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C A P T A I N  M c C A F F R E E :  G e n e r a l  Niblo ,  l a d i e s ,  and g e n t l e m e n :  
E l e c t r i c  p o w e r  is  the  c o m m o n  d e n o m i n a t o r  in a l l  of the  i n d u s t r i e s  in 
o u r  v a s t  c o m p l e x .  H o w e v e r ,  it  i s  not  a p p r e c i a t e d  how m u c h  and how 
i n t i m a t e l y  th i s  p o w e r  a f f ec t s  us ,  e i t h e r  i n d u s t r i a l l y  o r  in our  da i ly  
l i v e s .  

O u r  s p e a k e r  on t h i s  v i t a l  s u b j e c t  i s  M r .  V.  M. M a r q u i s ;  and he 
b r i n g s  an e x p e r i e n c e  of 33 y e a r s  in the p o w e r  i n d u s t r y  to t h i s  p l a t f o r m .  
He i s  now V i c e  P r e s i d e n t  and A s s i s t a n t  to the  P r e s i d e n t ,  A m e r i c a n  
G a s  and E l e c t r i c  S e r v i c e  C o r p o r a t i o n ,  in New Y o r k  Ci ty .  

M r .  M a r q u i s ,  i t  i s  m y  p l e a s u r e  to w e l c o m e  you to th i s  p l a t f o r m  
and p r e s e n t  you  to the  s t uden t  body  of the I n d u s t r i a l  C o l l e g e  of the  
A r m e d  F o r c e s .  

MR.  MARQUIS: G e n e r a l  Nib lo ,  l ad ies ,  and g e n t l e m e n :  I a m  v e r y  
happy  to be  h e r e  and  have  the  o p p o r t u n i t y  to d i s c u s s  the s u b j e c t  of 
e l e c t r i c  p o w e r  wi th  you .  

A d m i r a l  Hague  m a d e  the  s u g g e s t i o n  tha t  the  s cope  of the  t a l k  i n -  
c lude  an e v a l u a t i o n  of the  a d e q u a c y  of the  p l anned  e l e c t r i c  p o w e r  e x -  
p a n s i o n  p r o g r a m  t o  m e e t  the c o n c u r r e n t  n e e d s  of our  g r o w i n g  e c o n o m y  
and of n a t i o n a l  e m e r g e n c y ,  and the  ab i l i t y  of e l e c t r i c  p o w e r  p r o d u c t i o n  
and  d i s t r i b u t i o n  f a c i l i t i e s  to r e c o v e r  f r o m  d e s t r u c t i v e  e n e m y  a t t a c k s  
d u r i n g  a p o s s i b l e  f u t u r e  w a r .  I s h a l l  c o m m e n t  on t h e s e  b r o a d  s u b j e c t s ;  
burr, f i r s t ,  I shou ld  l i ke  to d i s c u s s  the e l e c t r i c  p o w e r  i n d u s t r y  a s  i t  i s  
t o d a y ,  and to s a y  s o m e t h i n g  about  the  f u t u r e  p r o s p e c t s  of the i n d u s t r y .  

As  we  a l l  know,  our  e c o n o m y  is  c l o s e l y  i n t e r t w i n e d  and d e p e n d e n t  
upon e l e c t r i c  p o w e r  fo r  o u r  g r e a t  p r o d u c t i v i t y  and  ou r  m a n y  c o n v e n -  
i e n c e s  in the  h o m e .  But ,  w h e t h e r  we a r e  s p e a k i n g  of e i t h e r  p e a c e t i m e  
o r  w a r t i m e  c o n d i t i o n s ,  i t  i s  w e l l  to r e m e m b e r  a l w a y s  tha t  the e c o n o m y  
r e q u i r e s  m a n y  t h i n g s  b e s i d e s  e l e c t r i c  p o w e r .  In the  c a s e  of a l l - o u t  
m o b i l i z a t i o n ,  I th ink  it  i s  s e l d o m  the  c a s e  tha t  p o w e r  i s  the  l i m i t i n g  
f a c t o r .  I t  i s  m o r e  apt  to be w a t e r ,  r a w  m a t e r i a l s ,  t r a n s p o r t a t i o n ,  
w o r k e r s ,  o r  o t h e r  f a c t o r s .  E v e n  in i n d u s t r i a l  o p e r a t i o n s  p o w e r  on ly  
r e p r e s e n t s  about  s e v e n - t e n t h s  of 1 p e r c e n t  of the  c o s t s  of the p r o d u c t ,  
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e x c e p t  in  s o m e  of the  e s p e c i a l l y  h e a v y  e n e r g y - u s i n g  i n d u s t r i e s ,  s u c h  
a s  a l u m i n u m  r e d u c t i o n .  

T h i s  d o e s  not  m e a n  tha t  p o w e r  is  u n i m p o r t a n t .  P o w e r  is  one of 
the  i n d i s p e n s a b l e  f a c t o r s  in an i n d u s t r i a l  e c o n o m y .  It does  m e a n ,  h o w -  
e v e r ,  tha t  p o w e r  m u s t  a l w a y s  be  c o n s i d e r e d  in c o n n e c t i o n  wi th  o t h e r  
k e y  f a c t o r s .  

At t h i s  po in t  I m i g h t  s ay  tha t  I have  had h a n d e d  out  to e a c h  one of 
you  a n u m b e r  of c h a r t s ,  w h i c h  I wi l l  be  r e f e r r i n g  to as  we go a long .  

C h a r t  1, page  3 . - - T h e  i n t e r e s t i n g  r e l a t i o n s h i p  b e t w e e n  e l e c t r i c  
p o w e r  p r o d u c t i o n  and o u r  e c o n o m y  m a y  be r e a l i z e d  by  no t ing  the  c l o s e  
r e l a t i o n s h i p  b e t w e e n  p o w e r  p r o d u c t i o n  and g r o s s  n a t i o n a l  p r o d u c t  (GNP) .  
This '  c h a r t  c a r r i e s  us  t h r o u g h  a deep  d e p r e s s i o n ,  a h e a v y  d e f e n s e  and 
w a r  p e r i o d ,  the  c o m i n g  out  of a w a r  p e r i o d ,  the  m o r e  r e c e n t  K o r e a n  
e x p e r i e n c e ,  and the  g r o w t h  s i n c e  tha t  t i m e .  It w i l l  be  n o t i c e d  tha t  t h e s e  
two c u r v e s  a r e  v e r y  c l o s e l y  l i nked ,  e x c e p t  t ha t  the  p o w e r  c u r v e  is  m o v i n g  
c o n s i d e r a b l y  f a s t e r  t han  the  G N P  c u r v e .  It i s  e v i d e n t  f r o m  th i s  c u r v e  
tha t  the r e t u r n  to a n o r m a l  t r e n d  was  m u c h  f a s t e r  a f t e r  the  d e e p  i n d u s -  
t r i a l  d e p r e s s i o n  than  in the  G N P  c u r v e .  E l e c t r i c  p o w e r  i s  u n d o u b t e d l y  
one of the  e s s e n t i a l s  t ha t  h e l p s  us  to get  u n d e r  way  aga in  and out  of an  
i n d u s t r i a l  d e p r e s s i o n .  

C h a r t  2, page  4. - - I t  i s  a l s o  of i n t e r e s t  to s ee  how we c o m p a r e  wi th  
o t h e r  c o u n t r i e s  in the  p r o d u c t i o n  of e l e c t r i c i t y .  Th i s  c h a r t  g i v e s  the  
l a t e s t  f i g u r e s  on the  p r o d u c t i o n  of e l e c t r i c  e n e r g y  t o t a l  and p e r  c a p i t a  
in the  v a r i o u s  c o u n t r i e s  of the  w o r l d .  

I t  h a r d l y  n e e d s  to be  po in ted  out t ha t  the  Uni ted  S t a t e s  l e a d s  a l l  of 
these,  c o u n t r i e s  in the  p r o d u c t i o n  of e l e c t r i c i t y .  The  p r o d u c t i o n  by  the  
u t i l i t i e s  in the Uni ted  S t a t e s  fo r  1954 w a s  in the  a m o u n t  of 471 b i l l i o n  
k i l o w a t t - h o u r s .  An a d d i t i o n a l  73 b i l l i on  k i l o w a t t - h o u r s  was  p r o d u c e d  
by  i n d u s t r i a l  and r a i l w a y  p l an t s ,  m a k i n g  a g r a n d  to t a l  of 544 b i l l i o n  
k i l o w a t t - h o u r s  p r o d u c e d  in t h i s  c o u n t r y .  None of the o t h e r  c o u n t r i e s  
a p p r o a c h  th i s  p r o d u c t i o n .  

In the  c a s e  of the  p e r  c a p i t a  f i g u r e s ,  bo th  N o r w a y  and C a n a d a  a r e  
h i g h e r  t han  the  Uni ted  S t a t e s .  In e a c h  c a s e  t h e r e  a r e  s p e c i a l  s i t u a t i o n s  
tha t  a c c o u n t  fo r  t h i s  c o n d i t i o n .  
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C h a r t  3, p a g e  6. - - T o  c a r r y  t h i s  c o m p a r i s o n  a l i t t l e  f u r t h e r ,  i t  
i s  o f  i n t e r e s t  t o  l o o k  a t  t h i s  c h a r t  a n d  to  n o t e  t h a t  o u r  p o s i t i o n ,  a s  
c o m p a r e d  to  o t h e r  c o u n t r i e s ,  in  t h e  p r o d u c t i o n  of  e l e c t r i c  p o w e r  h a s  
r e m a i n e d  a b o u t  t h e  s a m e  o v e r  t h e  e n t i r e  p e r i o d  f r o m  1920 to  d a t e ,  in  
t h e  l e n g t h  o f  t i m e  s h o w n  on t h e  c h a r t ;  a n d  a c c o u n t s  f o r  a r o u n d  40 p e r -  
c e n t  of  t h e  w o r l d ' s  p r o d u c t i o n  of  e l e c t r i c i t y .  

Another point of interest is the growth in production by Soviet 
Russia. It accounted for about only four-tenths of 1 percent of the 
world's use in 1920; but this has grown to i0.6 percent in 1952. And, 
of course, it is higher than that now. 

I t  w i l l  b e  n o t e d  t h a t  in  t h e  c a s e  of  W e s t  G e r m a n y  t h e  t r e n d  h a s  
b e e n  d o w n w a r d .  H o w e v e r ,  i t  s e e m s  q u i t e  c e r t a i n  t h a t  t h i s  t r e n d  w i l l  
r e v e r s e  a n d  c o m e  b a c k  m o r e  n e a r l y  t o  i t s  p r o p e r  p o s i t i o n .  

C h a r t  4, p a g e  7. - - T h i s  c h a r t  g i v e s  s o m e  i d e a  a s  to  t h e  k i n d  of  job  
t h a t  h a s  b e e n  d o n e  in  t h e  U n i t e d  S t a t e s  o v e r  t h e  p a s t  30 y e a r s  o r  s o .  
F r o m  t h i s  i t  c a n  b e  s e e n  t h a t  t h e  p o p u l a t i o n  i n c r e a s e d  s o m e  50 p e r c e n t ,  
w h i l e  t o t a l  e l e c t r i c  e n e r g y  i n c r e a s e d  s o m e  800 p e r c e n t ,  o r  16 t i m e s  a s  
m u c h  a s  t h e  p o p u l a t i o n .  T h i s  s u g g e s t s  w h a t  h a s  b e e n  d o n e  in  t h i s  c o u n -  
t r y  i n  m a k i n g  an  a b u n d a n c e  of  p o w e r  a v a i l a b l e  f o r  a l l  n e e d s .  

E x p a n s i o n  of  p o w e r  f a c i l i t i e s  i s  s t i l l  c o n t i n u i n g  in  t h i s  c o u n t r y  a t  
a n  a c c e l e r a t e d  p a c e .  T h e  b e s t  e s t i m a t e s  t o d a y  a r e  t h a t  t h e  u s e  of  e l e c -  
t r i c  p o w e r  in  t h e  U n i t e d  S t a t e s  w i l l  d o u b l e  o v e r  t h e  n e x t  11 y e a r s ,  a n d  
t h i s  i s  a b o u t  w h a t  h a s  b e e n  h a p p e n i n g  in t h e  p a s t .  A c t u a l l y ,  f r o m  t h e  
p e r i o d  1925 t h r o u g h  1953 t h e  l o n g - t e r m ,  a n n u a l l y  c o m p o u n d e d  g r o w t h  
t r e n d  w a s  6 . 4  p e r c e n t ;  f o r  t h e  p e r i o d  1 9 3 2 - 5 3  i t  w a s  7 . 5  p e r c e n t ;  a n d  
f o r  t h e  p e r i o d  1 9 3 9 - 5 3  i t  w a s  8 . 1  p e r c e n t .  T h e s e  f i g u r e s  a p p l y  to  t h e  
e l e c t r i c  u t i l i t y  i n d u s t r y ,  b u t  do  n o t  i n c l u d e  p r o d u c t i o n  in e l e c t r i c  p o w e r  
p l a n t s  o w n e d  b y  i n d u s t r i a l s .  

S i n c e  t h e  e n d  of  W o r l d  W a r  H, t h e  c a p a b i l i t y  of  t h e  u t i l i t y  s y s t e m s  
h a s  a b o u t  d o u b l e d .  On  21 O c t o b e r  1954 t h e  c o m b i n e d  u t i l i t y  f a c i l i t i e s  
in  t h i s  c o u n t r y  r e a c h e d  a c a p a b i l i t y  o f  100 m i l l i o n  k i l o w a t t s .  T h i s  w a s  
s o m e t h i n g  of  a t r i b u t e  t o  t h e  7 5 t h  a n n i v e r s a r y  of  t h e  d i s c o v e r y  of t h e  
e l e c t r i c  l i g h t  b y  T h o m a s  A .  E d i s o n ,  a n  e v e n t  t h a t  h a s  b e e n  c e l e b r a t e d  
t h i s  y e a r  a s  t h e  G o l d e n  J u b i l e e  of  t h e  E l e c t r i c  L i g h t .  

D u r i n g  1954 t h e  g e n e r a t i n g  c a p a b i l i t y  of t h e  s y s t e m s  w a s  i n c r e a s e d  
b y  1 1 . 5  m i l l i o n  k i l o w a t t s ,  w h i l e  in  1953 t h e  i n c r e a s e  w a s  j u s t  o v e r  10 
m i l l i o n  k i l o w a t t s .  S o m e  12 m i l l i o n  k i l o w a t t s  i s  s c h e d u l e d  f o r  c o m p l e t i o n  
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1 2 8 2  '- 

C H A R T  3 

YEAR 

World Product ion 

U. S. Product ion  

Percent  Use: 

Uni ted States 

Canada 

Uni ted Kingdom 

France 

U.S.S.R. 

Japan 

Germany 

ESTIMATED WORLD PRODUCTION 
PERCENT OF USE BY THE 

AND VARIOUS OTHER 

OF ELECTRIC ENERGY 
UNITED STATES 
COUNTRIES 

IN MILLIONS OF KWH 

1920 

126,000 

56,559 

q . ; . 9  

1930 

310,000 

I I t i ,637 

37.0 

19;0 

505,000 

179,907 

35.6 

1950 

919,000 

388,67;  

q2.3 

u,.7 

5.1 

; . 3  

5.5 

6.8 

5.8 

5.3 

5.0 

2.7 

q.5 

9.35 

6.7 

6.7 

3%; 

m 

6.1 

12.5 

6.2 

6.0 

3.8 

9.8 

; . 2  

; . 8 "  

1953 

1 ,2 ;5 ,700  

513,518 

; I  .2 

5.7 

5 . ;  

3.3 

10.7 

; . 5  

~.9 

SOURCE: E.E.I.  
=West Germany Only 



POWER 

C H A R T  4 

PRODUCTION AND GROWTH 
IN THE 

UNITED STATES 
1920-195# 

IN POPULATION 

1 2 8 3  

Year 

1920 

1925 

1930 

1935 

19qo 

19q, I 

19q.2 

19q.3 

19qq. 

19q5 

19q6 

19q.7 

19q8 

19q.9 

1950 

1951 

1952 

1953 

195q. 

Populat ion 
(O00's) 

106,q66 

115,832 

123,077 

127,250 

131,070 

133,203 

13;,665 

136,q97 

138,083 

139,586 

Iq l ,235  

Iqq,O2q 

Iq6,571 

Iq9,215 

151,689 

15q,353 

156,981 

159,696 

163,211" 

KWH Produced 
(O00,O00's) 

56,559 

8q,666 

I iq ,637 

118,935 

179,937 

208,307 

233, 179 

267,5qo 

279,525 

271,255 

269,609 

307,q00 

KWH/Capita 

531 

731 

931 

935 

1,373 

1,56q 

1,732 

'1,960 

2,02q 

1,9q3 

I , 909 
2,13q 

336,808 

3q5,066 

388,67q 

q32,319 

q62,589 

513,618 

54q,000"* 

2,298 

2,312 

2,562 

2,80 I 

2,9q7 
3,216 

3,333 

, Estimate as of October, 195~p Oept. Comm. 
* *  Estimated by E,Eol .  
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in  1955, w i t h  s o m e  t a p e r i n g  off in 1956 and 1957. The  r a p i d l y  e x p a n d -  
ing  u s e  of e l e c t r i c i t y  w i l l  c a l l  fo r  new c a p a c i t y  of abou t  t h i s  a m o u n t  to  
be a d d e d  e a c h  y e a r ;  t ha t  i s ,  s o m e t h i n g  of the  o r d e r  of 10 o r  12 m i l l i o n  
k i l o w a t t s .  

C h a r t  5, page  9. - - W i t h  s u c h  l a r g e  y e a r l y  i n c r e m e n t s  of new g e n -  
e r a t i n g  c a p a c i t y ,  i t  i s  of i n t e r e s t  to r e v i e w  what  h a s  h a p p e n e d  to the  
o p e r a t i n g  e f f i c i e n c y  of t h e s e  new u n i t s .  T h i s  c h a r t  shows  the  i m p r o v e -  
m e n t s  in e f f i c i e n c y  in the  g e n e r a t i o n  of e l e c t r i c  p o w e r  d u r i n g  the  r a p i d l y  
e x p a n d i n g  p e r i o d  f r o m  1940 to da te  and e s t i m a t e d  t h r o u g h  1968. The  
c u r v e s  show the B r i t i s h  t h e r m a l  un i t s  of h e a t  e n e r g y  r e q u i r e d  to p r o -  
duce  one  k i l o w a t t - h o u r  of e l e c t r i c i t y  d u r i n g  the  1 4 - y e a r  p e r i o d ,  and  the  
e x p e c t e d  f u r t h e r  i n c r e a s e  in e f f i c i e n c y  d u r i n g  the nex t  14 y e a r s .  

L e t  m e  s top  h e r e  to s a y  tha t  a B T U  is  the a m o u n t  of hea t  r e q u i r e d  
to r a i s e  the  t e m p e r a t u r e  of one pound of w a t e r  one d e g r e e  F at  m a x i -  
m u m  d e n s i t y ,  wh ich  I b e l i e v e  is  a r o u n d  40 d e g r e e s  F .  One k i l o w a t t -  
h o u r  is  the  e q u i v a l e n t  of about  3 ,415  B T U ' s .  So tha t ,  if  you  have  a 
100 p e r c e n t  e f f i c i e n c y ,  you  get  a k i l o w a t t - h o u r  fo r  3 ,415  B T U ' s .  

The  a v e r a g e  fo r  a l l  u t i l i t y  p l an t s  d e c r e a s e d  f r o m  16,000 to 13 ,000  
B T U ' s  p e r  k w . - h r ,  f r o m  1940 to 1954. We have  e s t i m a t e d  tha t  in p r o -  
j e c t i n g  t h i s  to 1968 a f u r t h e r  r e d u c t i o n  f r o m  13,000 to 10 ,000  i s  to be  
e x p e c t e d .  Th i s  e s t i m a t e  i s  j u s t i f i e d  by  a look a t  the  s e c o n d  c u r v e ,  
showing  the  p e r f o r m a n c e  of the m o s t  e f f i c i e n t  s t e a m  p lan t  in the  c o u n -  
t r y .  T h e r e  i s ,  of c o u r s e ,  a d i r e c t  r e l a t i o n s h i p  b e t w e e n  the  a v e r a g e  
p e r f o r m a n c e  and  tha t  of the  new and m o s t  e f f i c i e n t  p l a n t s .  

D u r i n g  the  l a s t  s e v e n  y e a r s  the m o s t  e f f i c i e n t  p lan t s  in the Uni ted  
S t a t e s ,  and in the  w o r l d ,  f o r  tha t  m a t t e r ,  w e r e  as  fo l lows:  In 1948 
the  P o r t  W a s h i n g t o n  p lan t  in M i l w a u k e e ,  W i s c o n s i n  P o w e r  and L i g h t  
C o m p a n y ,  10 ,588 .  In 1949 S e w a r e n ,  P u b l i c  S e r v i c e  E l e c t r i c  and Gas  
of New J e r s e y ,  10 ,437 .  Then  f r o m  1950-54 we w e r e  f o r t u n a t e  e n o u g h  
to  ho ld  the r e c o r d  in ou r  s y s t e m .  In 1950 it  was  the  P h i l l i p  Spo rn ,  
w i th  9 ,378 ;  in 1951, T a n n e r s  C r e e k ,  wi th  9 ,354 ;  aga in  in 1952, T a n -  
n e r s  C r e e k ,  wi th  9 ,303 ;  in 1953, K a n a w h a ,  wi th  9 ,249 ;  and in 1954, 
K a n a w h a  aga in ,  wi th  9 , 0 9 9 .  

We e x p e c t  the new P h i l o  No. 6 uni t  on the  A.  G. 
have  a hea t  r a t e  of aboVe 8 ,500  B T U ' s  p e r  kw.  - h r .  
o v e r  40 p e r c e n t  t h e r m a l  e f f i c i e n c y .  

& E .  s y s t e m  wi l l  
Th i s  i s  a l i t t l e  
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1286 
T h i s  P h i l o  un i t  w i l l  be  the  f i r s t  one in the  c o u n t r y  to o p e r a t e  above  

c r i t i c a l  p r e s s u r e .  The  p r e s s u r e  w i l l  be  4 ,500  pounds  and wi l l  have  
two s t a g e s  of r e h e a t .  The  i n i t i a l  t e m p e r a t u r e  w i l l  be  1150 d e g r e e s .  
The  f i r s t  s t a g e  of r e h e a t  wi l l  be  1050, the s e c o n d  1000. 

In a n o t h e r  d e c a d e  the  i n d u s t r y  shou ld  r e a c h  hea t  r a t e s  of a r o u n d  
7 , 5 0 0  B T U ' s  p e r  k w . - h r . ,  and p e r h a p s  r e a c h  7 ,200  by 1975. To  
a c h i e v e  t h i s  goa l  wi l l  r e q u i r e  a g r e a t  d e a l  of r e s e a r c h  and e x p e r i e n c e ,  
but  I a m  s u r e  it  w i l l  be r e a c h e d .  

In o t h e r  w o r d s ,  look ing  at  t h i s  i n d u s t r y w i d e ,  28 b i l l i o n  m o r e  
k i l o w a t t - h o u r s  than  in 1953 w e r e  p r o d u c e d  in 1954, out of the  s a m e  
a m o u n t  of c o a l .  The  ga in  was  about  8 .2  p e r c e n t .  

E x p a n s i o n  n a t u r a l l y  r e q u i r e s  tha t  l a r g e  s u m s  of m o n e y  m u s t  be  
r a i s e d  by  the  u t i l i t i e s .  It i s  r e a s o n a b l e  to e x p e c t  tha t  to f i n a n c e  the  
p r o g r a m  m a y  r e q u i r e  an a v e r a g e  of a l m o s t  5 b i l l i o n  d o l l a r s  p e r  y e a r  
o v e r  the  nex t  15 y e a r s .  The  u t i l i t y  i n d u s t r y  is  c o n f i d e n t  tha t  it  can  
r a i s e  the  m o n e y  r e q u i r e d  to c a r r y  out t h i s  p r o g r a m .  

T h e r e  a r e  a l s o  m a n y  r e a s o n s  to e x p e c t  a c o n t i n u e d  g r o w t h  in the  
u s e  of e l e c t r i c  e n e r g y .  J u s t  as  an e x a m p l e ,  the  a v e r a g e  a n n u a l  r e s i -  
d e n t i a l  u s e  in t h i s  c o u n t r y  has  i n c r e a s e d  f r o m  447 kw.  - h r .  in 1930 to 
2 , 5 4 0  k w . - h r ,  in 1954; in s o m e  a r e a s  it  is  above  5 , 0 0 0 .  

S a l e s  to d o m e s t i c  c u s t o m e r s  a lone  in 1954 w e r e  g r e a t e r  t han  the  
t o t a l  s a l e s  to al l  c l a s s e s  of c u s t o m e r s  on ly  15 y e a r s  ago .  A h o m e  wi th  
a l l  the  m a j o r  a p p l i a n c e s ,  i n c l u d i n g  the  h e a t  pump ,  m a y  use  as  m u c h  
as  20 ,000  k w . - h r ,  p e r  y e a r .  T h e r e  a r e  m a n y  s u c h  h o m e s  a t  p r e s e n t .  
E v e r y  h o m e  in the  c o u n t r y  c e r t a i n l y  wi l l  not  have  a hea t  pump;  h o w -  
e v e r ,  t h i s  d e v i c e  is  r e a l l y  b e g i n n i n g  to t ake  hold ,  and wi l l  be  u s e d  e x -  
t e n s i v e l y  in the f u t u r e .  Some h o m e s  w i l l  u s e  e l e c t r i c  s p a c e  h e a t i n g  
and  a i r  c o n d i t i o n i n g  i n s t e a d  of the h e a t  p u m p .  T h e s e  m a j o r  u s e s ,  
a long  wi th  a l l  the  o t h e r  a p p l i a n c e s  in the  h o m e ,  w i l l  g r e a t l y  i n c r e a s e  
d o m e s t i c  c o n s u m p t i o n  of e l e c t r i c i t y .  Mos t  f a r m s  in the  Uni ted  S t a t e s  
a r e  now e l e c t r i f i e d ,  but  fo r  the m o s t  p a r t  t h e y  a r e  j u s t  b e g i n n i n g  to 
t ake  a d v a n t a g e  of e l e c t r i c  p o w e r ;  and fo r  t h i s  r e a s o n  f a r m  u s e  w i l l  
g r a d u a l l y  be  e x p a n d e d .  Use  in the  c o m m e r c i a l  f i e ld ,  l i k e w i s e ,  i s  
g r o w i n g  at  a r a p i d  p a c e .  

C h a r t  6, page  11. - - O n e  of the  b e s t  w a y s  to s e e  wha t  i s  h a p p e n i n g  
in the  u s e  of e l e c t r i c i t y  in i n d u s t r y  is  by r e f e r e n c e  to th i s  c h a r t  w h i c h  
s h o w s  the  a c t u a l  and p r e d i c t e d  k i l o w a t t - h o u r s  p e r  m a n - h o u r  u s e .  
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1 2 8 8  
In  1940 t h e  k i l o w a t t - h o u r s  p e r  m a n - h o u r  in  i n d u s t r y  w e r e  a b o u t  4 . 9 .  
B y  1952 i t  h a d  r i s e n  t o  7 . 6 .  I t  i s  e s t i m a t e d  t h a t  by  1968 i t  w i l l  b e  
a b o u t  18. T h i s  t r e n d  w i l l  c o n t i n u e .  It  i s  t h e  w a y  o u r  n a t i o n a l  p r o -  
d u c t i v i t y  a n d  p r o d u c t i o n  p e r  m a n - h o u r  h a v e  b e e n  b r o u g h t  u p  in  t h e  
p a s t ,  a n d  i s  u n d o u b t e d l y  t h e  w a y  t h a t  i n c r e a s e d  p r o d u c t i v i t y  in  t h e  
f u t u r e  w i l l  be  a c c o m p l i s h e d .  

T h e  e l e c t r i c  i n d u s t r y  h a s  g r o w n  a t  a r a p i d  p a c e  a s  a r e s u l t  o f  
t h e  n o r m a l  d e m a n d  f o r  p o w e r  a n d  d u e  to  t h e  a g g r e s s i v e  s e l l i n g  c a m -  
p a i g n s  o f  t h e  u t i l i t i e s .  B u t  t h e  q u e s t i o n s  n a t u r a l l y  a r i s e  a s  to  h o w  
w e l l  t h e  i n d u s t r y  c o u l d  m e e t  a s h a r p l y  s t e p p e d - u p  o r  a l l - o u t  m o b i l i z a -  
t i o n  p r o g r a m ;  w h a t  a d d i t i o n s  w o u l d  be  n e e d e d  d u r i n g  t h e  p e r i o d ;  a n d  
w h a t  p o s i t i o n  t h e  u t i l i t i e s  w o u l d  be  in  t o  m e e t  t h e  r e c o v e r y  p r o g r a m  
a f t e r  t h e  e m e r g e n c y  i s  o v e r .  

In  c a s e  we  w e r e  f a c e d  w i t h  an  a l l - o u t  e f f o r t ,  q u i t e  a n u m b e r  o f  
t h i n g s  w o u l d  h a p p e n  t h a t  a f f e c t  t h e  p o w e r  s i t u a t i o n .  A g r e a t  m a n y  f a c -  
t o r i e s  w o u l d  i m m e d i a t e l y  s t a r t  m a n u f a c t u r i n g  p r o d u c t s  f o r  m o b i l i z a -  
t i o n .  T h u s  s o m e  o f  t h e s e  s p e c i a l  r e q u i r e m e n t s  w o u l d  be  m e t  b y  d i s -  
p l a c e m e n t .  In c e r t a i n  a r e a s  t h e  i n d u s t r i a l  p o w e r  l o a d  w o u l d  a c t u a l l y  
d r o p  o f f  u n t i l  c o m p l e t e  c o n v e r s i o n  c o u l d  be  a c c o m p l i s h e d .  T h e  m a n u -  
f a c t u r e  o f  m a n y  p e a c e t i m e  i t e m s  f o r  c i v i l i a n  u s e  w o u l d  p r o b a b l y  b e  
s t o p p e d  a n d  w o u l d  r e l e a s e  s o m e  p o w e r  f o r  o t h e r  u s e s .  S i m u l t a n e o u s l y ,  
t h e  d e s i g n  a n d  c o n s t r u c t i o n  of  m a n y  n e w  f a c t q r i e s  w o u l d  b e  s t a r t e d  f o r  
t h e  p r o d u c t i o n  o f  a d d i t i o n a l  w a r  m a t e r i a l s .  

In most cases new factories can be built considerably faster than 
electric power plants. As a rough guide to this, industrial plants 
could probably be built in from less than a year to perhaps 18 months, 
while power plants require between two and three years. 

Fortunately, to meet this potential unbalance, we have consider- 
able cushion. This consists of encroaching on our reserve capacity, 
that is, the difference between our generating capability and the load 
we will have to carry; and by adopting nationwide daylight-saving time; 
and by making full use of all facilities of the large interconnected sys- 
tem groups. 

Also industry would go to additional shifts, and this would be a 
gain. In World War II the average utility system's load factor in- 
creased from about 60 percent to 67 percent, resulting in an equivalent 
increase in production at no increase in peak demand. It is, of course, 
well known that by working three shifts, you don't produce three times 
as much. 
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B u t  j u s t  w h e r e  w o u l d  t h i s  l e a v e  u s  p o w e r w i s e  i f  we  f a c e d  s u c h  

a n  e m e r g e n c y  in  t h e  n e a r  f u t u r e ?  H o w ,  f o r  e x a m p l e ,  w o u l d  we  c o m -  
p a r e  w i t h  W o r l d  W a r  II  e x p e r i e n c e ?  A c t u a l l y ,  in  W o r l d  W a r  II t h e  
h e a v y  d e f e n s e  p r o g r a m  s t a r t e d  in  1939,  a n d  a t  t h a t  t i m e  t h e  u t i l i t i e s  
h a d  a b o u t  3 8 . 9  m i l l i o n  k i l o w a t t s  o f  c a p a c i t y  and  a l o a d  of  s o m e  2 8 . 7  
m i l l i o n  k i l o w a t t s ,  o r  a b o u t  10 m i l l i o n  k i l o w a t t s  of  g r o s s  m a r g i n  o r  
r e s e r v e .  In  p e r c e n t a g e  t h i s  a m o u n t e d  to  a b o u t  35 p e r c e n t .  T h e  r e -  
s e r v e s  w e r e  h i g h  a t  t h a t  t i m e  b e c a u s e  t h e  l o a d  h a d  d r o p p e d  o f f  v e r y  
s h a r p l y  d u r i n g  t h e  d e p r e s s i o n  a n d  h a d  n o t  y e t  r e t u r n e d  to  a n y t h i n g  l i k e  
n o r m a l  t r e n d s .  

C h a r t  7, p a g e  14. - - T h i s  c h a r t  s h o w s  t h e  a c t u a l  g e n e r a t i n g  c a p a -  
b i l i t y  l o a d ,  g r o s s  m a r g i n ,  a n d  p e r c e n t  m a r g i n  f o r  1 9 5 3 - 5 4 ;  a n d  t h e  
e s t i m a t e d  v a l u e s  f o r  1955.  1956 a n d  1957.  C h a r t  8, p a g e  15, s h o w s  
t h e s e  s a m e  d a t a  in  c h a r t  f o r m .  

I t  w i l l  b e  s e e n ,  f o r  e x a m p l e ,  t h a t  in  1953 t h e  c a p a b i l i t y  w a s  a 
l i t t l e  o v e r  92 m i l l i o n  k i l o w a t t s  a n d  t h e  l o a d  a b o u t  7 8 . 5  m i l l i o n ,  g i v i n g  
a g r o s s  m a r g i n  o f  1 3 . 8  m i l l i o n  k i l o w a t t s ,  o r  1 7 . 6  p e r c e n t .  I t  i s  e s t i -  
m a t e d  t h a t  b y  1956 t h e  g r o s s  m a r g i n  w i l l  b e  c l o s e  t o  21 m i l l i o n  k i l o -  
w a t t s ,  o r  25 p e r c e n t .  T h i s  s h o w s  t h a t ,  a l t h o u g h  t h e  p e r c e n t a g e  i s  
c o n s i d e r a b l y  l o w e r  t h a n  1939,  t he  a c t u a l  g r o s s  m a r g i n  in  k i l o w a t t s  i s  
a t  t h e  p r e s e n t  t i m e  c o n s i d e r a b l y  g r e a t e r  t h a n  1939.  In 1954  t h e  c a p a -  
b i l i t y  r e a c h e d  a b o u t  104 m i l l i o n  k i l o w a t t s ,  t h e  l o a d  a b o u t  87 m i l l i o n ,  
l e a v i n g  a g r o s s  m a r g i n  of  a l m o s t  17 m i l l i o n ,  o r  a l i t t l e  o v e r  19 p e r c e n t .  

T h i s  m e a n s  t h a t  a t  t he  p r e s e n t  t i m e  o u r  r e s e r v e s  in  k i l o w a t t s  a r e  
s u b s t a n t i a l l y  h i g h e r  t h a n  t h e y  w e r e  a t  t h e  b e g i n n i n g  of  t h e  d e f e n s e  p e r i o d  
p r i o r  to  W o r l d  W a r  II .  T h e  g e n e r a l  t h i n k i n g  t h r o u g h o u t  t h e  i n d u s t r y  
s i n c e  W o r l d  W a r  II h a s  b e e n  t h a t  t h e  g r o s s  r e s e r v e s ,  t h a t  i s ,  t h e  d i f -  
f e r e n c e  b e t w e e n  l o a d  a n d  c a p a b i l i t y ,  s h o u l d  b e  a b o u t  15 p e r c e n t .  O u r  
o w n  t h i n k i n g  in  c o n n e c t i o n  w i t h  s y s t e m  p l a n n i n g  i s  t h a t  13 p e r c e n t  i s  
a d e q u a t e  u n d e r  p r e s e n t  c o n d i t i o n s ;  a n d  t h a t ,  a s  t i m e  g o e s  on ,  t h a t  w o u l d  
i n c r e a s e  a s  we  go  to  l a r g e r  g e n e r a t i n g  u n i t s .  

T h e  r e s e r v e s  a t  p r e s e n t  a r e  c o n s i d e r a b l y  a b o v e  t h e  13 to  15 p e r -  
c e n t  n o w ,  b e c a u s e  l o a d s  in  s o m e  a r e a s  h a v e  b e e n  s o m e w h a t  b e l o w  t h o s e  
p r e d i c t e d  a t  t h e  t i m e  t h e  p r e s e n t  n e w  c a p a c i t y  w a s  c o m m e n c e d .  A r e -  
t u r n  t o  t h e  n o r m a l  t r e n d  w i l l  g r a d u a l l y  c l o s e  t h i s  g a p .  

The purpose of reserve generating capacity on utility systems is 
to take care of scheduled and emergency outages of equipment and to 
provide for load growth. At least the portion held for load growth can 
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1290 CHART 7 

LOAD AND CAPACITY SITUATION 

ELECTRIC POWER SYSTEMS OF THE UNITED STATES 

YEAR 

1953 

195q. 1 

1955 1 

I 956 1 

1957 z 2 

CAPABILITY 
HH 

92,336 

10~ ,15 ;  

116,537 

123,~18 

129,297 

PEAK LOAD 
HW 

78,531 

87,322 

95,893 

102,~52 

109,113 

GROSS 
MARGIN 

HW 

13,805 

16,832 

2 0 , 6 ~  

20,966 

20,18~ 

GROSS 
MAROIN 

17.6 

19.3 

21 .5  

20.5  

18.5 

1 Estimated 

2 1957 capab i l i t y  addit ions not cornpletel~ schedu]ed 

SOURCE: E.EoI° 
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:[292 
s a f e l y  be u s e d  fo r  a d d e d  m o b i l i z a t i o n  l o a d s ,  and we cou ld  e n c r o a c h  
on r e s e r v e s  n o r m a l l y  d e s i r e d  fo r  s c h e d u l e d  and e m e r g e n c y  o u t a g e s ,  
a t  l e a s t  d u r i n g  the  i n i t i a l  p e r i o d s  of fas t  load  bu i ldup .  Thus  it shou ld  
be  sa fe  in a n a t i o n a l  e m e r g e n c y  t o  p e r h a p s  r e d u c e  r e s e r v e s  to abou t  
8 p e r c e n t ,  but  wi th  a de f in i t e  p lan  to at l e a s t  m a i n t a i n  t h i s  v a l u e  and  
t r y  to i m p r o v e  it once  the  i n i t i a l  i m p a c t  h a s  b e e n  m e t .  

But  a c t u a l l y ,  when  you  have  8 p e r c e n t  r e s e r v e ,  you  h a v e  ~ e a l l y  no 
r e s e r v e  in t e r m s  of load g r o w t h ,  b e c a u s e  it wi l l  r e q u i r e  about  t ha t  m u c h  
to t ake  c a r e  of the  s c h e d u l e d  and e m e r g e n c y  o u t a g e s  of g e n e r a t i n g  e q u i p -  
m e n t .  

T h e n  t h e r e  is  the  m a t t e r  of s y s t e m  r e g u l a t i o n .  On t h e s e  l a r g e  i n -  
t e r c o n n e c t e d  s y s t e m s  it was  found tha t  o p t i m u m  r e s u l t s  a r e  o b t a i n e d  
if  s y s t e m  f r e q u e n c y  is  c l o s e l y  c o n t r o l l e d .  As s y s t e m s  g r e w  i t  w a s  
found a l m o s t  i m p o s s i b l e  to c o n t r o l  f r e q u e n c y  m a n u a l l y  at  the  m a n y  s t a -  
t i o n s .  Th i s  led  to a u t o m a t i c  f r e q u e n c y  c o n t r o l .  It w a s  n e c e s s a r y  to 
r e f i n e  the  a u t o m a t i c  c o n t r o l  by a s o - c a l l e d  b i a s  f e a t u r e .  Th i s  m a k e s  
i t  p o s s i b l e  fo r  e a c h  g e n e r a t i n g  p lan t  o r  s y s t e m  to f u r n i s h  i t s  p r o p e r  
s h a r e  of r e g u l a t i n g  c a p a c i t y  for  f r e q u e n c y  control , ,  and at  the  s a m e  t i m e  
n o r m a l l y  m a i n t a i n  s c h e d u l e d  load ing  on i n t e r c o n n e c t i n g  t r a n s m i s s i o n  
l i n e s .  

So fo r  t h e s e  r e a s o n s  i t  i s  i m p o r t a n t  to m a i n t a i n  p r o p e r  r e s e r v e  
c a p a c i t y  on the  s y s t e m .  It i s  v e r y  d i f f i cu l t  to  s e l l  t h i s  i d e a  d u r i n g  t i m e s  
of n a t i o n a l  e m e r g e n c i e s - - a s  we found by  e x p e r i e n c e  d u r i n g  W o r l d  W a r  rt, 
and m o r e  r e c e n t l y ,  d u r i n g  the K o r e a n  W a r .  

If we a s s u m e  a c a s e  in the  f u t u r e  w h e r e  o u r  r e s e r v e s  w e r e  abou t  
15 p e r c e n t ,  we  wou ld  have  7 p e r c e n t  a v a i l a b l e  fo r  i n t e r i m  p o w e r  r e -  
q u i r e m e n t s  on the  b a s i s  of the m i n i m u m  r e s e r v e s  j u s t  m e n t i o n e d .  If 
we a s s u m e  the  load  at  t ha t  t i m e  is  125 m i l l i o n  k i l o w a t t s  in the  c o u n t r y ,  
t ha t  would  g ive  us  about  8 .75  m i l l i o n  k i l o w a t t s  of a v a i l a b l e  c a p a c i t y .  
Undoub ted ly  we  wou ld  go to n a t i o n w i d e  d a y l i g h t - s a v i n g  t i m e  and p r o b -  
ab ly  p i ck  up a n o t h e r  m i l l i o n  and a q u a r t e r  of peak  c a p a c i t y .  Th i s  wou ld  
b r i n g  us  up to 10 m i l l i o n  k i l o w a t t s ,  w h i c h  cou ld  be  f u r t h e r  i n c r e a s e d  
by  v e r y  c l o s e  s u p e r v i s i o n  of the  o p e r a t i o n  of the  w i d e s p r e a d  i n t e r c o n -  
n e c t e d  s y s t e m s .  T h i s  would  a s s u m e ,  of c o u r s e ,  t ha t  w h a t e v e r  c o n -  
s t r u c t i o n  p r o g r a m  was  u n d e r  way  on the  p a r t  of the  u t i l i t i e s  wou ld  be  
a l l o w e d  to be  c a r r i e d  t h r o u g h  to c o m p l e t i o n .  It would  thus  a p p e a r  t h a t ,  
shou ld  an e m e r g e n c y  o c c u r  in the n e a r  f u t u r e ,  we would  be  in e x c e l l e n t  
s h a p e  to get  the  i n i t i a l  n e c e s s a r y  i n d u s t r i a l  e x p a n s i o n  u n d e r  way .  
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But ,  s i n c e  load  g r o w t h  wi l l  o c c u r ,  new g e n e r a t i n g  c a p a c i t y  m u s t  
be  added  if we a r e  to m a i n t a i n  even  the  r e d u c e d  r e s e r v e s .  D u r i n g  
the  i n i t i a l  s t a g e s  of W o r l d  W a r  II, the  p o w e r  f a c i l i t i e s  s c h e d u l e d  o r  
u n d e r  c o n s t r u c t i o n  w e r e  i m m e d i a t e l y  r e v i e w e d ,  and m a n y  p r o j e c t s  
w e r e  s topped  to s a v e  c r i t i c a l  m a t e r i a l s .  W o r k  was  h a l t e d  on p r o j e c t s  
t o t a l i n g  s o m e  4 m i l l i o n  k i l o w a t t s .  F o r  a p p r o v e d  un i t s  and p l a n t s ,  e v e r y  
e f f o r t  w a s  m a d e  to m a i n t a i n  r e q u i r e d  o p e r a t i n g  d a t e s  by i m p r o v e d  p r i -  
o r i t y  r a t i n g s .  But  even  wi th  th i s  a s s i s t a n c e  v e r y  few un i t s  w e r e  o p e r -  
a t i ng  on s c h e d u l e d  d a t e s .  As the  w a r  p r o g r e s s e d ,  o t h e r  c a p a c i t y  w a s  
s c h e d u l e d  to m e e t  the i n c r e a s e d  r e q u i r e m e n t s ,  but  the  need  fo r  e a c h  
p r o p o s e d  new add i t i on  w a s  s c r u t i n i z e d  c l o s e l y  and a p p r o v e d  only if  it  
m e t  c e r t a i n  c r i t e r i a .  

At t h i s  poin t  a w o r d  of c au t i on  shou ld  be  g iven .  It i s n ' t  p o s s i b l e  
to  s u d d e n l y  s top  o r  cut  off fo r  any  a p p r e c i a b l e  l eng th  of t i m e  the  a d d i -  
t i on  of n e w  f a c i l i t i e s  to the  p o w e r  s y s t e m s  wi thou t  a d v e r s e l y  a f f e c t i n g  
the  e c o n o m y ,  w h e t h e r  we a r e  at  w a r  o r  at  p e a c e .  It t a k e s  a long t i m e  
to bu i ld  and  i n s t a l l  new f a c i l i t i e s ,  and th i s  i s  e s p e c i a l l y  t r u e  d u r i n g  
n a t i o n a l  e m e r g e n c y  p e r i o d s .  Tha t  m a x i m u m  use  of a l l  a v a i l a b l e  p o w e r  
f a c i l i t i e s  shou ld  be  m a d e  g o e s  wi thou t  s av ing ,  but  t h o s e  in c h a r g e  of 
m a t e r i a l  a l l o c a t i o n s  shou ld  s e e  to it tha t  a f a i r  s h a r e  is  u s e d  to m a i n -  
t a i n  e l e c t r i c  p o w e r  m a r g i n s  at  a safe  l e v e l .  In W o r l d  W a r  II it  a p p e a r e d  
to  m e  tha t  too  m a n y  e x p e c t e d  tha t  p o w e r  shou ld  be  a v a i l a b l e  in any  
m a g n i t u d e  a t  any  d e s i r e d  spot  wi thou t  add ing  new f a c i l i t i e s  as  the  d e -  
m a n d s  g r e w ;  tha t  i t  shou ld  jus t  be  t h e r e .  

C h a r t  9, page  18. - - T h i s  c h a r t  shows  the i m p a c t  of d e f e n s e  a n d  
a l l - o u t  m o b i l i z a t i o n  on the r e q u i r e m e n t s  fo r  e l e c t r i c  p o w e r .  On th i s  
c h a r t  i s  p lo t t ed  the  m o n t h l y  k i l o w a t t - h o u r  s a l e s  to c o n s u m e r s  by p r i v a t e  
and  pub l i c  u t i l i t i e s  d u r i n g  the p e r i o d  1928 t h r o u g h  1954. T o t a l  s a l e s  
a r e  b r o k e n  down into  t h r e e  b r o a d  c l a s s i f i c a t i o n s - - n a m e l y ,  s a l e s  to the  
l a r g e  i n d u s t r i a l  u s e r s ;  s a l e s  to r e s i d e n t i a l ,  d o m e s t i c ,  and s m a l l  c o m -  
m e r c i a l ;  and s a l e s  to a l l  o t h e r  c u s t o m e r s ,  i n c l u d i n g  r u r a l ,  t r a c t i o n ,  
s t r e e t  l i gh tn ing ,  and  o t h e r s .  In W o r l d  W a r  II c i v i l i a n  u s e  w a s  cu t  b a c k  
v e r y  l i t t l e ,  so  tha t  o u r  m a i n  i n t e r e s t  on t h i s  c h a r t  i s  the  p e r f o r m a n c e  of 
the  c u r v e  showing  i n d u s t r i a l  u s e  of p o w e r .  

F r o m  t h i s  c u r v e  i t  can  be  s e e n  that  not  o n l y  w a s  d i s p l a c e m e n t  
v e r y  ~ u b s t a n t i a l ,  but  a l s o  that  the  i n d U s t r i a l  l oad  c o n t i n u e d  to g r o w  
d u r i n g  the  p e r i o d .  On t h i s  c u r v e ,  the  a r e a  b e l o w  the  n o r m a l  t r e n d  
c u r v e  r e p r e s e n t s  the  a m o u n t  of  d i s p l a c e m e n t .  

P e r h a p s  the b e s t  e x a m p l e  of d i s p l a c e m e n t  d u r i n g  W o r l d  W a r  II ,  
and a t  o t h e r  t i m e s ,  w a s  the  a u t o m o b i l e  i n d u s t r y ,  w h e r e  t h e y  i m m e d i a t e l y  
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c o m m e n c e d  t o  c o n v e r t  a n d  e v e n t u a l l y  b e g a n  b u i l d i n g  t a n k s  a n d  o t h e r  
w a r  e q u i p m e n t  i n s t e a d  of  a u t o m o b i l e s  f o r  c i v i l i a n  u s e .  B u t  t h e  t o t a l  
i n d u s t r i a l  l o a d  c o n t i n u e d  to  c l i m b  a n d  r e p r e s e n t e d  t h e  c o m b i n e d  e f f e c t  
o f  m o r e  i n t e n s i v e  u s e  o f  e x i s t i n g  i n d u s t r i a l  p l a n t s  a n d  t h e  c o m i n g  i n t o  
o p e r a t i o n  of  n e w  d e f e n s e  f a c i l i t i e s .  

C h a r t  9 a l s o  s h o w s  t h a t  c i v i l i a n  u s e  w a s  p r a c t i c a l l y  n o t  c u r t a i l e d  
a t  a l l  d u r i n g  W o r l d  W a r  II .  T h e r e  w a s  s o m e  s l o w d o w n  in  g r o w t h ,  
p r i n c i p a l l y  b e c a u s e  s o m e  e n e r g y - c o n s u m i n g  d e v i c e s  c o u l d  n o t  b e  o b -  
t a i n e d .  

S i n c e  a v a i l a b l e  r e s e r v e s  p l a y  s u c h  a n  i m p o r t a n t  p a r t  in  a n y  d i s -  
c u s s i o n  of  t h e  a d e q u a c y  of  p o w e r  t o  m e e t  a s h a r p l y  s t e p p e d - u p  o r  a l l -  
ou  t m o b i l i z a t i o n ,  t h e  f i r s t  s t e p  w o u l d  a l w a y s  b e  an  e x a m i n a t i o n  of  
a v a i l a b l e  g e n e r a t i n g  r e s e r v e s ;  a n d  t h i s  l o g i c a l l y  l e a d s  to  t h e  f u r t h e r  
q u e s t i o n  a s  t o  w h e t h e r  t h e s e  r e s e r v e s  w o u l d  be  p r o p e r l y  d i s t r i b u t e d  
a n d  in  t h e  d e s i r e d  l o c a t i o n s .  

C h a r t  10, p a g e  20 .  - - T h i s  c h a r t  r e l a t e s  to  t h e  s e c o n d  q u e s t i o n ,  
t h a t  i s ,  t h e  d i s t r i b u t i o n  of  r e s e r v e s  t h r o u g h o u t  t h e  c o u n t r y .  I t  s h o w s  
t h e  l o a d - c a p a c i t y  s i t u a t i o n  d u r i n g  t h e  y e a r s  1952,  1953,  a n d  1954,  a n d  
e x p e c t e d  c o n d i t i o n s  t h r o u g h  1957 f o r  e a c h  of  t h e  e i g h t  p o w e r - s u p p l y  
r e g i o n s  a s  d e s i g n a t e d  b y  t h e  F e d e r a l  P o w e r  C o m m i s s i o n  ( F P C } .  I t  
w i l l  b e  s e e n  t h a t  r e s e r v e s  a r e  in  g e n e r a l  c o m p a r a b l e  in  e a c h  r e g i o n  of  
t h e  c o u n t r y .  

T h i s ,  of  c o u r s e ,  d o e s  n o t  n e c e s s a r i l y  m e a n  t h a t  a n e w  h e a v y  l o a d  
c a n  b e  l o c a t e d  a t  a n y  p o i n t  in  t h e  c o u n t r y  w i t h o u t  t h e  a d d i t i o n  of  n e w  
p o w e r  f a c i l i t i e s .  H o w e v e r ,  a s  I w i l l  s h o w  y o u  a l i t t l e  l a t e r ,  t h e  s y s -  
t e m s  in  t h e  v a r i o u s  a r e a s  o f  t h e  c o u n t r y  a r e  on  t h e  w h o l e  w e l l  i n t e r -  
c o n n e c t e d ,  a n d ,  t h e r e f o r e ,  c a n  m a k e  p o w e r  a v a i l a b l e  g e n e r a l l y  t h r o u g h -  
o u t  t h e  a r e a s .  In  m a n y  c a s e s  i t  w o u l d  b e  n e c e s s a r y  to  a d d  s o m e  
t r a n s m i s s i o n  f a c i l i t i e s ,  b u t  t h i s  c a n  n o r m a l l y  b e  d o n e  v e r y  q u i c k l y  a n d  
w i t h o u t  u s i n g  m u c h  in  t h e  w a y  of  c r i t i c a l  m a t e r i a l s .  

C h a r t  11, p a g e  21 .  - - T h i s  c h a r t  s h o w s  t h e  m a i n  t r a n s m i s s i o n  s y s -  
t e m s  in  t h e  U n i t e d  S t a t e s .  I a m  s o r r y  t h a t  i t  w a s  i m p o s s i b l e  to  s h o w  
m u c h  d e t a i l  on  t h e  s m a l l  c h a r t .  H o w e v e r ,  i t  w i l l  g i v e  y o u  s o m e  i d e a  
o f  t h e  e x t e n s i v e  t r a n s m i s s i o n  n e t w o r k s  in  t h i s  c o u n t r y .  

Superimposed on this map are the eight FPC power-supply regions. 
Large interconnected groups of utilities operate in each of these regions, 
and in some cases include several or parts of several regions. There 

are five extensive interconnected groups in the country, that at present 
a c c o u n t  f o r  80 p e r c e n t  of  t h e  t o t a l  l o a d  of  t h e  c o u n t r y .  T h e s e  a r e :  
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1 2 9 S  
1. The New Y o r k - N e w  Eng land  g roup .  

2. The E a s t e r n  P e n n s y l v a n i a - N e w  J e r s e y - B a l t i m o r e - W a s h i n g -  
ton  g roup .  

3. The  E a s t  C e n t r a l - M i d w e s t  g roup .  

4. The P a c i f i c  N o r t h w e s t  g roup .  

5. The P a c i f i c  Sou thwes t  g roup .  

The l a r g e s t  g roup  which  o p e r a t e s  i n t e r c o n n e c t e d  and in p a r a l l e l  
c o n t i n u ous ly  is what  m i g h t  be t e r m e d  the E a s t  C e n t r a l - M i d w e s t ,  l o c a t e d  
a l l  o r  in p a r t s  of r e g i o n s  2, 3, 4, and 5. This  i n c l u d e s  s y s t e m s  in a l l  
of 17 s t a t e s  and p a r t s  of a n o t h e r  7, and e x t e n d s  f r o m  the  G r e a t  L a k e s  
to F l o r i d a ,  f r o m  c e n t r a l  P e n n s y l v a n i a  w e s t  to i nc lude  m o s t  of K a n s a s ,  
N e b r a s k a ,  and O k l a h o m a ,  and i n c l u d e s  the  e a s t e r n  pa r t  of T e x a s .  

Dur ing  the  wa r  a l l  m a j o r  s y s t e m s  in T e x a s  o p e r a t e d  in p a r a l l e l  
with th i s  g roup .  E x c e p t  for  the  s o u t h w e s t  pa r t  of Mich igan ,  the o t h e r  
m a j o r  s y s t e m s ,  a l though  we l l  i n t e r c o n n e c t e d ,  do not  i n t e r c o n n e c t  wi th  
u t i l i t i e s  ou t s i de  the s t a t e .  The m a i n  r e a s o n  for  th i s ,  as  w e l l  as  the  
T e x a s  c a s e ,  and o t h e r  s i m i l a r  c a s e s  in o t h e r  p a r t s  of the c o u n t r y ,  is  
tha t  t h e s e  s y s t e m s  want  to m a i n t a i n  t h e i r  i n t r a s t a t e  s t a t u s .  D u r i n g  
p e r i o d s  of na t i ona l  e m e r g e n c i e s ,  i n t e r s t a t e  l i n e s  in such  c a s e s  a r e  
b r o u g h t  in to  o p e r a t i o n ,  and the F P C  would n o r m a l l y  wa ive  j u r i s d i c t i o n  
for  the p e r i o d  of the e m e r g e n c y .  

Th i s  l a r g e  i n t e r c o n n e c t e d  g roup  r e a c h e d  a peak  of about  35 m i l -  
l ion k i l owa t t s  in the  y e a r  j u s t  pas t ,  o r  about  33 p e r c e n t  of the  to t a l  
u t i l i t y  load of the c o u n t r y .  It i s  i n t e r e s t i n g  to note  that  the  t h r e e  AEC 
g a s e o u s  d i f fus ion  p l an t s  at Oak Ridge ,  P a d u c a h ,  and P o r t s m o u t h  a r e  
c o n n e c t e d  to th i s  v a s t  s y s t e m .  

Since  the p r i n c i p l e  of m a k i n g  r e s e r v e s  a v a i l a b l e  t h r o u g h o u t  i n t e r -  
c o n n e c t e d  s y s t e m s  o p e r a t e s  in the s a m e  m a n n e r  on al l  such  s y s t e m s ,  
th i s  m i g h t  be  a good point  to m e n t i o n  tha t  v e r y  s u b s t a n t i a l  a m o u n t s  of 
p o w e r  can be e x c h a n g e d  b e t w e e n  the  i nd iv idua l  s y s t e m s  of any such  
g roup  of s y s t e m s .  S t r a i g h t - a w a y  l o n g - d i s t a n c e  t r a n s m i s s i o n  of p o w e r  
i s  not  r e q u i r e d  for  s y s t e m s  in Ohio to he lp  t hose  in F l o r i d a  and v i c e  
v e r s a .  R a t h e r ,  i t  is a m a t t e r  of subs t i t u t ion  b e t w e e n  i n t e r v e n i n g  s y s -  
t e m s ,  in o the r  w o r d s  the  old b u c k e t - b r i g a d e  p r i n c i p l e .  
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How r e s e r v e s  m a y  be  u t i l i z e d  to f u r n i s h  i n t e r i m  p o w e r  un t i l  p e r -  

m a n e n t  f a c i l i t i e s  a r e  c o m p l e t e d  is i l l u s t r a t e d  by the  p o w e r  supp ly  to 
the  AEC g a s e o u s  d i f fu s ion  p l a n t s .  A l though  t h e s e  new AEC f a c i l i t i e s  
can  be  bu i l t  m u c h  f a s t e r  than  the  new p o w e r  p l an t s  w h i c h  m u s t  be bu i l t  
to  supp ly  t h e m ,  AEC has  b e e n  able  to o p e r a t e  i t s  f a c i l i t i e s  as  q u i c k l y  
as  bu i l t ,  t h r o u g h  i n t e r i m  p o w e r  f u r n i s h e d  by d r a w i n g  on u t i l i t y  r e s e r v e s .  
S y s t e m s  a r o u n d  the TVA a r e a ,  fo r  e x a m p l e ,  have  at  t i m e s  f u r n i s h e d  
up to 50 ,000  k i l o w a t t s  c o n t i n u o u s l y  to TVA fo r  AEC.  S i m i l a r  a m o u n t s  
of i n t e r i m  p o w e r  wi l l  be  r e q u i r e d  a t  P o r t s m o u t h  un t i l  the  p e r m a n e n t  
p o w e r  f a c i l i t i e s  a r e  in o p e r a t i o n .  T h e s e  l a r g e  g r o u p s  of s y s t e m s  a r e  
e x p e r i e n c e d  in o p e r a t i o n s  of t h i s  k ind and in m e e t i n g  d a i l y  e m e r g e n c i e s  
t ha t  o c c u r  in the  n o r m a l  c o u r s e  of e v e n t s .  

Mov ing  to the  n o r t h e a s t e r n  s e c t i o n  of the c o u n t r y ,  the  New Y o r k -  
N e w  E n g l a n d  g r o u p  i n c l u d e s  a l l  s y s t e m s  in the  a r e a  e x c e p t  t h o s e  in the  
S ta te  of M a i n e ,  and t h e s e  only  o p e r a t e  in p a r a l l e l  d u r i n g  e m e r g e n c i e s ,  
s i n c e  the  s t a t e  h a s  a law p r o h i b i t i n g  the  e x p o r t  of p o w e r  f r o m  the  Sta te  
of M a i n e .  T h i s  g r o u p  s e r v e s  a load  of about  11.5  m i l l i o n  k i l o w a t t s  a t  
the  p r e s e n t  t i m e .  

The  E a s t e r n  P e n n s y l v a n i a - N e w  J e r s e y - B a l t i m o r e - W a s h i n g t o n  g r o u p  
h a s  a p r e s e n t  load  of about  8 .5  m i l l i o n  k i l o w a t t s .  The  g r o u p  h a s  s e v -  
e r a l  t i e s  wi th  the  New Y o r k - N e w  E n g l a n d  g roup ,  but  u s u a l l y  only o p e r -  
a t e s  t h e m  d u r i n g  e m e r g e n c i e s  or  u n d e r  s p e c i a l  c o n d i t i o n s .  

In the  P a c i f i c  N o r t h w e s t ,  the  s y s t e m s  in W a s h i n g t o n ,  O r e g o n ,  
Idaho ,  Utah ,  and Mon tana  o p e r a t e  i n t e r c o n n e c t e d  and in p a r a l l e l .  The 
s y s t e m  of the  B o n n e v i l l e  P o w e r  A d m i n i s t r a t i o n  is  i n c l u d e d  in t h i s  e x -  
t e n s i v e  n e t w o r k .  Th i s  g r o u p  s e r v e s  a l oad  of c l o s e  to 7 m i l l i o n  k i l o -  
w a t t s ,  i n c l u d i n g  the  i m p o r t a n t  a l u m i n u m - r e d u c t i o n  p l an t s  and a l u m -  
i n u m  s h e e t  m i l l s ,  c o p p e r  m i n e s ,  and r e d u c t i o n  p l an t s  in M o n t a n a  and 
Utah  and a s t e e l  m i l l  in  Utah .  

In the  P a c i f i c  S o u t h w e s t  the  s y s t e m s  in C a l i f o r n i a ,  N e v a d a ,  and 
A r i z o n a  o p e r a t e  in p a r a l l e l ,  and s e r v e  a load  of c l o s e  to 9 m i l l i o n  
k i l o w a t t s .  It i s  i n t e r e s t i n g  to no te  tha t  d u r i n g  W o r l d  W a r  II the  S o u t h e r n  
C a l i f o r n i a  E d i s o n  C o m p a n y ,  one of the  l a r g e  s y s t e m s  in t ha t  r e g i o n ,  
o p e r a t e d  s u b s t a n t i a l l y  a l l  of i t s  s y s t e m  at  50 c y c l e s .  T h i s  m a t e r i a l l y  
c o m p l i c a t e d  the  p r o b l e m  of i n t e r c h a n g e  of p o w e r  b e t w e e n  s y s t e m s .  
S ince  t ha t  t i m e  the e n t i r e  s y s t e m  of S o u t h e r n  C a l i f o r n i a  E d i s o n  h a s  b e e n  
c h a n g e d  o v e r  to  60 c y c l e s ,  and th i s  b o t t l e n e c k  c o m p l e t e l y  r e m o v e d .  
The  n o r t h e r n  p a r t  of C a l i f o r n i a  has  an i n t e r c o n n e c t i o n  wi th  an a d j a c e n t  
s y s t e m  in O r e g o n ;  h o w e v e r ,  P a c i f i c  N o r t h w e s t  and  P a c i f i c  S o u t h w e s t  
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do not  o p e r a t e  in p a r a l l e l .  T h e  s y s t e m s  a r e  n o r m a l l y  sp l i t  in  O r e g o n  
w h e n  p o w e r  i s  r e q u i r e d  f r o m  C a l i f o r n i a .  

Some  of the  s m a l l e r  bu t  s t i l l  i m p o r t a n t  i n t e r c o n n e c t e d  g r o u p s  a r e  
t h o s e  in p a r t s  of W y o m i n g ,  C o l o r a d o ,  and N e b r a s k a ,  s e r v i n g  a load  of 
abou t  800 ,000  k i l o w a t t s ;  the  e a s t e r n  W i s c o n s i n  g r o u p ,  wi th  a c o m b i n e d  
load  of a l m o s t  2 m i l l i o n  k i l o w a t t s ;  and the  T e x a s  g r o u p ,  wi th  a load  of 
abou t  3 m i l l i o n  k i l o w a t t s .  

T h i s  l e a d s  to  the  q u e s t i o n  of w h e t h e r  any a d d i t i o n a l  b e n e f i t s  would  
r e s u l t  if  a l l  s y s t e m s  in the c o u n t r y  w e r e  i n t e r c o n n e c t e d .  I th ink  the  
a n s w e r  i s  "No,  " and  tha t  we c o u l d n ' t  a f fo rd  i t  a t  the  p r e s e n t  t i m e .  

Tha t  t h i s  m i g h t  h a p p e n  o v e r  a long p e r i o d  of t i m e  as  a r e s u l t  of 
n o r m a l  g r o w t h  of the  s y s t e m s  would  not  s u r p r i s e  m e .  T h e s e  v a s t  n e t -  
w o r k s  a r e  b e i n g  c o n s t a n t l y  s t r e n g t h e n e d  as  new p o w e r  p l an t s  and  a s -  
s o c i a t e d  t r a n s m i s s i o n  a r e  bu i l t .  In s o m e  s e c t i o n s  of the c o u n t r y  h i g h e r -  
v o l t a g e  t r a n s m i s s i o n  l i n e s  of the 3 3 0 , 0 0 0 - 3 4 5 , 0 0 0 - v o l t  c l a s s  a r e  b e i n g  
i n s t a l l e d ,  and s o m e  a r e  a l r e a d y  in o p e r a t i o n .  Th i s  t e n d e n c y  wi l l  s p r e a d ,  
and  u l t i m a t e l y  s o m e  h i g h e r  v o l t a g e  wi l l  be s u p e r i m p o s e d  on the  e x i s t i n g  
h i g h - v o l t a g e  n e t w o r k s .  T h i s  wi l l  g r e a t l y  s t r e n g t h e n  t h e s e  i n t e r c o n n e c t e d  
s y s t e m s  to keep  in pace  wi th  g r o w i n g  l o a d s .  T h i s  a p p e a r s  to  m e  to be  an 
o r d e r l y  way  fo r  th i s  d e v e l o p m e n t  to t ake  p l a c e .  

T h e r e  a r e ,  of c o u r s e ,  s o m e  t r a n s m i s s i o n  b o t t l e n e c k s  w i th in  t h e s e  
i n t e r c o n n e c t e d  n e t w o r k s .  In c a s e  of an  a l l - o u t  m o b i l i z a t i o n  of o u r  p r o -  
d u c t i v e  f a c i l i t i e s ,  t h e r e  would  u n d o u b t e d l y  be s o m e  c a s e s  w h e r e  t i e s  
b e t w e e n  s y s t e m s  o r  a r e a s  shou ld  be s t r e n g t h e n e d ,  d e p e n d i n g  on w h e r e  
new w a r  l o a d s  w e r e  p l a c e d .  H o w e v e r ,  if m a t e r i a l s  a r e  m a d e  a v a i l a b l e ,  
t h e s e  t i e s  can  be c o n s t r u c t e d  in a r e l a t i v e l y  s h o r t  p e r i o d  of t i m e  and as  
f a s t  as  new p o w e r - c o n s u m i n g  f a c i l i t i e s  can  be p l a c e d  in o p e r a t i o n .  

Previously I mentioned that additional capacity could be made avail- 
able in an all-out effort by closer coordination of the operation of these 
interconnected systems. This comes about by the fact that the degree 
of coordination, taking the entire network as a whole, will vary in most 
cases in peacetime and during full-scale mobilization. In the latter case 
all existing facilities will probably be pushed to the limit, and in such 
cases cost may of necessity be a minor faetor. 

F o r  e x a m p l e ,  o l d e r  g e n e r a t i n g  un i t s ,  n o r m a l l y  o p e r a t i n g  only d u r i n g  
peak  load  p e r i o d s  o r  he ld  as  co ld  r e s e r v e s ,  wou ld  be r u n  c o n t i n u o u s l y .  
Al l  g e n e r a t i n g  un i t s  would be p u s h e d  h a r d e r .  L i n e s  and o t h e r  f a c i l i t i e s  
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would  be  l o a d e d  b e y o n d  n o r m a l  p r a c t i c e  to s e r v e  g r e a t e r  l o a d s ,  d e s p i t e  
r e s u l t i n g  h i g h e r  l o s s e s .  N o r m a l  m a i n t e n a n c e  p r o g r a m s  would  be r e -  
duced ;  c l o s e r  a t t e n t i o n  would  be  g iven  to the  c o o r d i n a t i o n  of p l a n n e d  
o u t a g e s .  B y  t h e s e  and  o t h e r  e m e r g e n c y  m e a s u r e s ,  s u b s t a n t i a l  a m o u n t s  
of a d d i t i o n a l  p o w e r  ~vould be  m a r s h a l e d  fo r  m o b i l i z a t i o n .  

In p e a c e t i m e  the  m a n y  b e n e f i t s  of i n t e r c o n n e c t e d  and c o o r d i n a t e d  
o p e r a t i o n  of t h e s e  n e t w o r k s  a r e  r e a l i z e d ,  but  g r e a t  s t r e s s  i s  p l a c e d  on 
r e a c h i n g  the  m a x i m u m  o p e r a t i n g  e f f i c i e n c y .  Thus  it i s  g e n e r a l  p r a c -  
t i c e  to i n t e r c h a n g e  s o - c a l l e d  e c o n o m y  e n e r g y .  Th i s  s i m p l y  m e a n s  
o p e r a t i n g  the  m o s t  e f f i c i e n t  un i t s  and b a c k i n g  down on l e s s  e f f i c i e n t  
u n i t s  w h e n e v e r  the  s y s t e m  load  p e r m i t s .  T h e s e  m o n e t a r y  s a v i n g s  a r e  
d i v i d e d  b e t w e e n  the  i n t e r c h a n g i n g  c o m p a n i e s .  

T h e s e  i n t e r c o n n e c t e d  s y s t e m s  give  the  b e s t  i n s u r a n c e  fo r  m e e t i n g  
the  two m a j o r  p r o b l e m s  in the  c a s e  of a l l - o u t  m o b i l i z a t i o n ,  n a m e l y ,  to 
m a k e  p o s s i b l e  the  ful l  u se  of a l l  p o w e r  f a c i l i t i e s  w h e r e v e r  t h e y  a r e  
l o c a t e d  and to m i n i m i z e  the e f f ec t  of s a b o t a g e  and b o m b i n g .  

In any  d i s c u s s i o n  of p r o t e c t i o n ,  i t  would  be he lp fu l  to know wha t  we 
w i l l  h a v e  to  cope  wi th .  What  type  of b o m b  wi l l  o u r  e n e m i e s  u s e ,  and 
wi l l  t hey  b o m b  popu la t i on  or  p r o d u c t i o n  f a c i l i t i e s  ? Wi l l  i t  be  a v e r y  
s h o r t  w a r ,  o r  w i l l  it  l a s t  a y e a r  o r  s e v e r a l  y e a r s ?  T h e s e  q u e s t i o n s  
have  a d e f i n i t e  b e a r i n g  on the  p r o b l e m  of m a i n t a i n i n g  con t i nu i t y  of e l e c -  
t r i c  s e r v i c e .  

M a n y  peop le  who should  be in a pos i t i on  to know,  fe l t  tha t  in W o r l d  
W a r  II the Ge rman"  p o w e r  s y s t e m  shou ld  have  b e e n  a n u m b e r  one t a r g e t  
e a r l y  in the  w a r .  What  would  be the  s t r a t e g y  of an e n e m y  in the  f u t u r e ,  
I do no t  know.  But ,  i f  the  b o m b s  a r e  a t o m i c  and t h e i r  m a i n  o b j e c t i v e  
i s  popu la t i on  c e n t e r s ,  t h e n  if p o w e r  cou ld  be u s e d  at  a l l  in o r  on the  
f r i n g e s  of the  b o m b e d  a r e a ,  i t  cou ld  be b r o u g h t  in f r o m  o u t s i d e  s o u r c e s .  

Bu t ,  e v e n  if  p o w e r  s y s t e m s  a r e  p r i m e  t a r g e t s ,  it  i s  i n c o n c e i v a b l e  
tha t  p o w e r  p l a n t s  cou ld  be  put out of c o m m i s s i o n  wi thou t  a l s o  d e s t r o y i n g  
o r  d a m a g i n g  s o m e  of the  l oads  t h e y  s e r v e .  In m o s t  c a s e s  the u t i l i t i e s  
cou ld  have" p o w e r  a v a i l a b l e  m u c h  f a s t e r  than  m a n y  of the  p o w e r - c o n -  
s u m i n g  d e v i c e s  cou ld  be  r e p l a c e d .  

Now, th i s  a p p e a r s  a t  f i r s t  a c o n t r a d i c t i o n  of wha t  I s a id  b e f o r e - -  
t ha t  i t  t a k e s  l o n g e r  to bu i ld  p o w e r  p l a n t s  t han  it  does  to  bu i ld  i n d u s t r i a l  
p l a n t s .  But  I th ink  the  point  is  tha t  our  p o w e r  p l an t s  a r e  h igh ly  d i s -  
p e r s e d ,  and t h e y  a r e  t i ed  t o g e t h e r  by s t r o n g  i n t e r c o n n e c t e d  s y s t e m s .  
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Th'~s-~t shou ld  be p o s s i b l e  to b r i n g  in p o w e r  f r o m  o t h e r  s o u r c e s  in 
t h e s e  c a s e s .  

T h e r e  would n a t u r a l l y  be m a n y  d i f f i cu l t  p r o b l e m s ,  and t h i s  i s  not  
an a t t e m p t  to m i n i m i z e  t h e m .  H o w e v e r ,  with the  i n t e r c o n n e c t e d  s y s -  
t e m ,  wi th  r e a s o n a b l e  s p a r e s  and r e p a i r  p a r t s ,  a long  wi th  any n e c e s -  
s a r y  G o v e r n m e n t  a s s i s t a n c e  in ob ta in ing  any r e q u i r e d  m a t e r i a l s  and 
e q u i p m e n t ,  and,  above  a l l ,  e x p e r i e n c e d  peop le ,  it  shou ld  be p o s s i b l e  
to  m a i n t a i n  s e r v i c e  wi th  a h igh  d e g r e e  of con t inu i ty .  

A f t e r  W o r l d  War  II a g r e a t  dea l  was  sa id  about  th i s  p r o b l e m  of 
p r o t e c t i o n ;  and,  of c o u r s e ,  t h e r e  is  s t i l l  a g r e a t  d e a l  of thought  b e i n g  
g iven  to it .  Some  ca l l ed  for  such  e x t r e m e  m e a s u r e s  as  put t ing  p o w e r  
p lan t s  and i n d u s t r i a l  p l an t s  u n d e r g r o u n d .  

The  p r o b l e m  b e c o m e s  one of t ak ing  a l l  f a c t o r s  in to  accoun t ,  and 
to  t ake  s t e p s  that  wi l l  a s s u r e  r e a s o n a b l e  con t inu i ty  of s e r v i c e  w h e r e  
r e q u i r e d .  

In g e n e r a l ,  t r a n s m i s s i o n  l i n e s  can be r e p a i r e d  v e r y  qu ick ly ,  s i n c e  
the  t r o u b l e  would  be l i m i t e d  to a s e c t i o n  or  s e c t i o n s .  The c o m p l e t e  
d e s t r u c t i o n  of a m a j o r  s u b s t a t i o n  or  g e n e r a t i n g  p lan t  would  p r e s e n t  a 
m o r e  d i f f i cu l t  p r o b l e m ,  wi th  the p o w e r  p lant  b e i n g  the m o r e  s e r i o u s .  
If e i t h e r  have  only r e l a t i v e l y  m i n o r  d a m a g e ,  the  r e s t o r a t i o n  of t h e s e  
p a r t i c u l a r  f a c i l i t i e s  m a y  not  r e q u i r e  any undue l eng th  of t i m e .  

In the  c a s e  of t r a n s m i s s i o n  and d i s t r i b u t i o n  l i n e s ,  the  u t i l i t i e s  
have  had m u c h  e x p e r i e n c e  in t h e i r  r e s t o r a t i o n  a f t e r  s e v e r e  s t o r m s - -  
d a m a g e  tha t  would  p r o b a b l y  be f a r  m o r e  s e v e r e  than  tha t  due to  b o m b -  
ing.  W e l l - p l a n n e d  s a b o t a g e  m i g h t ,  of c o u r s e ,  r e s u l t  in g r e a t e r  d a m a g e .  

In the  ca se  of l i n e s ,  the  m e n  who da i ly  m e e t  such  e m e r g e n c i e s  can  
ge t  t h e m  back  in s e r v i c e  qu ick ly  if they  have  the  n e c e s s a r y  m a t e r i a l s  
and e q u i p m e n t .  Such m a t e r i a l  and e q u i p m e n t  c o n s i s t  of c o n d u c t o r  p o l e s ,  
h a r d w a r e ,  and i n s u l a t o r s .  T h e s e  a r e  n o r m a l l y  c a r r i e d  in u t i l i t y  s t o c k  
and u s u a l l y  s t r a t e g i c a l l y  p l aced  t h roughou t  the  s y s t e m .  E v e n  if  s t e e l  
t o w e r s  a r e  d e s t r o y e d ,  the l ine  can be b y p a s s e d  on wood p o l e s  un t i l  the  
t o w e r  can  be r e p a i r e d  or  r e p l a c e d .  Al l  th i s  is  i m p o r t a n t  and f o r t u n a t e  
fo r  us ,  b e c a u s e  it  wi l l  be t h e s e  l i n e s  tha t  wi l l  b r i n g  in the he lp  to a r e a s  
tha t  m a y  have  los t  t h e i r  l oca l  s o u r c e  of p o w e r  by b o m b i n g .  

Subs t a t i ons ,  bo th  at p o w e r  p lan t s  and at  load  c e n t e r s ,  c o n s i s t  of 
t r a n s f o r m e r s  and s w i t c h i n g  e q u i p m e n t ,  a l l  i n s t a l l e d  or  m o u n t e d  wi th in  
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s t e e l  b a y s .  H e r e  again ,  if the  s u b s t a t i o n  is  c o m p l e t e l y  d e m o l i s h e d ,  
i t  m a y  take  a long t i m e  to r e p l a c e  it,  a l though  t h e r e  is  a good chance  
tha t  s e r v i c e  could be r e s t o r e d  r e a s o n a b l y  soon by b r i n g i n g  in s p a r e  
e q u i p m e n t  f r o m  a n o t h e r  pa r t  of the s y s t e m  or  f r o m  s o m e  o t h e r  s y s t e m .  

In p o w e r  p lan t s  c e r t a i n  s p a r e  p a r t s  a r e  a lways  c a r r i e d  in s tock .  
S y s t e m s  hav ing  s e v e r a l  i d e n t i c a l  un i t s ,  not  n e c e s s a r i l y  in the  s a m e  
s t a t ion ,  would n o r m a l l y  c a r r y  one se t  of m a j o r  s p a r e  p a r t s ,  such  as  
t u r b i n e  and g e n e r a t o r  r o t o r s .  The type and m a g n i t u d e  of the d a m a g e  
to  p o w e r  p lan t s  wi l l  d e t e r m i n e  the t i m e  r e q u i r e d  to r e s t o r e  the  p lan t .  
Th i s  could v a r y  f r o m  a few hou r s  to a c o m p l e t e  r e b u i l d i n g  of the  p lan t .  
In e i t h e r  c a s e  the i n t e r c o n n e c t e d  s y s t e m  would have to be r e l i e d  upon 
to  m a k e  up the d e f i c i e n c y  in g e n e r a t i n g  capac i t y .  

H o w e v e r ,  it  is  not  unusua l  du r ing  p e a c e t i m e  for  an e n t i r e  p lant  
to  be los t  on an i n t e r c o n n e c t e d  s y s t e m  wi thout  l o s s  of any load .  I b e -  
l i eve  it i s  u n i v e r s a l l y  a g r e e d  that  the  b e s t  so lu t ion  to the p r o b l e m  'of 
p r o t e c t i n g  fo r  the  l o s s  of power  p lan t s  is  by i n t e r c o n n e c t i o n - - s o u r c e s  
of p o w e r  f r o m  o t h e r  p l an t s .  But th is  does  not m e a n  t h e r e  wi l l  not  be 
i s o l a t e d  c a s e s  that  m a y  be d i f f icu l t  to hand l e .  T h e r e  wi l l  be  i n s t a l l a -  
t i ons  tha t  pose  s p e c i f i c  p r o b l e m s ,  and in s o m e  c a s e s  the a n s w e r  m a y  
be s p e c i a l  e q u i p m e n t  for  e m e r g e n c y  u s e .  

In a l l  t h e s e  c a s e s  the i m p o r t a n c e  of w e l l - t r a i n e d  u t i l i ty  p e r s o n n e l ,  
wi th  the  know-how for  m e e t i n g  e m e r g e n c i e s ,  cannot  be o v e r e m p h a s i z e d .  
It i s  e s s e n t i a l  to fu l l  p r o d u c t i o n  tha t  t h e s e  peop le  be l e f t  to th is  w o r k  
shou ld  ful l  m o b i l i z a t i o n  take  p l ace .  

E v e n  m o r e  d i f f i cu l t  m a y  be the  p r o b l e m  of coping  with s abo t age  in 
t i m e  of s t e p p e d - u p  o r  a l l - o u t  m o b i l i z a t i o n .  All  p o s s i b l e  m e a n s  n e e d  
to be u sed  to m e e t  wi th  any a t t e m p t s  at s a b o t a g e .  But  p robab ly  the  
m o s t  e f f ec t ive  he lp  can be  g iven  by the  e m p l o y e e s  t h e m s e l v e s .  T h e r e  
i s ,  I b e l i e v e ,  no subs t i t u t e  that  can c o m p a r e  wi th  v i g i l a n c e  on the p a r t  
of a l l  e m p l o y e e s .  E l a b o r a t e  l igh t ing  and g u a r d i n g  s c h e m e s  can be v e r y  
e x p e n s i v e ,  r e q u i r e  e x t r a  help ,  and s t i l l  not  be too e f f e c t i v e .  

The u t i l i t i e s  can do a g r e a t  dea l  to a s s u r e  con t inu i ty  of s e r v i c e  
d u r i n g  e m e r g e n c i e s .  Mos t  of the e m p l o y e e s  wi l l  be  loya l  and can be 
d e p e n d e d  upon to be  on the  lookout  for  s a b o t a g e .  By m a i n t a i n i n g  p r o -  
p e r  g e n e r a t i n g  r e s e r v e s  and i n t e r c o n n e c t i o n s ,  they  can be  p r e p a r e d  
to  m e e t  l o s s  of g e n e r a t i n g  f a c i l i t i e s ;  and by g iv ing  a t t en t ion  to m a i n -  
t a in ing  p r o p e r  s p a r e  e q u i p m e n t  and m a t e r i a l s ,  f a c i l i t i e s  can be r e -  
p a i r e d  p r o m p t l y ,  as  they  have  b e e n .  
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A s  a f u r t h e r  s t e p  f o r  h a n d l i n g  e m e r g e n c i e s ,  s o m e  u t i l i t i e s  m a k e  

i t  s t a n d a r d  p r a c t i c e  to  h a v e  l a r g e  p o w e r  t r a n s f o r m e r s  m o u n t e d  o n  r a i l -  
r o a d  c a r s  o r  m o b i l e  t r a i l e r s .  T h e s e  n o r m a l l y  a r e  of  t h e  u n i v e r s a l  
t y p e ;  t h a t  i s ,  t h e y  w i l l  o p e r a t e  a t  m a n y  v o l t a g e s  a n d  c a n  t h e r e f o r e  b e  
u s e d  a t  m a n y  p o i n t s  on  t h e  s y s t e m .  On o u r  own  s y s t e m  we  h a v e  q u i t e  
a n u m b e r  o f  t h e s e .  S i n c e  W o r l d  W a r  II we  h a v e  a d d e d  m o r e  o f  t h e s e  
m o b i l e  u n i t s .  

T h e r e  i s ,  of  c o u r s e ,  a g r e a t  d e a l  in  t h e  w a y  of  s p a r e  e q u i p m e n t  
a n d  m a t e r i a l s  l o c a t e d  t h r o u g h o u t  o n e  of  t h e s e  l a r g e  i n t e r c o n n e c t e d  
g r o u p s  of  s y s t e m s .  D u r i n g  W o r l d  W a r  II  s o m e  of  t h e  l a r g e  i n t e r c o n -  
n e c t e d  s y s t e m s  h a d  a l i s t  of  a l l  s p a r e  e q u i p m e n t  a n d  m a t e r i a l s  on  a l l  
o f  t h e s e  s y s t e m s .  T h e y  a l s o  c l e a r e d  w i t h  d e f e n s e  and  c i v i l  a u t h o r i t i e s  
a s  to  What  h i g h w a y s  t h e y  c o u l d  u s e  to  t r a n s p o r t  m a t e r i a l s  a n d  e q u i p -  
m e n t  s h o u l d  t h i s  b e  n e c e s s a r y  d u r i n g  o r  f o l l o w i n g  an  a i r  r a i d .  T h e  
u t i l i t i e s  c a n  a n d  w i l l  do  a g r e a t  m a n y  t h i n g s  t h e m s e l v e s .  T h e y  s h o u l d  
a l s o  c o o p e r a t e  t o  t h e  f u l l e s t  e x t e n t  w i t h  g o v e r n m e n t a l  a g e n c i e s  o n  
a d o p t i n g  s o u n d  p l a n s  f o r  r e s t o r a t i o n  of  s e r v i c e .  

In discussing the various means of mustering additional capacity, 
I did not include curtailment of load. This is for the reason that little 
can be gained unless curtailment is applied to industries consuming 
substantial amounts of energy. Little or nothing can be gained by 
brownouts or blackouts. 

I t  s e e m s  to  m e  t h a t  t h e  a r g u m e n t  t h a t  b r o w n o u t s  s h o u l d  a t  l e a s t  
b e  c a r r i e d  o u t  f o r  t h e  p s y c h o l o g i c a l  e f f e c t  i s  w e a k .  D u r i n g  a l l - o u t  
m o b i l i z a t i o n ,  h o m e s  a r e  r o b b e d  to  g e t  s u f f i c i e n t  h e l p  to  a c h i e v e  m a x i -  
m u m  p r o d u c t i o n .  P r o b a b l y  o n e  of  t h e  b e s t  m o r a l e  b u i l d e r s  i n  s u c h  
t i m e s  i s  to  l e t  t h e s e  p e o p l e  u s e  e l e c t r i c i t y  a s  t h e y  w o u l d  n o r m a l l y .  
A c t u a l l y  t h e  u s e  c a n ' t  i n c r e a s e  s u b s t a n t i a l l y ,  b e c a u s e  i t  w i l l  b e  v e r y  
d i f f i c u l t  to  o b t a i n  n e w  h e a v y  e n e r g y - c o n s u m i n g  d e v i c e s  a t  s u c h  t i m e s .  

In  s u m m a r y ,  I b e l i e v e  t h a t  s h o u l d  we  b e  f a c e d  w i t h  n a t i o n a l  e m e r -  
g e n c y  o v e r  t h e  n e x t  f e w  y e a r s ,  t h e  u t i l i t y  i n d u s t r y  w o u l d  b e  in  g o o d  
p o s i t i o n  to  m e e t  t h e  i m p a c t  of  t h e  d e f e n s e  o r  w a r  p r o d u c t i o n .  B y  u s i n g  
a p o r t i o n  of  t h e  t h e n - e x i s t i n g  r e s e r v e s ,  b y  t w o -  o r  t h r e e - s h i f t  o p e r a -  
t i o n  in  i n d u s t r i a l  p l a n t s ,  b y  m a k i n g  f u l l  u s e  o f  a l l  f a c i l i t i e s  o f  t h e  l a r g e  
i n t e r c o n n e c t e d  s y s t e m s ,  a n d  b y  s u c h  m e a s u r e s  a s  n a t i o n w i d e  d a y l i g h t  
s a v i n g ,  t h e  u t i l i t i e s  s h o u l d  b e  in  e x c e l l e n t  s h a p e  to  m e e t  i n c r e a s e d  l o a d s .  

But, again, it is important to consider this as a means of meeting 
the initial impact, and to remember that a careful review must be made 
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i m m e d i a t e l y  to m a k e  s u r e  tha t  the  e x p a n s i o n  of p o w e r  f a c i l i t i e s  is  
not  r e d u c e d  o r  s topped  for  any s u b s t a n t i a l  l eng th  of t i m e .  Dur ing  such  
p e r i o d s  it  m a y  t ake  t h r e e  y e a r s  to ge t  new capac i t y  in to  o p e r a t i o n .  
Th i s ,  coup led  wi th  the  fact  that  l a r g e  a m o u n t s  of c r i t i c a l  m a t e r i a l s  
a r e  not  r e q u i r e d ,  m a k e s  it e s s e n t i a l  not  to de l ay  the  n e c e s s a r y  e x p a n -  
s ion .  

If r e a s o n a b l e  r e s e r v e s  can be m a i n t a i n e d  du r ing  a l l - o u t  m o b i l i z a -  
t ion ,  t h e r e  is  the  f u r t h e r  advan tage  tha t  it wi l l  be of g r e a t  va lue  in 
t ak ing  c a r e  of the  s n a p b a c k  in the e c o n o m y  a f t e r  the e m e r g e n c y .  At 
the  end of W o r l d  War  II, e c o n o m i s t s ,  bo th  in G o v e r n m e n t  and publ ic  
l i fe ,  p r e d i c t e d  tha t  i n d u s t r i a l  p r o d u c t i o n  would d r o p  m a t e r i a l l y  and 
the  w a r  peak  would  not  be  r e a c h e d  un t i l  1948. In a g r e a t  m a n y  s y s t e m s  
t h i s  peak  was  r e a c h e d  in the  fa l l  of 1946, and the load has  b e e n  g r o w i n g  
e v e r  s i n c e  tha t  t i m e .  

The  nex t  few y e a r s  afte~ the  wa r  w e r e  spen t  by a l l  of the u t i l i t i e s  
t r y i n g  to ge t  r e s e r v e s  back  to safe  m a r g i n s .  On our  own s y s t e m ,  fo r  
e x a m p l e ,  d u r i n g  the  peak  s e a s o n  in the  w i n t e r  of 1948, we jus t  m e t  our  
load  wi thou t  any capac i t y  to s p a r e .  

The p r o b l e m  was ,  of c o u r s e ,  f u r t h e r  c o m p l i c a t e d  by the  K o r e a n  
W a r .  But  t h i s  aga in ,  I b e l i e v e ,  po in t s  up the n e c e s s i t y  fo r  m a k i n g  s u r e  
t ha t  the  p o w e r  s y s t e m s  ge t  the  r e q u i r e d  a m o u n t  of m a t e r i a l s  d u r i n g  
p e r i o d s  of na t i ona l  e m e r g e n c y .  

I t hank  you.  

MR. HENKEL:  M r .  M a r q u i s  is  r e a d y  for  your  q u e s t i o n s .  

QUESTION: Mr .  M a r q u i s ,  I have  two q u e s t i o n s ,  and I would  l ike  
to  a sk  bo th  at the  s a m e  t i m e .  F i r s t ,  what  is  the  r e l a t i v e  d i f f e r e n c e  
b e t w e e n  your  t h e r m a l  e f f i c i e n c y  and your  t r a n s m i s s i o n  e f f i c i e n c y  of 
t h e s e  o v e r a l l  hookups  ? The o t h e r  i s ,  what  a r e  you ob ta in ing  by 
c h a r g i n g  p r e m i u m  r a t e s  to i n d u s t r i a l  c u s t o m e r s  d u r i n g  peak  h o u r s  
in o r d e r  to cut the peak  load down?  

MR. MARQUIS: Le t  m e  s ee  if  I u n d e r s t a n d  y o u r  q u e s t i o n .  I t h ink  
the  f i r s t  i s  a q u e s t i o n  of e f f i c i e n c y .  

QUESTION: What  is  the  a v e r a g e  t r a n s m i s s i o n  e f f i c i e n c y ?  You 
m e n t i o n e d  the a v e r a g e  t h e r m a l  e f f i c i e n c y  as  b e i n g  40 p e r c e n t .  
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1 3 0 6  
MR. MARQUIS: F o r  the  t r a n s m i s s i o n  only,  the  l o s s e s  p r o b a b l y  

run  a r o u n d  5 p e r c e n t .  F o r  any g iven  s y s t e m ,  the  o v e r a l l  l o s s e s  f r o m  
p o w e r  p lant  to  c o n s u m e r  would  be about 12 p e r c e n t .  

Now, the  o t h e r  was  the i d e a  of c h a r g i n g  a p r e m i u m  o v e r  the  peak  
in  o r d e r  to cu t  the  use  ? 

QUESTION: Yes. To reduce the peak demands by charging pre- 
mium rates for the use of that power to industry during those peak 
hour s. 

MR. MARQUIS: You a r e  t a lk ing  now about  in t i m e  of wa r  ? 

QUESTION: Wel l ,  n o r m a l  t i m e s .  

MR. MARQUIS: On our  own s y s t e m  we do not  d i f f e r e n t i a t e .  F o r  
e x a m p l e ,  in the  c a s e  of w a t e r  h e a t e r s  a g r e a t  m a n y  s y s t e m s  have  t i m e  
c l o c k s  tha t  keep  t h e m  off the  peak  p e r i o d .  We have  n e v e r  done  tha t .  
Any l a r g e  a m o u n t  of sh i f t ing  would  s i m p l y  shi f t  the  peak  to s o m e  o t h e r  
p e r i o d  of the day.  

QUESTION: Tha t  i s  wha t  I was  t r y i n g  to get  at .  That  i s  wha t  we 
h a v e .  They  c h a r g e  p r e m i u m  r a t e s  h e r e  in t h i s  a r e a  fo r  i n d u s t r i a l  
p o w e r  d u r i n g  the  peak  h o u r s .  If you t r y  to shif t ,  it  is  a v e r y  d i f f i cu l t  
th ing  to do.  

MR. MARQUIS: It is that. 

QUESTION: You l o s e  s o m e w h e r e  e l s e .  You have  to pay o v e r t i m e  
o r  sh i f t  w o r k e r s  a r o u n d  o r  s o m e t h i n g  e l s e .  

MR. MARQUIS: Some  s y s t e m s  have  an offpeak r a t e .  Tha t  is  wha t  
you a r e  t h ink ing  of. If a l l  u s e r s  took  a d v a n t a g e  of it ,  the  peak  would  
happen  at  m a y b e  3 A . M .  i n s t e a d  of 11 A . M .  I m e a n ,  if you want  to  
d i s t r i b u t e  it  so as  to f l a t t en  it out,  the  way to  do it  i s  by t i e - i n ,  b e c a u s e  
the  e f f i c i e n c y  of g e n e r a t i o n  o v e r  t r a n s m i s s i o n  would  go up as  you i n -  
c r e a s e  the  load  f a c t o r .  

QUESTION: We t r i e d  to cat  i t  du r ing  the  peak  h o u r s  of 11:30 to 9. 
I f o r g e t  what  the a d d i t i o n a l  p r e m i u m  is  d u r i n g  t h o s e  h o u r s  for  i n d u s -  
t r i a l  c u s t o m e r s .  We found it v e r y  d i f f i cu l t  to t r y  to  cut  i t  down one 
b i t  b e t w e e n  t h o s e  h o u r s .  
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MR.  MARQUIS: I a m  not  f a m i l i a r  wi th  tha t  r a t e .  In ou r  own c a s e  
we d o n ' t  have  s p e c i a l  r a t e s  fo r  s p e c i a l  t i m e s ,  e x c e p t  a l i m i t e d  a m o u n t  
of i n t e r r u p t i b l e  load .  You can  peak  any  t i m e  you want  to .  

QUESTION: It m u s t  be  p e c u l i a r  to t h i s  a r e a .  

MR.  MARQUIS: It m a y  be .  I a m  j u s t  not  f a m i l i a r  wi th  tha t  r a t e .  

QUESTION: Mr. Marquis, with this happy family of various com- 
panies in the network, it would look like there would be some problem 
in seeing to it that each company gets its fair share of the business. 
You spoke about this system of automatic frequency regulation and its 
bias. Does it automatically more or less prorate the excess load 
a~nong the v, arious companies? That is to say, if the load were in- 
creased by 70 percent, does each company get its share of the 70 per- 
cent ? 

MR.  MARQUIS: No. Not at  a l l .  

QUESTION: Would  you  c o m m e n t  on t h a t ?  

MR.  MARQUIS: E a c h  s y s t e m  has  i t s  own load and c u s t o m e r s .  
The  p u r p o s e  of t h i s  b i a s  i s  to m a i n t a i n  w h a t e v e r  l o a d s  a r e  s e t  by c o n -  
t r a c t  b e t w e e n  t h o s e  c o m p a n i e s  and d u r i n g  e m e r g e n c i e s  a l low a d d i t i o n a l  
p o w e r  to f low o v e r  the  l ine  to the  s y s t e m  in t r o u b l e .  If one c o m p a n y  
i s  r e c e i v i n g  p o w e r  in e x c e s s  of tha t  s c h e d u l e d  f r o m  a n o t h e r  o v e r  a t ie  
l i n e ,  it  i s  u s u a l l y  b e c a u s e  of an e m e r g e n c y ,  and u s u a l l y  he has  a c h a n c e  
to r e c i p r o c a t e  b e f o r e  m a n y  d a y s  p a s s .  Do I have  the q u e s t i o n  s t r a i g h t ?  

QUESTION: Wel l ,  I d o n ' t  know e x a c t l y .  Suppose  you have  a b ig  
b r e a k d o w n  in F l o r i d a  and you d o n ' t  have  any  p o w e r  at  a l l  down t h e r e .  
T h e r e  a r e  a coup le  of m i l l i o n  k i l o w a t t - h o u r s  t ha t  s o m e b o d y  has  to s u p -  
p ly .  It would  be an a d v a n t a g e  fo r  e a c h  c o m p a n y  in the  t i e - i n  to  o p e r a t e  
n e a r  100 p e r c e n t  c a p a b i l i t y  c o n t i n u o u s l y ,  I a s s u m e .  

MR.  MARQUIS: Tha t  i s  r i g h t .  

QUESTION: How do you  p r o r a t e  the  b u s i n e s s  when  th i s  d e m a n d  
c o m e s  in?  

MR.  MARQUIS: We a r e  s p e a k i n g  h e r e  of e m e r g e n c y  c o n d i t i o n s .  
To the  ex t en t  p o s s i b l e  a l l  i n t e r c o n n e c t i n g  c o m p a n i e s  wi l l  m a k e  t h e i r  
s p a r e  c a p a c i t y  a v a i l a b l e  to the a r e a  in t r o u b l e .  N e i g h b o r i n g  c o m p a n i e s  
have  c o n t r a c t s  c o v e r i n g  the  i n t e r c h a n g e  of p o w e r  d u r i n g  n o r m a l  and  
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m-~a~n~-~rmal c o n d i t i o n s .  O n c e  t h e  e m e r g e n c y  i s  o v e r ,  t h e  p o w e r  f u r -  
n i s h e d  to  t h e  s y s t e m  in t r o u b l e  i s  b i l l e d  to  i t  in  a c c o r d a n c e  w i t h  t h e s e  
a g r e e m e n t s .  

Q U E S T I O N :  At  o n e  t i m e  t h e y  u s e d  to  d i s t r i b u t e  d i r e c t  c u r r e n t  
i n  N e w  Y o r k  C i t y  in  one  a r e a .  I p r e s u m e  t h e y  s t i l l  do .  Is  d i r e c t  c u r -  
r e n t  b e i n g  d i s t r i b u t e d  in a n y  o t h e r  p l a c e  in  t h e  c o u n t r y ?  A n d  w h a t  
i s  t h e  f u t u r e  o f  d i r e c t  c u r r e n t  in  t h a t  l i t t l e  a r e a  in  N e w  Y o r k  C i t y ?  

M R .  M A R Q U I S :  S o m e  of  t h e  m a j o r  c i t i e s  s t i l l  do  h a v e  s o m e  
d i r e c t  c u r r e n t  s e r v i c e .  I b e l i e v e  t h a t  in  e v e r y  c a s e  i t  i s  b e i n g  g r a d -  
u a l l y  e l i m i n a t e d  a n d  b e f o r e  t o o  l o n g  w i l l  b e  r e p l a c e d  b y  a l t e r n a t i n g  
c u r r e n t .  On  o u r  o w n  s y s t e m  I t h i n k  we  c h a n g e d  o v e r  t h e  l a s t  a b o u t  a 
y e a r  a g o .  In C h a r l e s t o n ,  W e s t  V i r g i n i a ,  i t  w a s  v e r y  s m a l l .  

Q U E S T I O N :  W h a t  w o u l d  y o u  c o n s i d e r  t h e  m a x i m u m  e c o n o m i c  d i s -  
t a n c e  t h a t  y o u  c a n  t r a n s m i t  l a r g e  b l o c k s  of  p o w e r ?  

M R .  M A R Q U I S :  In t h i s  c o u n t r y  t h a t  i s  d e p e n d e n t  on t h e  v o l t a g e  
a t  w h i c h  y o u  a r e  p r e p a r e d  to  t r a n s m i t  i t .  We a r e  c o m i n g  in t h i s  c o u n t r y  
t o  3 3 0 , 0 0 0 ,  o r  i t  m a y  b e  3 4 5 , 0 0 9 ,  k v .  

T h a t  i s  a d i f f i c u l t  q u e s t i o n  to  a n s w e r ,  b e c a u s e  t h e r e  a r e  s o  m a n y  
f a c e t s  to  i t .  T h e r e  i s  n o  r e a s o n  w h y  y o u  c a n ' t  t r a n s m i t  up  to  500 m i l e s  
i f  t h e r e  i s  r e a s o n  f o r  d o i n g  i t .  B u t  t h e r e  i s n ' t  a g r e a t  d e a l  o f  t h a t ,  a s  
y o u  k n o w ,  in  t h i s  c o u n t r y .  T h e  S w e d e s  a r e  d o i n g  i t ,  b e c a u s e  t h e i r  p o w e r  
s i t e s  a r e  in  t h e  n o r t h e r n  p a r t  of  t h e i r  c o u n t r y  a n d  t h e  l o a d  i s  in  t h e  
s o u t h e r n  p a r t  s o m e  600 m i l e s  d i s t a n t .  

I just don't believe it is possible to say that the answer is 200, 300, 
400, or 500 miles unles you set up the boundary conditions. 

Q U E S T I O N :  T h e  o r i g i n a l  c o s t  of  g e n e r a t i o n  h a s  an  e f f e c t  a s  w e l l  
a s  t h e  l i n e  l o s s e s ?  

M R .  M A R Q U I S :  T h a t  i s  r i g h t .  H o w e v e r ,  I d o n ' t  t h i n k  300 m i l e s ,  
f o r  e x a m p l e ,  i s  u n r e a s o n a b l e .  

Q U E S T I O N :  D o e s  y o u r  c o m p a n y  h a v e  a f o r m a l  w r i t t e n  r e c o v e r y  
p l a n ,  f o r  i t s  r e c o v e r y  of  p r o d u c t i o n  a f t e r  d a m a g e ,  p a r t i c u l a r l y  e n e m y  
a t t a c k  d a m a g e  ? 
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M R .  M A R Q U I S :  N o  we  do  n o t  b u t  in  c o n n e c t i o n  w i t h  t r a n s m i s s i o n l ~ ( } , ~  
l i n e s ,  f o r  i n s t a n c e ,  we t r y  to  k e e p  w o o d  p o l e s  a v a i l a b l e  in  c a s e  w e  
l o s e  a n y  of  t h e s e  s t e e l  t o w e r s .  We h a d  o n e  c a s e  o n e  t i m e  w h e r e  a 
s t e e l  t o w e r  w a s  d y n a m i t e d .  In  t h i s  c a s e  we e r e c t e d  w o o d  D o l e s  a n d  b y -  
p a s s e d  t h e  d a m a g e d  t o w e r  u n t i l  i t  c o u l d  b e  r e p l a c e d .  

We have not lined up a plan that says: 
here are exactly what steps we will take. " 

to do too much of that ahead of time. 

"If it happens at this point, 

I don't think it is possible 

W h a t  y o u  n e e d  i s  t o  m a k e  s u r e  t h a t  a d e q u a t e  s u p p l i e s  o f  m a t e r i a l s  
a r e  on  h a n d .  O u r  p e o p l e  g e t  a l o t  o f  e x p e r i e n c e ,  b e c a u s e  t h e y  a r e  
f r e q u e n t l y  d e a l i n g  w i t h  e m e r g e n c i e s - - s t o r m s  a n d  s o  f o r t h .  T h o s e  f e l -  
l o w s  w i l l  s u r p r i s e  y o u  b y  w h a t  t h e y  c a n  a c c o m p l i s h  i f  g i v e n  t h e  m a t e r i a l s  
to  w o r k  w i t h .  N o w ,  w h e t h e r  we  s h o u l d  do  m o r e  of  t h a t ,  I d o n ' t  k n o w .  I 
w o u l d  l i k e  t o  h a v e  y o u r  i d e a  on t h a t  s o m e t i m e .  

Q U E S T I O N :  M r .  M a r q u i s ,  w o u l d  y o u  c o m p a r e  t h e  r e l a t i v e  t r a n s -  
m i s s i o n  e f f i c i e n c y  of  h i g h  d . c .  p o t e n t i a l  a s  o p p o s e d  to  a . c .  p o t e n t i a l  
in  l o n g - d i s t a n c e  p o w e r  t r a n s m i s s i o n ?  

M R .  M A R Q U I S :  I c a n ' t  g i v e  y o u  a n y  a c t u a l  f i g u r e s  on  i t .  Wi th  
d . c .  t r a n s m i s s i o n  m o r e  p o w e r  c o u l d  be  t r a n s m i t t e d  o v e r  a g i v e n  l i n e  
t h a n  w i t h  a . c .  t r a n s m i s s i o n .  H o w e v e r ,  t h e  c o s t  o f  t e r m i n a l  c o n v e r s i o n  
e q u i p m e n t  h a s  s o  f a r  m a d e  d . c .  t r a n s m i s s i o n  u n a b l e  t o  c o m p e t e  w i t h  
a . c .  T h e r e  a r e  m a n y  u n s o l v e d  p r o b l e m s  in  t h e  c a s e  of  d . c .  F u r t h e r ,  
t h e r e  h a s  b e e n  c o n s i d e r a b l e  p r o g r e s s  m a d e  in a . c .  t r a n s m i s s i o n  o v e r  
t h e  p a s t  f ew  y e a r s .  

Q U E S T I O N :  On  t h i s  f r e q u e n c y  r e g u l a t i o n ,  h o w  do  t h e y  k e e p  t h e i r  
t i m e  t o g e t h e r ?  I s  t h a t  a l l  t i e d  t o g e t h e r  a n d  t h e n  o n e  of  t h e  i n t e r c o n -  
n e c t e d  s y s t e m s  o p e r a t e s  t h a t ?  Is  i t  a s i m p l e  o p e r a t i o n ,  o r  do  t h e y  f o l -  
l o w  u p  a s  t h e y  g o  a l o n g  a n d  k e e p  t h e i r  t i m e  c o r r e c t ?  

M R ,  M A R Q U I S :  I a m  s u r e  t h e r e  a r e  no  p o w e r  s y s t e m s  t h a t  h a v e  
a s  t h e i r  m a i n  o b j e c t i v e  t h e  f u r n i s h i n g  of  c o r r e c t  t i m e .  I t  i s  a b y p r o d -  
u c t  of  t h e  c l o s e  f r e q u e n c y  h e l d  on m o s t  s y s t e m s .  W h a t  t h e y  do  on  
t h e s e  l a r g e  i n t e r c o n n e c t e d  s y s t e m s  i s  t o  c o r r e c t  t i m e  o c c a s i o n a l l y - -  
u s u a l l y  d u r i n g  o f f p e a k  h o u r s  of  t h e  d a y .  B u t  t h e  t i m e  s e l d o m  g e t s  o f f  
m o r e  t h a n  a f ew  s e c o n d s .  

O c c a s i o n a l l y  t w o  s y s t e m s  w i l l  b e  s p l i t  a p a r t  d u r i n g  an  e m e r g e n c y .  
W h a t  t h e y  n o r m a l l y  do  i s  go  b a c k  t o g e t h e r  j u s t  a s  f a s t  a s  t h e y  c a n  
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but  t h i s  m i g h t  l e a v e  one s y s t e m  two or  t h r e e  s e c o n d s  out ,  and  the  
o t h e r  r i g h t  on t i m e .  L a t e r  t h e y  p i ck  an o p p o r t u n e  t i m e ,  s e p a r a t e  t h e  
s y s t e m s - - e a c h  ge t  on t i m e  t hen  go b a c k  in to  p a r a l l e l .  But  we  a r e  
a l w a y s  c a r e f u l  not  to l e a v e  the  i m p r e s s i o n  tha t  we a r e  r u n n i n g  a p o w e r  
s y s t e m  to  keep  c l o c k s  on t i m e .  

QUESTION: M r .  M a r q u i s ,  you  i n d i c a t e d  tha t  d a y l i g h t  s a v i n g  w i l l  
s a v e  a g r e a t  d e a l  of p o w e r ,  bu t  tha t  b r o w n o u t s  a r e  u s e l e s s .  If b r o w n -  
ou t s  a r e  u s e l e s s ,  t hen  how does  d a y l i g h t  s av ing  he lp  s ave  a g r e a t  d e a l  
of p o w e r  ? 

MR. MARQUIS: D a y l i g h t  s av ing  r e d u c e s  the  peak  load  b e c a u s e  
c e r t a i n  e v e n i n g  l o a d s  o v e r l a p  d u r i n g  the e v e n i n g  h o u r s  wi th  s t a n d a r d  
t i m e .  D a y l i g h t  s a v i n g  r e d u c e s  th i s  wi th  s u b s t a n t i a l  r e d u c t i o n  in the  
peak  load .  It s a v e s  l i t t l e  in the way of k i l o w a t t - h o u r s ,  but  i t  d o e s  s a v e  
c a p a c i t y .  On the  o t h e r  hand  b r o w n o u t s  s ave  l i t t l e  e i t h e r  in c a p a c i t y  
(k i lowat t )  o r  in e n e r g y  (kwh).  It ge t s  to the  point  of w h e t h e r  i t  i s  b e -  
l i e v e d  d e s i r a b l e  to b r o w n o u t  to c a u s e  peop le  to r e a l i z e  tha t  t h e r e  is  an  
e m e r g e n c y  going  on. 

M R .  H E N K E L :  M r .  M a r q u i s ,  I a m  s u r e  we a l l  have  a b e t t e r  
u n d e r s t a n d i n g  of s o m e  of the  p r o b l e m s  of t h i s  p a r t i c u l a r  i n d u s t r y .  On 
b e h a l f  of the  C o m m a n d a n t ,  I t hank  you fo r  g iv ing  us  s u c h  a c o n s t r u c -  
t ive  and i n f o r m a t i v e  t a l k .  Thank  you .  
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