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POTNER AND THE ENVIRONMENT- 

A POTENTIAL CRISIS IN ENERGY SUPPLY 

A s  t h e  decade of t h e  1970s b e g i n s ,  c o n t i n u a l  xqarilings ar? being i s s u e d  
r e g a r d i n g  p o t e n t i a l  widespread  e l e c t r i c a l  b l a c k o u t s ,  w h i l e  equally d i r e  p r e d i c -  
t i o n s  a r e  b e i n g  rmde of the p o t e n t i a l  env i ronmenta l  h a z a r d s  a r i s i n g  From t h e  
g e n e r a t i o n  of e l e c t r i c  power. The power c u r t a i l m e n t s  and severe a tmospher ic  
c o n d i t i o n s  t h a t  o c c u r r e d  d u r i n g  t h e  suinmer and e a r l y  f a l l  of 1970 may have been  
on ly  a f o r e t a s t e  o f  s e r i o u s  problems t h a t  w i l l  confron;  the n a t i o n  u n t i l  a b e t t e r  
balance can b e  acl l ieved between t h e  growing need f o r  paver and the demand cha t  i t  
b e  p r o v i d e d  w i t h o u t  d e t r i m e n t  t o  t h e  environment .  

S e v e r a l  f a c t o r s  have con t r ibu+ ,ed  t o  t h e  p r e s e n t  s i t u a t i o n  i n  the con- 
t i g u o u s  Uni ted  S t z ~ t e s .  The r a p i d  growth i n  t h e  demand f o r  e l e c t r i c  power has 
r e q u i r e d  a doub l ing  of o u t p u t  abou t  e v e r y  1 C  y e a r s ,  yet  t h e r e  have b e e n  d i f f i - c u l -  
t ies  and delays i n  g a i n i n g  a p p r o v a l  f o r  t h e  coz l s t ruc t ion  and o p e r a t i o n  of new 
power p l a n t s  des igned  t o  p r o v i d e  t h e  a d d i t i o n a l  power r e q u i r e d .  S h o r t a g e s  of 
f u e l s  t h a t  can meet t h e  i n c r e a s i n g l y  s t r i n g e n t  r e g u l a t i o r - s  mad.e t o  p r o t e c t  a i r  
q u a l i t y  have compounded the problems.  

Although the p r e s e n t  ene rgy  c r i s i s  and r e l a t e d  e n v i r o n m e n t a l  problems 
may appear  t o  have a r i s e r ,  q u i t e  sudden ly ,  they have  a c t u a l l y  been  i n  the making 
f o r  many y e a r s ,  and t h e i r  s o l u t i o n ,  t o o ,  w i i l  r e q u i r e  t i m e .  Many s o l u t i o n s  
t h a t  o f f e r  t h e  most immediate r e l i e f  w i l l  b e  c o s t l y ,  and perhaps  o n l y  temporary .  
I f  bo th  the demand for power and the demand f o r  e n v i r o n m e n t a l  p r o t e c t i o n  a r e  t o  
be m e t ,  e x t e n s i v e  r e s e a r c h  and t e c h n i c a l  p r o g r e s s ,  r e q u i r i n g  both l a r g e  amounts 
o f  money and c o n s i d e r a b l e  t i m e ,  w i l l  b e  needed.  



ENERGY DEMAND AND SUPPLY 

S i n c e  1920 t h e  annilal  gross consumption of ene rgy  from m i n e r a l  f u e l s  
and hydropower i n  t h e  Uni ted  S t a t e s  bas grown from 19,782 t r i l l i o n  Btu (1 ,  . 33)" 
t o  65,753 t r i l l i o n  Btu ( 2 ,  p .  5 ) .  During t h i s  p e r i o d  t h e  p e r c e n t a g e s  of ene rgy  
produced from t h e  v a r i o u s  s o u r c e  m a . t e r i a l s  have changed, as showr, ir, t a b l e  1. 

TABLE 1-TOTAL ENERGY P20VIDE'D 3Y FUELS PZJS I:TATER POXER 
IN TEE UXITED STATES 

Percentage of t o t a l  energy 

Commodity 1920 1 9 6 9  

Bituminous coal  and l i g n i t e  67.4 20.2 
Anthraci te  11 .0  0,4 
Petroleum and n a t u r a l  gas I. iquids  'I- 1.5 .5 43 s 2 
Natural gas 4 - 2  31:9 

Nuclear power 

- 
J, 

' Includes imports.  
Source: U,, S, Bureau of Mines ( 1 ,  p .  33; 2, p L  5 ) -  

While t h e r e  h a s  been a r a p i d  growth i n  t h e  use of  f u e l s  and energy f o r  
all purposes  i n  t h e  Uni ted  S t a t e s ,  t h e  g rowth  i n  u s e  of e l e c t r i c  power h a s  been  
e s p e c i a l l y  n o t a b l e ,  as shown i n  t a b l e  2 .  Tab le  2 a l s o  shows that energy  u s e  n o t  
only h a s  been  growing but has been  growing a t  an i n c r e a s i n g  r a t e .  F u e l  consump- 
t i o n  f o r  power g e n e r a t i o n  i n c r e a s e d  9 9 . 7  p e r c e n t  i n  t h e  10 y e a r s  from 1959 t o  
1969,  compared t o  79.4 p e r c e n t  i n  t h e  p r e v i o u s  12 y e a r s .  

TABLE 2 -CONSTJMPTION OF ENERGY IS THE UNITED STATES IN 1 9 4 7 ,  1959,  AND 1969 

T r i l l i o n  Btu Percent inc rease  

Energy used 1947 195 9 1969 194-7-1959 1359-1969 

I n  e l e c t r i c  u t i l i t y  

power genera t ion  4 J 9 7  7 , 887 15,748 79.4 99 - 7 
For all other  uses 28,473 35,524 50,005 24-8 40.8 - 

Totals  32,870 43,411 65 ,753 j 2 , 1  5 1 . 5  

Source: U, S ,  Bilreauof Mines ( 1 ,  p .  33; 2 ,  p .  5 ;  3 ,  t a b l e  2; 4 ,  p .  8 7 ) -  

Energy Sources  f o r  Power Genera t ion  

Wi th in  the Uni ted  S t a t e s  e l e c t r i c  power i s  g e n e r a t e d  by energy  d e r i v e d  
from f o s s i l  f u e l s  ( c o a l ,  g a s ,  and o i l )  , w a t e r  power, and n u c l e a r  ene rgy .  Although 

* Numbers r e f e r  t o  references  l i s t e d  a t  the  end of the  r e p o r t ,  



- -  

Energy consumed. by u t i l i J c i e s  (,%) 

~ o a l *  4 '7 .4 5 0 . 8  47 " 4  
o il 1 0 . 6  6 .8  I O , ~  

Gas 8,8 21.1. 14.8 
Hydropower 33 2 21 .3  1 6 .. '7 
Nuclear  power 0 Nezl i g i b l e  0 ,  9 

1 0 0 . 0  :L 0 0 A 0  1.0 0  . 0 

% 
Inc ludes  a  r e l a t i v e l y  sma l l  m o u n t  of an t l i rac  i t e  . anmunting 

I n  1969 t o  0 . i ~  p e r c e n t  of t o t a l .  

P r e l i m ~ n a r y  f i g u r e s .  

Source :  Ca lcu l a t ed  f r o m  d a t a  In r e fe rence3  3 ( ~ a b  t e  2 )  ~ n d  

L! ( p .  87) 

c o a l  s t i l l  p r o v i d e s  t h e  ma f o r  ? a r t  of t h e  enerpv co:zs:mcd ;>y e l e c t r i c  u t i l i t i e s ,  
t h e r e  h a s  been  a s l i g h t  dec l ine  in i t s  r e l a t i v r  c o n L r i b u t i o n  s i z c e  13J9 ( t a b l e  3 ) .  

D e s p i t e  an a 3 s c l u t z  i n c r e a s e  ir o u t 3 u t  d u r i a ~ g  t 'ke ; :erlod,  h y d r o e l e c t r i c  
p l a n t s  a l s o  p r o v i d e d  a s t e a d i l y  d e c r e a s i n g  ~e rc . sn tage  of t o t a l  o u t n u t .  TZlile 
h y d r o e l e c t r i c  o u t p u t  a lmos t  r r i p l e 6 ,  its ;rowtY was ~ n 7 - y  I ; J f  t h a t  of :h-. t o t a l  
e l e c t r i c  power g e n e r a t e d ,  whir,> increase6 six-fold. 

Xuclea r  pover  p l a n t s ,  ?d-dch p roduced  or,ly a n 2 a ~ l i 2 i ~ l e  smou7.L i n  1959, 
produced a lmos t  1 p e r c e n t  of t k e  t o t a l  e1cctri.c qcr.!er 3r)~lerated i:: 1969. 

Table  4 shows the growth i n  f u e l  consum Lion f;-o,lL 1.959 t_;rou$z 1959. 
, . %ring  that e n t i r e  p e r i o d  the coal and gas use< -GPL^~  S U - I Q L T L ~ ( ?  ~ r i -mar i l -y  f r ~ l n  

domes t i c  s o u r c e s .  For  o i l ,  b.owever, t\e TJni t e d  S tatre;; became i n c r e a s i n g l y  depend- 
ent on f o r e i g n  s u p p l i e s .  N e t  impor t s  of  c rude  and r e f i n e d  o i l  rose from 572.5 
m i l l i o n  b a r r e l s  i n  1959 ( 6 ,  p .  390) t o  l,OG9.2 m i l l i o n  b a r r e l s  i n  1969 ( 7 ,  p .  2 ) .  

TABLE &-FUEL CONSUMPTION 1:; THE UNITED STATES, 1959-1969 
-- - - -- - - -- 

For  e l e c t r i c  power 

g e n e r a t i o n  Gain For a l l  u s e s  Gain 
-- - - 7 

Fuel  1959 19651~ 1959-1969 195 9  I 969% 1955-1969 

Coal t 

( t housand  tons  ) 168,423 310,600 142,177 385 ,05  6 5x7 , 289 132,233 

O i l  

( m i l l  i o n  bbj  ) 88 255 I 6'7 3,455 5 , 0 3 7  I ,582 
Gas 

( b i l l i o n  cu  f t )  1 , 6 2 9  13,790 2 ,162 11 ,585 20 ,350  8 ,765 

' P r e l i m i n a r y  f igu.res . Source :  5 ,  p ,  1 ;  3 ,  t a b l e s  3 ,  4, and 5; 1 ,  p .  32; 2 ,  p .  5 .  
t P r i n c i p a l l y  bi tuminous c o a l  and i i g r i t e  Su t  inc:~.ucies s r r a l l  :m!ount of au l th rac i t e  . T o t a l  t on -  

nage i n  1969 inc luded  507,715,000 t o c s  of biti~:injlnous and l i g n i t e  and 3,5'71+,000 t o n s  of 

a n t h r a c i t e  . 





GROWTH PATTERNS I N  ELECTRIC ENERGY 

While r a p i d  growth i n  use  of e l e c t r i c  energy has  occurred i n  a l l  p a r t s  
of t he  n a t i o n ,  t h e  p a t t e r n  has  d i f f e r e d  somewhat i n  t he  va r ious  r eg ions .  Table 5 ,  
showing t he  growth i n  power provided by major u t i l i t y  systems,  i l l u s t r a t e s  t h i s  
v a r i a t i o n .  The n a t i  ona l  growth from 1?5E t o  1968 vas 104.6 pe rcen t .  9-egional 
growths ranged from 81.6 t o  165.8 pe rcen t .  

TABLE 5-ELECTRIC 2O'IJER GENERATION 3u RZGGLON 

Region 

Mil l ion k i lowat t  hours Percent increase 

1958 19 68 1 9  69 1958-1968 1368-136~- 

Northeast (1) 
East Central  (11) 
Southeast (111) 
North Central  (IV) 
South Central  (V) 
West Central  (vI) 
Northwest (vII) 
Southwest (vIII) 

Contiguous U, S ,  Total  637,767 ~ 3 0 5 , 0 9 3  1,417,383 1 0 4 ~ 6  8 . 6  

Source: 8 ,  p .  5; 9 ,  p. 1 3 , ,  

A s i g n i f i c a n t  change i n  r e c e n t  years has  been t h e  s h i f t  of t h e  p e r i o d  of 
"peak," o r  h e a v i e s t ,  consumjj t i o n  from w i n t e r  t o  summer; r e s u l t i n g  p r i m a r i l y  from 
the  growing use  of a i r  cond i t i on ing  by r e s i d e n t i a l  and commercial consumers. 
F igure  1 shows t h e  monthly s a l e s  of e l e c t r i c  energy by u t i l i t i e s  i n  t h e  United 
S t a t e s  by major c a t e g o r i e s  of use and t o t a l  use .  Yn t h e  e a r l i e s t  y e a r s  shown on 
f i g u r e  1 t h e  peak of t o t a l  s a l e s  occur red  i n  w i n t e r .  Not u n t i l  1959 d i d  the  summer 
peak s i g n i f i c a n t l y  exceed t h e  peak of t h e  preceding w i n t e r .  I n  1964, however, t he  
summer peak exceeded n o t  only t he  peak of t h e  preceding w i n t e r  b u t  a l s o  t h a t  of 
t h e  w i n t e r  t h a t  fol lowed.  

The f i r s t  evidence of i nc r ea sed  summer s a l e s  appears  i n  s a l e s  t o  commer- 
c i a l  customers ( f i g .  1 )  , as a i r  cond i t i on ing  found a p p l i c a t i o n  i n  t h e a t e r s ,  s t o r e s  , 
and s;her commercial i n s  t a l l a t i o n s  . Sunnier r e s i d e n t i a l  s a l e s  began t o  show an 
i n c r e a s e  i n  t h e  mid-1950s, b u t  n o t  u n t i l  1966 was t h e  summer peak equa l  t o  t h e  
preced ing  w i n t e r  peak. I n d u s t r i a l  use of e l e c t r i c  power shows some v a r i a t i o n  from 
month t o  month b u t  no e s p e c i a l l y  prominent s e a s o n a l  peak. The wide s e a s o n a l  va r i a -  
t i o n s  i n  demand, t h e r e f o r e ,  can be  a t t r i b u t e d  almost e n t i r e l y  t o  r e s i d e n t i a l  and 
commercial use of e l e c t r i c i t y .  

The s a l e s  of k i l o w a t t  hours  shown i n  f i g u r e  1 a r e  a measure of t h e  
q u a n t i t y  of energy used dur ing  each monthly p e r i o d  but give  no i n d i c a t i o n  of t he  
h i g h e s t  l e v e l  of demand that occur red  dur ing  t3e month. It i s  f o r  t h e  peak l e v e l  
of demand, however s h o r t  t h e  d u r a t i o n ,  t h a t  u t i l i t i e s  must p rov ide  i n  p lanning  
t h e i r  c a p a c i t y o  To a s s u r e  a  dependa'ijle sup2ly of power, a d d i t i o n a l  c apac i t y  must 
a l s o  be a v a i l a b l e  t o  cover gene ra t i ng  equipment i d l e d  f o r  r e p a i r s ,  maintenance, 
o r  f o r  o t h e r  reasons .  





The a v a i l a b i l i t y  of c a p a c i t y  t o  m e e t  peak demand means t h a t  some o f  t h e  
g e n e r a t i n g  equipment o f t e n  i s  u t i l i z e d  a t  l e s s  t h a n  f u l l  c q 7 a c i t y .  U n t i l  t h e  l a s t  
f e w  y e a r s ,  g e n e r a t i n g  c a p a c i t y  was d e s i p e d  t o  meet t h e  h i g h  win:er denand. A s  a  
r e s u l t  most p l a n t s  o ? e r a t e d  a t  a  low l e v e l  d u r i n g  t:le sun-mer n o c t h s .  The wide- 
s p r e a d  growth i n  t h e  u s e  of sunmer a i r  conditioning produced ir ,crt .ased s u z n e r  
demands f o r  power, and ,  f o r  a t i m e ,  a b e t t z r  balance 211 l e r t e r  u s e  of capeccty. 
But t h e  r a p i d  growth i n  summer peaks  soon b rough t  t h e  p r o b l e v  of p r o v i d i n g  ade- 
q u a t e  c a p a c i t y  d u r i z g  t h a t  season .  

F i g u r e  2 shows t h e  t r e n d s  i n  peak demand a r d  ne t  assured g e n e r h t i n g  
c a p a c i t y  a v a i l a b l e  f o r  t h e  e i g h t  r e g i o n s  of the Uni ted  S t a t e s .  (Let a s s u r e d  - . 
g e n e r a t i n g  c a ~ a c i t y  i s  that a v a i l a b l e  t o  meet n o r m 1  7ar.ier r 2 q c i r e i x n t s  srd i s  
b a s e d  on dependable  i n s  t a l l t i  c a p a c i t y ,  i n c l u d i n g  hy$.roeleci:i c cs;7acFty imi!sr 

' r-, 
a d v e r s e  [ low] vater  c ~ n d i ~ i o n s ,  ciinus r r q u i r e d  c a ~ a c i t y  r e s e r v e s . ,  L:.e s~ift t o  
summer peaks  from r r i n t e r  ?cabs, a s  shown 'by s t a t i s t i c s  of t he  F e d e r a l  Sower 
Commission, var ied ,  i_n rhe eigfic r e g i o n s  ( t ~ i b l e  5 )  

Region Year 

south Central pre-1948 
Soxthwes t pre-1948 
Southeast 1950 
North Central 1953 
East Central 1955 
West Central 195 8 
Northeast 195 9 
Northwest winter peak remains 

While consunption.  of e l e c t r i c i t y  grew r a p i d l y  f o r  a l l  u s e s ,  t h e  r a t e  
of growth i n  r e c e n t  y e a r s  h a s  been  most r a p i d  i n  t h e  r e s i d e n t i a l  m a r k e t ,  a s  i s  
shown i n  f i g u r e  1 and t a b l e  7.  Of t h e  357 b i l l i o n  k i l o w a t t - h o u r  i n c r e a s e  i n  
consumption from 1.965 t o  1969,  about  38 p e r c e n t  was f o r  r e s i d e n t i a l  gurposes .  
Part of t h e  growth i n  r e s i d e n t i a l  use is  r e l a t e d  t o  i n c r e a s e d  p o p u l a t i o n ,  b u t  
p e r  c a p i t a  u s e  a l s o  h a s  r i s e n  s i g n i f i c a n t l y .  From 1965 t o  1969 a n n u a l  p e r  
c a p i t a  consunp t ion  f o r  r e s i d e n t i a l  u s e s  grew from 1 , 4 9 8  k i l o w a t t  h o u r s  t o  2 , i 1 4  
k i l o w a t t  h o u r s ,  a giin of 4 1 . 1  p e r c e n t .  T o t a l  p e r  c a p i t a  consumption of e l e c t r i c  
power f o r  a l l  purposes i ~ ~ c r e a s e d  32 .3  p e r c e n t .  

X xumber of f a c r o r s  c o s t r i b u t e d  t o  a moze r a p i d  growth i n  r e s i d e n t i a l  
use than i n  o t h e r  u s e s .  A~-:~ong t h e n  was the p r o l i f e r a t i o n  of e l e c t r i c a l  d e v i c e s  
and a p p l i a n c e s ,  r a n g i n g  froir. major  house i~o l i !  a-?pl ia?ces ,  such  as r a n g e s  and 
home f r e e z e r s  , t o  e l e c t r i c  s h a v e r s  and t o o t h b r u s h e s .  Another  was t h e  i n c r e a s i n g  
s i z e  of sane of t h e  a p p l i a n c e s  used.  Although a f e w  y e a r s  ago a 12-cubic-foot  
r e f r i g e r a t o r  n i g h t  have been  c o n s i d e r e d  l a r g e ,  c o n h i n a t i o n  r e f r i g z r a  to r - f  r e e z e r s  
of more t h a n  2C-cublc-foot c z p a c i t y  a r e  noE now uncommon. The a a j o r  cause  f o r  
t h e  i n c r e a s e  ir, e l e c t r i c  power consxi-qt ion i n  r e c e n t  y e a r s ,  howe-qer, h a s  3 e e n  t h e  
i n c r e a s e d  u s e  of a i r  c o n d i t i o n i n g ,  t e l e v i s i o n ,  and ,  t o  some exterAt, e l e c t r i c  s p a c e  



TABLE 7-SALES OF ELECTRIC ENERGY TO ULTIMATE CONSUMERS 
IN 48 CONTIGUOUS STATES, 1965 AND 1969 

Thousand k i l o w a t t  hours  

Absolu te  g a i n  % Gain 
Consumer - 1965 1969 1965-1969 1965-1969 

Res i d e n t i a l  289,859,793 424,624-,734 134,?64,941 4 6 , 5  
Commercial 199,780,911 279 $542 7 853 79 ,761,940 39 .9  
Indus t r i a l  427,572,314 558,054,272 130,481,958 30 .5  
Other  33 ,506,233 45 ,789,289 12 ,283 ,056  3 6 . 7  

T o t a l s  950,719,253 1 ,  j 08 ,011 ,148  3 5 7 2 9 1 , 8 9 5  3 7 . 5  

Source :  9 ,  p 26; 10, p .  26, 

h e a t i n g ,  p a r t i c u l a r l y  i n  c e r t a i n  a r e a s  of t h e  n a t i o n .  The i nc r ea sed  use of e l ec -  
t r i c i t y  t o  o p e r a t e  convent iona l  types  of h e a t i n g  equipment a l s o  i s  a f a c t o r .  

Growth i n  t h e  use of m a j ~ r  e l e c t r i c a l  app l i ances  i s  i n d i c a t e d  by 
t a b l e  8. E s p e c i a l l y  s i g n i f i c a n t  from t h e  s t a n d p o i n t  of r e s i d e n t i a l  power con- 
sumption i n  t h e  f o u r  y e a r s  from 1965 t o  1969 a r e  t h e  g a i n s  of about 3 1  pe rcen t  
i n  t h e  number of homes w i th  e l e c t r i c  ranges ,  47 pe r cen t  i n  those  w i t h  t e l e v i s i o n  
s e t s ,  and 129  pe rcen t  i n  t he  number of homes wi th  room a i r  cond i t i one r s .  The 
t ab le  g ive s  no i n d i c a t i o n  of t h e  number of homes i n  which more than  one e l e c t r i c a l  
u n i t  of t h e  same type i s  in use.  

TABLE 8-TJUMBE2 OF liOMES W I T 3  S P E C I F I C  MAJOR ELECTRIC A?PLIAP;iCES 

P e r x n t a g e  
M i l l i o n s  of homes of  homes - 

Appl iances  1953 1960 1963 1965 1967 1969 1969 

A i r  c o n d i t i o n e r s ,  room 0 . 6  6 - 5  7 .2  1 1 , 4  1 7 . 6  2 6 2 .  4 2 . 5  
F r e e z e r s  0 ~ 9  1 1 . 2  1 1 - 2  l 5 , l  1 5 , l  1 ,  2 8 , 1  
Radios 4 3 , 7  5 0 , o  N A 55, ,2  58 .6  6 1 ~  99 .7  
Ranges 1 0 . 2  1 8 . 0  19 .0  23.4 2 6 ~  3 0 . 6  49 .9  
R e f r i g e r a t o r s  37 .8  . 49 ,6  53 .1  56.0 5 8 , 6  6 1 . 1  99.7 
T e l e v i s i o n  

b l a c k  and wh i t e  1 9 3  45.5 50.0 1 57.6  60 ,3  9 8 - 5  
c o l o r  MA G,1 2 %  9 8 , 8  2 ~ 9  35 .7  

Washers, c l o t h e s  3 2 - 2  4.2.0 3 9 , 9  49 .0  51 .9  5 8 . 1  94 .8  
Water h e a t e r s  5 - 8  9m4 N A 13 .1  1 4 , 5  17 .0  27.8 

NA = F i g u r e s  n o t  a v a i l a b l e ,  
Source :  11, p ,  754; 1 2 ,  p o  710; 1 3 ,  p .  704., 



A l l  of t he  a p p l i a n c e s  c o n t r i b u t e  t o  t h e  t o t a l  consumption of e l e c t r i c  
power, and most  do so on a  year- round 3asis.  Y a j o r  e x c e p c i o i ~ s  a r e  t h o s e  used 
f o r  h e a t i n g  i n  w i n t e r  and c o o l i n g  i n  silmner. Although i t  i s  larg2ly t h e  increase 
i n  a i r  c o n d i t i o n i n g  t h a t  h a s  caused t h e  growth i n  surmer  USE of  power and a s h i f t  
i n  peak demand from w i n t e r  t o  sumrrer, equipment such  as c o o l e r s .  r e f  r i g e r a t o r s ,  
and f r e e z e r s  a l s o  u s e  nore potirer i n  sunmer by oil)ei_^atizi~) a greater ?erce,ltege of 
the t i m e .  

From December 195i t o  December 1969 , tF1e tns t a l l e t  g e n e r a t i n g  c a p a c i t y  
of e l e c t r i c  u t i l i t i e s  i n  the ean t iguous  Uni ted  S t a t e s  gre'v f r o a  128.74 m i l l i o n  
k i l o w a t t s  t o  306.05 m i l l i o n  k i l o v a t t s  (lk-, p ,  1, 9 .  ?. 11). 3esoLtz t h i s  138 
p e r c e n t  i n c r e a s e  i n  12 gears, the n e t  assure6 c a ~ ~ a c l  ty ir. m n y  r e g i o n s  grew a t  a  
s l o w e r  pace  t h a n  derand and provided l i t t i e  o r  no rnargi? of s a f k t y .  The margins  
between t h e  a s s u r e d  c a p a c i t i e s  and peak demands of i n d i v i d u a l  o r  i n t e r c o n n e c t e d  
s y s  t e m s  va ry  i n  t h e  s a n e  manner as t h e y  do a m n g  r e g i o a c  . Le te in 1969 i t  was 
r e ~ o r t e d  t h a t  39 of the 121 major sys tems i n  t h e  Gni ted  SJ:ates had a r e s e r v e  
c a p a c i t y  of less than 10 percenc  (15, p .  4 8 ) .  

I n  many a r e a s  of t h e  n a t i o n  today the individual e l e c t r i c  u t i l i t i e s  a r e  
i n t e r c o n n e c t e d  by sys tems t h a t  p r o v i d e  f o r  mutual a s s i s t a n c e  f o r  times of o v e r l o a d  
o r  p a r t i a l  breakdown. The a b i l i t y  t o  p a s s  power back and f o r t h  p r o v i d e s  each 
u t i l i t y  w i t h  a  margin of proi:ection t h a t  would be i m p r a c t i c a l  i f  each  had t o  
p r o v i d e  f u l l y  f o r  i t s e l f .  

Under normal w e a t h e r  ? a t t e r n s  t h e r e  i s  likely t o  be a wide v a r i a t i o n  
i n  t empera tu re  w i t h i n  a r e a s  of even n o d e r a t e  s l z e  a t  any one time. V i t h  t h e  move- 
ment of s u c c e s s i v e  warm and c o l d  f r o n t s  a c r o s s  an a r e a ,  t h e  s h i f t  s f  power among 
t h e  c o o p e r a t i n g  u t i l i t i e s  can be made f i r s t  i n  one d i r e c r i o n  and then t h e  o t h e r .  

I n  h o t ,  humid wea the r  a  u t i l i t y  may f i n d  as nluch a s  a t h i r d  o r  more of 
i t s  peak demand r e s u l t i n g  from a i r  c o n d i t i o n i n g .  F i g u r e  3 ;  b a s e d  on d a t a  s u p p l i e d  
by a  s i n g l e  u t i l i t y ,  i n d i c a t e s  t h e  r e l a t i o n  between peak power demand and tempera- 
t u r e  r ange  i n  J u l y  of 1968,  1969, and 1970. T 5 e  t e m p e r a t u r e  was r e c o r d e d  a t  a  
p o i n t  n e a r  t h e  c e n t e r  of t h e  a r e a  s e r v e d  by t h e  u t i l i t y .  For  each y e a r ,  t h e  
i n d i v i d u a l  week day of July on which t h e  h i g h e s t  and lowes t  k i l o w a t t  peak demands 
o c c u r r e d  were  s e l e c t e d .  A h o r i z o n t a l  L ine  was drawn ( f i g .  3) a t  t h e  l e v e l  of 
t h e  peak demand f o r  each  day. The l e n g t h  and p o s i t i o n  of t h e  l i n e  a l s o  i n d i c a t e  
t h e  t e m p e r a t u r e  r a n g e ,  and t h e  heavy s q u a r e  o r  d o t  shows mean t e m p e r a t u r e .  I n  
f i g u r e  3 ,  t h e  mean t e m p e r a t u r e s  f o r  t h e  davs of n i g h e s t  and lowes t  peak power 
demands f o r  t h e  t h r e e  respec tLve  y e a r s  are connected by dashed l i n e s .  iiigh peaks  
were  abou t  50 p e r c e n t  above low ?eaks, b u t  in July of 1973, w h e a  t h e  d i f f e r e n c e  
i n  mean t e m p e r a t u r e s  f o r  the high and low ~ e a k  days was 20.5 degrees  and t h e  h i g h  
t empera tu re  reached  100' F, t h e  h i g h e r  peak drmanC f o r  power was 54.8  p e r c e n t  
above t h e  lower  one. That  t h e  peak demands a l s o  have i n c r e a s e d  w i t h  each  succes -  
s i v e  y e a r  i s  e v i d e n t ,  i n d i c a t i n g  a g r e a t e r  u s e  of  a i r  condf-t ioning th roughout  the 
u t i l i t y  area each y e a r .  

The r a p i d  s u r g e  i n  demand f o r  e l e c t r i c  power h a s  ou tpaced  t h e  n e t  as- 
s u r e d  c a p a c i t y  a v a i l a b l e  t o  meet t h a t  demand ( f i g .  2 ) .  From 1960 t o  1965 t h e  l e v e l  



of peak demand f o r  power i n  the  
contiguous United S t a t e s  increased  
39 percent ,  whereas genera t ing  ca- 
pac i ty  increased  only 26.6 percent.  
I n  the  succeeding four  years, 1965 
t o  1969, peak loads increased  by 
4Q percent  and capaci ty  by 34.2 
percent .  For the  t o t a l  9-year pe- 
r i o d ,  1960 t o  1969, t h e  inc reases  
were 94.7 percent  i n  peak demand 
and 70 percent  i n  genera t ing  ca- 
pac i ty .  P a r t  of t he  d e f i c i t  has 
been met by b e t t e r  u t i l i z a t i o n  of 
generat ing capaci ty  through an ex- 
change s f  power between u t i l i t i e s .  
This,  however, has not  f u l l y  com- 
pensated f o r  t h e  Hag. 

Two e s p e c i a l l y  important f ac- 
t o r s  i n  the  l a g  between demand and 
capaci ty growth have been (1) t h e  
d i f f i c u l t y  o f  pred ic t ing  load 

a c e  growth s u f f i c i e n t l y  f a r  i n  adv- 
t o  p l an  adequate new f a c i l i t i e s  , 
and ( 2 )  the  inc rease  i n  lead-time 
requi red  t o  move a p r o j e c t  from 
t h e  i n i t i a l  planning s t a g e  t o  com- 
p l e t i o n  and f u l l  opera t ion ,  

The s teady inc rease  i n  the  
winter  peaks of power demand i n  
t h e  years  p r i o r  t o  1960 had estab-  
l i s h e d  a p a t t e r n  t h a t  enabled 
planners  t o  p r e d i c t  t h e i r  f u t u r e  
needs s u f f i c i e n t l y  f a r  i n  advance 
t o  be ab le  t o  cons t ruc t  a d d i t i o n a l  
f a c i l i t i e s  i n  time t o  meet demand. 
g i n  has been maintained between n e t  

Mean temperature 
J u l y  week day when 
peak power demand 
was lowest 

Mean temperature on 
J u l y  week day when 
peak power demand 
was h i g h e s t  

Temperature range 
f o r  one day: ver-  
t i c a l  p o s i t i o n  
shows peak demand 

Temperature, degrees F 

Fig. 3 - Temperature range and mean tem- 
perature,  versus e l e c t r i c a l  load 
f o r  an individual e l e c t r i c  u t i l i -  
t y  system on days of highest  and 

lowest demand i n  July 1968, 1969, 
and l97O. 

Figure 4 shows t h a t  a f a i r l y  cons tant  m a r -  
assured genera t ing  capaci ty  and win te r  

peak demands f o r  t h e  United S t a t e s  a s  a whole. This was t r u e ,  too ,  f o r  t h e  
ind iv idua l  reg ions ,  most of which a l s o  were a b l e  t o  maintain a margin above 
t h e i r  winter  peakp ( f i g .  2 ) .  As  shown i n  f i g u r e s  2 and 4 ,  t h e  summer peaks 
now c o n s t i t u t e  the  problem. 

Once the  summer peaks exceeded those of w in te r ,  they became t h e  
c r i t i c a l  f a c t o r  i n  the  need f o r  capaci ty.  Thei r  growth, which was dependent 
both on summer temperature v a r i a t i o n s  and on t h e  r a t e  a t  which t h e  use  of a i r  
condit ioning increased throughout the  var ious  regions of t h e  country,  was l e s s  
p red ic t ab le .  

A comprehensive National  Power Survey was undertaken by the  Federa l  
Power Commission i n  1964 t o  a s ses s  t h e  f u t u r e  power requirements of t h e  na t ion  



62 63 64 65 66 

Y e a r s  

d e m a n d s  

Fig.  4 - Trends i n  net assured generatfng capacity and summer 
and wjlnter peak loads of e lec t r i c  utilities i n  the 
United States. 



and o u t l i n e  msans by which t h o s e  needs  cou ld  b e  m e t .  Trajections were  made of 
peak demands f o r  each  r e g i o n  f o r   he y e a r s  1970 and 1980 (16,  p .  39) .  These 
p r o j e c t i o n s ,  t o g e t h e r  w i t h  a c t u a l  peak demands f o r  1968 and 1969, a r e  shown i n  
t a b l e  9 .  The r a p i d i t y  w i t h  which a i r - c o n d i t i o n i n g  e q u i p n e n t  h a s  come i n t o  gen- 
e r a l  u s e ,  w i t h  t h e  consequent  h i g h  summer peaks  i n  energy  demand, cou ld  n c t  b e  
a c c u r a t e l y  p r e d i c t e d  a t  t h e  t i m e  of t h e  s u r v e y .  X e v e r t 2 e l e s s ,  i t  does n o t  appear  
t h a t  f o r  t h e  Uni ted  S t a t e s  a s  a whole t h e  a c t u a l  1970 peaks  w i l l  b e  much, i f  any ,  
h i g h e r  t h a n  t h e  peaks p r o j e c t e d  s i x  y e a r s  e a r l i e r .  For  some of t h e  r e g i o n s ,  how- 
e v e r ,  peaks  w i l l  d e f i n i t e l y  b e  h i g h e r .  

TABLE 9-XOJECTED AND ACTUAL ELCCTP-SC UTILITY REQUIPPEMEXTS 

Region 

Actual  peak 
1969 deniand 

P:ro j e c t e d  peak demand* demand 
a s  % of 1970 

N0rthea.s t ( I ) 49 4 8 6 . 6  45 6 49 0  95 .1  

Eas t  C e n t r a l  (11) 44 7 78 1 37 * 7 3 9 . 7  8 8 , l  
Sou theas t  (111) 52 3 97-9 44 6 4 8 , j  92 j 

North Cen t r a l  ( I V )  31.0 56 9  

s o u t h  C e n t r a l  (v) 36 6  69 0  {).8:; 27 
j 8 , 7  97 2 e 

West C e n t r a l  ( V I )  6 . 8  1 2 - 4  5 . 1  5 . 7  815.8 
Northwest ( V I I  ) 2 1 . 1  3 9 - 6  1 9 . 0  1 7  8$ 71 6  

So-~thwes  t ( V I I I  ) 2 8 2  52 '7 24 4 26 .3  93 3  

T o t a l s  270 .1  11-93 , 2  23 6 . 3  252,9  9 3 , 6  

* P r o j e c t i o n s  made i n  1964 .  

f Changes i n  t h e  b o r d e r s  of  t h e s e  r e g i o n s  imde i n  1968,  

December peak.  A l l  o t h e r  peaks shown a r e  sumnier peaks 

Source :  16, p .  3 7 .  

P r o j e c t i o n s  of f u t u r e  peak r e q u i r e m e n t s ,  r a n g i n g  up t o  t h r e e  o r  more 
y e a r s  i n  advance,  a r e  made a n n u a l l y  by t h e  i n d i v i d u a l  u t i l i t i e s  and t h e n  com- 
b i n e d  and p u b l i s h e d  by t h e  F e d e r a l  Power Commission. The advance e s t i m a t e  f o r  
each  y e a r  i s  a d j u s t e d  a s  t h a t  y e a r  approaches .  F i g u r e  5 shows advance e s t i m a t e s  
and a c t u a l  peaks .  E s t i m a t e s  f o r  summer peaks  have been  a v a i l a b l e  on ly  s i n c e  
1967.  The d i f f i c u l t y  i n  a n t i c i p a t i n g  peak growth w i t h  accuracy  v e r y  f a r  i n  
advance and t h e  need f o r  ad jus tment  a r e  e v i d e n t .  

Once t h e  p r o j e c t i o n s  a r e  made, t h e r e  r e n a i n s  t h e  pro5lem of cons t ruc -  
t i n g  new c a p a c i t y  i n  t i m e  t o  meet t h e  a n t i c i p a t e d  needs .  I n  r e c e n t  y e a r s  i t  h a s  
been i n c r e a s i n g l y  d i f f i c u l t  t o  m a i n t a i n  t h e  s c h e d u l e d  l e v e l  of c o n s t r u c t i o n .  

I r o p o s e d  n u c l e a r  p l a n t s  have m e t  w i t h  most of t h e  d e l a y s  i n  a u t h o r i z a -  
t i o n  o r  a p p r o v a l ,  b u t  h y d r o e l e c t r i c  and f o s s i l  f u e l  p l a n t s  a l s o  have been. de layed  
o r  r e f u s e d  i n  some a r e a s .  3 e l a y s  of  t h i s  type  r e s u l t e d  from p u b l i c  o p p o s i t i o n  t o  
power p l a n t  c o n s t r u c t i o n  of any k i n d .  Genera t ing  f a c i l i t i e s  t h a t  a c t u a l l y  have  
been  p lanned  and on which c o n s t r u c t i o n  has begun have been  de layed  a t  e v e r y  s t a g e ,  
i n c l u d i n g  t h e  a c t u a l  p l a n t  c o n s t r u c t i o n  and t h e  manufac tu re ,  d e l i v e r y ,  and assem- 
b l y  of equipment.  





ENVIRONMENTAL ASPECTS OF POWER GENERATION 

The gene ra t i on  of e l e c t r i c  power by any of t he  means now commercially 
a v a i l a b l e  c a r r i e s  w i t h  i t  some e f f e c t s  on t h e  environment and t h e  p r o b l e m  re-- 
l a t e d  t h e r e t o .  Among the  problems t h a t  n u s t  b e  d e a l t  w i th  a r e  t hose  c r e a t e d  by 
t h e  mod i f i ca t i on  o r  a l t e r a . t i o n  of t h e  environment r e s u l t i n g  from t h e  construe-, 

t i o n  of dams f o r  h y d r o e l e c t r i c  p l a n t s ,  t h e  emission of combustion ~ r o d u c t s  by 
steam p l a n t s  f i r e d  by f o s s i l  f u e l s ,  r a d i o a c t i v e  emission and t h e  d i s p o s a l  of 
r a d i o a c t i v e  waste  from nuc l ea r  steam p l a n t s ,  and t h e  d i sposa l  of waste  hea t  from 
a l l  types  of steam p l a n t s .  

E f f e c t s  of Hydroe l ec t r i c  Power Generat ion 

I n  1969 h y d r o e l e c t r i c  p l a n t s  opera ted  by e l e c t r i c  u t i l i t i e s  i n  t h e  
United S t a t e s  produced 250,078 m i l l i o n  k i l o w a t t  hours  of e l e c t r i c  power (3 ,  
t a b l e  11, 1 7 . 6  pe r cen t  s f  t h e  t o t a l  e l e c t r i c  ou tpu t .  (Note: This d i f f e r s  
s l i g h t l y  from t h e  e s t ima ted  16 .7  pe rcen t  of energy i n p u t  i n  t a b l e  3 . )  3 h j - l ~  
h y d r o e l e c t r i c  p l a n t s ,  u n l i k e  u n i t s  powered by f o s s i l  f u e l  arAd r u c l e a r  r e a c t i o n ,  
do n o t  c o n t r i b u t e  t o  a i r  o r  thermai  p o l l u t i o n ,  t h e  expansion of h y d r o e l e c t r i c  
c apac i t y  i s  l i k e l y  t o  be r e l a t i v e l y  l i m i t e d  i n  t h e  f u t u r e .  This 4s t r u e  d e s p i t e  
t h e  f a c t  t h a t  i n  1967 t h e  e s t ima ted  undeveloped wate r  power p o t e n t i a l  was almost 
t h r e e  t i m e s  t h a t  a c t u a l l y  developed (13, p .  518) .  Kowever, about  25 pe rcen t  of 
t h e  undeveloped p o t e n t i a l  l i e s  i n  Alaska,  18 pe rcen t  i n  t he  s t a t e  of  Xashinpton, 
and about  34 p e r c e n t  i n  o t h e r  Rocky Mountain and P a c f f i c  s t a t e s .  The p o t e n t i a l  
east of t h e  M i s s i s s i p p i  River  where power demand i s  g r e a t e s t  c o n s t i t u t e s  only 
17.3 percen t  of t h e  undeveloped p o t e n t i a l .  

Fu tu re  development of h y d r o e l e c t r i c  power w i l l  h e  r e t a r d e 6  because 
t h e  most s u i t a b l e  and economically p r a c t i c a l  s i t e s  have a l r eady  been developed. 
There i s  a l s o  growing p u b l i c  oppos i t i on  t o  t h e  f u r t h e r  damming of s t reams  and 
r i v e r s  because of p o s s i b l e  adverse  environmental  and e c o l o g i c a l  e f f e c t s .  The 
dams necessary  f o r  h y d r o e l e c t r i c  i n s t a l l a t i o n s  farm l a k e s  t h a t  inimda.te l a r g e  
a r e a s  of  l and ,  r e t a r d  t h e  flow of wa te r  i n  r i v e r s ,  and block t h e  movement of 
f i s h  upstream un l e s s  f i s h  l a d d e r s  a r e  cons t ruc t ed .  

The i n a b i l i t y  of wa t e r  power t o  cope w i th  t he  growing delcand f o r  power 
i s  i l l u s t r a t e d  i n  t h e  a r e a  of t h e  Tennessee Val ley Au tho r i t y ,  where the most 
ex t ens ive  h y d r o e l e c t r i c  system of t h e  n a t i o n  i s  loca t ed .  Power demand i n  t h e  
a r e a  ha s  grown so g r e a t  t h a t  i t  has  been necessary  t o  supplement t h e  3 . 1  m i l l i o n  
k i l o w a t t  c apac i t y  of i t s  h y d r o e l e c t r i c  p l a n t s  w i th  coal-f  i r e d  and n u c l e a r  i n s t a l -  
l a t i o n s .  The steam gene ra t i ng  capac i t y  of t h e  TVA is now 5 times i t s  hydroelec- 
t r i c  c apac i t y  (17, p ,  2 2 ) .  I n  f i s c a l  1969, TVA used 30.9 m i l l i o n  tons  of coa.1 
(17, p. 411, wnich c o n s t i t u t e d  10 .3  pe rcen t  of t h e  c o a l  burned by a l l  e l e c t r i c  
u t i l i t i e s  i n  t h e  United S t a t e s  between J u l y  1, 1968, and June 3 0 ,  1969 (18, p .  8; 
19 ,  p .  6 ) 0  

E f f e c t s  of Combustion of F o s s i l  Fue ls  

O f  t h e  t h r e e  f o s s i l  f u e l s ,  c o a l ,  oil, and gas ,  n a t u r a l  gas i s  t he  clean- 
est burning.  The combustion produc ts  i t  produces a r e  w e l l  w i t h i n  t he  l i m i t s  of pres-  
e n t  emission r e g u l a t i o n s .  O i l  and c o a l  con t a in  s u l f u r  compounds i n  vary ing  degrees ,  



which,  on combustion,  a r e  conver ted  t o  o x i d e s  of s t ~ l f u r .  I n c r e a s i n g l y  s t r i n g e n t  
l i m i t s  a r e  b e i n g  p l a c e d  on t h e  q u a n t i t i e s  of s u l f u r  d i o x i d e  t h a r  can b e  e x k a u s t e d  
i n t o  t h e  a i r  by f u e l - b u r n i n g  u n i t s .  To c o n t r o l  s u l f  ~ l r  o x i d e  e m i s s i o n ,  t h e  l i m i -  
t a t i o n s  u s u a l l y  are p l a c e d  on t h e  amount of s u l f u r  c o n t a i n e d  i n  t h e  f u ~ :  i ~ s e l f .  

P r o c e s s e s  are a v a i l a b l e  f o r  d e s u l f u r i z a t i o n  of f u e l  oil. The c o s ~  of 
such p r o c e s s i n g  i s  r e p o r t e d  t o  b e  4-0 t o  55 c e n t s  Der b a r r e l ,  o r  abou t  3% t o  6 
c e n t s  p e r  m i l l i o n  Btu (20 ,  p  4 9 ) .  

No p r o c e s s  h a s  y e t  been  developed t h a t  w i l l  c o m ~ i e t e l y  remove the s u l -  
f u r  from c o a l  p r i o r  t o  combustion,  a l t h o u g h  much r e s e a r c h  has  been done on t h e  
s u b j e c t .  One r e s e a r c h  e f f o r t  i n v o l v e s  n o d i f i c 2 t i - o n  of the c o a l  lingo a new f u e l  
p r o d u c t  by s o l v e n t  r e f i n i n g ,  and i t  i s  r e p o r t e d  t o  have conmerc ia l  p romise  (21) .  
Research on t h e  chemical  removal of s u l f u r  o x i 2 e s  From t h e  ccmbustion g a s s s  h a s  
been going on f o r  s e v e r a l  y e a r s ,  and variolcls v r o c e s s e s  have been t e s t e d  in a few 
commercial o p e r a t i o n s  on a r e l a t i v e l y  l i m i t e d  s c a l e .  The economic f e a s i b i l i t y  of 
u s i n g  any of t5ese p r o c e s s e s  on a l a r g e  s c a l e  remains t o  bc ?roved ,  b u t  s u c c e s s  
is  a n t i c i p a t e d  w i t h i n  t h e  n e x t  few y e a r s  (32: 9. 4). 

I n  t h e  combustion of c o a l ,  a seconc' o b j e c t i o n a b l e  by. ; ; ) roduct  i s  p a r t i c -  
u l a t e  m a t t e r  i n  t h e  form of f l y  a s h .  The emission of f1-y as?: can  b e  c o n t r o l l e d  
by d e v i c e s  t h a t  e l e c t r i c a l l y  p r e c i p i t a t e ,  o r  otherwise remove, t h e  m a t e r i a l  from 
t h e  s t a c k  g a s e s .  Exper ience  h a s  shown, however, t h a t  t t l e se  p r e c i p i t a t o r s  a r e  l e s s  
e f f e c t i v e  w i t h  ash from c o a l  t h a t  c o n t a i n s  no s u l f u r  t h a n  w i t h  a s h  froin c o a l  i n  
which s u l f u r  i s  p r e s e n t .  I n  some c a s e s ;  u t i l i t i e s  have found t h a t  l i r ~ i t e d  adcli- 
t i o n  of s u l f u r  t r i o x i d e  t o  t h e  s t a c k  g a s e s  imnroved t h e  e f f e c t i v e n e s s  of t h e i r .  
a s h - c o l l e c t i n g  e l e c t r o s t a t i c  p r e c i p i t a t o r s  ( 2 3 ,  p .  2 2 ) .  k h r t h e r  env i ronmenta l  
problem i s  t h e  d i s p o s a l  of t h e  c o l l e c t e d  a s h .  Cowever, t h e  ash h a s  proved t o  b e  
of v a l u e  i n  v a r i o u s  economic p r o c e s s e s .  12 i s  used ,  f o r  examule,  i n  t h e  manu- 
f a c t u r e  of b r i c k  and a s  a n  a d d i t i v e  i n  c o n c r e t e  ( 2 4 ) .  

E f f e c t s  of Xuc lea r  ?ewer G e n e r a t i o n  

Although n u c l e a r  power p l a c t s  do n o t  nroduce f l y  ash o r  s u l f u r  o x i d e s ,  
t h e y  do p r e s e n t  o t h e r  t y p e s  of env i ronmenta l  problems.  I'ubLic concern  r e g a r d i n g  
n u c l e a r  g e n e r a t i n g  p l a n t s  stems p r i m a r i l y  from f e a r  of r a d i o a c t i v e  e m i s s i o n  f rom 
t h e  p l a n t s  and t h e  p o s s i b i l i t y  of c a t a s t r o p h i c  a c c i d e n t s  t o  the p l a n t s ,  which 
might  have  widespread  e f f e c t s .  D e s p i t e  r e 7 e a t e d  a s s u r a n c e s  5~7 t h e  Atomic Energy 
Commission t h a t  no a p p r e c i a b l e  h a z a r d  e x i s t s :  t h e s e  f e a r s  p e r s i s t ,  and p u b l i c  
o p p o s i t i o n  t o  n u c l e a r  p l a n t s  h a s  n o t  su5s fded .  

A second env i ronmenta l  p r o b l e ~ ~  c - o ~ n e c t e d  w i t h  n u c l e a r  p l a n t s  i s  t h e  safe 
and permanent d i s p o s a l  of r a d i o a c t i v e  w a s t e  n a t e r i a l s  t h a t  a r e  produced a s  a re -  
s u l t  of e l e c t r i c  power g e n e r a t i o n .  These m a t e r i a l s  a r e  of  v a r i o u s  " l e v e l s "  of 
r a d i o a c t i v i t y ,  and t h e i r  t r e a t m e n t  and permanency d i f f e r  f o r  t h e  v a r i o ~ s  l e v e l s .  
A  r e c e n t  r e p o r t  of t h e  Atomic Energy Conmission d e s c r i b e s  t h e s e  d i f f e r e n c e s .  

Radioactive wastes a r e  generated i n  p r a c t i c a l l y  a l l  a r e a s  of t h e  nuc lea r  
f u e l  cycle  and accumulate a s  e i t h e r  l i q u i d s ,  s o l i d s ,  o r  gases a t  varying r a d i a t i o n  
l e v e l s ,  The l i q u i d  r a d i o a c t i v e  wastes a r e  genera l ly  c l a s s i f i e d  as h igh ,  in termedi-  

a t e ,  o r  low l e v e l ,  based on the  concen t ra t ion  of r a d i o a c t i v i t y , , , .  High l e v e l  l i q -  
u id  wastes a r e  those which, by v i r t u e  of t h e i r  radlo-nucl ide  concen t ra t ion ,  



h a l f - l i f e ,  and b i o l o g i c a l  s i g n i f i c a n c e ,  r e q u i r e  p e r p e t u a l  i s o l a t i o n  f rcm t h e  b i o -  
s p h e r e . ,  , . ( 2 5 ,  p .  251,  ) 

I n t e r m e d i a t e  l e v e l  l i q u i d  was t e s  i s  a  te rm a p p l i c a b l e  on ly  t o  r a d i o a c t i v e  
l i q u i d s  i n  a  p r o c e s s i n g  s t a t u s  b~hich  must e v e n t u a l l y  be t r e a t e d  t o  produce a  low 

l e v e l  l i q u i d  was te  (which can  be r e l e a s e d )  and a  h i g h  l e v e l  was te  c o n c e n t r a t e  
(which must be i s o l a t e d  from t h e  b i o s p h e r e ) .  Low l e v e l  l i q u i d  was tes  a r e  d e f i n e d  

a s  t h o s e  was tes  which,  a f t e r  s u l t a b l e  t r e a t m e n t ,  c an  be d i scha rged  t o  t h e  b iosphe re  
w i thou t  exposmg  people  t o  c o n c e n t r a t i o n s  i n  exces s  of t h o s e  p e r m i t t e d  by AEC 

r e g u l a t i o n s .  . . , ( ? 5 ,  p .  252, ) 

The term ''low l e v e l " ,  a s  f r e q i ~ e n t l y  a p p l i e d  t o  commercial b u r i a l  s i t e s ,  
r e P e r s  t o  t h e  haza rd  p o t e n t i a l  of  t h e  radioactive m a t e r i a l  b u r i e d  and should  be 

I n t e r p r e t e d  a s  i n d i c a t i n g  l i t t l e  l i k e l i h o o d  of d i s p e r s a l  i n t o  t h e  envi ronment ,  

e i t h e r  by wa te r  o r  by a i r ,  of t h e  r a d i o a c t i v e  m a t e r i a l  , . . .  ( 2 5 ,  p ,  2 5 3 " )  

The development of a  s u i t a b l e  permanen? means of d i s p o s a l  of h i g h  
l e v e l  w a s t e  i s  e s p e c i a l l y  c r u c i a l  i f  n u c l e a r  energy i s  t o  p l a y  t h e  i m p o r t a n t  
f u t u r e  r o l e  p r e d i c t e d  f o r  i t .  The more t h a n  80 m i l l i o n  g a l l o n s  of h i g h  l e v e l  
w a s t e  s o l u t i o n s  g e n e r a t e d  p r i o r  t o  1969 are s t i l l  i n  s t o r a g e  i n  s p e c i a l  under- 
ground t a n k s  a t  AEC i n s t a l l a t i o n s  i n  Idaho ,  Washington,  and Georg iaG 

AEC e s t i m a t e s  i n d i c a t e  t h a t  cumula t ive  h i g h  l e v e l  w a s t e s  from c i v i l i a n  
n u c l e a r  power p l a n t s  w i l l  r each  4.4 m i l l i o n  g a l l o n s  by 1980 and 60 m i l l i o n  
g a l l o n s  by 2000. If t h e s e  l i q u i d  w a s t e s  a r e  s o l i d i f i e d ,  t h e  cumula t ive  vol-  
umes f o r  1980 and 2000, r e s p e c t i v e l y ,  w i l l  b e  44,000 c u b i c  f e e t  and 600,000 
c u b i c  f e e t  (25, p .  2 6 2 ,  364) .  

S e v e r a l  p rocedures  f o r  d i s p o s a l  of s o l i d  h i g h  l e v e l  w a s t e  have been 
c o n s i d e r e d .  Among them i s  d i s p o s a l  Sy permanent b u r i a l  i n  t h i c k  underground beds  
of s a l t ,  a  method t h a t  a p p e a r s  t o  have c o n s i d e r a b l e  promise  ( 2 6 ) .  U n t i l  a  means 
of s u i t a b l e  permanent d i s p o s a l  i s  developed and becomes o p e r a t i o n a l ,  t h e s e  
w a s t e s ,  which r e t a i n  r a d i o a c t i v i t y  f o r  hundreds  of y e a r s ,  w i l l  c o n s t i t u t e  a  most 
s e r i o u s  problem. 

I n  a d d i t i o n  t o  problems i n v o l v e d  i n  t h e  d i s p o s a l  of s o l i d  and l i q u i d  
w a s t e s  i s  t h a t  of t h e  r e l e a s e  of r a d i o a c t i v e  g a s e s  t o  t h e  a tmosphere  from f u e l  
r e p r o c e s s i n g  p l a n t s .  The g a s  c r e a t i n g  most  concern  i s  k r y p t o n ,  which h a s  a 
h a l f - l i f e  of  10.76 y e a r s ,  and i t  may p rove  t o  b e  a l i m i t i n g  f a c t o r  i n  t h e  d e s i g n  
and l o c a t i o n  of f u t u r e  a tomic  f u e l  p l a n t s  ( 27, p .  395) .  

A f u r t h e r  p o t e n t i a l  problem i n  t h e  f u t u r e  expans ion  of  n u c l e a r  ene rgy  
may be  t h e  a v a i l a b i l i t y  of f u e l s ,  and t h i s  i s  d i s c u s s e d  i n  t h e  s e c t i o n  of  t h i s  
r e p o r t  d e a l i n g  w i t h  f u e l  s u p p l i e s .  

Thermal P o l l u t i o n  

The g e n e r a t i o n  of a  k i l o w a t t  h o u r  of e l e c t r i c i t y  i n  steam p l a n t s  t h a t  
b u m  f o s s i l  f u e l s  r e q u i r e s ,  on t h e  a v e r a g e ,  abou t  10,500 Btu of f u e l  hea t  energy .  
About 40 p e r c e n t  of t h i s  ene rgy  is  c o n v e r t e d  t o  e l e c t r i c a l  e n e r g y ,  1 0  p e r c e n t  
i s  exhaus ted  i n t o  t h e  s t a c k ,  and 50 p e r c e n t  i s  t r a n s f e r r e d  t o  t h e  c o o l i n g  w a t e r  
and d i s c h a r g e d  from t h e  p l a n t  (28, f i g .  4 ) .  I n  1969 t h e  i n p u t  of c o a l ,  o i l ,  and 



gas  energy i n t o  power g e n e r a t i o n  was e s t i m a t e d  a t  12,972 t r i l l i o n  Btu (3, t a b l e  2 ) .  
I f  ha l f  of t h i s  heat was d i s c h a r g e d  a s  waste  h e a t  i n  c o o l i n g  w a t e r ,  6 ,486 t r i l l i o n  
Btu  was l o s t .  This would b e  s u f f i c i e n t  h e a t  ro  r a i s e  by 140' F t h e  t e m p e r a t u r e  
of a body sf w a t e r  w i t h  a volume of 5 c u b i c  m i l e s .  One a u t h o r  h a s  e s t i m a t e d  t h a t  
i f  p r e s e n t  power t r e n d s  and t echno logy  s h o u l d  c o n t i n u e ,  by t h e  y e a r  2000 power 
demand i n  the  Uni ted  States will. b e  so g r e a t  a s  t o  r e q u i r e ,  a s  c o o l a n t ,  an  
amount of w a t e r  e q u r v a l e n t  t o  about 50 p e r c e n t  of a 1 1  t h e  w a t e r  f lowing  a c r o s s  
t h e  s u r f a c e  s f  the nation (31, p .  9 8 ) .  

Alehoagh the coca1 amount of h e a t  d i s c h a r g e d  h a s  been i n c r e a s i n g ,  t h e  
h e a t  energy r equ i r ed  p e r  u n i t  of power g e n e r a t e d  h a s  d e c r e a s e d .  E f f i c i e n c y  i n  
t h e  use of f u e l  energy by e l e c t r i c  g e n e r a t i n g  p l a n t s  h a s  been  g r e a t l y  improved 
i n  recenr years, as shown i n  t a b l e  10 .  The average  c o a l  consumption p e r  k i l o w a t t  
hour produced dropped from 1-24 pounds i n  1949 t o  0 , 8 7  pounds i n  1967.  I n  1920 
i t  was 3 -00  pounds. S i m i l a r  improvements have o c c u r r e d  w i t h  o t h e r  f u e l s .  It 
a p p e a r s  u n l i k e l y ,  however, t h a t  s i g z r i f i c a n t  f u r t h e r  improvements ean b e  a n t i c i -  
p a t e d ,  as i n d i c a t e d  by t h e  d e c l i n i n g  r a t e  of improvement d u r i n g  r e c e n t  years 
( t a b l e  PO).  

Anvther facror t h a t  w i l l  tend t o  r e t a r d ,  o r  pe rhaps  r e v e r s e ,  t h e  d e c l i n e  
i n  h e a t  d i s c h a r g e  p e r  u n i t  of power g e n e r a t e d  i s  t h e  t r e n d  toward n u c l e a r  p l a n t s ,  
Present  n u c l e a r  p l a n t s  d i s c h a r g e  abou& 40 p e r c e n t  more h e a t  t h a n  f o s s i l .  f u e l  
p l a n t s  (28 ,  f i g .  4.1, o r  abou t  t h e  l e v e l  d i s c h a r g e d  by f o s s i l  f u e l  p l a n t s  20 y e a r s  
ago. 

Concern over  t h e  env i ronmenta l  e f f e c t s  of t h e  d i s c h a r g e  of h e a t  i n t o  
natural b o d i e s  of  w a t e r  i s  s t e a d i l y  mounting.  I n c r e a s e s  above t h e  n a t u r a l  tem- 
p e r a t u r e  of l a k e s  and streams i s  r e p o r t e d  t o  e f f e c t  changes i n  t h e  growth r a t e  
and,  i n  same eases,  he s p e c i e s  of a q u a t i c  f l o r a  and f a u n a  (31) .  Some ev idence  
i n d i c a t e s  t h a t  a t  some Eoca t ions  c e r t a i n  forms of a q u a t i c  l i f e  a r e  b e n e f i t e d  



by increased water Lempera iure~  and t h a ~  r1 i3ml  water used i.n irrigation could 
help promote plant  growth. In general, however, the  ecologica l  effects of in- 
creased temperature have been considex ed etrimenta%, and oppos f t i on  
ing water tempera tures  iu $;sawing, 

T h e  problem of tlkern~a% o l l u t i o n  cBn be mitigated somewhat, at an 
increased c o s t ,  by the use 0% coo brig towers to reduce t he  w a t e r  temperature 

ischarge, Th i s  will involve greater aetual. consumption of water beeause 
some will be Post %hm%llgh c h i ' ~ p ~ r a t i o n  during cooling, However, unless some eco- 
nomical means o f  ~ ~ t i l i z i n g  che vast  quantities of waste heat can be  developed, 
the. power industry will be faced with increasingly stringent regulation of df s -  
charge 2e~ipera tures~  

FACTORS IN THE PRESENT POWER CRISIS 

The power cr is is  eonfroneing various parts of the nation in 1930 will 
extend into 19?b and perhops  beyond 1972. With peak demands steadily approaching 
the  net as8k:xed ca .pci$y (Egg, i t) ,  little margin of safety exists  f o r  the summer 
months, and d~xndling s u p p l i e s  of f u e l  raise questions as t o  whether the peaks 
of t h e  corning uin'er months can be met. On nuraerous occasions in the past 3 

has k e n  necessary f o r  major uti ity systems to reduce their voltage 
and to ask custmers t o  reduce t h e i r  consum-ption of power i n  order t o  get through 
emergency pex =..%.ads, 

To s o l v e  t h e  prsblem 0% inadequate generating capacity, it will be 
necessary not on ly  t o  overcosiae the  de lays  that are making present construction 
run behind schedule but a h a  ts b u i  additional capacity at a faster rate f n  
the f u t u r e ,  The necessity t o  cance pastpone, or modify planned ad 
cause of p u b l i c  opposition to new plants has affected the level of genera t ing  
capacity i n  many parts o f  Che country. The five examples following illustrate 
t he  nature  and causes of p a r t  of the delays and the fact t h a t  such opposition 
4s widespread, 

'31) On December 4.0, 3.962, Consolidated Edisgsn Company of New Ysrk filed 
roposal with AEC f o r  a nuclear power p lan t  intended f o r  operation in 1970. In 

1964 i t  cancelle its proposal because of pub l i c  eoneern and s p p o s i t i s n  

2) Pacific Gas and Electr ic  Company withdrew its application to BE@ to 
bu i ld  a nuclear p l a n t  at Bdadega Bead, California, The s i te ,  only l,OOQ feet from 
the edge of the  Sam Andreas F a u l t ,  which produced the San Francisco earthquake of 
P W 6 ,  was considered unsaaitable ( 3 3 1 ,  

3 )  Construction of a nuelear p l a n t  by New Ysrk State E$e@trfs and Gas 
Company on Cayuga Lake a6 I thaea,  New York, was halted because of potential 
themal effects on the  lake ( 3 4 1 ,  



4) A new nuclear p l a n t  rznder c o ~ s t r u c t i o r :  'ry che Z;o-rthem S t a t e s  I w e r  
Company a t  M o n t i c e l l o ,  ?Xnneso taz  i s  v!-rtually c o m ~ l e t e d  and r e a d y  For o y e r a  t i o n  
under  s a f e t y  s t z n d a r d s  e s t a b l i s h e d  fiy tLe P.2C ., TTcxevc-. t ' y e  state of  Y i ~ n e s o t a  
h a s  e s t a b l i s h e d  r a d i o a c t i v e  emissi-orz s-caiz3ar2-7,s 5.17 t i n e s  more str i :gei?t  t k a n  t h o s e  
of t h e  AEC, ~ d l i c h ,  iz c ? h e l < ,  will de12y L5c o ~ e r a t i c : ~  cf tb2 pie-t indefinitely. 
The power co1xpan.y i s  suing t\e sE2"i so" Y i - x e s n t a  132 tx i3ff0r t  to 52ve t k e  s ta te  
s t a n d a r d s  o v e r r u l e d  by e s t a b l i s h i n g  3:~ kic'ler a c + ' ~ o r i t y  of the i?<C f35? p .  56) 

5) The 1963 a s ~ i l c a t i o n  cf Consol-;dated ''c'ison of 2 ; ~ : ~ :  Yor?: t o  build 
a pumped-storage h y d r o e l e c t r i c  plact a t  S t o m  Kill:: TIountain, near  Yes t  ?oil-t, 
New York, was n o t  approved u n t i l  1970, 132 2 l _ m t ,  o r f 2 i ; z a i l y  s c h e d u l e d  f o r  
o p e r a t i o n  in 1967, will h e g i n  o p e r a t l o n  in 1977. The 7 y e a r  d s l a y  in obtaLnin2 
a p p r o v a l  r e s u l t e d  from o p p o s i t i o n  by c o n s e r v a t i o n  jirolr;\s seeicing t o  p r e s e r v e  t h e  
s i t e  as a w i l d e r n e s s  area (35,  p .  26; 

. 7 r  o r e q u i r i n g  u t i l i t i e s  t o  g i v e  7 u . b l i c  nctice of c2a. r~ i3 i ;o ivinq ~ > s . l v ~ . ? ~ ~ a l  -:2o?-;.er 
p l a n t  s i tes 5 y e a r s  i n  advance an2 15 y e a r s  notFce of . o l a x  f o r  r e g i o n a l  powe,r 
developments ( 3 7 ,  p. 1 9 ) ,  S t a c e s  woclci 5c r e q x t x c  to c r e a t e  a~encies t o  s e t t l e  
d i s p u t e s  a r i s i n g  betwe.e.rL those proposi.nz ex6- t k o s e  o-"2posi.r?_g new sites. 'Gt i l i t ies  
would be al lowed i n c r e a s e d  rates to cover  t5e ex:ra c o s t s  irzvol.ved ir?_ t h e  
a c q u i s i t i o n  of a l t e r n a t e  s i tes .  Suc3 1 ~ ' g < s i ~ " _ - i o - r _ ,  if pilC i i ;_to e f f e c t ,  wm~lc7 .  
give opponents  an oppor tunf  t y  t o  v o l c e  t:-i.el T o 1 - < e c ~ i  [ x s  ix a6varee and should, 
a t  t h e  same t i m e ,  e n a F l e  t h e  u t l 1 i " i e s  t o  make t h e i r  ? l a m  i~it-5 coi l f ideuce o-nce 
a s i t e  had been approved.  

Not ing the de lay  i n  c o n v l e t ~ - 0 1 ~  of avcle-l'i. ?3.L2~lts t h e  €.ZC i i r  a  1969 
r e p o r t  a t t r i b u t e 6  a major   art of tke p ro5 iem t~ t5e new sliill-s a;:d e x y e r i e n c e  
r e q u i r e d  i n  c o n s t r u c t i o n  s f  suc5 plants : 

In early 1968~ most utility executives expected that their r~clear plants 
for commercial operation in 1969 and 1970 would be on schedule. In contrast to the 
confidence expressed at that time, it now appears that only two of those 13 plants 
will be on the origi.na1 schedule. The other 11 plants are experiencing delays of 

from abcut two to 13 months, due to many reasons, s ~ c h  as, late pressure vessel de- 

liveries, regulatory requirements and proceedings, but predominantly due to the lack 

of experience in building nuclear plants and the inability to o b t a m  experienced 
labor and craftsmen during the construction phase.,,. (24, p. 18,) 
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I n  the N o r ~ h e a s t  Region, which has t h e  highest peak demand sf any sec- 
tion of the na t ion  $ f i g ,  21,  he demand rase ts full assured eapaciky in the summer 
of 1968 and h a s  continued ' o  do so every suxnmer s ince ,  For some of the areas 
w i t h i n  the  region  t h e  s i t u a t i o n  i s  even. more critical. The capacity/demand rela- 
t i o n s  of $WCB ajif ghe major fntercsnnecttons within the  region  are shown in figure 6 ,  
I n  1969 t h e  Isss of a sfng3.e I m i l l i o n  kilowatt unit &jr~ubd have been a l o s s  of only 
about 2 percent  to t h e  Northeast Regisn, To the  Pennsylvania-New Jersey-fifaryland 
fnf-exe~~mectihpn i t  wcsuld have meang a 4 , 3  percent Haass, and t o  t h e  New Yoafk state 
B:.iterconnec$ion it would have meant a 5,s percent loss of capacity. 

With $he *breakdown of two units f n  J u l y  9970 (391% the Consokl.dated Edison. 
Compsny suffered a 1 7  percent l o s s  of capaci ty ,  Through a cutback on de l ive ry  to 
sowe customers, a r e d u ~ k i ~ n  i n  vol tage ,  and suppo r t  f r o m  athell: ~ t f 3 . B t i e s ~  the esm- 
pany was a b l e  "% mmain&afn s e r v i c e  w i t h s l u t  t o t a l  i.nterrup&koaa, A t  t h e  end of Sep- 

$8, a hot  spe3.P t h a ~  covered the eastern seaboard  led ts power reductisns 
throughout rnucIr of t h a t  area (rri3). Again the s h a r i n g  land transfer of generating 
capac i ty  helped to neet t he  l o a d ,  

Because peak demands seldom sccur simultaneously over wide areas, t h e  
interconnected utilities u s u a l l y  are able t o  exchange power to m e e t  unusual. needs, 
Under normal conditions, temperatures are sufficiently diverse t h a t  summer air-- 
conditfonlng l oads  reach their peaks In d i f f e r e n t  areas a t  d i f f e r e n t  times, De- 
sp ice  the pmblems encountered i n  the  summer sf 1978, the weather w a s  not  as 
adverse as it might  have been, The nation i n  general has laem fortunate in tkaat 

vent  of widespread a i r  esnditioning there has not  been a repetition 
of the weather that occurred in the suumer of 1936, Despite the p s w e r  shortages 
t h a t  plagued t h e  Zaac Coast o n  September 23, 1970, and the  days i m m e d i a t e l y  f o l -  
Pswiag, t h e  maximum temperatures were much lower than these oeeurring on J u l y  PO, 
1936 ( f i g ,  A repetition ief t h e  $936 temperatures a t  any time before a bet ter  
capacityidernand s$.k~aatfon is developed could be d i sas t rous .  

ROBLEMS OF FUEL SUPPLY 

In  1968 and 1969, u t i l i t i e s  of t h e  n a t i o n  began to face prob%ems of 
f u e l  supp ly ,  Since that time the situation has s t e a d i l y  worsened and f u e l ,  
ra ther  than generat ing ca.pacity,  may be t h e  c r i t i c a l  f a c t o r  dur ing  ahe winter 
of 1970-1971 and f o r  some time thereafter,  Gas, oilg and coal  are a l l  in s h r t  
s u p p l y ,  and, while the general growth in demand f o r  energy has been samwhat 
responsible f o r  the shortages, o the r  specfar! factors  involving the fndbv4dua8 
f u e l s  a l s o  have contributed ts t h e  low s tocks  of f u e l ,  

Utilities historically have selecx~d t ? . ~  f u e l  that would enable  them 
to generate power a% the  Bswest unit cost ,  general, t h i s  meant us ing  the 
f u e l s  indigenous "b t h e  area in which t h e  pswer p l a n t  s t ood ,  I n  Texas, Louisiana, 
and Oklahoma, natural gas is t he  only fuel used by utilities, In Kentucky, We%% 
Virginia, and Pennsylvania (except for t h e  Philadelphia area), coal  is used 





exc lus fve l .y .  Coal i s  aetsi; the excEus?ve f u e l  i n  Vermont and Michigan,  a l t h o u g h  
t h e  coal. mtws% h e  sh ipped  i n  from outssl-de s o u r c e s .  I n  most o t h e r  s t a t e s  u t f  P i t y  
f u e l  c o n s i s t s  35 a c o m b l n a t ~ o n  of coal, g a s ,  and o i l ,  a l t h o u g h  s i g n i f i c a n t  
q u a n t i t i e s  of o i l  are Suwr~ed on ly  i n  the  c o a s t a l  s t a t e s ,  where i t  a r r i v e s  v i a  
w a t e r .  

F i g u r e  8A shows t h e  t r e n d s  i n  t h e  use of f u e l s  f o r  e l e c t r i c  power 
g e n e r a t i o n ,  Prom 1958 through 1968 t h e  u s e  of c o a l  by u t i l i t i e s  gr2w 92  pe r -  
c e n t ,  t h a t  s f  n a t u r a l  g a s  1 5 1  p e r c e n t ,  and t h a t  of o ~ l  166 p e r c e n t .  From 1968 
t o  1969 consumption sf coal, g a s ,  and o i l  i n c r e a s e d  4 . 7 ,  20.5 ,  and 35.7 p e r c e n t ,  
respectively. The changes i n  r e l a t i v e  importance  of t h e  Euels  a r e  shown i n  
f i g u r e  &B, Because oE i t s  h i g h e r  p r f  ce  i n  most p a r t s  of t h e  c o u n t r y ,  o i l  
icccrr~sntet! for on ly  6 - 9  t~ 9, '7 p e r c e n t  of t h e  t o t a l  f u e l  used  u n t i l  1963 when 
tLs p e r c e n t a g e  rose t o  l2,4. N a t u r a l  gas  usage grew from 2 4 . 2  p e r c e n t  of t h e  
t o t a l  f u e l  consumed i n  1958 cs  30 ,3  p e r c e n t  i n  1969. The u s e  of  c o a l ,  meanwhile, 
d e c l i n e d  from 67 .6  percent  of the t o t a l  f u e l  i n  1958 t o  57.3 i n  1969. The per-  
centages a r e  f o r  fuels alone and do n o t  i n c l u d e  h y d r o e l e c t r i c  ene rgy .  

F i g u r e  9A shows the c s s t ,  i n  c e n t s  p e r  m i l l i o n  Bku, of f u e l s  a t  t h e  
mine ow- well., and f Lgure 9B gives t h e  p r i c e  of f u e l s  a t  i l t i l i t y  p l a n t s .  At an 
average  well-head c o s t  of 1 6 , l  cents  p e r  Mef i n  1968,  t h e  c s s t  of n a t u r a l  gas  
was abou t  30 c e r ~ e n " t h a t  of  o i l ,  a l t h o u g h  i t  f s  no t  unusual. for b o t h  g a s  and 
o i l  t o  b e  prf2duced from the same well, I n  f i g u r e  9C t h e  u t i l i t y  f u e l  p r i c e  
i n d e x e s  a r e  .:ompared w i t h  those of w h o l e s a l e  i n d u s t r i a l  commodities and s f  e l e c -  
t r i c i t y .  6iT1ziPe t h e  n a t u r a L  gas p r i c e  i n d e x  i n c r e a s e d  20 p e r c e n t  above the 1957- 
1959 level, i t s  average  cost was s t i l l  below t h a t  of c o a l  i n  1968,  D e s p i t e  a 
17,s p e r c e n t  decline, the  p r i c e  of o i l  remained abou t  30 percent:  above t h o s e  of 
gas and COA., NO s p e c i f i c  d a t a  a r e  yek a v a i l a b l e  a s  t o  t h e  t o t a l  e f f e c t s  o l  
t h e  s i g n i f i c a n t  p r i c e  i n c r e a s e s  for f u e l s  that have occurred s i n c e  the  end of 
1968. 

N a t u r a l  Gas 

About 80 percerzP: of the n a t i o n ' s  gas  r e s e r v e s  and 79 p e r c e n t  of the  
a n n u a l  p r s d r ~ c  cacm occur  i n  Texas, OkLahoma, L o u i s i a n a ,  and Arkansas .  Withf n  
t h i s  area, where only s baghr c o s t s  of t r a n s p o r t a t i  on from .%the w e l l  head to t h e  
e l e c z r i c  u t i l i t y  p l a n t  are involved, no o t h e r  f u e l  can  compete. Each thousand 
miles of  t r a n s p o r t a t i o n  c o s t s  112 k 0  15 c e n t s  p e r  thousand c u b i c  f e e t  (Mcf), which 
i s  e q u i v a l e n ~  t o  abou t  1 2  ta 15 cents  p e r  m i l l i o n  Btu. 

G a s  f o r  r e s i d e n t i a l  and o t h e r  space  h e a t i n g  i s  r e q u i r e d  p r i n c i p a l l y  
d u r i n g  the  win?te-r  months.  To u t i l i z e  t r a n s m i s s i o n  p i p e l i n e s  more e f f i c i e n t l y ,  
gas companies sell gas  dur5n.g t h e  summer mol-lths t o  u t i l i t i e s  and o t h e r  indus-  
t r i a l  f i r m s  on an i n t e r r u p t i b l e  b a s i s ,  On s u c h  a b a s i s ,  s e r v i c e  may be i n t e r -  
rupted when t h e  gas i s  r e q u i r e d  f o r  uses of h i g h e r  p r i o r i t y ,  I n t e r r u p t i b l e  
gas  i s  p r i c e d  at a l e v e l  s u f f i c i e n t l y  low t o  b e  c o m p e t i t i v e  w i t h  o t h e r  f u e l s  
b u t  h i g h  en-ough t o  cover  t h e  d i r e c t  cos t  of t h e  g a s  a t  t h e  w e l l  head and con- 
t r i b u t e  rsward t h e  c o s t  of p i p e l i n e  lnvez  % k m e n t ,  

Dep le ted  gas  and oil r e s e r v o i r s  o r  other s u i t a b l e  g e o l o g i c  s t r u e t u r e s  
have r e c e n t l y  come i n t o  u s e  f o r  the underground s t o r a g e  of n a t u r a l  gas .  Gas 
a v a i l a b l e  from t h e  p i p e l i n e s  d u r i n g  summer o r  o t h e r  t i m e s  of  low demand i s  h e l d  



Fig. 8  - Elec t r ic  u t i l i t y  fuel  trends i n  the United S ta t e s ,  1958-1969, 
A - Fuel consumed by e l e c t r i c  uki l i t2es ;  B - Pepcentage of 
fuel  energy provided by individual fuels, 
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Fig ,  9  - Brice trends of fue l s  consumed by e l e c t r i c  u t i l i t i e s ,  1958-1968. 
A - Average United Sta tes  pr ice  of  fue l s  a t  well or  mine; 
B - Average pr ice  of f u e l s  a t  e l e c t r i c  u t i l i t y  plants;  
C - Price indexes of u t i l i t y  fue l s ,  e l e c t r i c i t y ,  and indus t r i a l  

commodities. 



F i g .  10  - Trends i n  na tura l  gas uses and a v a i l a b i l i t y  i n  the  United S ta t e s ,  1958-1969. 
A - Trends i n  the uses of na tura l  gas; B - Known reserves o f  na tura l  gas i n  the  
United Sta tes ;  C - Ratio of known natura l  gas reserves t o  annual production. 



i n  s t o r a g e  f o r  ei?l.d weather  a s r e  Gas PLS i r x b u t o r s  are chus a b l e  t o  s e r v e  a 
l a r g e r  number .of seasonal. ~esidenrial and other h e a t i n g  customers than  could b e  
supp l i ed  by the  p i p e l i n e  capacity alone. Rowever, ~hche s t o r a g e  p l a n  h a s  reduced 
s u p p l i e s  of i n t e r r u p t i b l e  gas t h a t  o therwise  would have been a v a i l a b l e  f o r  
i n d u s t r i a l .  and u t i l i t y  me. "Firm ," or. nonin ter rup  t i b l e  , s u p p l i e s  of gas  have 
been a v a i l a b l e  ts these consumers only a t  a h i g h e r  cost .  

Within recent years e lec t r i c  u t i l i t i e s ,  e s p e c i a l l y  t hose  o p e r a t i n g  
w i t h i n  l a r g e  menropol i tan areas, have been faced  w i th  i n c r e a s i n g l y  s t r i n g e n t  
r e g u l a t i o n s  on s u l f u r  dioxide emissions from t h e i r  power p l a n t s .  Low-sulfur 
c o a l  and oil are n o t  a v a i l a b l e  in most I .oca t i sns  where c o a l  and o i l  are burned 
i n  s u f f i c i e n t  q u a n t i t i e s  t o  meec  he needs. Attempting t o  t u r n  t o  g a s ,  many 
u k l l i t i e s  found that gas was noz a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  t o  s u b s t i t u t e  
f o r  o i l  or c o d  o r  to provi.de f o r  increased power generat ion.  

F igure  1 0 A  shows the t r e n d s  i n  the n e t  p roduc t ion  of na tura l  gas  s i n c e  
1958.  I n  the 11 years shown, ending i n  1969, n e t  p roduc t ion  r o s e  from 1 1 . 4  
trillion cubic f e e t  p e r  year  t o  20.7' t r L i l i ~ n  cubic  f e e t .  Eleven yea r s  pre-  
v i o u s l y ,  i n  1947, p roduc t ion  was only  5 .4  t r i l l i o n  cub i c  f e e t ,  

Through 1967 ,  annual d i  s c o v r r i e s  and a d d i t i o n s  t o  t h e  r e s e r v e s  exceeded 
annual  consumprim, and a t  the end of 1967 r e s e r v e s  were 293 t r i l l i o n  cub i c  f e e t  
( f i g .  1 0 B ) .  In 1968, marketed produc t ion  exceeded d i s c o v e r i e s  f o r  t h e  f i r s t  
time. From 1967 through I969 growing consumption and lower f i n d i n g  r a t e s  l e d  
t o  a ne t  d e c l i n e  of 18 trillion cubic  f e e t  i n  r e se rves .  Total. r e s e r v e s  f e l l  
f rom 293 t ~ i l l l o n  cubic  feet  t o  275 t r i l l i o n  cub i c  f e e t  ( 41 ,  p .  126) .  

New discoveries of n a t u r a l  gas a r e  a f u n c t i o n  s f  b o t h  t h e  amount s f  
d r i l l i n g  and t h e  success  of t h i s  e f f o r t  i n  f i n d i n g  gas .  I n  r ecen t  y e a r s  bo th  
t h e  amount of d r i l l i n g  and the succes s  percentage have dec l i ned .  Table 11 shows 
t h a t  i n  1957 o u t  of a t~ tz .E  of 8,01.4 wi ldca t  h o l e s  d r i l l e d  f o r  o i l  and gas only 
872 (10.9 pe rcen t )  r e s u l t e d  i n  produc t ive  w e l l s .  I n  1969, only 535 of 5,956 
(9 pe r cen t )  h o l e s  d r i l l e d  were pr~ductive, 

Shown in f i g u r e  IOG is  t h e  reserve t o  p roduc t ion  (RJP) r a t i o ,  which, 
from the s t a n d p o i n t  of  availability, sr d e l i v e r a b f l i t y ,  of n a t u r a l  gas  a t  any 
given time, i s  a more significant f i g u r e  than total r e s e r v e s .  From 37.5 i n  
1 9 4 5 ,  t h e  RJP r a t io  fell to 22 ,  h i n  19.58 and t o  13.3 in 1969.  A p o i n t  h a s  been 
reached a t  which lack of available r e s e r v e s  i s  hampering f u r t h e r  expansion s f  
ou tpu t*  

The ZikeZihsod of a gas  shor tage  i n  t he  1970s was po in t ed  o u t  a s  e a r l y  
a s  1956 i n  a s t udy  t h a t  o u t l i n e d  t h e  t r ends  i n  gas consumption and d i s c o v e r i e s  
(42).  This  c snc lu s ion ,  drawn almost 15 yea r s  i n  advance of t h e  c u r r e n t  s h o r t a g e ,  
came only  a s h o r t  time a f t e r  well-head p r i c e  c o n t r o l s  were pu t  i n t o  e f f e c t  and 
t o o  soon .to e v a l u a t e  t he  impact of such eant lcs ls  on t h e  a v a i l a b i l i t y  of gas.  

During the  1960s numerous a r t i c i e s  appeared,  some p r e d i c t i n g  a n a t u r a l  
e  (43,  44)  and others denying ox doubting t h e  l i k e l i h o o d  t h a t  such 

a  sho r t age  would occur  ( 4 5 ,  4 6 ) .  Mosr: agreed t h a t  a d d i t i o n a l  q u a n t i t i e s  of gas  
e x i s t e d .  Where t h e y  d i f f e r e d  was on whether demand would ou t run  d e l i v e r a b i l i t y  
and what i n f l u e n c e  p r i c e  c o n t r o l s  would have on a v a i l a b i l i t y .  



TABLE 11--NEW FIELD WILDCAT WELLS DRILLED I N  THE UNITED STATES, 1957-1969 

Ul t imate  volume o f  gas  i n  the  c o n t i n e n t a l  United S t a t e s ,  i nc lud ing  
Alaska, was es t imated  i n  1968, on the  b a s i s  of gene ra l  geo logic  evidence,  t o  be 
a s  much a s  1,859 t r i l l i o n  cu.bic f e e t  ( t a b l e  1 2 ) .  This es t ima te  i nc ludes  632 
trillion cubic  f e e t  of undiscovered gas  c u r r e n t l y  e l a s sed  a s  "specula t ive"  and 
595 t r i l l i o n  cubic  f e e t  c l a s sed  a s  "probable" o r  "poss ib le . "  By t h e  end of 1968, 
a t o t a l  of 345 t r i l l i o n  cubic  f e e t  had been produced and 287 t r f l l i o n  cubic  f e e t  
was i n  known r e s e r v e s  (43, p. 18).  By t h e  end of 1969 r e se rves  had f a l l e n  t o  
275 t r i l l i o n  cubic. f e e t ,  

TABLE 52- NATURAL GAS SUPPLY I N  THE UNITED STATES, 
INCLUDING A L A S U ,  ON DECEMBER 31, 1968 

rfl-L-2'; "s o-.> 
.Li -- - -- 
cu ,I-$ p e x  :::1';; 



The problem t h a t  con f ron t s  t he  n a t i o n  today w i th  regard  t o  n a t u r a l  gas  
i s  t h a t  new r e s e r v e s  of n a t u r a l  gas  a r e  no t  being found r a p i d l y  enough t o  suppor t  
t h e  growth i n  demand. E i t h e r  more gas  must be found, t he  growth i n  demand must 
be  c u r t a i l e d ,  o r  some of t h e  demand f a r  n a t u r a l  gas  must remain u n s a t i s f i e d .  

The well-head p r i c e s  of gas  moving i n  i n t e r s t a t e  commerce a r e  s e t  by 
t he  Fede ra l  Power Commission, whieh was g iven  a u t h o r i t y  t o  e s t a b l i s h  t h e  l e v e l  
of such p r i c e s  i n  1954. I n t r a s t a t e  gas  ( i .  e. , gas consumed i n  t h e  s t a t e  i n  
which it i s  produced) i s  n o t  s u b j e c t  t o  Fede ra l  p r i c e  r e g u l a t i o n s  and normally 
s e l l s  a t  a  p r i c e  above t h e  i n t e r s t a t e  c e i l i n g s .  P r i c e  r e g u l a t i o n  i s  in tended  t o  
p r o t e c t  t h e  consumer from exces s ive  charges  f o r  t h e  gas .  The p r i c e s  t h a t  have 
been s e t  have i n  many ca se s  made gas a v a i l a b l e  a t  a  c o s t  cons iderab ly  lower than  
t h a t  of o t h e r  a v a i l a b l e  fuels, Together w i t h  t h e  d e s i r a b l e  p h y s i c a l  cha rac t e r -  
i s t i c s  t h a t  gas  pos se s se s ,  t h e  low cos t  has  made gas  an e s p e c i a l l y  d e s i r a b l e  f u e l  
f o r  uses  f o r  which o t h e r  f u e l s  might have s e rved  e q u a l l y  w e l l .  

Prom an economie s t a n d p o i n t ,  t h e  f i x i n g  of t h e  p r i c e  s f  any commodity 
a t  a level.  below t h a t  which would p r e v a i l  i n  a  f r e e ,  competf t ive  market can b e  
expected t o  have two e f f e c t s :  (1) t h e  demand w i l l  be  i nc r ea sed ,  e s p e c i a l l y  f o r  
t hose  uses  i n  which compet i t ion  w i th  s u b s t i t u t e  m a t e r i a l s  on t h e  b a s i s  s f  c o s t  
i s  a  s i g n i f i c a n t  f a c t o r ,  and (2)  t h e  supply ,  o r  a v a i l a b i l i t y ,  w i l l  d e c l i n e .  

Stauanents  appear ing I n  an a r t i c l e  publ i shed  i n  May 1965, d e a l t  w i t h  
t h e  s i t u a t i o n  t h a t  was developing a t  t h e  tfme. 

If pa~";tre:~-cis in. b o t h  co:;l_swnption arxi fiew d-iscoweries p e r s i s t ,  the  reserves w i l l  
have d&.y:died t o  a  13.5 year supply by 1970 and o Y ~ g  a 9 gear supply by 1975. . . . 
The s P t u a t L o ~  Gases &o t k e  public  t ke  y u e s t i o c  as t o  whether the  publ ic  i n t e r e s t  
w i l l  best be ~e;:~ved by ( a  contimed law ~ a t u y l a l  gas p r i c e s  today  with the inevi-  
table s h o r t z g e  to f o l l o w  i n  t h e  not-too-d-%s'~a:?t ~ Y & u - L J ~  o r ,  (b) a higher pr i ce  f o r  
gas today accompanied by bhe greater assurance o f  eon t im ing  su jp ly  in the fu tu r e .  

(48, p ,  lo,) 

Whether o r  n o t  some sho r t age  of n a t u r a l  gas would have e x i s t e d  today 
i n  t h e  absence of t h e  FPC p r i c e  c o n t r o l s  w i l l  never  be  known. There can be no 
doubt ,  however, t h a t  low gas  p r i c e s  have had an  e f f e c t  on bo th  t h e  supply and 
demand, and have con t r i bu t ed  t o  an i n c r e a s e  i n  whatever s h o r t a g e  might o therwise  
have e x i s t e d .  I f  a d d i t i o n a l  gas  i s  t o  be  found, g r e a t e r  i n c e n t i v e  t o  exp lo re  
f o r  gas must be  provided.  

A s t a f f  r e p o r t  of t h e  Fede ra l  Power Commission i n  1969 no ted :  

The au tho r s  of t h i s  s t a f f  r e p o r t ,  a f t e r  conduct ing a comprehensive a n a l y s i s  of 
gas supply and demand, concluded t h a t  a  new government-industry program was 
needed immediately t o  i n s u r e  cont inued growth of n a t u r a l  gas  s e r v i c e .  The b a s i c  
e lements  of t h e  recommendations inc luded  added e x p l o r a t i o n  i n c e n t i v e s ,  Fede ra l  



Average number of days supply 

- I J of electric utility coal 

Fig, 11 - Trends in the uses, production, and electric utility inventories of coal in 
the United States, 1957-1970. A - Consumption and exports of United States 
coal; B - Surpluses and deficits of production related to consumption of 
coal in the United States; C - Tons of coal and days of coal supply repre- 
sented by coal in the hands of United States utilities on July 31, 



l e a s i n g  p o l i c i e s ,  i m p o r t  u i i c i e s  , us;. pri i l r i t les  &or gas  when shor  rages e x i s t ,  
and e x y e ~ d i ~ u r e s  f o r  research and development of synthetic f u e l s  ( 4 9 ,  p .  4 ) .  

I n  August of i 9 i U  the srraf f of the Federal Power Commission recommended 
rate  increases f o r  new gas ,  ranging from 3,s K O  11.5 cents  p e r  Mcf, and basic 
changes i n  zhz race-making p r o c e d ~ ~ r r s  , Thz proposed p r i c e  i n c r e a s e s  were opposed 
by the p u b l i c  utility corm~issions of some states and by a number of d i s t r i b u t o r s  
( S O >  

-rr l i n e r e  i,s no way of determri~llng exactly how much e f fec t  a  g iven  i n c r e a s e  
in prices will have. The r e l a x a t i o n  of well-head p r i ce  r e s t r i c t i o n s  w i l l  r e s u l t  
in more drilling and b r i n g  additional gas r o  the markgt . T h e  most immediate 
effect on gas s u p p l y  w i l l  be from additional wells drilled to produce more gas 
from f i e l d s  a l ready  d i s c o v e r e d .  A s i g n i f i c a n t  improvement i n  the r e se rves  s i t u a -  
tion In the fn im~diace  Sal~aare i s  u n l i k e l y ,  however, f o r  new deposfks s f  gas must 
be  discovered,  Af t e r  the  d i scovery  of a new gas deposit, it takes an average sf 
about 5 acre year.; r o  b r i n g  a nsw f i e i d  into produc t ion .  

Coal 

Ca?) w a s  t h e  major saurcz of the energy that formed t h e  base f o r  the 
e a r l y  indus~rialization and economic gmwth of t h e  United States ,  It  was not 
until 1946 cha t  Lhe c3nsurip~i .m sf energy from o i l  and gas combined exceeded 
t h a t  from coal, Table  23 i n d i c a t e s  changes t h a t  took p lace  i n  the markets for 
coal  after e h a ~  dace - 

TABLE 13-COAL CONSUMED, BY SELECTED CONSUMER. CLASS& 
(million tons )  

+$ -- , r ~ . l ; - ~ ~ f i ~ ~ ~ o . u . s  e 0a.L and, 7- &a%$ e , Cues r:.c:t 2j.x lude a:ztiarac 5 t e  , 

~ ~ y j x n ~ 2  : 3 'H.ape~y~ of X-j::-r,es I$ineysl.s 'Y~L~,:I . . '~J ooks f o a ?  y e a r s  m,o?t?d ,> 

P i g u r e  kl shows trends i n   he domestic use and exports of c o a l  s i n c e  
1957, F h f  le rase of coal  by keci l i t ies  siinze 1959 has  increased aa: an average 
rate s f  5 & 8  percent p e r  yeax f o r  a t o t a l  g a i n  of 2.51 m i l l i o n  t ons ,  t h e  com- 
bined total of other uses in t he  Unfted States has dec l i ned  57.5 m i l l i o n  tons 
i n  t h e  12-year p e r i o d .  



Coal  was a b l e  L O  r e t a i n  a s i g n l f i e a n t  s h a r e  s f  t h e  u e i l l t y  f u e l  market  
because  s f  i t s  a v a i l a b i l i t y  th roughout  mssz of the  c o u n t r y  and because  i c  h a s  
g e n e r a l l y  been less expensive t h a n  o t h e r  f u e l s .  The energy c o n t e n t  of Uni ted  
S t a t e s  coal (b i tuminous  c x d  and l i g n i t e )  o c c u r r i n g  w i t h i n  t h e  48 con t iguous  
s tates h a s  been  e s ~ n m a t e d  r s  be 3 , s  times thae  of a l l  s f  t h e  o t h e r  f o s s i l  f u e l s  
( o i l ,  g a s ,  and a l l  shale) combined (51,  p . 89) . A s  of J a n u a r y  1, 1967 ,  t h e  re- 
maining eoa l  r e s o u r c e s  i n  t h e  ground i n  Uni ted  S t a t e s  a r e a s  a l r e a d y  e&ored and 
mapped were e s t i m a t e d  a z  1,570 bi%l.l;in t o n s ,  which a.c 50 percent recovery  would 
p r o v i d e  980 b i l l . i o n  tons  of coal (52 ,  p. LL), An a d d i t i o n a l  1,31.3 b i l l i o n  t o n s  
h a s  been es r imated  t o  e x i s t  i n  areas n o t  y e t  f u l l y  mapped o r  e x p l o r e d .  C u r r e n t  
p r o d u c t i o n  of c o a l  i n  the Urrf ted S t a z e s  i s  somewhat less ~ h a n  600 m i l l i o n  t o n s  
p e r  y e a r ,  

The coal of the es t imaeed  reserves i n c l u d e s  all v a r i e i i e s ,  r ang ing  
from h i g h  g r a d e  b l t m m o u s  wirh a heat value of mere than  15,000 Btu p e r  pound 
t o  2 i  g n i t e  t h a t  cantxiins 45 p e r c e n t  m o i s t u r e  and has a h e a t  v a l u e  of l e s s  t h a n  
9,000 Btu (53,  p l  781, 

Coals a l s o  vary widely i n  chemical  make up .  S u l f u r  c o n t e n t ,  which h a s  
become a c r i c i c a S .  L a c t o r  i n  coaL s e l e c t i o n ,  g e n e r a l l y  r anges  from less t h a n  Q .5  
p e r c e n t  t o  over  6 p e r m n t .  However, the sulfur conKent i n  an i n d i v i d u a l  c o a l  may 
v a r y  greatly w i ~ h i n  a given a r e a .  The p r i n c i p a l  r e g i o n s  of  low-su l fu r  c o a l  a r e  
t h e  southern Appalsch izn  b i ~ u r n i n o u s  c o a l  f i e l d s  and rhe n o r t h e r n  Rocky Mountain 
and Great P l a i n s  sub-bi turninsus and lignite f r e S d s  , 

In the p a s t ,  the major  use f o r  L Q ~ ~ - - S U E ~ U ~  coal (i . e . ,  c o a l  c o n t a i n i n g  
1 p e r c e n t  o r  l e s s  s u l f u r )  was I n  t h e  m a n u f a c ~ u r e  of m e t a l l u r g i c a l  coke. O f  t h e  
507 million t o n s  of  coal consumed i n  1 9 6 9 ,  9 2 . 9  m i l l i o n  was used f o r  this purpose  
(19 ,  p .  6). Most of rhe coal e x p o r t e d  t o  f o r e i g n  n a t i o n s  also i s  coking c o a l  
(54, p. 6 9 ) ,  

Much of %he  low-su l fu r  c o a l  i n  t h e  e a s t e r n  Unired S t a t e s  i s  owned o r  
committed by cuntract t o  s t e e l  p r o d u c e r s .  This  s l r u a t i o n  r e s u l t s  from z h e i r  
need t o  p r o v i d e  f o r  che i r  long-teim requ i rements  of h i g h  g r a d e  coking e o a l .  

In 1.9&4, cRe last. year f o r  wh ich  complete  d a t a  on low-sulfur  c o a l  pro- 
d u c t i o n  are a v a i l a b l e ,  aa  sixm ma red 185.4 r n i l f i o n  t o n s  was produced,  of whlch 
1 9 . 4  m i l l i o n  came f rom c h e  far west and 149.2 million from c o a l  mining districts 
t h a t  are l o c a t e d  w i t h i n  e a s e e m  Ke~cuc .ky ,  ssutA-ern West Vlrg inFa ,  V i r g i n i a ,  and 
a c o r n e r  of Tennessee ,  A14 t h e  rest o? Lhe n a t i o n  produced only 16.8 m i l l i o n  
t o n s  (54,  p .  4 8 ) ,  

Low--sulfur coal cons tlt ui.es an i n d e t e  rrninate b u t  m i  nor s h a r e  of t s  &a1 
r e s e r v e s ,  i s  Eimiced g e o g r a p h f s a l i y  in its o c c u r r e n c e ,  and i n  the a r e a s  east s f  
t h e  Mississippi. genera l ly  emmands a premium p r i c e .  F u r  t h e s e  r e a s o n s  it h a s  
been used  co only  a  l i m i ~ e d  d e g r e e  as utility f u e l ,  except where i t  i s  i n d i g e -  
nous t o  t h e  a r e a ,  An a r t i c l e  published i n  1966 i n d i c a t e d  thac 90 p e r c e n t  of  t h e  
eoal esnsumed by utilities c o n t a i n e d  more t h a n  1 p e r c e n t  s u l f u r  and 95 p e r c e n t  
c o n t a i n e d  more than  0 , 7  p e r c e n t  s u l f u r  (55, p , 58) , 

For u t i l i t i e s  l o c a t e d  o u t s i d e  the low-su l fu r  c o a l  a r e a s ,  t h e  2 c q u i s f -  
t i o n  s f  low-su l fu r  c o a l  t o  comply wi.th a i r - -po. l lu t r . rn  r e g u l a t i o n s  h a s  been especia l ly  
difficult. A d d i t i o n a l  low-su l fu r  c a d  i s ,  i n  general, not a v a i l a b l e  from e x i s t i n g  



mines, and the c u n s t r u c x ~ a ,  ~t new rnii,za3 generally r e q u i r e s  2 t o  4 years. The 
coxnst ruct isn  of a  new ~ n n d e ~ r :  r o i n e  a l s o  r e q u i r e s  a 20- t o  30-year r e s e r v e  of re- 
c o v e r a b l e  coal, an inves~~n~snt af &OI.E~.  10 $ o l % a r s  p e r  fur l  s f  a n n u a l  c a p a c i t y ,  a 
work force of 950 to 200 ij!en per n r i ~ L i u n  tons pear yea r  of o u e p ~ t ,  and ,  g e n e r a l l y ,  
a long-term purchase c.&:nlz!z-~ cment  ro J u s  t l f  y che investment ,  

FOP power p lanks  o u t s i d e  the Iw- su l . f u r  c o d  a r e a s ,  a  t r a n s f e r  ts low- 
sul i fur  coal a h a  means i n c r e a s e d  t r  ansporsation ess t . s ,  Such cos~s i n c r e a s e  a 
min lmm of a.bau"i50 cents p e r  ton f o r  every  Y O 0  m i l e s  of d i s t a n c e  added from mine 
t o  p2an2, 

Esw-sulfur coals are, i n  many i n s t a n c e s ,  premium c o a l s  t h a t  command a 
h i g h e r  p r i ce  rhan o r d i n a r y  steam coals. I f  low-su l fu r  u t i l i t y  coal  i s  o b t a i n e d  
f r  am areas that now s e l l  most s f  t h e i r  coals f o r  cok ing ,  t h e  u t i l i t y  companies 
must meet the c o k m g  coal prices, which are generally h i g h e r  t h a n  t h o s e  f o r  s t eam 
coals. In 19623, be fo re  .the 1.ur-rent: c02l s h o r t a g e ,  t h e  p r i c e  p e r  t o n  of  c o a l  
delivered i o  coke p l a :  s in Wesr Vi iginla was $8.60, while t h e  sceam c o a l  d e l i v -  
ered rb u t i l i t y  p l i n r s  w i t h i n  i h e  s t a t e  averaged on ly  $5.27. I n  I l l i n o i s ,  coking 
coal was de l ive red  t h n r  y e a r  a t  $ 9 , 7 3  p e r  t o n  and u t i l i t y  c o d  a s  a n  s v e r a g e  of  
$5,10 per tori. i'bs repor ted  average  of coking c o a l  d e l i v e r e d  t o  p l a n t s  i n  nor th-  
earn Indiana was $L0,68 p e r  t o n ,  whereas t h e  coal  used by major power p l a n t s  i n  
the same 4ru1 ranged from $ G , 2 4  t o  $5*68 p e r  ton. 

Much of the Iaw-5uPfur C , G ~  of t h e  Rocky Mountain region i s  nonesk ing ,  
is easily m i n e d ,  and may be purchased a t  lower p r i c e s  t h a n  Pow-sulfur c o a l  from 
~ h e  e a s t e r n  csal f i e l d s *  However, t he  d i s t x n c e  from t h e s e  c o a l  r e s e r v e s  to the 
m a j  or coai--consuming areas of the United S t a t e s ,  combined with t h e i r  g e n e r a l l y  
lower heac eoncent and the a d d i t l o n a l  quantities s f  c o a l  r e q u i r e d  t o  f u r n i s h  
equiva lent  amounrs of energy ,  largely o f f s e t  the i n i t i a l  pri.ee advan tage  they  
p o s s e s s  and make t:hem c o s ~ P y  t o  use ~ u t s i d e  the f r  own r e g i o n ,  

A l t h r a ~ ~ g h  l o w - s u l f u r  c o a l ,  excepr i n  t h e  a r e a s  of i t s  o c c u r r e n c e ,  has 
n e v e r  found widespread  use  a s  U E I P ~ L ~  f u e l  because  ~f  its c o s t  and r e s t r i c t e d  
a , v a i l a b i l i t y ,  oxher t y p e s  dr c o d  have been. g e n e r a l l y  a v a i l a b l e  and t h e  t o t a l  
use of waJ. by c i t i l n ~ i e s  has grown r a p i d l y ,  as shown in t a b l e  13 and f i g u r e  H A .  
In  1368, however, despise. t h e  l a r g e  reserves of  coa l  t h a t  e x i s t ,  t h e  demand f o r  
coal  f o r  domes t i c  and expurr purposes  ou t r an  p r o d u e t i o n ,  a  s i r u a t i o n  t h a t  was 
r e p e a t e d  in 1969 and 1s s c c u r ~ i n g  again in 1970, 

F i g u r e  11B shows s h e  annual s u r p l u s e s  and d e f i c i t s  between ~ o a l  pro- 
d u c t i o n  and consumptionc The deficits i n  1 9 4 8  and 1969 were made up from inwen- 
t o r y  s tocks on hand f r m  e a r l i e r  years. Shown i n  f i g u r e  l 1 C  are the s t o c k s  of 
coal  sn 'hand ae power p lanrs  on J u l y  3% of earn y e a r ,  The actual. t o r d  tonnages  
on hand have n o t  d e c l i n e d  bellow t h c ~ s e  of e a r l i e r  y e a r s ,  b u t ,  b e c a u s e  of g r e a t e r  
usage ,  the srscks i n  terms of d a y s '  s u p p l y  have dropped s i g n i f i c a n t l y .  The coal  
s t o c k s  on hand a t  u t i l i t y  plants gn J u l y  31, 1 9 7 0 ,  were  54 .8  m i l l i o n  t o n s ,  which 
r e p r e s e n t s  a 62-day s u p p l y  (56, p .  5), T o  r e e s t a b l i s h  the l e v e l  of an  85-day 
supp ly  t h a t  e x ~ s c e d  on J u l y  31, 1967, would require a n  a d d i t i o n  of 20.3 m i l l i o n  
t o n s  ( 3 %  p e r c e n ~ )  Lo t h e  s t scks ,  Sin= srsekr; a r e  nue: evenly d i s t r i b u t e d  among 
t h e  var ious  consumers,  he coal  a v a i l a b l e  TO some consumers h a s  been  reduced t o  
only a f e w  days '  supp ly .  I n  mid-Augusi 1970,  TVA's c o a l  i n v e n t o r ~ e s  were  re- 
p o r t e d  t a  b e  down t o  a 10- ro  12-day supp.ly, less t h a n  2 m i l l i o n  tons ,  compared 
w i t h  t h e  6.5 m i l l i o n  t a n s  chey h a d  on hand just 2 y e a r s  e a r l i e r  (5 7 ) .  



At most mines the sr:oal goes d i r e c t l y  from the  rnme, th rough  the  psepa- 
r a t fan  plans, and i n t o  E-a i l road  ca r s*  With very limited s t o r a g e  space ac ohe 
mine, a lack ok c a r s  wiI.1- q u i c k l y  shue down rhe  mine, Not only is [here a re- 
p o r t e d  l a c k  asi c a r s  ;.n suf r ' i e ienr-  numbers, b u t  there is a problem of g e t t i n g  cars 
t o  t h e  r i g h t  p l a w  a$ r h e  r i g h r  xame because t h e  r e t u r n  sf empzy cars 1s delayed 
(60) B I & ' ~ E ~ .  01 these fact-oxs r rr?..;mkr,- i n  losses i n  produc t~cpn .  

The Lack oi bas ac pi sdua-1 ion capacity is a prsbEem c h a t  must b e  over-  
come if t h e  natxon's furrure knergy needs are z o  be met, The shortage af ananpcmer 
and losses of some capaex ty  fhsough cissure ~f nines on t he  basis of . e n a b i l i t y  to 
comply w i t h  n~\nl s a f e t y  laws have caused some reduetion in c a p a e i t y  (601, More 
fundamentaP is the f a c t  tha-5, new mines have noh:: cane ~ . n t o  o p e r a L i o a  at. a rate 
fasr ensugh CLJ k ~ e p  pace w i t h  dzmand, 



TABLE 14-CONTRACTS FOR NUCLEm FOLTER PLANTS 

Total as of 9/30/1969 9 5 

S o u r c e :  24, p c  173, 

accep t ab l e  as  a f u e l  throughout inost of t he  count ry .  As  a r e suL t ,  n o t  only the 
f u t u r e  b u t  the pre sen t  markets f o r  c o a l  were endangered, 

I n  1963 t h e  dec i s ion  of the J e r s e y  C e n t r a l  Power and tight Company t o  
c o n s t r u c t  t he  Oyster  Creek Nuclear P l a n t  w a s  anrkounced. This p l a n t  was expec ted  
t o  produce e l e c t - r i c  power from nuclear  f u e l  a t  a c o s t  23 p e r c e n t  below cases f o r  
convent iona l  f u e l s  ( 6 2 ) .  The e s t ima ted  c o s t  of nuclear-generated power was t o  
be equ iva l en t  to  that of power from a c o a l - f i r e d  steam p l a n t  having s c o a l  f u e l  
c o s t  ~f 20 cen t s  p e r  m i l l i o n  Btu, A s  i t  turned o u t ,  t h e  plant, scheduled f o r  
ope ra t i on  i n  1967, e n c ~ u n t e r e d  numerous de lays  and was no t  ready f o r  o p e r a t i o n  
u n t i l  1969. True c o s t s  still have not been determined. 

I n  1965, the Tennessee Val ley Author i ty  announced plans f o r  cons t r u e -  
t i o n  of t h e  Brown's Fer ry  Nuclear P lan t ,  t o  be operational i n  1970. Es t imates  of 
t o t a l  c o s t s  of producing power w i t h  t h e  TVA p l a n t  ranged from 2.39 t o  2 .56  m i l l s  
p e r  k i l o w a t t  hour produced, This  compared t o  an  e s t i m a t e  of 2 .90  m i L P s  p e r  kwh 
f o r  a  convent iona l  coa l - f i r ed  p l a n t  w i t h  c o a l  c o s t s  a t  18 .9  cents  p e r  m i l l i o n  Etu 
( 6 3 ) .  To match t h e  lower (2.56 m i l l )  t o t a l  power c o s t  e s t i m a t e ,  c o a l  c ~ s t s  would 
have had t o  be reduced xo about  1 5 . 1  c e n t s  p e r  m i l l i o n  Btu,  Of t h e  487 e l e c t r i c  
u t i l i t y  power p l a n t s  of all s i z e s  us ing  coal i n  1965, only 9 r e p o r t e d  c o a l  c o s t s  
of l e s s  than 26.0 cen t s  p e r  m i l l i o n  Btu ( 6 4 ) .  

Although an a c t u a l  comparison s f  t r u e  c o s t s  and e s r ima ted  c o s t s  of these 
t w o  power p l a n t s  was no t  p o s s i b l e  then and s t i l l  w i l l  n o t  be  p o s s i b l e  f o r  some 
t ime,  t h e  f o r e c a s t s  were s u f f i c i e n t l y  o p t i m i s t i c  t o  cause a  f l u r r y  of i n t e r e s t  
and were qu ick ly  followed by t h e  o rde r ing  of a l a r g e  number of n u c l e a r  p l a n t s .  
The number of con t r ac t s  f o r  new nuclear p l a n t s  grew and then  qu i ck ly  subs ided ,  a s  
shown i n  t a b l e  1 4 ,  By the end of 1969 ~ n l y  4 , 2 9 1  megawatts s f  c apac i t y  were actu- 
a l l y  i n  ope ra t i an .  The status of a l l  n u e l e a r  p l a n t s  as of Cecernber 31, 1969 ,  w z s  
a s  fo l lows  (65) : 

S t a t u s  Number Capac i ty ,  k i l o w a t t s  - -- 

Operable 
Being b u i l t  
Planned ( r e a c t o r s  o rdered)  
Planned ( r e a c t o r s  no t  o rdered)  



bbe 3f w e t  or dry proresses f o r  removal st s u l f u r  d iox ide  
f r o m  t h e  s eack gases, 

Csnver s f  on of coal r0 Sow--- ~Lfur gas zhrough hydrogenatisn, 



The r e s u l t s  t h a t  can be ar?;hs~led t h r ~ e n g h  csal p r e p a r a t i o n  are Pimired. 
The s u l f u r  that occurs  i n  dfscrete  paxr i c l e s  sf p y r i t e  ran be p a r t i a l l y  removed 
i n  normal c o a l  p r e p a r a t i o n  by gr;?xwi,y o r  f l o $ a ~ l . o n  tecknniques, a l though  i n  many 
cases  no t  more "can half of such sulfur"  is removable, Furthermore,  n o n p y r i t i e  
' f ~ r g a n i ~ l '  s u l f ~ r ~  o f t e n  c o n s t i t u t i n g  half o r  more of ehe t o t a l  s u l f u r ,  cannot  be  
removed by any known p h y s i c a l  means of coal  p r e p a r a t i o n .  Thus, f o r  many of t h e  
c o a l s  t h a t  are a v a i l a b l e ,  normal coal. preparasfom will not. produce s a t i s f a c t o r y  
r e s u l t s  

Extens ive  r e sea rch  is being  done on the  removal of s u l f u r  by a d d i t i v e s  
and on t h e  c l ean ing  of s tack  gase s ,  A number s f  f u l l - s c a l e  t e s t s  axe being made 
o r  planned,  and some of t h e  processes  should  be f u l l y  proved as economically fea-  
s i b l e  by t h e  mid-197'8s o r  s o o n e r ,  Other r e sea rch  i s  being devoted ko new combus- 
t i o n  equipment and p roces se s .  

P i l o t - s c a l e  exper iments  are being conducted t o  determine whether coal  
g a s i f i c a t i o n  processes  are f e a s i b l e  and compet i t ive ,  Cur ren t  e s t i m a t e s  i n d i c a t e  
tha t  s y n t h e t i c  gas could  be praduced at cos t s  equal t o ,  o r  only s l i g h t l y  above, 
those  f o r  n z t u r a l  gas i n  same p a r t s  of the count ry  (68, p .  6 3 ) .  

During the  c u r r e n ~  csal  shortage, t h e  p r i c e  of coa l  h a s  r i s e n  s h a r p l y ,  
c r e a t i n g  an e s p e c i a l l y  d i f f i c u l t  s i t u a t i o n  f o r  small consumers who must purchase 
f u e l  i n  small q u a n t i t i e s  a t  spoe  market p r i ces .  Most u t i % i t . i e s  purchase f u e l  on 
long-term agreements t o  a s s u r e  an adequate  supply at a con t r ac t ed  p r i c e ,  b u t  some 
u t i l i t i e s  t h a t  r e l y  on short - term bids t o  f i l l  p a r t  of t h e i r  requirements  have 
been s i g n i f i c a n t l y  a f f e c t e d  by the p r i c e  r i s e *  The Larger  q u a n t i t i e s  of lower 
COSE coal. r ece ived  under long-term e o n t r a c t s  do,  however, h e l p  t o  minimize t h e  
impaet of s m a l l e r  purchases  a t  hfgb s p o t  p r i c e s ,  

Reports  i n d i c a t e  t h a t  TVA, which p a i d  $4.00 t o  $4.50 p e r  t on  a year ago, 
was f o r  a t ime having d i f f i c u l t y  i n  p rocur ing  c o a l  even a t  p r i c e s  a s  h igh  a s  $9.00 
p e r  t on  i n  mid-J97Q (69 ,  p ,  71) .  I n  October ,  however, TVA announced purchase of 
3.9 m i l l i o n  tens a t  $5.73 per ton  ( 7 0 ) .  The TVA Annual R e p o r t  i s s u e d  i n  l a t e  
1970 es t ima ted  the  average f u e l  c o s t  f o r  1930 a t  20.35 cen t s  p e r  miPl%on Btu,  com- 
pared  t o  1 9 . 2 2  cen t s  i n  1969 ( 1 7 ,  p ,  4 1 1 ,  

In  1968, e l e c t r i c  u t i l i t i e s  consumed 1 7 P , 9  m i l l i o n  b a r r e l s  of o i l ,  86.6 
pe rcen t  of which was consumed by u t i l i t i e s  in s t a t e s  a long  t h e  e a s t e r n  seaboard 
(30, p b  511, O f  t h e  t o t a l  f u e l  oil they used,  more than  98 pe rcen t  was r e s i d u a % ,  
mast of  i t  imported from f o r e i g n  sou rce s .  The low c o s t  of r e s i d u a l  o i l - ,  h i s t o r i -  
c a l l y  about one f o u r t h  t h e  c o s t  of d i s t i l l a t e  f u e l  o i l ,  made i t  e s p e c i a l l y  a t t r a c -  
t i v e  f o r  u t i l i t y  use .  The e x t e n t  sf t h e  e a s t  c o a s t ' s  dependence on f o r e i g n  imports  
i s  demonstrated by t h e  f a c t  that from January through May of 1970 93.7  p e r c e n t  of 
t h e  r e s i d u a l  f u e l  o i l  used by e a s t e r n  seaboard consumers came from overseas  sou rce s .  
Res idua l  f u e l  s i P  con t r i bu t ed  about 45 percenr  of the energy used f o r  i n d u s t r i a l  
and commercial purposes  on t h e  east coast in 1969 (71) .  

Because r e s i d u a l  o i l  brought  such a l a w  price, United S t a t e s  r e f i n e r s  
g e n e r a l l y  have e x t r a c t e d  t h e  maximum amount s f  g a s o l i n e  and other h ighe r  v a l u e  



VarEaus  estimates have been made of the growth rate t h a t  ran be anric- 
i p a k e 3  1x1 nuel ea,r p l a n t s .  D e s p i t e  ehe recent s Low-down i n  nuc l ea r  p l a n t  conssmc-  
t l c ~  dnd decrease in new orde r s  f o r  rsiaelear power plan.aa equipment ,  nuc lear  capacfty 
Z B ~  150,Q0(1 negaw3Cts is s t ~ l i  expeceed an t h e  n a t i o n  by 1980 (76, pa, 2 . 9 ,  Curnula- 
t i v e  requkremencs f o r  uranium (U308 ) t3 power these p l a n t s  rh rough  1980 have been 
esximared aL 208,000 t o n s  (25,  p, 311, Tn prgvi.de f u e l  f o r  actual use and t o  
es r a b l i s h  adequa te  reserves sf f u e l  r o  assure c o a t i n ~ ~ i n g  o p e r a ~ i o n .  of these p kants , 
an a d d i t i o n a l .  rir.ca.1 reqitiremeazrtr sf 600,000 tons will. be needed by 1980 (2.5, p, 35) .  
By early LWTO doubts  were inc reas ing  in some qvartars as to whether  these  p e a j e c ~ e d  
f ue% needs c o u l d  be m e t  & 7 6 7 ,  p , 84), E ~ ~ ~ i r n a e e s  of reserves of  uranium 2s.vaila.b le in 
the hS~ :~~ ted  S T G L ~ S  in 1968 at p r x c e s  up t.u $8,00 p e r  pound weye L60,000 t o n s  (25, 
p. 35) and at p r i c e s  up to $10.00 p e r  pound were 310,000 tons ( 7 8 ,  p .  53). 

Reskdrt:h has been under way Ear a number u f  years to develocrp a breeder-  
Eype reactor Khat wf 11 produce additional f u e l  a t  the same txme t h a t  power is being 



Should breedea reseaareEr f a i l ,  ar should  de lays  be encountered t h a t  are 
p r o p e r t i o n d  i u  those t h a ~  have sox~f ranted Cine f f ssion reactors so  t h a t  bree 
reactors  are as% avaf Bable by 1990, s ign i f f ca .n t  problems of atomic f u e l  supp 
may develop ( 7 9 ,  p, 27); Reserve and dem nd esrrmates i n d i c a t e  ghat not  only 
cou ld  s shsx tage  devel-op that mxghi: .retar f u r t h e r  growrh of nue l ea r  p lan t s ,  b u t  
f u e l  might not be avaxlab le  at a ~ ~ e p r a b l e  c o s t s  f o r  plants t h a t  will already b e  
In exlsrence, 

i pL addi~ian CQ  he environmental problems associated w i t h  t h e  u t i l f  za-- 
t i o n  of  he va r ious  f u e l s ,  some problems af an environmental nature also are 
encountered in r h e % r  production , 

In coal mining, commonly sccurrfng environmenral problems are those 
relaked t o  t h e  d i s tu rbance  of l and  surface by strip mining, the drainage sf acid  

round o r  surface mine areas, and the  subsidence s f  t he  surface 
mines, These problems have received cons ide rab l e  ateention a t  

bsi31  he Federa l  and s t a e e  levels ,  and legislation exis t s  i n  most major coal min- 
ing s ~ a t e s  rhar gequires reclamatisn of surface-mined land (88 ,  p .  9 9 ) .  

The b r i n e s  brought  &o t h e  surface i n  the product ion  of sf1 p re sen t ed  
an envf rsnmen~al.  problem in the past, b u t  the  b r i n e s  are now reinjected i n t o  the 
earth rheough d i s p o s a l  w e l l s ,  

Within t h e  gasc  f e w  years, 02% spills in &Re Santa Barbara Channel and 
the  Gulf sf Nexi~o have caLEed to rhe a t ~ e n t f s n  of the p u b l i c  an environmental 
probl.em c ~ a n e c t e d  w i t 5   he drilling &or and produc"9fon s f  o i l  and gas. It is to% 
be hoped thr;tssi&lrBcc pcsmphzenee w i t h  t h e  procedures  thax  have been developed 
will effeetiveay control t h i s  problem- The banning of f u r t h e r  o f f sho re  drilling, 
as has  sometimes been suggested, would have a heavy impact on the nagion% future 
ability co meet she demands f a r  f u e l ,  An ~s~xmated 12.8 percent of fhe  Uni ted 
Sta tes  reserves sf gas and 3 , 3  percent  of &he sf1 reserves now known are In o f f -  
shore h c a t i m s  La t h e  Gulf of Mexica (41, p a  120;  41, p, 2 7 ) .  Comp%e%e proh ibf -  
t a o n  of f u m h e r  offshore drilling wsuid no t  on ly  make t h i s  s f 1  and gas unavail- 
able b u t  a lso eliminate the p o s s i b i l l e y  of discsver ing  additional s u p p l i e s  in 
vast  of f sho re  areas t h a t  have n o t  y e t  be$-in t e ~ c e d  b y  d r i l l - i n g *  

Envxrsnmental consideraf:ions alsa are de lay ing  cons s ruc t i on  of the  
Trans-Alaska P i p e l i n e ,  which. will poszpsne rhe day when .Aeil.askan Nor th  Slope oil 



RY MdD CONCLUSIONS 

The Unnced S ~ ~ a s e s  ns at present  confrsnte w i th  s e r i o u s  s h s r ~ a g e s  of 
bo th  e l ec t r i c  generacing capacizy and f u e l s ,  These shortages will continue 9s 

exist fax s m e  rime and w i l l  be O V ~ ~ , ~ I " ( T , Q B ~ ~  o n l y  by t h e  development of new capac i t y  
rsquf z i n g  b a t h  time and large e x p e n d i r u r e s  &>f c ap i t a l ,  

The s b c > i !  ag2 of gEneraLsng c a p a c ~ t y  i s  the r e s u l t  of a very r a p f d  growth 
i n  demand f o r  power and delays  In wnsbkructrion of nets capacity.  The de lays  r e s u l t  

i f  kicul. t i es  in manuf ac~earimg a i d  kabricatf  xag equipmen& and ((2) p u b l i c  
spps s f  ti on, mss & of 4.r from p e o p l e  concerned E A ~ Q U K  detrimen~al effects  on ehe 
envirsnment, P r i n c i p a l  ohjectians arose from p u h l l c  fear of n u c l e w  hazards  o r  
catastrophes, concern f a r  wakeep. and afx: p o d . u ~ i c m ,  and desire t o  prevent t he  changes 
t h a t  would 'esu4.s f r o m  the  damming of streams and ut.her madfficatfan of the  land- 
scape, espec ia  Ely in r ea t iona l  or scenf c areas 

Shortages  of f u e l s  r e s u l t e d  srom a low Bevel of d r i l l i n g  activity i n  
search s f  natural gas ,  a declining ressurce base in s i k ,  and insufficient prsduc-  
tion s f  coal caused b y  lack of mine eapacrty and by in t e r rup t ions  in production at 
e x i s t i n g  mines c, 

Completlen sf %he power p l a n t s  alreadj- scheduled and under cons t rue t ion  
will go a long way toward r e l i ev ing  the p r e sen t  sho r t age  s f  c a p a c i t y .  However, 



addf rf ana l  new e l e c t r i c  gene.r;h ; i n g  crap:ac ~~r t n  ever-inc.reasing quan t i  ties w i  11 
be r e q u i r e d  ts keep p d i e  w r i ~ h  growing dem&md. S t r ic re r  regrslPation of p l a n s  f o r  
the siting of furare p lanrs  ,-ar. be a n t i c i p a t e d ,  bu-c t h i s  should ,  at the same 
rime, elfrnfna~e some of t h e  delays and rrl:s~er.k..aintf es $hat now ex4st. 

No very s i g n i f f i a , n t  increase in rhe use of natural gas as a utility 
f u e l  f a  likely in t he  future* Even when prices a re  r a i s e d  s u f f l c i o n k l y  t o  pro- 
mote additional driEllng and new gas i s  iaund, several years will b e  r e q u i r e d  
b e f o r e  f u l l .  p r o d u c t i o n  can be a t t a ined .  ' r h ~  dernand foe gas  f o r  other u s e s  w i l l  
l i m i t  lets maf l a b i l i t y  f o r  z t i l i t y  use, and t h e  increased p r ice  and other" c o s t s  
will make it uneconomical  a s  a u t i l i t y  f u e l  I n  most  l o c a t i o n s  . Higher  p r i c e s ,  
however, i n  a d d i t i o n  t o  b r i n g i n g  more gas oa eke market, may a l s o  make f t eco- 
no~rrcal.  and prac t ica l  ta stappl-emeant na t u r d  gas s u p p l i e s  with gas  manufactured 
f rern coal. 

More coa l  mine c a p a c n t y  w f l P  be developed, and l a r g e r  q u a n t i t i e s  of 
c o a l  will he produced ED meet the growing need, However, unkiP satisfactory p m -  
cesses EOP oonxro%Ling sulfur and p e r h z p s  a t h e r  enlssions from coal are developed 
and prcved econamical, producers w f l %  be somewhat reluctant to open new mines ,  
and u t f b i t . : i e s  will hesicate  t o  eommir themael~:es to Long-term contrac ts  f o r  f e a r  
t h a t   hey may have an unwanied o r  outlawed product a f t e r  t h e  current supply s i t u a -  
t i o n  of other r"ueLs h a s  Fimproved, The erecruitcnect and rra in ixlg  s f  additional man- 
power for expanded coal production also w i l l  be  an m c r e a s i n g  problem ( 8 3 ) .  

The natlorz. w i l l  c o n t i n u e  t a  depend on o the r  s o u r c e s  of l i q u i d  f u e l  to 
supplement the domes t i c  crude o i l  s u p p l y .  Some of t h e  oil will b e  impor ted ,  but 
o i l  from dsmesric shale and l i q u e f i e d  coal a r e  a lso l i k e l y  supplements .  

The c o s t s  of nuclear p l a n t s  have escalated c o n s i d e r a b l y ,  and most  p l a n t s  
w i l l  exceed t h e  earlier cost estimates t h a t  made them appear  so much more eeonom- 
i c a l  than coal ,  The high s p o t m a r k e t  prices f o r  c o a l  now pre -va i l lng  w i l l  d e c l i n e  
somewhat when t h e  present s h o r t a g e  is over ,  However, i n c r e a s e d  wage r a t e s ,  the 
c o s t s  involved in csrnplying with s t r i c t e r  s a f e t y  laws and more s t r i n g e n t  l a n d  
reclamation s s a n d a r d s ,  and cuscs of s u l f u r  emission control will combine to make 
t h e  u s e  of coal f a r  power g e n e r a r i m  more e x p e n s i v e  than fo rmer ly .  R e p o r t s  pub- 
lished i n  1970 e;::.Emaeed tha t  compliance ~ 5 t h  new mine s a f e t y  Paws mlght add as 
much as $1.50 t o  $2,50 p e r  ton to the c o s t  of u t i P 4 t y  c o a l  w i t h i n  the next two  
y e a r s  (84, p , 46) . 

If t h e  present k f m e c a b k  f o r  the breeder reactor i s  k e p t ,  o r  a r a p i d  
b reak th rough  occurs  i n  f u s i o n  power,  t h e  p r e d i c t e d  major  r o l e  of nuc lear  energy 
i n  h e l p i n g  t o  p r o v i d e  f o r  the n a t i o n ' s  growing electric power needs i s  a s s u r e d .  
If n o t ,  a c o s t l y  and perhaps  c r i t i c a l  n u c l e a r  f u e l  problem may a r i s e  tha t  c o u l d  
r e t a r d  the growrh i n  the use of n u c l e a r  energy and g r e a t l y  i n c r e a s e  t h e  need f o r  
usf rag coal, 

The development of emission control d e v i c e s  wf14. make i t  p o s s i b l e  to 
meet h igh  a i r  q u a l i t y  s t a n d a r d s  and srill provide whatever  e l e c t r i c  energy i s  
required. Until t h a t  time, however,  he l a c k  oi adequate  low-su l fu r  f u e l  w i l l  
l i m i t  the r a k e  a t  which strict sulfur e m i s s ~ o n  standards can be a p p l i e d  t o  many 
p a r t x  of t h e  n a t i o n  (85). The only a l t e r n a t i v e  will be a cur ta . i lmen t  of power 
produecion. 
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