i a l  
avenue o f  development. With t h e  a d d i t i o n  o f  b reede r  r e a c t o r s ,  
t h i s  a l r e a d y  abundant sou rce  could be even f u r t h e r  i n c r e a s e d ,  
t he reby  reducing  our  dependence on u n r e l i a b l e  f o r e i g n  sources  
of supply t o  meet our  energy needs.  

Nuclear P r o l i f e r a t i o n  

A major f o r e i g n  p o l i c y  g o a l  o f  t h e  C a r t e r  Adminis t ra t ion  i s  t o  
a t tempt  t o  c o n t r o l  t h e  sp read  o f  n u c l e a r  weapons. This concern 
on the  p a r t  o f  t h e  Adminis t ra t ion  h a s  r e c e n t l y  evidenced i t s e l f  
i n  P r e s i d e n t  C a r t e r ' s  d e c i s i o n  t o  h a l t  c o n s t r u c t i o n  of  t h e  Clinch 
River Demonstration P r o j e c t .  Proponents of t h i s  p o l i c y  c l a im 
t h a t  a g e s t u r e  on t h e  p a r t  o f  t h e  United S t a t e s  i s  necessa ry  i n  
o r d e r  t o  demonstrate  our  s i n c e r i t y  wi th  r ega rd  t o  h a l t i n g  t h e  
p r o l i f e r a t i o n  of n u c l e a r  armaments. Opponents of  t h e  C a r t e r  
p o l i c y  f e e l  t h a t  t h e  h a l t i n g  of our  development o f  t h e  Liquid 
Metal Fas t  Breeder Reactor  and o f  uranium enrichment f a c i l i t i e s  
w i l l  have t h e  o p p o s i t e  of t h e  d e s i r e d  e f f ec t .  

To d a t e ,  Some 4 5  n a t i o n s  have chosen t o  e x e r c i s e  t h e  n u c l e a r  
option. Most n o t a b l e  among t h e s e  a r e  France,  Grea t  B r i t a i n ,  
Canada, Japan, and West Germany. I n  a d d i t i o n  t o  t h e s e  c o u n t r i e s ,  
s e v e r a l  m u l t i - n a t i o n a l  o r g a n i z a t i o n s  have embarked on p l a n s  t o  
develop nuc lea r  f a c i l i t i e s .  The e x t e n t  of  n u c l e a r  f a c i l i t i e s  
o u t s i d e  t h e  United S t a t e s  i s  impressive.  There a r e  a t  l e a s t  1 1 2  
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r e a c t o r s  o p e r a t i n g  o u t s i d e  o f  t h e  United S t a t e s ,  and t h e r e  a r e  
ano the r  1 1 7  under c o n s t r u c t i o n .  S i x t y  a d d i t i o n a l  r e a c t o r s  a r e  
on o r d e r .  and 180 are  i n  t h e  p lanning  s t a g e s .  I n  f a k t ,  some 
s i x  n a t i o n s  have a l a r g e r  pe rcen tage  of t h e i r  e l e c t r i c a l  capa-  
c i t y  s u p p l i e d  by n u c l e a r  power than  t h e  United S t a t e s .  

The development o f  f o r e i g n  r e a c t o r  technology has  l e d  t o  a de- 
c l i n e  i n  United S t a t e s  e x p o r t s .  A t  l e a s t f i v e  o t h e r  n a t i o n s  a r e  
c u r r e n t l y  supp ly ing  r e a c t o r s .  These i n c l u d e  West Germany, France,  
Japan,  Canada, and Sweden. To t h e  e x t e n t  t h a t  such n a t i o n s  con- 
t i n u e  t o  develop t h e i r  domest ic  c a p a b i l i t i e s ,  t h e  a b i l i t y  of t h e  
United S t a t e s  t o  i n f l u e n c e  n u c l e a r  p r o l i f e r a t i o n  w i l l  be diminished.  
To a degree  t h a t  a b i l i t y  has  a l r e a d y  been diminished i.s evidenced 
by t h e  d e c l i n e  i n  o r d e r s  f o r  r e a c t o r s  from U..S. f i r m s .  I n  t h e  
t h r e e  y e a r s  between 1 9 7 2  and 1975, t h e  United S ta tes '  s h a r e  o f  
t h e  world market f o r  n u c l e a r  technology dropped from 85% t o  
4 2 % .  F u r t h e r ,  w i t h  t h e  French development of  t h e  Breeder Reactor ,  
t h i s  may w e l l  mark t h e  beginning o f  f o r e i g n  dominance o f  t h e  
f i e l d .  

I t  i s  i n t e r e s t i n g  t o  n o t e ,  t h a t  wh i l e  w e  are deba t ing  t h e  e s t a b -  
l i shment  o f  an exper imenta l  Breeder Reactor  f a c i l i t y  a t  Cl inch  
River ,  t h e  French have had'  s u c h . a  p l a n t  on l i n e  and p rov id ing  power 
s i n c e  1 9 7 4 .  This  i s  t h e  Phenix r e a c t o r .  The French have enjoyed 
such success  wi th  t h e i r  Breeder t h a t  t hey  p l a n  t o  b u i l d  y e t  an- 
o t h e r  l a r g e r  Super Phenix i n  t h e  n e a r  f u t u r e . .  Other n a t i o n s  
a l s o  have t h e  c a p a c i t y  f o r  commercial-scale  n u c l e a r  enrichment 
f a c i l i t i e s .  These i n c l u d e  Great  B r i t a i n ,  France,  The Union of . 

Sov ie t  S o c i a l i s t  Republic,  and t h e  People ' s  .Reljublic :of China. 
S ince  two o f  t h e  n a t i o n s  wi th  commercial enrichment c a p a c i t y  a r e  
members of  t h e  communist b lock ,  t h e r e  a r e  s e r i o u s  f o r e i g n  p o l i c y  
i m p l i c a t i o n s  f o r  U.S. i n i t i a t i v e s  t o  h a l t  t h e  c o n s t r u c t i o n  o f  
such f a c i l i t i e s .  

There i s  a l s o  t h e  q u e s t i o n  o f  t h e  l o s s  of  p o t e n t i a l  f o r e i g n  mar- 
k e t s  r e s u l t i n g  from t h e  f a i l u r e  o f  t h e  United S t a t e s  t o  f u l l y  
develop i t s  n u c l e a r  technology. I t  has been e s t ima ted  t h a t  
t h e  n u c l e a r  expor t  market ho lds  t h e  p o t e n t i a l  f o r  t h e  c r e a t i o n  
o f  a s i g n i f i c a n t  number o f  new jobs .  Export  revenues from t h e  
s a l e  of  n u c l e a r  technology,  2, i . e  n u c l e a r  power p l a n t  equipment 
and uranium enrichment ,  were e s t ima ted  a t  $1.5 b i l l i o n  f o r  c a l e n -  
d a r  yea r  1 9 7 4 .  P r o j e c t i o n s  i n d i c a t e  t h a t  t h e  p o t e n t i a l  revenues 
i n  c o n s t a n t  1 9 7 4  d o l l a r s  by t h e  yea r  1985 could  be a s  much as $ 3  
t o  $ 4  b i l l i o n  d o l l a r s ;  and through t h e  end o f  t h e  cen tu ry ,  t o t a l  
revenues from t h e  expor t  o f  n u c l e a r  te.chnology could  run  as h i g h  
as $120 t o  $140  b i l l i o n .  I n  l i g h t  of  t h e s e  f i g u r e s ,  t h e  expor t  
o f  n u c l e a r  technology i s  something which cannot  be r e a d i l y  i g -  
nored. This  i s  f u r t h e r  enhanced by t h e  f a c t  t h a t  a s  o t h e r  n a t i o n s  
ga rne r  a l a r g e r  s h a r e  o f t h e w o r l d  marke t  f o r  n u c l e a r  technology,  
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t h e i r  impact on t h e  q u e s t i o n  o f  p r o l i f e r a t i o n  w i l l  t e n d  t o  over -  
shadow t h a t  o f  t h e  United S t a t e s .  1 t : i s  ve ry  d i f f i c u l t  t o  
a rgue  a g a i n s t  something i n  which your n a t i o n  has  no s t a k e .  

The degree  t o  which t h e  o t h e r  n a t i o n s  o f  t h e  world a r e  s t a k i n g  
t h e i r  energy f u t u r e  i n  t h e  atom i s  evidenced by t h e  e x t e n t  o f  
o r d e r s  o r  p l a n s  f o r  r e a c t o r s .  The : t a b l e  on page”l2 i s  based on 
a survey  done by t h e  Atomic I n d u s t r i a l  Forum of  Nuclear Power 
Reac tors  o u t s i d e  t h e  United S t a t e s .  

On ba lance ,  i t  would appear  t h a t  i f  t h e  United S t a t e s  t r u l y  
wished to have a major v o i c e  i n  t h e  l i m i t a t i o n  of  t h e  p r o l i f e r a -  
k’ion of ’ n u c l e a r  technology’  and i t s  .confinement t o  pea’eeful uses’, 
t h e  wisest  p o l i c y  would’be  t o  con t inue  domest ic  development. 
I t  i s  c lear  t h a t  t h e  world i s  moving r a p i d l y  towards a dependence 
on t h e  atom as  a sou rce  o f  e l e c t r i c  power. To t h e  degree which 
t h e  United S t a t e s ’ p a r t i c i p a t e s  i n  t h e  development o f  t h i s  new 
power sou rce ,  it w i l l  have a vo ice  i n  t h e  d e c i s i o n s  r ega rd ing  
t h e  purposes  t o  which i t  i s  app l i ed .  

Of p a r t i c u l a r  v a l u e  i n  t h e  a t tempt  t o . i n s u r e  t h e  peace fu l  u ses  
of  n u c l e a r  energy i s  t h e  development o f  uranium ent ichment  f a c i -  
l i t i e s .  I t  i s  c l e a r  t h a t  f o r  many n a t i o n s  such f a c i l i t i e s  a r e  
n o t  economically j u s t i f i a b l e  on a commercial b a s i s .  
t h e  s u p p l i e r  o f  en r i ched  uranium t h e  United S t a t e s  could be i n  
a p o s i t i o n  t o  determine t h e  uses  t o ’ w h i c h  it i s  p u t .  
a s  a major s u p p l i e r ,  it cou ld  i n s u r e  t h a t  t h e  m a t e r i a l  i s  prop-  
e r l y  safeguarded  s o  as t o  minimize t h e  p o s s i b i l i t i e s  of t h e f t  
by t e r r o r i s t s .  I f ,  however, enrichment f a c i l i t i e s  a r e  n o t  con- 
s t r u c t e d ;  i t  v i r t u a l l y  a s s u r e s  t h a t  t h i s  n a t i o n  w i l l  have no 
i n p u t  as t o  sa fegua rds .  

By be ing  

F u r t h e r ,  

.. ._ . .  . . . ..-. . . .  . . . .  

Conclusion 

I t  i s  c l e a r  t h a t  some s o r t  o f  d e c i s i v e  a c t i o n  must be t aken  i n  
t h e  immediate f u t u r e  t o  s t a n d  o f f  t h e  p o t e n t i a l  economic d i s -  
l o c a t i o n s  which w i l l  r e s u l t  from t h e  advent  o f  a major energy 
s h o r t a g e .  P r o j e c t i o n s  of c u r r e n t  s u p p l i e s  and demand i n d i c a t e  
t h a t  u n l e s s  a l t e r n a t i v e s  t o  o i l  and n a t u r a l  gas  a r e  developed 
by 1985, t h e r e  could be a d e f i c i t  i n  n e t  power gene ra t ion  of  
a s  much as 2 0 % .  Such f i g u r e s ,  whi le  I i ighly specu la t ive ,  s t i l l  
s e r v e  t o  underscore  t h e  s e r i o u s n e s s  of t h e  c u r r e n t  s i t u a t i o n .  
We must develop some s o r t  o f  a l t e r n a t i v e s ;  and we must do it 
soon. No m a t t e r  what a l t e r n a t i v e s  a r e  decided on, i t  should  be 
no ted  t h a t  a l m o s t  any s o r t  of  power gene ra t ion  f a c i l i t y  i s  going 
t o  r e q u i r e  a long  l e a d  t i m e  f o r  c o n s t r u c t i o n .  I n  the  c a s e  of a 
n u c l e a r  f a c i l i t y ,  t h e  normal l e a d  time i s  a minimum of from 6 
t o  7 y e a r s .  If  environmental  l i t i g a t i o n  t akes  p l a c e ,  i t  i s  n o t  
uncommon f o r  t h e  process  t o  t ake  a s  long  as 1 0  y e a r s .  

- . .  . . . _  -.._ . 
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Nuclear energy has  a number o f  advantages ove r  c o a l ,  w i th  re- 
gard  t o  bo th  h e a l t h  and economics. We know t h a t  i n  normal 
o p e r a t i o n s .  t h e  h e a l t h  hazards  a s s o c i a t e d  w i t h  c o a l  convers ion  
on a massive s c a l e  would be a t  l ea s t  tw ice  as s e r i o u s  a s  t h o s e  
a s s o c i a t e d  wi th  n u c l e a r  energy. F u r t h e r ,  even c o n s i d e r i n  t h e  
p o s s i b i l i t y  of  a f u l l - s c a l e  n u c l e a r  d i s a s t e r ,  t h e  h e a l t h  i? aza rds  
of  n u c l e a r  f a c i l i t i e s  s t i l l  compare f avorab ly  wi th  . t hose  of  c o a l .  

I n  terms of  economics, t h e r e  a r e  two t e c h n o l o g i c a l  f a c t o r s  which 
w i l l  have .an immediate impact on t h e  r e l a t i v e  economics of  nu- 
c l e a r  power and o f  c o a l .  The f i rs t  i s  t h e  i n t e n t  o f  t h e  P r e s i -  
d e n t  t o  r e q u i r e  t h a t  a l l . c o a 1 - f i r e d  f a c i l i t i e s  i n s t a l l  s c rubbe r s .  
This  w i l l  g r e a t l y  i n c r e a s e  t h e  c o s t s  a s s o c i a t e d  wi th  t h e  genera-  
t i o n  o f  power u s i n g  t h i s  f u e l .  Secondly,  t h e r e  i s  t h e  advent  
of  advanced t echno log ie s ,  i n c l u d i n g  l a s e r  beam enrichment which 
make t h e  a v a i l a b i l i t y  of  f u e l  f o r  conventkonal r e a c t o r s  f a r  
g r e a t e r  and f a r  l e s s  c o s t l y  than  has  p r e v i o u s l y  been t h e  case. 
The combination of  t h e s e  two f a c t o r s  may f u r t h e r  widen t h e  gap 
between c o a l  and n u c l e a r  energy i n  terms o f  economics. 

- -. 

A t h i r d  f a c t o r  which w i l l  impact n u c l e a r  development i s  t h e  ad- 
v e n t  o f  t h e  b reede r  r e a c t o r .  The S o v i e t  Union c u r r e n t l y  has  
one on l i n e  and one planned.  The French have t h e i r  Phenix on 
l i n e  and w i l l  soon have t h e i r  Super P h e n i x . .  The West Germans, 
t h e  B r i t i s h ,  and t h e  Swedes a r e  a l l  examining t h i s  technology.  
If w e  are  t o  p l a y  a meaningful r o l e  i n  t h e  wor ld ' s  n u c l e a r  
f u t u r e ,  t hen  w e ,  t o o ,  must examine t h i s  r e source .  This i s  p a r t i -  
c u l a r l y  t r u e  a s  ou r  n a t i o n  happens t o  posses s  a l a r g e  p o r t i o n  
o f  t h e  f r e e  wor ld ' s  uranium r e s e r v e s . a n d  a l r e a d y  posses s  l a r g e  
s t o c k p i l e s  of  plutonium. I t  i s  f o o l i s h ,  on t h e  s u r f a c e  a t  least., 
f o r  us  t o  ignore  such a major p o t e n t i a l  energy r e source .  

There a r e  q u e s t i o n s  remaining r ega rd ing  n u c l e a r  energy. Grea te r  
p r e c a u t i o n s  must be taken  t o  i n s u r e  t h e  s e c u r i t y  of  both r e a c t o r s  
and of  n u c l e a r  m a t e r i a l s .  More r e s e a r c h  should be undertaken a s  
t o  uses  beyond t h e  gene ra t ion  of e l e c t r i c i t y .  S t eps  need t o  be 
taken  t o  p repa re  f o r  t h e  d i s p o s a l  of  was tes .  A l l  o f  t h e s e  ques- 
t i o n s ,  however, have t echno log ica l  answers which a r e  w i t h i n  t h e  
g ra sp  o f  c u r r e n t  l e v e l s  of knowledge. Most r e c e n t  s t u d i e s  have 
agreed  t h a t  t h e  d i s p o s a l  was tes  can be s a f e l y  accomplished 
through b u r i a l  i n  s t a b l e  geo log ica l  formation.  A f u r t h e r  s a f e -  
guard a g a i n s t  t h e  emission of such subs t ances  i n t o  t h e  envi ron-  
ment l i e s  i n  t h e  v j  t . r i . f ic -a t ion  (encasement i n  g l a s s ,  e s s e n t i a l l y )  
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of high-level wastes. The point is that the problems of 
nuclear development are soluable, and soluable in the near 
future. Their solution, however, can only be accomplished 
if the nation is committed to nuclear development. Only 
time will tell if this . .  is the case. 

. .  

By Milton R. Copulos 
Policy Analyst 

NOTE: 
reflecting the views o f  the Heritage Foundation or as an 
attempt t o  aid or hinder the passage of any bill before Congress. 

Nothing written here is to be construed as necessarily 
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AIF SURVEY OF NUCLEAR POWER REACTORS 

COUNTRY OPE RATING 

ARGENTINA 1 
AUSTRIA 
BELGIUM , 3  
BRAZIL 
BULGARIA 2 
CANADA 7 
CHINA (TAIWAN) 
CZECHOSLOVAKIA 1 
DENMARK 
EGYPT 
FIN LAND 
FRANCE 10 

GERMAN FEDERAL REP. 7 
HONG KONG 
HUNGARY 
INDIA 3 
INDONESIA 
I RAN 
I RE LAND 
ISRAEL 
ITALY 
JAPAN 
KOREA (SOUTH) 
LU XEMBOU RG 
MEXICO 
NETHER LANDS 
PAKISTAN 
PHI LL IPI N ES 
POLAND 
PORTUGAL 
RUMANIA 
SOUTH AFRICA 
SPA I N 
SWEDEN 
SWITZERLAND 
THAILAND 
TURKEY 
USSR 
UNITED KINGDOM 
YUGOSLAV I A 

GERMAN DEMOCRATIC REP. 3 

3 
10 

2 
1 

3 
5 
3 

19 
29 

{ W I T  

- NEW CALEDONIA 

45 Countries 112 

UNDER 
CONSTRUCTION 

1 
1 
2 
3 

' 1  
10 
4 
4 

4 
17 

12 

1 
5 

2 
14 
1 

2 

7 
6 
1 

8 
10 

1 

- 
117 

ORDERED 

. 3  

2 

1 
4 
2 

12 
2 
a 

1 

4 

4 

1 
1 

2 

1 
2 
7 

3 

- 
60 

PLANNED 

1 

6 
4 
5 

16 
6 
5 

8 

4 
1 

3 
1 
1 
1 

16 
5 
8 

7 
3 
1 
8 
2 
4 
2 

21 
3 
2 
3 
1 

10 
7 
1 

8 
2 
2 
2 

180 

TOTAL 

5 
2 
7 
9 
8 

26 
6 

21 
6 
5 
4 

47 
5 

31 
1 
2 
8 
3 
5 
1 
1 

25 
29 
10 
1 
9 
5 
2 

10 
2 
4 
3 
2 

38 
14 
9 
3 
1 

37 
46 

2 

8 
2 
2 
2 

469 
- 

'No details are available on the implementation of the planned nuclear power programs for these countries. 


