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ABSTRACT 

Both technologica l  and s o c i a l  f i x e s  are l i k e l y  t o  b r i n g  w i t h  them 

Although t h e  perceived s i d e  de t e r imen ta l  and unforeseen s i d e  e f f e c t s .  

e f f e c t s  of nuc lea r  energy can undoubtedly b e  amel iora ted  by improved 

technology, a permanent i n s t i t u t i o n a l  i n f r a s t r u c t u r e  w i l l  probably 

a l s o  be  r equ i r ed .  

t o  r e l a t i v e l y  few, l a r g e  sites r a t h e r  than  many s m a l l  sites may b e  a 

f i r s t  s t e p  toward c r e a t i n g  t h i s  permanent i n s t i t u t i o n a l  i n f r a s t r u c t u r e .  

- 

I t  i s  pointed out  t h a t  confinement of nuc lea r  energy 

ii 

3 



BEYOND THE TECHNOLOGICU FIX* 

A technological fix is a means for resolving a societal problem by adroit 

use of technology and with little or no alteration of social behavior. The 

problem may itself have arisen from a misused or a deficient technology - for 

example, highway deaths are a social problem stemming from widespread use of 

automobiles. Or the social problem may have little to do with technology - 

for example, war o r  crime in the streets or overpopulation. Thus for the 

first of these -highway deaths -we have adopted seat belts and may adopt 

air-bags; for war, technology offers the H-bomb and missile delivery systems 

which have imposed a peace of mutual deterrence; for crime, better street 

lighting, as a partial resolution; for overpopulation, the "pill". 

At this Energy Exposition we have been discussing many different techno- 

logical approaches to the resolution of the energy "problematique". 

most of the papers are given by technologists, it is not unexpected that the 

social components or approaches tend t o  be overlooked or set aside. Indeed, 

most of what we have heard, for example, Professor Calvin's ingenious pe- 

troleum plants, are proposals for technological resolutions of the problem 

of energy supply. 

Since 

It is significant that so much of the discussion has been concerned 

with supply rather than demand. Again, this is natural since demand ordi- 

narily involves individual actions of many consumers, whereas supply embraces 

far fewer, but more powerful actors. In principle, it is easier t o  increase 

the efficiency of a central station power plant - say by installing low Btu 

*Presented at the 5th Energy Technology Conference and Exposition, "Challenges 
to Technology, Washington, D. C. (February 28, 1977). 
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gas topping cyc le s  - than i t  is  t o  persuade m i l l i o n s  of people  t o  t u r n  of f  

t h e i r  l i g h t s  o r  t o  i n s u l a t e  t h e i r  homes. I n  t h e  one case - i nc reas ing  

e f f i c i e n c y  of supply - t h e  u l t ima te  consumer has  l i t t l e  reason t o  change h i s  

s t y l e  of l i v i n g ;  i n  t h e  o t h e r  case, h i s  customary h a b i t s  are in t ruded  upon, 

and he  must r e a d j u s t  a t  least some of h i s  ways of doing th ings .  

I would suggest  t h a t  t h e  primary adjustment  imposed by s o c i a l  r a t h e r  

than  technologica l  approaches t o  reduct ion  i n  demand i s  a l o s s  i n  our  freedom 

t o  a l l o c a t e  t i m e .  The most s t r i k i n g  example of t h i s  is  our  dec i s ion  t o  save  

energy by reducing t h e  speed l i m i t  t o  

t h i s  a c t i o n  has  probably saved 10,000 

good idea  i n  any event .  On the  o t h e r  

t h e  o r i g i n a l  a i m  - b e t t e r  u t i l i z a t i o n  

inroads  on a resource  t h a t  many would 

f o r  which no s u b s t i t u t e  is  a v a i l a b l e :  

yea r s  of time. 

This  t radeoff  between energy and 

55 m i l e s  per  hour.  Now, t o  b e  s u r e ,  

l ives  per  year  and t h e r e f o r e  may be  a 

hand, a more e f f i c i e n t  c a r  would achieve 

of o i l  - w i t h o u t  r equ i r ing  us t o  make 

consider  of primary importance and 

our  a l l o t t e d  t h r e e  sco re  and t e n  

t i m e  w a s  f i r s t  pointed o u t  by Daniel  

Spreng of  t h e  I n s t i t u t e  f o r  Energy Analysis  and i s  much more pervas ive  and 

far-reaching than had h i t h e r t o  been r e a l i z e d .  Much of t h e  c u r r e n t  rumble 

about s o f t  energy pa ths  - which impl i e s  s m a l l ,  decen t r a l i zed  genera t ing  

systems based l a r g e l y  and u l t i m a t e l y  on t h e  sun, as w e l l  as upon a myriad 

of i nd iv idua l  s o c i a l  dec i s ions  - involves  s a c r i f i c i n g  t i m e ,  o r  a t  least  

freedom i n  our a l l o c a t i o n  of t i m e ,  i n  t h e  i n t e r e s t  of saving our  sca rce  

resources  of o i l  and gas .  

of t h e  inhe ren t  i n t e rmi t t ency  of t he  sun. 

This s a c r i f i c e  of t i m e  i s  a consequence mainly 
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I1 

Socia l  c r i t i c s  tend t o  be  wary of  technologica l  f i x e s  because they 

do no t  g e t  t o  r o o t  causes:  they o f t e n  have d e l e t e r i o u s  and unforeseen 

s i d e  e f f e c t s  - f o r  example, t h e  i n t e r s t a t e  highway system, one of our  

most far-reaching technologica l  f i x e s ,  has  been r e spons ib l e  i n  good measure 

f o r  t h e  d e t e r i o r a t i o n  of t h e  n a t i o n ' s  major c i t i es ;  c e n t r a l  genera t ion  of 

e l e c t r i c i t y  from coa l - f i r ed  p l a n t s  has  probably been r e spons ib l e  f o r  a 

f a i r  sha re  of t h e  f a t a l i t i e s  i n  c o a l  mines. 

Most technologica l  f i x e s  can  do no more than  he lp  remedy t h e  immediate 

problem t h a t  invoked t h e  f i x .  I n  t h e i r  wake they leave o t h e r  problems 

which, i n  t u r n ,  are amenable t o  r e s o l u t i o n  by a d d i t i o n a l  technologica l  

f i x e s :  f i x e s  are app l i ed  over  f i x e s ,  and the  s o c i e t y ,  t o  be  metaphorical.,  

becomes a patchwork of band-aids - i n d e e d ,  I have r e f e r r e d  t o  i t  as t h e  

"band-aid soc ie ty" .  

But technologica l  f i x e s  are n o t  unique i n  t h i s  regard f o r ,  i f  w e  are 

hones t ,  s o c i a l  f i x e s  a l s o  have unforeseen and d e l e t e r i o u s  s i d e  e f f e c t s .  

On a grand scale, we have the  

Marxism, which has  brought i n  

de lve  i n t o  h i s t o r y ,  however. 

v i s i o n s  f o r  r e s t r u c t u r i n g  t h e  

g r e a t  r evo lu t iona ry  movements - f o r  example, 

i t s  wake massive s u f f e r i n g .  

I have a l r eady  pointed o u t  t h a t  some of our 

energy system - p a r t i c u l a r l y  those  depending 

We need not  

on decen t r a l i zed  and renewable sources  of energy -would r e q u i r e  s a c r i f i c e s  

and changes i n  our d a i l y  l ives.  They imply an  e ros ion  of d i sposable  t i m e  

and an i n t r u s i o n  of our freedom of choice  i n  t h e  use  of t i m e .  Whether w e  

would cons ider  t h i s  uncongenial ,  o r  even a s e r i o u s  l o s s ,  i s ,  of course ,  
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d i f f i c u l t  t o  say.  Indeed, t h e  answer may be a s u b j e c t i v e  one and d i f f e r  from 

person t o  person. But one must concede t h a t  n e i t h e r  technologica l  nor s o c i a l  

f i x e s  can ever be  expected t o  produce u top ia  he re  on e a r t h :  our  s o c i e t y ,  I 

be l i eve ,  w i l l  always be  a band-aid s o c i e t y  - about a l l  w e  can hope f o r  is  

t h a t  s m a l l  incremental  improvements, t aken  as a whole, w i l l  l e a d  t o  happier ,  

more f u l f i l l e d  people.  

I11 

I t u r n  from t h i s  r a t h e r  ph i losophic  preamble t o  s p e c u l a t e  on some ways 

of dea l ing  wi th  t h e  i n e v i t a b l e  d e l e t e r i o u s  and unforeseen s i d e  e f f e c t s  of 

nuc lear  energy. 

c o n s t i t u t e s  a p o s s i b l e  technologica l  f i x  f o r  t h e  underlying,  long-term 

That nuc lea r  energy, a t  least i n  i t s  breeder  embodiment, 

problem of energy I be l i eve  i s  undeniable - t h i s ,  d e s p i t e  t he  cu r ren t  d i s -  

a f f e c t i o n  wi th  nuc lea r  energy and r e j e c t i o n  of a t  least some breeder  r e a c t o r s .  

Y e t ,  nuc lear  energy i s  considered t o  be  unacceptable  by a vocal  minor i ty .  

The an t i -nuc lear  cons t i tuency  advances va r ious  reasons f o r  t h e i r  s t ance ,  

many of  which have been t h e  s u b j e c t  of i n t e n s e  deba te  s i n c e  the  f i r s t  cha in  

r e a c t i o n  more than a q u a r t e r  century ago. 

The i s s u e s  around which the  nuc lear  debate  swirls are p r o l i f e r a t i o n ,  

waste d i s p o s a l ,  r e a c t o r  acc iden t ,  and t e r ro r i sm and sabotage.  Now, i n  

c o n t r a s t  t o  energy from f o s s i l  f u e l ,  t h e  d e l e t e r i o u s  s i d e  e f f e c t s  of f i s s i o n  

energy are mani fes t  only when t h e r e  i s  a f a i l u r e  of t h e  system: i n  p r i n c i p l e ,  

an adequately safeguarded nuc lear  energy system is  n o t  n e c e s s a r i l y  a source 

of nuc lea r  weapons; i t s  wastes, i n  p r i n c i p l e ,  can be s t o r e d  o r  sequestered 

s a f e l y ;  if proper ly  ope ra t ing  i t  w i l l  no t  release l a r g e  amounts of radio-  

a c t i v i t y ;  i f  p roper ly  guarded, sabotage and t e r ro r i sm would not  succeed. 
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By c o n t r a s t ,  a t  l eas t  one of t he  p o s s i b l e . s i d e  e f f e c t s  of t h e  burning of 

f o s s i l  f u e l  - t h e  release of CO 

f o s s i l  energy system. 

- i s  i n e v i t a b l e  even i n  a p rope r ly  opera t ing  2 

Thus t h e  ob jec t ions  t o  t h e  nuc lea r  system a l l  t u r n  on t h e  ques t ion  of 

p r o b a b i l i t y :  what i s  the  p r o b a b i l i t y  t h a t  a system which when ope ra t ing  

proper ly  i s  r a t h e r  innocuous, w i l l ,  i n  f a c t ,  malfunct ion? This  i s  hard t o  

answer a p r i o r i :  

p r o b a b i l i t y ,  t h e  system p r o b a b i l i t y  - of acc iden t ,  t e r ro r i sm,  even p r o l i f e r a -  

t i o n  - i s  s m a l l  when t h e  o v e r a l l  system is  s m a l l ,  i t  is  l a r g e r  when the  

system becomes l a r g e r .  This  w i l l  hold un le s s  w e  can con t inua l ly  improve the  

nuc lear  system t o  keep pace wi th  t h e  i n c r e a s e  i n  i t s  s i z e .  Rasmussen's a 

I suppose t h e  b e s t  I can say i s  t h a t  whatever t h e  ind iv idua l  

-5 
p r i o r i  p r o b a b i l i t y  of a meltdown i n  a p res su r i zed  water r e a c t o r  i s  5 x LO 

per  r e a c t o r  per  year ;  t h i s  i s ,  I would sugges t ,  an accep tab le  acc iden t  ra te  

when t h e  system i s  very  s m a l l  - say  100 r e a c t o r s  (which l e a d s  t o  an o v e r a l l  

a p r i o r i  meltdown rate  of 5 x lom3 per  y e a r ) .  It i s  probably too  h igh  i f  

t he  system ever got  as l a r g e  as  10,000 r e a c t o r s  - a p o s s i b i l i t y  t h a t  must 

be contemplated i f  t he  world energy system even tua l ly  reached 50 terrawatts 

and, l e t  u s  say ,  75 percent  of t h i s  were provided by r e a c t o r s  each genera t ing  

3,000 megawatts of hea t .  

It  seems'clear t o  m e  t h a t  as t h e  nuc lea r  e n t e r p r i s e  unfolds  (assuming, 

of course ,  t h a t  i t  i s  not  abor ted  as a consequence of a p o l i t i c a l  dec i s ion ) ,  

t echnologica l  f i x e s  w i l l  be  devised f o r  reducing p r o b a b i l i t y  of f a i l u r e  i n  

t h e  system. 

systems, inc luding  reprocess ing  p l a n t s ,  that are more r e s i s t a n t  both t o  

Thus we  are now engaged i n  a l a r g e  reexamination of r e a c t o r  

1 
3 
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pro l iEe ra t ion  and to  d ive r s ion  by subnat iona l  groups than Is  t h e  oxide- 

fueled l i q u i d  metal f a s t  b reeder  r e a c t o r .  The genera l  i dea  is  t o  denature  

the  f u e l ,  e i t h e r  by mixing i t  wi th  a n o n f i s s i l e  i so tope ,  o r  w i t h  a very 

r a d i o a c t i v e  contaminant. Such technologica l  f i x e s  are reminiscent  of t h e  

o ld  i d e a s  pu t  f o r t h  i n  the  Acheson-Lilienthal p l an  of 1946 - t o  d i v i d e  

nuc lear  energy i n t o  s a f e  and dangerous a c t i v i t i e s  on t h e  b a s i s  of whether 

t h e  primary f i s s i l e  material w a s  denatured o r  not .  Though i t  is  too e a r l y  

t o  say 

za t ion  

l i k e l y  

though 

what t hese  massive s t u d i e s  w i l l  accomplish, I sense  a growing reali-  

t h a t  t echnologica l  approaches t o  subna t iona l  d ive r s ion  are q u i t e  

t o  be success fu l  b u t  t h a t  similar approaches t o  p r o l i f e r a t i o n ,  

important ,  are no t  s u f f i c i e n t .  P o l i t i c a l  and i n s t i t u t i o n a l  mechanisms 

w i l l  have t o  be invented i f  w e  are t o  l i ve  i n  reasonable  comfort w i t h  t h e  

Sword of Damocles c a l l e d  P r o l i f e r a t i o n :  i n  s h o r t ,  t h a t  w e  s h a l l  have t o  go 

beyond the  Technological F ix .  

IV 

Of t h e  two underlying problems t h a t  nuc lear  energy poses - p r o l i f e r a t i o n  

and s a f e t y  - I th ink  of t h e  f i r s t  as being more t r a n s i t o r y  than t h e  second. 

There are now 150 sovere ign  c o u n t r i e s  - o f  t hese  n o t  more than,  say ,  t h r e e  

dozen are p o t e n t i a l  p r o l i f e r a t o r s ,  a t  least  over t h e  next  two genera t ions .  

A s  w e  contemplate t h e  long-term f u t u r e ,  w e  s h a l l  have t o  come t o  t e r m s  with 

p r o l i f e r a t i o n  - e i t h e r  by l e a r n i n g  t o  l i ve  i n  a nuclear-armed crowd, o r  by 

p u t t i n g  i n  p l ace  s o c i a l  mechanisms which, one way o r  another ,  w i l l  r e so lve  

the  p r o l i f e r a t i o n  i s sue .  
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By c o n t r a s t ,  I do no t  b e l i e v e  w e  can ever  have done wi th  the  i s s u e  

of nuc lear  s a f e t y ,  i n  a l l  i t s  man i fe s t a t ions .  A 1,000 MWe nuclear  r e a c t o r  

con ta ins  about 15 x 10 c u r i e s ,  and t h i s  w i l l  be  as t r u e  of nuc lea r  r e a c t o r s  

500 yea r s  from now as i t  is  today. Thus, i f  w e  are s e r i o u s l y  contemplating 

a long-term f u t u r e  energy system i n  which nuc lear  energy is  t o  p l ay  a 

l a r g e  r o l e ,  w e  must somehow grasp  t h i s  f a c t .  We must guarantee,  i n s o f a r  

as  p o s s i b l e ,  t h a t  r a d i o a c t i v i t y  on a massive s c a l e ,  whether i n s i d e  t h e  

r e a c t o r  o r  i n  process  streams, i s  handled proper ly .  Can w e  conceive of 

s o c i a l  mechanisms that go beyond technology and t h a t  w i l l  he lp  achieve 

t h i s  end? 

9 

F i r s t  among t h e  s o c i a l  requirements  is  t h e  n e c e s s i t y  f o r  i n s t i t u t i o n a l  

longevi ty  of t h e  nuc lea r  system. A nuc lea r  r e a c t o r  simply i s  not  something 

one walks away from - n o r ,  f o r  t h a t  matter, are the  w a s t e s  un le s s  they have 

been permanently seques te red .  Thus an  e s s e n t i a l  i n s t i t u t i o n a l  element of t h e  

nuc lear  energy system must be  a s o r t  of immorta l i ty  - somewhat l i k e  the  

i n s t i t u t i o n a l  immortal i ty  of t h e  d i k e  system i n  Holland: a cadre  of dedicated 

p ro fes s iona l s ,  a t  a l l  levels,  has  maintained t h e  d ikes  f o r  about 1,000 yea r s .  

I t  i s  c l e a r l y  impossible  f o r  us t o  guarantee  t h a t  i n s t i t u t i o n s  put  i n  

p l a c e  today w i l l  p e r s i s t  f o r  t i m e s  s o  f a r  beyond our  comprehension; one must 

be  sobered by Adolf Hitler's expec ta t ion  of h i s  Third Reich which w a s  t o  

endure f o r  "1,000 years";  happi ly ,  i t  crumbled i n  a decade, Nevertheless ,  

w e  can take  h e a r t  from t h e  e x i s t e n c e  of c e r t a i n  s t r u c t u r e s  and i n s t i t u t i o n s  

i n  our  s o c i e t i e s  t h a t  have p e r s i s t e d  century  a f t e r  cen tury  - t h e  g r e a t  

c i t i e s ,  ca thed ra l s ,  and u n i v e r s i t i e s  of Europe, o r  t h e  Buddhist temples of 
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t h e  E a s t .  I n  each case  the  i n s t i t u t i o n a l  i n t e g r i t y  seems t o  flow from an 

i d e n t i f i e d ,  v i r t u a l l y  hallowed s i te  - a p l a c e  on t h e  map t h a t  contained 

a c t u a l  imposing e d i f i c e s  of man. Thus, though w e  cannot guarantee permanence 

of t h e  nuc iea r  es tab l i shment ,  t h e r e  are c e r t a i n  a c t i o n s  w e  can t ake  now t h a t  

would make i t  easier t o  conceive of an  eventua l  permanent nuc lea r  system 

a r i s i n g  from today 's  s m a l l  beginnings.  

The most important ,  f i r s t  s t e p  toward i n v e s t i n g  t h e  nuc lea r  system 

wi th  an a t t r i b u t e  of permanence i s  t o  endow nuc lea r  sites w i t h  t h e  same 

degree of commitment w i th  which w e  endow, say ,  our  n a t i o n a l  parks .  

Re la t ive ly  f e w  p i eces  of land should be  dedica ted ,  i n  p e r p e t u i t y ,  t o  t h e  

nuc lear  e n t e r p r i s e .  Whether t h i s  ded ica t ion  i s  e x p l i c i t  o r  i m p l i c i t  may 

no t  be too important:  The i n t e r s t a t e  highways were not  considered t o  be  

"na t iona l  monuments" i n  t h e  sense I speak o f ,  y e t  I would guess  t h a t  t h e  

i n t e r s t a t e  system, p r e t t y  much as p r e s e n t l y  l a i d  ou t ,  may l a s t  f o r  many, 

many c e n t u r i e s ,  much as d i d  t h e  Roman roads i n  Europe. 

What I suggest  h e r e ,  as I have suggested repea ted ly  i n  t h e  p a s t ,  i s  t h a t  

t h e  nuc lea r  e n t e r p r i s e  - r e a c t o r s ,  chemical p l a n t s ,  r e f a b r i c a t i n g  p l a n t s  - 

be  confined t o  r e l a t i v e l y  few, very  l a r g e  sites. Such a c t i o n ,  of and by i t-  

s e l f ,  w i l l  tend t o  i n v e s t  t he  system w i t h  t h e  permanence I conceive as being 

d e s i r a b l e .  

Analysis  suggest  t h a t  most of t hese  sites could be expansions of e x i s t i n g  

si tes.  We now have some 100 nuclear  sites i n  ope ra t ion ,  under cons t ruc t ion ,  

o r  i n  advanced s t a g e s  of planning. About t h i s  many s i tes  could accommodate 

the  e n t i r e  f u t u r e  nuc lear  energy system, e s s e n t i a l l y  fo reve r .  I f ,  f o r  

Prel iminary s t u d i e s  by Calvin Burwell of t he  I n s t i t u t e  f o r  Energy 
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example, one placed on t he  average e i g h t  1,300 megawatt r e a c t o r s  on each 

s i te ,  one could contemplate an eventua l  nuc lear  system i n  t h e  United States 

c o n s i s t i n g  of about 1,000 gigawatts .  I f  our  popula t ion  even tua l ly  l e v e l s  

a t  300 x 10 , t h i s  would amount t o  3 . 3  k i l o w a t t s  per  person i n s t a l l e d  6 

nuclear  e l e c t r i c a l  capac i ty ,  compared t o  t h e  c u r r e n t  2.5 k i l o w a t t s  per  

person. 

I have, on many occas ions ,  expounded t h e  v i r t u e s  of such a s i t i n g  

po l i cy :  s t rengthened s e c u r i t y ,  s t r o n g e r  p r o f e s s i o n a l  s t a f f s ,  i n t e r n a l  l i n e s  

of communication, minimizat ion of t h e  land  t h a t  might be contaminated i n  case  

of acc iden t ,  t he  s t r e n g t h  of t h e  c o n s o r t i a  t h a t  would ope ra t e  such c e n t e r s ,  

and t h e  p o s s i b i l i t y  of r e s i d e n t  i n t e r n a t i o n a l  i n s p e c t o r s  who would b e  b e t t e r  

a b l e  t o  f e r r e t  o u t  d ive r s ions  than  would s p o t  i n spec to r s .  Here, however, I 

should r a t h e r  dwell  on a less d iscussed  a spec t  of such a s i t i n g  p o l i c y  - 

t h e  permanence t h a t  such a po l i cy  tends  t o  confer  on t h e  system, and the  

v i r t u e s  of permanence. 

Many of t h e  ob jec t ions  t o  nuc lear  energy - e s p e c i a l l y  those  connected 

w i t h  waste d i sposa l  -become nonproblems once one concedes t h a t  t h e  nuc lea r  

energy system i s  permanent and t h e r e  w i l l  always be  people  around who know 

how t o  handle  r a d i o a c t i v i t y ,  

much s u r v e i l l a n c e  because t h e i r  volume i s  so  s m a l l  and, as t h e  American 

Phys ica l  Society1 concludes,  they can be seques te red  s a t i s f a c t o r i l y  i n  geo- 

l o g i c  formations,  b u t  t h i s  is r a t h e r  d i f f i c u l t  because t h e  low-level wastes 

are s o  voluminous - as much as  50,000 cubic  f e e t  p e r  yea r  per  r e a c t o r .  But 

because they a r e  low level ,  i t  would b e  r e l a t i v e l y  easy t o  s t o r e  them on 

To be s u r e ,  high-level  wastes would no t  r e q u i r e  

I 
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s i t e  f o r ,  say ,  a century o r  so ,  a t  which t i m e  most of them could be t r e a t e d  

as o rd ina ry  garbage. Decommissioning used r e a c t o r s  a l s o  becomes a nonproblem 

i n  a permanently s i t e d  nuc lea r  e n t e r p r i s e :  t h e  decommissioning need c o n s i s t  

on ly  of locking t h e  door. No harm can b e f a l l  our  descendants because t h e  

site i s  a permanent one; t h e  wisdom of no t  i n t rud ing  i n t o  these  r e l i c s  w i l l  

b e  passed down from genera t ion  t o  genera t ion .  

induced a c t i v i t i e s  have decayed, t h e  r e a c t o r s  could b e  dismantled.  

And even tua l ly ,  when the  

V 

A r e  t hese  ideas  of permanently committed, l a r g e  nuc lea r  sites i d l e  

dreams? I th ink  no t .  I n  the  f i r s t  p l ace ,  t h i s  underlying s i t i n g  po l i cy  i s  

a r e a l i t y  i n  Canada. Two sites, Picker ing  and Bruce, account f o r  90 percent  

of a l l  t h e  nuc lea r  power now generated i n  Canada. Each s i t e  is scheduled 

t o  hold a t  least 8 r e a c t o r s .  Bruce, f o r  example, is scheduled t o  genera te  

some 7,000 megawatts, as w e l l  as s t o r e  low-level wastes f o r  a t  least  a 

century i n  engineered s to rage  b ins .  

W e  may b e  a l r eady  wi tness ing  t h e  same t rend  i n  t h e  United States: the  

P a l o  Verde s i t e  i n  Arizona i s  scheduled t o  acconunodate f i ve  1,300 megawatt 

r e a c t o r s .  I t  seems most un l ike ly  t h a t  s i tes of t h i s  magnitude w i l l  ever b e  

dismantled: I would argue t h a t  because t h e  commitment i s  s o  l a r g e ,  w e  ought 

t o  recognize t h a t  i t  i s  a commitment i n t o  p e r p e t u i t y ,  and thus  e x p l o i t  t h e  

advantages t h a t  such commitment o r ,  more accu ra t e ly ,  percept ion  of such 

commitment, b r ings  i n  i t s  wake. 

I would suspec t  that because of inc reas ing  l o c a l  oppos i t ion  t o  opening 

new s i tes ,  as compared wi th  t h e  gene ra l  acceptance of e x i s t i n g  r e a c t o r s  by 



- 11 - 

3 
_1 

2l 

1 

3 

1 
3 
3 
3 

those  who l i ve  near them, t h a t  t h e  t r end  w i l l  be  t o  expand e x i s t i n g  si tes 

r a t h e r  than open new ones.  Thus, t h e  no t ion  t h a t  t h e  nuc lea r  e n t e r p r i s e  should 

conf ine  i t s e l f  t o  a r e l a t i v e l y  small  number of  l a r g e  si tes r a t h e r  than a l a r g e  

number o f  s m a l l  s i tes may b e  evolving even wi thout  e x p l i c i t  i n t e r v e n t i o n s .  

Y e t  t he re  are s t r u c t u r a l  mismatches t h a t  may make such a s i t i n g  po l i cy  

harder  t o  achieve  he re  than i n  Canada. The l a r g e  c e n t r a l i z e d  s i tes  i n  

Canada a l l  are opera ted  by a s i n g l e ,  very  l a r g e  u t i l i t y ,  Ontar io  Hydro. 

This  i s  t h e  second l a r g e s t  u t i l i t y  i n  North America, w i t h  a capac i ty  of 

24 m i l l i o n  k i l o w a t t s .  United S t a t e s  u t i l i t i e s ,  except  f o r  t h e  Tennessee 

Val ley Author i ty ,  are cons iderably  smaller and are less a b l e  t o  accommodate 

l a r g e  c e n t r a l i z e d  sites. To be s u r e ,  nuc lea r  genera t ing  c o n s o r t i a ,  l i k e  

Yankee Atomic Electric Company, have been set up i n  some p a r t s  of t h e  country.  

B u t  t h e  c razy-qui l t  p a t t e r n  of t h e  300 genera t ing  u t i l i t i e s  i n  t h e  United 

S t a t e s  tends t o  work a g a i n s t  achieving a s i t i n g  p o l i c y  which would involve  

r e l a t i v e l y  few, l a r g e  si tes as opposed t o  many small ones.  

To b e  s u r e ,  t h e  technology could i n  p r i n c i p l e  b e  t a i l o r e d  t o  t h e  i n s t i -  

t u t i o n a l  s t r u c t u r e .  Better technology may h e l p  us  t o  l i ve  wi th  small sites 

even w i t h  t h e i r  l a r g e l y  e x t e r n a l  l i n e s  of communication between reprocess ing  

p l a n t  and r e a c t o r ,  l a r g e  shipments of low-level wgs tes ,  more d i f f i c u l t  

s e c u r i t y  arrangements. 

t he  technology t o  t h e  e x i s t i n g  i n s t i t u t i o n  b u t  t o  create t h e  i n s t i t u t i o n  

t h a t  b e t t e r  m e e t s  t h e  i n t r i n s i c  demands of t h e  technology. This  means 

c r e a t i o n  of l a r g e  genera t ing  conso r t i a  (with d i s t r i b u t i o n  l e f t  p r e t t y  much 

a s  i s )  t h a t  can take  f u l l  advantage o f  c e n t r a l i z e d  s i t i n g ,  and t h a t  can make 

But a more r a t i o n a l  approach i s  no t  simply t o  match 
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more c r e d i b l e  the  commitment t o  permanence t h a t  may be  necessary f o r  t h e  

long-term a c c e p t a b i l i t y  of nuc lea r  energy. 

I do not  underest imate  the  huge d i f f i c u l t i e s  - l e g a l ,  i n s t i t u t i o n a l ,  

f i n a n c i a l  - i n  such a r e s t r u c t u r i n g :  I p o i n t  o u t  on ly  t h a t  t h e r e  are 

precedents  and t h a t  t h e  d i f f i c u l t i e s  may n o t  be  as l a r g e  as some be l i eve .  

The underlying i s s u e  is  whether i t  i s  easier t o  improve nuc lea r  technology 

s o  as t o  achieve  a f u l l y  accep tab le  nuc lea r  system wi thout  underlying 

s t r u c t u r a l  changes, o r  whether s t r u c t u r a l  changes along the  l i n e s  I suggest  

w i l l  b e  needed i f  t h e  nuc lear  system is t o  be  a permanent and growing p a r t  

of our  energy system. 

That nuc lea r  energy might even tua l ly  imply s t r u c t u r a l  changes i n  a 

s o c i a l  i n s t i t u t i o n  - t h e  electric u t i l i t i e s  - is no t  a new i d e a .  Fear  t h a t  

such r e s t r u c t u r i n g  w a s  i m p l i c i t  i n  t h e  technology gave impetus t o  t h e  Atomic 

Energy Act of 1954 which opened nuc lea r  energy t o  p r i v a t e  indus t ry .  

w e  seem t o  recognize t h a t  t h i s  f e a r  may no t  have been unfounded. We have 

he re  an example of a l a r g e  technologica l  f i x ,  nuc lea r  energy, r equ i r ing  

s o c i a l  adjustments:  n e i t h e r  technology a lone  nor  s o c i a l  engineer ing a lone  

are s u f f i c i e n t .  A s  w e  contemplate new pa ths  t o  a r a t i o n a l  energy system, 

w e  t echno log i s t s  must t ake  t h i s  t r u t h  t o  h e a r t  les t  w e  be  c a r r i e d  away by 

t h e  elegance of our technologica l  f i x e s  and become i n s e n s i t i v e  t o  t h e  s o c i a l  

t ens ions  t h a t  our  technologies  c r e a t e .  

Today 
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