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The f u t u r e  p ro jec t ed  i n  t h e  r e c e n t l y  i s sued  P r o j e c t  Independence 

R e p o r t 2  c a l l s  heav i ly  on nuc lea r  energy. What must be done t o  z s s u r e  

t h a t  nuc lea r  energy w i l l  p l a y  t h e  r o l e  expected of it i n  t h e s e  pro- 

j e c t i o n s  - i . e . ,  what must s t i l l  be done t o  v a l i d a t e  t h e  nuc lear  

od t ion?  Va l ida t ing  t h e  nuc lear  op t ion  r e q u i r e s  us t o  improve tecf,- 

nology and t o  implement new po l i cy .  But of a l l  t h e  issues t h a t  might 

compromise nuc lear  energy t h e  most important  ncw appears  t o  m e  t o  be 

the public acceptabi l i ty  of nuc lea r  energy. Much of m y  t a l k  w i l l ,  

I !  
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Nuclear Energy and P r o j e c t  Independence 

Perhaps t h e  m o s t  s u r p r i s i n g  p r o j e c t i o n  of t h e  P r o j e c t  Inde- 

pendence Report i s  t h a t  - i f  o i l  remains a t  $11 p e r  barrel  - then 

t h e  t o t a l  demand f o r  energy i n  t h e  United States  i n  1985 w i l l  be 

around 103 mQ per yea r ,  r a t h e r  than t h e  115--120 mQ which has been 

t h e  more common p r e d i ~ t i o n . ~  I f  conservat ion is  p r a c t i c e d  t o  t h e  

e x t e n t  deemed possible, t h e  p r e d i c t i o n  f o r  energy demand i n  1985 

is 94 mQ. These p r o j e c t i o n s  are  t o  be compared wi th  t h e  75 mQ used 

du r ing  1973. 

O f  t h e  103 mQ energy demand p r e d i c t e d - f o r  1985, nuc lea r  

energy is expected t o  supply 12.5 mQ. Th i s  corresponds t o  an 

i n s t a l l e d  c a p a c i t y  o f  about 200,000 k i l o w a t t s  e lec t r ic ,  which is about 

22% of t h e  t o t a l  p r o j e c t e d  e l ec t r i ca l  c a p a c i t y  i n  1985. Nuclear 

power is expected t o  supply so l a r g e  a f r a c t i o n  of ou r  t o t a l  elec- 

'National Petroleum Council , "U. S. Energy Outlook: 
Energy Demand Task Group, J. A. Coble, Chairman, Washington, D.C. 
(1973) 

Energy Demand" , 
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t r i c i t y  because it is judged t o  be t h e  cheapes t  source  of base- ~ 

load  e l e c t r i c i t y .  I f  nuc lea r  p l a n t s  could be b u i l t  more quick ly  

t h e  f r a c t i o n  would be even l a r g e r .  Thus, if t h e  nuc lea r  o p t i o n  

should f a l t e r  between now and 1985, t h e  P r o j e c t  Independence Report 

p r e d i c t s  a sho r t age  of about 10% of our  t o t a l  energy - some 6,000,000 

b a r r e l s  of o i l  per day equiva len t .  If t h i s  a c t u a l l y  were imported 

o i l ,  i t  would cost t h e  United S t a t e s  $ 2 5 ~ 1 0 ~  annual ly ,  would place 

enormous p res su re  on world oil s u p p l i e s ,  as w e l l  as cause d i f f i c u l t i e s  

throughout t h e  economy. 

Beyond 1985 P r o j e c t  Independence’s p r o j e c t i o n s  a r e  n o t  as 

d e t a i l e d .  I n  t h e  p o s t  2000-period, o i l  and gas  w i l l  be seve re ly  de- 

p l e t e d ;  s y n t h e t i c s  from c o a l  or from s h a l e  w i l l  be  needed, b u t  prob- 

ab ly  cannot f u l f i l l  ou r  e n t i r e  demand simply because so much cpa l  

would be needed. Even i f  ou r  energy demand af ter  1985 increased  by 

only 1.6% per year ;  - w e  might u s e  3x109 tons  of coal annual ly  com- 

pared  wi th  our  c u r r e n t  6 O C x 1 O 6  t o n s ,  and t h e  amount would cont inue  
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to grow thereafter. 

We understand that the future is unpredictable, that even 

the elaborate econometric analysis of Project Independence is 

fallible. Yet, however one looks at the matter, it appears that 

some non-fossil source must play an increasing role in our future 

energy system. Of the four non-fossil possibilities - geothermal, 

fusion, solar and fission - geothermal appears to be rather a 

small and localized source; fusion still is faced with scientific 

and technological uncertainties; solar electricity is intermittent 

and will probably be very expensive (though solar heating and cooling 

may be practical rather soon); and only nuclear fission seems to be 

both technically and economically attractive. 

Validating the Nuclear Option: Technical Issues 

What must we do to make certain that energy from nuclear 

fission will be available to our society in 1985, in 2000 and 

r 
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beyond? I s h a l l  enumerate some of  t h e  t e c h n i c a l  u n c e r t a i n t i e s ,  and 

some non-technical  u n c e r t a i n t i e s ;  u s u a l l y  t h e  t w o  are interwoven. 

1. O r e  Supply 

Even i f  o u r  demand f o r  nuc lea r  e l e c t r i c i t y  is as l i t t l e  

as 200,000 k i l o w a t t s  e lec t r ic  (12.5 mQ) i n  1985, w e  s h a l l  s t i l l  need 

45,000 t o n s  of  uranium f o r  l i g h t  water r e a c t o r s  i n  t h a t  yea r .  I n  

1973 we'mined 13,000 t o n s  of  uranium, though w e  have c a p a c i t y  f o r  

I 
~ 

1 

18,000 t o n s .  W e  may t h e r e f o r e  be r equ i r ed  t o  expand o u r  product ion 
I 

of r a w  uranium about t h ree - fo ld  w i t h i n  t h e  nex t  10 yea r s .  T o  do 

t h i s  i s  probably possi.ble, b u t  it is  by no means t o t a l l y  assured.  

I 

W e  must f i n d  t h e  new uranium ore,  a r r ange  f o r  i t s  mining, and f o r  i t s  
i 

m i l l i n g :  a l l  of t h e s e  steps t a k e  time - f o r  example, as much as  
, 

, I  / I  

f i v e  y e a r s  f o r  a new m i l l ,  e ight-- ten y e a r s  t o  f i n d  and develop 

new o r e  bodies .  - 

I n  t h e  longer  range, t o  inventory and operate p l a n t s  b u i l t  

bg 2000 w i l l  r e q u i r e  several  m i l l i o n  t o n s  o f  uranium: almost s u r e l y  

' 1  
' 1  
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more than w e  now know e x i s t s  i n  high grade ores. We s h a l l  n o t ,  

of course,  d e p l e t e  low-grade uranium ore s i g n i f i c a n t l y ;  b u t  i f  w e  

depend only  on l i g h t  water  reactors, and t o  some e x t e n t  on high 

temperature  gas-cooled r e a c t o r s ,  both of which use uranium r a t h e r  

i n e f f i c i e n t l y ,  t h e  digging of so much low-grade o r e  w i l l  s e r i o u s l y  

damage t h e  environment. I t  seems c l e a r  t h a t  we s h a l l  want t o  

locate more uranium o r e  of high q u a l i t y  i f  we depend on l i g h t  water  

r e a c t o r s .  

2. Sepa ra t ive  Work Capaci ty  

W e  now have capac i ty  t o  produce 17,GOO s e p a r a t i v e  work. 

u n i t s  per year. The A t o m i c  Energy Commission's proposed expansion 
i 

program would add another  10,000 SWU's, which w i l l  be ' s u f f i c i e n t  t o  

m e e t  es t imated  domestic and expor t  requirements  u n t i l  t h e  ear ly  

1980's. A f t e r  t h a t  t ime we w i l l  have t o  add a d d i t i o n a l  capac i ty  

t h a t  w i l l  r e q u i r e  heavy c a p i t a l  investment .  Both t h e  ques t ions  of 

a v a i l a b i l i t y  of ore and of s e p a r a t i v e  work capac i ty  are a s  much m a t t e r s  
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of mobi l iz ing  t o  g e t  on wi th  t h e  j o b  as they  a r e  m a t t e r s  of improving 

technology. 

3 .  The Breeder 

The requirements  f o r  uranium ore and f o r  s e p a r a t i v e  

work t h a t  I have quoted may be e i t h e r  t o o  h igh  or t o o  l o w .  Thus, 

one of t h e  major arguments f o r  t h e  breeder  is no t  t h a t  w e  know our  

ore r e s e r v e s  are inadequate  and t h e  s e p a r a t i v e  work may no t  be on 

I 
t h e  l i n e  i n  t ime,  bu t  r a t h e r  t h a t  t h e  breeder  tends  t o  e l i m i n a t e  

u n c e r t a i n t y  i n  p o l i c y  planning.  I f  25 yea r s  ago t h e  General E l e c t r i c  
, 

In te rmedia te  Breeder Reactor P r o j e c t  had been converted i n t o  a f a s t  

b reeder  p r o j e c t  i n s t e a d  of be ing  d i v e r t e d  t o  t h e  Submarine In te rmedia te  

Reactor ,  w e  would prohably be deploying b reede r s  today. Many of  

t h e  troublesome arguments a s  t o  whether w e  w i l l  d e p l e t e  our  o r e  

s u p p l i e s  or  l ack  t h e  r equ i r ed  s e p a r a t i v e  work capac i ty  would thereby 

be a l l e v i a t e d .  This  simple argument, drawn from h i s t o r y ,  i s  t h e  

sqronges t  j u s t i f i c a t i o n  f o r  proceeding wi th  t h e  breeder  - so t h a t  



a 

25 yea r s  hence w e  s h a l l  n o t  aga in  be confronted wi th  s e r i o u s  un- 

c e r t a i n t i e s  . 

4. Reactor Safety 

The s a f e t y  i s s u e  has  both t e c h n i c a l  and non-technical 

components. From technology w e  can estimate t h e  p r o b a b i l i t i e s  and 

consequences of a r e a c t o r  acc iden t ;  how much s a f e t y  w e  want i s  a 

4 non-technical  quest ion.  The Rasmussen s tudy p r e d i c t s  t h e  prob- 

a b i l i t y  of a r e a c t o r  melt-down i n  a 1,000 Mwe l i g h t  water r e a c t o r  

t o  be no more than one i n  17,000 per reactor p e r  yea r ;  t h e  prob- 

a b i l i t y  of  a f a t a l i t y  f o r  100 r e a c t o r s  is  p r e d i c t e d  t o  be around one 

i n  3 0 0 ~ 1 0 ~  per yea r s ;  t h e  maximum a c c i d e n t  t o  a s i n g l e  reactor 

(which might occur once i n  a b i l l i o n  y e a r s )  i s  c a l c u l a t e d  t o  cause 

about 2,300 a c u t e  dea ths ,  and '3 ,200 l a t e n t  cancers .  

Obviously, d e s p i t e  Rasmussen's g r e a t  c o n t r i b u t i o n s  t o  t h e  

'Reactor S a f e t y  Study: 
Commercial Nuclear Power P l a n t s ,  WASH-1400 ( d r a f t ) ,  U. S .  Government 
P r i n t i n g  O f f i c e ,  Washington, D.C. (August 1974) 

An Assessment of Accident Risks i n  U. S. 
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methodology of p r o b a b i l i t y  a n a l y s i s  of u n l i k e l y  even t s ,  t h e r e  w i l l  

never be a d e f i n i t i v e  answer t o  t h e  ques t ion :  How safe is  a r e a c t o r ?  

C r i t i c s  of  t h e  s tudy  i n s i s t  t h a t  f a u l t - t r e e  a n a l y s i s ,  i n  p r i n c i p l e ,  

is  inadequate  or t h a t  t h e  numbers i n  t h e  a n a l y s i s  are i n c o r r e c t .  

The Rasmussen s tudy,  p l u s  t h e  experience w e  have had t h u s  f a r ,  

sugges t s  t h a t  a n  a c c i d e n t  i s  very u n l i k e l y  and t h a t  i t s  conse- 

quences, measured o b j e c t i v e l y ,  are u s u a l l y  r a t h e r  small .  Never- 

1 
I 

t h e l e s s ,  t h e  Rasmussen s tudy ,  as do a l l  such s t u d i e s ,  does no t  

i c  ! 

e l i m i n a t e  t h e  p o s s i b i l i t y  of  a very u n l i k e l y  - almost h y p o t h e t i c a l  - 

a c c i d e n t  t h a t  would be comparable t o  t h e  worst  man-made d i s a s t e r ,  
~ 

b u t  f a r  less than  n a t u r a l  d i s a s t e r s ,  such as t h e  Bangladesh typhoon. 
I 

I 5. Reactor S i t i n g  
~ I 

/ #  

N o  matter what t h e  r i s k s  of n u c l e a r  energy are, and 

I 

d i f f e r e n t  people pe rce ive  them d i f f e r e n t l y ,  t h e r e  w i l l  always be 

I 

i n c e n t i v e  t o  reduce t h e s e  r i s k s .  One way of reducing t h e  r i s k s  

i d  by adopt ing a more r a t i o n a l  s i t i n g  p o l i c y  f o r  reactors and f o r  

i 
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r ep rocess ing  and f a b r i c a t i o n  p l a n t s .  Severa l  p o s s i b i l i t i e s  such as 

p l a c i n g  reactors underground o r  of f - shore  have been d iscussed .  One 

t h a t  I have espoused is  t h e  nuc lear  energy c e n t e r . 5  I f  r e a c t o r s  and 

t h e i r  sub-systems a r e  c l u s t e r e d  i n t o  energy c e n t e r s  so t h a t  a l l  l i n e s  

of communication are i n t e r n a l ,  many hazards  could be reduced. D i -  

ve r s ion  of f i s s i l e  m a t e r i a l  would be made d i f f i c u l t  s i n c e  one would 

need t o  guard only t h e  "baske t" ,  n o t  t h e  eggs. Reactors  b u i l t  s e r i a l l y  

would be cons t ruc t ed  by a s t a b l e  work f o r c e  and opera ted  by a super- 

c r i t i ca l  cadre .  The reactors would be b e t t e r  b u i l t  and b e t t e r  

opera ted ;  acc iden t s  of whatever s o r t  would be l e s s  l i k e l y .  I s o l a t i n g  

nuc lea r  gene ra t ion  a t  r e l a t i v e l y  few s i t e s  reduces t h e  a r e a  t h a t  

could conceivably be a t  r i s k  of contamination. 

Weighing a g a i n s t  such c l u s t e r  s i t i n g  are t h e s e  t e c h n i c a l  i s s u e s :  

t h e  h e a t  i s l a n d  e f f e c t ,  t ransmiss ion  of power from such c e n t e r s ,  and 

SAlvin M. Weinberg, "The Moral Impera t ives  of Nuclear Energy", 
Nuclear N e w s  14, 33-37 (December 1971) .  
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v u l n e r a b i l i t y  of t h e  power system t o  f a i l u r e  of  a cen te r .  The p r o s  

and cons of  c e n t e r s  are now being a c t i v e l y  argued; and T i t l e  11, 

Sec t ion  207, of t h e  A c t  c r e a t i n g  t h e  Nuclear Regulatory Commission 

r e q u i r e s  t h e  NRC t o  conduct a comprehensive s tudy of nuc lea r  energy 

6 c e n t e r s ,  and t o  r e p o r t  t h e  r e s u l t s  by October 1975. 

Va l ida t ing  t h e  Nuclear Option: Non-Technical I s s u e s  

There are two d i f f e r e n t  non-technical obstacles t o  v a l i d a t i n g  

t h e  n u c l e a r  opt ion:  i n s t i t u t i o n a l  o b s t a c l e s  and basic ques t ions  
I 
! 

of  t h e  a c c e p t a b i l i t y  of nuc lea r  energy. 

I s h a l l  b r i e f l y  mention a few of t h e  i n s t i t u t i o n a l  o b s t a c l e s .  

One of t h e  major problems f a c i n g  n u c l e a r  energy i s  t h e  d i f f i c u l t y  of 

r a i s i n g  capital .  Is t h e  u t i l i t y  i n d u s t r y  capable  of providing t h e  
I 

1 /’ 

money needed t o  b u i l d  nuc lea r  p l a n t s  - or,  for  t h a t  m a t t e r ,  f o s s i l -  

I 
fue l ed  p l a n t s ?  These c a p i t a l - i n t e n s i v e  dev ices  are expected t o  pro- 

$/EnergyKeorganization A c t  of 1974” , Pub l i c  Law 93-438 , 93rd Congress , 
H./R. 11510, U.  S. Government P r i n t i n g  O f f i c e ,  Washington, D.C. 
(October 11 , 1974)  r. 

I 

I 
1 1  

I 
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duce energy f o r  50 or more years .  But, g e n e r a l l y ,  t h e  marketplace 

d i s c o u n t s  long-term investments a t  a high r a t e  - t o o  h igh  a t  p r e s e n t  

t o  a t t r a c t  t h e  needed funds. Nearly 100 nuc lea r  r e a c t o r s  have been 

d e f e r r e d  or  canceled, p a r t l y  because  of t h e  capi ta l  squeeze. W i l l  

t h e  marketplace s e r v e  adequately f o r  f inanc ing  t h e  nuc lea r  en te r -  

prise; or do w e  see h e r e  a p o s s i b l e  breakdown of t h e  market mecha- 

nism? W i l l  some modified market system be r e q u i r e d  t o  raise t h e  

necessary capi ta l  for such ven tu res?  

Fragmentation of t h e  u t i l i t y  i n d u s t r y  places o b s t a c l e s  bo th  

i n  t h e  way of r a i s i n g  c a p i t a l  and of e s t a b l i s h i n g  nuc lea r  energy 

c e n t e r s .  Cen te r s  t h a t  g e n e r a t e ,  s ay  20,000 megawatts e lectr ic  

would i n  most cases r e q u i r e  a consortium of  u t i l i t i e s .  Generally 

speaking, such c e n t e r s  might r e p r e s e n t  a s e p a r a t i o n  of t h e  whole- 

sale gene ra t ion  of  e l e c t r i c i t y  from i ts  re ta i l  d i s t r i b u t i o n .  T h i s ,  

i n  some ways, i s  reminiscent  of t h e  s e p a r a t i o n  between wholesale 

and r e t a i l  banking t h a t  occurred i n  1935 d i e n  t h e  Fede ra l  Reserve 
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System w a s  e s t a b l i s h e d .  Of course t h i s  does no t  imply t h a t  t h e  

gene ra t ing  c e n t e r s  would be Government-owned; b u t  it seems clear 

t h a t  new o rgan iza t ions ,  however f inanced,  would be r equ i r ed  t o  

operate t h e  c e n t e r s .  

There are many o t h e r  i n s t i t u t i o n a l  ques t ions  t h a t  s t i l l  be- 

set  nuc lea r  energy such as Price-Anderson ex tens ion  and one-stop 

l i c e n s i n g .  But t h e s e  are i n c i d e n t a l  t o  what seems t o  m e  t o  be  

emerging as t h e  m o s t  c r u c i a l  i s s u e  i n  nuc lea r  energy: 'Is nuc lea r  

energy acceptable t o  t h e  p u b l i c ?  That t h e  a c c e p t a b i l i t y  of nuc lea r  

energy is shadowed by doubt i s  p a r t i c u l a r l y  p a i n f u l  t o  t h o s e  of u s  

who have devoted o u r  careers t o  peace fu l  nuc lea r  energy and who 2 5  

y e a r s  ago were h a i l e d  as ha rb inge r s  of a new and more abundant age 

based upon nuc lea r  energy. Today many of us  f e e l  l i k e  Horatio a t  t h e  

br idge;  o f t e n  w e  f i n d  ou r se lves  sub jec t ed  to abuse,  t o  accusa t ions  

of d i shones ty ,  or cowardice because w e  cont inue t o  i n s i s t  on what 

was ev iden t  2 5  y e a r s  ago and - d e s p i t e  noisy p a t e s t s  - remains t r u e  



today: t h a t  nuc lea r  energy is ,  i n  fact ,  a good t h i n g ,  no t  a bad 

th ing ;  t h a t  it is  man’s g r e a t  good f o r t u n e  t o  have f a l l e n  i n t o  t h i s  

miracle a t  t h e  same time he began t o  use  a v a i l a b l e  f o s s i l  f u e l s  a t  

an alarming rate. 

The oppos i t i on  t o  nuc lear  energy i s  hardening. A r e c e n t  

u t i l i t y  i n d u s t r y  p o l l  sugges ts  t h a t  1 7 %  of t hose  quest ioned w e r e  

opposed t o  nuc lear  energy, 19% were undecided, 64% were favorable .  

I 
There i s  a non-zero chance t h a t  t h e  p u b l i c  w i l l  t u r n  away from nuc lea r  

i 
1 

energy, t h a t  t hose  who are i n t e n t  on abo l i sh ing  nuc lear  energy may 

succeed i n  so doing. 
I 

The major argument of t h o s e  who wish t o  a b o l i s h  nuc lear  

energy i s  b a s i c a l l y  t h a t  t h e  s o c i a l  i n s t i t u t i o n s ,  t h e  meticulous at-  
’ , j  ,’ 

t e n t i o n  t o  d e t a i l  t h a t  is  demanded by nuc lea r  energy i f  w e  are t o  

use  it ex tens ive ly ,  is beyond man’s capac i ty .  If a ser ious acc iden t  
I 

s ould occur ,  t h e  nuc lear  e n t e r p r i s e  - according t o  i t s  c r i t i c s  - 1 
w o , l d  1 be stopped i n  i t s  t r a c k s .  Therefore ,  they say  it i s  b e t t e r  t o  

‘ i  
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h a l t  t h e  e n t e r p r i s e  now when it is  r e l a t i v e l y  s m a l l  and n o t  r i s k  a 

shutdown of a major sou rce  of energy than  t o  become t o o  dependent 

on what some cons ide r  an undependable source of energy. 

ki'4 As one of  t hose  who hawe po in ted  o u t  t h e  n a t u r e  of t h e  

Faus t i an  ba rga in  inhe ren t  i n  nuc lea r  energy - t h a t  i n  exchange f o r  

an i n e x h a u s t i b l e  and r e l a t i v e l y  cheap source of energy, mankind 

commits i t s e l f  t o  a high o rde r  of care and s o c i a l  s t a b i l i t y  - I must 

t a k e  i s s u e  wi th  those  who conclude, as James Conant d i d  some 20  

7 y e a r s  ago, t h a t  nuc lea r  energy is  no t  worth t h e  cand le  , t h a t  t h e  

d i s p o s a l  of waste ( t o  u s e  Conant 's  example) posed an i n s o l u b l e  

dilemma. 
I 

F i r s t  w i th  respect t o  t h e  assessment of  hazard,  none can deny 

t h a t  n u c l e a r  energy is p o t e n t i a l l y  hazardous. But even i f  the-Ras-  

mussen s tudy i s  wrong by a f a c t o r  of 1 ,000,  and t h e  r i s k  of  f a t a l i t y  

5 y e a r s ,  no t  one i n  300x106, t h e  hazard per 100 reactors is  one i n  3x10 

'James B r y a n t  Conant, "9. S k c p t i c a l  Chemist Looks i n t o  the Cr-krs t ; . l  H ; i l l " ,  
CHEMICAL AND ENGINEERING NEWS -- 2 9 ,  3847-3849 (September 17, 1951). 
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is well below that wsed by most other man-made activities. As for 

the disposal of wastes, the much maligned disposal in salt of solid 

wastes is simply that: much maligned. In the first place, there is 

every reason to believe that the ceramics in which the wastes are fixed 

will resist corrosion by water for a very long time, even in the most 

unlikely event that water reaches the wastes. One can calculate 

that after about 600 years in the salt mine the radioactivity of 

the wastes is, per unit volume averaged over the entire mine, 

considerably less than the radioactivity associated with the original 

uranium ore. We often forget that radium occurs in nature and that 

radium is much more hazardous than is plutonium. After 600 years or 

so, the net effect of processing uranium through a reactor and returning 

it to the ground is to reduce'the hazard associated with the virgin 

uranium ore. 

Yet I cannot say, nor can anyone say, that immense damage 

cannot be caused by a grossly misoperating reactor - that, say, rather 
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l a r g e  land areas w i l l  n o t  be i n t e r d i c t e d  €or long t imes - i f  a 

reactor blew up and destroyed i t s  containment under t h e  worst  

possible cond i t ions .  I t  i s  simply t h a t  t h e  p r o b a b i l i t y  of t h i s  

happening is extremely small .  

Such remote r i s k s  are  acceptable only i f  one believes t h a t  

t h e  b e n e f i t s  one d e r i v e s  are commensurate with t h e  r i s k .  And i n  

t h e  deba te  t h a t  is now going on, it does n o t  seem t h a t  t h e  b e n e f i t s  

I 

~ i n  t h e  r i s k - b e n e f i t s  equat ion are p rope r ly  acknowledged. 

F i r s t ,  l e t  us  no t  f o r g e t  t h a t  nuc lea r  base-load e l e c t r i c i t y  is  
I 

i 

now cheaper than most f o s s i l  a l t e r n a t i v e s  t h a t  can p r e s e n t l y  be 

i n s t a l l e d .  

Second, nuc lea r  energy is  c l e a n e r  t han  f o s s i l - f u e l e d  energy. 
I I 

~ 

A t y p i c a l  c o a l - f i r e d  power p l a n t  may cause 50 d e a t h s  each y e a r ,  

8 according t o  e s t i m a t e s  of B. L. Cohen ; t h e  average l i f e  span of a 

I 

c i t y  dwe l l e r  i s  f i v e  y e a r s  s h o r t e r  t han  t h a t  of  t h e  country dwe l l e r ,  

1 

; I  
1 1  

1, I 

*of t h e  Agomic S c i e n t i s t s ,  October 1974. 

\ I  
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and t h i s  t o l l  is  probably i n  f a i r  measure a t t r i b u t a b l e  t o  t h e  

burning of f o s s i l  f u e l s .  A nuclear  e l e c t r i c  economy, inc luding  

widespread use  of e l e c t r i c  cars, would avoid t h i s  damage. 

One o f t e n  hea r s  from those  who wish t o  a b o l i s h  nuc lea r  

energy t h a t  solar energy i s  r e a l l y  what we should use;  bu t  t h i s  i s  

s u r e l y  a mis rep resen ta t ion  of our  p r e s e n t  knowledge. S o l a r  hea t ing  

and coo l ing  w i l l  come, b u t  w i l l  probably be expensive.  A s  f o r  l a rge -  

s c a l e ,  d i r e c t  e l e c t r i c a l  gene ra t ion  from s o l a r  energy, t h e  l a t e s t  

9 cost estimates, f o r  example by Honeywell Company , a r e  around 55 

m i l l s  p e r  k i lowa t t  hour wi th  one-half hour s t o r a g e ,  and poss ib ly  

double t h i s  amount wi th  night- t ime s to rage .  Other  solar m o d a l i t i e s  

(wind, ocean g r a d i e n t s ,  b i o l o g i c a l  methods) might prove t o  be cheaper. 

But it seems imprudent t o  renounce nuc lear  energy f o r  a prime source 

t h a t  is i n t e r m i t t e n t  and might be f i v e  t o  t e n  times more expensive.  

Obviously, w e  must pursue s o l a r  s e r i o u s l y ,  a n d . t h e  budget f o r  s o l a r  

9"Solar-Thermal E l e c t r i c  Power Generation - A S t a t u s  Report" , 
Honeywell and Black & Beach (December 4, 1974). 
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r e sea rch  has increased  e i g h t f o l d  over  t h e  p a s t  t h r e e  yea r s .  But w e  

cannot depend on t h i s  source  and r e j e c t  nuc lea r  energy without  f ac ing  

q u i t e  hones t ly  and very  squa re ly  a l l  t h e  consequences of r e j e c t i n g  

nuc lea r  energy. 

And, indeed, it is  t h e  r e f u s a l  t o  f a c e  up t o  a l l  t he  conse- 

quences of r e j e c t i n g  nuc lea r  - social ,  p o l i t i c a l ,  economic - t h a t  

seem t o  be t h e  weakest p o i n t  i n  t h e  argument of t h e  a b o l i t i o n i s t s :  
, 

e a d d i t i o n a l  burden of 6x106 b a r r e l s  of oil equ iva len t  p e r  day by 

1985, perhaps t h r e e  times t h i s  amount by 2000; t h e  inexorable  r i s e  

i n  prices of e l e c t r i c i t y  and energy g e n e r a l l y  as increased  use  of o i l  

and gas  for  e l e c t r i c  power w i l l  d r i v e  up energy costs; t h e  a d d i t i o n a l  
i 

environmental  damage which is i n e v i t a b l y  caused by t h e  a l t e r n a t i v e s  , , 
1 / I  

t o  nuc lear .  

I 

My response t o  nuc lear  abo l i t i on i sm is  no t  t o  r e j e c t  nuc lear  

I 

energy; b u t  t o  improve nuc lear  energy. When Ralph Nader f i r s t  
I 
I 

pd in t ed  o u t  t h a t  automobiles cause 50,000 dea ths  each yea r ,  h i s  

; I  1 

I 
' I  
' I  
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response w a s  t o  make cars s a f e r  - n o t  t o  a b o l i s h  them! 

_ -  
I n  t h e  same ve in ,  as w e  recognize t h e  p o t e n t i a l  hazard o f  

nuc lea r  energy, w e  must n o t  a b o l i s h  nuc lea r  energy b u t  i n s t e a d  w e  

must reduce any r e s i d u a l  p o t e n t i a l  hazard of nuc lea r  energy. I 

b e l i e v e  w e  ought t o  re-examine ou r  s i t i n g  p o l i c y  and move forward 

w i t h  energy c e n t e r s ;  p a r t i c u l a r l y ,  I f avor  s i t i n g  b reede r s  i n  energy 

c e n t e r s .  W e  must cont inue t o  t i g h t e n  o u r  s t anda rds  of  workmanship, 

of met iculous a t t e n t i o n  t o  d e t a i l .  W e  should i n v e s t i g a t e  schemes 

for  removing t h e  t r a n s u r a n i c s  from wastes and t o  make t h e  wastes 

less l eachab le ,  cven though our  s c e n a r i o s  suggest  t h a t  t h i s  may , 

n o t  be necessary.  W e  must also s t r e n g t h e n  t h e  i n s t i t u t i o n s  charged 

wi th  r e s p o n s i b i l i t y  f o r  gene ra t ing  nuc lea r  energy. 

N o  one can promise t h a t  t h e s e  measures w i l l  be t o t a l l y  suc- 

c e s s f u l ,  and t h a t  t h e  hazard of nuc lea r  energy w i l l  always remain 

p o t e n t i a l .  But w e  must remember t h a t ,  by c o n t r a s t ,  t h e  dangers of 

foss i l  e n e r g y . a r e  n o t  p o t e n t i a l ;  i n s t e a d ,  t hey  are real. I n  proceeding 
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on a nuclear course - with its economic advantages - we accept the 

presumptive and potential risk of nuclear energy, but we avoid 

other risks that are real - not presumptive nor potential. T h i s  

would appear to be a far more prudent course than the destruction 

of nuclear energy demanded by the nuclear abolitionists. 


