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In dec id ing  t h e  f u t u r e  course of nuc lear  energy, it i s  necessary t o  

re-examine man's long-term energy opt ions ,  i n  p a r t i c u l a r  s o l a r  energy 

and t h e  breeder  r e a c t o r .  Both systems pose d i f f i c u l t i e s :  energy from 

t h e  sun i s  l i k e l y  t o  be expensive as wel l  as l i m i t e d ,  whereas a massive 

world-wide deployment of  nuc lear  breeders  w i l l  c r e a t e  problems of s a f e t y  

and of  p r o l i f e r a t i o n .  Nuclear energy ' s  long-term success  depends on 

r e so lv ing  both o f  t hese  problems. Col loca t ion  of nuc lear  f a c i l i t i e s  

wi th  a system of r e s i d e n t  i n s p e c t o r s  a r e  measures t h a t  ought t o  he lp  

inc rease  t h e  p r o l i f e r a t i o n - r e s i s t a n c e  as well as t h e  s a f e t y  of a l a rge -  

s c a l e ,  long-term nuclear  system based on breeders .  In  such a long-term 

system a s t rengthened I n t e r n a t i o n a l  Atomic Energy Agency (IAEA) is 

viewed as p lay ing  a c e n t r a l  r o l e .  
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Six  yea r s  ago a t  t h e  Fourth I n t e r n a t i o n a l  Conference on t h e  Peace- 

f u l  Uses of Atomic Energy I presented  a paper wi th  Dr. P h i l i p  Hammond 

t h a t  opened wi th  t h e  fol lowing words: 

"We i n  t h e  peaceful  nuc lear  energy community have been comfortable 

i n  t h e  b e l i e f  t h a t  what we have wrought over  t h e  p a s t  30 yea r s  has been 

an  unmit igated b l e s s ing  f o r  mankind. I t  comes as a d i sconce r t ing  shock 

t h e r e f o r e  t o  f i n d  t h a t ,  j u s t  when nuclear  energy has achieved such g r e a t  

success ,  our  e f f o r t  i s  being chal lenged on t h e  most fundamental grounds. 

Where we claim nuclear  energy i s  c l ean ,  s a f e ,  and necessary,  c r i t i c a l  

vo ices ,  p a r t i c u l a r l y  i n  t h e  United S t a t e s  claim i t  i s  unclean,  unsafe ,  

unnecessary . 
"We have always conceded t h a t ,  i n  op t ing  f o r  nuc lear  energy, man- 

Nuclear energy i s  p o t e n t i a l l y  more kind i s  assuming a c e r t a i n  r i s k .  - 
dangerous than  o t h e r  forms of  energy. 

t i o n  t o  d e t a i l ,  and exe r t ion  of g r e a t  c a r e ,  t h a t  we can expect t o  

main ta in  t h e  s a f e t y  of  nuc lear  power. So f a r  we have been h ighly  

I t  i s  only by scrupulous a t t e n -  

.. 
success fu l .  

"Yet t h e r e  is  a much more d i f f i c u l t  and profound i s s u e .  We are 

s t i l l  a t  t h e  very  beginning of t h e  nuc lea r  age.  

p o s s i b i l i t i e s  and dangers of nuc lear  power, we tend i n e v i t a b l y  t o  th ink  

A s  we th ink  about t h e  

*For p re sen ta t ion  before  t h e  I n t e r n a t i o n a l  Atomic Energy Agency I n t e r -  
na t iona l  Conference on Nuclear Power and i t s  Fuel Cycle, Salzburg, 
Aus t r i a ,  May 5, 1977. 
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o f  nuc lear  power as an j -solated,  sma l l i sh  th ing .  But i n  t h e  very long 

run,  nuc lear  energy w i l l .  a lmost s u r e l y  be t h e  dominant energy source.  

A t  t h a t  time, w i l l  we have t o  confront  e n t i r e l y  new ques t ions  of envi-  

ronmental impact, ques t ions  t h a t  could conceivably compromise t h e  whole 

pa th  w e  a re  now taking?"l  

These words, u t t e r e d  a half-dozen years  ago, have become d i s t r e s s -  

i n g l y  r e l e v a n t  today. 

i n  some q u a r t e r s  it i s  i n  danger o f  e x t i n c t i o n .  I n  p a r t i c u l a r ,  t h e  

moratorium on f u e l  reprocess ing  i n  t h e  United S t a t e s  i n e v i t a b l y  ques- 

t i o n s  t h e  b a s i c  course most of t h e  nuc lear  e n t e r p r i s e  has been fol lowing 

f o r  t h e  p a s t  genera t ion .  / 

Our e n t e r p r i s e  i s  not  merely on t h e  de fens ive :  

I t  w i l l  be my purpclse f irst  t o  re-examine why our e n t e r p r i s e  i s  i n  

re t rea t  i n  s o  many p laces ;  then  t o  ask,  "Can we do without uranium?", 

and f i n a l l y  t o  propose pa ths  and a c t i o n s  t h a t  I b e l i e v e  w e  s h a l l  have t o  

take t o  achieve  an  acceptab le  nuc lear  f u t u r e .  

Why is Nuclear Energy in Retreat? 

We a r e  beleaguered f o r  many reasons .  F i r s t ,  many of us were too  

euphoric  i n  our  expec ta t ions  of  nuc lea r  energy. Many are  t h e  times I 

would l i k e  t o  unsay t h e  words I expressed a t  t h e  t e n t h  anniversary  of  

IAEA i n  Vienna a decade ago. A t  t h a t  time, wi th  Oyster  Creek being 

con t r ac t ed  a t  a l i t t l e  over $100 pe r  k i lowa t t  o f  e l e c t r i c i t y  [kW(e)], 

i t  seemed p l a u s i b l e  t o  expect nuc lear  energy t o  be extremely cheap, as 

well as inexhaus t ib l e .  Our dreams of nuclear-powered a g r o - i n d u s t r i a l  
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complexes seemed l i k e  l e g i t i m a t e  ex t r apo la t ions  from what w e  thought was 

demonstrated technology. That t h e  technology turned out  t o  be much more 

expensive f o r  reasons  t h a t  few could f o r e s e e ,  o r  t h a t  o t h e r  sources  of 

energy have a l s o  become very  expensive,  i s  bes ide  t h e  p o i n t :  d i s i l l u -  

sionment with our  p r e d i c t i o n s  made it d i f f i c u l t  f o r  t h e  nuc lear  community 

t o  r e t a in  t h e  confidence of  some of  t h e  pub l i c .  

g i v e  up: r e a c t o r s  wi th  a n  i n t r i n s i c a l l y  low fue l - cyc le  c o s t ,  such as 

CANDU-Th o r  molten sa l t ,  may y e t  be r e a l i z e d .  

Yet I a m  unprepared t o  

Second, d e s p i t e  thle e s c a l a t i o n  of c o s t ,  nuc lear  energy i n  t h e  p a s t  

half-dozen yea r s  has become immensely important - more important ,  say,  

t han  t h e  t h r e e  wise men of  Euratom p red ic t ed  i n  t h e  middle 1950s. Their  

goal  o f  15,000 megawatts of  e l e c t r i c i t y  [MW(e)] i n  Western Europe by the  

l a t e  1960s has  long been passed.  But i n  becoming important ,  nuc lear  

energy has  in t ruded  on t h e  p u b l i c  consciousness .  Basic concerns about 

massive r a d i o a c t i v i t y ,  which a f t e r  a l l  i s  a new th ing  on e a r t h ,  have 

become widespread simply because nuc lear  energy i t s e l f  i s  widespread. 

Moreover, I do not believe we in the community have really anticipated 

t h e  systems problems of  a f u l l y  deployed nuc lear  economy. 

t a k e  f u l l y  s e r i o u s l y  t h e  p o s s i b i l i t y  t h a t  nuc lear  energy would be as 

successfu l  as it has become. 

uranium supply o r  enrichment capac i ty  o r  a l l  t h e  d e t a i l s  of  t he  waste 

management system t o  meet t h e  demands of  a t o t a l l y  deployed nuc lear  

energy e n t e r p r i s e .  

response t o  market f o r c e s ,  o r  as i n  t h e  case  of  waste d i s p o s a l ,  t o  be 

d e f e r r a b l e .  

We did  not  

Thus we d i d  not  c l e a r l y  p l an  how t o  expand 

We expected t h e s e  t o  happen r a t h e r  au tomat i ca l ly  i n  
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I 

Third,  we are  en te r ing  t h e  ma tu r i ty  of nuc lear  energy a t  t he  same 

time t h e  world has  discovered t h e  environment. I t  may have been na ive  

o f  u s  t o  b e l i e v e  t h a t  because a p rope r ly  opera t ing  nuc lear  system is  f a r  

l e s s  p o l l u t i n g  than  i s  a coal-burning power p l a n t  t h a t  w e  could perma- 

n e n t l y  win over  t h e  environmental movement t o  t h e  banner of nuc lear  

energy. But with our  p re sen t  means of  r a p i d  communication, doubts and 

concerns - o f  which some a r e  l e g i t i m a t e ,  some a re  no t  - e a s i l y  e s c a l a t e .  

Though nuclear  mora tor ia  l e g i s l a t i o n  and i n i t i a t i v e s  i n  t h e  United 

States  have a l l  been defea ted  by approximately a 2 t o  1 margin, a con- 

sensus with r e s p e c t  t o  the  underlying d e s i r a b i l i t y  of nuc lea r  energy i n  

many coun t r i e s  no longe-r e x i s t s .  In  t h e  absence of consensus the  

nuc lea r  r e g u l a t o r y  process  i s  subver ted :  l i cens ing  a r e a c t o r  becomes a 

b a t t l e  i n  what one U.S. Nuclear Regulatory commissioner has c a l l e d  a 

" r e l i g i o u s  war". 

A l l  o f  t h i s  i s  played a g a i n s t  t h e  t h r e a t  of  p r o l i f e r a t i o n  - and 

t h i s  concern,  which t o  :some i s  viewed as t h e  ove r r id ing  ob jec t ion  t o  

nuc lea r  energy, has i n  t h e  p a s t  year  a f f e c t e d  t h e  course of  nuc lear  

development more d r a s t i c a l l y  than any o t h e r  s i n g l e  f a c t o r .  The r e c e n t  

d e c i s i o n s  i n  t h e  United S t a t e s ,  both with r e s p e c t  t o  r e c y c l e  and t h e  

Cl inch  River Breeder,  were made i n  good measure because of concern over 

p r o l i f e r a t i o n .  P r o l i f e r a t i o n  has  become a s o r t  of u l t i m a t e  Sword of 

Damocles t h a t  hangs over nuc lea r  energy. 
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Faced with t h e s e  and o t h e r  ob jec t ions  t o  t h e  very  v a l i d i t y  of  our  

e n t e r p r i s e ,  I t h i n k  it is  necessary f o r  us  t o  confront  once aga in  t h e  

o r i g i n a l  ques t ion ,  Can we do without uranium? 

be yes :  

Af t e r  a l l ,  t h e r e  was nothing foreorda ined  about t h e  d iscovery  of f i s s i o n  

The answer must of course 

c i v i l i z a t i o n  would not  p e r i s h  had f i s s i o n  not  been discovered.  

i n  1938 o r  about rl, t h e  number of neutrons produced p e r  neutron absorbed, 

being g r e a t e r  t han  u n i t y .  Had 0 been less than 1, a cha in  r e a c t i o n  

would have been impossible;  and had rl been l e s s  than 2 ,  a breeder  would 

be impossible .  That God happened t o  l e g i s l a t e  rl (239Pu) = 2 . 8  €or f a s t  

neut rons ,  and t h a t  man was lucky enough i n  1938 t o  d iscover  f i s s i o n ,  

which i n  a way i s  an  odd i ty  r a t h e r  than  a c e n t r a l  th read  i n  nuc lear  

s c i ence ,  must be regarded as a b i t  a c c i d e n t a l .  And be fo re  1938, those  

who specula ted  on man's f u t u r e  were prepared t o  contemplate a world t h a t  

knew no nuc lea r  energy: when t h e  f o s s i l  f u e l s  r a n  ou t ,  it was gene ra l ly  

expected t h a t  we would t u r n  t o  t h e  sun - e i t h e r  d i r e c t l y ,  o r  perhaps i n  

t h e  form of biomass, o r  wind (Palmer Putnam's b ig  windmill a t  Grandpa's 

Knob i n  Vermont was completed i n  t h e  e a r l y  1940s),  o r  ocean thermal 

g r a d i e n t s  (Claude 's  experiments i n  t h e  1920s and 1930s);  and some geo- 

thermal energy. 

and somehow our  s o c i e t y  seemed res igned  t o  g e t t i n g  along without € is-  

s i o n .  

So a f i s s i o n - f r e e  world was t h e  only world u n t i l  1938, 

And i n  t h e  very  s h o r t  run ,  f o r  coun t r i e s  well-endowed with c o a l ,  

f i s s i o n ,  t o  a degree,  can be rep laced  by c o a l .  A t  t h e  I n s t i t u t e  €or 
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Energy Analysis  we have examined t h e  consequences of  a nuc lear  mora- 

torium i n  t h e  United S t a t e s  beginning i n  1985 and l a s t i n g  u n t i l  2010.2 

Our main conclusion,  which followed l a r g e l y  from our  p r o j e c t i o n  of a 

r e l a t i v e l y  low r a t e  of energy growth i n  t h e  United S t a t e s ,  was t h a t  i n  

p r i n c i p l e  we could l a r g e l y  s u b s t i t u t e  coa l  f o r  a d d i t i o n a l  uranium beyond 

what we now use  over t h i s  per iod - b u t  t h a t  t h e  p re s su re  on coal  would 

be very  heavy, poss ib ly  i n t o l e r a b l e :  w e  would have t o  f a c e  t h e  poss i -  

b i l i t y  of d igging  some .5 x l o 9  tons  of coa l  p e r  year  - about 8 times our 

p re sen t  coa l  product ion .  But t h i s  a n a l y s i s  i s  o f  l i t t l e  re levance  f o r  

t h e  l a r g e  p a r t s  of t h e  world t h a t  possess  no coa l  o r  o i l  - f o r  them an 

a l t e r n a t i v e  t o  f o s s i l  f u e l  i s  a n e c e s s i t y  even i n  t h e  r e l a t i v e l y  s h o r t  

run .  

The dreamers of  t h e  p r e - f i s s i o n  e r a ,  p a r t i c u l a r l y  H .  G .  Wells, were 

aware t h a t  an inexhaus t ib l e ,  cheap source of energy was even tua l ly  

necessary  - if not  f o r  t h e  s u r v i v a l  of t h e  r ace ,  then  t o  set t h e  world 

f r e e  from Malthusian Catastrophe.  And Wells'  simple message, l a t e r  

re i te ra ted  by S i r  Charles  Darwin i n  h i s  The Next Mi l l i on  Years - t h a t  

even tua l ly  man's f a t e  depends on t h e  energy a t  h i s  d i sposa l  - remains as 

t r u e  today as  when he f irst  de l ive red  it some 60 years  ago. 

Let u s  then  examine what a world without uranium might look l i k e ;  

We must con- 

-- 

b u t  more than t h a t ,  a world without f o s s i l  f u e l  as we l l .  

template  t h i s  l a t t e r  e v e n t u a l i t y ,  b i z a r r e  as it seems, on two accounts :  

f i rs t ,  our f o s s i l  r e s e r v e  though v e r y  l a r g e ,  i s  f i n i t e ;  bu t  second, and 

poss ib ly  more important ,  we may have t o  l i m i t  our  burning of f o s s i l  f u e l  

because of  a p o s s i b l e  CO ca t a s t rophe .  2 

a 
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The atmosphere conta ins  about 700 x l o 9  tons  of carbon i n  t h e  form 

of C 0 2 .  i n  t h e  atmosphere has  been increas ing  

a t  t h e  r a t e  of  about  0.8 p a r t s  p e r  m i l l i o n  (ppm) each year ;  it has  r i s e n  

The concent ra t ion  of  CO 2 

from about 315 ppm t o  330 ppm i n  t h e  19 years  s i n c e  Keeling began t o  

monitor C 0 2  i n  1958 (Figure 1) . 3  

t h i s  s co re ,  t h e  evidence s t r o n g l y  sugges ts  t h a t  t h e  increased  C 0 2  comes 

from t h e  burning of fos : s i l  f u e l  r a t h e r  than  from c l e a r i n g  of f o r e s t s .  

About one-half  t h e  C 0 2  i n j e c t e d  i n t o  t h e  atmosphere from burn t  f u e l  

remains t h e r e .  Thus i f  t h e  es t imated  t o t a l  world coa l  resource  of 

10 x 1012 tons  even tua l ly  i s  burned, and one-half  remains i n  t h e  atmo- 

Though t h e r e  i s  s t i l l  some doubt on 

sphere ,  t h e  C02 concent ra t ion  might i nc rease  about e i g h t f o l d .  

t h e  r e s e r v e  base  i s  burned ( t h e  r e s e r v e  base being def ined  as t h e  amount 

I f  only 

recoverable  a t  about p re sen t  c o s t  with present-day techniques) ,  t h e  C 0 2  

concent ra t ion  would more than  double.  

When t h i s  might happen no one knows. Many guesses  as t o  t h e  wor ld ' s  

u l t i m a t e  energy demand have been made i n  r ecen t  years ;  one of  t h e  b e s t  

known i s  t h a t  of F .  Niehaus, who p r o j e c t s  by 2050 an  asymptot ic  world 

producing energy a t  a r a t e  of n ine  times t h e  p re sen t  - a b o u t  2,000 quads 

p e r  year  compared t o  t h e  p re sen t  220 quads p e r  y e a r . 4  R .  Rotty a t  t h e  

I n s t i t u t e  f o r  Energy Analysis  es t imated  t h e  wor ld ' s  energy demand sepa- 

r a t e l y  f o r  developed and developing c o u n t r i e s .  He a r r i v e s  a t  a t o t a l  

demand o f  1,200 quads by t h e  year  2025; t h e  bulk of  t h e  expansion comes 

from t h e  less developed c o u n t r i e s  s i n c e ,  Rot ty  a rgues ,  t h e s e  coun t r i e s  

u s e  so  l i t t l e  energy p e r  c a p i t a  now they  a re  l i k e l y  t o  inc rease  both 

t h e i r  p e r  c a p i t a  u se  of  energy and t h e i r  t o t a l  popula t ion  r e l a t i v e l y  

a 
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ATMOSPHERIC CARBON DIOXIDE CONCENTRATION AT MAUNA LOA OBSERVATORY 
(1958-71 data from Keeling et al., 1976; 1972-74 data from Keeling, private communication) 
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f a s t e r  than  t h e  developed c o u n t r i e s .  

agreement with those  presented  a t  the  November 1976 j o i n t  meeting of t h e  

American and European hiuclear S o c i e t i e s  by Andre Giraud of France. 

Though Ro t ty ' s  scenar io  s t i l l  a l l o c a t e s  but  50 x l o 6  k i l o j o u l e s  pe r  

person pe r  year  i n  the  t h i r d  world - o n l y  o n e - f i f t h  t h a t  used i n  t h e  

developed c o u n t r i e s  - t h e  t o t a l  r e l a t i v e  con t r ibu t ion  t o  energy demand 

from t h e  developing world inc reases  from l e s s  than  20 percent  t o  more 

than  h a l f  by 2025. 

some economists, p a r t i c u l a r l y  Professor  Houthaker, claim t h a t  p r i c e  

a lone  w i l l  prevent  t h e  world's  energy demand exceeding 500 quads by 

2025. Nevertheless  I b e l i e v e  it i s  prudent  t o  assume t h a t  t h e  t h i r d  

world w i l l  no t  fo reve r  he conten t  with a p e r  c a p i t a  energy expendi ture  

one-tenth o r  one-twent ie th  t h a t  of t he  developed world. 

Ro t ty ' s  p r o j e c t i o n s  a re  i n  f a i r  

Before accept ing  t h i s  s cena r io  I must concede t h a t  

Let us  then  examine t h e  consequences of  Niehaus' s cena r io  - 2,000 

quads by 2050. If t h e  bulk of t h i s  energy i s  suppl ied  by f o s s i l  f u e l ,  

t h e  C02 concent ra t ion  may double by about 2025. Unfortunately we cannot 

s a y  w i t h  c e r t a i n t y  what t h e  effect  on c l imate  of t h i s  increase w i l l  be:  

H .  Flohn of Bonn suggest:s a 300-500 ki lometer  s h i f t  poleward of  t h e  

c l i m a t i c  zones. Manabe and Wetherald, us ing  a g loba l  c i r c u l a t i o n  model, 

p r e d i c t  t h a t  a doubled C:O concen t r a t ion  w i l l  increase  t h e  o v e r a l l  

average g loba l  temperature  by 1-3"C, t h e  p o l e  temperature  by 8 ° C .  Such 

a s t rong  s h i f t  would almost s u r e l y  change t h e  wor ld ' s  climatic zones i n  

2 

an  unprecedented way, with economic consequences and effects  on a g r i -  

c u l t u r e  t h a t  no one can fo re see .  

and Wetherald's  model i s  incomplete - i n  p a r t i c u l a r  i t  does not  inc lude  

Let me has ten  t o  po in t  ou t  t h a t  Manabe 
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cloud feedback, nor does i t  adequately t r ea t  t h e  sea-air i n t e r f a c e .  And 

indeed, t h e  effect  of  CO 

may have t o  a l low t h e  c l ima te  i t s e l f  t o  t e l l  us how it w i l l  react t o  a 

may be i n  a bas i c  sense unpred ic t ab le  -we 2 

doubled CO concent ra t ion .  But t h e  po in t  i s  t h a t ,  f a r - f e t ched  a s  it may 

seem t o  some, C 0 2  may he another  Sword of Damocles t h a t  hangs over our  

i n d u s t r i a l  s o c i e t y ,  and t h a t  may end t h e  f o s s i l  f u e l  era much sooner 

2 

than  would be expected simply from dep le t ion  of  c o a l .  Above a l l  it 

i n j e c t s  a somber no te  of u n c e r t a i n t y  i n t o  our energy f u t u r e ,  one t h a t  w e  

ignore  a t  our  p e r i l .  

I b e l i e v e  it i s  time f o r  our p o l i t i c a l  people  t o  recognize  t h i s  

p o s s i b i l i t y .  I do not  b e l i e v e  it premature f o r  t h e  appropr i a t e  United 

Nations agency t o  form a group of  i n t e r n a t i o n a l  expe r t s  who can b e t t e r  

d e f i n e  t h e  C 0 2  problem, assess g loba l  and n a t i o n a l  consequences, and 

propose c r e d i b l e  responses .  

i3 

‘i 
- A.symptotic Energy Scenar ios  

Let u s  then  cons ider  how man might provide 2,000 quads of  energy 

annual ly  a f t e r  he has  uijed h i s  f o s s i l  f u e l ,  o r  has  decided t o  husband it  

f o r  petrochemicals ,  o r  must p rosc r ibe  i t s  use  because of t h e  C02 catas- 

t rophe .  one based p r i m a r i l y  on t h e  I s h a l l  examine two p o s s i b i l i t i e s :  

sun and o t h e r  renewable resources ;  and a second based on nuc lear  energy. 

To do t h i s  proper ly  w e  should ana lyze  each end use  and estimate how much 

energy i s  used as low-temperature h e a t ,  high-temperature h e a t ,  e l e c t r i c -  

i t y ,  and mechanical work. ( l a r g e l y  t r a n s p o r t ) .  

my specu la t ions  can be f a u l t e d  i n  t h i s  r e s p e c t .  

This  I have not  done and 

Ins tead  I have simply 
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assumed t h a t  25 percent ,  o r  500 quads, goes f o r  space and water hea t ing ,  

and t h a t  a t  l e a s t  50 percent  o r  1,000 quads goes through e l e c t r i c i t y .  

The remaining 500 quads - l a r g e l y  comprising t r a n s p o r t  - I s h a l l  assume 

a re  provided e i t h e r  by e l e c t r i c i t y ,  o r  by some renewable source t h a t  can 

s u b s t i t u t e  f o r  p e t r o l .  This  breakdown i s  c l o s e  t o  t h e  one many a n a l y s t s  

p r o j e c t  f o r  t h e  United S t a t e s  by t h e  t u r n  of t h e  century .  

The Sun and Other Renewable Sources 

How could we meet t h i s  budget with renewable sources? Aside from 

t h e  sun, geothermal energy seems t o  be t h e  l a r g e s t  such source .  Yet t h e  

s t eady  s t a t e  geothermal g rad ien t  on land i s  only 200 quads p e r  year ,  and 

most of t h i s  i s  unusable  f o r  genera t ing  e l e c t r i c i t y  - w e  might count on 

perhaps 10 quads of  h e a t  and 2 x 1 0 l 2  ki lowatt-hours  of  e l e c t r i c i t y  

[kWh(e)]. 
1 2  1 2  x 10 kWh(e). Thus, a t  t h e  energy demand we p r o j e c t ,  t hese  sources  

can ha rd ly  make a dent  on t h e  requirement placed on t h e  sun. 

Hydro, wind, waves, and t i d e s  can ha rd ly  add more than  

What then  would be  involved i n  de r iv ing  from t h e  sun perhaps 500 

quads f o r  space  and water hea t ing ,  500 quads f o r  t r a n s p o r t  and some 

high-temperature  hea t ,  and 1,000 quads as e l e c t r i c i t y ?  

f o r  space and water hea t ing  seems easiest:  

can be provided d i r e c t l y  by t h e  sun, though t h i s  c e r t a i n l y  w i l l  r e q u i r e  

many changes i n  t h e  way we b u i l d  our  houses.  

The 500 quads 

I s h a l l  assume a l l  of  t h i s  

The 500 quads f o r  t r a n s p o r t  and some high-temperature  hea t  w e  s h a l l  

provide with biomass s i n c e  t h e  use  of biomass does no t  add t o  t h e  n e t  
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C02 burden i n  t h e  atmosphere. 

c iency  of 0 .6  percent  --which i s  5 times t h e  g loba l  average of 0.13 per -  

c e n t ,  then  t o  g e t  500 quads from biomass would r e q u i r e  about 13 x l o 6  km 

o f  land - a b o u t  10 percent  of t h e  e a r t h ' s  land a r e a .  When one cons iders  

t h a t  i n  t h i s  asymptot ic  s ta te  much land w i l l  be  needed f o r  growing food, 

one- ten th  of t h e  wor ld ' s  land area devoted t o  growing biomass f o r  energy 

seems excess ive .  (Conceivably t h i s  could be reduced i f  p r a c t i c a l  photo- 

s y n t h e t i c  y i e l d s ,  say  5 times l a r g e r ,  could be achieved.)  But t h i s  i s  

s u r e l y  an advance t h a t  we have no r i g h t  t o  assume w i l l  come t o  pass .  

One can hard ly  escape t h e  impression t h a t  biomass on so l a r g e  a scale i s  

b a r e l y  p r a c t i c a l .  

I would say  t h e  same f o r  s o l a r  e l e c t r i c i t y  i f  it is  t h e  primary 

source - o f  energy. 

l a r g e :  a t  18 percent  conversion e f f i c i e n c y ,  with e i t h e r  power towers o r  

pho tovo l t a i c s ,  we can g e t  300 kWh(e) pe r  m p e r  year  from t h e  sun. Thus 

Now i f  we assume a photosynthe t ic  e f f i -  

2 

---- 
I t  i s  no t  t h a t  t h e  requi red  land a r e a  i s  impossibly 

2 

2 t o  supply 100 x lo1' kWh(e) annual ly  would r e q u i r e  3 x lo5  km , which i s  

very  l a r g e  bu t  no t  impossible.  (Note t h a t  e l e c t r i c i t y  can be produced 

d i r e c t l y  from t h e  sun with pho tovo l t a i c s  some 100 times as e f f i c i e n t l y  

as it can be produced from biomass burned i n  a power p l a n t . )  

The main problem, of  course,  i s  s to rage .  Ord ina r i ly  w e  th ink  of a 

s o l a r  e lec t r ic  system as a supplement t o  a f i r m l y  based f o s s i l -  o r  

nuc lear - fue led  e lec t r ica .1  system. In t h a t  event  t h e  system does not  

r e q u i r e  s t o r a g e  f o r  more than, say , .about  12 hours .  But i f  t h e  s o l a r  

e l e c t r i c  system t r u l y  s t ands  a lone ,  then  it must s t o r e  enough e l e c t r i c -  

i t y  t o  t i d e  one over  p r o t r a c t e d  per iods  of c loudiness  - say  6 t o  1 2  days 
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pe r  year .  S torage  of e l e c t r i c i t y  i ve :  s ay  $40 p e r  kWh(e). 

And i f  w e  r e q u i r e  s i x  days '  s to rage ,  then t h e  c a p i t a l  c o s t  of a s tand-  

a lone  s o l a r  e lec t r ic  system would be 1004 pe r  annual kWh(e) - some 3 

times as much as  t h e  capi ta l  c o s t  of an  incremental  system t h a t  requi red  

no s to rage .  This  i s  t o  be compared a f o s s i l  o r  nuc lear  p l a n t  which 

a t  $1,500 pe r  kW(e) would c o s t  about 254 per  annu ( e ) .  Even tak ing  

i n t o  account t h e  c o s t  of t h e  f u e l  cyc le  - s a y  5 m 

seems t h a t  e l e c t r i c i t y  from a 

times -pe rhaps  as much as 4-6 times - a s  expensive as e l e c t r i c i t y  from 

s o l a r  system w i l l  be s e v e r a l  

nuc lea r  sources .  

Am I being f a i r  t o  t h e  sun i n  making t h i s  judgment? Obviously 

improvements w i l l  be foi:thcoming - f o r  example, cogenera t ion ,  o r  b e t t e r  

c o l l e c t o r s ,  p o s s i b l y  even ocean thermal energy conversion (OTEC) which, 

because it r e q u i r e s  no s to rage ,  deserves  much more s e r i o u s  a t t e n t i o n  

than  it has rece ived  thus  far .  But t h e s e  a r e  hopes, no t  r e a l i t i e s .  Our 

genera l  experience has  been t h a t  u n t r i e d  energy systems c o s t  more, not  

l e s s ,  i n  p r a c t i c e  than  i n  theory.  c lude  that an  a l l - so la r  world 

would be poss ib l e ,  bu t  could no t  provide  as much as 2,000 quads, o r  

would r e q u i r e  t h e  world t o  pay much more f o r  a u n i t  of  energy than  i t  

now pays,  o r  both.  Thus an 

our  p re sen t  world; i n  embr 

we would q u i t e  l i k e l y  be 

cannot be assessed .  
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Nuclear Energy a t  t h e  Turning Point  

An I l l t imate  Future  Based on Breeders 

1 4  

What would be involved i n  meeting our  p ro jec t ed  energy demand with 

breeders?  Rather than  assume t h e  e n t i r e  2,000 quads i s  provided by 

nuc lea r  sources ,  I s h a l l  aga in  assume t h a t  space and water hea t ing ,  

amounting t o  500 quads, i s  provided by t h e  sun.  There then  remains some 

1,500 quads ( l e s s  t h e  slmall amount provided by geothermal and o the r  

renewable resources)  t o  take c a r e  of i n d u s t r i a l  h e a t ,  t r a n s p o r t ,  and 

e l e c t r i c i t y .  For s i m p l i c i t y  we s h a l l  assume t h a t  a l l  t h e s e  demands can 

be provided e l ec t r i ca l ly :  

pumps, t r a n s p o r t  by b a t t e r i e s  o r  o the r  e l e c t r i c  d r i v e .  

i n d u s t r i a l  hea t  with high-temperature hea t  

An asymptot ic  energy system generat ing,  1,500 quads p e r  year  -which 

i s  converted i n t o  150 x lo1’ kWh(e) - would r e q u i r e  25 thousand 1,000- 

MW(e) r e a c t o r s  - o r ,  since t h e  u n i t  s ize  h i s t o r i c a l l y  has been main- 

t a ined  as a f i x e d  f r a c t i o n  of  t h e  t o t a l  e l e c t r i c a l  system, say  5,000 

r e a c t o r s  each of  5,000 !W(e) .  

p l a u s i b l e ?  

Is such an energy system based on breeders  

The r e a d i l y  c a l c u l a b l e  c o n s t r a i n t s  such as uranium requirement ,  

g loba l  hea t  load,  and land committed t o  waste d i sposa l  do not  appear t o  

be l i m i t i n g .  The g loba l  hea t  load,  about 1,500 quads, i s  only one-tenth 

t h e  equiva len t  hea t  load caused by a doubling of  C 0 2  concent ra t ion .  The 

system would r e q u i r e  about 30,000 tons  of uranium per  year  -which t o  be 

s u r e  would mean burning t h e  r e s i d u a l  uranium and thorium i n  t h e  rocks o r  

e x t r a c t i n g  uranium from t h e  sea. 

a t  0 .6  h e c t a r e s  p e r  r e a c t o r  pe r  yea r ,  would preempt 25 km 

And t h e  b u r i a l  o f  h igh- leve l  wastes, 

each year  - 2 

Q 
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2 a f te r  1,000 yea r s  25,000 km 

r a d i o a c t i v i t y  would have decayed s u f f i c i e n t l y  t o  permit  l aye r ing  of new 

w i l l  have been used, bu t  by t h a t  time t h e  

wastes above t h e  o ld .  

insuperable  d i f f  i c u l  t i e  5;. 

Eiut a l t o g e t h e r  t h e s e  do not  seem t o  me t o  pose 
/ 

I t  i s  t h e  malfunct ioning of t h e  system, p a r t i c u l a r l y  t h e  poss i -  

b i l i t y  of acc ident  and t r a f f i c  i n  plutonium, t h a t  g ives  one pause.  We 

do not  have estimates of' meltdowns i n  breeders  comparable t o  Rasmussen's 

e s t ima te  of  0 .5  x p e r  year  f o r  a meltdown r e l e a s i n g  apprec i ab le  

r a d i o a c t i v i t y  i n  a l ight :  water r e a c t o r .  If w e  assume t h e  same proba- 

b i l i t y  f o r  t h e  breeders  i n  our  asymptotic system, then  f o r  5,000 reac- 

t o r s  t h e  a p r i o r i  expect:ed meltdown r a t e  would be 0.25 pe r  year  - i . e . ,  

one such acc iden t  every f o u r  years .  

To be sure ,  t h e  ma jo r i ty  of t h e s e  meltdowns would cause l i t t l e  o f f -  

s i t e  damage. Nevertheless ,  it remains t o  be seen whether a r e a c t o r  

acc iden t  every f o u r  yea r s  w i l l  be t o l e r a b l e .  My own i n s t i n c t  i s  t h a t  i n  

t h e  p re sen t  c l ima te  t h e  answer would be no; bu t  i n  t h e  f u t u r e  I b e l i e v e  

it i s  f a i r  t o  assume f i r s t  t h a t  t h e  accident p r o b a b i l i t y  w i l l  be reduced 

much below Rasmussen's 0.5 x and second, t h a t  t h e  pub l i c  w i l l  

even tua l ly  accept  r a d i a t i o n  as a p a r t  of l i f e ' s  hazards  r a t h e r  than view 

i t  as something myster ious and s p e c i a l .  

The t o t a l  plutonium i n  t h e  system amounts t o  125,000 tons  and a t  a 

burn-up of 100,000 megawatt-days p e r  ton ,  about 30,000 tons  of  plutonium 

i s  reprocessed each yea r .  T h i s  amounts t o  about 100 tons  p e r  day t h a t  

9 
must be accounted f d r  - a s t agge r ing  amount. 
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These overs impl i f ied  estimates r e i n f o r c e  t h e  view Dr. Hammond and 

I expressed s i x  years  agl:, - t h a t  t h e  p r i c e  nuc lear  energy demands, i f  it 

indeed becomes t h e  dominant energy system, may be an a t t e n t i o n  t o  

d e t a i l ,  and a ded ica t ion  of  t h e  nuc lea r  cadre ,  t h a t  go much beyond what 

most o t h e r  technologies  (demand. 

community would deny t h e s e  a s s e r t i o n s :  bu t  I would i n s i s t  t h a t  we a re  

unaccustomed, perhaps unwi l l ing ,  t o  p r o j e c t  our technology as far as I 

have - u n w i l l i n g  i n  a sense ,  t o  face up t o  t h e  consequences of complete 

success .  When one does,  one cannot avoid r ecogn i t ion  of  t h e  s o c i a l  

problems posed by our  technology. 

I rea l ize  t h a t  many i n  our  nuc lear  

7 

Can We Const:ruct an AcceDtable Nuclear Future? 

I pu t  t h e  previous :scenarios forward with much d i f f i d e n c e ,  espe- 

c i a l l y  s i n c e  events  proved me so  poor a prophet when i n  Vienna t e n  yea r s  

ago I es t imated nuc lear  energy would be 10 times less expensive than  it 

has  turned ou t  t o  be. 

could change t h i n g s  d r a s t i c a l l y :  

quads, e i t h e r  because popula t ion  l e v e l s  o f f ,  o r  because t h e  d i s p a r i t y  i n  

energy demand between r i c h  and poor w i l l  somehow be maintained; o r  

And indeed, t h e r e  a re  many p o s s i b i l i t i e s  t h a t  

t h e  world may never r e q u i r e  2,000 

f u s i o n  may work and be clleaper than  breeders ,  o r  poss ib ly  one of t h e  

e lectr ical  breeder  schemes 

t u a l l y  t u r n  ou t  t o  be much 

us ing  means and mechanisms 

much seems c l e a r :  t h a t  i f  

w i l l  be  f e a s i b l e ;  o r  s o l a r  energy may even- 

cheaper than  any of  u s  can he re  imagine, bu t  

t h a t  none can he re  imagine, e i t h e r .  But t h i s  

t h e  world foreswears  nuc lear  energy, from 
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what we now know of sol i l r  energy t h e  world would have t o  a d j u s t  perma- 

n e n t l y  e i t h e r  t o  much more expensive energy than we now enjoy, o r  much 

l e s s  energy than  t h e  developed coun t r i e s  u se ,  o r  both.  In  t h i s  somewhat 

l imi t ed  sense we can hard ly  do without uranium. 

And of  course ,  t h e  f u t u r e  energy system i s  u n l i k e l y  t o  be based 

exc lus ive ly  on nuc lear  r e a c t o r s  o r  exc lus ive ly  on renewable r e sources :  

i t  w i l l  be a mixture .  Actua l ly ,  i n  my nuclear  s cena r io ,  I s t i l l  a s s i g n  

space and water hea t ing , ,  amounting t o  25 percent  of t h e  t o t a l  energy, t o  

t h e  sun; I would guess  t h a t  biomass w i l l  be used much more widely,  and 

wind and geothermal w i l l  b e  exp lo i t ed  t o  t h e  f u l l ,  as may OTEC. But 

t h e s e  w i l l  not  change t h e  problem q u a l i t a t i v e l y .  Unless fus ion  works w e  

s h a l l  s t i l l  have t o  conLemplate a world t h a t  u l t i m a t e l y  depends on many 

thousands of nuc lea r  r e a c t o r s .  And even i n  a world us ing  only 500 quads 

wi th  375 quads coming from nuclear  r e a c t o r s ,  each one now being only of 

1,300 MW(e) capac i ty ,  we would s t i l l  have some 5,000 breeders .  

Such a world i s  not. a simple one. A world-wide meltdown r a t e  of 

0 .25  p e r  year  may w e l l  ble unacceptable;  and i f  one i s  worried about 

p r o l i f e r a t i o n  now, how can we s e r i o u s l y  contemplate a world i n  which as 

much as 100 tons  of plutonium may be reprocessed -- every day? I t  appears  

t o  me then  t h a t  t h e  f u t u r e  of  our  e n t e r p r i s e  depends somehow on our 

devis ing  a nuc lea r  energy system, i . e . ,  t h e  r e a c t o r s  and support ing 

f a c i l i t i e s ,  t h e i r  s i t i n g , ,  and t h e i r  i n s t i t u t i o n a l  mat r ix ,  t h a t  conf ron t s  

t h e s e  cont ingencies  - meltdown and p r o l i f e r a t i o n  - f u l l y  and un f l inch -  

i n g l y  and with t h e  r e a l i z a t i o n  t h a t  t h e  system we dev i se  must last f o r  a 
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very  long time. 

c u l t i e s ,  poss ib ly  even exaggerat ing them by present ing  scena r ios  which 

some may cons ider  impossibly expansive. 

both t echn ica l  and i n s t i t u t i o n a l ,  t h a t  would al low us  t o  have nuc lear  

energy under condi t ions  t h a t  t h e  f u t u r e  w i l l  f i n d  acceptab le?  

might be some of t h e  c h a r a c t e r i s t i c s  of  such f i x e s ?  

To do t h i s  w e  must t r y  t o  v i s u a l i z e  t h e  systems d i f f i -  

Can we then conceive of f ixes ,  

What 

A s  f o r  reducing t h e  a p r i o r i  p r o b a b i l i t y  of an uncontained melt- 

down, I b e l i e v e  t h i s  we w i l l  g r adua l ly  achieve.  The Rasmussen s tudy  

i d e n t i f i e d  s p e c i f i c  weak.nesses t h a t  c o n t r i b u t e  most s i g n i f i c a n t l y  t o  t h e  

5 x lo-' p e r  year  meltdcwn ra te .  

t h e  1976 Washington ANS-ENS meeting, f a i l u r e  of two check va lves  i n  a 

small p ipe  con t r ibu ted  s i g n i f i c a n t l y  t o  t h i s  p r o b a b i l i t y .  

pinpointed t h e  weakness, it should i n  p r i n c i p l e  be p o s s i b l e  t o  c o r r e c t  

i t .  

and indeed w i l l  be  well below 5 x 

A s  Smidt and S a l v a t o r i  po in ted  out  a t  

Having 

And I b e l i e v e  it i s  q u i t e  l i k e l y  t h a t  t h e  Rasmussen p r o b a b i l i t y  can 

But having done a l l  we pe r  year .  

can t e c h n i c a l l y ,  we must s t i l l  r a t i o n a l i z e  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 s  

of nuc lear  energy f o r  t h e  long term. 

A f u l l y  developed nuc lear  system w i l l  almost s u r e l y  have t o  be one 

t h a t  commits on ly  c e r t a i n  p i eces  of land t o  r a d i o a c t i v e  ope ra t ions .  

These p i eces  of land w i l l  have t o  be dedica ted  i n t o  p e r p e t u i t y  i n  much 

t h e  same way t h a t  c e r t a i n  lands i n  t h e  United S t a t e s  a re  committed i n t o  

p e r p e t u i t y  f o r  u s e  as na t iona l  parks  o r  i n  t h e  same way t h a t  Johnston 

I s l and  i n  t h e  Pacific was committed t o  t e s t i n g .  

t o  be chosen t o  accommodate t h e  c h a r a c t e r i s t i c s  of nuc lear  r e a c t o r s  

These s i t e s  would have 
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r a t h e r  than  of t h e  e x k t i n g  e l e c t r i c a l  g r i d .  Moreover, I cont inue t o  

b e l i e v e  t h a t  a l a r g e  degree of c o l l o c a t i o n  o f  r e a c t o r  and r ecyc l ing  

fac i l i t i es  i s  d e s i r a b l e .  I simply cannot imagine a nuc lear  energy sys-  

tem as l a r g e  as  t h e  one I p r o j e c t ,  o r  f o r  t h a t  matter even o n e - f i f t h  as 

l a r g e ,  i s  c r e d i b l e  u n l e s s  t r a f f i c  i n  f i s s i le  material and r a d i o a c t i v i t y  

i s  kept t o  a minimum. 

he lps  t o  achieve  t h i s .  

Col loca t ion  o f  r e a c t o r s  and reprocess ing  p l a n t s  

As we begin t o  deploy breeders  we ought t o  s i t e  them, i n s o f a r  a s  

poss ib l e ,  along t h e s e  l i n e s  i n  t h e  f u l l  r e a l i z a t i o n  t h a t  we may be 

committing ou r se lves  t o  a s i t i n g  p o l i c y  t h a t  w i l l  p r e v a i l  f o r  an i m -  

mensely long time. 

The s i t i n g  p o l i c y  i[ espouse - r e l a t i v e l y  few numbers of ve ry  l a r g e  

As i t  becomes more and more d i f f i -  s i t es  -may be evolving inev i t ab ly .  

c u l t  t o  f i n d  new s i t e s ,  t h e  e x i s t i n g  s i tes  w i l l  expand. 

Union s i tes  f o r  10 x 10'' MW(e) are planned, and i n  Canada such s i t i n g  

p o l i c y  seems t o  p r e v a i l .  

found t h a t  some 80 of  t h e  100 e x i s t i n g  U.S. s i tes  a r e  w e l l  l oca t ed  with 

r e s p e c t  t o  cool ing  water, low l o c a l  popula t ion ,  and high f u t u r e  power 

demand, and could be expanded t o  a capac i ty  of 20,000 MW(e). We a l s o  

e s t ima te  t h a t  t h e  e n t i r e  asymptot ic  nuc lea r  + e n t e r p r i s e  i n  t h e  United 

In  t h e  Sovie t  

We a t  t h e  I n s t i t u t e  f o r  Energy Analysis  have 

S t a t e s  could be managed with a commitment of no more than  13,000 km 2 . 
I 

This  would be reduced i f ' o c e a n  s i t i n g  were used; and I b e l i e v e  ocean 

s i t i n g  w i l l  be necessary i n  some p a r t s  of  t h e  world. 

S i t i n g  a lone  i s  i n s u f f i c i e n t .  In  add i t ion ,  s e c u r i t y  s tandards  w i l l  

have t o  be s t rengthened --which is  easier i f  c o l l o c a t i o n  i s  adopted 
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gene ra l ly .  

d e a l s  with nuc lear  energy! 

well t o  admit t h i s  i n s t ead  of  denying i t .  

But perhaps most important i s  t h e  s t r e n g t h  of  t h e  corps t h a t  

Our technology i s  d i f f e r e n t ,  and we would do 

F i f t e e n  b i l l i o n  c u r i e s  of 

r a d i o a c t i v i t y  i n  a 1,000 MW(e) pressur ized  water r e a c t o r  i s  something 

very  s p e c i a l  indeed, and t h e  t r a i n i n g  and profess iona l i sm requi red  of 

those  who handle  nuc1ea:r energy i s  and always w i l l  be  extremely high.  
I 

And a good p a r t  of t h e  j u s t i f i c a t i o n  f o r  l a r g e  co l loca ted  s i tes  

comes from t h e  s t r e n g t h  of  t h e  cadre  t h a t  i n e v i t a b l y  develops i n  such 

c e n t e r s :  

Hanford, Savannah R ive r ,  Idaho Fa l l s .  If i n  f i n a l  a n a l y s i s  t h e  s a f e t y  

such cadres  were developed a t  t h e  U.S. s i tes  - O a k  Ridge, 

of  t h e  nuc lear  system depends on t h e  s t r e n g t h  of those  who man t h e  

system, I would i n s i s t  t h a t  we enhance t h e  s t r e n g t h  of t h e  nuc lear  corps  

by c e n t r a l i z e d  s i t i n g ,  and thereby  improve t h e  s a f e t y  of t h e  system. 

Breeders and P r o l i f e r a t i o n :  The Ultimate Ouestion 

The f u t u r e  i s  unce r t a in :  no one can say  t h a t  t h e  measures I 

suggest  - c o l l o c a t i o n  of' breeders i n  dedicated s i tes ,  added s e c u r i t y ,  

s t rengthening  of  t h e  nuc.lear corps  - w i l l  be s u f f i c i e n t  t o  r e s t o r e  con- 

B 

8 .  

f idence  i n  nuc lear  energy among those  who have l o s t  t h a t  confidence.  

hope i t  w i l l .  On t h e  o t h e r  hand, t h e  pa th  t h a t  seems t o  be taken i n  

some q u a r t e r s  - which i s  a r e j e c t i o n  o r  a t  least  d e f e r r a l  of t h e  

I 

breeder  - a p p e a r s  t o  me t o  add t o  our  u n c e r t a i n t y ,  no t  diminish it. 

Breeders,  when first d iscussed  35 yea r s  ago a t  Chicago, were viewed as 

t h e  u l t i m a t e  aim of  nuc lear  energy. But when they  would be needed 
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puzzled us  then  because we knew n e i t h e r  f u t u r e  energy demand nor uranium 

resources .  We s t i l l  know none of t hese  with c e r t a i n t y  - and it  is  these  

u n c e r t a i n t i e s  t h a t  t h e  breeder  e l imina te s .  This  has  always been a prime 

argument f o r  e a r l y  in t roduc t ion  of t h e  breeder .  

Bennett  L e w i s  has  o f t e n  argued t h a t  breeders  are not  necessary,  I be- 

l i e v e  even he would concede t h a t  i f  breeders  work and become p r a c t i c a l ,  

then  they  s impl i fy  t h e  nuc lear  system - they  t r a d e  o f f  complexity i n  t h e  

f u e l  cyc le  f o r  t h e  g r e a t e r  complexity and u n c e r t a i n t y  i n  procurement and 

Though our  good f r i e n d  

- 

enrichment o f  uranium. 

though not  a l l  b e l i e v e  t h e  Liquid Metal Fast Breeder Reactor i s  t h e  s o l e  

d i r e c t i o n  f o r  breeder  development. Moreover, t h e  idea  t h a t  breeders  

confer  a measure of  energy au tarky  always seemed a t t r a c t i v e  t o  some of 

Most of  u s  f igu red  t h i s  was a good exchange, 

us .  

We are  now i n  t h e  

p r o l i f e r a t i o n  posed by 

t h a t  t h e  breeder  i s  by 

a r e  more d i r e c t  r o u t e s  

th roes  of f u l l  con f ron ta t ion  with t h e  t h r e a t  of  

t h e  breeder .  A l l  i n  t h e  nuc lear  community know 

no means necessary  f o r  p r o l i f e r a t i o n  - t h a t  t h e r e  

such as dedica ted  r e a c t o r s  and c e n t r i f u g e s .  Pro- 

l i f e r a t i o n  i s  t h e r e f o r e  i n  l a r g e  measure a p o l i t i c a l  i s s u e  t h a t  funda- 

menta l ly  must be d e a l t  with p o l i t i c a l l y .  

Yet I t h ink  t h e  t echn ica l  community must not  dismiss  t h e  matter so 

e a s i l y .  We do have a s e r i o u s  r e s p o n s i b i l i t y  t o  dev i se  those  breeder  

technologies  o r  sys’tems t h a t  minimize t h e  p o s s i b i l i t y  of d ive r s ion .  We 

cannot so lve  t h e  p r o l i f e r a t i o n  problem; bu t  can we not  a t  l e a s t  s e p a r a t e  

p r o l i f e r a t i o n  from power product ion? 
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I cannot pretend t o  have c l e a r  answers. Af te r  a l l ,  r e a c t o r s  and 

r e a c t o r  systems have not  i n  t h e  p a s t  been designed t o  be p r o l i f e r a t i o n -  

o r  d ivers ion-proof .  

p r i o r i  meltdown p r o b a b i l i t y  than o t h e r s ,  I suppose some r e a c t o r s  and 

r e a c t o r  systems may be more divers ion-proof  than o the r s .  

such p o s s i b i l i t i e s  we ought t o  accept  as a cha l lenge .  

And, j u s t  a s  some r e a c t o r s  may have a lower a 

Explorat ion of 

But t h i s  much seems c l e a r  t o  me - t h a t  a co l loca ted ,  c e n t r a l i z e d  

s i t i n g  system has t h e  p o s s i b i l i t y  of incorpora t ing  b a r r i e r s  t o  d ive r s ion  

t h a t  a r e  l e s s  easy t o  v i . sua l ize  i n  a more d ispersed  system. Is it un- 

reasonable  t o  imagine thlat i n  a f u l l y  developed c e n t e r  t h e r e  w i l l  be 

f u l l - t i m e ,  permanent IAE,A i n spec to r s  who can know in t ima te ly  and i n  

d e t a i l  exac t ly  what i s  going on a t  t h e i r  s i t e  and who can set i n t o  

motion t h e  appropr i a t e  a c t i o n s ,  inc luding  n o t i f i c a t i o n  of t h e  Secur i ty  

Council, should they  d e t e c t  d ive r s ion  of f i s s i l e  ma te r i a l ?  This i s  t h e  

kind of  semi- technical  invent ion  t h a t  I b e l i e v e  i s  p o s s i b l e  and t h a t  we 

s h a l l  have t o  address  s e r i o u s l y .  

I have c a l l e d  my t a l k  "Nuclear Energy a t  t h e  Turning Point"; i t  i s  

being given on t h e  20th anniversary of t h e  I n t e r n a t i o n a l  Atomic Energy 

Agency. Our e n t e r p r i s e  is a t  a tu rn ing  p o i n t  i n  l a r g e  measure because 

t h e  i s s u e  of p r o l i f e r a t i o n  - t h e  same i s s u e  t h a t  bedevi led t h e  world 30 

y e a r s  ago and gave rise t o  i deas  f o r  t o t a l  i n t e r n a t i o n a l i z a t i o n  of t h e  

atom such as t h e  Acheson/-Lilienthal p lan  - h a s  once more assumed such 

l a r g e  propor t ion .  I t .may well be t h a t  i n  some sense  t h e  world can l i v e  

comfortably with nuc lear  energy only  by r e inven t ing  some ve r s ion  of t h e  
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Acheson-Lilienthal p lan .  Have we not  taken a f irst  s t e p  i n  t h a t  d i r e c -  

t i o n  with t h e  establ ishment  of t he  I n t e r n a t i o n a l  Atomic Energy Agency 

and t h e  Non-Prol i ferat ion Treaty? 

energy i t s e l f  w i l l  prosper  i n  ways we have always dreamt o r  w i l l  always 

be a source of conten t ion  and concern because we cannot dea l  with 

I suspec t  t h a t  whether nuclear  

p r o l i f e r a t i o n  - t h a t  thits i n  a p r a c t i c a l  sense w i l l  depend on how e f f e c -  

t i v e l y  IAEA can f u l f i l l : ,  and indeed, expand i t s  mission.  I t  w i l l  take 

imaginat ion,  i t  w i l l  t ake  courage, it w i l l  t ake  luck.  The f u t u r e  may 

wel l  depend on how success fu l ly  we can respond t o  t h e  p o l i t i c a l ,  even 

more than  t h e  t echn ica l ,  cha l lenge  posed a t  t h i s  t u rn ing  p o i n t  i n  

nuc lear  energy. 
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